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Adopted Levels, Gammas

Q(β−)=−2760.4725; S(n)=4143.08; S(p)=13781.623; Q(α)=−6358.69 2021Wa16
S(n),Q(α): uncertainty smaller than 0.5 eV.

17O was first identified by (Blackett: Proc. Roy. Soc. A 107 (1925) 349); see (2012Th01).

Past evaluations:1959Aj76, 1971Aj02, 1977Aj02, 1982Aj01, 1986Aj04 1993Ti07. In the present evaluation, we relied heavily on
keywords and descriptions provided in the Nuclear Science Reference database (2011Pr03). The evaluation was updated in March
2022 to correct a systematic error in the calculation of Ex from Eres in 13C(α,X), 14C(3He,X), 15N(d,X) and16O(n,X) datasets.

We acknowledge fruitful discussions with D.J. Millener.

The atomic mass of17O is 16.9991317566 u9 (2010Mo29). See recent AME Mass evaluations in (2012Wa16, 2017Wa10).

Theory:
See Shell model analyses in:1963Pa03, 1966Ar10, 1966Br04, 1968Bi07, 1969Bo37, 1969Ul03, 1971Mu23, 1973Re17, 1979Co10,

1992Ja13, 1993Po11, 1997Pr05, 2005Vo01, 2006Ma17, 2006Vo14, 2012Yu07, 2016Pa05, 2018Ji07, 2018Ti08, 2019Sm04,
2019Ti04, 2020Fo04, 2020Ma25, 2020Mi15, 2020So01.

See Cluster model analyses in:1995Ho13, 2003Ma70, 2003Mb05, 2004Mc02, 2005Wl02, 2006Go22, 2008ToZV, 2020Ca21.
See other theoretical analyses in:1962Ma23, 1963Fa03, 1963Un01, 1965Ma16, 1966De18, 1966Ma12, 1967Go04, 1969De16,

1970Ry02, 1971Au08, 1971Hs02, 1971Ka40, 1972Be22, 1972En03, 1974HsZX, 1974Ri09, 1974Sa05, 1976Ma05, 1977Ho04,
1977Po16, 1978Fo22, 1978Kr02, 1979Kr05, 1980Hy03, 1980Va05, 1981Au04, 1986Be36, 1986Ed03, 1986To13, 1991Sk02,
1992Ba50, 1994Ma34, 1994Wa02, 1996Ti02, 1997Re07, 2000Bh07, 2005Ni24, 2006Id01, 2007Ch73, 2007Gu03, 2014Ho08,
2016De38, 2016Ho14, 2017Ti04.

See discussion on17O-17F mirror nuclei and analog states in:1970Wa01, 1981Sh17, 1981Ta09, 1983Ma38, 1984Sh30, 1985Sh24,
1994Sa45, 1994Sh20, 1995Fo18, 1996Bu20, 1998Ao02, 1999Ts06, 1999Ki28, 2001Ag09, 2001Au01, 2001Sh17, 2002Zh28,
2003Ti13, 2003Zh29, 2004Fu04, 2005Ti07, 2008Li53, 2010Ha11, 2011Ti09, 2012Mu14, 2012Ok02, 2017De08, 2017Sv01,
2018Do02, 2018Fo04, 2019Mu05, 2020De03.

See discussion on the nuclear and charge radii in:
experimental:2000Fa12, 2001Oz03, 2001Oz04, 2012Ra29.
Using elastic electron scattering the ratio of the rms charge radii of 17O to 16O was determined to be 0.9956 as reported in

(1970Si02) and 1.001525 as reported in (1978Ki01). In (1979Mi09), it is reported that the charge radius of16O is larger than that
of 17O by 0.008 fm7.

theory: 1969No03(Rcharge
RMS =2.70 fm (theory)),1973Ho32, 1979Br17 2013Fo09, 2017Ah08(Rmatter

RMS =2.73 fm4),

2018Fo12, 2019Fo08, 2019Ra09, 2019Sa02, 2020An13.

Moments and hyperfine structure:
Experimental results onµ:
1951Al08: The ratio of the resonance frequency of17O from H2O to the resonance frequency of D2 from D2O was determined to

be ν(17O)/ν(D2)=0.883134; the spin of17O is I=5/2; µ=−1.89280 nm19.
2005An15: 17O measured NMR spectra; deducedµ=−1.893542895.
Theory, calculatedµ dipole moment:
1968Pe16, 1968Sc18, 1972Gl06, 1973Er03, 1974Ha27, 1977Ko28, 1980Br13, 1980Ch35, 1983Zi01, 1984Bo11, 1984Zi04,

1985Bl20, 1985Zi05, 1987It01, 1988Ho16, 1989Ch24, 1989Ne02, 1990Mo36, 1991Bl14, 1994Li55, 1999Ga57, 2003Sm02,
2005An15, 2006Ya12, 2009Li64, 2012Fu06, 2012We11, 2014Ac01, 2017Sa48.

Experimental results on Q:
1957Ka68: measured Q=−0.0265 b30.
1957St93: measured Q=−0.026 b9.
1969Sc34: measured Q=−0.025 b78. See also (1969Sc33).
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92Su: Sundholm and Olsen, J. Phys. Chem. 96 (1992) 627: measured Q=−0.02558 b22.
2008Py02, 2013De06: 17O compiled evaluated ground-state quadrupole moments: (2008Py02) considers Q=−25.58 mb22 as the

most accurate value (Su92: J. Phys. Chem. 96 (1992) 627).
Theory, calculated Q quadrupole moment:1969Ke07, 1969Go12, 1969Ma38, 1986Ca27, 1991Zh06, 1993Ki05, 1993Ki22, 1997Si10,

1997Si34, 2003Ra04, 2003Sm02, 2003Ra09, 2007Be09, 2017Sa48.

See moment compilations in:1969Fu11, 1989Ra17, 2008Py02, 2005St25, 2015St03, 2016St14, 2019StZV, 2020StZV.

Other experimental results not listed elsewhere:
1981Ma16: measured spin-dependent neutron scattering length.

17O Levels

Cross Reference (XREF) Flags

A 17N β− decay V 14C(3He,X): res AP 16O(13C,12C)
B 17F β+ decay W 14C(α,n) AQ 16O(14N,13N)
C 18N β−n decay X 14C(6Li,t) AR 16O(18O,17O)
D 2H(16O,p) Y 14N(t,γ) AS 17O(γ,γ′)
E 6Li(13C,d) Z 14N(α,p),4He(14N,γ17O) AT 17O(γ,n),17O(γ,p)
F 6Li(18O,17O) Others: AU 17O(e,e′)
G 7Li(18O,17O) AA 14N(6Li,3He) AV 17O(π+,π+′),(π −,π−′)
H 9Be(13C,α13C) AB 15N(d,p),(d,d),(d,γ) AW 17O(p,p′)
I 9Be(16O,17O),16O(9Be,17O) AC 15N(d,α) AX 17O(3He,3He)
J 12C(6Li,p) AD 15N(3He,p) AY 17O(16O,16O),(16O,16O′)
K 12C(7Li,d) AE 15N(α,d) AZ 18O(γ,n)
L 12C(9Be,α),(11B,6Li) AF 15N(11B,9Be) BA 18O(p,d)
M 13C(α,γ) AG 16O(n,γ),(n,n) BB 18O(d,t)
N 13C(α,n) AH 16O(n,γ):E=thermal BC 18O(3He,α)
O 13C(α,n),(α,α) AI 16O(n,γ):E(n)=10-80 keV BD 19F(n,t),(d,α),(α,6Li)
P 13C(6Li,d) AJ 16O(n,n),(n,n′) BE 19F(p,3He)
Q 13C(7Li,t) AK 16O(n,α) BF 20Ne(n,α)
R 13C(9Be,αn),(9Be,5He) AL 16O(p,π+) BG 181Ta(18O,17O)
S 13C(11B,7Li) AM 16O(d,p),(d,pγ) BH 208Pb(17O,17O′):CoulEx
T 13C(13C,9Be) AN 16O(α,3He),(α,n3He)
U 13C(17O,17O) AO 16O(7Li,6Li)

E(level)† Jπ T1/2 or Γ XREF Comments

0 5/2+ stable ABCDEFG IJKL PQRS UVWXYZ XREF: Others:AA, AD, AE, AF, AG, AH, AI, AL, AM,
AN, AO, AP, AQ, AR, AW, AX, AY, AZ, BA, BB, BD,
BE, BG, BH

T=1/2
µ=−1.89354310 (2005An15)
Q=−0.0255822
Q: From (Sundholm and Olsen, J. Phys. Chem. 96 (1992)

627). See (2008Py02, 2013De06).
870.75620 1/2+ 179.6 ps27 AB DEFG IJKLM PQRS VWXYZ XREF: Others:AA, AD, AE, AF, AG, AH, AI, AL, AM,

AN, AO, AP, AQ, AR, AU, AV, AW, AX, AY, AZ, BA,
BB, BD, BE, BF, BG, BH

%IT=100
E(level): From recoil corrected Eγ.
T1/2: weighted average of 170 ps7 from 14N(α,p)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005An15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Py02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013De06,B
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8 O9-3

Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

(1974Sc09) and 180.4 ps20 from 16O(d,p) (see
discussion).

Jπ: From 16O(d,p).
3055.406 1/2− 110 fs+24−21 A EFG JKL PQRS WX Z XREF: Others:AA, AD, AF, AH, AI, AL, AM, AN,

AO, AR, AU, AV, AW, AZ, BA, BB, BD, BE, BF,
BG

%IT=100
E(level): From recoil corrected least squares fit

Eγ=2184.495 and 870.73220. See also 3054.9820
from 16O(d,p) (2015Pi05).

T1/2 or Γ: From 80 fs+60−40 from 14C(α,n)
(1964Al11) and 110 fs+28−21 from
181Ta(18O,17Oγ) (2020Zi03).

Jπ: From 17N β- decay.
3842.84 5/2− 92×10−3 eV 6 A EFG IJKL PQRSTU WX Z XREF: Others:AA, AD, AE, AF, AL, AM, AN, AO,

AS, AU, AV, AZ, BA, BB, BD, BE, BF, BG
%IT=100
E(level): From 3842.76 keV42 from 16O(d,p)

(1990Pi05), 3842.9 keV4 from 19F(d,α)
(2015Fa12), 3844 keV7 from 12C(6Li,p)
(1986Sm10).

T1/2 or Γ: From 17O(γ,γ′) (1994Mo18).
Jπ: From 14C(6Li,t) (1981Cu11).

(4143.2713) 1/2+ XREF: Others:AH
E(level): From16O(n,γ):E=thermal capture state

(2016Fi04).
4551.77 3/2− 38.7 keV28 A EFG JKL PQ S X Z XREF: Others:AA, AD, AE, AG, AJ, AL, AM, AO,

AT, AU, AV, BA, BB, BD, BF
%n=99.9905; %IT=9.5×10−3

Γγ0=1.80 eV35 (1992Ig01); Γγ1=1.85 eV35
Γγ: From (1992Ig01). See alsoΓγ<4.0 eV

(1971Al09) andΓγ0=0.42 eV (1978Ho16).
E(level): From 4551.4 keV7 from 19F(d,α)

(2015Fa12), 4553.8 keV16 from 16O(d,p)
(1990Pi05), 4550 keV4 from 16O(n,n) (1958Hu18),
4555 keV8 from 12C(6Li,p) (1986Sm10) and 4544
keV 10 from 16O(n,n) (1971Al09).
Γ: weighted average of 39 keV3 from 16O(n,n)

(see discussion), 40 keV5 from 16O(d,p)
(1957Br82), and 38.1 keV28 from 19F(d,α)
(2015Fa12).

Jπ: From 16O(n,n) (1973Jo01).
5086.89 3/2+ 90 keV 3 A DEF IJKL PQ Z XREF: Others:AA, AD, AJ, AL, AM, AN, AQ, AT,

AU, BA, BB
%n=99.9988; %IT=1.1×10−3

Γγ0=1.0 eV (1978Ho16)
E(level): From 5089 keV1 from 2H(16O,p)

(2013Al14), 5082 keV8 from 16O(n,n) (1958Hu18),
5084.4 keV9 from 16O(d,p) (1990Pi05) and 5087.7
keV 10 from 19F(d,α) (2015Fa12).
Γ: weighted average of 90 keV5 (lab) from

16O(n,n) (see discussion), 95 keV5 from 16O(d,p)

3

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sc09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Mo18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Fi04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ig01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ig01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Al09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958Hu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Al09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958Hu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

(1957Br82), and 88 keV3 from 19F(d,α)
(2015Fa12).

Jπ: From 16O(n,n) (1973Jo01).
5216.1840 9/2− <0.1 keV E JKL PQ T X Z XREF: Others:AA, AD, AE, AF, AG, AL, AM,

AN, AR, AU, AV, BA, BD, BF
%n≈100; %IT>0
E(level): From average of 5217 keV8 from

12C(6Li,p) (1986Sm10), 5216.5 keV4 from
19F(d,α) (2015Fa12) and 5215.77 keV45 from
16O(d,p) (1990Pi05).
Γ: This level is not observed in16O(n,n)

(1973Fo11) leading to a width estimate ofΓ<0.1
keV.

Jπ: From 17O(e,e′) (1987Ma52).
5387.022 3/2− 37.1 keV24 A EFG JKL Z XREF: Others:AA, AD, AF, AJ, AM, AO, AT, AU,

AV, BA, BB, BD, BF
%n=99.9981; %IT=1.9×10−3

Γγ0=0.7 eV4 (1979Jo05)
XREF: AT(5430)BF(5.55E3).
E(level): From discrepant values of 5380 keV9 from

12C(6Li,p) (1986Sm10), 5377.2 keV35 from
16O(n,n) (see discussion), 5379.2 keV14 from
16O(d,p) (1990Pi05) and 5388.8 keV6 from
19F(d,α) (2015Fa12).
Γ: weighted average of 31 keV4 from

16O(n,n) (see discussion), 28 keV7 from 16O(d,p)
(1957Br82), and 39.0 keV21 from 19F(d,α))
(2015Fa12).

Jπ: From 16O(n,n) (1973Jo01).
5697.3133 7/2− 3.4 keV3 DE IJK PQ X Z XREF: Others:AA, AD, AE, AF, AG, AJ, AM, AN,

AT, AU, AV, BD, BF
%n=99.968; %IT=3.2×10−2

Γγ0=1.1 eV4 (1979Jo05)
XREF: J(5719)K(5700)AT(5710).
E(level): From 5696 keV2 from 16O(n,n)

(1973Fo11) 5697.5 keV5 from 19F(d,α)
(2015Fa12) and 5697.26 keV33 from 16O(d,p)
(1990Pi05).
Γ: From 16O(n,n) (1973Fo11).
Jπ: From 16O(d,p)

(1956Gr37,1961Ke02,1963Ya03,1964Sc12).
5732.0440 (5/2−) <1 keV A E JK PQ T Z XREF: Others:AA, AG, AJ, AL, AM, AT, AU, AV,

BD

%n≤100
XREF: J(5719)K(5700)T(5.8E3)AT(5729).
E(level): From 5732.79 keV52 from 16O(d,p)

(1990Pi05), 5731.6 keV4 from 19F(d,α)
(2015Fa12) and 5732 keV2 from 16O(n,n)
(1973Fo11).
Γ: From 16O(n,n) (1973Fo11).
Jπ: From 17O(e,e′) (1987Ma52).

5869.62# 40 3/2+# 6.6 keV7 A E JKL PQ T Z XREF: Others:AA, AD, AG, AJ, AM, AN, AU,
BD, BF

%n≤100
XREF: K(5900)T(5.8E3).

4

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1956Gr37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ya03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Sc12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

E(level): From 5869.7 keV6 19F(d,α) (2015Fa13),
5869.07 keV55 from 16O(d,p) (1990Pi05).
Γ: From 16O(n,n) (1973Fo11).
Jπ: From 16O(n,n) (1973Jo01).

5931.518 1/2− 32 keV 3 A E JK PQ Z XREF: Others:AA, AD, AG, AJ, AM, AU, BB, BD
%n≤100
XREF: J(5877)K(5900).
E(level): From 5931.0 keV11 from 19F(d,α)

(2015Fa12) and 5938 keV4 from 16O(n,n)
(1973Fo11).
Γ: weighted average of 32 keV3 from 16O(n,n)

(1973Fo11), 23 keV10 from 16O(d,p) (1957Br82),
and 33 keV5 from 19F(d,α) (2015Fa12).

Jπ: From 16O(n,n) (1973Jo01).
6362.329 1/2+ 126 keV14 A E KL PQ S U X Z XREF: Others:AA, AD, AG, AJ, AL, AM, AT, AU,

BD

%n≈100
T=1/2
XREF: AM(6260)AT(6300).
Γn: Γ ≈ Γn (2012La29).
E(level): From 6355 keV8 from 16O(n,n) (1973Fo11)

and 6363.4 keV31 from 19F(d,α) (2015Fa12).
Γ: weighted average of 83 keV+9−12 from

13C(6Li,d) (2012La29), 124 keV12 from 16O(n,n)
(1973F011) and 136 keV5 from 19F(d,α)
(2015Fa12).

Jπ: From 16O(n,n) (1973Jo01).
6860.6# 4 5/2+# <1 keV JKL N PQ ZA XREF: Others:AD, AG, AJ, AM, AU, AV, BB, BD

%n≈100; %α>1×10−5

Γα=0.11×10−3 eV (2020Me09)
XREF: AV(6.86E3).
E(level): Average of 6860.7 keV4 from 19F(d,α)

(2015Fa12) and 6860.3 keV7 from 13C(α,n)
(1993Br17).
Γ: From 16O(n,n) (1973Fo11).
Jπ: from 12C(6Li,p),(7Li,d) (2008Cr03).

6972.54 (7/2−) <1 keV JKL N PQ Z XREF: Others:AA, AD, AG, AJ, AL, AN, AT, AU,
BD

%n≈100; %α>8×10−6

Γα=0.082×10−3 eV (2020Me09)
E(level): From average of 6972.6 keV4 from 19F(d,α

(2015Fa12) and 6972.1 keV8 from 13C(α,n)
(1993Br17).
Γ: From 16O(n,n) (1973Fo11).
Jπ: From 17O(e,e′) (1972Ma52).

7164.2417 5/2− 1.38 keV5 JKL N PQ X Z XREF: Others:AD, AG, AJ, AU, BD
%n≈100; %α=0.19
Γα=2.7 eV
Γα: From (1973J011). See alsoΓa=3.4 eV

(2020Me09) andΓn/Γα=1300 (1957Wa46).
E(level): From16O(n,n) (1980Ci03). See also 7166.4

keV 15 from 13C(α,n)) (1973Ba10) and 7165.4 keV

5

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Br17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Br17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

18 from 19F(d,α) (2015Fa12).
Γ: From 16O(n,n) (1980Ci03). See also 1.5

keV 2 from 13C(α,n) (1973Ba10).
Jπ: From 16O(n,n) (1973Jo01).

72145 3/2+ 263 keV7 N PQ T XREF: Others:AG, AJ, AT, AU, BD
%n=99.957; %α=0.043
XREF: N(7202)P(7248).
Γα/Γ=0.00043 fromΓn=280 keVΓα=0.12 keV

(1973Jo01). See alsoΓn=400 keV andΓα=0.09
keV (2008Pe09) andΓn=340 keV andΓα=0.14
keV (2008He11, 2012La29). andΓα=0.073 keV
(2020Me09).

E(level): From average of 7216 keV4 from
19F(d,α) (2015Fa12) and 7.20E3 keV1 from
16O(n,n) (1973Fo11).
Γ: weighted average of 280 keV28 from

16O(n,n) (1973Fo11) and 262 keV7 from
19F(n,t) (2015Fa12).

Jπ: From 16O(n,n) (1973Fo11, 1973Jo01).
7377.5219 5/2+ 0.61 keV+14−11 JKL N PQ X Z XREF: Others:AE, AG, AJ, AL, AN, AT, AU,

BB, BD
%n≈98; %α≈1.9; %IT=0.13
Γγ0=0.8 eV4 (1979Jo05)
XREF: J(7388)K(7380)L(7400)Q(7379)Z(7373)BB(7

380)BD(7380.1).
Γα/Γ≈0.02 fromΓn=0.50 keVΓα=0.01 keV

(1973Jo01) See alsoΓn/Γα=450 (1957Wa46),
Γn=0.41 keVΓα=0.011 keV (2008He11,
2012La29).

E(level): Average of 7377.47 keV19 from 16O(n,n)
(1980Ci03) and 7380.8 keV15 from 13C(α,n)
(1973Ba10). See also 7377 keV3 from
16O(n,γ),(n,n) (1973Fo11).
Γ: weighted average of 0.6 keV+2−1 from

13C(α,n) (1973Ba10) and 0.64 keV23 from
16O(n,n) (1980Ci03).

Jπ: From 16O(n,n) (1970Fo03,1957Wa46). and
13C(α,n) (1973Ba10).

7380.6414 5/2− 0.90 keV+17−14 JKL N PQ Z XREF: Others:AD, AG, AJ, AU, BB, BD
%n=99.73; %α=0.27
XREF: J(7388)K(7380)L(7400)P(7381)Q(7382)Z(737

3)BB(7380)BD(7380.1).
Γα/Γ≈0.0027 fromΓn=1.2 keVΓα=3.2 eV

(1973Jo01).
E(level): From 7380.62 keV14 16O(n,n)

(1980Ci03) and 7383.8 keV15 from 13C(α,n)
(1973Ba10). See also 7380 keV3 from
16O(n,γ),(n,n) (1973Fo11).
Γ: weighted average of 0.8 keV+3−2 from

13C(α,n) (1973Ba10) and 0.96 keV20 from
16O(n,n) (1980Ci03).

Jπ: From 16O(n,n) (1970Fo03,1957Wa46). and
13C(α,n) (1973Ba10).

754220 3/2− 500 keV50 A D I L P Z XREF: Others:AF, AG, AJ, AM, AQ, AU, BD

6

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008He11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008He11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Fo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Fo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

%n=99.984; %α=0.016
Γα=80 eV (1973Jo01); Γn≈500 keV
XREF: I(7600)P(7559)Z(7560).
E(level): Average of 7510 keV30 from 19F(d,α)

(Bu51), 7530 keV50 from 16O(d,p) (Bu51) 7558
keV 20 from 16O(n,n) (1973Fo11).
Γ: From 16O(n,n) (1973Fo11).
Jπ: From 16O(n,n) (1973Fo11).

7573.5# 6 7/2+# <0.1 keV JK N PQ T XREF: Others:AD, AG, AN, AU, AV, BD
%n<99.93; %α>0.073
Γα≈7.3 eV (2020Me09)
XREF: P(7576)T(7600)AV(7.58E3).
E(level): Average of 7572.9 keV21 from 13C(α,n)

(1973Ba10, 1993Br17) and 7573.5 keV6 from
15F(d,α) (2015Fa12).
Γ: This level is not observed in16O(n,n)

(1973Fo11) leading to a width estimate ofΓ<0.1
keV.

Jπ: From 12C(6Li,p)(7Li,d) (2008Cr03).
7687.3222 7/2− 14.4 keV3 J N PQ XREF: Others:AD, AG, AJ, AN, AT, AU, BD

%n=90.27; %α=9.72; %IT=0.01
Γn=13.0 keV6 (1980Ci03); Γγ0=1.5 eV5

(1979Jo05)
XREF: AJ(7687.32)AT(7660).
E(level): From16O(n,n) (1980Ci03). See also

7689.2 keV6 from from 19F(d,α) (2015Fa12).
Γ: From 16O(n,n)(1980Ci03). See also 12

keV 4 from 19F(d,α) (2015Fa12).
Jπ: From 16O(n,n) (1973Jo01).

7763.6‡ 4 11/2− <4 keV JK PQ X XREF: Others:AD, AE, AF, AL, AN, AT, AU,
AV, BD, BF

T=1/2
XREF: AT(7800).
E(level),Γ: From 19F(d,α) (2015Fa12).
Jπ: From 12C(7Li,d) (2008Cr03).

79548 1/2+ 85 keV 9 N XREF: Others:AG, AJ, AT, AU
%n=92.61; %α=7.39
XREF: AT(7910).
Γα/Γ=7.39 FromΓα=6.7 keV andΓn=84 keV

(1973Jo01). See alsoΓn/Γα=10 (1957Wa46).
E(level): Average of 7951 keV8 from 13C(α,n)

(1973Ba10) and 7956 keV8 from 16O(n,n)
(1973Fo11).
Γ: weighted average of 79 keV10 from

13C(α,n) (1967Se07) and 90 keV9 from 16O(n,n)
(1973Fo11).

Jπ: From 16O(n,n) (1973Fo11, 1973Jo01).
7.99×103 5 1/2− 270 keV27 A O XREF: Others:AD, AG, AJ

%n≈94.7; %α≈5.3
Γα/Γ=0.053 FromΓα=14 keV andΓn=250 keV

(1973Jo01). See alsoΓα/Γ=0.0597 (1973Fo11).
E(level),Jπ,Γ: From 16O(n,n) (1973Fo11,

1973Jo01).
806810 3/2+ 77 keV 8 NO XREF: Others:AD, AG, AJ, AV
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Br17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

%n≈83; %α≈17
XREF: N(8079).
Γα/Γ=7.39 FromΓα=15 keV andΓn=71 keV

(1973Jo01).
E(level): Average of 8058 keV8 from 16O(n,n)

(1973Fo11) and 8079 keV8 from 13C(α,n)
(1973Ba10).
Γ: weighted average of 71 keV8 from 13C(α,n)

(1967Se07) and 85 keV9 from 16O(n,n) (1973Fo11,
1973Jo01).

Jπ: From 16O(n,n) (1973Jo01).
8.18×103? 2 1/2− 69 keV 7 XREF: Others:AG, AJ

%n=98.8; %α=1.2
Γα=0.8 keV;Γn= 68 keV
E(level),Jπ,Γ,Γα: From (1973Fo11). See

global R-matrix analysis in (1973Jo01). This level
was included in (1977Aj02) but was later dropped.

82008 3/2− 61 keV 10 A J NOP X XREF: Others:AD, AE, AG, AJ, AL, AT, AU, BB
%n≈92.305; %α≈7.692; %IT≈0.002
Γγ0=1.4 eV5 (1979Jo05)
XREF: N(8199)AD(8192)AJ(8207)AT(8240).
Γα/Γ=7.69 FromΓα=4 keV andΓn=48 keV

(1973Jo01). See alsoΓα/Γ=0.0778 (1973Fo11).
E(level): From 8199 keV8 from 13C(α,n)

(1973Ba10), 8192 keV10 from 15N(3He,p)
(1972Le01), 8210 keV25 from 12C(6Li,p)
(1986Sm10), 8.20E3 keV1 from 16O(n,γ),(n,n)
(1973Fo11) and 8207 keV10 from 16O(n,n)
(1960Ts02).
Γ: From 71 keV 5 from13C(α,n) (1967Se07),
Γ=52 keV in 16O(n,n) (1973Fo11), andΓα=4 keV
andΓn=48 keV (1973Jo01). In (1977Aj02) and
later, the valueΓ=60 keV was given.

Jπ: From 16O(n,n) (1973Jo01).
8341.7026 1/2+ 11.4 keV5 NO XREF: Others:AD, AJ, AU

%n=71; %α=29
Γn=8.1 keV3
XREF: N(8350).
Γn: From (1980Ci03). See alsoΓn=10 keV

andΓα=2.2 keV from (1973Jo01), Γn/Γα=6.7
(1957Wa46) andΓα/Γ=0.44 (1965Ba32).

E(level),Γ: From 16O(n,n) (1980Ci03). See also
Ex=8350 keV4 andΓ=9 keV 3 in 13C(α,n)
(1973Ba10,1967Se07).

Jπ: From 17O(e,e′) (1987Ma52).
8401.637 5/2+ 6.17 keV13 J L NO Q T XREF: Others:AD, AJ, AN, AU, AV

%n=77; %α=23
Γn=4.75 keV11
XREF: L(8400).
Γn: From (1980Ci03). See alsoΓn=4.8 and
Γα=0.54 from (1973Jo01), Γn=3.84 keV and
Γα=0.16 keV (1967Se07), Γn/Γα=19 (1957Wa46)
andΓα/Γ=0.08 (1965Ba32).

E(level): From16O(n,n) (1980Ci03). See also 8408
keV 3 from 13C(α,n) (1973Ba10).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ts02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

Γ: From 16O(n,n) (1980Ci03). See also 5 keV
2 from 13C(α,n),(α,α) (1965Ba32), and 4 keV3
from 13C(α,n) (1967Se07).

Jπ: From 16O(n,n) (1973Jo01).
8465.32# 9 7/2+# 2.13 keV18 NOP X Z XREF: Others:AA, AE, AJ

%n=55.2; %α=44.5; %IT=0.3
Γn=1.18 keV4
Γγ0=6.6 eV18 (1979Jo05)
XREF: N(8473).
Γn: From (1980Ci03). See alsoΓn=small and
Γα=7.6 keV from (1973Jo01), Γn/Γα=31
(1957Wa46) andΓα/Γ=0.97 (1965Ba32). This is
very poor agreement.

E(level): From16O(n,n) (1980Ci03). See also 8473
keV 3 13C(α,n) (1973Ba10) and other similar
values in12C(6Li,p),(7Li,d).
Γ: From 16O(n,n) (1980Ci03). See also 7 keV

3 in 13C(α,n) (1967Se07) and13C(6Li,d)
(1978Ar15).

Jπ: Private communication D.J. Millener (2021). In
(1993Ti03) the Jπ of this level was listed as 9/2+

with a footnote reading “private communication
with D.J. Millener”; however, this message did not
convey the intended communication. Prior
evaluations confirmed the presence of a Jπ=7/2+

state at this energy based on, for example,13C(α,n)
(1957Wa46, 1965Ba52) and16O(n,n) (1973Jo01).
Millener had suggested the presence of an additional
Jπ=9/2+ state in this region based on the17O(e,e′)
data of (1987Ma52) and14C(6Li,t) (1981Cu11,
1983Cu02, 1983Cu04). We accept this interpretation
and list a 7/2+ & 9/2+ doublet.

≈8467 9/2+ <10 keV JK Q XREF: Others:AT, AU
XREF: AT(8480).
E(level),Γ: From 17O(e,e′) (1987Ma52).
Jπ: See comment on Ex=8467.63 keV Jπ=7/2+ state.

8500.0812 5/2− 6.89 keV22 NOPQ XREF: Others:AD, AJ, AU
%n=42; %α=58
Γn=2.86 keV4
Γn: From (1980Ci03). See alsoΓn=3.4 keV

andΓα=1.9 keV from (1973Jo01), Γn= 4.57 keV
andΓα=0.43 keV (1967Se07), Γn/Γα=2.8
(1957Wa46) andΓα/Γ=0.26 (1965Ba32).

E(level): From16O(n,n) (1980Ci03). See also 8507
keV 12 from 13C(α,n) (1973Ba10) and 8492 keV
10 15N(3He,p) (1972Le01).
Γ: From 16O(n,n) (1980Ci03). See also 5.0

keV 15 from 13C(α,n),(α,α) (1965Ba32) and 5
keV 3 from 13C(α,n) (1967Se07).

Jπ: From 16O(n,n) (1973Jo01).
8686.44 3/2− 55.3 keV6 JK NOPQ XREF: Others:AD, AJ, AT, AU, BB

%n=88.4; %α=11.5; %IT=0.002
Γn=48.9 keV11 (1980Ci03)
Γγ0=1.2 eV6 (1979Jo05)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

Γn: From (1980Ci03). See alsoΓn=42 keV
andΓα=1.8 keV from (1973Jo01), Γn/Γα=17
(1957Wa46) andΓα/Γ=0.06 (1965Ba32).

E(level): From16O(n,n) (1980Ci03). See also 8702
keV 12 from 12C(6Li,p) (1986Sm10) and 8698
keV 5 from 13C(α,n) (1973Ba10).
Γ: from 16O(n,n) (1980Ci03). See also 50

keV 3 from 13C(α,n) (1967Se07).
Jπ: From 16O(n,n) (1973Jo01).

888020 (7/2−,9/2−) 6 keV OPQ Z XREF: Others:AD, AJ, AN, AT, AU
%α≈99.93; %IT=0.068
Γγ0=4.1 eV8 (1979Jo05)
XREF: AJ(8856)AT(8900)AU(8.90E3).
Γα: Γα/Γ ≈ 1 (1965Ba32).
E(level): From 8856 keV10 16O(n,n) (1960Ts02)

8880 keV70 14N(α,p) (1969Ba17), 8890 keV40
16O(α,3He) 8900 keV20 17O(e,e′) (1987Ma52)
8900 keV10 15N(3He,p) (1972Le01).
Γ: From 13C(6Li,d) (1978Ar15).
Jπ: From (7/2−) in 13C(6Li,d) (1978Ar15) and

(9/2−) in 17O(e,e′) (1987Ma52).
89008 3/2+ 101 keV3 JK NOPQ T X XREF: Others:AE, AK

%n<78; %α>22
T=1/2
XREF: K(8900).
Γn: SeeΓn/Γα=3.5 (1957Wa46) and
Γα/Γ=0.5 (1965Ba32).

E(level): From 8905 keV8 from 12C(6Li,p)
(1986Sm10), 8890 keV30 from 15N(α,d)
(1969Lu07) 8896 keV8 from 13C(α,n)
(1973Ba10).

Jπ,Γ: From 13C(α,n) (1971Ba06,1967Se07).
8966.516 7/2− 24.8 keV24 J NOPQ XREF: Others:AD, AF, AJ, AK, AL, AU

%n=89; %α=11
Γn/Γ=0.894 fromΓn=23.5 keV andΓ=26.3 keV

(1980Ci03). See alsoΓn=23 keV andΓα=2.3
keV from (1973Jo01), Γn/Γα=35 (1957Wa46)
andΓα/Γ=0.04 (1965Ba32).

E(level): From average of 8970 keV4 from
13C(α,n) (1973Ba10) and 8965.9 keV16 from
16O(n,n) (1980Ci03).
Γ: weighted average of 21 keV3 from

13C(α,n) (1967Se07) and 26.3 keV19 from
16O(n,n) (1980Ci03).

Jπ: From 16O(n,n).
91464 1/2− 4 keV 3 MNOPQ XREF: Others:AK, AT, AU, BB

%n=55; %α=45; %IT=0.025
Γγ1=1.44 eV26
XREF: P(9150)AU(9.15E3).
Γα/Γ=0.45 (1968Ke02).
Γγ0: FromΓαΓγ1/Γ=0.65 eV7

(1983Ra29). UsingΓα/Γ=0.45 givesΓγ1=1.44
eV 26.

E(level),Γ: From 13C(α,n) (1973Ba10,
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ts02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Lu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
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8 O9-11

Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

1967Se07).
Jπ: From 13C(α,γ) (1983Ra29).
The lower member of the 9.15 MeV doublet appears to

be populated mainly viaγ, n andα reactions on17O,
16O and13C, respectively; whilst the higher member
is populated via transfer reactions on13C and15N.

915810 9/2− Q XREF: Others:AD, AE, AF, AU
T=1/2
XREF: AU(9.15E3).
E(level): From average of 9160 keV10 from

15N(3He,p) (1972Le01) and 9137 keV30 from
15N(α,d) (1969Lu07).

Jπ: From 15N(α,d).
See doublet comment on 9146 keV state.

91819 7/2− 3 keV J NOPQ X Z XREF: Others:AJ, AT, AU
%α≈98
XREF: N(9180)Z(9140)AJ(9176)AT(9280).
Γα/Γ ≈ 0.98 from13C(α,α0) (1968Ke02); the

resonance was not observed in the (α,n) channel.
E(level): From12C(6Li,p) (1986Sm10). See also

(2008Cr03).
Jπ,Γ: From 13C(6Li,d) (1978Ar15).

9193.479 5/2+ 3.53 keV13 K NO XREF: Others:AJ, AK, AU
%n=67; %α=33
Γn=2.37 keV8
XREF: K(9190)N(9199)AJ(9193.47).
Γn: From (1980Ci03). See alsoΓn=3.86 keV and
Γα=0.14 keV from (1967Se07), Γα/Γ=0.20
(1968Ke02).

E(level),Γ: From 16O(n,n) (1980Ci03). See also
Γ=4 keV 3 from 13C(α,n) (1967Se07).

Jπ: From 13C(α,n) (1967Se07).
9420 3/2− 120 keV XREF: Others:AJ, AU

%n=100
Γn: Γn=Γ (1973Jo01).
E(level),Jπ,Γ: From 16O(n,n) (1973Jo10).

94914 5/2− 8 keV 3 JK NO Q XREF: Others:AD, AK, AN, AU
%n=15; %α=85
Γα/Γ=0.85 (1968Ke02).
E(level): From 9491 keV 413C(α,n) (1973Ba10), 9487

keV 8 12C(6Li,p) (2008Cr03), and15N(3He,p)
(1972Le01).
Γ: From 13C(α,n) (1967Se07).
Jπ: From 15N(3He,p) (1972Le01).

9711.5714 7/2+ 23.1 keV3 JK NO Q X Z XREF: Others:AD, AJ, AK, AU
%n=78; %α=22
Γn=18.0 keV6
XREF: Z(9790).
Γn: From (1980Ci03). See alsoΓα/Γ=0.70

(1968Ke02). This is rather poor agreement.
E(level),Γ: From 16O(n,n) (1981Ci03).
Jπ: From 13C(α,n) (1971Ba06).

9783.0715 3/2+ 11.7 keV3 NO T XREF: Others:AE, AJ, AL, AN
%n=88; %α=12
Γn=10.3 keV3

11

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Lu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba06,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

XREF: N(9738).
Γn: From (1980Ci03). See alsoΓα/Γ=0.90

(1968Ke02).
E(level),Γ: From 16O(n,n) (1981Ci03).
Jπ: From 13C(α,n) (1971Ba06).

9858.7015 (5/2−) 4.01 keV23 JKL NOP X XREF: Others:AD, AJ, AK, AU
%n=84; %α=16
Γn=3.37 keV20
XREF: J(9866)L(9800)N(9863)P(9877)X(9.87E3)AD(

9856).
Γn: From (1980Ci03). See alsoΓn=3.86 keV

andΓα=0.14 keV (1967Se07).
E(level),Jπ,Γ: From 16O(n,n) (1981Ci03). In

(1971Aj02) a single level was indicated at Ex=9.88
MeV with Jπ=9/2+. In 13C(α,n)
(1973Ba10,1977Aj01) a doublet was identified at
this energy. Finally, (1981Ci03) resolved the
present two states at En=6076 and 6095 keV
(Ex=9862 and 9879) with Jπ=(5/2−) and (1/2−),
respectively.

9876.310 (1/2−) 16.7 keV17 JK N PQ X XREF: Others:AD, AJ, AU
%n=65; %α=35
Γn=10.9 keV12 (1980Ci03)
XREF: J(9866)K(9870)N(9876)P(9877)X(9.87E3)AD(

9856).
E(level),Jπ,Γ: From 16O(n,n) (1981Ci03). See

comments on17O(9861).
997520 5/2+ ≈80 keV NOPQ XREF: Others:AK

%n=22; %α=78
XREF: AK(9994).
Γα/Γ=0.78 (1968Ke02).
E(level),Γ: From 13C(α,n) (1973Ba10).
Jπ: From (1971Ba06). See also 7/2+ in 13C(α,n)

(1968Ke02) and13C(6Li,d) (1978Ar15).
1004420 ≈100 keV N XREF: Others:AK

%n<100; %α<100
XREF: N(10044)AK(9994).
E(level),Γ: From 13C(α,n) (1973Ba10).

10136? 5/2+ 138 keV NOP %n=15; %α=85
XREF: P(10168).
Γα/Γ=0.85 (1968Ke02).
E(level),Γ: From 13C(α,n)

(1968Ke02,1971Ba06) and13C(6Li,d) (1978Ar15).
Jπ: From 13C(6Li,d) (1978Ar15).
Note: between1971Aj02and1977Aj01this level

was dropped without explanation.
10167.75 7/2− 49.1 keV8 NO XREF: Others:AJ, AK

%n=46; %α=54
Γn=22.3 keV6
Γn: From (1980Ci03). See alsoΓα/Γ=0.15

(1968Ke02).
E(level),Γ: From 16O(n,n) (1980Ci03) . See

alsoΓ=50 keV 3 from 13C(α,n) (1967Se07).
Jπ: From 13C(α,n),(α,α) (1968Ke02).

≈10240? 7/2+ 122 keV O XREF: Others:AD

12

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Se07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

%n=40; %α=60
Γα/Γ=0.40 (1968Ke02).
E(level),Jπ,Γ: From 13C(α,n),(α,α)

(1968Ke02).
1033515 (5/2+,7/2−) 150 keV NO XREF: Others:AD, AK

%n<100; %α<100
E(level),Jπ,Γ: From 13C(α,n) (1970Ba10,

1970Ro08).
10421.120 (5/2−,7/2−) 14 keV 3 J MNO X XREF: Others:AT

%n<100; %α<100
XREF: AT(10530).
E(level): From average of 10422.0 keV20

13C(α,n) (1975Be44) and 10419 keV3 from
13C(α,γ) (1974Be32).
Γ: From 13C(α,n) (1963Sp02).
Jπ: From 13C(α,n) (1970Ro08).

≈10500 (5/2+,7/2−) 75 keV 30 NO %n<100; %α<100
Γ: From 13C(α,n),(α,α) (1968Ke02).
Jπ: From 13C(α,n) (1970Ro08).

10559.16 (7/2−) 44.5 keV25 J NO Q T XREF: Others:AD, AJ, AK
%n=39; %α=61
Γn0=17.2 keV7
XREF: N(10558.1)O(10579)AJ(10559.2).
Γn0: From (1980Ci03). Note: then1

decay channel is open.
E(level): From 10558.1 keV20 13C(α,n)

(1975Be44) and 10559.2 keV6 16O(n,n)
(1980Ci03).
Γ: weighted average of 45 keV20 from

13C(α,n),(α,α), 51 keV2 from 13C(α,n), and
42.5 keV11 from 16O(n,n).

Jπ: From 16O(n,n) (1970Lu16).
106948 (7/2+) ≤25 keV JK O Z XREF: Others:AA, AD

%n<100; %α<100
E(level): From12C(6Li,p) (1986Sm10). Note:

between1971Aj02and1977Aj01this level was
dropped without explanation. Since then it has
been reported in (1986Sm10, 2008Cr03).
Γ: From 13C(α,n),(α,α) (1968Ke02).
Jπ: From 14N(α,p) (1968Ke02).

10777.520 (1/2+,7/2−) 74 keV 3 H NO Q XREF: Others:AD, AJ, AK
%n<100; %α<100
E(level),Γ: From 13C(α,n) (1975Be44).
Jπ: From (1970Ro08).

10911.252 (5/2+) 43.2 keV16 J NO XREF: Others:AD, AJ, AK
%n>63; %α<37
Γn0/Γ=63.3 fromΓn0=26.4 keV 9 andΓ=41.7

keV 14 (1980Ci03).
E(level): From average of 10915.3 keV13

16O(n,n) (1981Ci03) and 10904 keV2 from
13C(α,n) (1975Be44).
Γ: weighted average of 46 keV2 from

13C(α,n) (1975Be44), 60 keV20 from
13C(α,n),(α,α) (1968Ke02), and 41.7 keV14

13

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ba10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Be32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Lu16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke02,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

from 16O(n,n) (1980Ci03).
Jπ: From 16O(n,n) (1980Ci03).

110352 31 keV 3 JKL NO XREF: Others:AD, AJ, AK, AU
%n<100; %α<100
T=1/2
XREF: L(11000)AJ(10954).
E(level): From average of 11036 keV2 13C(α,n)

(1975Be44) and 11032 keV4 15N(3He,p) (1972Le01).
Γ: From 13C(α,n) (1975Be44).

11078.9818 1/2− 2.4 keV3 MN XREF: Others:AD, AJ, AU, BB, BC
%n=85.8; %α=13.8; %IT=0.4
T=3/2
T: From 18O(3He,α) (1969De06).
Γn: Decay branching ratios reported in the

literature areΓn0/Γ=0.797 (1980Ci03, 1981Hi01) and
Γn0/Γ=0.9115 andΓn(1+2)/Γ=0.052 (1973Ad02). In
Table 17.11 of (1982Aj01), Fay adoptedΓn0/Γ=0.816
andΓn(1+2)/Γ=0.052, this is accepted.
Γα0: In (1976Mc11), (Γα0Γn0)1/2/Γ=0.23 is

reported. Discussion in footnote f of Table 17.11 in
(1986Aj04) indicates the above relation is incorrect, but
rather (Γα0Γn0)/Γ=0.27 keV±20% is the correct
relationship. We note (1986Aj04) used the former
relation, while (1993Ti07) accepted the later. We accept
(Γα0Γn0)/Γ=0.27 keV6.
Γα0: Using this andΓn0/Γ=0.816, we find
Γα0=0.33 keV8. Taking this andΓ=2.4 keV3 gives
Γα0/Γ=0.144.
Γα0: The valueΓα0/Γ=0.071 sometimes appears

in the literature based on (Γα0Γn0)1/2/Γ=0.23 given
in (1976Mc11and an earlier McDonald BAPS talk) and
based onΓn0/Γ=0.9115 from (1972ad03); this was
used by (1972Ad03) along withΓ=5.0 keV11
(1976Mc11,BAPS) to obtainΓα0=0.3 keV, but the
agreement with the present analysis is purely accidental
and by chance.
Γγ1: Subsequently, (Γα0Γγ1)/Γ=1.46 eV26 is

given in (1983Ra29). UsingΓα0/Γ=0.144 gives
Γγ1=10.5 eV35. Note: a previous value that agrees by
chanceΓγ1= 11.6 eV18 was obtained in (1983Ra29)
usingΓα0=0.3 keV andΓ=2.4 keV3.

E(level): From16O(n,n) (1980Ci03,1981Hi01). See also
11076 keV5 13C(α,n) (1976Mc11) 11075 keV4
15N(3He,p) (1972Le01) and 11082 keV6 18O(3He,α)
(1969De06).
Γ: From 16O(n,n) (1980Ci03,1981Hi01). See also

5.0 keV11 from 13C(α,n) (1976Mc11, and earlier 1971
BAPS).

Jπ: From 18O(d,t) (1981Ma14).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ad02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Aj01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Aj04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Aj04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ti07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972ad03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ad03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

112372 (3/2−,7/2+) 80.0 keV25 K NO X XREF: Others:AK, AL, AQ
%n<100; %α<100
XREF: O(11252)AK(11283)AQ(11200).
E(level),Γ: From 13C(α,n) (1975Be44).
Jπ: from 13C(α,n) (1970Ro08).

≈11515 ≥3/2 ≈190 keV XREF: Others:AJ, AK, BB
%n<100; %α<100
XREF: BB(11410).
E(level): From16O(n,n) (1961Fo07, 1959Ha13,

1970Lu16). See also 11410 from18O(d,t)
(1977Ma10) and 11574 keV from16O(n,α)
(1963Da12).

Jπ,Γ: From 16O(n,n). See also≈126 keV
from 16O(n,α) (1963Da12).

116222 65 keV 2 N %n<100; %α<100
E(level),Γ: From 13C(α,n) (1975Be44).

1175010 40 keV 25 N Q XREF: Others:AK, AU
%n<100; %α<100
E(level),Γ: From 13C(α,n) (1963Sp02).

See also 11.71 MeV5 17O(e,e′) (1977No06).
1181513 7/2+ 12 keV 3 JKL N PQ X %n<100; %α<100

E(level): From average of 11815 keV13
12C(6Li,p),(7Li,d) (2008Cr03) and 11816 keV
15 13C(α,n) (1963Sp02).

Jπ: From (2008Cr03).
Γ: From 13C(α,n) (1963Sp02).

11875? ≈125 keV XREF: Others:AK
%n<100; %α<100
XREF: AK(11875).
E(level),Γ: From 16O(n,α) (1963Da12).

Not reported in any other study.
11.95×103? 5 ≥3/2 ≈250 keV XREF: Others:AJ, AU

%n<100
XREF: AU(11.95E3).
E(level),Γ: From 17O(e,e′) (1977No06).
Jπ: From 16O(n,n) (1961Fo07). See also

discussion on Ex=12007 keV.
1200710 9/2+ <50 keV H JK N X Z XREF: Others:AA, AK

%n<100; %α<100
XREF: Z(12000).
E(level),Jπ,Γ: From 12C(6Li,p)(7Li,d)

(1986Sm10,2008Cr03), and13C(α,n)
(1963Sp02).

In previous reviews, a broad state bear 12.0
MeV was listed. In the present evaluation, we
find evidence for a broad state near 11.95 MeV
and a narrow state at 12007 keV.

1211810 150 keV50 N T XREF: Others:AJ, BB
%n<100; %α<100
T=1/2
T: From 18O(d,t) (1977Ma10).
E(level): From average of 12109 keV20

13C(α,n) (1963Sp02) and 12120 keV10
18O(d,t) (1977Ma10).
Γ: From 13C(α,n) (1963Sp02).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Ha13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Lu16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Da12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Da12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Be44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Da12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

12229‡ 16 7/2− ≤20 keV JK XREF: Others:AU
E(level): From average of 12220 keV20 17O(e,e′)

(1987Ma52), 12239 keV16 12C(6Li,p)
(1986Sm10,2008Cr03), 12220 keV26 12C(7Li,d)
(2008Cr03).

Jπ: From 12C(6Li,p),(7Li,d) (2008Cr03).
Γ: From 17O(e,e′) (1987Ma52).

1227415 (7/2+) 100 keV30 N X XREF: Others:AK, AL
%n<100; %α<100
T=1/2
E(level),Γ: From 13C(α,n) (1963Sp02).
Jπ: From 14C(6Li,t) (1983Cu02).

1238420 130 keV N PQ XREF: Others:AJ
%n<100; %α<100
E(level): From13C(α,n) (1963Sp02).
Γ: From 16O(n,n) (1961Fo07).

1242413 9/2+ <50 keV JK N Z %n<100; %α<100
XREF: N(12420).
E(level): From average of 12428 keV13

12C(6Li,p) (1986Sm10, 2008Cr03), 12420 keV
26 12C(7Li,d) (2008Cr03) and 12420 keV15
13C(α,n) (1963Sp02).

Jπ,Γ: From 12C(6Li,p),(7Li,d) (1986Sm10).
12467.06 3/2− 7.2 keV11 N XREF: Others:AJ, AU, BB, BC

%n>18; %α<82
T=3/2
Γn0=1.27 keV14
XREF: N(12458).
T: From 18O(3He,t) (1969De06), 18O(d,t)

(1981Ma14) 16O(n,n) (1976Mc11, 1981Hi01).
Γn0: from (1980Ci03).
E(level),Γ: From 16O(n,n)

(1980Ci03,1981Hi01). See also 12458 keV5 in
13C(α,n) (1976Mc11) and 12471 keV5 in
18O(3He,α) (1969De06).
Γ: weighted average of 8 keV2 from

13C(α,n) and 6.9 keV11 from 16O(n,n).
Jπ: From 13C(α,n) (1976Mc11).

1259515 75 keV 30 N %n<100; %α<100
E(level),Γ: From 13C(α,n) (1969Sp02).

1266915 (3/2−,9/2+) 75 keV N XREF: Others:AJ, AU
%n<100; %α<100
E(level),Jπ,Γ: From 13C(α,n)

(1969Sp02,1970Ro08). See also 12660 keV50
17O(e,e′) (1977No06).
Γ: Beginning in (1971Aj02) theΓ for this

level was listed at≈5 keV attributed to13C(α,n)
(1969Sp02). However this was a typo.
(1969Sp02) report≈75 keV. Also see≈90 keV
17O(e,e′) and≈95 keV in 16O(n,n).

1276026 <70 keV JK N Z XREF: Others:BB
%n<100; %α<100
T=1/2
XREF: N(12812)Z(12740).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sp02,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

T: From 18O(d,t) (1977Ma10).
E(level): From12C(6Li,p),(7Li,d) (2008Cr03),

where it is best resolved. See also 12760 keV
10 from 18O(d,t) (1977Ma10: uncertainties
seem underestimated) and 12812 keV25 from
13C(α,n) (1963Sp02: the peak is poorly
resolved).
Γ: From 12C(6Li,p),(7Li,d) (2008Cr03).

1292720 (1/2+,7/2−) ≥150 keV N %n<100; %α<100
XREF: N(12927).
E(level),Jπ,Γ: From 13C(α,n)

(1963Sp02,1970Ro08).
129446 1/2+ 6 keV 2 N XREF: Others:AJ, AU, BB, BC

%n>3.5; %α<96.5
T=3/2
Γn0=0.21 keV14
XREF: N(12944).
T: From 13C(α,n) (1976Mc11), 18O(3He,α)

(1969De06), 16O(n,n) (1981Hi01).
Γn0: from (1981Hi01).
E(level): From 12941 keV6 16O(n,n)

(1981Hi01) 12944 keV6 13(α,n) (1976Mc11)
12950 keV8 18O(3He,α) (1969De06).

Jπ: From 18O(d,t), 18O(3He,α).
Γ: From 16O(n,n) (1976Mc11).

12999.56 5/2− 2.5 keV10 N X XREF: Others:AJ, AU, BC
%n>16; %α<84
T=3/2
Γn0=0.40 keV6
T: From 13C(α,n) (1976Mc11) and

18O(3He,α) (1969De06).
Γn0: from (1981Hi01).
E(level),Jπ,Γ: From 16O(n,n)

(1976Mc11,1980Ci03,1981Hi01). Others
12993 keV6 13C(α,n) and 129948
18O(3He,α).

1307215 (3/2−) 16 keV 4 JK N %n<100; %α<100
E(level): From weighted average of 13070 keV

26 12C(6Li,p) (2008Cr03), 13060 keV26
12C(7Li,d) (2008Cr03) and 13076 keV15
13C(α,n) (1963Sp02).
Γ: From 13C(α,n) (1963Sp02).
Jπ: From 17O(γ,n) (1985Ju02).

1348415 (9/2+) ≈120 keV N XREF: Others:AA, AL
%n<100; %α<100
E(level),Γ: From 13C(α,n) (1963Sp02).
Jπ: From 14N(6Li,3He) (1984Et01).

13580‡ 20 (11/2−,13/2−) 68 keV 19 E H JKL PQ T Z XREF: Others:AU
XREF: P(13.58E3)T(13.3E3)AU(13.58E3).
E(level),Γ: From 17O(e,e′) (1987Ma52).
Jπ: The Jπ=11/2−,13/2− interfering doublet at

13.6 MeV is discussed in (1987Ca30). In
13C(6Li,d) (1978Ar15) Ex=13580 keV20,
Jπ=(13/2−) and a broader≈200 keV width are
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ro08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ci03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ju02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Et01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ca30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

preferred. On the other hand in17O(e,e′)
(1987Ma52) the same Ex is found with a
narrowerΓ=68 keV and a preference of
(11/2−). With no substantially new results,
we maintain the interpretation of
(1993Ti07).

1361015 ≈200 keV E N XREF: Others:AU
%n<100; %α<100
XREF: E(13.6E3)AU(13.58E3).
E(level),Γ: From 13C(α,n) (1963Sp02).

13636.924 5/2+ 9 keV 5 X XREF: Others:AJ, BB, BC
%n>2.7
T=3/2
Γn0=0.024 keV9
XREF: AJ(13636.9).
T: From 16O(n,n) (1981Hi01), 18O(3He,α)

(1969De06), 18O(d,t) (1981Ma14).
Γn0: From (1981Hi01).
E(level): From 13641.9 keV24 (1981Hi01).

See also 13640 keV5 18O(3He,α)
(1969De06).
Γ: From 16O(n,n) (1981Hi01).
Jπ: From 14C(6Li,t)

(1981Cu11,1983Cu02,1983Cu04), 18O(d,t)
(1981Ma14).

13644? 400 keV XREF: Others:AJ
%n≤100
XREF: AJ(13644).
E(level),Γ: From 16O(n,n) (1961Fo07).

14.15×103 10 (9/2+,11/2+) ≈150 keV P XREF: Others:AL, AU
XREF: AU(14.14E3).
E(level),Jπ,Γ: from 13C(6Li,d)

(1978Ar15).
Γ: from Γ=200 keV (1978Ar15) and
Γ≈100 keV17O(e,e′) (1977No06).

Jπ: (11/2+) is slightly preferred.
14232.315 7/2− 20.5 keV16 XREF: Others:AJ, AU, BC

%n>10
T=3/2
Γn0=2.07 keV16
T: From 16O(n,n) (1981Hi01), 18O(3He,α)

(1969De06).
Γn0: From (1981Hi01).
E(level),Γ: From 16O(n,n) (1981Hi01).

See also 14219 keV8 in 18O(3He,α)
(1969De06).

Jπ: From 17O(e,e′). See also (7/2−) in
16O(n,n).

142883 7.5 keV4 XREF: Others:AJ, BC
%n≤100
T=3/2
E(level),Γ: From 16O(n,n) (1981Hi01).

See also 14282 keV12 18O(3He,α)
(1969De06).

T: From 16O(n,n) (1981Hi01) and
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ti07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sp02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments
18O(3He,α) (1969De06). In (1990Mc06),
T=1/2 is assigned based on17O(γ(14380
keV),n0), but those results appear uncertain
because of persistent energy calibration
issues.

144533 40 keV 6 XREF: Others:AJ, AU
%n≤100
E(level),Γ: From 16O(n,n) (1981Hi01).

14550‡ 26 K E(level): From12C(7Li,d) (2008Cr03).
Γ: Relatively narrow.

14720‡ 20 9/2− 35 keV 11 K XREF: Others:AQ, AU
T=3/2
T: From 17O(e,e′) (1983Ra27).
E(level),Jπ,Γ: From 17O(e,e′)

(1987Ma52). See also 14720 keV26
12C(7Li,d) (2008Cr03).

14.76×103 10 7/2− ≈340 keV PQ T X XREF: Others:AJ, AL, AU
%n≤100
XREF: P(14760)Q(14600)T(14600)AJ(14585)A

U(14.76E3).
E(level): From17O(e,e′) (1977No06).
Γ: From 16O(n,n) (1961Fo07).
Jπ: From 14C(6Li,t), see

(1981Cu11,1983Cu02,1983Cu04).
147933 1/2− 36 keV 13 XREF: Others:AJ

%n<100
T=3/2
E(level),Jπ,Γ,T: From 16O(n,n)

(1981Hi01).
1488026 (15/2+) H JK Q XREF: Others:AA

%α<100
XREF: K(14880)Q(14860).
E(level): From12C(6Li,p)(7Li,d) (2008Cr03).
Jπ: From 14N(6Li,3He) (1984Et01).
Γ: Narrow, see (2008Cr03).

14961 (5/2+) ≈155 keV XREF: Others:AC, AJ
%n<100; %α<100
E(level),Γ: From 14961 keV and
Γ≈180 keV16O(n,n) (1961Fo07) and
14980 keV andΓ≈100 keV15N(d,α)
(1966Ti03).

15.10×103 10 (9/2+,11/2+) 0.40 MeV15 P XREF: Others:AC, AT
%p<100; %α<100; %IT>0
XREF: AC(15148)AT(15.06E3).
E(level),Jπ,Γ: From (1978Ar15).

11/2+ is preferred in (1978Ar15). See also
(5/2−,7/2−) in (1966Ti03) 15N(d,α).

15101‡ 8 K XREF: Others:AU, BC
T=3/2
XREF: AU(15.10E3).
T: From 18O(3He,α) (1969De06).
E(level): From 15070 keV26 12C(7Li,d)

(2008Cr03) and 15101 keV8 18O(3He,α)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mc06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Et01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

(1969De06).
Γ: narrow; see17O(e,e′) (1983Ra27).

152023 3/2+ 52 keV 14 X XREF: Others:AB, AJ, AU
%n<100; %p<100
T=3/2
XREF: AB(15245)AU(15.24E3).
T: From 16O(n,n) (1981Hi01). In

(1990Mc06), T=1/2 is assigned, but those
results appear uncertain because of
persistent energy calibration issues.

E(level),Γ: From (1981Hi01).
Jπ: From 17O(e,e′) (1983Ra27), 14C(6Li,t)

(1981Cu11,1983Cu02,1983Cu04) and
16O(n,n′) (1981Hi01). See also (5/2−,7/2−)
for a broad level at 15.15 MeV reported in
15N(d,α) (1966Ti03).

153713 (5/2+) 40 keV 6 XREF: Others:AJ
%n≤100
T=3/2
E(level),Γ,Jπ,T: From 16O(n,n)

(1981Hi01). J: from comparison with17N
analog states.

1562026 JK XREF: Others:AB, AC
%p<100; %α<100
E(level): From (2008Cr03) 12C(6Li,p)(7Li,d).

1578720 (13/2−) <30 keV K XREF: Others:AB, AL, AU, AV
%p≤100
T=(1/2)
XREF: AB(15721).
E(level): From average of 15780 keV20

16O(e,e′) (1986Ma48) and 15800 keV26
12C(7Li,d) (2008Cr03).
Γ: From (1986Ma48).
Jπ,T: From (1987Mi25): See comments,

replies and discussion in (1987Mi25) and
(1986Ma48, 1987Ma40). The state was
initially identified in 17O(e,e′) (1986Ma48)
as (9/2−; T=3/2).

15.95×103 15 (9/2+,11/2+) 0.40 MeV15 E P XREF: Others:AB, AC
%n<100; %p<100; %α<100; %IT>0
XREF: E(16.1E3)AB(16162)AC(15800).
E(level),Jπ,Γ: From (1978Ar15). 9/2+

is preferred. See also≈15.8 MeV and
Γ≈300 keV (1976Ca28).

(1990Mc06) suggest a broad T=1/2 state in
17O(γ,n) around Ex=15.6 MeV. It may be
this state?

162474 (9/2+) 21 keV 10 E X XREF: Others:AJ, AU
%n<100
T=3/2
XREF: AU(16500).
T: From 16O(n,n) (1981Hi01).
E(level),Γ: From (1981Hi01)

16O(n,n),(n,n). See also 16.50 MeV2 and
≤ 20 keV from17O(e,e′) (1986Ma48).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969De06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mc06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ca28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mc06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

Jπ: From (1981Cu11,1983Cu02,1983Cu04)
14C(6Li,t).

16578‡ 12 3/2− ≈300 keV XREF: Others:AU, BB
T=3/2
XREF: AU(16.52E3).
T: From 18O(d,t) (1977Ma10, 1981Ma14).
E(level): From 16.52 MeV5 17O(e,e′)

(1977No06) and 16580 keV10
(1977Ma10).

Jπ: From 18O(d,t) (1981Ma14).
Γ: From 17O(e,e′) (1977No06).

16.60×103‡ 15 (11/2−,13/2−) P E(level),Jπ: From 13C(6Li,d) (1978Ar17).
11/2− is preferred.

17060‡ 20 (11/2−) <20 keV P XREF: Others:AL, AU, AV
T=(1/2)
E(level),Γ: From 17O(e,e′)

(1986Ma48).
Jπ,T: From (1987Mi25): See comments,

replies and discussion in (1987Mi25) and
(1986Ma48, 1987Ma40). The state was
initially identified in 17O(e,e′)
(1986Ma48) as (7/2−; T=3/2). Also see
(7/2−) in 16O(p,π+) (1988Hu02)and
((11/2− preferred),13/2−) in 13C(6Li,d)
(1978Ar15).

1744111 66 keV 20 XREF: Others:AJ
%n<100
T=3/2
E(level),Γ,T: From 16O(n,n)

(1981Hi01).
1792020 98 keV 16 XREF: Others:AU

E(level),Γ: From 17O(e,e′)
(1986Ma48).

181154 3/2− 46 keV 12 Q X XREF: Others:AJ, AT, BB
%n≤100
T=3/2
XREF: Q(18170)AT(18.09E3).
E(level),Γ: From 18122 keV4

16O(n,n) (1981Hi01). See also 18140 keV
10 18O(d,t) (1977Ma10) and 18.09 MeV
7 17O(γ,p) (1992Zu01).

Jπ: From 18O(d,t) (1981Ma14).
T: From 18O(d,t) (1977Ma10, 1981Ma14),

16O(n,n) (1981Hi01).
18720‡ 20 87 keV 33 XREF: Others:AU

E(level),Γ: From 17O(e,e′)
(1986Ma48). Also see 18.5 MeV
(1990Mc06) from reanalysis of 19.0 MeV
in 17O(γ,n) (1979Jo05).

18830‡ 20 ≤20 keV T XREF: Others:AU
E(level),Γ: From 17O(e,e′)

(1986Ma48), Also see 18.90 MeV14
13C(13C,9Be) (1979Br04).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Hu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ma10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mc06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Br04,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

19.28×103? 7 >0.75 MeV Y XREF: Others:AT
%IT>0
E(level),Γ: From 17O(γ,p)

(1992Zu01).
19.60×103‡ 15 (13/2+,15/2+) 250 keV H PQ XREF: H(19.0E3)Q(19240).

E(level),Jπ,Γ: From 13C(6Li,d)
(1978Ar15). 15/2+ is preferred.

1982040 3/2− 550 keV50 Y XREF: Others:AU
%IT>6×10−4

Γγ0≥1 eV; Γγ1≥2.3 eV
XREF: Y(19.76E3).
Γγ: From (1980Li05).
E(level),Γ: From 19760 keV60

14N(t,γ) (1980Li05) and 19850 keV40
17O(e,e′) (1986Ma48). Γ from 0.55
MeV 5 from (1980Li05) and 0.53 MeV
15 from (1986Ma48).

Jπ: From (1980Li05).
20140‡ 20 (11/2−) 31 keV 5 XREF: Others:AU

T=3/2
E(level),Γ: From 17O(e,e′)

(1986Ma48).
Jπ,T: From (1987Mi25): See comments,

replies and discussion in (1987Mi25)
and (1986Ma48, 1987Ma40). The state
was initially identified in17O(e,e′)
(1986Ma48) as (13/2−; T=1/2).

20.20×103‡ 15 (13/2+,15/2+) ≈250 keV P E(level),Jπ,Γ: From 13C(6Li,d)
(1978Ar15). 15/2+ is preferred.

2039050 (5/2−,7/2−) 660 keV70 Y XREF: Others:AT
%IT>6.5×10−4

%IT>0
Γγ1≥4.3 eV
Γγ1: From (1980Li05).
E(level),Γ: From 14N(t,γ)

(1980Li05), see also 20.33 MeV7
(1992Zu01).

Jπ: 5/2− from (1980Li05); E1 to
17O(0:5/2+). See also (7/2−) in
17O(γ,p) (1992Zu01).

2058050 1/2+ 570 keV80 V Y XREF: Others:AJ, AU
%IT≥9×10−4; %n≤99.999
T=(1/2)
Γγ1>5.1 eV
XREF: AJ(20417)AU(20.5E3).
T: From 16O(n,n) (1970Bo30).
Γγ1: From (1980Li05).
Γn: Γn≈Γ

16O(n,n) (1970Bo30).
E(level),Jπ,Γ: from 14N(t,γ)

(1980Li05). M1 to 17O(871:1/2+).
20700‡ 20 (9/2−) <20 keV XREF: Others:AU

T=(3/2)
E(level),Γ: From 17O(e,e′)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bo30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bo30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

E(level)† Jπ T1/2 or Γ XREF Comments

(1986Ma48).
Jπ,T: From (1987Mi25): See comments,

replies and discussion in (1987Mi25) and
(1986Ma48, 1987Ma40). The state was
initially identified in 17O(e,e′) (1986Ma48)
as (11/2−; T=3/2).

2105050 (3/2−) 470 keV60 V Y %IT>0
%IT>0.0026
Γγ0≥5.8 eV;Γγ1≥6.5 eV
E(level),Jπ,Γ: From 14N(t,γ)

(1980Li05). E1 to 17O(0:5/2+, 871:1/2+);
see also 7/2− from 17O(γ,n/p).
Γγ: From (1980Li05).

21200‡ (13/2+,15/2+) P XREF: P(21.2E3).
E(level),Jπ: From 13C(6Li,d) (1978Ar15).

13/2+ is preferred.
21.72×103 8 5/2+ 750 keV V %IT>0; %α<100

E(level): From14C(3He,γ) (1976Ch04).
22.13×103 8 7/2− 750 keV P V XREF: Others:AT, AU

%IT>0; %n<100; %α<100; %p<100
XREF: P(22.1E3)AT(22.17E3)AU(22.0E3).
E(level): From14C(3He,γ) (1976Ch04), see

also 22.17 MeV10 17O(γ,p) (1992Zu01).
22.54×103 17 3/2(−) ≈1 MeV V XREF: Others:AU

%IT>0
XREF: AU(22.0E3).
E(level): From14C(3He,γ) (1976Ch04).

22.96×103 8 1/2+ ≈0.4 MeV V XREF: Others:AT
%IT>0; %p<100
XREF: AT(23.1E3).
E(level): From14C(3He,γ) (1976Ch04), see

also 23.1 MeV1 17O(γ,p) (1992Zu01).
23.45×103 8 V %IT>0

E(level): From14C(3He,γ) (1976Ch04).
24.44×103 8 V XREF: Others:AT

%IT>0; %p<100
XREF: AT(24.4E3).
E(level): From14C(3He,γ) (1976Ch04), see

also 24.4 MeV1 17O(γ,p) (1992Zu01).
26.50×103? 15 XREF: Others:AT

%IT>0; %p<100
XREF: AT(26.50E3).
E(level): From17O(γ,p) (1992Zu01).

† Decay probabilitiesare listed as “%n≤100, %α≤100” for levels populated in either16O(n,α) or 13C(α,n) and when no further
information is available. Similarly, “%n≤100” or “%α≤100” is given for population in, for example,16O(n,n) or15N(d,α),
respectively. Levels populated in17O(γ,X) are listed with %IT>0 or with Γγ0 and %IT from the reported values, but the decay
transitions are not given. It appears that in past evaluations several levels were associated withα decay based on their population
via 18O(3He,α), and withγ decay based on their population in17O(e,e′).
‡ Decay mode not specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
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Adopted Levels, Gammas (continued)

17O Levels (continued)

# States at Ex:J=5869.62:3/2+, 6860.6:5/2+, 7573.5:7/2+ , and 8467.63:9/2+ are well reproduced by simple Bansal-French type
weak-coupling calculations and are considered 5p4h in nature (priv. comm. J. Millener (2021)).

γ(17O)

Ei(level) Jπi Eγ† Iγ E f Jπf Mult. Comments

870.756 1/2+ 870.73220 100 0 5/2+ E2 B(E2)(W.u.)=2.42437
Eγ: Precisely reportedγ-ray energies

are 870.764 from
16O(n,γ):E=thermal (2016Fi04) and
870.72520 from 16O(d,pγ) from
(1980Wa24).

3055.40 1/2− 2184.495 100 870.756 1/2+ E1 B(E1)(W.u.)=8.9×10−4 +22−16
Eγ=2184.495 is reported in

16O(n,γ):E=thermal (2016Fi04) See
also 2184.3+3−2 keV (2020Zi03).

3842.8 5/2− 3842.34 100 0 5/2+ B(E1)(W.u.)=3.6×10−3 2
(4143.27) 1/2+ 1087.894 100.0062 3055.40 1/2− E1

3272.028 20.1550 870.756 1/2+ M1
4142.66 4.1830 0 5/2+ E2

4551.7 3/2− 3680.57 100 870.756 1/2+ E1 B(E1)(W.u.)=8.3×10−2 2
4551.07 100 0 5/2+ E1 B(E1)(W.u.)=4.2×10−2 8

9146 1/2− 8273.4 100 870.756 1/2+ E1 B(E1)(W.u.)=5.7×10−3 10
11078.98 1/2− 10204.92 100 870.756 1/2+ E1 B(E1)(W.u.)=2.5×10−2 4

19.28×103? 18418 870.756 1/2+

19288 0 5/2+

19820 3/2− 18949 870.756 1/2+ E1
19820 0 5/2+ E1

20390 (5/2−,7/2−) 20390 0 5/2+ E1
20580 1/2+ 19709 870.756 1/2+ M1
21050 (3/2−) 20179 870.756 1/2+ E1

21050 0 5/2+ E1
21.72×103 5/2+ 20.85×103‡ 870.756 1/2+ E2

21.72×103 0 5/2+ M1+E2
22.13×103 7/2− 22.13×103 0 5/2+ E1
22.54×103 3/2(−) 21.67×103 870.756 1/2+ E1

22.54×103 0 5/2+ E1
22.96×103 1/2+ 22.96×103 0 5/2+ E2

† From energy level difference, except where noted.
‡ Placement of transition in the level scheme is uncertain.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Fi04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Fi04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
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5/2+ 0 stable

1/2+ 870.756 179.6 ps27

1/2− 3055.40 110 fs+24−21

5/2− 3842.8 92×10−3 eV 6

1/2+ 4143.27

3/2− 4551.7 38.7 keV28

1/2− 9146 4 keV3

1/2− 11078.98 2.4 keV3

19280 >0.75 MeV

3/2− 19820 550 keV50

(5/2−,7/2−) 20390 660 keV70

1/2+ 20580 570 keV80

(3/2−) 21050 470 keV60

5/2+ 21720 750 keV

7/2− 22130 750 keV

3/2(−) 22540 ≈1 MeV

1/2+ 22960 ≈0.4 MeV22
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17N β− decay

Parent:17N: E=0; Jπ=1/2−; T1/2=4.173 s4; Q(β−)=867915; %β− decay=100
17N-Q(β−): from (2021Wa16).
17N-T1/2: weighted average of: 4174 ms4 (1976Oh05) and 4169 ms8 (1972Al42). Also see 4.14 s4 (1948Kn24), 4.20 s8

(1961Hi01), 4.16 s1 (1965Do13), 4.17 s2 (1970Me31), 4.15 s10 (1976Fi03), 4.4 s2 (1984In01), 4.23 s49 (1991Re02) and
(2008RiZX: 4.19 s2, 4.12 s3).

Foreword:
The measurements ofβ-delayed neutrons from17N decay are relatively consistent in both the energies and relative intensities of

neutron groups. Most efforts did not determine the absolute feeding intensities to neutron groups, but rather the relative intensities
of neutron groups are reported. The determination of “absolute” intensities relies on a renormalization using an assumption of
%β-n=100−(4.6675))=(95.3475)%, where 4.6675 is the feeding to neutron-bound states (1964Si06).

1964Si06: 17N activity was produced in thin-walled cells comprised of either aluminium or stainless steel using the15N(t,p)
reaction. A NaI detector observed theγ-ray spectrum obtained in measurements on the stainless steel cell; transitions at Eγ= 870
and 2190 keV were observed with a relative ratio=(6.8 9):1.0. Since the 2190 transition corresponds to a cascade from 17O*(3055)
to 17O*(870), the relative feeding of the first and second excitedstates is (5.89):1.0 . Care was taken to minimize contributions
from n+p capture that could interfere with the Eγ=2190 keV analysis. No otherγ-rays were observed; in particular transitions from
17O*(3843:Jπ=5/2−) and transitions in16O were not observed.

The measurements on the aluminium cell were analyzed to obtain the singlesβ-ray spectrum and theβ-ray plusγ-ray coincidence
spectrum. The part of the singles spectrum that extended above the coincidence spectrum was analyzed to obtain the ratioof
feeding to17O*(870) relative to feeding to the17Og.s.=(1.7 4):1.0.

Lastly, the beta spectrum was analyzed to determine the feeding β-ray intensity to17O*(0,870,3055) relative to the totalβ-ray
intensity. These decay branches correspond to (4.6675)% of all decays.

Hence the calculated branching fractions are (1.5547)% to 17Og.s., (2.6447)% to 17O*(870), (0.46011)% to 17O*(3055).
Furthermore, the lack of feeding to17O*(3843:Jπ=5/2−) is evidence for assigning Jπ=1/2− to 17Ng.s..

1973De32: 17N ions were produced by bombarding 88% enriched14C target which was on a thick tungsten backing with 27-MeV
α-particles. The neutrons were detected with a3He filled proportional counter. Three neutron groups at En=390 16, 119030 and
171040 keV emitted from17O*(4.55,5.09,5.94 MeV) to16Og.s. with branching ratios of 27%3, 57%4 and 11%2, respectively.
Relative neutron branching ratios are measured, which are normalized to the accepted %β-n rate of 95%. From the neutron counts
in the 1.9-2.6 MeV region an upper limit,<0.4%, is set for the branches emitted from17O*(6.1-6.8 MeV) to16Og.s..

1973Po11: 17N β−-decay activity was produced by bombarding enriched15N2 gas (95-99%15N) using a 2.9-MeV triton beam.
The beam was chopped and had 4 second activation and countingperiods. Theβ activity was detected by a NE102 detector, the
γ-decay activity was detected via a 15.2 cm by 12.7 cm NaI detector. The neutron activity was initially measured using a NE102
disk, though issues with high backgrounds at low-energies led to additional measurements using a3He proportional counter. The
β-n andβ-γ coincidences were measured; there is no mention of n-γ coincidences, therefore neutron decays are assumed to
populate16Og.s..

Neutron peaks at 3854, 116314 and 167524 keV were observed corresponding to decays from17O*(4.55,5.38,5.94 MeV) to
16Og.s., respectively. The relative ratios for decay branches weredetermined, and then the absolute branching ratios were
determined by a self-consistent renormalization. The feeding to the17Og.s. relative to17O*(870) was taken from (1964Si06) (=(1.7
4):1.0); other ratios, relative to the En=1.16 MeV group intensity, were determined. The absolute branching ratios were determined
as Branching=(1.7 5)% to 17Og.s., (2.9 5)% to 17O*(870), (0.548)% to 17O*(3060), (37.9%18) to 17O*(4550), (51.1%15) to
17O*(5380), and (5.8%6) to 17O*(5940). The total feeding to bound17O levels was found to be (5.1472)%.

1976Al02: 17N ions were produced in the15N(t,p) reaction by bombarding a Ti15N target with 3.0-MeV tritons. The target was
irradiated for 4 sec, followed by a 4 sec counting period.

Theγ-ray activity was measured using a Ge(Li) detector. Energies for the17O first and second excited states were determined as
870.8 keV2 and 3055.2 keV3, and the ratio of theγ ray intensities was measured as 1:(9.64). This ratio is significanly different
from prior results and is attributed to the ability to resolve the Eγ=2190 keV transition from the Eγ=2223 keV peak from thermal
neutron capture on hydrogen. No attempt to measure the ground-state branch was made, and hence the values for branching to
17Og.s. and17O bound levels was taken from (1964Si06). The branching ratios were found as (1.65)% to 17Og.s., (3.0 5)% to
17O*(870), (0.346)% to 17O*(3055).

Delayed neutrons were measured using a3He neutron detector; peaks at En=390, 1160 and 1690 keV were observed. Taking the
sum ofβ branches to neutron-stable level in17O as (4.97)%, the branching ratios from17O*(4.55,5.38,5.94 MeV) to16Og.s. are
found as 39.2%20, 48.0%15 and 7.9%7, respectively.
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17N β− decay (continued)

1976Oh05: 17N β-decay activity was produced via the6Li(n,α)3H and18O(3H,α)17N reactions by placing an enriched
6Li2C18O3 target (≥ 95% 6Li, 93.4% 18O) in a reactor and utilizing a fast pneumatic tube system to transfer the sample between
activation and counting stations. The17N neutron decay curve was measured with eight3He proportional counters surrounded by
paraffin. Four peaks at En=382.89, 884 21 (new identified), 1170.98 and 1700.317 keV were measured withΓ=54.84, 113 55,
63.211 and 60.532 keV, respectively. Normalization of the neutron emission probabilities to Pn=95% 1 from (1964Si06), yields
theβ−n branching ratios from17O*(4549.313,508121, 5387.1 12, 5949.919 keV) to 16Og.s. as, 34.8%26, 0.6%4, 52.7%35 and
7.0%5, respectively.

In addition, T1/2=4.174 s4 was measured.
1984In01: The neutron spectrum of activated cooling water from the SLAC beam dump was analyzed using a3He spectrometer.

The activity is presumably from the18O(γ,p)17N reaction. In addition to strong neutron lines at En=383, 1170 and 1700 keV a
significantly weaker group at En=2070 keV is suggested. This group has not been reported in other work.

1991Re02: Spallation products from 800 MeV proton bombardment of a232Th target were captured by a transport line with a
mass-to-charge filter and transferred to the TOFI spectrometer at LAMPF. The beamline was separately tuned to transporta number
of different nuclides. The neutrons were detected in a polyethylene moderate3He counter, and standard techniques were
implemented. Theβ-delayed neutron probabilities were deduced from analysisof the number of implanted ions (per beam pulse)
and the rate ofβ-delayed neutrons detected in the zero-threshold counter.The β-delayed neutron probability Pn=(102.460)% was
deduced.

1996Ra02,2003Mi01: In these experiments, authors observed17N(β−n) decay to calibrate the neutron energy and the neutron
counters. Neutron peaks at 380, 1170 and 1700 keV were observed. The branching ratios of corresponding emissions from
17O*(4.55,5.38,5.94 MeV) to16Og.s. normalized to 95%1 are 39.5%46, 49.1%46 and 6.4%10, respectively (1996Ra02). A
fourth known peak at En=880 keV was too weak to be observed.

2000Bu33,2001Gr06: A 17N beam was produced by fragmenting a 77 MeV/A 18O beam on a Be target;17N was selected by the
LISE3 spectrometer. Neutron time-of-flight (tof) and energy spectra were obtained using the TONNERRE array which covered 45%
of 4π. The intrinsic efficiency is rather high between 1 and 5 MeV. Neutron groups at En=380, 1170 and 1710 keV were observed.
Intensities are not analyzed.

Comments:
For the population of bound17O states, theβ-ray energy spectrum analysis of (1964Si06)

[Branching(17O*(0,870,3055))total=(4.6675) and R=1:(1.74) for β-decay to17Og.s. vs decay to17O*(870)] are combined with
R=(9.6 4):1 for the relative intensities of Eγ=870 and 2170 keVγ-rays from (1976Al02).

The data on decay feedings to bound states in17O is sparse; measurements are found in (1964Si06,1973Po11,1976Al02). The only
complete measurement on the decay populating17O bound states is found in (1964Si06); along with studying theγ radiations with
a NaI detector, they analyzed theβ radiations. In (1964Si06) the ratio of theβ-decay to17Og.s. relative to feeding of17O*(870)
is determined as 1:(1.74); there is no other comparible measurement. Further analysis of theβ-ray spectrum determined that the
bound17O*(0,870,3055) states are populated in (4.6675)% of decays. In (1973Po11), use of the (1964Si06) ground state result,
along with analysis of their NaI data results in finding the branching ratio to17O*(0,870,3055) as (5.1472)%, but, as mentioned
below, it is suggested that the Eγ=2170 keV intensity is enlarged by a systematic error associated with contributions from n+p
capture. In (1973Po11) one finds the only reported connection between any neutron group intensity and aγ-ray transition intensity:
I(γ870 keV)/I(En=1.16 MeV)=(0.066795). In (1976Al02) the value R=(9.6 4):1 for the relative intensities of Eγ=870 and 2170
keV γ-rays is found; they suggest the results of (1964Si06,1973Po11) are unreliable because neither group could resolve n+p
captureγ rays from the 2170 keV decay transition; in spite of great caution described in those works this uncertainty discounts
their Eγ=2170 keV intensities.

In all cases, the neutron group branching ratios are based onrelative intensity measurements that are normalized to unity with
inclusion of feedings to17O bound states.

There are discrepancies among the relative intensities reported in (1973De32,1973Po11,1976Al02,1976Oh05,1996Ra02). In the
present analysis all measurements are considered; the results of (1973De32) appear to deviate significantly from other measurements
and are excluded from analysis. The mean intensities from the remaining four measurements are determined after normalizing each
measurement to the strongest decay transition. These intensities are then renormalized to yield %β-n=(100−(4.66 75))=(95.3475)%.

17O State: present (%) for major branches.
0: 1.6150.
871: 2.7356 (γ-ray intensity=(3.0556)%).
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17N β− decay (continued)

3055: 0.326.
4554: 37.811.
5085: 0.5738.
5379: 50.3199.
5939: 6.6931.
It is noted that the ratio I(γ870 keV)/I(En=1.16 MeV)=(0.066795) from (1973Po11) is not well met in the present findings. This

perhaps suggests new data on the feedings to bound states would be enlightening.

1948Kn24: 17N(β−n); measured decay products, En, In; deduced T1/2.
1949Al04: 17N(β−n); The decay scheme of a 4.2-second neutron emitter has beeninvestigated.
1949Ha55: 17N(β−n); measured decay products, En, In; deduced neutron energy distribution, an excited state width in 17O.
1961Hi01: 17N(β−n); deduced nuclear properties.
1961Pe28: 17N(β−n); measured decay products, En, In; deduced energies of delayed neutrons,17N ground state J,π.
1963Gi04: 17N(β−n); deduced nuclear properties.
1965Do13: 17N; measured T1/2.
1970Me31: 17N(β−n); measured T1/2.
1972Al42: 17N; measured T1/2.
1976Fi03: 17N; measured T1/2, delayedγ, delayed neutrons.
1977Fr19: 17N; measured delayed neutron spectra.
1983Ra29: > transition rates. The asymmetry for the corresponding isovector E1 transitions in17O and17F is found to be,

comparable in magnitude with the asymmetry for the analogous β∓ decays of17N and17Ne.
1993Bu21: 17N(β−); measuredβ-delayed Eα, Iα; deduced12C(α,α) reaction p-wave capture amplitude.
1994Do08: 17N(β−); measuredβ-delayed Eα, Iα, α(13C)-coin; deduced logft, total βα-branching ratio.17O deduced levels

contributing toα-decay.
1996Ue02,1996UeZZ: 17N(β−); measured NMR; deducedµ.
2008RiZX: 17N(β−); measuredβ-delayed neutron decay.
2013Ue01: 17N(β),(β−n); measured Eγ, Iγ, Eβ, Iβ, E(n) by tof, I(n),β-NMR, βγ-, βγγ-, βnγ-coin.
See also (2002Mi17: theory).

Theory:
1970Be21: 17N(β−); calculated hindrance in nuclear matrix elements for unique first-forbidden transitions.
1970Hi15: 17N(β−); calculated logft.
1971To08: 17N; analayzed 1st-forbidden uniqueβ-decay data; deducedf1t, β-moments.
1972To03: 17N(β−); calculated nuclear matrix elements, shape factors, longitudinal polarisations for first-forbidden, non-unique
β-transitions.

1992He12: 17N(β−); calculated square root of branching ratio for decay to final levels; deduced enhancements due to level mixing
caused by T-odd forces.

1997Mi08: 17N(β−); analyzedβ-decay rates via f values; deduced charge-dependent effects role. Shell model.

17O Levels

E(level)† Jπ† Γ† E(level)† Jπ† Γ†

0 5/2+ 5732.0440 (5/2−) <1 keV
870.75620 1/2+ 179.6 ps27 5869.6240 3/2+ 6.6 keV7

3055.406 1/2− 110 fs+24−21 5931.518 1/2− 32 keV 3
3842.84 5/2− 92×10−3 eV 6 6362.329 1/2+ 126 keV14
4551.77 3/2− 38.7 keV28 754220 3/2− 500 keV50
5086.89 3/2+ 90 keV 3 7.99×103 5 1/2− 270 keV27
5387.022 3/2− 37.1 keV24 82008 3/2− 61 keV 10

† From Adopted Levels.
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17N β− decay (continued)

β− radiations

E(decay) E(level) Iβ−@ Log ft Comments

(479 17) 8200 0.013† 3 4.0412 av Eβ=168.568
Iβ−: from (1994Do08). β−α braching=(9.8×10−4 20)% (1994Do08).
Γα/Γ=0.0778 (1973Fo11,1973Jo01).

(6.9×102 5) 7990 0.026† 6 4.3217 av Eβ=253 22
Iβ−: from (1994Do08). β−α braching=(1.5×10−3 3)% (1994Do08).
Γα/Γ=0.0597 (1973Fo11,1973Jo01).

(113725) 7542 <0.35† >4.0 av Eβ=445 11
Iβ−: from (1994Do08). β−α braching<6.9×10−5% (1994Do08).
Γα/Γ=0.0002 (1973Fo11,1973Jo01).

(231715) 6362.3 <0.08 >6.0 av Eβ=989.879
Iβ−: from (1976Oh05). See also (1973De32: Iβ−≤0.4% for Ex=6.1-6.8

MeV).
(274815) 5931.5 6.69# 31 4.38023 av Eβ=1194.673

Iβ−: Literature values are (1973De32: 11% 2), (1973Po11: 5.8%6),
(1976Al02: 7.9%7), (1976Oh05: 7.0%5), (1996Ra02: 6.4%10).

(280915) 5869.62 <0.15 >6.1 av Eβ=1224.372
Iβ−: from (1976Oh05).

(294715) 5732.04 <0.23 >6.0 av Eβ=1290.373
Iβ−: from (1976Oh05).

(329215) 5387.0 50.31# 99 3.85113 av Eβ=1456.674
Iβ−: Literature values are (1973De32: 57% 4), (1973Po11: 51.1%15),

(1976Al02: 48.0%15), (1976Oh05: 52.7%35), (1996Ra02: 49.1%46).
(359215) 5086.8 0.57# 38 6.0 3 av Eβ=1602.173

Iβ−: from normalized analysis of (1976Oh05: 0.6%4).
(412715) 4551.7 37.8# 11 4.41615 av Eβ=1862.574

Iβ−: Literature values are (1973De32: 27% 3), (1973Po11: 37.9%18),
(1976Al02: 39.2%20), (1976Oh05: 34.8%26), (1996Ra02: 39.5%46).

(483615) 3842.8 <7×10−3 >8.5 av Eβ=2209.474
Iβ−: from (1976Al02). See also<0.1% (1964Si06).

(562415) 3055.40 0.32‡ 6 7.109 av Eβ=2597.174
Iβ−: See also (1964Si06: 0.460%11), (1973Po11: 0.54%8), (1976Al02:

0.34%6).
(780815) 870.756 2.73‡ 56 6.849 av Eβ=3674.975

Iβ−: See also (1964Si06: 2.64%47), (1973Po11: 2.9%5), (1976Al02:
3.0%5).

(867915) 0 1.61‡ 50 9.551u 14 av Eβ=4117.775
Iβ−: See alo (1964Si06: 1.55%47), (1973Po11: 1.7%5).

† Neutrons from these weakly populated states are not independtly observed (1994Do08).
‡ Branching ratios decaying to17O*(g.s.,0.87,3.06) states are calculated using the ratio of Iβ−(g.s.)/Iβ−(0.87)=1:(1.74) (1964Si06)

combined with the ratio of Iγ=870/Iγ=2170=(9.6 4):1 (1976Al02) then the bound state intensities are normalized to 4.66%75

(1964Si06).
# Branching ratios for decay to17O*(4.55,5.08,5.38,5.94) states are deduced by considering values from (1973Po11, 1976Al02,

1976Oh05, 1996Ra02). Observations are normalized to the strongest decay branch, averaged, and then renormalizing to 95.34%
75. For (1976Al02) we have used Iβ−(5.94)=7.9%7 from their Table II rather than 7.9%3 from their abstract; this choice
impacts the deduced branching intensities.

@ Absolute intensity per 100 decays.
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17N β− decay (continued)

γ(17O)

Eγ† Iγ‡ Ei(level) Jπi E f Jπf Mult. Comments

870.73220 3.0556 870.756 1/2+ 0 5/2+ Iγ: deduced from Iβ−. See footnote above.
2184.495 0.326 3055.40 1/2− 870.756 1/2+ E1 Iγ: deduced from Iβ−. Direct ground state decay is

<1.5% (1976Al02).
3842.34 <7×10−3 3842.8 5/2− 0 5/2+ Iγ: from (1976Al02).

† From Adopted Levels.
‡ Absolute intensity per 100 decays.

5/2+ 01.61 9.551u

1/2+ 870.756 179.6 ps272.73 6.84

1/2− 3055.40 110 fs+24−210.32 7.10
5/2− 3842.8 92×10−3 eV 6<0.00007 >8.5
3/2− 4551.7 38.7 keV2837.8 4.416
3/2+ 5086.8 90 keV30.57 6.0
3/2− 5387.0 37.1 keV2450.31 3.851
(5/2−) 5732.04 <1 keV<0.23 >6.0
3/2+ 5869.62 6.6 keV7<0.15 >6.1
1/2− 5931.5 32 keV36.69 4.380
1/2+ 6362.3 126 keV14<0.08 >6.0

3/2− 7542 500 keV50<0.35 >4.0
1/2− 7990 270 keV270.026 4.32
3/2− 8200 61 keV100.013 4.04

38
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17
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01/2− 4.173 s4
Qβ−=867915 %β−=100

Iβ− Log f t

Intensities: I(γ+ce) per 100 parent decays

Decay Scheme

17N β− decay

17
8 O9

Iγ > 10%×Imax
γ

Iγ < 10%×Imax
γ

Iγ < 2%×Imax
γ

Legend
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17F β+ decay 1969Ga05

Parent:17F: E=0; Jπ=5/2+; T1/2=64.385 s53; Q(β+)=2760.4725; %β+ decay=100
17F-T1/2: Weighted Average (external uncertainty) of (1977Al20: 64.80 s12), (1977Az01: 64.31 s9), (2015Gr14: 64.347 s35) and

(2016Br01: 64.402 s39). See also (1949Br27, 1954Wo20, 1954Ko54, 1958Ar15, 1960Ja12, 1969Wo09, 1972Al42) for other T1/2

values measured and the analysis of half-lives (2008Se10).
17F-Q(β+): From (2017Wa10).
1949Br27: 17F(β+); measured T1/2.
1954Ko54: 17F(β+); measured T1/2.
1954Wo20: 17F(β+); measured T1/2.
1958Ar15: 17F(β+); measured T1/2.
1960Ja12: 17F; measured not abstracted; deduced nuclear properties.
1969Ga05: 17F β+-decay was studied by bombarding a 3-MeV deuterons beam a thick target PbO2 with the Van de Graaff

accelerator. A 22-cc Ge(Li) detector was used to measureγ-rays. Four runs were made to search possible 871-keVγ-ray that
results from the17F→17O*(8.57 MeV) decay. The upper limit for this transition is determined as<3.4×10−4, corresponig to log
ft>5.6.

1969Wo09: 17F(β+); measured T1/2.
1972Al42: 17F(β+); measured T1/2.
1977Al20: 17F(β+); measured T1/2.
1977Az01: 17F(β+); measured T1/2.
1987SeZL,1987SeZR,1988Se11: 17F(β+); measuredβ-anisotropy.
1989Se07: 17F(β+); measuredβ(θ), oriented nuclei.
1990FuZQ,1991MaZL,1992Mi13,1993Mi33: 17F(β+); measuredβ-NMR spectra asymmetry change in NaF; deducedµ.
2000Se23: 17F(β+); measured polarization asymmetry correlation.
2007Zh03: 17F(β+),(ε); measuredβ-NMR spectra from polarized source.17F deduced quadrupole moment.
2015Gr14: 17F(β+),(ε); measured Eβ, Iβ, Eγ, half-lives of the ground states; deducedft.
2016Br01: 17F(β+); measuredβ radiation, half-life.
See also (2015To02, 2012Sa50: theory).

17O Levels

E(level) Jπ T1/2

0 5/2+

870.75620 1/2+ 179.6 ps27

ε,β+ radiations

E(decay) E(level) Iβ+†‡ Iε‡ Log ft I(ε+β+)‡ Comments

(1889.73) 870.756 <0.034 <0.00042 >5.6 <3.4×10−2 av Eβ=349.1611; εK=0.011561; εL=0.0006887
7

(2760.4725) 0 99.854415 0.145615 3.35625 100 av Eβ=739.4612; εK=0.00137446;
εL=8.184×10−5 4

† From (1969Ga05).
‡ Absolute intensity per 100 decays.
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18N β−n decay 1994Sc01,2005Li60,2007Lo05

Parent:18N: E=0; Jπ=1−; T1/2=619 ms2; Q(β−n)=585119; %β−n decay=12.0 13
18N-T1/2: from (2005Li60), see also T1/2=624 ms12 (1982Ol01) and 620 ms8 (2007Bu01).
18N-Q(β−n): from (2021Wa16).
1991Re02: Spallation products from 800 MeV proton bombardment of a232Th target were captured by a transport line with a

mass-to-charge filter and transfered to the TOFI spectrometer at LAMPF. The beam line was separately tuned to transport anumber
of different nuclides. The ions were implanted in a Si detector, andidentification by standard techniques was implemented. The
β-delayed neutrons were detected in a polyethylene moderated 3He counter; half-lives andβ-delayed neutron probabilities were
deduced from analysis of the number of implanted ions (per beam pulse) and the rate ofβ-delayed neutrons detected in the
zero-threshold counter. Theβ-delayed neutron probability=14.3%20 was deduced along with T1/2=790 ms210.

A reanalysis of the1991Re02data, with additional data was published in (1994ReZZ). The reanalysis indicates Pn=(12.013)%
and T1/2=658 ms44. (Other unpublished reanalyses are found in1995ReZZ, 2008ReZZ).

1993ReZX: 18N(β−n); measuredβ-delayed neutron average energies. Ring ratio technique.
1994Sc01: A Be target was bombarded by a 75 MeV/A 22Ne beam to produce18N ions that were selected and stopped in a thin

plastic detector. The implantation detector was surrounded by 15 large area neutron detectors that covered 14.3% of 4π, and
neutron energies were determined by time-of-flight betweenthe implantation foil and the neutron array.

The lifetime T1/2=624 ms12 was measured. Nine neutron groups with energies (branchingratios) of En=0.99 MeV3 (0.163)%,
1.16 MeV2 (0.399)%, 1.35 MeV2 (0.479)%, 1.55 MeV2 (0.143)%, 1.77 MeV2 (0.173)%, 2.07 MeV3 (0.163)%, 2.46
MeV 3 (0.439)%, 2.78 MeV3 (0.133)% and 3.26 MeV3 (0.194)% were observed in the ToF spectrum. The total observed
branching ratio (Branching) to neutron unbound levels is 2.2% 4.

2005Li60: A thick Be target was bombarded by a 68.8 MeV/A 22Ne beam to produce18N ions that were selected and stopped in a
thin plastic scintillation detector. Two different plastic scintillator arrays (neutron walls) were used to detect delayed neutrons with
coverage of 30% and 2.2% of 4π sr for high energy and low energy, respectively. The neutrondetection efficiecies were calibrated
with the known17N β−n decay neutron spectrum. A set of 3 HPGe detectors were positioned around the target to measureγ-ray
emissions.

Beam was collected in the target for cycles of 2.0 s activation periods followed by 2.0 s counting periods. The result T1/2=619 ms
2 was obtained from analysis of theβ-ray decay curve observed in the thin plastic catcher foil; asmall 5%20O (T1/2=13.5 s)
component was the main active beam contaminant. An exclusive gate on the on the strongest neutron peak at En= 0.58 MeV
yielded the value T1/2=610 ms23.

Analysis of the ToF spectrum indicates decays of 11 neutron emitting states in18O with En (branching ratio)=0.58 MeV2 (5.04
112)%, 0.79 MeV4 (0.286)%, 0.97 MeV2 (0.113)%, 1.16 MeV3 (0.183)%, 1.35 MeV3 (0.244)%, 1.48 MeV3 (0.052)%,
1.72 MeV3 (0.183)%, 1.98 MeV4 (0.113)%, 2.44 MeV4 (0.436)%, 2.70 MeV4 (0.132)% and 3.22 MeV5 (0.233)%. The
total observed Branching is 6.98%146. Theβ-delayedγ-ray emissions were briefly discussed, though there is no mention of any
transitions observed in17O; it is assumed that none are observed.

2007Lo05: A Be target was bombarded by a 68.8 MeV/A 22Ne beam to produce18N ions that were selected and stopped in a thin
plastic scintillation detector. A neutron sphere composedof eight identical plastic scintillator counters was used to detect delayed
neutrons; each segment covered 3.75% of 4π sr.

Three T1/2 values were obtained by gating theβ-time spectrum corresponding to various neutron peaks, 625ms 30, 635 ms40 and
609 ms60. In this measurement, the emphasis was on fast neutrons. Nine neutron peaks were observed, eight are in good
agreement with2005Li60. Peaks are observed at En=1.13 MeV3, 1.35 MeV3, 1.58 MeV3, 1.79 MeV3, 2.05 MeV3, 2.43 MeV
4, 2.76 MeV4, 3.22 MeV4 and 3.78 MeV5 (0.053)%. A new peak at En(lab)=3.78 MeV5 was identified. The detection
efficiency for groups with En < 2.0 MeV was low, and therefore the proceedure for fitting of these peaks relied on prior analysis.
The total observedβ-delayed Branching is 7.03%146.

In this experiment, the calibration using17N provided the neutron detection efficiency up to 1.73 MeV, the authors used the
efficiency curve obtained in2005Li60(efficiency up to 3.22 MeV) to determine the absolute Branching ofthis new peak. The
Branching of 0.05%3 corresponding to Ex(18O)=12.05 MeV5 and logft=5.243 was deduced. This new state was also observed
by 1995Se02in an electron scattering experiment, who found the Jπ=1− or 2+. The present authors concluded Jπ=1−.

Comments:
Pn=12.0%13 is reported in the reanalysis of1991Re02. Results reported in (2005Li60, 2007Lo05) can account for only (7.03

146)%; the missing strength of≈5% is attributed to one or several states in18O with 8.044 MeV≤Ex≤8.50 MeV, where the
corresponding neutron group′s emission energy is below the threshold of the neutron detector systems.

No evidence was found for population of a broad state at Ex≈9 MeV (suggested by1989Zh04in β-delayedα-emission); In
1994Sc01an upper limit for its Branching of≤1% was deduced from the total number of counts in the relevantenergy range.
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18N β−n decay 1994Sc01,2005Li60,2007Lo05 (continued)

Comparing with1989Zh04, it can be concluded that most of the observed width corresponds to theΓα of this state.
In 1994Sc01, neutron groups with a total Branching of 2.2%4 were observed; a comparison with those same groups observedin

2005Li60yields a slightly lower Branching of 1.66%28. The analysis of2005Li60, which finds a total %β−n intensity of (7.0
15)%, may be limited by an insensitivity to low energy neutrons. In addition2007Lo05taylored their sensitivity to fast neutron
groups, which were difficult to resolve, and a new transition in theβ-delayed neutron decay is observed. No neutron peaks between
3.78 and 5.5 MeV were observed.

See also (1993ShZW).

17O Levels

E(level)† Jπ†

0.0 5/2+

† From Adopted Levels.

Delayed Neutrons (17O)

E(n)† E(17O) I(n)†‡ E(18O) Comments

580 20 0.0 5.011 8659 I(n)=(5.04112)%.
790 40 0.0 0.286 8882
970 20 0.0 0.113 9072

116030 0.0 0.183 9274
135030 0.0 0.244 9475
148030 0.0 0.052 9612
172030 0.0 0.182 9867
198040 0.0 0.113 10142
244040 0.0 0.436 10629
270040 0.0 0.132 10904
322050 0.0 0.233 11455
378050 0.0 0.053 12048 E(n),I(n): from (2007Lo05).

† From (2005Li60) except where noted.
‡ Absolute intensity per 100 decays.
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5/2+ 0.0

8659

8882

9072

9274

9475

9612

9867

10142

10629

10904

11455

12048

3780 0.05 12048 0.0

3220 0.23 11455 0.0

2700 0.13 10904 0.0

2440 0.43 10629 0.0

1980 0.11 10142 0.0

1720 0.18 9867 0.0

1480 0.05 9612 0.0

1350 0.24 9475 0.0

1160 0.18 9274 0.0

970 0.11 9072 0.0

790 0.28 8882 0.0

580 5.0 8659 0.0

E(n) I(n) E(18
8 O) E(17

8 O)

18
8 O10

17
8 O9

01− 619 ms2

Qβ−n=585119
%β−n=12.0

18
7 N11

18N β−n decay 1994Sc01,2005Li60,2007Lo05

Decay Scheme

I(n) Intensities: I(n) per 100 parent decays
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2H(16O,p) 2013Al14

1980FlZU: 2H(16O,p), E=42 MeV; measuredσ(Ep). 17O levels deduced16O-neutron final state interaction. Kinematically
complete experiment, Si(Sb) detector, tof, deuterated polyethylene target.

2013Al14: XUNDL dataset compilded by TUNL, 2013.
The authors verified the performance of an experimental configuration using the2H(16O,p)17O reaction to study the (d,p) reaction

in inverse kinematics. The primary focus was on2H(8He,p) to study9He levels.
A beam of E(16O)=15.5 MeV/A ions from accelerators at GANIL impinged on Cd2 targets of thickness 320 or 550µg/cm2.

Position sensitive gas chamber detectors measured the incident trajectories while recoiling protons were measured atbackward
angles (θ=120◦−170◦) by a set of four position sensitive∆E-∆E-E MUST2 detector telescopes. In addition, the17O ejectiles (or
16O ejectiles from in flight decay of neutron unbound levels of17O) were detected by a thick plastic scintillator atθ < 5.6◦ along
with non-interacting beam particles. The missing mass spectrum, which was deduced from the incident beam-particle kinematics and
the ejected proton, revealed the17O states populated in the reaction. The spectrum was analyzed via DWBA analysis and compared
with literature values.

See also (1980FlZU).

17O Levels

E(level)‡ Jπ† Γ‡ L‡ C2S‡# Comments

0 5/2+ 0.7 2 E(level): The authors deduced a17O mass excess that differs by 5 keV2 when
compared with (2017Wa10); this implies an unaccountable systematic error.

865 9 1/2+ 0 1.43
50891 3/2+ ≈70 keV 0.82
56927 7/2− 0.133
≈7550

† Nominal values listed in (2013Al14).
‡ From (2013Al14).
# Uncertainties are stated as 20% by (2013Al14).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980FlZU,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980FlZU,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Al14,B


17
8O9-36 TUNL Nuclear Data Evaluation

17
8 O9-36

6Li(13C,d) 2015Av02

1987Ca30: 6Li(13C,d)17O*→α+13C, E=34 MeV; measuredσ(θd,θα); deduced reaction mechanism.17O deduced levels,
2006Jo11: A beam of E(13C)=8.0, 8.5 MeV impinged on a 50µg/cm2 thick, 98% enriched6Li target at the Florida State

University Tandem-LINAC facility. Four Si∆E-E telescopes were used to identify deuterons at forward angles with thicknesses
from 15 to 25µm. The energy resolution FWHM in the c.m. system was≈250 keV. The code FRESCO was used to calculate the
reaction angular distribution in the DWBA approach. The low-energy astrophysical S-factor was determined using the indirect
asymptotic normalization (ANC) technique. Coulomb-modified ANC2 for 13C+α→17O*(6.356 MeV:1/2+)=0.89 fm−1 23 and the
S(0) of this17O state is (2.5±0.7)×106 MeV·b.

2015Av02: XUNDL dataset compiled by TUNL, 2015.
An 8 MeV beam of13C ions, from the John D. Fox Accelerator Lab at FSU, impinged on 35 µg/cm2 (±10%) 6Li targets. The

reaction products were detected using a pair of∆E-E (position sensitive proportional counter/Si pin diode) detectors. The effective
energy, corresponding to the energy where half the yield hasbeen produced, was determined as 7.72 MeV. Many states, including
an unresolved multiplet of states near 5.9 MeV were populated in the reaction.

The authors deduced the17O*(6356) asymptotic normalization coefficient (ANC) and analyzed its impact on the13C(α,n)16O
reaction rate at astrophysical energies. This reaction is thought to be the main source ofs-process neutrons, and existing information
in the literature provides an inconsistent description. The value ANC2=3.6 fm−1 7 was deduced. See also (2018Ke03: theory).

17O Levels

E(level)† Jπ† Comments

0
871

3055
3843
4552
5085‡

5216‡

5379‡

5700#

5730#

5870#

5940#

6356 ANC2=3.6 fm−1 7 is deduced by (2015Av02). See also ANC2=0.89 fm−1 23 (2006Jo11).
13.6×103 (11/2,13/2) E(level),Jπ: Analysis of the angular distributions in (1987Ca30) concluded this peak corresponds to an

unresolved doublet with (11/2,13/2).
16.1×103 (7/2,11/2) E(level),Jπ: Analysis of the angular distributions in (1987Ca30) concluded this peak corresponds to an

unresolved doublet with (7/2,11/2).

† Nominal values listed in (2015Av02) except where noted.
‡ Unresolved group of levels includes17O*(5085,5216,5379) (2015Av02).
# Unresolved group of levels includes17O*(5700,5730,5870,5940) (2015Av02).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ca30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Jo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Ke03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Jo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ca30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ca30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Av02,B
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6Li(18O,17O) 2014Ru06

2014Ru06: XUNDL dataset compiled by TUNL, 2014.
A beam of 114 MeV18O ions, from the Warsaw cyclotron facility, impinged on a≈900µg/cm2 85% enriched6Li target. The

reaction products were detected using a set of three∆E-E telescopes that were positioned with an accuracy of about 0.3◦.
Population of7Li*(0,0.48,4.65,6.60,7.45 MeV) and17O*(0,0.87,3.06,3.84,5.08,5.38 MeV) were observed in the energy spectra for
one-neutron transfer reactions. The6Li+18O elastic and inelastic scattering was measured simultaneously (2014Ru01).

The data were analyzed using the coupled-reaction-channels (CRC) method using optical model potentials in the entrance and exit
channels. The7Li+17O optical potential is deduced and compared with those deduced from analysis of6,7Li+18O and6Li+16O
scatterings.

See also (2015Ru04: theory).

17O Levels

E(level)† Jπ†

0 5/2+

871 1/2+

3055 1/2−

3841 5/2−

4553
5086
5380

† Reported in (2014Ru06).

37

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ru06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ru06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ru04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ru06,B
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7Li(18O,17O) 2009Ru13

2009Ru13: XUNDL dataset compiled by TUNL, 2010.
The authors measured angular distributions of17O ions from7Li(18O,17O)8Li at E(18O)=114 MeV. Transitions to the ground and

excited states of17O and8Li are observed. The angular distributions are evaluated inDWBA and Coupled-Reaction-Channels
analyses. Optical model potentials are deduced.

17O Levels

E(level)† Jπ†

0 5/2+

871 1/2+

3055 1/2−

3841 5/2−

4553 3/2−

5380 3/2−

† Reported in (2009Ru13).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ru13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ru13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ru13,B
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9Be(16O,17O),16O(9Be,17O) 1977St20

1969BaZN: 9Be(16O,17O),13C(16O,17O), E=15-20 MeV; measuredσ(θ).
1969Ni09: 9Be(16O,17O), E=15 MeV; measured Doppler-shift attenuation, plunger method. 17O deduced T1/2 (level). Enriched

targets.
1970Ba49: 9Be(16O,17O), E=11,15,18 MeV;13C(16O,17O), E=14,17,20 MeV; measuredσ(θ). 17O deduced neutron S.
1970Ba55: 9Be(16O,17O), E=7-21 MeV; 13C(16O,17O), E=12-22 MeV; measuredσ(E; Eγ). 17O level deduced S.
1971Ba68: 9Be(16O,17O), E=11,15,19,7-13 MeV;13C(16O,17O), E=12-16,17,20 MeV; measuredσ(E); deduced S(n) products.
1971Ni04: 9Be(16O,17O), E=6-19 MeV; measuredσ(E; Eγ).
1977St20: 16O(9Be,8Be), E=50 MeV; measuredσ(θ). 17O levels deduced relative, absolute S.
1977Sw05: 16O(9Be,8Be), E=5-14.5 MeV; measuredγ-yields; deduced n-transfer, fusionσ(E). Optical model, incoming wave

analysis. Ge(Li) detector sub-barrier energies.
1979Ch12: 9Be(16O,17O), E=9-12,12.25-20 MeV; measured Eγ, Iγ, particleγ-coin, γγ-coin. 17O deducedγ-transitions,

productionσ.
1988Ja14: 16O(9Be,8Be), E(cm)=10.3, 12.8 MeV; measuredσ(θ). Deduced reaction mechanism, cluster transfer estimates.
1988We17: 9Be(16O,17O), E(cm)=7.2,8.4,9,9.6,10.2 MeV; measuredσ(θ), low-lying states; deduced molecular effects existence.

Second-order exact finite-range DWBA calculations.
2004ScZX: 9Be(16O,17O), E=2.3 MeV/nucleon; measuredσ(E,θ). Comparison with DWBA predictions.

Theory:
1973Ba51: 9Be(16O,17O); calculatedσ(θ).
1986Kw03: 9Be(16O,17O), E not given; analyzed transfer reaction data; deduced intermediate nuclear state quantum number in
α-transfer. A=9-15; calculated levels,α-spectroscopic amplitudes; deducedα-particle transfer sum rule. Core plusα-particle model.

17O Levels

Notes:Most experiments here populated17O*(0,871) states.
Γ: From (1969Ni09).

E(level)† Jπ† τm S‡ Comments

0 5/2+ 0.76
870 1/2+ 253 ps6 0.89 The Q(β−)value for neutron transfer to this state is 1.61 MeV (1977Sw05).

3840 5/2− E(level): weakly populated.
5080 3/2+

5700 7/2−

7600 3/2−

† Populated in (1977St20) from known levels (1977Aj02).
‡ Neutron S-factors (1970Ba49).

γ(17O)

Eγ Ei(level) Jπi E f Jπf Mult. Comments

870 870 1/2+ 0 5/2+ E2 Eγ: (1977Sw05,1979Ch12).
B(E2)(W.u.)=2.4 (1969Ni09). See also (1979Ch12).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977St20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969BaZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ni09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ba49,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ba55,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba68,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ni04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977St20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sw05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ch12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ja14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988We17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004ScZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Kw03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ni09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sw05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977St20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ba49,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sw05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ch12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ni09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ch12,B
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5/2+ 0

1/2+ 870 253 ps687
0

E
2

Level Scheme

9Be(16O,17O),16O(9Be,17O) 1977St20

17
8 O9
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9Be(13C,α13C) 2009Mi23

2009Mi23: XUNDL dataset compiled by TUNL, 2009.
The authors used resonant particle spectroscopy to analyzethe center of mass energy spectrum of13C + α particles detected

following 9Be(13C,13C+X) reactions at E(13C)=90 MeV. The13C ions were measured in a position sensitive∆E-E telescope,
while theα-particles were detected in an array of position sensitive∆E detectors;α-particles are the only stable particles that can
be in coincidence with13C. The13C ground state and13C*(≈3.7 MeV) participate in the reaction.

17O Levels

E(level)† Comments

10.8×103

12.0×103 E(level): broad: likely unresolved multiplet including17O*(11.82,12.00,12.22,12.42 MeV).
13.6×103 E(level): strongest population of this state is consistentwith configuration=16O (6+,16.29 MeV)⊗p1/2 in a weak

coupling scheme.
14.9×103

19.0×103 The evaluator associates this level with the Ex=19.6 MeV level.

† From (2009Mi23).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Mi23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Mi23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Mi23,B
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12C(6Li,p) 1986Sm10,2008Cr03

1960Sh05: Experiment was performed with 2-MeV Li ions at Van de Graaff/Saclay. Differential cross sections and angular
distributions of the ground and first four excited states of17O were measured.

1962Bl13: Absolute differential cross sections are presented for the reactions12C(6Li,p)17O (ground state and first three excited
states) at E=3.4-4.0 MeV. Total cross sections are≈1 mb at 4.0 MeV.

1963Ba08: Bombardment of12C by 6Li ions at E=3 MeV. Relative angular distributions were determined for protons to the 2nd,
3rd, and 4th excited states of17O. Deduced nuclear properties.

1966He05: The 6Li+12C reaction was studied for bombarding energies E=4.5-5.5 MeV. Angular distributions and totalcross
sections have been obtained at 100-keV intervals using a dE/dx-E system coupled to a computer. The reaction products forproton
groups from the ground and first four excited states of17O were studied.

1967Dz01: Differential cross-section measurements for6Li+12C reactions were presented in 100-keV steps between 2.4 and 8.5
MeV at 0◦ and in 200-keV steps between 3.4 and 7.4 MeV at 40◦(lab). Outgoing particles cross sections, p0−3, involving ground
and first three excited states of17O were measured.

1968Me10: A positive-ion beam of6Li at Elab=20 MeV impinged on a natural carbon target (130µg/cm2) at the Tandem Van de
Graaff accelerator, Heidelberg. The reaction products were detected and identified using detector telescopes and∆E-E method. The
low-lying states of17O were not observed and the medium excitation range were not resolved in this experiment. The proton
angular distribution could only be obtained for the17O*(8.46 MeV; (7/2+)) excited state.

1970Jo09: An E(6Li)=5.6-14.0 MeV beam impinged on a self-supporting carbon foils (evaporated from an arc onto Teepol-coated
slides) with thickness 10-52µg/cm2 at the University of Iowa HVEC ModelεN Van de Graaff accelerator. Cross sections were
measured for protons, deuterons, andα particles atθlab=0◦ and 40◦ and angular distributions were measured at various energies.
Solid-state,∆E and E detectors were used to detect and identify particles.The absolute error of total cross sections is estimated to
be±15%. Energy levels of17O*(0, 0.871, 3.058, 3.846 and 4.551 MeV) were observed.

1980Ne05: A 6Li ion beam at E=156 MeV bombarded a 4.5 mg/cm2 natural12C target using the Karlsruhe Isochronous Cyclotron.
Charged particles were detected by a semiconductor telescope consisteing of a∆E surface-barrier Si detector (0.3 mm) and two
germanium detectors (15 mm and 20 mm) with the energy resolution was≈500 keV (FWHM). The solid angle covered was
4×10−5 sr and the angular resolution was∆θ≈0.2◦. The particles were identified by an off-line-procedure on the basis of the
Goulding-method. The break-up cross sections were measured.

1982Ta23: 12C(6Li,p), E=36,32,28 MeV; measured yield vs particle energy,σ(θ), fusionσ, breakupσ vs E; deduced reaction
mechanism. Optical, simple breakup model analyses.

1986Sm10: 17O energy levels were populated by bombardment of an E=28 MeV ion beam of6Li, from FN tandem accelerator at
the University of Pennsylvania, with a self-supporting carbon foils (50µg/cm2; >99.5%12C). The outgoing protons were
momentum analyzed in a multiangle spectrograph and detected in Ilford L4 nuclear emulsions in the focal plane. A proton spectrum
was measured atθ=15◦ with resolution FWHM≈45 keV. Most of the known17O levels were populated. See also (1985SmZZ).

2008Cr03: XUNDL dataset compiled by McMaster, 2008.
E=32 MeV beam provided by FN tandem acclerator at Florida State. Detected charged particles using two∆E-E Si telescopes.

FWHM=110 keV. Measured protons, absolute cross sections, angular distributions. DWBA analysis.

17O Levels

E(level)†‡ Jπ# L# C2S#& Comments

0
869 10

30568
38447 5/2− E(level): See also 3843 keV (2008Cr03: Fig. 1).
45558 3/2− E(level): See also 4554 keV (2008Cr03: Fig. 1).
507915
52178 9/2− E(level): See also 5216 keV (2008Cr03: Fig. 1).
53809
5719a 12 E(level): See also doublet 5700 keV (2008Cr03: Fig. 1).
587714 E(level): See also doublet 5900keV (2008Cr03: Fig. 1).
68612 5/2+ 3 0.30 E(level): See also 6862 keV13 (2008Cr03).

Configuration=12Cg.s.+1p2
1/2,1d3

5/2-(3p-2h) (2008Cr03).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Bl13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ba08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966He05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Dz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Me10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Jo09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ne05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ta23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985SmZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B


Continued on next page (footnotes at end of table)

17
8O9-43 TUNL Nuclear Data Evaluation

17
8 O9-43

12C(6Li,p) 1986Sm10,2008Cr03 (continued)

17O Levels (continued)

E(level)†‡ Jπ# Γ@ L# C2S#& Comments

69745
717514
7388a 14 E(level): See also doublet 7380 keV (2008Cr03: Fig. 1).
757613 7/2+ 5 0.25 E(level): from (2008Cr03).

E(level): See also doublet 7580 keV16 (1986Sm10).
Configuration=12Cg.s.+1p2

1/2,1d3
5/2-(3p-2h) (2008Cr03).

769015 E(level): See also doublet 7720 keV (2008Cr03: Fig. 1).
777316
821025

8.40×103

84739 9/2+ 3 0.81 E(level): weighted average of 8476 keV12 (1986Sm10) and 8470 keV
13 (2008Cr03).

E(level): See also 8.46 MeV (1968Me10) which is suspected to be the
7/2+ member of a k=1/2+ rotational band starting at the 6.37 MeV
1/2+ level in 17O.

Configuration=12C g.s.+ 1p2
1/2,1d3

5/2-(3p-2h) (2008Cr03).
870212
89058 E(level): See also triplet 8900 keV (2008Cr03: Fig. 1).
896615
9181a 9 E(level): See also quadruplet 9190 keV (2008Cr03: Fig. 1).
94878
971915 7/2+ E(level): See also 9712 keV (2008Cr03: Fig. 1).
9866a 11 E(level): See also doublet 9870 keV (2008Cr03: Fig. 1).

Jπ: (1983Cu02) suggests a 9/2+ state at 9.87 MeV.
104268
105499
106948 <40 keV E(level): See also 10690 keV26 (2008Cr03).
10915 (5/2+) E(level): average of 10920 keV (1986Sm10) and 10910 keV (2008Cr03:

Fig. 1).
11.03×103

1181513 7/2+ 5 0.23 E(level): from (2008Cr03).
E(level): See also 11815 keV20 (1986Sm10).
Configuration=12Cg.s.+1p0

1/2,1d5
5/2-(5p-4h) (2008Cr03).

1201316 9/2+ <50 keV 3 0.28 E(level): weighted average of 12020 keV20 (1986Sm10) and 12000
keV 26 (2008Cr03).

Configuration=12Cg.s.+1p0
1/2,1d5

5/2-(5p-4h) (2008Cr03).
1223916 7/2− 2 1.32 E(level): weighted average of 12250 keV20 (1986Sm10) and 12220

keV 26 (2008Cr03).
Configuration=12Cg.s.+1p3

1/2,1d2
5/2-(2p-1h) (2008Cr03).

1242813 9/2+ <50 keV 5 0.20 E(level): weighted average of 12430 keV15 (1986Sm10) and 12420
keV 26 (2008Cr03).

Configuration=12Cg.s.+1p0
1/2,1d5

5/2-(5p-4h) (2008Cr03).
1276026 <70 keV E(level): from (2008Cr03).

Γ: Estimated based on the FWHM of the peak in the12C(7Li,d)
reaction (2008Cr03).

1307026 E(level): from (2008Cr03).
1358026 E(level): from (2008Cr03).
1488026 E(level): from (2008Cr03: quadruplet).
1562026 E(level): from (2008Cr03).

† From (1986Sm10) except where noted.
‡ See also (1960Sh05,1962Bl13,1963Ba08,1966He05,1967Dz01,1970Jo09).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Me10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Cr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sm10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Bl13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ba08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966He05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Dz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Jo09,B
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12C(6Li,p) 1986Sm10,2008Cr03 (continued)

17O Levels (continued)

# From (2008Cr03). Some concern is raised over the small number of nodes used in the DWBA analysis for some cases (priv.
comm. J. Millener).

@ From (1986Sm10) except where noted. Width measurement limited by detectorresolution of the12C(6Li,p) measurement
(2008Cr03).

& Assuming a5He cluster and configurations as listed.
a Doublet.
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12C(7Li,d) 2008Cr03

1971Sc21: The reactions12C(7Li,d) and 13C(7Li,t) were studied at Ecm=13.3 MeV using the lithium beam, from the
E(n)-tandem-van-de-Graaff-Accelerator of the Max-Planck-Institut ftir Kernphysik at Heidelberg, impinged on a13C target (50%
13C, 50%12C and16O). The reactions products were identified by the∆E-E information. The overall resolutions for deutrons was
about 90 keV.

The integrated cross sectionsσint were measured in both reactions. Spin assignments were extracted fromσint in the reaction
12C(7li,d) and a modified DWBA code was used to analyze the reaction13C(7Li,t). Energy levels and Jπ values of17O were
deduced.

1982Ta23: 12C(7Li,d), E=36,32,28 MeV; measured yield vs particle energy,σ(θ), fusionσ, breakupσ vs E; deduced reaction
mechanism. Optical, simple breakup model analyses.

2008Cr03: XUNDL dataset compiled by McMaster, 2008.
E=34 MeV beam provided by FN tandem acclerator at Florida State. Detected charged particles using two∆E-E Si telescopes.

Measured absolute cross sections andσ(θ). DWBA analysis assuming a5He cluster transfer. FWHM=110 keV.

Theory:
1987Ar13: 12C(7Li,d), E(cm)=7.4,9.4 MeV; calculated (np), d emissionσ, residual productionσ(E) ratio. Hauser-Feshbach theory.

17O Levels

E(level)‡ Jπ‡ L‡ C2S‡# Comments

0@ 5/2+ E(level),Jπ: See also (1971Sc21).
870@ 1/2+ E(level),Jπ: See also (1971Sc21).

3060@ 1/2− E(level),Jπ: See also (1971Sc21).
3840@ 5/2− E(level),Jπ: See also (1971Sc21).
4550@ 3/2− E(level),Jπ: See also (1971Sc21).
5080 E(level): from (1971Sc21).
5220@ 9/2− Jπ: 7/2 (1971Sc21).
5380@ 3/2−

5700@& E(level): See also doublet 5.69-MeV and 5.72-MeV (1971Sc21).
5900@& E(level): See also doublet 5.87-MeV:Jπ=5/2 and 5.94-MeV:Jπ=1/2 (1971Sc21).
6360@ 1/2+

686013 5/2+ 3 0.53 Configuration=12Cg.s.+1p2
1/2,1d3

5/2-(3p-2h).
E(level): See also 6.87-MeV:Jπ=7/2 (1971Sc21).

6990 5/2 E(level),Jπ: from (1971Sc21).
7170@ 5/2− E(level),Jπ: See also (1971Sc21).
7380@& 9/2 Jπ: from (1971Sc21).
758013 7/2+ 5 0.59 Configuration=12Cg.s.+1p2

1/2,1d3
5/2-(3p-2h).

E(level): See also 7.56-MeV:Jπ=9/2 (1971Sc21).
7760@ 11/2− E(level): See also triplet 7.69-MeV:Jπ=3/2, 7.71-MeV:Jπ=7/2 and 7.72-MeV:Jπ=3/2

(1971Sc21).
847013 9/2+ 3 1.06 Configuration=12Cg.s.+1p2

1/2,1d3
5/2-(3p-2h).

E(level): See also triplet 8.40-MeV:Jπ=5/2, 8.47-MeV:Jπ=9/2 and 8.50-MeV:Jπ=5/2
(1971Sc21).

8680@ 3/2−

8900@ E(level): triplet. See also triplet 8.87-MeV:Jπ=3/2, 8.88-MeV:Jπ=7/2 and 8.95-MeV:Jπ=7/2
(1971Sc21).

9190@ E(level): quadruplet.
E(level): See also (1971Sc21).

9490@ 5/2− E(level): See also (1971Sc21).
9710@ 7/2+ E(level): See also (1971Sc21).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
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12C(7Li,d) 2008Cr03 (continued)

17O Levels (continued)

E(level)‡ Jπ‡ Γ† L‡ C2S‡# Comments

9870@& E(level): See also doublet 9.88-MeV and 9.95-MeV (1971Sc21).
1069026 <40 keV E(level): See also 10.78-MeV (1971Sc21).
11040@

11240@

1182013 7/2+ 5 0.96 Configuration=12Cg.s.+1p0
1/2,1d5

5/2-(5p-4h).
E(level): See also 11.88-MeV (1971Sc21).

1200026 9/2+ <50 keV 3 0.56 Configuration=12Cg.s.+1p0
1/2,1d5

5/2-(5p-4h).
1222026 7/2− 2 2.16 Configuration=12Cg.s.+1p3

1/2,1d2
5/2-(2p-1h).

1242026 9/2+ <50 keV 5 0.77 Configuration=12Cg.s.+1p0
1/2,1d5

5/2-(5p-4h).
1276026 <70 keV Γ: Estimated value based on the FWHM of the peak in the12C(7Li,d)

reaction (2008Cr03).
1306026
1358026
1455026
1472026
1488026
1507026
1562026
1580026

† From (1986Sm10) except where noted. Width measurement limited by detectorresolution of the12C(6Li,p) measurement
(2008Cr03).
‡ From (2008Cr03) except where noted. Some concern is raised over the small number of nodes used in the DWBA analysis for

some cases (priv. comm. J. Millener).
# Assuming5He cluster, assumed configurations are listed.
@ From Fig. 1 of (2008Cr03).
& Doublet.
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12C(9Be,α),(11B,6Li)

1974Ha25: An 11-MeV 12C beam impinged on a 23µg/cm2 9Be target. Alpha particles were detected in four Si surface-barrier
detectors positioned atθlab=23◦, 37◦, 67◦ and 97◦. Cross sections were measured for the population of17O*(0,0.871,3.06,3.85
MeV) for E(12C)cm=2.40 to 6.34 MeV.

1975Ve10: A beam of9Be ions at E≈26 MeV impinged on a12C foil (0.1-0.2 mg/cm2) located at the center of an evacuated
scattering chamber. The charged particles were detected bya telescope consisting of an ionization chamber (∆E detector) and a
Si(Li) counter (E detector). The detected particles were separated in mass and measurement of the energy spectra by two
multidimensional AI-4096 analyzers. Spectra ofα particles were measured atθ=10◦−100◦. Excitation levels of
17O*(0,0.87,3.06,3.85,4.55,5.08,7.5,8.4,9.8,11.0,11.8,13.6 MeV) were observed and authors concluded that the five-nucleon cluster
5He direct transfer plays a definite role in the12C(9Be,α) reaction mechanism.

1978Ma44: The 12C(9Be,α) reaction was studied atθcm≈19◦−70◦ and Ecm=10-15 MeV by a9Be ion beam bombardment of a
139 µg/cm2 thick, self-supporting12C target. Four Si surface barrier detectors were positionedat θlab=14.6◦, 24.6◦, 44.6◦, and
54.6◦. Resonances at Ecm=11.2, 11.5, 12.6, 13.8, and 14.5 MeV were identified with widths of≈800 keV which deduced excitation
functions for the17O levels at Ex=0, 0.871, 3.058, and 3.846 MeV.

See also (1979Bo06).
1979Ja22: A 20-MeV 9Be3+ ion beam, from the ETH tandem Van de Graaff accelerator, impinged on a≈40 µg/cm2

self-supportingnatC target. The reaction products were detected by two∆E-E telescopes consisting of surface-barrier Si detectors.
Angular distributions were measured in steps of 5◦ at θlab=15◦−160◦ with an overall errors≈±10%. The ground state and the first
four low-lying states of17O were observed.

1980Br05: 12C(9Be,α), E=27,40 MeV; measuredσ(θ); deduced cluster transfer effects. Optical model analysis.
1981De09: Excitation functions were measured by bombarding anatC target (≈20 µg/cm2) with a 9Be beam from the Oak Ridge

E(n) tandem Van de Graaff accelerator from Ecm=5.1-11.4 MeV atθlab=7◦. The emittedα-particles were momentum analyzed in
an Enge split-pole magnetic spectrometer with energy resolution ≈70 keV. Fifteen states of17O were populated,17O*(0, 0.871,
3.055, 3.837, 4.551, 5.068, 5.176, 5.213, 5.382, 5.883, 6.366, 6.873, 6.986, 7.184, 7.400 MeV).

1981Hu12: 9Be(12C,α), E(cm)=6-15 MeV; measuredσ(θ,E); deduced deviation function confidence limits.
1981Ja09: The experiment was performed at the ETH tandem Van de Graaff accelerator/Zurich from E(9Be)=12-30 MeV ion beam

bombardment of a self-supporting,≈40 µg/cm2 thick natC target. The emitted particles were identified with∆E-E counter
telescopes consisting of a thin surface-barrier Si detector and a thick Li-drifted Si detector. Angular distributionsfor transitions to
different states of the final nuclei were measured atθ=5◦−160◦ in steps of 5◦. The ground state and the first four states of17O
were identified.

1982Hu06: Cross Sections of9Be+12C reaction were measured at the ETH tandem Van de Graaff accelerator/Zurich by a9Be (and
12C) ion beam impinging on a self-supporting 40µg/cm2 C target (and 60µg/cm2 Be target). Data were taken in the energy
range Ecm=5.9-15.4 MeV in steps of 107 keV at several angles between 5◦ and 175◦. 266 excitation curves for the protons,
deuterons, tritons, andα particles emission were observed including the energy levels of 17O*(0, 0.871, 3.055 and 3.841 MeV).

1996Ja12: 12C(11B,6Li), E=28-40 MeV; measuredσ(θ), σ(θ,E(6Li)). Exact finite-range DWBA analysis.

Theory:
1981La15: 9Be(12C,α), E(cm)=6-15 MeV; calculatedσ(E); deduced resonance structure. Statistical model, energy-dependent

deviation function.
1983Ja09: 12C(9Be,α), E(cm)=5.9-15.4 MeV; calculatedσ(θ) vs E; deduced nonstatistical contribution reaction mechanism.

DWBA, coupled-channels model analyses, one-, two-step transfer processes.
1986Be19: 12C(9Be,α), E not given; calculatedσ(θ) asymmetry parameter; deduced parameter statistical significance.

17O Levels

E(level) Jπa

0†& 5/2+

871†& 1/2+

3060† 1/2−
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12C(9Be,α),(11B,6Li) (continued)

17O Levels (continued)

E(level) Jπa Comments

3840†& 5/2− Jπ: 7/2− (1978Ma44).
4550‡ 3/2−

5080#@ 3/2+ E(level): 5.068-MeV (1981De09).
5176?@ E(level): This level is not supported by any other results.
5213@&

5382@

5883@

6366@

6873@

6986@

7184@

7400@

7500# E(level): measured. May correspond to the known levels of17O*(7.29-MeV:Jπ=3/2+ and 7.38-MeV:Jπ=5/2+))
(1975Ve10).

8400# 7/2+ Jπ: from (1975Ve10).
9800# 9/2+ Jπ: from (1975Ve10).

11000#

11800#

13600#

† Observed in (1974Ha25, 1975Ve10, 1978Ma44, 1979Ja22, 1981De09, 1981Ja09, 1982Hu06).
‡ Observed in (1975Ve10, 1979Ja22, 1981De09, 1981Ja09).
# Observed in (1975Ve10).
@ Observed in (1981De09).
& Observed in (1996Ja12: 12C(11B,6Li)).
a Known levels except where noted.
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13C(α,γ) 1983Ra29

1974Be32: 13C(α,γ), E=5.12-5.35 MeV; measuredσ(E,Eγ,θ). 17O deduced resonance.
1983Ra29: 13C(α,γ), E=3.63-3.68, 6.16-6.19 MeV; measuredσ(E), Eγ, Iγ. 17O levels deduced (ΓαΓγ/Γ), B(E1).
2009Ma70: 13C(α,γ), E=2.000, 2.270 MeV; measured Eγ, Iγ, γ(θ), σ, andσ(θ); deduced astrophysical S factors.

17O Levels

E(level) Jπ Comments

871 1/2+

9154 1/2− E(level): from Eα=3655 keV (1983Ra29).
Jπ: from (1983Ra29).

104193 E(level): from Eα=5310 keV4 (1974Be32).
11077 1/2− E(level): from Eα=6170 keV (1983Ra29).

Jπ: from (1983Ra29).

γ(17O)

Eγ Ei(level) Jπi E f Jπf Mult. Comments

8283 9154 1/2− 871 1/2+ E1 (1983Ra29) measuredΓαΓγ1/Γtotal=0.65 eV7. UsingΓα/Γtotal=0.45 from
(1968Ke02) they deducedΓγ1=1.44 eV26 which corresponds to
B(E1)=(2.4±0.5)×10−3 e2fm2 (1983Ra29).

10206 11077 1/2− 871 1/2+ E1 (1983Ra29) measuredΓαΓγ1/Γtotal=1.46 eV13. UsingΓα0=0.3 keV from
(1973Ad02) andΓtotal=2.4 keV3 from (1981Hi01) they deducedΓγ1=11.6 eV
18; but this differs from the present analysis. See discussion in Adopted Levels.

1/2+ 871

1/2− 9154

1/2− 1107710
20

6
E

1

82
83

E
1

Level Scheme

13C(α ,γ) 1983Ra29

17
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13C(α,n)

For analyses and measurements of astrophysical S-factors and ANC2 values see (1968Da05,2006Jo11,2008Pe09,2014LaZU).

1954Tr09: 13C(α,n), E=1.0-3.5 MeV; measured reaction products, En, In; deduced neutron yields; calculated energy levels.
1956Bo61: 13C(α,n), E=1.8-5.3 MeV; cross sections and widths of the resonances were detremined.
1957Wa46: 13C(α,n); measured products; deducedσ, σ(E), resonance parameters.
1963Sp02: 13C(α,nγ), E=5-10 MeV; the excitation function for 6 and 7 MeV gamma radiation from the reaction13C(α,nγ) has

been studied at intervals of approximately 10 keV for Eα=5 to 10 MeV.
1965Ba32: Cross sections for the reaction13C(α,α) at θcm=54.7◦, 107.9◦, 142.6◦, 169.6◦ and for the reaction13C(α,n)16O at
θcm=0◦ were measured. A beam of E(α)=2-3.5 MeV from the 5.5-MeV Van de Graff accelerator bombarded a self-supporting foils
made either from 41.6%13C-enriched methyl iodide, or from 56.7%13C-enriched methane with thickness≈15 µg/cm2. Using
dispersion-theory analysis, a consistent set of Jπ and partial-width values for 11 excitation energies Ex=8-9 MeV were obtained.
See also (1965BaZY).

1967Se07: 13C(α,n), E=1.95-5.57 MeV; measured total cross section. DeducedΓa, Γn along with the reduced widthsγ2
α and

γ2
n for the levels corresponding to the 2.68, 2.81, 3.72, and 4.62-MeV resonances.

1968Ke02: Cross sections of reactions13C(α,α0) and13C(α,n) were measured by bombardment of an Eα=12 MeV beam on to
self-supporting, 20-30µg/cm2 thick, enriched13C targets at the Van de Graaff facility/Australian National University. Two
surface-barrier detectors (for (α,α0)) and two 2.5 cm×5 cm plastic scintillators (for (α,n)) were used to detect particles. Using a
dispersion-theory analysis, the Jπ and partial width values were obtained for 11 states of17O with Ex=9-10 MeV.

1969Sc04: 13C(α,n), E=1.38-2.26 MeV; measured angular distribution of n-polarization. 17O deduced resonances, J,π, level-width.
1970Ro08: Thin foil targets of 50.5% enriched13C, 30.3µg/cm2 17 thick, were bombarded with E(α)=4.5-10.5 MeV ion beams

produced from the University of Virginia 5.5 MeV Van de Graaff accelerator. Neutrons were detected using a 2.5 cm×2.5 cm long
stilbene crystal and a 2.5 cm×5.0 cm long Ne 213 liquid scintillator with detection efficiencies of±6%. The energy scale for the
excitation function was calibeated with an uncertainty of±10 keV. The excitation function was measured atθ= 0◦ and angular
distributions were measured atθ=0◦−170◦. Energy levels of17O at Ex=10-13 MeV with Jπ values up to 9/2 were deduced.

1971Ba06: 13C(α,n), E=3.36-4.80 MeV; measuredσ(E; θ), P(n)(E;θ). 17O resonances deduced J,π.
1973Ba10: 13C(α,n), E=1-5 MeV; measuredσ(E); 17O deduced resonances, level-width.
1973Bu14: 13C(α,n), E=2.075,2.25,2.43 MeV; measured n-polarization(θ), σ(θ). 17O levels deduced J,π.
1973Lo16: 13C(α,n), measured En, In.
1975Be44: 13C(α,nγ), measuredσ(E,Eγ). 17O deduced resonances,Γ.
1976Mc11: 13C(α,n), E=4.2-8.7 MeV; measuredσ(E,En,θ). 17O deduced T=3/2 levels,Γ. Enriched target.
1976Ra36: 13C(α,n), E=0.60-1.15 MeV; measuredσ(E); deduced astrophysicalσ factors.17O 1.056-MeV resonance deduced

parameters. Enriched target.
1981HaZV: 13C(α,n), E≈35 MeV; measuredσ(En,θ). Cluster transfer, DWBA analysis. Tof, solid state counters, magnetic

spectrograph.
1982CrZY: 13C(α,n), E=35 MeV; measuredσ(En), σ(θ). DWBA, cluster transfer, knockout mechanisms.
1983HaZX: 13C(α,n), E=35 MeV; measuredσ(θ). DWBA, three nucleon stripping, semimicroscopic, cluster models.
1990We10: 13C(α,n), E=2.406-3.308 MeV; measuredσ(θ), polarization. New design high pressure4He-polarimeter.
1993Br17: 13C(α,n), E=650-1600 KeV; measured yield vs E.17O deduced resonances,Γn, Γα, resonance strengths.
1993Dr08: 13C(α,n), E(cm)≈275-1075 keV; measuredσ(E); deduced astrophysical S-factor, reaction rates at helium burning

temperatures.
1993DrZZ: E=0.35-1.4 MeV; measured En, σ, resonance energy, width, strength, S-factor, reaction rate. Comparison with other

measurements.
2001He22: 13C(α,α), E=2.6-6.2 MeV; measuredσ(θ). 13C(α,n), E=0-2 MeV; calculatedσ, S-factor following r-matrix analysis of

elastic scattering data. Comparison with earlier results for s-process conditions.
2003Ka51: 13C(α,n), E(cm)≈200-800 keV; deduced astrophysical S-factors, reaction rate.
2003Ku36: 13C(α,n), E(cm)=0-800 keV; deduced astrophysical S-factors, reaction rates.
2005Ha69: 13C(α,n), E=0.8-8.0 MeV; measuredσ, neutron yields.
2007PeZZ: 13C(α,n), deduced Sα factor.
2008He11: 13C(α,n), E(cm)=320-700 keV;13C(α,α), E=2.6-6.2 MeV; measured radii,σ, σ(θ), S-factor.17O deduced levels, J,π,

resonance parameters.
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13C(α,n) (continued)

2009Ma70: 13C(α,n),(α,γ), E=2.000,2.270 MeV; measured Eγ, Iγ, γ(θ), En, σ, andσ(θ); deduced astrophysical S factors.
Comparison with previous experimental data.

2018Sm01: 13C(α,n), E not given; measured reaction products, Eγ, Iγ, En, In; deduced yields.
2020Fe06: 13C(α,n0,1,2), E=5.2-6.4 MeV; analyzed excitations functions and impact on backgrounds for large volumeν detectors.

Theory:
1977Li19: 13C(α,n), E<7 MeV; analyzedσ(E).
1987De38: 13C(α,n),(α,α), E=low; calculated transfer, elasticσ(θ), σ(E). Generator corrdinate method.
1996Le06: 17O; calculated levels using parameters for13C+α cluster system. Semi-microscopic algebraic cluster model.
2003Ku03: 13C(α,n), E(cm)=0-800 keV; calculated astrophysical S-factors, reaction rates.
2008St11: 13C(α,n), analyzed reaction rates.
1997Ha37: 13C(α,n), E not given; analyzed reactionσ data; deduced astrophysical S-factor vs E, extrapolation methods accuracy.

Astrophysical implications.
1999An35: 13C(α,n), E<10 MeV; compiled, analyzedσ, S-factors; calculated astrophysical reaction rates vs T9. Analytical

approximations.
2001Du11: 13C(α,n), E(cm)=0.1-1 MeV; calculatedσ, S-factor. Comparison with data, Astrophysics interest.
2001Du12: 13C(α,n), E(cm)≈0.2-2 MeV; calculated S-factors. Comparisons with data.
2005Ad03: 13C(α,n), E=0-5 MeV; calculated phase shifts, transition amplitudes. Comparison of DWBA and microscopic cluster

model.
2005Du20: 13C(α,n), E(cm)≈0.1-1.2 MeV; calculated S-factors.17O; calculated levels, J,π. Generator coordinate method,

comparison with data.
2005Pi19: 13C(α,n), E=low; analyzed astrophysical reaction rates.
2007Mu10: 13C(α,n), E=0-0.9 MeV; calculated astrophysical S-factor. Asymptoticnormalization coefficient method. Comparison

with data.2008KaZX: 13C(α,n), E≈0.1-10 MeV; analyzed S-factors.
2008Lu01: 13C(α,n), E not given; analyzed reaction rates as neutron sourcesfor s process in AGB stars.
2012Mi24: 13C(α,n), E<1 MeV; analyzed available data; calculated reaction rates,isotope abundances. Comparison with available

data.
2014Ku13: 13C(α,n), E=0.7-4.7 MeV; calculatedσ using multi-channel R-matrix with care for covariances; deduced resonances.

Compared to ENDF/B-VII.1 and Harisopulos data.
2015LaZW: 13C(α,n), E(cm)=0-1.2 MeV; calculated S-factor using R-matrix. Compared todata.
2015Vl01: 13C(α,n), E=4-9 MeV; analyzed available data; deduced thick target yields and their uncertainties.
2016La06: 13C(α,n), E(cm)<1 MeV; calculated S-factors. R-matrix, Trojan horse method(THM) resonance parameters.
2016Sp03: 13C(α,n), E(cm)=0-1.2 MeV; compiled S-factor data, fitting THM (Trojan HorseMethod) and calculations.
2017HaZY: 13C(α,n), E=0-5.4 MeV ; calculatedσ. 13C(α,α), E=2-5.7 MeV; calculatedσ(θ).
2017Mu14: 13C(α,n), E(cm)<1.1 MeV; calculated astrophysical S factor as a function of theα-13C relative kinetic energy using

the R-matrix approach for resonances and Trojan horse method (THM) for S factor. Comparison with experimental data. Relevance
to neutron generation in low-mass AGB stars.

2017Pa45: 13C(α,n), E not given; analyzed available data; deduced isotopicabundance ratios of s-elements in presolar SiC grains.
2017Pe13: 13C(α,n), E=0.8-8.0 MeV; analyzedσ(E) measured in the work of2005Ha69; deduced uncertainty in the cross section

of about 50% above 5 MeV, due to changes in neutron detector efficiency due to different neutron energies that are possible above
the 16O first excited-state, and which were not adequately accounted for in 2005Ha69who used a moderated neutron detector.
Relevance to s-process nucleosynthesis.

2017Tr03: 13C(α,n), E(cm)<1 MeV; analyzed available data; deducedσ, S-factors, astrophysical reaction rates, asymptotic
normalization coefficients.

2018Cr02: 13C(α,n), E not given; analyzed available data; deduced impact ofreaction rate variations on variations of the element
surface distributions.

2018Mo15: 13C(α,n), E=0.8-8 MeV; analyzed previous experiments forσ(E) data and deduced correctedσ(E) based on improved
determination of neutron detection efficiency; calculated branching ratios for the (α,n0), (α,n1), (α,n2), (α,n3) and (α,n4) channels
using TALYS code, and compared with experimental values.

2018Ze01: 13C(α,n), E<9 MeV; calculatedσ of inverse reaction using the reciprocity theorem and Web calculator.
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13C(α,n) (continued)

17O Levels

Notes:
Many authors viewed the uncertainty in excitation energy asequal to the uncertainty in resonance energy; it was not possible to

resolve this issue.

E(level)† Jπ Γ L Eα(res) (keV) Comments

6860.3‡ 7 656.07 E(level): from Eα=656.0 keV7 (1993Br17).
(ωγ)n=1.85×10−4 eV 20, (ωγ)γ<5 µeV (1993Br17).

6972.1‡ 8 802.28 E(level): from Eα=802.2 keV8 (1993Br17).
(ωγ)n=4.54×10−4 eV 35, (ωγ)γ<8 µeV (1993Br17).

7166.4# 15 5/2@ 1.5# keV 2 1056.315 E(level): from Eα=1056.3 keV15 (1973Ba10). See also
Eα(keV)=1056 (1976Ra36), 1054 (2005Ha69).
Γ: See alsoΓ=5 keV (1957Wa46), Γn/Γα=(1300)

(1957Wa46).
ωγ=12.1 eV6 (2005Ha69), 11.9 eV6 (Deduced from the

resonance yield, 4434±135 n/µC (1992Br05, 1973Ba10),
and the stopping power in13C (Ziegler, The Stopping and
Range of Ions in Matter, Vol. 3 (1977)); see (1993Br17)).

7202? E(level): authors (2008Pe09) listed the value from
(1993Ti07). Involvement in13C(α,n) is suggested from its
population in13C(7Li,t).
Γ: Γn=400 keV,Γα=0.09 keV (2008Pe09) which is

consistent with (1966Li03: Γn/Γ>0.99 in16O+n
measurement).

7380.8# 15 5/2+& 0.6# keV +2−1 1336.715 E(level): from Eα=1336.7 keV15 (1973Ba10). See also
Eα=1336 keV (2005Ha69).
Γ: See alsoΓ(keV)=3 (1969Sc04), ≤4 (1957Wa46),
Γn/Γα=(450) (1957Wa46).
ωγ=33.3 eV18 (2005Ha69).

7383.8# 15 0.8# keV +3−2 3,2a 1340.615 E(level): from Eα=1340.6 keV15 (1973Ba10).
7572.921 7/2−& ≤1# keV 4,3a 1587.925 E(level): from Eα=1587.9 keV21, which is the average of

(1973Ba10: 1590 keV2) and (1993Br17: 1585.7 keV15).
See also Eα=1590 keV (2005Ha69).
Γ: See alsoΓ(keV)=3 (1969Sc04), ≤4 (1957Wa46).
ωγ=10.8 eV5 (1993Br17), 11.5 eV12 (2005Ha69).

7693# 6 5/2+& ≤15# keV 3,2a 17456 E(level): from Eα=1745 keV6 (1973Ba10).
Γ: See alsoΓ=22 keV (1957Wa46,1969Sc04).

7951# 8 1/2+& 79b keV 10 1,0a 20838 E(level): from Eα=2083 keV8 (1973Ba10). See also
Eα(keV)=2090 (1956Bo61), 2080 (1967Se07), 2075
(1973Bu14).

E(level): triplet (1957Wa46).
Γ: See alsoΓ(keV)=75 (1973Ba10), 110

(1957Wa46,1969Sc04), Γ(lab)=100 keV (1956Bo61),
Γn/Γα=10 (1957Wa46).

Jπ: See also (1973Bu14).
8079# 8 3/2−& 71b keV 8 2,1a 22508 E(level): from Ea=2250 keV8 (1973Ba10). See also

Eα(keV)=2250 (1956Bo61,1967Se07), 2240 (1963Bu14).
Γ: See alsoΓ(keV)=70 (1957Wa46, 1969Sc04), 110

(1973Ba10), Γ(lab)=100 keV (1956Bo61), Γn/Γα=10
(1957Wa46).

Jπ: See also (1973Bu14) who suggest theπ is ambiguous.
8199# 8 3/2+& 71b keV 5 1,2a 24078 E(level): from 2407 keV8 (1973Ba10). See also
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13C(α,n) (continued)

17O Levels (continued)

E(level)† Jπ Γ L Eα(res) (keV) Comments

Eα(keV)=2410 (1967Se07), 2420 (1956Bo61), 2430
(1973Bu14), 2440 (1954Tr09).
Γ: See alsoΓ(keV)=60 (1957Wa46,1969Sc04), 70

(1973Ba10), Γ(lab)=80 keV (1956Bo61), Γn/Γα=13
(1957Wa46).

Jπ: See also (1973Bu14) who suggest theπ is ambiguous.
8350# 4 1/2−& 9b keV 3 0,1a 26044 E(level): from Eα=2604 keV4 (1973Ba10). See also

Eα(keV)=2610 (1967Se07), 2605 (1956Bo61), En=4440
keV (1956Be98: Fig. 5 top).
Γ: See alsoΓ(keV)=18 (1957Wa46,1969Sc04), 15

(1973Ba10), Γ(lab)≤6 keV (1956Bo61), Γn/Γα=6.7
(1957Wa46).

Jπ: See also (1973Bu14) who suggest theπ is ambiguous.
8408# 3 5/2+b 4b keV 3 3,2c 26803 E(level): from Eα=2680 keV3 (1973Ba10). See also

Eα(keV)=2680 (1967Se07), 2660 (1954Tr09), 2690
(1956Bo61), En=4530 keV (1956Be98: Fig. 5 top).
Γ: See alsoΓ(keV)=8 (1973Ba10), 11 (1957Wa46),
Γ(lab)=10 keV (1956Bo61), Γn=3.84 keV andΓα=0.16
keV (1967Se07), Γn/Γα=19 (1957Wa46).

8473# 3 7/2@ 7b keV 3 27653 E(level): from Eα=2765 keV3 (1973Ba10). See also
Eα(keV)=2770 (1967Se07), 2775 (1956Bo61), 2760
(1954Tr09), En=4590 keV (1956Be98: Fig. 5 top).

E(level): doublet (1957Wa46).
Γ: See alsoΓ(keV)=8 (1973Ba10), 9 (1957Wa46),
Γ(lab)=10 keV (1956Bo61), Γn/Γα=31 (1957Wa46).

8507# 3 (3/2,5/2−)@b 5b keV 3 2,3c 28093 E(level): from Eα=2809 keV3 (1973Ba10). See also
Eα(keV)=2810 (1967Se07), 2825 (1956Bo61), En=4630
keV (1956Be98: Fig. 5 top).
Γ: See alsoΓ(keV)=6 (1973Ba10), 11 (1957Wa46),
Γ(lab)≤7 keV (1956Bo61), Γn=4.57 keV andΓα=0.43
keV (1967Se07), Γn/Γα=2.8 (1957Wa46).

8698# 5 3/2−d 50b keV 3 30595 E(level): from Eα=3059 keV5 (1973Ba10). See also
Eα(keV)=3070 (1967Se07), 3090 (1956Bo61), 3100
(1971Ba06), En=4850 keV (1956Be98: Fig. 5 top).

E(level): triplet (1957Wa46).
Γ: See alsoΓ(keV)=50 (1973Ba10), 85

(1957Wa46), Γ(lab)=90 keV (1956Bo61), Γn/Γα=17
(1957Wa46).

8700?d 1/2−d ≈3100 E(level): broad; from Eα≈3100 keV (1971Ba06).
8896# 8 3/2+d 101b keV 3 33188 E(level): from Eα=3318 keV8 (1973Ba10). See also

Eα(keV)=3320 (1967Se07), 3300 (1954Tr09), 3330
(1956Bo61), 3360 (1971Ba06), En=5080 keV (1956Be98:
Fig. 5 top).
Γ: See alsoΓ(keV)=115 (1973Ba10), 110

(1957Wa46), Γ(lab)=150 keV (1956Bo61), Γn/Γα=3.5
(1957Wa46).

8970# 4 7/2−d 21b keV 3 34154 E(level): from Eα=3415 keV4 (1973Ba10). See also
Eα(keV)=3420 (1956Bo61, 1967Se07,1971Ba06),
En=5130 keV (1956Be98: Fig. 5 top).
Γ: See alsoΓ(keV)=14 (1973Ba10), 35

(1957Wa46). Γ(lab)=30 keV (1956Bo61), Γn/Γα=35
(1957Wa46).

9146# 4 4b keV 3 36454 E(level): from Eα=3645 keV4 (1973Ba10). See also
Eα(keV)=3650 (1967Se07), 3670 (1956Bo61), 3640
(1971Ba06).
Γ: See alsoΓ=9 keV (1973Ba10), Γ(lab)≤8 keV
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13C(α,n) (continued)

17O Levels (continued)

E(level)† Jπ Γ L Eα(res) (keV) Comments

(1956Bo61).
9180d 3690 E(level): from Eα=3690 keV (1971Ba06).
9199# 4 5/2b 4b keV 3 2,3c 37144 E(level): from Eα=3714 keV4 (1973Ba10). See also

Eα(keV)=3720 (1967Se07,1971Ba06), 3730
(1956Bo61), En=5380 keV (1956Be98: Fig. 5 top).
Γ: See alsoΓ=8 keV (1973Ba10), Γ(lab)≤5

keV (1956Bo61), Γn=3.86 keV andΓα=0.14 keV
(1967Se07).

9491# 4 8b keV 3 40964 E(level): from Eα=4096 keV4 (1973Ba10). See also
Eα(keV)=4120 (1967Se07), 4125 (1956Bo61),
4110 (1971Ba06).
Γ: See alsoΓ=16 keV (1973Ba10),
Γ(lab)=15 keV (1956Bo61).

9.6×103?d 3/2−d E(level): broad; from unresolved broad level near
Eα≈4.3E3 keV (1971Ba06).

9719# 5 7/2+d 25# keV 43945 E(level): from Eα=4394 keV5 (1973Ba10). See also
Eα=4380 keV (1971Ba06).

9738 3/2+d 15b keV 3 4420 E(level): from Eα=4420 keV
(1956Bo61,1967Se07,1971Ba06), This level is
associated with Ex=9786 keV in Adopted Levels.
Γ: See alsoΓ(lab)=25 keV (1956Bo61).
It appears this level is not real. No single experiment

reports more than two of the three levels at 9.72,
9.74 and 9.77 MeV. The energies of these levels
are better resolved in16O(n,n) (1980Ce03).

9773?# 15 ≈25# keV 446515 E(level): from Eα=4465 keV15 (1973Ba10). See
also Eα(keV)=4500 (1956Bo61), (4490)
(1967Se07).
Γ: See alsoΓ(lab)=70 keV (1956Bo61).

9863# 5 (9/2+)d 14# keV 45835 E(level): from Eα=4583 keV5 (1973Ba10). See also
Eα=4580 keV (1971Ba06).

9876# 15 9/2b 5b keV 3 4,5c 460015 E(level): from Eα=4600 keV15 (1973Ba10). See
also Eα(keV)=4620 (1967Se07), 4630 (1956Bo61).
Γ: See alsoΓ(keV)≈10 (1973Ba10),
Γ(lab)=15 keV (1956Bo61), Γn=4.7 keV and
Γα=0.3 keV (1967Se07).

9975# 20 5/2+d ≈80# keV 473020 E(level): from Eα=4730 keV20 (1973Ba10). See
also Eα(keV)=4750 (1956Bo61), 4700 (1971Ba06),
(4770) (1967Se07).
Γ: See alsoΓ(lab)=200 keV (1956Bo61).

10044# 20 ≈100# keV 482020 E(level): from Eα=4820 keV20 (1973Ba10). See
also Eα=(4850) keV (1967Se07).

10136d 4940 E(level): from Eα=4940 keV (1971Ba06).
10177# 5 (5/2+,7/2−)e 50b keV 3 49935 E(level): from Eα=4993 keV5 (1973Ba10). See also

Eα(keV)=4980 (1971Ba06), 4995 (1970Ro08),
5040 (1967Se07), 5050 (1956Bo61).
Γ: See als 45 keV (1973Ba10), Γ(lab)=65

keV (1956Bo61).
10335# 15 (5/2+,7/2−)e 150# keV 520015 E(level): from Eα=5200 keV15 (1973Ba10). See

also Eα=5185 keV (1970Ro08).
10422.0f 20 (5/2−,7/2−)e 14g keV 3 5314.025 E(level): from Eα=5314.0 keV25 (1975Be44). See

also Eα(keV)=531710 (1963Sp02), 532510
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13C(α,n) (continued)

17O Levels (continued)

E(level)† Jπ Γ Eα(res) (keV) Comments

(1973Ba10), 5290 (1967Se07), 5370 (1970Ro08).
Γ: See alsoΓ(keV)=11 9 (1975Be44), 23 keV

(1973Ba10).
10498 (5/2+,7/2−)e 5413 E(level): from Eα=5413 keV, which is the average of

(1967Se07: 5410 keV) and (1970Ro08: 5415 keV).
10558.1f 20 (7/2−,9/2+)e 51f keV 2 5492.025 E(level): from Eα=5492.0 keV25 (1975Be44). See also

Eα(keV)=549610 (1963Sp02), 5540 (1970Ro08).
Γ: See alsoΓ=50 keV 20 (1963Sp02).

10777.5f 20 (1/2+,7/2−)e 74f keV 3 5779.025 E(level): from Eα=5779.0 keV25 (1975Be44). See also
Eα(keV)=577110 (1963Sp02), 5790 (1970Ro08).
Γ: See alsoΓ=85 keV 30 (1963Sp02).

10904f 2 (5/2)e 46f keV 2 59453 E(level): from Eα=5945 keV3 (1975Be44). See also
Eα(keV)=594510 (1963Sp02), 5995 (1970Ro08).
Γ: See alsoΓ=55 keV 20 (1963Sp02).

11036f 2 31f keV 3 61173 E(level): from Eα=6117 keV3 (1975Be44). See also
Eα=6107 keV10 (1963Sp02).
Γ: See alsoΓ=45 keV 10 (1963Sp02).

11076h 5 1/2−h 5.0h keV 11 6169 T=3/2 (1976Mc11)
E(level): from Eα=6169 keV which is calculated from the Ex

given in (1976Mc11); see also Eα=6220 keV (1970Ro08).
Jπ: See also (3/2−,7/2+) (1970Ro08).
Γ: From (1976Mc11). A preliminary result, 5 keV1,

from a BAPS was picked up by (1973Ad02: 18O(3He,α)
and used to derive various partial widths. See also
(Γα0Γn0)1/2/Γtot=0.23 (1976Mc11) which corresponds to
Γα0/Γ=0.062 when combined with the value
Γn0/Γ=0.9115 (1973Ad02).

11237f 2 (3/2−,7/2+)e 80.0f keV 25 63803 E(level): from Eα=6380 keV3 (1975Be44). See also
Eα(keV)=636710 (1963Sp02), 6480 (1970Ro08).
Γ: See alsoΓ=100 keV30 (1963Sp02).

11622f 2 65f keV 2 68833 E(level): from Eα=6883 keV3 (1975Be44). See also
Eα=6878 keV10 (1963Sp02).
Γ: See alsoΓ=120 keV30 (1963Sp02).

11750g 10 40g keV 25 705110 E(level): from Eα=7051 keV10 (1963Sp02).
11815g 15 (5/2,7/2)e 12g keV 3 713615 E(level): from Eα=7136 keV15 (1963Sp02). See also

Eα=7160 keV (1970Ro08).
12005g 15 738415 E(level): from Eα=7348 keV15 (1963Sp02).
12109g 20 150g keV 50 752020 E(level): from Eα=7520 keV20 (1963Sp02).
12274g 15 100g keV 30 773615 E(level): from Eα=7736 keV15 (1963Sp02).
12384g 20 788020 E(level): from Eα=7880 keV20 (1963Sp02).
12420g 15 792715 E(level): from Eα=7927 keV15 (1963Sp02).
12458h 5 3/2−h 8h keV 2 7977 T=3/2 (1976Mc11)

E(level): from Eα=7977 keV which is calculated from the Ex
given in (1976Mc11). See also Eα=8000 keV (1970Ro08).

Jπ: See also (3/2−,9/2+) (1970Ro08).
12595g 15 75g keV 30 815615 E(level): from Eα=8156 keV15 (1963Sp02).
12669g 15 (3/2−,9/2+)e ≈75g keV 825315 Γ: Beginning in (1971Aj02) theΓ for this level was

listed at≈5 keV attributed to13C(α,n) (1969Sp02).
However this was a typo. (1969Sp02) report≈75 keV.

E(level): from Eα=8253 keV15 (1963Sp02). See also
Eα=8328 keV (1970Ro08).

12812g 25 844025 E(level): from Eα=8440 keV25 (1963Sp02).
12927g 20 (1/2+,7/2−)e ≥150g keV 859020 E(level): from Eα=8590 keV20 (1963Sp02). See also

Eα=8657 keV (1970Ro08).
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13C(α,n) (continued)

17O Levels (continued)

E(level)† Jπ Γ Eα(res) (keV) Comments

12944h 6 1/2+h 6h keV 2 8612 T=3/2 (1976Mc11)
E(level): from Eα=8612 keV which is calculated from the Ex given

in (1976Mc11).
12993h 6 5/2−h ≤3h keV 8676 T=3/2 (1976Mc11)

E(level): from Eα=8676 keV which is calculated from the Ex given
in (1976Mc11). See also 13027 keV20 (1963Sp02: Eα=8720 keV
20).

13076g 15 16g keV 4 878515 E(level): from Eα=8785 keV15 (1963Sp02).
13484g 15 ≈120g keV 931915 E(level): from Eα=9319 keV15 (1963Sp02).
13610g 15 250g keV 100 948315 E(level): from Eα=9483 keV15 (1963Sp02).

Γ: =150-350 keV.

† Level energies are deduced using Eα(res) and13C, 4He and17O mass excesses from (2021Wa16: AME-2020) where Eα(res) is
listed. Ex=S(α)+M(13C)/(M(4He)+M(13C))*Eα(res).
‡ From (1993Br17).
# From (1973Ba10).
@ From (1957Wa46).
& From (1969Sc04). But see (1973Bu14) who claimπ deduced by (1969Sc04) is sometimes ambiguous.
a Lα,Lα′ (1969Sc04).
b From (1967Se07).
c Lα,Ln (1967Se07).
d From (1971Ba06).
e From (1970Ro08).
f From (1975Be44).
g From (1963Sp02).
h From (1976Mc11).
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13C(α,n),(α,α) 1965Ba32,1968Ke02

1965Ba32: Cross sections for the reaction13C(α,α) at θcm=54.7◦, 107.9◦, 142.6◦, 169.6◦ and for the reaction13C(α,n)16O at
θcm=0◦ were measured. A beam of E(α)=2-3.5 MeV from the 5.5-MeV Van de Graff accelerator bombarded a self-supporting foils
made either from 41.6%13C-enriched methyl iodide, or from 56.7%13C-enriched methane with thickness≈15 µg/cm2. Using
dispersion-theory analysis, a consistent set of Jπ and partial-width values for 11 excitation energies Ex=8-9 MeV were obtained.
See also (1965BaZY).

1968Ke02: Cross sections of reactions13C(α,α0) and13C(α,n) were measured by bombardment of an Eα=12 MeV beam on to
self-supporting, 20-30µg/cm2 thick, enriched13C targets at the Van de Graaff facility/Australian National University. Two
surface-barrier detectors (for (α,α0)) and two 2.5 cm×5 cm plastic scintillators (for (α,n)) were used to detect particles. Using a
dispersion-theory analysis, the Jπ and partial width values were obtained for 11 states of17O with Ex=9-10 MeV.

1971Co14: 13C(α,α), E=15,18,20 MeV; measuredσ(θ); deduced optical model parameters. Enriched targets.
1972Ku19: 13C(α,α), E=26.6 MeV; measuredσ(θ).
1973Ku18: 13C(α,α), E=18,19,22,24,25,26.6 MeV; measuredσ(E; θ); deduced reaction mechanism.
1973Le28: 13C(α,α), E=15-25 MeV; measuredσ(E; θ). 17O deduced resonances.
1974Ku15: 13C(α,α), E=26.6 MeV; measuredσ(θ).
1987Ab03: 13C(α,α), E=48.7,54.1 MeV; deduced model parameters.∆E-E telescopes. Optical model analyses.
1990Mu19: 13C(α,α), E=65 MeV; analyzedσ(θ); deduced model parameters. Microscopic overlap integrals, vertex form factors.
1993AtZZ: 13C(α,α),(α,α′), E=54.1,104,155 MeV; measuredσ(E,θ); deduced model parameters. Coupled-channels analysis.
2012PrZY: 4He(13C,α), E=20.0,25.0,30.0,33.0,35.0 MeV; measured thick target reaction products.17O deduced yield vs E*,

resonances.
2014My05: 4He(13C,13C), E=1.75 MeV/nucleon; measured reaction products, Eα, Iα. 17O; deducedσ(θ).

Theory:
1971Te10: 13C(α,α), E=20,25 MeV; analyzed interference between states of transferred nucleus.
1974Ch58: 13C(α,α), E=26.6 MeV; analyzedσ(θ).
1977Sa19: 13C(α,α), E=40.5 MeV; calculatedσ(θ) at forward angles.
1978Ze03: 13C(α,α), E=26.6 MeV; calculatedσ(θ).
1983Go27: 13C(α,α), E=26.6 MeV; calculatedσ(θ); deduced spin-orbit potential effects.
1987Le29: 13C(α,α), E(cm)=1.59-4.34 MeV; analyzed, compiled data.
1988Le05: 13C(α,α), E not given; calculated resonances,Γ. Optical model.
1991Le33: 13C(α,α), E=1.5-10 MeV; compiled, reviewed backscatteringσ data; deduced regions for ion-beam, depth profiling

analyses.
1996Le06: 17O; calculated levels using parameters for13C+α cluster system. Semi-microscopic algebraic cluster model.
2010DaZY: 13C(α,α),(α,α′), E=388 MeV; calculatedσ(θ); deduced radii for specified excited states.
2011Og09: 13C(α,α), E(cm)<300 MeV; analyzedσ(θ) and difraction radii data; deduced abnormally large radiifor excited states.
2011Og10: 13C(α,α),(α,α′), E(cm)=388 MeV; analyzedσ(θ); deduced rms radii, diffraction radii, neutron halos in the excited

states. Modified diffraction model.

17O Levels

E(level)† Jπ Γ Eα(res) (keV) Comments

7972‡ 1/2−‡ 69‡ keV 2110 E(level): from Eα=2110 keV.
Γ: from Γlab=90 keV withΓα/Γ=0.03.

8066‡ 3/2+‡ 84‡ keV 2233 E(level): from Eα=2233 keV.
Γ: from Γlab=110 keV withΓα/Γ=0.05.

8199‡ 3/2−‡ 64‡ keV 2407 E(level): from Eα=2407 keV.
Γ: from Γlab=84 keV withΓα/Γ=0.11.

8334‡ 1/2+‡ 8‡ keV 2583 E(level): from Eα=2583 keV.
Γ: from Γlab=11 keV withΓα/Γ=0.44.

8395‡ 5/2+‡ 5‡ keV 2 2663 E(level): from Eα=2663 keV.
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13C(α,n),(α,α) 1965Ba32,1968Ke02 (continued)

17O Levels (continued)

E(level)† Jπ Γ Eα(res) (keV) Comments

Γ: from Γlab=7 keV 2 with Γα/Γ=0.08.
8461‡ 7/2+‡ 8‡ keV 2750 E(level): from Eα=2750 keV.

Γ: from Γlab=10 keV withΓα/Γ=0.97.
8500‡ 5/2−‡ 5.0‡ keV 15 2800 E(level): from Eα=2800 keV.

Γ: from Γlab=6.7 keV20 with Γα/Γ=0.26.
8681‡ 3/2−‡ 52‡ keV 3037 E(level): from Eα=3037 keV.

Γ: from Γlab=68 keV withΓα/Γ=0.06.
8874‡ 3/2+‡ 99‡ keV 3290 E(level): from Eα=3290 keV.

Γ: from Γlab=130 keV withΓα/Γ=0.50.
8886‡ 7/2−‡ 6‡ keV 3305 E(level): from Eα=3305 keV; not observed in13C(α,n).

Γ: from Γlab=8 keV with Γα/Γ=1.00.
8947‡ 7/2−‡ 23‡ keV 3385 E(level): from Eα=3385 keV.

Γ: from Γlab=30 keV withΓα/Γ=0.04.
9142# 1/2−# 6# keV 3640 E(level): from Eα=3640 keV.

Γ: See alsoΓα/Γ=0.45 (1968Ke02).
9180# 7/2−# 3# keV 3690 E(level): from Eα=3690 keV; observed via13C(α,α0) only.

Γ: See alsoΓα/Γ=0.98 (1968Ke02).
9203# 5/2+# 5.5# keV 3720 E(level): from Eα=3720 keV.

Γ: See alsoΓα/Γ=0.20 (1968Ke02).
9501# 5/2−# 15# keV 4110 E(level): from Eα=4110 keV.

Γ: See alsoΓα/Γ=0.85 (1968Ke02).
9723# 7/2+# 16# keV 4400 E(level): from Eα=4400 keV.

Γ: See alsoΓα/Γ=0.70 (1968Ke02).
9738# 3/2+# 61# keV 4420 E(level): from Eα=4420 keV. This level is associated with

Ex=9786 keV in Adopted Levels.
Γ: See alsoΓα/Γ=0.90 (1968Ke02).

9861# 9/2+# 12# keV 4580 E(level): from Eα=4580 keV.
Γ: See alsoΓα/Γ=0.18 (1968Ke02).
Jπ: A doublet was populated and identified as Jπ=9/2+. Two

levels were subsequently identified with (5/2−) and (1/2−).
9952# 7/2+# 107# keV 4700 E(level): from Eα=4700 keV.

Γ: See alsoΓα/Γ=0.78 (1968Ke02).
Jπ: Associated with 9976 keV: 5/2+ level in Adopted Levels.

10136# 5/2+# 138# keV 4940 E(level): from Eα=4940 keV.
Γ: See alsoΓα/Γ=0.85 (1968Ke02).

10167# 7/2−# 46# keV 4980 E(level): from Eα=4980 keV.
Γ: See alsoΓα/Γ=0.15 (1968Ke02).

10243# 7/2+# 122# keV 5080 E(level): from Eα=5080 keV.
Γ: See alsoΓα/Γ=0.60 (1968Ke02).

10320# (7/2)#@ 5180 E(level): from Eα=5180 keV.
10411# ≤20# keV 5300 E(level): from Eα=5300 keV.
10488# (5/2)#@ 75# keV 30 5400 E(level): from Eα=5400 keV.
10579# (7/2,9/2)#@ 45# keV 20 5520 E(level): from Eα=5520 keV.

10625?# (5580) E(level): from Eα=(5580) keV.
10702# (7/2+)#& ≤25# keV 5680 E(level): from Eα=5680 keV; observed via13C(α,α0) only.
10778# (5/2)#@ 75# keV 30 5780 E(level): from Eα=5780 keV.
10916# ≥3/2#@ 60# keV 20 5960 E(level): from Eα=5960 keV.
11046# 6130 E(level): from Eα=6130 keV.

≈11252?# ≈(6400) E(level): from Eα=(≈6400) keV.
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13C(α,n),(α,α) 1965Ba32,1968Ke02 (continued)

17O Levels (continued)

† Level energies are deduced using Eα(res) and13C, 4He and17O mass excesses from (2021Wa16: AME-2020) where Eα(res) is
listed. Ex=S(α)+M(13C)/(M(4He)+M(13C))*Eα(res).
‡ From (1965Ba32) whereΓn+Γα=Γ.
# From (1968Ke02). No states overlapping with those of (1965Ba32) were reported.
@ Tentative assignments from13C(α,n) angular distribution data.
& Inferred from comparison of elastic yield with calculated level shapes.
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13C(6Li,d) 1978Ar15

1970Be31: The 13C(6Li,d) and 13C(7Li,t) reactions were studied at the University of Pennsylvania tandem accelerator using
18-MeV 6Li and 17-MeV7Li ion beams bombarding a self-supporting, 60±14 µg/cm2 thick 13C target. Reaction deuterons and
tritons were momentum analyzed in a spectrograph over an angular rangeθ=3.75◦−172.5◦. Fifteen energy levels below Ex=8.5−MeV
were deduced from the angular distributions. Transitions to negative-parity states at Ex=3.06, 3.85, and 4.55 MeV are the strongest
when compared with those from the12C(7Li,t) and 12C(6Li,d) reactions leading to the first K=0, 16O rotational band. Strong
transitions were also observed at Ex=7.38, (8.46,8.49), (8.87,8.95), and (9.14,9.20) MeV.

1970Go29: Beam of6Li /7Li from the cyclotron of the Kurchatov Atomic Energy institute at E=25.6 MeV/30.1 MeV impinged on a
self-supporting carbon foil (0.4 mg/cm2, 75% 13C isotope enriched). The reaction products were detected and identified with a
∆E/∆X-E counter telescope. The energy spectra were analyzed using a multidimensional analyzer. The angular distributionsof
deutrons were obtained atθ=0◦−45◦. States at17O*(0,0.87,3.06,3.85,4.56,7.56,8.88 MeV) were observed.The group of levels in the
energy range Ex=5.0-6.4 MeV were masked by the12C impurity in the target and not observed. The Jπ value of the17O*(7.56
MeV) state was determined as 9/2−. The hypothesis of the weak binding of the four particles in the sd shell and of several holes in
the p shell is confirmed.

1978Ar15: E(6Li)=26, 29, and 34 MeV ion beams bombarded a 0.1-0.35 mg/cm2 carbon film (70%13C, 30%12C) at the
Kurchatov Insititute of Atomic Energy. Deuterons were measured by a∆E/∆X-E telescope that was placed atθlab=8◦ with
respect to the beam direction. Alpha particles were detected by 4 surface-barrier detectors (≈100 µ thick). A series of excited
states of17O with large reducedα-particle widths was found.

1978Cl08: An ion beam of6Li or 7Li at E=34, 36 MeV, produced at the Florida State University/FN tandem Van de Graaff
accelerator, impinged on 100µg/cm2 thick 13C targets (enriched 99%). A∆E-E telescope was used to detect particles with a
subtended angleθ=0.2◦ with resolution 85 keV for tritons and 75 keV for deuterons. Angular distributions were measured at
θ=5.0◦−31.5◦. Strongly populated excited levels of17O*(13.58 2: suggested Jπ=11/2− or 13/2− or both,14.86,18.17,19.24 MeV)
were observed.

1982Ta23: 13C(6Li,d), E=36,32,28 MeV; measured yield vs particle energy,σ(θ), fusionσ, breakupσ vs E; deduced reaction
mechanism. Optical, simple breakup model analyses.

1984Ca39: The 13C(6Li,d)17O*→α+13C reaction was studied at the FN9 tandem Van de Graaff/the Centre d′Etudes Nucleaires de
Saclay with an incident energy of E(6Li)=34 MeV and a self-supporting, 157µg/cm2 thick 13C target. Deuterons were detected
by a∆E-E Si telescope placed atθlab=10◦ and the coincidentα-particles were recorded by two∆E-E Si telescopes covering the
angular range 20◦<θlab<157.5◦. The excitation energies of17O*(8.47, 8.92, 9.87, 13.6, 14.25, 14.95, 16.1, 18.3 and 19.6MeV)
were recognized.

1998Mu12: 13C(6Li,X), E(cm)=2.07-8.23 MeV; measured Eγ, Iγ; deduced partial, total fusionσ. Statistical model analysis,
Optical model, Incoming Wave Boundary Condition model and one-dimensional Barrier Penetration model calculations.

2003Ka51,2003Ku03,2003Ku36: 13C(6Li,d), E=60 MeV; measured deuteron spectra,σ(E,θ); deduced spectroscopic factors,
subthreshold state contribution, optical potential parameters.

2012La29: XUNDL dataset compiled by TUNL, 2012.
A beam of E=7.82 MeV 6Li ions impinged on a 53µg/cm2 99% enriched13C target at the Florida State University accelerator

facility. An array of five 5 cm×1 cm position sensitive Si detectors measured16O and deuterons from the reaction.
Three broad groups, corresponding to17O*(6356), 17O*(7165,7248) and17O*(7378,7381) are populated in the reaction. Data are

analyzed via an R-matrix analysis; the parameters of the higher-lying states are adjusted to reproduce values given in2008He11.
The Asymptotic Normalization Constant, ANC=6.7+0.9

−0.6 fm−1 is deduced for the 6356 keV Jπ=1/2+ state. Discussion on the

astrophysical reaction rate and impact of the Ex=6356 keV (α,n) subthreshold resonance is given.

Theory:
2003Ke10: 13C(6Li,d), E=60 MeV; analyzedσ(E,θ). 17O deduced spectroscopic factors. DWBA and coupled reactionchannels

analysis, comparison with previous results, astrophysical implications discussed. See also (2018Ke03).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ta23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ca39,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Mu12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008He11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ke10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Ke03,B
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13C(6Li,d) 1978Ar15 (continued)

17O Levels

E(level)† Jπ‡ Γ‡ L‡ Comments

0 3#

871 1#

3055 (1/2−) 0 L: See also (1970Go29,2003Ka51,2003Ku03).
3843 (5/2−) 2 L: See also (1970Go29,2003Ka51,2003Ku03).
4554 (3/2−) 2 L: See also (1970Go29,2003Ka51,2003Ku03).
5085
5216
5697 Unresolved (1970Be31,2003Ka51,2003Ku03,2003Ku36).
5733 Unresolved (1970Be31,2003Ka51,2003Ku03,2003Ku36).
5869 Unresolved (1970Be31).
5939 Unresolved (1970Be31).
6356 83 keV+9−12 1@ Γ≈83 keV+9−12, Γ≈Γn (2012La29).

ANC2=6.7 fm−1 +9−6 (2012La29).
The results of (2003Ka51,2003Ku03,2003Ku36) indicate

Sα(6.356)/Sα(3.055)=0.044.
See also Sα=0.36-0.40 for N=4 (2003Ke10: calculated values in

Table 3).
6862
6972
7165& 5/2−& 1.88& keV Γn=1.88 keV

Unresolved (2003Ka51,2003Ku03,2003Ku36).
7248& 3/2+& 340& keV Γn=340.1 keV;Γα=0.14 keV

Unresolved (2003Ka51,2003Ku03,2003Ku36).
7378& 5/2+& 0.42& keV Γn=0.41 keV;Γα=0.011 keV
7381& 5/2−& 1.77& keV (4) Γn=1.77 keV

Jπ: See also (9/2−)? (1978Ar15).
7559
7576 9/2−a 4a

7688 Unresolved (1970Be31,1978Cl08).
7757 Unresolved (1970Be31,1978Cl08).
8200
8466 7/2+ 7 keV 3 3 Unresolved (1970Be31,1978Cl08).
8501 Unresolved (1970Be31,1978Cl08).
8687
8885 7/2− 6 keV 4 Unresolved (1970Be31).
8897 4a Unresolved (1970Be31,1978Cl08).
8967 Unresolved (1970Be31,1978Cl08).
9150 Unresolved (1970Be31).
9180 7/2− 3 keV 4 Unresolved (1970Be31).
9877
9976 7/2+ 107 keV 3

10168 5/2+ 138 keV 3
11815
12400

13300?
13.58×103b 2 (11/2−,13/2−)ab 200 keV 6 Γ: From (1978Ar15).

E(level): See also 13.6 MeV1 (1978Ar15).
Jπ: 13/2− is preferred in (1978Ar15) based on expected

systematics.
14.15×103‡ 10 (9/2+,11/2+) 200 keV 5 Jπ: (11/2+) is slightly preferred in (1978Ar15).

14760
15.1×103‡ 1 (9/2+,11/2+) 0.38 MeV15 5 E(level): 15.0 MeV1 at E(6Li)=26 MeV, 15.15 MeV15 at

E(6Li)=29 MeV.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ke10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
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13C(6Li,d) 1978Ar15 (continued)

17O Levels (continued)

E(level)† Jπ‡ Γ‡ L‡ Comments

Γ: 0.37 MeV15 at E(6Li)=26 MeV, 0.40 MeV15 at
E(6Li)=29 MeV.

Jπ: 11/2+ is preferred in (1978Ar15).
15.95×103‡ 15 (9/2+,11/2+) 4.0×102 keV 15 5 Jπ: 9/2+ is preferred in (1978Ar15).
16.60×103‡ 15 (11/2−,13/2−) 6 Jπ: 11/2− is preferred in (1978Ar15).
17.10×103‡ 15 (11/2−,13/2−) 6 Jπ: 11/2− is preferred in (1978Ar15).
19.60×103‡ 15 (13/2+,15/2+) 250 keV 7 Jπ: 15/2+ is preferred in (1978Ar15).
20.20×103‡ 15 (13/2+,15/2+) 250 keV 7 Jπ: 15/2+ is preferred in (1978Ar15).
21.2×103‡ (13/2+,15/2+) 7 Jπ: 13/2+ is preferred in (1978Ar15).
22.1×103‡

† Observed in (1970Be31, 1970Go29, 1978Ar15, 1978Cl08, 1984Ca39, 2003Ka51, 2003Ku03, 2003Ku36). See nominal level
energy values listed in, for example, (1978Cl08).
‡ From (1978Ar15) except where noted.
# From (1970Go29,2003Ka51,2003Ku03).
@ From (2003Ka51,2003Ku03).
& Populated in (2012La29) using values from (2008He11). Γn, Γα are also from (2008He11).
a From (1970Go29).
b From (1978Cl08).

γ(17O)

Eγ† Ei(level) Jπi E f

871 871 0
2184 3055 (1/2−) 871
3843 3843 (5/2−) 0

† See (1998Mu12).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ca39,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ku03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012La29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008He11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008He11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Mu12,B
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13C(7Li,t) 1978Cl08

1970Be31: The 13C(6Li,d) and 13C(7Li,t) reactions were studied at the University of Pennsylvania tandem accelerator using
18-MeV 6Li and 17-MeV7Li ion beams bombarding a self-supporting, 60±14 µg/cm2 thick 13C target. The deuterons and tritons
were momentum-analyzed in a miltiangle spectrograph over an angular rangeθ=3.75◦−172.5◦. Fifteen energy levels below Ex=8.5
MeV were deduced from the angular distributions. Transitions to the negative-parity states at Ex=3.06, 3.85, and 4.55 MeV are the
strongest observed. Comparison with those from the12C(7Li,t) and 12C(6Li,d) reactions resolves the first K=0, 16O rotational
band. Strong transitions were also observed at Ex=7.38, (8.46,8.49), (8.87,8.95), and (9.14,9.20) MeV.

1970Go29: Beams of E=25.6 MeV/30.1 MeV 6Li /7Li ions from the Cyclotron of the Kurchatov Atomic Energy Institute at
impinged on a self-supporting carbon foil (0.4 mg/cm2, 75% 13C isotope enriched). The reaction products were detected and
identified with a∆E/∆X-E counter telescope. The energy spectra were analyzed using a multidimensional analyzer. The angular
distributions of the deutrons were obtained atθ=0◦−45◦. Excitated states of17O*(0,0.87,3.06,3.85,4.56,7.56,8.88 MeV) were
observed. The group of levels in the energy range Ex=5.0-6.4 MeV were masked by the12C impurity in the target and not
observed. The Jπ value of the17O*(7.56 MeV) state was determined as 9/2−. The hypothesis of the weak binding of the four
particles in the sd shell and of several holes in the p shell isconfirmed.

1971Sc21: The reactions12C(7Li,d) and 13C(7Li,t) were studied at Ecm=13.3 MeV using a lithium beam from the
E(n)-tandem-van-de-Graaff-Accelerator of the Max-Planck-Institut, impinged on a13C target (50%13C, 50%12C and16O). The
reactions products were identified by the∆E-E information. The overall resolutions for deutrons was about 90 keV.

The integrated cross sectionsσint were measured in both reactions. Spin assignments were extracted fromσint in the reaction
12C(7li,d) and a modified DWBA code was used to analyze the reaction13C(7Li,t). Energy levels and Jπ values of17O were
deduced.

1978Cl08: Ion beams of6Li or 7Li at E=34, 36 MeV, produced at the Florida State University/FN tandem Van de Graaff
accelerator, impinged on 100µg/cm2 thick 13C targets (enriched 99%). A telescope consisting of a∆E and a Si(Li)E detector
was used to detect particles with a subtended angleθ=0.2◦ with resolution 85 keV for tritons and 75 keV for deuterons. Angular
distributions were measured atθ=5.0◦−31.5◦. Strongly populated excited levels of17O*(13.58 2: suggested Jπ=11/2− or 13/2− or
both,14.86,18.17,19.24 MeV) were observed.

1982Ta23: 13C(7Li,t), E=36,32,28 MeV; measured yield vs particle energy,σ(θ), fusionσ, breakupσ vs E; deduced reaction
mechanism. Optical, simple breakup model analyses.

2008Pe09: The 13C(α,n)16O reaction was investigated through the directα transfer reaction13C(7Li,t). The experiment was
performed at the Orsay Tandem using a7Li3+ beam at E=28, 35 MeV to bombard a self-supporting, 90% enriched13C target
(72(4) or 133(7)µg/cm2). The reaction products were analyzed with an Enge split-pole spectrometer and detected and identified
by a position-sensitive gas chamber and a∆E proportional gas counter. The tritons were detected atθ=0◦−31◦. Differential cross
sections of17O*(3.055,4.55,6.356,7.37 MeV) states were measured and comapred with finite-range DWBA calculations. The
spectroscopic factor, ANC (asymptotic normalization factor) and theα width of 17O*(6.356 MeV:1/2+) subthreshold state were
deduced using DWBA analysis. The result confirms that the contribution of the 1/2+ state is dominant at astropysical energies. See
also (2007PeZZ).

2020Me09: The authors analyzed17O states populated in the13C(7Li,t) reaction to evaluate the17F analog states that may
influence stellar13N(α,p) reaction rates.

A beam of 34 MeV7Li ions, from the Tandem-ALTO facility at Orsay, impinged ona 90%13C enriched 80µg/cm2 carbon
target. Tritons from reactions in the target were momentum analyzed forθlab.=0◦−33◦ using an Enge Split-Pole spectrometer.
Angular distributions were analyzed via finite-range DWBA for states within Ex=5.6-7.7 MeV.

Spectroscopic factors andΓα widths were deduced. Using this information the analog states in17F are evaluated and the
13N(α,p)16O astrophysical reaction rate is obtained using the AZURE2 R-matrix code and found within a factor of two in
comparison of previous estimates. Resonances at Ec.m.(α)=221, 741 and 959 keV (17F*(6039,6560,6778 keV)) are found to
contribute the most uncertainty to the reaction rate.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ta23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007PeZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
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13C(7Li,t) 1978Cl08 (continued)

17O Levels

Γα: From (2020Me09) except where noted.

E(level)† Jπ‡ T1/2 L# C2Sαb Comments

0 5/2 3
870 1/2 1

3055 1/2 0 Sα=0.32 at E(7Li)=34 MeV, Sα=0.22 at E(7Li)=28 MeV
(2008Pe09).

3850 5/2 2
4553 3/2 2 Sα=(0.105) (2008Pe09).
5080
5220 7/2
5690 4a 0.014 Unresolved (1970Be31,1971Sc21,1978Cl08).
5720 2a Unresolved (1970Be31,1971Sc21,1978Cl08).
5870 5/2 1a Unresolved (1970Be31,1971Sc21).
5940 1/2 0a 0.19 Unresolved (1970Be31,1971Sc21).
6356 1a 0.29 Sα=0.2911, ANC2=4.5 fm−1 22 andγ2

α (reducedα
width)=13.5 keV66 from (2008Pe09).

6870 7/2 3a 0.012 Γα=0.11×10−3 eV
6990 5/2 4a 0.020 Γα=0.082×10−3 eV
7170 5/2 2a 0.12 Γα=3.4 eV
7202 1a 0.24 Γα=73 eV

E(level): from (1993Ti07).
Γn=400 keV,Γα=0.09 keV (2008Pe09) which are consistent

with the 16O+n measurement in (1966Li03: Γn/Γ>0.99).
7379& 9/2 3a 0.16& Γα=8.0 eV
7382& 2a 0.42& Γα=131 eV
7560 9/2−# 4 Jπ: See also 9/2 (1971Sc21).
7576 (7/2+) <0.1 keV 3a 0.029 Γα=7.3 eV

E(level): From (2020Me09).
7690 (3/2,7/2,3/2) 4a 0.12 Γα=3.3 eV

Unresolved (1970Be31,1978Cl08).
7750 Unresolved (1970Be31,1978Cl08).
8400 5/2 Unresolved (1971Sc21).
8470 9/2 Unresolved (1970Be31,1971Sc21,1978Cl08).
8510 5/2 Unresolved (1970Be31,1971Sc21,1978Cl08).
8679
8873 3/2 Unresolved (1970Be31,1971Sc21).
8884 7/2 4 Unresolved (1970Be31,1971Sc21,1978Cl08).
8945 7/2 Unresolved (1970Be31,1971Sc21,1978Cl08).
9147
9150 Unresolved (1970Be31).
9180 Unresolved (1970Be31).
9500
9730
9880 Unresolved (1971Sc21).
9950 Unresolved (1971Sc21).

10560
10780
11750
11820
12400

13300?
13580@ 20 (11/2−,13/2−)#@
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ti07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Li03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
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13C(7Li,t) 1978Cl08 (continued)

17O Levels (continued)

E(level)†

14600
14860
18170
19240

† Observed in (1970Be31, 1970Go29, 1971Sc21, 1978Cl08, 2008Pe09). See nominal level energy values listed in, for example,
(1978Cl08).
‡ From (1971Sc21) except where noted.
# From (1970Go29), except where noted.
@ From (1978Cl08).
& Unresolved, the spectroscopic factor assumes all strengthis in one state or the other.
a From (2020Me09).
b From (2020Me09).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Cl08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Me09,B
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13C(9Be,αn),(9Be,5He) 1984Da17,1986Cu02

1984Da17: 13C(9Be,αn),(9Be,5He)17O, E=1.2-5.2 MeV; measuredσ(E), γ yields; deduced no evidence for the13C(9Be,5He)17O
transfer process in the17O+nα channels.

1986Cu02: 13C(9Be,αn)17O, E(cm)≈2-5 MeV; measured Eγ, Iγ, γ, residual productionσ(E). 17O deduced transitions. Statistical
model,α-transfer, DWBA analyses. Enriched targets, Ge detectors.

See also (2019Xu05: theory).

17O Levels

E(level)† Jπ† lα‡ Comments

0 5/2+ Q=3.89 MeV (1984Da17,1986Cu02).
870 1/2+ 1 Q=3.02 MeV (1984Da17).

3060 1/2− 0 Q=0.83 MeV (1984Da17).
3840 5/2− 2 Q=0.05 MeV (1984Da17).

† From (1984Da17,1986Cu02).
‡ The angular momentum of the transferredα-particle (1986Cu02).

γ(17O)

Eγ Iγ Ei(level) Jπi E f Jπf

870 100 870 1/2+ 0 5/2+

2190 100 3060 1/2− 870 1/2+

3840 100 3840 5/2− 0 5/2+

5/2+ 0

1/2+ 870

1/2− 3060

5/2− 384038
40

10
0

21
90

10
0

87
0

10
0

Intensities: Relative Iγ

Level Scheme

13C(9Be,αn),(9Be,5He) 1984Da17,1986Cu02

17
8 O9

Iγ > 10%×Imax
γ

Iγ < 10%×Imax
γ

Iγ < 2%×Imax
γ

Legend
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Xu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cu02,B
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13C(11B,7Li) 2012Gu18,2017Me04

2012Gu18: The angular distribution for the reaction13C(11B,7Li)17O was measured at the HI-13 tandem accelerator of the China
Institute of Atomic Energy in Beijing. A beam of E(11B)=50 MeV impinged on a self-supporting13C target (756 µg/cm2, 8%
purity). The reaction products were separated by a Q3D magnetic spectrograph and detected by a two-dimensioanl position-sensitive
Si detector PSSD.

Excitation states of17O*(3.055,3.843,4.554,6.356 MeV) were observed. Theα-spectroscopic factor Sα=0.3712, the square of the
Coulomb modified ANC (asymptotic normalization coefficient), C2 or ANC2=4.0 fm−1 11, and the reducedα-width γ2

α=12.7 keV
for the 17O*(6.356 MeV; 1/2+) subthreshold state were deduced.

2017Me04: XUNDL dataset compiled by TUNL, 2017.
The authors measured the angular distributions of11β+ 13C elastic and inelastic scattering and deducedα spectroscopic factors of

17O states.
A beam of 45 MeV11B ions, from the Warsaw cyclotron facility, impinged on a carbon foil target (90%13C). The reaction

products were detected atθcm≈12◦−175◦ using∆E-E telescopes. The11β+ 13C elastic and inelastic scattering to17O states with
Ex=(0,871,3055,3843,4554,6356) were observed.

The data were analyzed using optical model (OM) and the coupled-channels Born approximation (CCBA) calculations. Theα
spectroscopic factors of the17O states were determined. The largest value was for the subthreshold 1/2+ state at Ex=6.356 MeV,
either Sα=0.72±0.22 (N=3) or Sα=0.39±0.12 (N=4). The number N is the number of nodes in theα particle radial wave function,
not counting the one at the origin (2003Ke10,2008Pe09).

Enhancements were observed in the backward angle scattering for reactions to17O*(0,871,3055,3843). The authors explored the
exotic 6Li cluster transfer mode as an explanation but were still unable to explain the effect.

See also (2018Ke03: theory).

17O Levels

E(level)† Jπ† Sα‡ Comments

0 5/2+ 0.082
871 1/2+ 0.3512

3055 1/2− 0.4216 Sα: =0.196 (2012Gu18).
3843 5/2− 0.103 Sα: =0.07825 (2012Gu18).
4554 3/2− 0.155 Sα: =0.06019 (2012Gu18).
6356 1/2+ 0.3912 Sα: for N=4; ANC2=4.5 fm−1 14. For N=3, Sα=0.7222; ANC2=5.1 fm−1 15 (2017Me04).

Sα=0.3712; ANC2=4.0 fm−1 11 (2012Gu18).

† Nominal level energy and Jπ values listed in (2017Me04).
‡ From (2017Me04).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Me04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Me04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ke10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Pe09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Ke03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Me04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Gu18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Me04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Me04,B
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13C(13C,9Be) 1979Br04

1979Br04: Beams of E(13C)=105 MeV impinged on a self-supporting, 200µg/cm2 thick silica solid target (SiO) at the Variable
Energy Cyclotron/Atomic Energy Research Establishment, Harwell. The reaction products were detected by a standard counter
telescope and were identified by the time-of-flight,∆E-E technique.17O levels were deduced and compared with those measured
in (1970Be31,1970Go29).

17O Levels

E(level)† Comments

3850
5220

5.8×103‡ 1 E(level): a doublet.
7200
7600

8.40×103‡ 6
8900

9.80×103‡ 7

10.55×103‡ 6

12.10×103‡ 6

13.3×103‡ E(level): Associated with Ex=13.58 MeV in Adopted Levels.
14600

18.90×103‡ 14

† Observed in (1979Br04). See nominal level energy values listed in (1970Be31,1970Go29) except where noted.
‡ From (1979Br04).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Br04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Br04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Br04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Go29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Br04,B
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13C(17O,17O) 2014Al11

1978Ch03: The angular distributions of the elastic scattering13C(17O,17O) were measured at Ecm=12.6-14.0 MeV. An17O beam
from the E(n) Tandem Van de Graaff accelerator of the Weizmann Institute bombarded a 94.6% enriched13C target with thickness
50 or 100µg/cm2. The reaction products were detected and identified by∆E-E telescopes with 5% resolution and FWHM=450
keV. The cross sections were measured and the optical-modelparameters of17O+13C were deduced.

1982He07: 13C(17O,17O), E=54-140 MeV; measuredσ(θ).

Includes13C(17O,17O′).
2014Al11: XUNDL dataset compiled by TUNL, 2014.
The authors carried out measurements of12C+18O and13C+17O elastic and inelastic scattering. The primary aim was to obtain

optical model input that was necessary to deduce AsymptoticNormalization Constants for the13C(17O,18O) measurement that was
published in (2014Al05).

A beam of 204 MeV17O ions from the Texas A&M Cyclotron impinged on a 100µg/cm2 13C target (enriched to 99%) that was
placed in the scattering chamber of the MDM spectrometer. The scattered recoils were detected atθlab=4◦ to 25◦ with a scattering
angle resolution of∆θ ≈ 0.31◦ and a focal plane position resolution better than 1 mm. Low-lying resonances were analyzed and
optical model and deformation parameters were deduced.

Theory:
1991Bo12: 13C(17O,17O),(17O,17O′), E(cm)=18.29 MeV; analyzedσ(θ), σ(E). Coupled-channels model.
2018Ay04: 13C(17O,17O), E<340 MeV; analyzed available data.17O; calculatedσ(θ); deduced two different density distributions

of oxygen isotopes.
1997Ki22: A(17O,17O), E=660-720 MeV/nucleon; calculated reactionσ. Glauber model spherical, deformed Hartree-Fock,

comparisons to data.17O; calculated rms radii related features, mass quadrupole moments, density contours for some nuclei.
Hartree-Fock model, SGII force, comparison with experiment.

17O Levels

E(level) Jπ Comments

0 5/2+

3843 5/2− β2=0.663 (2014Al11)
4p-3h configuration (2014Al11).

6356 1/2+ β2=0.191 (2014Al11)
3p-2h configuration (2014Al11).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ch03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982He07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Bo12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Ay04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Ki22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Al11,B
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14C(3He,X): res 1972Ke08,1976Ch04

14C(3He,γ):
1972VeZY: 14C(3He,γ), E=3.2-7.4 MeV; measuredσ(E; Eγ,θ(γ)). 17O deduced resonances, J,π.
1976Ch04: E(3He)=3.2-7.5 MeV ion beams, from the Stanford FN tandem Van de Graaff accelerator, bombarded a thin carbon film

(enriched 50%14C). Theγ-rays were detected by a 24×24 cm2 NaI(Tl) crystal atθ=90◦ with respect to the incident beam. At
some energies, the angular distributions were measured in the rangeθ=0◦−135◦. Energy levels at17O*(21.7 1,22.21,22.62,23.0
1,23.51 and 24.41) were observed and Jπ values for the first levels were assigned as 5/2+,7/2−,3/2(−) and 1/2+, respectively.

14C(3He,n):
1961Jo24: 14C(3He,n0), E=1.6-3.25 MeV; observed two resonances at E(3He)=2.1 and 2.8 MeV, corresponding to17O*(20.5,21.1

MeV).
1970Ho08: The 14C(3He,n) reaction was investigated using neutron time-of-flight spectrometry by bombarding a14C target with

E(3He)=3.5-6 MeV beams at the University of Alberta/Van de Graaff facility. DWBA calculations were used to analyze angular
distributions. Energy levels at16O*(0, 6.05+6.13, 6.92+7.12 MeV) were observed. A resonance at Eres=4.1 MeV was observed in
the 0◦ excitation function of the16O ground state and the second doublet which implies16O*(7.12 MeV:1−) state is strongly
participating in this region, which corresponds to a level or levels at 22.2 MeV in17O.

14C(3He,p),(3He,d):
1970KeZY: 14C(3He,p),(3He,d), E=2-7 MeV; measuredσ(E; θ). 17O deduced resonances, J,π.
1972Ke08: This experiment was performed at the University of Florida/ Van de Graaff accelerator using E(3He)=2.2-7 MeV ion

beams bombarding a14C target (70% enriched acetylene on 0.10µm Ni foil). Two solid state detectors (1000µm and 300µm
thick) placed 15 cm from the target were used to detect the reaction products. The absolute cross sections were obtained with a
uncertainty of±20%. Three levels at17O*(21.7 MeV 1, 22.1 MeV1, 23.0 MeV1) were deduced with Jπ=5/2+, 7/2−, 1/2+,
respectively, using a two-level analysis of theα-channel data and an optical-model-plus-resonance (OMPR)analysis of the elastic
data.

14C(3He,3He):
1970Du07: 14C(3He,3He), E=4-18 MeV; measuredσ(E; θ); deduced optical potential parameters.
1970KeZY: 14C(3He,3He), E=2-7 MeV; measuredσ(E; θ). 17O deduced resonances, J,π.
1971Co14: 14C(3He,3He), E=6.0,8.0,10.0 MeV; measuredσ(θ); deduced optical model parameters.
1972Ke08: 14C(3He,3He), see above.
14C(3He,α):
1970KeZY: 14C(3He,α), E=2-7 MeV; measuredσ(E; θ). 17O deduced resonances, J,π.
1971Co14: 14C(3He,α), E=6.0,8.0,10.0 MeV; measuredσ(θ); deduced optical model parameters. Enriched targets.
1971Ke08: A 3He ion beam from the University of Florida 4 MV Van de Graaff accelerator bombarded a14C target (70%

enriched acetylene deposited on a 0.1µm Ni foil). The α-particle angular distributions, measured in 5◦ step and covering
θ=20◦−160◦, were fitted using a Legendre polynomial expansion. Two broad states at17O*(21.7 MeV 1:5/2+,22.1 MeV1:7/2−)
with Γcm≈750 keV were obtained in bothα0 andα1 channels with corresponding Eres=3.6 and 4.1 MeV. The 22.1-MeV level is
suggested to be a 3p-2h quasi-bound state.

1972Ke08: 14C(3He,α), see above.

Theory:
Differential cross sections are calculated and analyzed in (1986Ze04: E=16-22 MeV), (1989Er05: E=72 MeV), (1990De31:

E=39.6,12 MeV), (1992Ga26: E=72 MeV), (1996De49: E=72 MeV), (1996Go14: E(cm)=59,33 MeV), (2014El01: E=37.9 MeV),
(2015Pa10: E=4-118.5 MeV; analyzedσ(θ) for 142 sets of experimental data; deduced optical model parameters). See also
(1983Me18).

17O Levels

Notes:
(1972Ke08) also report excitation functions in the range E(3He)=2.2-7.0 MeV (α0−3), 3.2-4.4 MeV (p0−3), 3.2-5.5 MeV (d) and

4.0-6.1 MeV (3He): angular distributions for theα-groups have been measured at a number of energies.
For 17O deduced resonances, J,π, see also (1970KeZY,1972VeZY).
The variation of the3He optical parameters has been studied for E(3He)=10-18 MeV (1970Du07).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972VeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Jo24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970KeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970KeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Co14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970KeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Co14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ze04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Er05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990De31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ga26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996De49,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Go14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014El01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Pa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Me18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970KeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972VeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Du07,B
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14C(3He,X): res 1972Ke08,1976Ch04 (continued)

17O Levels (continued)

(Ke70): Keyser et al., Bull. Amer. Phys. Soc. 15 (1970) 1685.
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14C(3He,X): res 1972Ke08,1976Ch04 (continued)

17O Levels (continued)

E(level)† Jπ# Γ@ Eres(lab) (MeV)& Comments

0 5/2+ E(level),Jπ: from Adopted Levels.
871 1/2+ E(level),Jπ: from Adopted Levels.

20.49×103‡a 2.1‡ %n>0
E(level): from E(3He)=2.1 MeV (1961Jo24).

21.06×103‡ac 2.8‡ %n>0
E(level): from E(3He)=2.8 MeV (1961Jo24).

21.72×103&bc 8 5/2+ 0.75 MeV 3.61 %IT>0; %α>0
E(level): from E(3He)=3600 keV100 (1976Ch04). See

also Eres=3600 keV (Ke70,1971Ke08,1972Ke08).
22.13×103&abcde8 7/2− 0.75 MeV 4.11 %IT>0; %n>0; %α>0

E(level): From E(3He)=4100 keV100 (1976Ch04). See
also Eres=4100 keV
(Ke70,1970Ho08,1971Ke08,1972Ke08).

Jπ: (1970Ho08) however suggests (1/2−,3/2−).
22.54×103&bc 17 3/2(−) ≈1& MeV 4.6 2 %IT>0

E(level): from E(3He)=4600 keV200 (1976Ch04).
22.96×103&b f 8 1/2+ ≈0.4 MeV 5.11 %IT>0

E(level): from E(3He)=5100 keV100 (1976Ch04). See
also Eres=5100 keV (Ke70,1972Ke08).

23.45×103&bc 8 5.7 1 %IT>0
E(level): from E(3He)=5700 keV100 (1976Ch04).

24.44×103&b 8 6.9 1 %IT>0
E(level): from E(3He)=6900 keV100 (1976Ch04).

† Level energies are deduced using E(3He)(res) and3He, 14C and17O mass excesses from (2021Wa16: AME-2020) where
E(3He)(res) is listed. Ex=S(3He)+M(14C)/(M(3He)+M(14C))*E(3He)(res).
‡ From (1961Jo24: 14C(3He,n0)).
# From (1976Ch04: 14C(3He,γ)). See also (1971Ke08: 14C(3He,α), 1972Ke08: 14C(3He,α/d/p/3He), Ke70:14C(3He,3He/α)).
@ From (1972Ke08) except where noted.
& From (1976Ch04) except where noted.
a Observed in (3He,n).
b Observed in (3He,γ).
c Observed in (3He,α).
d Observed in (3He,p).
e Observed in (3He,d).
f Observed in (3He,3He).

γ(17O)

Eγ† Ei(level) Jπi E f Jπf Mult.† Comments

20849‡ 21.72×103 5/2+ 871 1/2+ E2
21669 22.54×103 3/2(−) 871 1/2+ E1

21.72×103 21.72×103 5/2+ 0 5/2+ M1+E2 The integrated E2 strength for 21725 and 22960 states was estimated to
be about 1.5% of the E2 sum rule.

22.13×103 22.13×103 7/2− 0 5/2+ E1
22540 22.54×103 3/2(−) 0 5/2+ E1
22960 22.96×103 1/2+ 0 5/2+ E2
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Jo24,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Jo24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
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14C(3He,X): res 1972Ke08,1976Ch04 (continued)

γ(17O) (continued)

† See (1976Ch04).
‡ Placement of transition in the level scheme is uncertain.

5/2+ 0
1/2+ 871

5/2+ 21720 0.75 MeV

7/2− 22130 0.75 MeV

3/2(−) 22540 ≈1 MeV

1/2+ 22960 ≈0.4 MeV22
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ke08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ch04,B
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14C(α,n) 1964Al11

1956Sa06: 14C(α,n), threshold and reaction energy Q0 were determined.
1964Al11: 14C(α,n), E=7.0-8.6 MeV; theγ-ray de-excitation of13C*(3.06,3.85) states were observed in coincidence with

neutrons.13C deduced lifetime, J,π, decay modes.

17O Levels

E(level) Jπ T1/2 Comments

0 5/2+ Q0=1820 keV2 and the threshold energy is 2340 keV3.
870 1/2+

3060 1/2− 0.08 ps+6−4 Jπ,T1/2: from (1964Al11).
3850 5/2− ≤18 fs Jπ,T1/2: from (1964Al11), Jπ is favored over 7/2−.

γ(17O)

Eγ Ei(level) Jπi E f Jπf Mult. Comments

870 870 1/2+ 0 5/2+ Decay via 3060.
2190 3060 1/2− 870 1/2+ E1 The upper limit to the unobserved decay 3.06→0 is 2%.

|M|2(E1)=10−3 where|M|2 is the ratio of the measured radiative width to the
single particle estimate.

3850 3850 5/2− 0 5/2+ E1+M2 The upper limit to the unobserved decay 3.85→0.87 is 5%.
|M|2(E1)≥10−3, |M|2(M2)≥1.5.

5/2+ 0

1/2+ 870

1/2− 3060 0.08 ps+6−4

5/2− 3850 ≤18 fs38
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1956Sa06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Al11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Al11,B
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14C(6Li,t) 1981Cu11

1981Cu11,1983Cu02,1983Cu04: A beam of E(6Li)=34 MeV ions, produced at the Saclay FN-Tandem Van de Graaff, impinged on
a 45±9 µg/cm2 thick 14C target (70% enriched). The emitted particles were measured and identified by a∆E-E Si counter
telescope over the angular range 5◦≤θlab≤45◦ in steps of 5◦. A triton energy spectrum was detected atθlab=5◦ with a overall
resolution FWHM≈80 keV.

In (1983Cu02), authors compared the (6Li,t) energy spectra on14C and16O targets (1972Pa29: 16O(6Li,t)19Ne at E(6Li)=36
MeV) using a weak coupling hypothesis, and they identifiedstates at 6.36- and 8.89-MeV.

In (1983Cu04), the authors compared (6Li,t) and (6Li,3He) measurements at E(6Li)=34 MeV to identify the analog states of17N
and17O and to identify 14.76- and 15.2-MeV states.

Excitated states of17O up to≈18 MeV were deduced.

17O Levels

E(level)† Jπ† L‡ C2S (×103)# Comments

0 5/2+ 2
0.87×103 1/2+ 0
3.05×103 1/2− 1
3.84×103 5/2− 3
4.55×103 3/2− 1
5.22×103 9/2−

5.69×103 7/2− 3
6.36×103 1/2+ 4.9@ T=1/2 (1983Cu02)
7.17×103 5/2− 3 Unresolved.
7.38×103 5/2+ 8.8@ T=1/2 (1983Cu02)

Unresolved.
7.75×103 11/2− 5
8.20×103 3/2− 1
8.47×103 7/2+ 4 Unresolved.
8.89×103 3/2+ 6.3@ T=1/2 (1983Cu02)
9.18×103 7/2− 3 Unresolved.
9.72×103 7/2+ 4
9.87×103 9/2+ 4 6.4@ T=1/2 (1983Cu02)

Unresolved.
10.43×103

11.23×103

11.82×103 3,4
12.01×103

12.27×103 (7/2+) 5.1@ T=1/2 (1983Cu02)
12.99×103 5/2− 4.8 Unresolved.

C2S (×103): 5.4 for set II.
13.6×103 5/2+ 21.3 Unresolved.

C2S (×103): 27.5 for set II.
14.76×103 7/2− 8.8 Unresolved.

C2S (×103): 10.5 for set II.
For 14.76-MeV; Jπ=9/2− state: C2S=4.3×103 for set I and 4.0×103 for set II.

15.20×103 3/2+ 25.6 C2S (×103): 32.7 for set II.
16.3×103 9/2+ 4.4 T=3/2 (1983Cu02)

Unresolved.
C2S (×103): 5.1 for set II, see also (1983Cu02).

18.15×103

† From (1981Cu11,1983Cu02,1983Cu04).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Pa29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
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14C(6Li,t) 1981Cu11 (continued)

17O Levels (continued)

‡ From (1981Cu11).
# Set I from (1983Cu04) except where noted. Estimate absolute uncertainties±25% (due to statistical errors (≈±10%) and

absolute-value uncertainty (≈±20%)).
@ From (1983Cu02).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Cu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Cu02,B
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14N(t,γ) 1980Li05

1980Li05: Triton beams with E=0.8-3.3 MeV, produced by the Strasbourg-Cronenbourg Van deGraaff bombarded a 99.99%
purified nitrogen gas cell opperated with 60 cm Hg pressure. Uncertainty in the center-of-target energies are±25 keV. Theγ-ray
spectra were recorded with a 25×30 cm NaI(Tl) detector surrounded by a plastic anticoincidence shield. The1H(t,γ)4He reaction
was used to calibrate the energy scale and to normalize the yeilds. The resolution FWHM for 20.5-MeVγ rays was≈4%.

Cross sections measured atθlab=90◦ resolved the transitions to the 5/2+ 17O ground state (γ0) and the 1/2+ first excited state
(γ1), separated by 0.87 MeV, but not completely. Excitation energies of17O*(19.76,20.39,20.58,21.05 MeV) and their Jπ values
were determined. An additional level at Ex≈19.3 MeV was also indicated. The lower limit for theΓγ widths range from≈1-6 eV.

See also (1973LiYQ,1973LiZH) and14N+t cluster model analysis in (1985Me06).

17O Levels

Γ: From (1980Li05).

E(level)† Jπ‡ Γ Comments

0 5/2+

871 1/2+

≈19.30×103

19.76×103 6 3/2− 0.55 MeV5 Γγ0≥1.0 eV;Γγ1≥2.3 eV
20.39×103 5 5/2− 0.66 MeV7 Γγ0≥4.3 eV
20.58×103 5 1/2+ 0.57 MeV8 Γγ1≥5.1 eV
21.05×103 5 3/2− 0.47 MeV6 Γγ0≥5.8 eV;Γγ1≥6.5 eV

† From (1980Li05).
‡ Best fit (1980Li05).

γ(17O)

Eγ Ei(level) Jπi E f Jπf Mult.

18418 ≈19.30×103 871 1/2+

18889 19.76×103 3/2− 871 1/2+ E1
19288 ≈19.30×103 0 5/2+

19709 20.58×103 1/2+ 871 1/2+ M1
19760 19.76×103 3/2− 0 5/2+ E1
20179 21.05×103 3/2− 871 1/2+ E1
20390 20.39×103 5/2− 0 5/2+ E1
21050 21.05×103 3/2− 0 5/2+ E1
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973LiYQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973LiZH,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Me06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Li05,B
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≈19300

3/2− 19760 0.55 MeV5
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14N(α,p),4He(14N,γ17O) 1969Ro07,1969Ba17

1953He58: 14N(α,p), E=1.5-3.5 MeV; measured products,17O, Eα, lα; deducedσ(θ).
1961Ya02: 14N(α,p), E=26.8,28.1,33.3 MeV, measured angular distributions.
1967Be30: 14N(α,αp), E=22.9 MeV; deduced nuclear properties.
1969Ba17: 14N(α,αp), E=22.9 MeV; measuredσ(Eα,Ep,θ(α)). Natural target.
1969Ro07: 14N(α,p), E=13-18 MeV; measuredσ(E; Ep,θ) (absolute).17O deduced levels, J. Natural target.
1969Sc21: 14N(α,p), E=7-12 MeV; measuredσ(α,n)/σ(α,p) ratio,σ(E; Eγ,Ep,θ(p)).
1970Ze01: 14N(α,p), E=10-25 MeV; measuredσ(E; Ep,θ); deduced reaction mechanism.17O levels deduced configurations.
1974Sc09: 14N(α,pγ), E=10 MeV; used Doppler-shift attenuation method (DSA) to deduce T1/2 for 0.871 MeV state of17O.
1975Th01: 14N(α,pγ), measuredσ(Eγ).
1987MiZY: 14N(α,p), E=48 MeV; measuredσ(Ep). 17O deduced levels.
1988BrZY: 14N(α,p), E=48 MeV; measured not given.17O deduced levels, J,π.
1992Ar08: 14N(α,p), E=5.2-7.5 MeV; measuredσ(θ) vs E. Accurate nitrogen profile determination, TiN, NbTiN films, nitrogen

implanted steel.
1994Gi14: 14N(α,p), E=4-5 MeV; measuredσ(θ) vs E; deduced elemental composition determination precision features.
1996Gi14: 14N(α,p), E=3.9-5 MeV; measured products,17O, Eα, Iα; deducedσ(θ).
1999Xu07: 14N(α,p), E=5.6-7.4 MeV; measured products,17O, Eα, Iα; deducedσ(θ).
2005De54: 14N(α,p), E=4893-6047 keV; measuredσ(θ=172◦).
2006We05: 14N(α,p), E=3.2-4.0 MeV; measuredσ.
2008Te09: 14N(α,p), E=3.5-6 MeV; measured reaction products, Eα, Iα; deducedσ(θ), yields. Comparison with available data.
2017Ko31: 4He(14N,p), E=35.6 MeV; measured reaction products, Eα, Iα; deducedσ(θ).
2018Sm01: A beam of14N, delivered by the NSCL/ReA3 facility, impinged on a 1019 atom/cm2 4He gas jet target at the JENSA

facility. The scatteredα particles and reaction protons, from14N(α,p) reactions, were momentum analyzed in the SuperORRUBA
position sensitive Si barrel array. In addition, a set of 9 2”×2” LaBr3(Ce) scintillator detectors from the HAGRiD array were
placed atθlab≈90◦ and detected coincidenceγ rays. A group of Eγ≈871 keV photons was obsereved in coincidence with the
reaction protons.

Theory:
1962Ga16: Analysis of delayed coincidence lifetime measurements.
2014Ba35: 14N(α,p), analyzed previousσ data by R-matrix. Comparison with previous experimental results, evaluated data, and

theoretical calculations.
2015Vo02: 14N(α,p), E=8.674 MeV; calculated reaction probability of nonthermal reaction, effective temperature of

non-Maxwellianα particles from7Li(p,α) reaction.14N(α,p)17O; calculated forward (p,α) and reverse (α,p) reactivities. Impact
on CNO cycles and17O abundance in standard solar model (SSM).

2017Ch32: 14N(α,p), E not given; analyzed available data; deduced yields.
2017Vo11: 14N(α,p), E<8.7 MeV; calculated probability and rate of suprathermal (α,p) reaction in the CNO cycle, comparative

contribution ofα particles from7Li(p,α), 3He(3He,α) reactions and8B β+ decay to8Be* to 2α. Impact on17O and18O
abundances in the outer core region.

17O Levels

E(level)† Jπ T1/2 L Comments

0 2 L: from (1961Ya02).
871 170 ps7 0,(2) Γ: from τ=245 ps10 (1974Sc09). See alsoτ=434 ps11 (1962Ga15,

1962Ga16).
L: from (1961Ya02).

3058 1 L: from (1961Ya02).
3846 3 L: from (1961Ya02).
4555
5083
5217 (7/2,9/2,11/2) Jπ: from (1969Ro07) on the basis of a possible statistical compound nuclear

mechanism and the use of the (2J+1) rule.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ro07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1953He58,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Be30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ro07,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ze01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Gi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Gi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Xu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005De54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006We05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Te09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ko31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sm01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ga16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ba35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ch32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Vo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sc09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ga15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ga16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ro07,B
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14N(α,p),4He(14N,γ17O) 1969Ro07,1969Ba17 (continued)

17O Levels (continued)

E(level)† Comments

5378
5697
5729
5866
5940
6380
6870
6990
7167
7373
7560
846070 E(level): See also 8480 keV50 (1967Be30: doublet).
888070 E(level): See also 8910 keV50 (1967Be30).
914070 E(level): See also 9170 keV50 (1967Be30).
979070 E(level): See also 9840 keV80 (1967Be30).

1066070 E(level): See also 10700 keV50 (1967Be30).
1200070 E(level): See also 12050 keV50 (1967Be30).
1243070
1274070

13.57×103 10

† For Ex≤7.6 MeV: nominal level energy values listed and observed in (1969Ro07). For levels Ex≥8.46 MeV: from (1969Ba17:
the sequential decay of14N(α,αp)13C reaction appears to take place via a number of17O states which are believed to have
J≥5/2, Γα/Γ≥0.6). For other observations or the angular distributions or the cross sections for the14N(α,p) reaction to many
17O states have been studied in (1953He58, 1961Ya02, 1970Ze01, 1996Gi14, 1999Xu07, 2005De54, 2006We05, 2008Te09,
2017Ko31).

γ(17O)

Eγ Ei(level) Ef Comments

870.72 871 0 Eγ: from (1975Th01). See also (1969Sc21,1974Sc09,2018Sm01).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ro07,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ba17,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ze01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Gi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Xu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005De54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006We05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Te09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ko31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sc21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sc09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sm01,B
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14N(6Li,3He) 1973Bi01,1984Et01

1973Bi01: The mirror states below Ex=7 MeV in 17O and17F were populated using an 18 MeV6Li beam from the UPenn
tandem accelerator to bombard anatN gas target. The reaction products were momentum analyzed in the Penn multiangle
spectrograph. Triton and3He spectra were measured atθlab=15◦. A new 17F state at Ex=5.220 MeV10 was observed, which is
identified as the mirror state of17O*(5.217 MeV) with Jπ=(9/2−).

1984Et01: The experiment was performed using an E(6Li)=26 MeV ion beam provided by the Oxford folded tandem accelerator.
The beam impinged on a thin-window14N gas (natural purity) target. A∆E-E telescope array and five side counters were used to
measure the angular distributions and the angular correlations with an overall energy resolution of 250 keV. Alpha decays were
observed from17O and17F excited states, which showed a predominance forα emission to the ground state. Five excited states of
17O and tentative Jπ values were deduced.

See also (1972BiZM,1979MaZO).

17O Levels

E(level)† Jπ Comments

0
871

3055
3841
4555
5083
5217 (9/2−) Jπ: from (1973Bi01), measured atθlab=15◦.
5377
5696 Unresolved (5700+5730).
5732 Unresolved (5700+5730).
5867 Unresolved (5870+5940).
5936 Unresolved (5870+5940).
6356 E(level): very weakly populated, background subtraction uncertain.
6860
6971

8.48×103 7/2+ Jπ: from (1984Et01).
10.7×103 (11/2+) Jπ: from (1984Et01).
12.0×103 (7/2+) Jπ: from (1984Et01).

13.53×103 (9/2+) Jπ: from (1984Et01).
14.88×103 (15/2+) Jπ: from (1984Et01).

† Ex≤7 MeV: see (1973Bi01); Ex>7 MeV: see (1984Et01).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Bi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Et01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Bi01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979MaZO,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Et01,B
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17
8 O9-84

15N(d,p),(d,d),(d,γ) 1957Bo04,1977Ca03

1957Bo04: 15N(d,p), E=1.36,1.90 MeV; evidence for weak resonances correspondingto 17O states at 15.18 MeV and 15.69 MeV.
1972CaYU: 15N(d,γ), E<23 MeV; measuredσ(E). 17O deduced resonances, J,π.
1977Ca03: 15N(d,d),(d,p), E=1.4-2.7 MeV; measuredσ(E,θ).
1986AnZL: 15N(d,γ), measuredσ, σ(θ); deduced dominant multipole contributions.
1988Co10: 15N(d,γ), E=16 MeV; measured captureσ, σ(θ); deduced A0, a1 coefficients.17O deduced GDR excitation mechanism.

Theory:
1973Ba74: 15N(d,p), calculatedσ(θ).

17O Levels

E(level)† Eres (keV) Comments

15245 1360 E(level): from Ed=1360 keV (1957Bo04); see also Ed≈1400 keV (1977Ca03: 15N(d,d)).
≈15633 ≈1800 E(level): from Ed≈1800 keV (1977Ca03).

15721 1900 E(level): from Ed=1900 keV (1957Bo04).
≈16162 ≈2400 E(level): from Ed≈2400 keV (1977Ca03).

† Level energies are deduced using Ed(res) and2H, 15N and17O mass excesses from (2021Wa16: AME-2020) where Ed(res) is
listed. Ex=S(2H)+M(15N)/(M(2H)+M(15N))*Ed(res).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Bo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ca03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Bo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972CaYU,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ca03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986AnZL,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Co10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba74,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Bo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ca03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ca03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Bo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ca03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
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17
8 O9-85

15N(d,α) 1966Ti03

1959Fi30: 15N(d,α), E=21 MeV; The angular distributions of charged particles havebeen measured.
1966Ti03: 15N(d,α), E=0.81-1.8 MeV.17O deduced nuclear properties.
1965Ma59: 15N(d,α), E=1.2-2.5 MeV; measured products.
1976Ca28: 15N(d,α), E<3 MeV; measuredσ(E,Eα,θ). 17O deduced resonance,Γ.
1986Sa41: 15N(d,α), E=804 keV-1.2 MeV; measured products.
1996Vi12: 15N(d,α), E=0.4-2 MeV; measuredσ(E,θ). Comparisons with earlier results.

17O Levels

E(level)† Jπ Γ Eres (keV) Comments

14980 5/2+ ≈100 keV 1060 E(level),Γ: from Ed=1060 keV (1966Ti03).
Jπ: from (1966Ti03).

15148 (5/2−,7/2−) ≈200 keV 1250 E(level): from Ed=1250 keV (1966Ti03).
Jπ: from (1966Ti03).

≈15500 ≈1700 E(level): from Ed≈1700 keV, which is a likely multiplet corresponding to
states around Ed=1.6-1.8 MeV. (1965Ma59).

≈15800 ≈300 keV E(level),Γ: from (1976Ca28).

† Level energies are deduced using Ed(res) and2H, 15N and17O mass excesses from (2021Wa16: AME-2020) where Ed(res) is
listed. Ex=S(2H)+M(15N)/(M(2H)+M(15N))*Ed(res).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Fi30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ma59,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ca28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sa41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Vi12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ti03,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
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8 O9-86

15N(3He,p) 1972Le01

1972Le01: The 15N(3He,p) double-stripping reaction was studied using a E(3He)=18 MeV beam from the Saclay E(n) tandem Van
de Graaff to bombard a 25±3 µg/cm2 99% enriched15N target. The emitted protons were momentum analyzed using amagnetic
spectrograph with an energy resolution of≈30 keV. Differential cross sections for transitions to17O states up to Ex=11 MeV were
measured. The data were analyzed using DWBA analysis and theL values were also deduced.

1975Ha33: 15N(3He,p), E=15 MeV; measuredσ(Ep,θ).
See also (1965Se01,1963Pa01,1970LeZT,1971SeZZ,1974AbZZ).

17O Levels

E(level)† Jπ† Γ L Comments

0 5/2+ (1+3) E(level): See also (1975Ha33).
874 1/2+ 1

305310 1/2− 0 E(level): See also 3.055-MeV (1975Ha33).
384510 5/2− 2
454910 3/2− 0
508110 3/2+ (1)
521510 (9/2−)‡ (4)
538110 3/2− 0
569810 7/2− 2
587310 3/2+ (1)
593810 1/2− 0
637010 1/2+

686110 (1/2−)‡ (0)
697310 (5/2+)‡ (1+3)
716210 5/2− 2
738210 5/2− 2
756110 (7/2+)‡

768710 7/2−

776110 (11/2−)‡ 4 Jπ: See also (1969Lu07: 15N(α,d)).
793810 1/2−

805410 3/2+ (1)
819210 3/2− 0
832210 1/2+

839010 5/2+

849210 5/2− (2)
868210 3/2−

890010 7/2−

895510 7/2−

916010 (9/2−) (4) Jπ: See also (1969Lu07: 15N(α,d)).
949510 5/2−

971210 7/2+

985610 9/2+

10240?10 7/2+

1033010 (7/2−)
1057010 (5/2,7/2)
1069310 (7/2+)
1078210 (5/2)
1091310
110324 T=1/2 (1970Mc02)

E(level): See also 11.02-MeV (1970Mc02).
110754 1/2− 5 keV 1 T=3/2 (1972Le01)

E(level): See also 11.075 MeV5 (Barnes et al., Proc. Intern. Conf. on Nucl. Phys.,
Gatlinburg, Tennessee, 12-17 Sept. 1966 (Academic, New York, 1967) p.884:
15N(3He,p)).

Jπ,T: See also (1973Ad02).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ha33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Se01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ha33,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Mc02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ad02,B
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8 O9-87

15N(3He,p) 1972Le01 (continued)

17O Levels (continued)

E(level)† Jπ† Γ L Comments

Γ: A variety of widths and branching ratios from (1973Ad02) became associated with this reaction
and level, but the widthΓ= 5 keV 1 from McDonald et al., Bull. Amer. Phys. Soc. 16, 489 (1971)
is from 13C(α,n) and later published in (1966Mc11). The branching ratios and partial widths from
(1973Ad02) are are discussed in18O(3He,α).

† From (1972Le01). Uncertainty of energy level is±ε with ε≤10 keV except where listed otherwise.
‡ Speculative, not directly measured value.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ad02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Mc11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ad02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le01,B
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8 O9-88

15N(α,d) 1969Lu07

1969Lu07: α-particle beams at 45.4 MeV, provided by the Berkeley 88-inch cyclotron, bombarded a15N gas target (99.71%
purity). The resulting deutron energy spectrum was measured at θlab=13.2◦−82.2◦. The energy resolution (FWHM) was about 150
keV. Ground state and excitation states of17O were deduced.

See also (1968LuZY,1968LuZZ; thesis).

17O Levels

E(level)† Jπ† Comments

0
870 50

385050
456650
520830
569030
736730
774220 (11/2−) T=1/2

E(level): See also 7.6 MeV2 (1962Ha40).
Dominant configuration: (d5/2)25p−1

1/2. See also (1966Ri04).
814730
845930
889030
913730 (9/2−) T=1/2

E(level): See also 9.0 MeV2 (1962Ha40).
Dominant configuration: (d5/2)25p−1

1/2. See also (1966Ri04).
981430

† From (1969Lu07). See also (1962Ha40) for levels observed.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Lu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Lu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968LuZY,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ha40,B
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8 O9-89

15N(11B,9Be)

1975Po10: 15N(11B,9Be), E=113.5 MeV,θlab=8.5◦; measuredσ(E(9Be)).
1979Ra10: 15N(11B,9Be), E=115 MeV; measuredσ(θ). 17O, levels deduced S, parity.
1980Pr09: 15N(11B,9Be), E=115 MeV; measuredσ(θ). 17O, deduced S. DWBA analysis, sequential transfer.

17O Levels

E(level) E(level) Jπ E(level) Jπ E(level) Jπ

0†# 3.82×103# 5.68×103# 9.0×103†

0.9×103† 5.23×103‡# 9/2−‡ 7.6×103† 9.18×103‡# 9/2−‡

3.0×103† 5.4×103† 7.75×103‡# 11/2−‡

† (1975Po10); 7.6 and 9.0 MeV are strongly populated groups.
‡ (1980Pr09).
# (1979Ra10).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Po10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ra10,B
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16O(n,γ):E(n)=10-80 keV 2008Oh05

1994NaZT: 16O(n,γ), E=10-80 keV; measured Eγ, Iγ; deduced Maxwellian-averagedσ.
1995Ig07: 16O(n,γ), E=10-80 keV; measuredσ; deduced Maxwellian averagedσ, nonresonant p-wave capture role.
2008Oh05: XUNDL dataset compiled by McMaster, 2008.
E(n)=10-80 keV neutrons produced in the reaction7Li(p,n) reaction using the 3.2 MV Pelletron accelerator at the Tokyo Institute

of Technology. Measured Eγ, Iγ, γγ coin using anti-Compton NaI(Tl) spectrometer, time-of-flight method.
Main study was on neutron capture in18O leading to levels in19O. Since16O and12C were present in the target, side

measurements were done on these two nuclides as well.

17O Levels

E(level) Jπ C2S Comments

0 5/2+ 0.9† 1

870 1/2+ 0.9† 1
3060 1/2−

(4190) S(n)=4143.1311 (2003Au03), E(n)(lab)≈47 keV.

† Quoted by (2008Oh05) as 0.8 to 1.0.

γ(17O)

Ei(level) Eγ Iγ E f Jπf

(4190) 3320 76 870 1/2+

4190 24 0 5/2+

5/2+ 0

1/2+ 870

419041
90

24

33
20

76

Intensities: % photon branching from each level

Level Scheme

16O(n,γ):E(n)=10-80 keV 2008Oh05

17
8 O9
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Oh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994NaZT,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ig07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Oh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Au03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Oh05,B
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16O(n,γ),(n,n) 1973Fo11

1971Al09: 16O(n,γ), E=420 keV; measuredσ(E; Eγ). 17O resonances deduced level-width.
1973Fo11: 16O(n,γ),(n,n) E=0.6-4.3 MeV; measuredσ(E). 17O deduced levels, J,π, Γ.
1988Ki02: 16O(n,γ), E≈resonance; measured Eγ, Iγ. 17O, deduced resonanceΓγ. Valence capture model.
1992Ig01: 16O(n,γ), E=280,434 keV; measuredσ(E,Eγ) at θ=125◦. 17O deduced resonance,Γγ. Natural target. Valence-capture

model.
1994Hu21: 16O(n,γ), E=7-14 MeV; measuredσ(θ) vs E; deducedσ(γ,n0). 17O deduced pygmy resonance characteristics.
1996Na27: 16O(n,γ), E=10-300 keV; measured Eγ, Iγ, captureσ at some neutron energies. Implications for primordial and stellar

nucleosynthesis.
2000OhZY: 16O(n,γ), E≈150-550 keV; measuredσ.
2020Na34: 16O(n,γ), Eave.≈157-556 keV; measuredσ, deduced astrophysical reaction rates.
Theory:
2007AsZY: 16O(n,γ), E=low; calculated capture cross sections.
2010YaZW: 16O(n,γ), E=low; calculated intrinsic nuclear densities for two configurations.
1997Li10: 16O(n,γ), E<600 keV; calculatedσ(En); deduced influence of scattering potential depth. Consistent direct-semidirect

model.
2001Du12: 16O(n,γ), E(cm)≈10-300 keV; calculatedσ. Generator coordinate method, cluster model. Comparisonswith data.
2005Du20: 16O(n,γ), E(cm)≈10-300 keV; calculatedσ(E). Microscopic two-cluster model, generator coordinatemethod,

comparison with data.17O; calculated levels, J,π.
2007AsZZ: 16O(n,γ), deduced S-factors using ANC values from transfer reactions.
2008Ch05: 16O(n,γ), E=0.01-10 MeV; calculated neutron capture cross sections.
2008YaZY: 16O(n,γ), E<0.6 MeV; calculated cross sections using the Cluster Orbital Shell Model to describe the nuclear structure.
2009Wa17: 16O(n,γ), E(cm)<1 MeV; analyzedσ, spectroscopic factors and other parameters for nonresonant neutron capture using

simple polynomials obtained from Taylor expansions. Comparison with experimental data.
2009Ya03: 16O(n,γ), E(cm)<10 MeV; calculated cross sections.
2010Hu11: 16O(n,γ), E(cm)<2 MeV; calculated binding energies,σ, S-factors, spectroscopic factors. Single-particle potential model.
2010Pr07: 16O(n,γ), E=0.001-1 MeV; calculated Maxwellian-averagedσ and astrophysical reaction rates using evaluated neutron

libraries; deduced ENDF/B-VII.0, JENDL-3.3, JEFF-3.1, ENDF/B-VI.8 neutron-induced reactionσ deficiencies. Comparison with
experimental data and KADONIS.

2010Sp01: 16O(n,γ), E not given; calculated asymptotic normalization constants (ANC) as a function of binding energy for
subthreshold bound states using the analytic continuationof the scattering (S) matrix in the complex wave-number plane.

2011Ch57: 16O(n,γ), E=30 keV; calculated Maxwellian-averagedσ using ENDF/B-VII.1 evaluated neutron library. Comparison
with ENDF/B-VII.0 and KADONIS values.

2012Pr13: 16O(n,γ), E<20 MeV; calculated Maxwellian-averagedσ, astrophysical reaction rates, neutron thermalσ, Westcott
factors, resonance integrals and their uncertainties using evaluated neutron libraries; deduced ENDF/B-VII.1, JEFF-3.1.2,
JENDL-4.0, ROSFOND 2010, CENDL-3.1, EAF 2010 neutron-induced reactionσ deficiencies. Comparison with experimental data,
KADONIS and Atlas of Neutron Resonances.

2012Xu09: 16O(n,γ), E=1-10000 keV; calculated total neutron direct capture crosssections. Comparison with experimental data.
2013Du15: 16O(n,γ), E<1 MeV; calculatedσ. Modified cluster model with the classification of orbital states according to Young

tableaux, comparison with available data.
2013Du16: 16O(n,γ), E<1 MeV; calculatedσ, phase shifts. Young diagrams, potential cluster model.
2013He11: 16O(n,n),(n,γ), E<20 MeV; calculated JENDL-4.0 covariances. Comparison withavailable data.
2014Xu09: 16O(n,γ), E=0.001-10 MeV; calculated total captureσ(E) for three processes of compound-nucleus capture (CNC),

pre-equilibrium capture (PEC), and direct capture (DIC) using Hauser-Feshbach model, the exciton model, and potential model,
respectively, and Compared with experimental data. Z=8-100, N=10-180; calculated total neutron-capture cross sections and
astrophysical reaction rates using TALYS code for about 8000 nuclei. Impact of the newly determined reaction rates on the r
process abundances.

2015Sa01: 16O(n,n),(n,n′),(n,γ), E<20 MeV; analyzed available data; deduceσ uncertainties adjustments. Comparison with
available data.

2015Zh13: 16O(n,γ), E<3 MeV; calculatedσ(E) using nuclear structure information obtained from a covariant density functional
theory as input for the FRESCO coupled reaction channels code; investigated impact of pairing, spectroscopic factors,and optical
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16O(n,γ),(n,n) 1973Fo11 (continued)

potentials on direct capture cross sections. Comparison with experimental data.
2016Mo23: 16O(n,γ), E<700 KeV; analyzed available experimental data from KADoNiSand REACLIB, ENDF/B-VII.1, JEFF-3.2,

JENDL-4.0 evaluated libraries; deduced Maxwellian-averagedσ, reaction rates.
2018Br05: 16O(n,γ), E=30 keV; calculated Maxwellian-averagedσ using ENDF/B-VIII.0 evaluated neutron library. Comparison

with ENDF/B-VII.1 and KADONIS values.
2020He19: 16O(n,γ), E<1 MeV; analyzed contributions from single-particle resonances, evaluated astrophysical reaction rates and

associated uncertainties for nucleosynthesis.
2021Zh26: 16O(n,γ), calculated direct capture, thermonuclear reaction rates for astrophysical applications.
See also (2001Sh27).

17O Levels

Γ: From (1973Fo11) except where noted.

E(level)†‡ Jπ† Γ# En(res) (keV) Comments

0 5/2+ E(level),Jπ: from ENSDF database.
870 1/2+ E(level),Jπ: from ENSDF database.

454410 3/2− 426 10 E(level): from Eres=426 keV10 (1971Al09).
Γn=60 keV 15, Γγ<4.0 eV (1971Al09).

5216 <0.1 keV E(level): not observed inσt (1973Fo11).
56962 7/2− 3.4 keV 16512
57322 a <1 keV 16892
58672 3/2+ 6.6 keV 18332
59384 1/2− 32 keV 19084
63558 1/2+ 124 keV 23518
68612 a <1 keV 28892
69712 a <1 keV 30062
71643 5/2−@ 1.3 keV 32113

7.20×103 1 3/2+ 280 keV 3.25×103 1
73773 5/2+@ 0.5 keV 34383
73803 5/2−@ 1.1 keV 34413

7.56×103 2 3/2− 500 keV 3.63×103 2
7574 <0.1 keV E(level): not observed inσt (1973Fo11).
76864 7/2− 18 keV 37664
79568 1/2+ 90 keV 40538

7.99×103 5 1/2− 270 keV 4.09×103 5
80588 3/2+ 85 keV 41628

8.18×103 2 1/2−& 69 keV 4.29×103 2
8.20×103 1 3/2−& 52 keV 4.31×103 1 Γ: deduced from (1961Fo07).

† From (1973Fo11) except where noted.
‡ Level energies are deduced using En(res) andn, 16O and17O mass excesses from (2021Wa16: AME-2020) where En(res) is

listed. Ex=Sn+M(16O)/(Mn+M(16O))*En(res).
# Uncertainties in widths≈0.1Γ for Γ>3 keV and≈0.3Γ for Γ<3 keV. The (1973Fo11) values have overlap with those given in

16O(n,n),(n,n′); the uncertainties are given there to avoid duplication.
@ Assignment based on13C(α,n) and16O(n,n) (1970Fo03,1957Wa46), and13C(α,n) (1973Ba10).
& Assignment based on13C(α,n) (1957Wa46).
a Jπ: not 1/2+ (1973Fo11).
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16O(n,γ),(n,n) 1973Fo11 (continued)

γ(17O)

Eγ Ei(level) Jπi E f Jπf Comments

3674 4544 3/2− 870 1/2+ Γγ=1.64 eV31 (1988Ki02); Γγ=1.85 eV35 (1992Ig01)
4544 4544 3/2− 0 5/2+ Γγ=1.59 eV31 (1988Ki02); Γγ=1.80 eV35 (1992Ig01)

5/2+ 0

1/2+ 870

3/2− 454445
44

36
74

Level Scheme

16O(n,γ),(n,n) 1973Fo11

17
8 O9
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16O(n,n),(n,n′) 1973Jo01,1981Hi01

16O(n,n),(n,n′):
1953Ad02: 16O(n,n), E=1 MeV; measured products; deduced resonance parameters.
1954Th42: 16O(n,n′), E=14.1 MeV; measured products,12C, 16O.
1955Ok01: 16O(n,n),(n,x), E=214-686 keV; measured products, O; deducedσ, σ(E), σ(θ), resonance parameters.
1957Wa46: 16O(n,n), E=3.4-5.2 MeV; measured products,4He; deducedσ, σ(E), resonance parameters.
1966Mc01: 16O(n,n′γ), E=14.1 MeV; measuredσ(En′,θ), σ(Eγ,θ), γγ-coin. 16O deduced levels.
1969Bu08: 16O(n,n′γ), E=14.6 MeV; measuredσ.
1969Me15: 16O(n,n),(n,n′), E=14 MeV; measuredσ(θ); deduced optical model parameters.
1970Bo30: 16O(n,n), E=14-19 MeV; measuredσ(E). 17O deduced resonances, J,π, T.
1970Fo03: 16O(n,n), E=1.116-3.67 MeV; measuredσ(E; θ). 17O deduced resonances, L, J,π, level-width.
1970Lu16: 16O(n,n′γ), E<8.2 MeV; measuredσ(E; Eγ,θ(γ)). 17O deduced resonances, J,π.
1972Bo52: 16O(n,n),(n,n′), E=14.1 MeV; measuredσ(θ).
1973FoZU: 16O(n,n′); measuredσ(En′ ). 17O deduced resonances, level-width, J,π.
1973Hi09: 16O(n,n), E=1-4 MeV; measuredσ(E), n-polarization.
1974Co10: 16O(n,n), E=0.5-1.3 MeV; measured nothing, analyzedσ(E) data.17O level deduced S.
1974Ge03: 16O(n,n), measured nothing, calculatedσ(E) with up to 4p-4h states included.
1975Po08: 16O(n,n′γ), E=14.9 MeV; measuredσ(Eγ), n′γ-coin.
1976Dr08: 16O(pol. n,n), E=2.25-3.90 MeV; measured A(E,θ).
1978No04: 16O(n,n′γ),(n,αγ), E=7-10.5 MeV; measuredσ(E,Eγ).
1979GrZP: 16O(n,n),(n,n′), E=24 MeV; measuredσ(θ). Coupled-channels analysis.
1979GrZU: 16O(n,n),(n,n′), E=24 MeV; measuredσ(θ). Optical model, DWBA analysis.
1979Ko26: 16O(n,n), E=0.51,0.68 MeV; measured small angle scattering; deduced coherent scattering lengths for bound atoms.

Crystalline powder targets, Christiansen filter.
1980GlZZ: 16O(n,n),(n,n′), E not given; measuredσ(θ); deduced optical potential energy dependence. Optical model,

coupled-channel analyses, isospin effects.
1980Gr15: 16O(n,n),(n,n′), E=24 MeV; measuredσ(E,θ); deduced optical model parameters.16,18O deduced deformation lengths,

transition matrix elements. Enriched targets. Coupled-channels, DWBA analyses.
1981Hi01: 16O(n,n), E=3-30 MeV; measured transmission vs E.17O resonances deduced t,Γ, Γn. Natural target.
1982FiZW: 16O(pol. n,n′), E=10 MeV; measuredσ(θ), asymmetry. Optical model analysis.
1982Gl09: 16O(n,n), E=9.21-14.93 MeV; measuredσ(θ), σ(En), σ(total) vs E.17O deduced resonances,Γ, Γn, J, π. Optical

model plus resonance effect, Legendre polynomial analyses.
1983Da22: 16O(n,n), E=7-15 MeV; measuredσ(θ); deduced spherical optical model parameters.
1983IsZW: 16O(n,n),(n,n′), E=22 MeV; measuredσ(θ). DWBA, coupled-channels analyses.
1984IsZZ: 16O(n,n),(n,n′), E=18-26 MeV; measuredσ(θ); deduced two-step process role. Optical model, coupled-channels analyses.
1985AnZX: 16O(pol. n,n), E=5-17 MeV; measured analyzing power vsθ, σ(θ).
1985Ko16: 16O(n,n′γ), E=25-2000 keV; measured neutron detection efficiency. 16O deduced resonance effect. Thick Ne-912

lithium glass scintillator.
1985La13: 16O(pol. n,n), E=23 MeV; measuredσ(θ), A(θ). Optical model potential analysis.
1985Pe10: 16O(n,n), E=18-26 MeV; measuredσ(θ) vs E; Micropscopic optical model.
1986De10: 16O(n,n), E=18-46 MeV; measuredσ(E,θ); deduced giant resonance coupling,l-dependent potential effects. Natural

target, coupled channel analysis.
1986FiZY: 16O(n,n),(n,n′), E=18-26 MeV; measuredσ(E,θ); deduced heavy-ion recoil contribution to kerma factors,optical model

parameters.
1986HaZI: 16O(pol. n,n), E=7.18,7.5,7.71,7.81,8.05 MeV; measuredσ(θ), analyzing powers. Optical model analyses.
1986IsZW: 16O(n,n),(n,n′), E=18-26 MeV; measuredσ(θ). 16O levels deduced excitation mechanism. Tof. Coupled-channels

approach.
1986IsZZ: 16O(n,n),(n,n′), E=18-46 MeV; measuredσ(θ). 16O deduced giant resonances.
1987Is04: 16O(n,n),(n,n′), E=18-26 MeV; measuredσ(θ). DWBA, coupled-channels analyses.
1987Is03: 16O(n,n),(n,n′), E=18-60 MeV; measuredσ(θ); deduced optical model parameters, partial kerma factors. Previously
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

acquired data included in analysis.
1988MeZX: 16O(n,n′), E=20-26 MeV; measured not given.16O levels deduced transition matrix elements.
1989Li26: 16O(pol. n, n), E=5-17 MeV; measuredσ(θ), analyzing power vsθ; deduced model parameters. Other data analysis,

optical model.
1990Ol01: 16O(n,n),(n,n′), E=21.6 MeV; measuredσ(E,θ); deduced optical-model potential parameters. DWBA, coupled-channels

analyses.
1992Qi02: 16O(n,n), E=14.8 MeV; measuredσ(θ); deduced model parameters. Spherical optical model, coupled-channels analysis.
1994Lo25: 16O(n,n′γ), E=7.2-8.4 MeV; measuredγ productionσ(E); compiled, reviewed, analyzedσ(E) evaluations; deduced

BGO detector utilization features as active oxygen target.
1995Be69: 16O(n,n′γ), E=6.2-8.51 MeV; measuredσ(θ). Inconsistencies, errors in neutronσ libraries.
2002NeZY: 16O(n,n′),(n,2n),(n,p),(n,d),(n,α),(n,nα), E=4-200 MeV; measured Eγ, Iγ, σ(θ), excitation functions. Comparison with

previous results.
2006Me26: 16O(n,n),(n,n′), E=95 MeV; measuredσ(E,θ); deduced three-nucleon force effects, recoil kerma coefficients.
2008MeZW: 16O(n,n),(n,n′), E≈95 MeV; measured En, In(θ); deduced dσ(E), dσ(θ); calculated dσ using different forces with and

without 3N component. Compared to other data and calculations.
2008Ta15: 16O(n,n′),(n,γ), E=14 MeV; measured Eγ, Iγ using a NaI(Tl) detector with multiple time-gated system for use with

complex samples.
2010La05: 16O(n,n), E=ultracold; measuredσ, γ-spectra, Bragg reflection spectra, low-temperature dependence on yield of

ultracold neutrons. Liquid orthodeuterium and solid oxygen targets. Pulse-neutron incident beam.
2018Sc04: 16O(n,n),(n,n′),(n,α), E=1-10 MeV; measured reaction products, En, In; deduced light and heavy water leakage neutron

flux density, neutron fluences for the light and heavy water spheres. Comparison with calculations using ENDF/B-VII.0,
ENDF/B-VIII.b4 and JENDL-4 nuclear data libraries.

See also (1971Do15,1992Ba50,2017Sv01: theory).

Theory:
16O(n,n),(n,n′),(n,α).
1971We08: 16O(n,n), E=0.5-4 MeV; calculatedσ(E). 17O resonances deduced S.
1972JoZV: 16O(n,n),(n,α), E=600-930, 1390-1640 keV; measuredσ(nT). 17O deduced resonances, level-width.
1973Jo01: 16O(n,X),(n,α), E<5.8 MeV; analyzedσ(E). 17O deduced resonances, J,π, level-width, S.
1975Ge08: 16O(n,n), E<4 MeV; calculated totalσ(E), polarization.17O deduced resonances,Γ.
1977No07: 16O(n,n), E=th; calculated scattering parameters.
1986Sh33: 16O(n,n),(n,n′),(n,α), E=threshold−20 MeV; compiled, evaluated neutron induced reaction data.R-matrix theory, direct,

preequilibrium processes.
1990Ha38: 16O(n,n), E≤20 MeV; calculated phase shifts vs E. Cluster-orbital shellmodel, resonating group method.
1995Ch84: 16O(n,n),(n,α), E=6.2-10.5 MeV; analyzedσ, σ(θ); deduced R-matrix parameters.
2000SaZK: 16O(n,n), E=0-6.3 MeV; ORNL lab report R-matrix Evaluation of16O neutron cross sections; deduced Eres, Ex, Γn,
Γα andΓ.

2012Pr13: 16O(n,n), E<20 MeV; calculated neutron thermalσ, Westcott factors, resonance integrals and their uncertainties using
evaluated neutron libraries; deduced ENDF/B-VII.1, JEFF-3.1.2, JENDL-4.0, ROSFOND 2010, CENDL-3.1,EAF 2010
neutron-induced reactionσ deficiencies.

2017HaZY: 16O(n,n),(n,x),(n,α), E=0-7 MeV; calculated totalσ, σ(θ); compared with data and ENDF VIII.0-CIELO.

17O Levels

Notes:
1) Values from (1964St25) are recommended values.
2) (1973Jo01) is an analysis of prior works of (1955Ok01, 1958St28, 1961Fo07, 1969Da13, 1973Fo11).
3) The levels at Ex=5216, 7576 keV were searched for by (1973Fo11) but not observed. The lack of observation suggests narrow

widths for these states ofΓ<0.1 keV. (1957Wa46) observed a level at Ex=7559 keV withΓ≤4 keV and Jπ≥7/2 which might be
the 7576-keV state.

4) See13C(α,n) for additional neutron resonance levels that are not reported in16O(n,n) reactions. See also (1981MuZQ).

95

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Hi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988MeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Li26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Qi02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Lo25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Be69,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002NeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Me26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008MeZW,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ta15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010La05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sc04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Do15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ba50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Sv01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971We08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972JoZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ge08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sh33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ha38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ch84,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000SaZK,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Pr13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017HaZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964St25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1955Ok01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958St28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Fo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Da13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fo11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Wa46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981MuZQ,B


Continued on next page (footnotes at end of table)

17
8O9-96 TUNL Nuclear Data Evaluation

17
8 O9-96

16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ L En(res) (keV) Comments

4550& 4 3/2−@ 39# keV 3 1 4334 E(level): from En=433 keV4 (1958Hu18). See also
En(keV)=440 (1950Bo95,1951Bo45), 442
(1955Ok01,1964St25).
Γ: FromΓlab=41 keV 3. See alsoΓlab(keV)=45

(1950Bo95), 40 (1951Bo45), 48 (1955Ok01), 46 (1964St25)
andΓn=45 keV (1973Jo01).

L: See (1953Ad02,1955Ok01,1958Hu18,1964St25).
5082& 8 3/2+@ 90# keV 5 2 9988 E(level): from En=998 keV8 (1958Hu18). See also En=1000

keV (1950Bo95, 1951Bo45, 1958La09, 1958St28, 1964St25).
Γ: FromΓlab=96 keV 5. See alsoΓlab=100 keV

(1950Bo95, 1951Bo45, 1958St28, 1964St25) andΓn=96 keV
(1973Jo01).

L: See (1953Ad02,1958Fo67,1958Hu18,1964St25).
5377.2& 35 3/2−@ 31# keV 4 1 1312.035 E(level): from En=1312.0 keV35 (Davis, et al., PLB 27, 636

(1968)). See also En(keV)=13108 (1958Hu18), 1300
(1950Bo95), 1320 (1951Bo45), 1312 (1958St28,1964St25).
Γ: FromΓlab=33 keV 4. See alsoΓlab=40 keV

(1950Bo95), 35 keV (1951Bo45), 42 keV (1964St25), 44 keV
(1958St28) andΓn=41.5 keV (1973Jo01).

L: See (1953Ad02,1958Hu18,1964St25).
5696& 2 7/2−@ 3.4a keV 3 16512 E(level): from En=1651 keV2 (1973Fo11). See also

En(keV)=16516 (1958Hu18), 1660 (1951Bo45,1958La09),
1651 (Jo68: Johnson, et al., Neutron Cross Sections and
Technology, Proc. Conf.; NBS Special Publication 299 Vol. II,
851 (1968)).
Γ: See alsoΓlab≤7 keV (1951Bo45,1958Hu18), Γlab=4

keV (Jo68) andΓn=3.4 keV (1973Jo01).
L: See (1951Bo45: >0) and (1958Hu18: ≥1).

5732& 2 <1a keV 16892 E(level): from En=1689 keV2 (1973Fo11). See also En=1689
keV (Jo68).
Γ: See alsoΓlab<1 keV (Jo68).
Jπ: ,1/2+ (1973Fo11).

5867& 2 3/2+@ 6.6a keV 7 2g 18332 E(level): from En=1833 keV2 (1973Fo11). See also
En(keV)=18306 (1958Hu18), 1840 (1951Bo45), 1833 (Jo68).
Γ: See alsoΓlab(keV)≤10 (1951Bo45), ≤8 (1958Hu18),
Γ=7 keV (Jo68) andΓn=6.6 keV (1973Jo01).

L: See also (1951Bo45: >0), (1958Hu18: ≥1).
5938& 4 1/2−@ 32a keV 3 1 19084 E(level): from En=1908 keV4 (1973Fo11). See also

En(keV)=190311 (1958Hu18), 1910 (1951Bo45,1964St25),
1906 (Jo68), 1900 (Ba52: Baldinger, et al., Helv. Phys. Acta
25, 142 (1952)).
Γ: See alsoΓlab=30 keV (1951Bo45,1964St25), 28 keV

5 (1958Hu18) andΓn=31.5 keV (1973Jo01).
L: See (1951Bo45,1958Hu18,1964St25).

6355& 8 1/2+@ 124a keV 12 0 23518 E(level): from En=2351 keV8 (1973Fo11). See also
En(keV)=237020 (1958Hu18), 2370 (1951Bo45,1964St25),
2350 (Ba52,Jo68).
Γ: See alsoΓlab(keV)=120 (1951Bo45,1964St25), 14050

(1958Hu18), 180 (Ba52) andΓn=124 keV (1973Jo01).
L: See (1951Bo45,1958Hu18,1964St25).

6861& 2 <1a keV 28892 E(level): from En=2889 keV2 (1973Fo11). See also En=2889
keV (Jo68).
Γ: See alsoΓlab<1 keV (Jo68).
Jπ: ,1/2+ (1973Fo11).

6971& 2 <1a keV 30062 E(level): from En=3006 keV2 (1973Fo11).
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ L En(res) (keV) Comments

Jπ: ,1/2+ (1973Fo11).
7164.24& 17 5/2−@ 1.38b keV 5 3g 3211.7017 E(level): from En=3211.70 keV17 (1980Ci03). See also

En(keV)=32113 (1973Fo11), 3213 (Jo68).
Γ: See alsoΓlab=2 keV (Jo68),Γ=5 keV

(1957Wa46), 1.3 keV4 (1973Fo11), Γn=1.4 keV and
Γα=0.0027 keV (1973Jo01), Γn/Γα=(1300)
(1957Wa46) andΓn0=1.38 keV5 (1980Ci03).

7200& 10 3/2+@ 280a f keV 28 2 325010 E(level): from En=3250 keV10 (1973Fo11). See also
En(keV)=333030 (1958Hu18), 329020 (1966Li03),
3350 (1967Jo12), 3330 (Ba52).
Γ: See alsoΓlab=200 keV40 (1958Hu18), 220

keV (Ba52),Γ=500 keV (1967Jo12), 400 keV30
(1966Li03), Γn=280 keV andΓα=0.12 keV
(1973Jo01) andΓn/Γ>0.99 (1966Li03).

Jπ: See also (1966Li03,1967Jo12).
L: from (1958Hu18,1967Jo12).

7377.47& 19 5/2+@ 0.64b keV 23 2g 3438.3819 E(level): from En=3438.38 keV19 (1980Ci03). See also
En(keV)=34383 (1973Fo11), 3442 (Jo68).
Γ: See alsoΓ(keV)=0.5 2 (1973Fo11), 0.5

(1970Fo03), ≤4 (1957Wa46), Γn=0.5 keV and
Γα=0.01 keV (1973Jo01), Γn/Γα=(450) (1957Wa46)
andΓn0=0.64 keV23 (1980Ci03).

7380.62& 14 5/2−@ 0.96b keV 20 3 3441.7314 E(level): from En=3441.73 keV14 (1980Ci03). See also
En(keV)=34413 (1973Fo11), 3440 (1961Fo07), 3444
(Jo68).
Γ: See alsoΓ(keV)=1.1 3 (1973Fo11), 1.1

(1970Fo03), ≤8 (1961Fo07), Γn=1.2 keV and
Γα=0.0032 keV (1973Jo01) andΓn0=0.96 keV20
(1980Ci03).

L: see (1970Fo03).
755820 3/2−@ 500a f keV 50 1 363020 E(level): from En=3630 keV20 (1973Fo11). See also

En(keV)=377020 (1966Li03), 3600 (1964St25), (3600)
(1961Fo01), 3643 (Jo68), 3750 (1967Jo12).
Γ: See alsoΓ(keV)=360 30 (1966Li03), 600

(1961Fo07,1964St25), 405 (1967Jo12), Γn=500 keV
andΓα=0.08 keV (1973Jo01) andΓn/Γ>0.99
(1966Li03).

Jπ: See also (1966Li03,1967Jo12).
L: from (1964St25,1967Jo12).

7666?10 (3/2,5/2)+ ≈20 keV 2 374510 (1973Fo11) indicates this level does not exist.
E(level): from En=3745 keV10 (1960Ts02). See also

En=3770 keV (1961Fo07,1964St25), 3772 keV
(1967Jo12).
Γ: from (1960Ts02). See alsoΓ=25 keV

(1961Fo07,1964St25), 22 keV (1957Wa46), 3 keV
(1967Jo12).

Jπ: See (1957Wa46,1960Ts02,1961Fo07,1964St25,
1967Jo12).

L: See (1964St25,1967Jo12).
7687.3222 7/2−@ 14.4b keV 3 3h 3767.7622 E(level): from En=3767.76 keV22 (1980Ci03). See also

En(keV)=378010 (1966Li03), 37653 (1969Da13),
37664 (1973Fo11), 3769 (1967Jo12).
Γ: See alsoΓ(keV)=14 keV (1967Jo12), <23

(1966Li03), 18 keV2 (1973Fo11), Γn=18 keV and
Γα=0.01 keV (1973Jo01), Γn/Γ>0.99 (1966Li03) and
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ L En(res) (keV) Comments

Γn0=13.0 keV6 (1980Ci03).
Jπ: See also (1966Li03,1967Jo12).

7718?80 3/2− 753 keV188 1 380080 E(level): from En=3800 keV80 (1958Hu18). See also
En=3800 keV (Ba52).
Γ: from Γlab=800 keV200 (1958Hu18). See also
Γlab=800 keV (Ba52).

Jπ: See (Ba52,1958Hu18).
L: from (1958Hu18).

79568 1/2+@ 90a keV 9 40538 E(level): from En=4053 keV8 (1973Fo11).
Jπ: See also (1973Fo11).
Γ: See alsoΓn=84 keV andΓα=6.7 keV (1973Jo01).

799050 1/2−@ 270a f keV 27 1h 409050 E(level): from En=4090 keV50 (1973Fo11). See also
En(keV)=392020 (1966Li03), 4000 (1967Jo12), (3980)
(1961Fo07).
Γ: See alsoΓ(keV)=245 30 (1966Li03), 110

(1957Wa46: triplet), Γn=250 keV andΓα=14 keV
(1973Jo01), Γn/Γα=10 (1957Wa46) andΓn/Γ>0.95
(1966Li03).

Jπ: See also (1966Li03,1967Jo12,1973Fo11).
80588 3/2+@ 85a f keV 9 2h 41628 E(level): from En=4162 keV8 (1973Fo11). See also

En(keV)=420010 (1960Ts02), 417510 (1966Li03), 4180
(1967Jo12), 4200 (1961Fo07).
Γ: See alsoΓ(keV)=75 20 (1966Li03), 80 (1961Fo07)

and 70 (1957Wa46), Γn=71 keV andΓα=15 keV
(1973Jo01), Γn/Γα=10 (1957Wa46) andΓn/Γ>0.90
(1966Li03).

Jπ: See also (1966Li03,1967Jo12).
817920 1/2−@ 69a keV 7 429020 E(level): from En=4290 keV20 (1973Fo11).

Γ: See alsoΓn=68 keV andΓα=0.8 keV (1973Jo01).
820710 3/2−@ 52 keV 1h 432014 E(level): from En=4320 keV10, which is the average of

(1960Ts02: 4330 keV10) and (1973Fo11: 4310 keV10).
See also En=4320 keV (1961Fo07).
Γ: Deduced, in part, from (1961Fo07). See alsoΓ≈90

keV (1960Ts02), 60 keV (1957Wa46,1961Fo07), Γn=48
keV andΓα=4 keV (1973Jo01) andΓn/Γα=13
(1957Wa46).

8341.7026 1/2 11.4b keV 5 1 4463.4126 E(level): from En=4463.41 keV26 (1980Ci03). See also
En(keV)=440040 (1958Hu18), 4400 (Ba52,1958Hu18), 4470
(1960Ts02: group), 4450 (1964St25), 4440 (1956Be98).
Γ: See alsoΓ=18 keV (1957Wa46), Γlab=280 keV80

(1958Hu18), 280 keV (Ba52),Γn=10 keV andΓα=2.2 keV
(1973Jo01), Γn/Γα=6.7 (1957Wa46) andΓn0=8.1 keV3
(1980Ci03).

Jπ: See (Ba52,1958Hu18,1964St25,1973Jo01).
L: from (1958Hu18,1964St25).

8401.637 5/2+@ 6.17b keV 13 4527.127 E(level): from En=4527.12 keV7 (1980Ci03). See also
En=4530 keV (1956Be98,1961Fo07).
Γ: See alsoΓ≤10 keV (1961Fo07), 11 keV

(1957Wa46), Γn=4.8 keV andΓα=0.54 keV (1973Jo01),
Γn/Γα=19 (1957Wa46) andΓn0=4.75 keV11 (1980Ci03).

8465.329 7/2+@ 2.13b keV 11 4594.839 E(level): from En=4594.83 keV9 (1980Ci03). See also
En(keV)=462510 (1960Ts02), 4600 (1961Fo07), 4590
(1956Be98).
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ En(res) (keV) Comments

Γ: See alsoΓ≤11 keV (1961Fo07), 9 keV (1957Wa46:
doublet),Γα=7.6 keV (1973Jo01), Γn/Γα=31 (1957Wa46) and
Γn0=1.18 keV4 (1980Ci03).

8500.0812 5/2−@ 6.89b keV 22 4631.7812 E(level): from En=4631.78 keV12 (1980Ci03). See also
En(keV)=470510 (1960Ts02), 4630 (1956Be98), 4640
(1961Fo07).
Γ: See alsoΓ≤13 keV (1961Fo07), 11 keV (1957Wa46),
Γn=3.4 keV andΓα=1.9 keV (1973Jo01), Γn/Γα=2.8
(1957Wa46) andΓn0=2.86 keV8 (1980Ci03).

8686.44 3/2−@ 55.3b keV 6 4829.94 E(level): from En=4829.9 keV4 (1980Ci03). See also En=4845
keV 10 (1960Ts02), 4840 (1961Fo07), 4850 (1956Be98).
Γ: See alsoΓ(keV)≈90 (1960Ts02), 55 (1961Fo07), 85

(1957Wa46: triplet), Γn=42 keV andΓα=1.8 keV (1973Jo01),
Γn/Γα=17 (1957Wa46) andΓn0=48.9 keV11 (1980Ci03).

885610 <20 keV 501010 E(level),Γ: from (1960Ts02: 5010 keV10). See also 5080
(1956Be98).

E(level): In past evaluations, information from16O(n,α) and
13C(α,n) is peppered into the16O(n,n) dataset. It is usually
harmless; however, in the present case we associate the 8856keV
level with the narrow (7/2−,9/2−) member of the Ex=8.9 MeV
doublet. The broad 3/2+ member of this doublet is not reported in
(n,n′). TheΓn=68 keV andΓα=9.7 keV (1973Jo01), and
Γ≈110 keV andΓn/Γα=3.5 (1957Wa46), etc. parameters
accociated with Ex=8.9 MeV; Jπ=3/2+ are from16O(n,α) and
13C(α,n) (1957Wa46,1973Ba10).

8965.916 7/2−@ 26.3b keV 19 5127.016 E(level): from En=5127.0 keV16 (1980Ci03). See also
En(keV)=51224 (1969Da13), 5110 (1961Fo07), 5130
(1956Be98).
Γ: See alsoΓ(keV)=28 (1961Fo07), 35 (1957Wa46),
Γn=23 keV andΓα=2.3 keV (1973Jo01), Γn/Γα=35
(1957Wa46) andΓn0=23.5 keV19 (1980Ci03).

9176 ≥3/2c ≤17c keV 5350 E(level): from En=5350 keV (1961Fo07). See also En=5380 keV
(1956Be98).

9193.479 3.53b keV 13 5368.909 E(level): from En=5368.90 keV9 (1980Ci03).
Γ: see alsoΓn0=2.37 keV8 (1980Ci03).

9420 3/2−@ 120 keV 5610 E(level): from En=5610 keV (1973Jo01). See also En=5630 keV
(1961Fo07).
Γ=Γn=120 keV (1973Jo01). See also 140 keV (1961Fo07).

9711.5714 ≥5/2c 23.1b keV 3 5919.6714 E(level): from En=5919.67 keV14 (1980Ci03). See also
En(keV)=59145 (1969Da13), 5900 (1961Fo07).
Γ: See alsoΓ=28 keV (1961Fo07) andΓno=18.0 keV6

(1980Ci03).
9783.0715 ≥3/2c 11.7b keV 3 5995.6815 E(level): from En=5995.68 keV15 (1980Ci03). See also En=5990

keV (1961Fo07).
Γ: See alsoΓ=28 keV (1961Fo07) andΓn0=10.3 keV3

(1980Ci03).
9858.7015 (5/2−)b 4.01b keV 23 6076.0815 E(level): from En=6076.08 keV15 (1980Ci03).

Γ: See alsoΓn0=3.37 keV20 (1980Ci03).
9876.310 (1/2−)b 16.7b keV 17 6094.810 E(level): from En=6094.8 keV10 (1980Ci03). See also En=6080

keV (1961Fo07).
Γ: See alsoΓ=25 keV (1961Fo07) andΓn0=10.9 keV12

(1980Ci03).
10167.75 (7/2−)b 49.1b keV 8 6404.65 E(level): from En=6404.6 keV5 (1980Ci03). See also

En(keV)=63957 (1969Da13), 6390 (1961Fo07).
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ En(res) (keV) Comments

Γ: See alsoΓ=38 keV (1961Fo07) andΓn0=22.3 keV6
(1980Ci03).

10559.26 7/2− 42.5b keV 11 6820.76 E(level): from En=6820.7 keV6 (1980Ci03). See also
En(keV)=68077 (1969Da13), 6830 (1959Ha13), 6790
(1961Fo07), 6860 (1970Lu16).
Γ: See alsoΓ=40 keV (1961Fo07) andΓn0=17.2 keV7

(1980Ci03).
Jπ: from (1970Lu16). See also (1980Ci03).

10794 7070 E(level): from En=7070 keV (1959Ha13). See also En=(7080) keV
(1970Lu16).

10915.313 (5/2+)b 41.7b keV 14 7199.313 E(level): from En=7199.3 keV13 (1980Ci03). See also
En(keV)=72008 (1969Da13), 7200 (1970Lu16), 7180
(1961Fo07).
Γ: See alsoΓ=70 keV (1961Fo07) andΓn0=26.4 keV9

(1980Ci03).
10954 7240 E(level): from En=7240 keV (1959Ha13).
11078.9818 1/2−e 2.4 keV3 7373.3118 T=3/2 (1976Mc11,1981Hi01)

E(level): from En=7373.31 keV18 (1980Ci03,1981Hi01); see also
En=7400 keV (1959Ha13), 7440 keV (1970Lu16). See also
Ex=11076 keV5 (1976Mc11: 13C(α,n)).
Γ: from (1980Ci03,1981Hi01). See alsoΓ=5.0 keV11

(1976Mc11) andΓn0=1.88 keV12 (1980Ci03,1981Hi01).
11515 ≥3/2c 190c keV 7837 E(level): from En=7837 keV, which is the average of (1961Fo07:

7810 keV), (1959Ha13: 7870 keV) and (1970Lu16: 7830 keV).
Jπ: See also (3/2,5/2) (1970Lu16).

11974 ≥3/2c 270c keV 8325 E(level): from En=8325 keV, which is the average of (1959Ha13:
8350 keV) and (1961Fo07: 8300 keV).

12139 8500 E(level): from En=8500 keV (1959Ha13).
12346 130c keV 8720 E(level): from En=8720 keV (1961Fo07).
12467.06 3/2−e 6.9 keV11 8848.86 T=3/2 (1976Mc11,1981Hi01)

E(level): from En=8848.8 keV6 (1980Ci03,1981Hi01). See also
En=8840 keV (1959Ha13); Ex=12458 keV5 (1976Mc11:
13C(α,n)).
Γ: from (1980Ci03,1981Hi01). See alsoΓ=8 keV 2

(1976Mc11) andΓn0=1.27 keV14 (1980Ci03,1981Hi01).
12670 95c keV 9065 E(level): from En=9065 keV, which is the aveage of (1959Ha13:

9100 keV) and (1961Fo07: 9030 keV).
129416 1/2+e 6e keV 2 93536 T=3/2 (1976Mc11,1980Hi01)

E(level): from En=9353 keV6 (1981Hi01). See also En=9340 keV
(1959Ha13); Ex=12944 keV6 (1976Mc11: 13C(α,n)).
Γ: See alsoΓn0=0.21 keV14 (1981Hi01).

12999.56 5/2−e 2.5 keV10 9414.96 T=3/2 (1976Mc11,1981Hi01)
E(level): from En=9414.9 keV6 (1980Ci03,1981Hi01). See also

Ex=12993 keV6 (1976Mc11: 13C(α,n)).
Γ: from (1980Ci03,1981Hi01). See alsoΓ≤3 keV

(1976Mc11) andΓn0=0.40 keV6 (1980Ci03,1981Hi01).
13636.924 9d keV 5 10092.524 T=3/2 (1981Hi01)

E(level): from En=10092.5 keV24 (1981Hi01).
Γ: See alsoΓn0=0.24 keV9 (1981Hi01).

13644 400c keV 10100 E(level): from En=10100 keV (1961Fo07).
14232.315 (7/2−)d 20.5 keV16 10725.515 T=3/2 (1981Hi01)

E(level): from En=10725.5 keV15 (1980Ci03,1981Hi01).
Γ: from (1980Ci03,1981Hi01). See alsoΓn0=2.07 keV16

(1980Ci03,1981Hi01).
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

E(level)† Jπ Γ‡ En(res) (keV) Comments

Γ: from (1980Ci03,1981Hi01). See alsoΓn0=2.07 keV16
(1980Ci03,1981Hi01).

142883 7.5d keV 4 107853 T=3/2 (1981Hi01)
E(level): from En=10785 keV3 (1981Hi01).
Γ: See also (J±1/2)Γn0=0.80 keV16 (1981Hi01).

144533 40d keV 6 109603 E(level): from En=10960 keV3 (1981Hi01).
Γ: See also (J±1/2)Γn0=13 keV 6 (1981Hi01).

14585 (≥3/2)c 340c keV 11100 E(level): from En=11100 keV (1961Fo07).
147933 1/2−d 36d keV 13 113223 T=3/2 (1981Hi01)

E(level): from En=11322 keV3 (1981Hi01).
Γ: See also (J±1/2)Γn0=3.2 keV10 (1981Hi01).

14961 180c keV 11500 E(level): from En=11500 keV (1961Fo07).
152023 (3/2)d 52d keV 14 117563 T=3/2 (1981Hi01)

E(level): from En=11756 keV3 (1981Hi01).
Γ: See also (J±1/2)Γn0=11 keV 3 (1981Hi01).

153713 ≤5/2d 40d keV 6 119363 T=3/2 (1981Hi01)
E(level): from En=11936 keV3 (1981Hi01).
Γ: See also (J±1/2)Γn0=7 keV 1 (1981Hi01).

162474 (7/2+,9/2+)d 21d keV 10 128674 T=3/2 (1981Hi01)
E(level): from En=12867 keV4 (1981Hi01).
Γ: See also (J±1/2)Γn0=2.0 keV5 (1981Hi01).

1744111 66d keV 20 1413611 T=3/2 (1981Hi01)
E(level): from En=14136 keV11 (1981Hi01).
Γ: See also (J±1/2)Γn0=8.0 keV24 (1981Hi01).

181154 46 keV 12 148534 T=3/2 (1981Hi01)
E(level): from En=14853 keV4 (1981Hi01).
Γ: from (1981Hi01: Table 1). See alsoΓ=43 keV 12

(1981Hi01: Table 2),Γn0=1.9 keV6 (1981Hi01: Table 1) and
(J±1/2)Γn0=1.0 keV3 (1981Hi01: Table 2).

20417 (1/2+) 17300 T=(1/2) (1970Bo30)
E(level): from En=17300 keV (1970Bo30).
Γ: Γn≈700 keV (1970Bo30).
Jπ: from (1970Bo30).

† Level energies are deduced using En(res) andn, 16O and17O mass excesses from (2021Wa16: AME-2020) where En(res) is
listed. Ex=Sn+M(16O)/(Mn+M(16O))*En(res).
‡ Γ, Γn andΓα are in c.m. system except where noted.Γα from (1973Jo01) are to fit (n,α) cross sections of (1973Ba10)

normalized (×0.8).
# Γlab from (Ar60: Armstrong, et al., Bull. Amer. Phys. Soc. II, 5, 247 (1960)). The values are presented in (FAS61:

Ajzenberg-Selove and Lauritsen, Energy Levels of Nuclei: A=5 to A=257, Vol. 1, p. 1-59 (1961)) and later in (1958Hu18).
Values in (FAS61) are given in the cm system, while theΓn values of (1958Hu18) represent the lab width of the state.

@ From (1973Jo01).
& Also observed in (1970Fo03).
a From (1973Fo11).
b from (1980Ci03).
c from (1961Fo07).
d from (1981Hi01).
e from (1976Mc11).
f We adopt the careful R-matrix analysis of (1973Fo11,1973Jo01), which considers the interference of the Eres(keV)=325010 and
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16O(n,n),(n,n′) 1973Jo01,1981Hi01 (continued)

17O Levels (continued)

41628 Jπ=3/2+ levels. A different set of level parameters is given in (1966Li03).
g From (1970Fo03).
h From (1967Jo12).
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16O(n,α) 1963Da12

1963Da12: 16O(n,α), E=5.0-8.8 MeV; the excitation function showed 21 resonances corresponding to excited states in17O.
1968Le11: 16O(n,α), E=14.9 MeV measuredσ(Eα,θ). Natural targets.
1969AjZZ: 16O(n,α), E=14 MeV; measuredσ(Eα,θ).
1970Aj03: 16O(n,α), E=14 MeV; measuredσ(Eα,θ).
1970Br17: 16O(n,α), E=13.9 MeV; measuredσ(En; θ=0◦).
1972Br50: 16O(n,α), E=13.9 MeV; measuredσ(Eα).
1972Ki12: 16O(n,α), E=4.9 MeV; measuredσ(θ).
1973Bo26: 16O(n,α), E=14.1 MeV; measuredσ(Eα,θ).
1979SuZR: 16O(n,p),(n,d),(n,t),(n,3He),(n,α), E=27.4,39.7,60.7 MeV; measuredσ(E,θ); deduced reaction mechanism.

Hauser-Feshbach calculation.
2002NeZY: 16O(n,n′),(n,2n),(n,p),(n,d),(n,α),(n,nα), E=4-200 MeV; measured Eγ, Iγ, σ(θ), excitation functions. Comparison with

previous results.
2008GiZY: 16O(n,α), E=3.95-9 MeV; measured Eα, Iα; deducedσ(E*). Compared to other data, ENDF/B-VI.8, ENDF/B-VII.0.
2011KhZW: 16O(n,α), E=1.7-7 MeV; measured Eα, Iα using digital spectrometer; deducedσ to low-lying states. Comparison with

other data, O and N reactions also to ENDF/B-VII.
2012Kh05: 16O(n,α), E<7.5 MeV; measured reaction products, Eα, Iα; deducedσ. Comparison with available data, ENDF/B-VII

and JENDL libraries.
2012KhZZ: 16O(n,α), E=1.7-7 MeV; re-evaluatedσ to ground state at neutron energies between 4 and 6.2 MeV. Compared with

other data, ENDF/B-VII, JENDL3.
2018Sc04: 16O(n,n),(n,n′),(n,α), E=1-10 MeV; measured reaction products, En, In; deduced light and heavy water leakage neutron

flux density, neutron fluences for the light and heavy water spheres. Comparison with calculations using ENDF/B-VII.0,
ENDF/B-VIII.b4 and JENDL-4 nuclear data libraries.

Theory:
1972JoZV: 16O(n,n),(n,α), E=600-930, 1390-1640 keV; measuredσ(nT). 17O deduced resonances, level-width.
1973Jo01: 16O(n,X),(n,α), E<5.8 MeV; analyzedσ(E). 17O deduced resonances, J,π, level-width, S.
1986Sh33: 16O(n,n),(n,n′),(n,α), E=threshold−20 MeV; compiled, evaluated neutron induced reaction data.R-matrix theory, direct,

preequilibrium processes.
1986Sh33: 16O(n,n),(n,n′),(n,α), E=threshold−20 MeV; compiled, evaluated neutron induced reaction data.R-matrix theory, direct,

preequilibrium processes.
1989Br05: 16O(n,α), E=15-60 MeV; calculatedσ(θ1,E1).
1995Ch84: 16O(n,n),(n,α), E=6.2-10.5 MeV; analyzedσ, σ(θ); deduced R-matrix parameters.
2008Su21: 16O(n,α), E<30 MeV; calculated kerma coefficients. Comparison with experimental data.
2008VaZT: 16O(n,α), E≈3-10 MeV; calculatedσ; evaluatedσ. JENDL-3.3, ENDF/B-VI.8.
2008WaZS: 16O(n,α), E=96 MeV; calculated dσ; QMD plus generalized evaporation model; compared to data.
2014Ku13: 16O(n,α), E=0.5-4.7 MeV; calculatedσ using multi-channel R-matrix with care for covariances; deduced resonances.

Compared to ENDF/B-VII.1 and Harisopulos data.
2016LeZV: 16O(n,α), E=3.3-7.0 MeV; calculatedσ, σ(θ) to specified resonances (partially by G. Hale) using R-matrix.
2017HaZY: 16O(n,n),(n,x),(n,α), E=0-7 MeV; calculated totalσ, σ(θ); compared with data and ENDF VIII.0-CIELO.
2017Ka02: 16O(n,α), E=1-100 MeV; calculated preformation probability vs fragment mass using collective clustering approach of

DCM (Dynamical Cluster-decay Model). Compared with available data.

17O Levels

E(level)† Γ‡ Eres (keV)‡ E(level)† Γ‡ Eres (keV)‡

8894 ≈91 keV 5050 9862 28 keV 6080
8959 ≈30 keV 5120 9994 143 keV 6220
9147 ≈24 keV 5320 10173 81 keV 6410
9195 52 keV 5370 10342 148 keV 6590
9486 56 keV 5680 10549 79 keV 6810
9712 51 keV 5920 10765 69 keV 7040

103

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Da12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Da12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969AjZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Aj03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Br17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Br50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ki12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Bo26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979SuZR,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002NeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008GiZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011KhZW,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Kh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012KhZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sc04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972JoZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sh33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Sh33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Br05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ch84,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Su21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008VaZT,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008WaZS,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016LeZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017HaZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ka02,B


17
8O9-104 TUNL Nuclear Data Evaluation

17
8 O9-104

16O(n,α) 1963Da12 (continued)

17O Levels (continued)

E(level)† Γ‡ Eres (keV)‡ E(level)† Γ‡ Eres (keV)‡

10916 79 keV 7200 11725? (8060)
11029 ≈57 keV 7320 11875 ≈125 keV 8220
11283 ≈78 keV 7590 12026 ≈125 keV 8380

11471? (7790) 12289 8660
11574 ≈126 keV 7900

† Level energies are deduced using En(res) andn, 16O and17O mass excesses from (2021Wa16: AME-2020) where En(res) is
listed. Ex=Sn+M(16O)/(Mn+M(16O))*En(res).
‡ From (1963Da12).
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16O(n,γ):E=thermal 2016Fi04

1979Wu05: 16O(n,γ), E=thermal; measuredσ for double-photon emission,σγ.
2008FiZZ: 16O(n,γ), E=thermal; measured cross sections; compared experimental and calculated depopulation.
1977Mc05: 16O(n,γ), E=th; measuredσ(Eγ); deduced upper limit forσ(2γ). 17O levels deducedγ-branching. Enriched target.

Target Jπ=0+. Measured Eγ and Iγ, γ-production. They reported Iγ(1088)=82 3 and Iγ(3271)=18 3. Evaluated S(n)=4143.33 keV
21 (1995Au04).

2016Fi04: XUNDL datasetbcompiled by TUNL, 2016 ENSDF formatted tables provided by R.B. Firestone (LBNL).
The authors measured thermal neutron capture reactions on several natural and enriched isotopic targets, normalized to a limited set

of standard targets, with the aim of improving absolute capture cross sections and transition probabilities.
In separate measurements beams of Ethermal neutrons, from the 10-MW Budapest Reactor or the Forschungs-Neutronenquelle

Heinz Maier-Leibnitz reactor, impinged on 99.9% deuteron enriched D2O targets with natural, 50.1%16O and 58.5%16O
abundances. The captureγ rays were measured using a single Compton suppressed HPGe detector that was 60% efficient relative
to a 3 inch×3 inch NaI detector. The relative intensities of the captureγ rays were determined and normalized primarily to the
known capture cross sections of16O(n,γ870.67) (σγ=0.164±0.003 mb), which was cross referenced to other secondary cross
sections determined for capture reactions on1H, 12C or 14N.

The observedγ-ray transitions were analyzed by deducing a level scheme and performing a least-squares fit to obtain precise level
energies. The transition probabilities and cross sectionswere deduced by balancing the intensity feeding and deexciting each state.

Lastly, the present results are compared with literature results, particularly for the capture cross section and the neutron separation
energy. Sn=4143.27 keV13 is deduced.

σ=170 µb 3, χ2/f=0.741, 5γ-rays.

Theory:
16O(n,γ).
1976Le27: 16O(n,γ), E=thermal; calculatedσ(2γ), σ(2γ)/σ(γ).
2002Re13: 16O(n,γ), E=thermal; compiled, analyzed prompt Eγ, Iγ.
2011Sl01: 16O(n,γ), E=thermal; compiled, evaluatedσ, σ(Eγ), γ decay schemes, levels, J,π using ENDF, DICEBOX.

17O Levels

E(level)† Jπ‡ T1/2
‡

0.0 5/2+ stable
870.788 1/2+ 179.6 ps

3055.3712 1/2− 110 fs
(4143.2713) 1/2+

† Reported in (2016Fi04).
‡ From Adopted Levels.

γ(17O)

Eγ† Iγ†‡ Ei(level) Jπi E f Jπf Mult. α#

870.764 96.65 870.78 1/2+ 0.0 5/2+ E2 8.85×10−6 13
1087.894 80.45 (4143.27) 1/2+ 3055.37 1/2− E1 2.31×10−6 4
2184.495 80.45 3055.37 1/2− 870.78 1/2+ E1 0.000771
3272.028 16.24 (4143.27) 1/2+ 870.78 1/2+ M1 0.000761
4142.66 3.3624 (4143.27) 1/2+ 0.0 5/2+ E2 0.001222

† The measuredγ-ray energies and the observedγ-ray intensities. In (2016Fi04), the figures show the experimentalγ-ray energies
and the transition probabilities (accounting for internalconversion). Similarly, the tables showγ-ray energies associated with the
level scheme deduced from a least-squares fit to the measuredtransition energies along with the measuredγ-ray transition
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16O(n,γ):E=thermal 2016Fi04 (continued)

γ(17O) (continued)

intensities.
‡ Intensity per 100 neutron captures.
# Total theoretical internal conversion coefficients, calculated using the BrIcc code (2008Ki07) with Frozen orbital approximation

based onγ-ray energies, assigned multipolarities, and mixing ratios, unless otherwise specified.

5/2+ 0.0 stable

1/2+ 870.78 179.6 ps

1/2− 3055.37 110 fs

1/2+ 4143.2741
42

.6
E

2
3.

36
32

72
.0

2
M

1
16

.2
10

87
.8

9
E

1
80

.4
21

84
.4

9
E

1
80

.4
87

0.
76

E
2

96
.6

Intensities: Relative Iγ

Level Scheme

16O(n,γ):E=thermal 2016Fi04

17
8 O9

Iγ > 10%×Imax
γ

Iγ < 10%×Imax
γ

Iγ < 2%×Imax
γ

Legend
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16O(p,π+) 1988Hu02

1974Da23: 16O(p,π+), E=185 MeV; measuredσ(E(π+),θ). 17O deduced levels.
1979Ma38: 16O(p,π+), E=0.5-10 MeV above threshold; measuredσ.
1979Ma39: 16O(p,π+), E=8-16 MeV above threshold; measured inclusiveσ; deduced A-dependence.
1979PiZU: 16O(p,π+), E=140-175 MeV; measuredσ(θ). QDDM spectrograph.
1979SoZY: 16O(p,π+), E=200 MeV; measuredσ(Eπ).
1981Sj02: 16O(pol. p,π+), E=147-159 MeV; measuredσ(θ), analyzing power vsθ.
1981Sj03: 16O(p,π+), E=149-166 MeV; measuredσ(θ). DWBA analysis, stripping model.
1987AzZZ: 16O(p,π+),(pol. ,π+), E=200 MeV; measuredσ(θ), analyzing power vsθ. 17O deduced levels, configuration.
1987HuZY: 16O(pol. p,π+), E=200-489 MeV; measuredσ(θ), analyzing powers.
1988AzZZ: 16O(pol. p,π+), E=200 MeV; measuredσ(θ), analyzing power vsθ. 17O deduced levels, J,π, t, configuration.
1988Hu02: 16O(pol. p,π+), E=250,354,489 MeV; measuredσ(θ), analyzing power vsθ; deduced similarities to nucleon-nucleon

interation pion production.
1988Hu06: 16O(pol. p,π+X), E=250,354,489 MeV; measured inclusiveσ(θ(π), E(π)), analyzing power vs missing four momentum

squared; deduced comparisons with elementary pp→dπ+ reaction, implications for the pion production mechanism.

Theory:
1973Ei01,1973Ei05: 16O(p,π+), E=600 MeV; calculatedσ.
1974Mi06: 16O(p,π+), E=185 MeV; calculatedσ(θ,E(πi+)).
1977Br01: 16O(p,π+), E=150-190 MeV; calculatedσ(E).
1978Yo02: 16O(pol. p,π+), E=200 MeV; calculated asymmetry.
1981Co18: 16O(pol. p,π+), E=160 MeV; calculated analyzing power vsθ.
1982Co07: 16O(pol. p,π+), E=157 MeV; caculatedσ(θ), A(θ); E=185,165,157,154 MeV; calculatedσ(θ). DWBA, Dirac

equation, different pion-nucleon verticies.
1986Co20: 16O(p,π+),(pol. ,π+), E=350 MeV; calculatedσ(θ), analyzing power vsθ. Relativistic stripping model, isobar

resonance region.
1989Co04: 16O(p,π+), E=200 MeV; calculatedσ(θ). High intermediate momenta suppression.
1992Be37: 16O(pol. p,π+), E=200-354 MeV; calculatedσ(θ), analyzing power vsθ; deduced∆-isobar role. Microscopic model.
1995Kr11: 16O(p,π+), E=489,800 MeV; calculatedσ(θ). Impulse approximation, momentum space, relativistic wave functions.
1995Kr12: 16O(p,π+), E=800 MeV; calculatedσ(θ).
1995Sh10: 16O(p,π+), E=800 MeV; calculatedσ(θ). Fully convariant two-nucleon model.
2017Ol06: 16O(p,π+), E=3,25 GeV; analyzed available data; deduced partial inelasticity coefficients of fragments,σ.

17O Levels

E(level)† Jπ Comments

0‡@&a 5/2+#

871‡&a

3055&

3841‡&

4552&

5.08×103& E(level): Not reported in (1988Hu02).
5218@ (9/2−)#

5733
6356
6972
7379
7757@ 11/2−#

8200
8466?
8967
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Kr12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Sh10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ol06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Hu02,B


17
8O9-108 TUNL Nuclear Data Evaluation

17
8 O9-108

16O(p,π+) 1988Hu02 (continued)

17O Levels (continued)

E(level)† E(level)† E(level)† Jπ

9.15×103? 12274 14.76×103@

9783 13484 15.78×103 (13/2−)#

11238 14.15×103@ 17.1×103 (7/2−)#

† From Fig. 2 of (1988Hu02).
‡ reported in (1974Da23).
# From (1988Hu02).
@ Reported in (1987AzZZ,1988AzZZ).
& Reported in (1979Ma38).
a Reported in (1981Sj02,1981Sj03).
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16O(d,p),(d,pγ) 1990Pi05,1957Br82

1952Th24: 16O(d,p), E=1-2 MeV; theγ-ray energies and intensities are determined from the photoelectric and Compton conversion
processes.

1953Th14: 16O(d,p), lifetime Measurements for the first excited states of 17O.
1954Sp01: 16O(d,p), E=5-8.5 MeV; 17O levels were identified.
1955Gr68: 16O(d,p), E=1.1-2.4 MeV; measured reaction products, Ep, Ip; deducedσ(θ).
1955Kh35: 16O(d,p), investigation of the energy levels of the light nuclei by magnetic analysis.
1956Gr37: 16O(d,p), E=9 MeV; angular distributions have been measured.
1957Br82: Excitation energies and widths of17O were measured from Ed=6.5-7.5 MeV bombardment of thin targets of solid oxide

on Formvar backings (either metallic Li or iron was evaporated and then oxidized or SiO2 was evaporated directly) atθ=30◦, 60◦,
70◦, and 90◦ with respect to the incoming beam. Outgoing particles were identified based on the observed change in energy of the
emitted particles with a change in bombarding energy or observation angle and a comparison of the spectra from the different target
materials. The 0.87-MeV level was found to be single rather than double as recently suggested. Disagreements among other
experiments concerning the17O levels were also explained in terms of the large difference in level widths.

1959Lo59: Important differences from results predictd by Butler theory have been observed in angular distribution of the16O(d,p)
reaction, specially when the incident deuteron energy is near 1.7 MeV.

1960Al35: 17O; measured not abstracted; deduced nuclear properties.
1960Go20: 17O; measured not abstracted; deduced nuclear properties.
1961Ke01: The reactions16O(d,p)17O and16O(d,t)15O were studied by bombarding thin nickel oxide foils with 15-Mev deuterons

from the University of Pittsburgh cyclotron. The emitted particles were magnetically analyzed and detected either by nuclear
emulsions or by a CsI(Tl) scintillator. Absolute cross sections and angular distributions were measured for the first 6 states of17O
and for the15Og.s. state. Reduced width valuesΘ2 were extracted. The experimental results indicated that 3.846-MeV state was
not a 1f7/2 single-particle state, the 2p3/2 single-particle component was fragmented over more than two states, and 3.058-MeV
state contained a 2p1/2 single-particle component.

1963Ya03: The experiment was carried out in Tokyo/the INS 160 cm cyclotron from Ed=14.95 MeV bombardment of an enriched
tungsten oxide target (90%18O, 1.1%17O, 8.9%16O) with thickness of 0.28 mg/cm2. Emitted protons were detected and analyzed
by a broad range magnetic spectrograph with four nuclear emulsion plates (Sakura Iγ normalization-MI, 50µm). Absolute cross
sections were measured and angular distributions (measured at 14 angles inθlab=13◦−140◦) were analyzed to determine reduced
withds (θ2) using the Butler-Born theory. Parameters of energy levelsof 17O*(0, 0.871, 3.058, 3.846, 4.555, 5.083, 5.378, 5.697
MeV were extracted.

1964Ki05: 16O(d,p), E=786 keV-1.7 MeV; measuredσ(E,θ) for p0, p1.
1964Sc12: Absolute total cross sections of the reaction16O(d,p) were determined from the protons angular distributions

measurement atθ=10◦−165◦ with Ed=11.8 MeV. Reduced widths were calculated for the levels of17O*(0, 0.87, 3.06, 3.85 MeV).
1965Mo16: 16O(d,p), E=5.56 MeV; measuredσ(Ep,θ), Q. 17O deduced levels. Enriched targets.
1966Ga09: 16O(d,p), E=1.3, 4 MeV; measuredσ(Ep,θ). 17O deduced S.
1966Wi01: The energy of the17O 0.871-MeVγ-ray was measured with a lithium-drifted germanium detector using the

16O(d,p)17O reaction to populate the first excited state of17O. A result of 870.81 keV22 was obtained using various radiactive
sources for energy calibration.

1967Al06: 16O(d,p), E=10-13 MeV; measuredσ(E; Ep,θ). 17O levels deduced S. Enriched17O target.
1968Di06: 16O(d,p), E=2-3.5 MeV; measuredσ(E; θ).
1968Ho23: 16O(d,p), E=14.3 MeV; measuredσ(Ep,θ); deduced reaction mechanism. Si detector, magnetic spectrograph.
1968Na06: 16O(d,p), Ed=6.0-11.0 MeV; measuredσ(E; Ep,θ). 17O levels deduced S. Natural target.
1969Co12: 16O(d,p), E=4.4-8.4 MeV; measured tensor polarization (θ), σ(E,θ). Natural target.
1969Du11: 16O(d,p), E=0.35-1.05 MeV; measuredσ(E; Ep,θ).
1969Go04: 16O(d,p), E=1.2 MeV; measured pγ-delay. 17O levels deduced T1/2. Natural, enriched targets.
1970Da14: 16O(d,p), E=4-6 MeV; measuredσ(E; θ); deduced optical model parameters.17O levels deduced S.
1971Br44: 16O(d,p), E=12.3 MeV; measured tensor analyzing power(θ).
1971Do13: 16O(d,pγ), E=2,2.25,4.2 MeV; measured Doppler shift attenuation.17O levels deduced T1/2.
1971Ko21: 16O(pol. d,p), Ed=8 MeV; measured polarization parameters iT11(Ed; Ep,θ), cross sectionsσ(Ed; Ep,θ); deduced

J-dependence.17O deduced S. Natural targets.
1972Br12: 16O(pol. d,p), Ed=12.3 MeV; measured vector analyzing power iT11(θ,Ep). Natural O target.
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16O(d,p),(d,pγ) 1990Pi05,1957Br82 (continued)

1972Co15: 16O(pol. d,p); measured cross sectionσ(Ed,θ), polarization parameters iT11(Ed,θ), T20(Ed,θ), T21(Ed,θ), T22(Ed,θ);
Ed=9.3, 13.3 MeV. Cross sections and vector and tensor analysing powers have been measured for16O(d,p0,1)17O*. Natural
targets.

1972CoZE: 16O(d,d),(d,p), E=25.4,36,63 MeV; measuredσ(θ); deduced optical model parameters.17O deduced levels, S,Γ.
1972Sl10: 16O(pol. d,p), E=2-3 MeV; measured vector analyzing power(E;θ).
1973Ca30: 16O(d,p), E=0.98-1.97 MeV; measuredσ(E; Ep,θ). 17O levels deduced S.
1973Da17: 16O(pol. d,p), E=9.3,13.3,15.0 MeV; measured polarization parameters iT11(Ed,Ep,θ), cross sectionsσ(Ed,Ep,θ). 17O

deduced S, resonance widths. Natural targets.
1973Jo10: 16O(pol. d,p), E=12.3 MeV; measured analyzing powers iT11(θ), T20(θ), T22(θ), deduced importance of d-state effects

using DWBA theory.17O deduced level J.
1974Co04: Deuteron beams at E=25.4, 36.0, and 63.2 MeV from the University of Maryland Cyclotron impinged on an16O gas

target with pressure≈1 atm. The16O gas temperature and pressure were monitored with an accuracy better than 0.2◦C and 0.1 mm
Hg respectively. The outgoing particles were detected withsolid state detector∆E-E telescopes with the energy resolution was
≈100 keV. Coincident∆E and E signals were sent to 8192 channel ADC units interfacedwith the computer and particles were
identified. Optical potential parameters of levels of17O*(0, 0.87, 5.08 MeV) were deduced.

1979An15: 16O(d,p), E=12 MeV; measuredσ(θ). 17O level deducedΓn. DWBA calculations for unbound states.
1980Da26: 16O(d,p), E=0.97 MeV; measuredσ.
1980Wa24: 16O(d,pγ), Ed=2.51 MeV; measured Eγ(1/2+ → 5/2+).
1981Bo03: 16O(d,p), E=698 MeV; measuredσ(θ); deduced deuteron optical model parameters. DWBA, rescattering calculations.
1982Be64: 16O(d,p), E=545.1-658.2 keV; measured products,17O, En, In; deducedσ(θ).
1985RoZV: 16O(d,p),(pol. d,p), E=15,17 MeV; measuredσ(θ), vector analyzing power vsθ. 17O levels deduced excitation

mechanism.
1990Ca32: 16O(d,p), E≤1200 keV; measuredγ-spectra, pγ-coin. High sensitivity analysis, other targets, data input.
1990Pi05: 16O(d,p), E=12.3 MeV; measured Q,σ(θ). 17O deduced levels. Natural targets.
1991Le36: 16O(d,p), E=735 keV-1.1 MeV; deducedσ(θ).
1992La08: 16O(d,p), E=650 keV; measured particle spectra. Rutherford backscattering spectroscopy, NRA, laser irradiated

borosilicate glass surface examination.
1992Ma47: 16O(d,p), E=1.4 MeV; measured yield; deduced GaAs crystal surface modifications during annealing.
1993Qu04: 16O(d,p), E=857 keV; measuredσ(θ).
1994Iv01: 16O(d,p), E=1.437 MeV; measured emergent particle energy before, afterAl foil absorption.
1994Le19: 16O(d,p), E=825 keV; measured particle spectra, yield.
1995Ro28: 16O(d,pγ), E=0.4-1.8 MeV; measuredσ(E). 16O(d,pγ), E=1.8 MeV; measured Eγ, Iγ. Ultrathin dielectric films with

ion beams.
2000El08: 16O(d,p), E=0.7-3.4 MeV; measured Eγ, Iγ; deduced thick targetγ-ray yields.
2002Ku35: 16O(d,p), E=400keV; measured proton spectra, angular distributions.
2003Ji11: 16O(d,p), E=701 keV-3 MeV; measured products, deducedσ(θ).
2004Gu23: 16O(d,p), E=700 keV-2.1 MeV; measured products, deducedσ(θ).
2006Sz07: 16O(d,pγ), E=0.6-2 MeV; measured Eγ, Iγ; deducedγ-ray productionσ, thin target yields.
2016Cs02: 16O(d,pγ), E=0.7-3.4 MeV; measured reaction products, Eγ, Iγ; deducedσ(θ), thick target yields forγ-ray of a

particular energy.
2016Ra06: 16O(d,p), E=0.7-1.8 MeV; measured reaction products, Ep, Ip; deducedσ(θ). Comparison with available data.
2019Ma31: 16O(d,p), E=15 MeV; measure the angular distribution, deduced the spectroscopic factor (SF) and the asymptotic

normalization coefficient (ANC) for the17O ground state.
See also (2009Ts01,2014Jo02: theory).

Theory:
1961Bu16: 16O(d,p), the analysis of (d,p) stripping reactions (DWBA).
1961Ja23: the systematic study of Q(β−)value measurements for accurate mass/excitation states determination.
1962Ga16: Analysis of delayed coincidence lifetime measurements.
1963Sm05: Distorted-wave calculations of light nuclei (d,p) angular distributions.
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16O(d,p),(d,pγ) 1990Pi05,1957Br82 (continued)

1967Sc16: The influence of the non-locality in zero-range DWBA calculations of the16O(d,p)17O and18O(p,p′) reactions is
investigated.

1969Ic02: 16O(d,p), E=10.5 MeV; calculated Q, S-matrix elements.
1970Bu16: 16O(d,p), E not given; calculatedσ(θ). DWBA.
1970Do10: 16O(d,p), E=12,15,26 MeV; analyzedσ(θ). 17O levels deduced S. Absorption model.
1970Ki15: 16O(d,p), E=12-26 MeV; analyzedσ(θ). 17O levels deduced S.
1970Oh06: 16O(d,p), E=12 MeV; calculatedσ(θ). Coupled channel theory.
1970Pe14: 16O(d,p), E=7-15 MeV; analyzedσ(θ), P(θ), vector analyzing power(θ). 17O levels deduced S.
1970Vi03: 16O(d,p), E=12 MeV; calculatedσ(θ).
1971Bo50: 16O(d,p), E=26, 28 MeV; calculatedσ(θ), peripheral model (Pm), DWBA.
1972Bu23: Verification of Distorted Wave Method for Stripping Reactions to Resonant State.
1972Dz06: Peripheral Model for a Stripping Reaction to a Resonant State.
1972Go04: Effects of Non-Orthogonality and Virtual Excitations in Direct Reactions (I).
1972Ph06: 16O(d,p), E=14.3 MeV; calculatedσ(θ).
1972Sc20: 16O(d,p), E=12 MeV; calculatedσ(θ), σ for bound, unbound states. DWBA.
1972Sc45: 16O(d,p), E=12 MeV; calculatedσ(θ).
1972Sh17: 16O(d,p), E=12 MeV; analyzedσ(θ). Diffraction model, unbound states.
1973Ba74: 16O(d,p), calculatedσ(θ).
1973Cl09: 16O(d,p), calculated S.
1973Do02: 16O(d,p), E not given; analyzedσ(θ). 17O deduced levels, J,π, level-width.
1973Me18: 16O(d,p), E=12.3 MeV; calculated T20(θ).
1973Wi05: 16O(d,p), E=11.0 MeV; deduced S.
1974Ba19: 16O(d,p), calculatedσ(θ).
1974Co10: Spectroscopic factor for the 5.08-MeV state of17O was discussed in the16O(d,p) and16O(n,n) reactions.
1974Fo17: 16O(d,p), E=12 MeV; calculatedσ(Ep,θ), σ. 17O resonance deduced n-width.
1974Go02: The DWBA 16O(d,p) reaction cross sections.
1974Im01: 16O(d,p), E=10.5 MeV; calculatedσ(Ep,θ), σ(θ).
1975Co12: 16O(d,p), E=10.5 MeV; calculatedσ(Ep,θ).
1976Bo15: 16O(d,p), E=13.3 MeV; calculatedσ. Singularity subtraction method.
1976Bo48: 16O(pol. d,p), E<4 MeV; analyzed vector analyzing power.
1976Co29: 16O(d,p), E=10.49,14.8,20 MeV; calculatedσ(θ). Folded-potential DWBA plus multistep contribution of rearranged

intermediate channels, corrected for nonorthogonality. Surface approximation with separable Green function.
1976Sa04: 16O(pol. d,p), E=6-13.3 MeV; calculated A(θ). Surface reaction model.
1976Sh13: 16O(d,p), E=6-15 MeV; calculatedσ(θ).
1977Gr20: 16O(d,p), E=10.5 MeV; calculatedσ(Ep,θ).
1977Mu04: 16O(d,p), E=12-13.3 MeV; calculatedσ(E). DWBA analysis.
1979Gr11: 16O(d,p), E=10.49 MeV; calculatedσ(θ). Channel coupling array theory.
1980Am02: 16O(d,p), E=36 MeV; calculatedσ(θ). DWBA, three-body model of inelastic scattering.
1980Ay01: 16O(d,p), E=20, 45 MeV;16O(pol. d, p), E=20 MeV; calculatedσ(θ), vector, tensor analyzing power vsθ.

Three-body calculations, no Coulomb effects, separable interactions.
1980ChZJ: 16O(d,p), E=5 MeV; calculated three-bodyσ(θ). 17O level deduced S. Two-dimensional coupled integral equations,

product integration method.
1980Kr18: 16O(d,p), E=12 MeV; calculatedσ(θ). Stripping to unbound states, resonant state theory, coupling constant analytic

continuation.
1982Sh06: 16O(d,p), E=400,660 MeV; calculatedσ(θ). Eikonal model.
1982Th02: 16O(d,p), E=10.49 MeV; calculatedσ(θ). Coupled-channels method, Pauli, non-orthogonality effects.
1982Th06: 16O(d,p), E=10.49 MeV; calculated channel nonorthogonality effects.
1983Ic01: 16O(d,p), E=10.5 MeV; calculatedσ(θ); deduced potential parameters. DWBA, bare potentials.
1983Sh15: 16O(d,p), E=8 MeV; calculatedσ(θ). DWBA, center-of-mass corrected shell model form factor.
1985JoZZ: 16O(d,p), E=0.8-2 MeV; analyzedσ(θ).

111

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Sc16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ic02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bu16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Do10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ki15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Oh06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Pe14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Vi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Bo50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Bu23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Dz06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Go04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ph06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sc20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sc45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba74,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Cl09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Do02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ba19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Fo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Go02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Im01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Co12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bo48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Co29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sa04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sh13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Gr20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Mu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Gr11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Am02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ay01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980ChZJ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Kr18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Sh06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Th02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Th06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ic01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Sh15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985JoZZ,B


17
8O9-112 TUNL Nuclear Data Evaluation

17
8 O9-112

16O(d,p),(d,pγ) 1990Pi05,1957Br82 (continued)

1987Ro20: 16O(d,p), E=25.2 MeV; calculatedσ(θ); deduced model parameters.17O levels deduced spectroscopic factors. Deuteron
breakup model.

1989Gu23: 16O(d,p), E not given; calculatedσ(θ); deduced reaction mechanism. Coupled-channels method, zero-range interactions.
1989Lu03: 16O(d,p), E=10.5,24.89 MeV; calculatedσ(θ). Bare potential DWBA.
1991Ma36: 16O(d,p), E=13.5 MeV; calculatedσ(θ). Three-body formalism, bound state approximation, unitarity.
1992MaZM: 16O(d,p), E not given; calculatedσ(θ). Three-body approach to transfer reactions.
1993Gu04: 16O(pol. d,p), E=2.864-9.3 MeV; analyzedσ(θ), iT11(θ). Coupled-channels method, stripping as multi-nucleon

exchange.
1995Bu10: 16O(d,p), E=6.26 MeV; calculatedσ(θ). Three-body Faddeev calculations.
1996Gu23: 16O(pol. d,p), E≤10 MeV; analyzed tensor polarization data; deduced multi-nucleon exchange role in stripping.

Coupled-channels approach.
1996Ma36: 16O(d,p), E=5.03,12 MeV; calculatedσ(θ); deduced two-body interaction separability features. Transfer reactions,

three-body theory, channel spins.
1999Le04: 16O(d,p), E=8 MeV; analyzedσ(θ); deduced parameters.17O deduced radii, halo features.
1999Ti04: 16O(d,p), E=36, 63.2 MeV; calculatedσ(θ); deduced recoil excitation, breakup effects.
2004As11: 16O(d,p), E=2.29-3.27 MeV; calculatedσ(E,θ); deduced strong polarization effect. Coupled channels approach,

comparisons with data.
2007AsZY: 16O(d,p), E=2.279-3.186 MeV; calculated transfer reaction cross sections and spectroscopic factors using coupled

reaction channel formalism.
2007AsZZ: 16O(d,p), E=2.29-3.27 MeV; calculated spectroscopic factors and crosssections using coupled reaction channel method.
2007Gu18: 16O(d,p), E not given; analyzed angular distributions to extract ANCs using DWBA and adiabatic wave approximation.
2007Pa10: 16O(d,p), E=15 MeV; analyzedσ(θ); deduced spectroscopic factors, asymptotic normalization coefficients.
2009De02: 16O(d,p), E=25.4,36.0,63.2 MeV; calculatedσ(θ), binding energies. Momentum-space three-body Fadeev-like equations.

Comparison with experimental data.
2009De07: 16O(d,p), E=25.4,36 MeV; calculated differential cross sections, analyzing powers for polarized beam using local and

nonlocal optical potentials parameters in the framework ofFaddeev type scattering equations. Comparison with experimental data.
2010De41: 16O(d,p), E=25.4,36.0 MeV; calculatedσ(θ). Exact Faddeev/AGS equations with different NN potentials. Compared to

data.
2013Ti04: 16O(d,p), E=9-15 MeV; calculatedσ(θ), Perey factor, local potential. Calculatedβn coefficients, moments and effective

nonlocality range in A=16, 40, 208 mass range. Effect on spectroscopic factors and ANCs. ADWA theory with nonlocality of
nucleon optical potential included in a consistent way together with the deuteron breakup. Deviation from E(d)/2 rule on theoretical
cross sections.

2014Mu10: 16O(d,p), E=36 MeV; calculated differentialσ(θ), spectroscopic factors, neutron widths for deuteron stripping reactions
to bound and resonant states. Distorted-wave Born approximation (DWBA), continuum-discretized coupled channels (CDCC), and
surface-integral formalism.

2015De38: 16O(d,p), E=7.7,11,12,13.3 MeV; calculated differentialσ(θ). Faddeev-Alt-Grassberger-Sandhas (AGS) formalism with
three-body model (proton+neutron+nuclear core) for proton-transfer reactions, and realistic Cd Bonn potential. Comparison with
experimental data.

2016De31: 16O(pol. d,p), E=36,63.2 MeV; calculated differentialσ(θ) and Ay(θ) analyzing powers with a a number of
angular-momentum and parity-dependent optical potentials, and using three-body Faddeev-type equations. Comparison with
experimental data.

2016Ti02: 16O(d,p), E=10,20,50 MeV; calculatedσ(θ) using local and nonlocal potentials. Comparison ofσ(θ) with distorted
wave Born approximation (DWBA) and adiabatic distorted wave approximation (ADWA) calculations. Effect of nonlocality on (d,
p) transfer cross sections and spectroscopic factors. Comparison of theoreticalσ(θ) distributions with experimental data.

2017De20: 16O(d,p), E=12 MeV; calculatedσ(θ) using Faddeev-Yakubovsky or equivalent Alt-Grassberger-Sandhas integral
equations in momentum space.

2018Li56: 16O(d,p), E=10,20,50 MeV; calculated differentialσ(E,θ), σ(E), relative contributions of the different neutron-target
orbital angular momenta, neutron-target wave functions, and imaginary part of the potentials using both local and non-local
potentials. R-matrix method to solve the nonlocal equations. Comparison with previous theoretical predictions. Relevance to
surrogate method for (n,γ) reactions.

2019Sh35: 16O(d,p), E=25, 36 MeV; calculated differentialσ(E,θ), R-matrix method in DWBA.
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16O(d,p),(d,pγ) 1990Pi05,1957Br82 (continued)

2020Vi06: 16O(d,p), E=3.4-25.9 MeV; calculated differentialσ(E,θ), deduced spectroscopic factors.

17O Levels

Note:
16O(d,p) Ed=7.9 MeV (Bu51): Proc. Roy. Soc. A209, 478 (1951).
Angular distributions of the protons or the cross sections for the16O(d,p) reaction to many17O states have been studied for

Ed=0.3-63.2, 698 MeV ((1959Ha29, 1961Ha19, 1961Ke01, 1962Ma25, 1963Al04, 1963Ya03, 1964Ki05, 1964Sc12, 1965Lo02,
1965Mo16, 1966Al09, 1966Ga09, 1966Sc09, 1967Al06, 1968Di06, 1968Ho23, 1968Na06, 1969Th04, 1970Da14, 1971Ko21,
1972Br12, 1972Co15, 1973Ca30, 1973Da17, 1974Co04, 1981Bo03, 1982Be64, 1985RoZV, 1990Pi05, 1993Qu04, 2002Ku35,
2003Ji11, 2004Gu23, 2016Ra06).

For energy levels observed see also (1955Kh35, 1956Gr37, 1961Ke02, 1963Ya03, 1964Sc12, 1970Da14, 1972Co15, 1973Da17,
1974Co04).

Others: (1973Jo10, 1990Ca32, 1992La08, 1992Ma47). See also (1961Ba10, 1991Pi09: 16O(t,d0).

E(level)† Jπ@ T1/2 1/2 or Γ‡ L@ S Comments

0 5/2+ 2 0.844 S: from (2019Ma31). See also Saverage=0.81 (1970Da14), 0.925
(1972Co15), 0.95 (1974Co04) and S=0.9413 (2005Ts03: analysis).
ANC=0.60 fm−1 4 (2019Ma31), see also (2007Pa10: 0.67 fm−1 5).

870.74920 1/2+ 180.4 ps20 0 ≈0.99& E(level): From Eγ=870.72520 (1980Wa24). See also Ex(keV)=870.73
10 (2015Pa05), 87020 (Bu51), 87512 (1954Sp01), 8714 (1957Br82).

T1/2: from τm=260.2 ps29 which is the weighted average of
(1960Ka10: 255 ps13), (1963Lo03: 263 ps8), (1964Be15: 258.7 ps
42), (1965Mc10: 263 ps7), (1969Go04: 261 ps7). Other values(ps):
250 100 (1953Th14), 23326 (1965Al14), 232 8 (1967Bi05), 253 6
(1969Ni09: 9Be(16O,17O)8Be), 42121 (1962Ga15,1962Ga16), 258.7
(1971Do13).

3054.9820 1/2− <8 keV 1 0.032a E(level): See also Ex(keV)=307030 (Bu51), 305512 (1954Sp01), 3055
4 (1957Br82).

3842.7642 7/2− <8 keV 3 0.028a E(level): See Ex(keV)=387040 (Bu51), 384012 (1954Sp01), 38465
(1957Br82)/.

S: See als<0.1 (1970Da14).
4553.816 3/2− 40 keV 5 1 0.23 E(level): See also Ex(keV)=459020 (Bu51), 45535 (1957Br82).

S: using HD parameters; 0.20: using mb parameters (1973Da17).
5084.49 3/2+ 95 keV 5 2 1.25 E(level): See also Ex(keV)=506020 (Bu51), 508310 (1957Br82).

Γ: See alsoΓ(keV)=67 (1970Vi03), ≈70 (1974Co04: average
value),Γn=97 keV 5 (1979An15).

S: average value: using HD parameters (1973Da17).
5215.7745 <8 keV E(level): See also Ex=5215 keV5 (1957Br82).
5379.214 3/2− 28 keV 7 E(level): See also Ex(keV)=531020 (Bu51), 53787 (1957Br82)/.
5697.2633 7/2− <8 keV 3 ≈0.15 E(level): See also Ex=5695 keV5 (1957Br82).

S: using HD parameters (1973Da17).
5732.7952 <8 keV E(level): See also Ex(keV)=579020 (Bu51), 57315 (1957Br82).
5869.0755 <8 keV E(level): See also Ex=5866 keV5 (1957Br82).
5940‡ 15 23 keV 10
6260# 30
6850# 40
7530# 50

† From (1990Pi05: Q0=1918.737 keV62 was used) except where noted.
‡ From (1957Br82) except where noted. In (1957Br82) the resolution is≈8 keV.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ga15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ga16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Do13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1954Sp01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1954Sp01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Vi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979An15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
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16O(d,p),(d,pγ) 1990Pi05,1957Br82 (continued)

17O Levels (continued)

# From (Bu51).
@ See (1956Gr37,1961Ke02,1963Ya03,1964Sc12).
& Average value from (1970Da14,1972Co15,1974Co04).
a Average value, calcualted using data from (1961Ke01,1964Sc12); see discussion in (1970Da14).

γ(17O)

Eγ Ei(level) Jπi E f Jπf Comments

870.72520 870.749 1/2+ 0 5/2+ See Eγ(keV)=870.520 (1952Th24: The internal conversion coefficient is consistent
with E2), 8693 (1955Ma36), 870.8122 (1966Wi01), 870.7 (2000El08,2006Sz07),
870.72520 (1980Wa24). See also (1995Ro28,2016Cs02).

5/2+ 0

1/2+ 870.749 180.4 ps2087
0.

72
5

Level Scheme

16O(d,p),(d,pγ) 1990Pi05,1957Br82

17
8 O9
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Pi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Br82,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1956Gr37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ke02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ya03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Sc12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Co15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Sc12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1952Th24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1955Ma36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Wi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000El08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Sz07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ro28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cs02,B
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16O(α,3He),(α,n3He) 1992Ya08

1973PrZL: 16O(α,3He); measuredσ(E(3He),θ). 17O deduced levels.
1984YaZS: 16O(α,3He), E=64.9 MeV; measuredσ(θ). 17O levels deduced C2S, f7/2 strength fragmentation.
1992Ya08: 16O(α,3He), E=65 MeV; measuredσ(θ). 17O deduced levels, J,π, spectroscopic factors.
1993La31: 16O(α,n3He), E=120 MeV; measured neutron spectra.16O(α,n3He), E=120 MeV; measured n(3He)(θ). 17O level

deducedΓn/Γ. Neutron tof multi-detector.
See also (1997Mo06: theory).
1979Gr11: 16O(α,3He), E=75 MeV; calculatedσ(θ). Channel coupling array theory.

17O Levels

E(level)† Jπ‡ S# Comments

0 4 5/2+ 1.3@

0.87×103 4 1/2+ 0.90@

3.05×103 4 1/2−

3.84×103 4 5/2−

5.08×103 4 3/2+ 0.67&

5.22×103 4
5.70×103 4 7/2− 0.17& (Γn/Γ)exp=0.975 (1993La31: 16O(α,3He)17O*(5.697-MeV[7/2− ])→n+16Og.s.[0+]).
5.87×103 3/2+ 0.06&

6.97×103 4 3/2+† (0.08)&

7.38×103 4 E(level): Unresolved from a contaminant peak due to the13C*(7.55 MeV:5/2−) state.
7.58×103 4 7/2− 0.01&

7.69×103 4 7/2− 0.10&

7.75×103 4 11/2−

8.40×103 4 5/2+ 0.15&

8.89×103 4
9.49×103 4
9.78×103 4 3/2+ 0.24&

† From (1992Ya08).
‡ (1992Ya08) cited from Adopted Levels in (1986Aj04) except where noted.
# See also (1973Da17,1974Co04: 16O(d,p)).
@ Obtained from EFR DWBA calculations (1992Ya08).
& Obtained from Zr DWBA calculations (1992Ya08).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973PrZL,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984YaZS,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993La31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Mo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Gr11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993La31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Aj04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Da17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ya08,B
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16O(7Li,6Li) 1973Sc26

1973Sc26: An E(7Li)=36 MeV ion beam impinged on a28Si16O2 target at the Heidelberg MP Tandem Van de Graaff accelerator.
A scattering chamber including four movable∆E-E detector telescopes, mounted at 15◦ intervals at a distance of≈20 cm from the
target was used. The particle was identified by multiplication units with outputs proportional to M=∆E(e+a∆E+b∆E2). The
ground state and five excited states of17O were observed and the optical model parameters using DWBA calculations were
deduced.

1988Ke07: 16O(7Li,6Li), E=34 MeV; measuredσ(θ).

Theory:
1986Cl03: 16O(7Li,6Li), E not given; calculatedσ(θ); deduced reaction mechanism, model parameters.17O levels deduced

one-nucleon transfer amplitudes. Microscopic DWBA, coupled-reaction channels analyses.

17O Levels

E(level)† Jπ‡ Comments

0 5/2+ The spectroscopic factor=1.2 for the ground-state transition (1988Ke07).
0.87×103 1/2+ The spectroscopic factor=0.76 for the 0.87-MeV state transition (1988Ke07).
3.06×103

3.85×103

4.55×103

5.38×103

† Populated in (1973Sc26).
‡ From (1988Ke07).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Sc26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Sc26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ke07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Cl03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ke07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ke07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Sc26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ke07,B
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16O(13C,12C)

1975Se03: 16O(13C,12C), E=3-16 MeV; measuredσ(E). 17O levels deduced S1S2.
1976We21: E=36 MeV; measuredσ(θ). 17O levels deduced S. See also (1976WeZE).
1977Du04: 16O(13C,12C), E<Coulomb barrier; measuredσ. 17O deduced effective charges, radial integrals.
1979Bo36: 16O(13C,12C), E=24 MeV; measuredσ(θ). 17O levels deduced L, S. Enriched targets. Coupled-channel analysis.
1979Ra10: 16O(13C,12C), E=105 MeV; measuredσ(θ). 17O levels deduced S, parity.
1980Si12: 13C(16O,17O), E=30-60 MeV; calculatedσ(θ). Coupled channel treatment, channel nonorthogonality.
1983Os08: 16O(13C,12C), E=36 MeV; analyzedσ(θ); deduced model parameters.17O levels deduced spectroscopic factors.
1985Be37: 13C(16O,X), E=20-70 MeV; measuredγ-ray yields of reaction products; deduced resonant behavior, Landau-Zener

effect. Hauser-Feshbach analysis.
1986Pa10: 13C(16O,12C), E(cm)=7.8-14.6 MeV; measured Eγ, Iγ, residual productionσ(E); deduced fusionσ(E). Statistical

model analysis. Ge(Li) detector, enriched target.
2000Ik01: 16O(13C,12C), E=50 MeV; measured particle spectra,σ(θ).

17O Levels

E(level)† Jπ† L‡ S1S2
# Comments

0 5/2+ 3 0.60 S1S2: 1p1/2→1d5/2 neutron transfer configuration (1979Bo36: LOLA). See also (1979Bo36:
S1S2=0.49 (Iγ normalization(CRC)).

See also (2000Ik01: S=0.900 (DWBA), 0.900 (α)).
871 1/2+ 1 0.72 E(level): Well described as the coupling of a 2s1/2 neutron to the16O core (1968Na06).

L: See also (1976We21,1983Os08).
S1S2: 1p1/2→2s1/2 neutron transfer configuration; extracted using a Coulomb wave Born

approximation (1975Se03); and compared with the theoretical value 0.61 (1968Na06: using
S1=0.61 for the13Cg.s.). See also (1979Bo36: S1S2=0.50 (LOLA), 0.51 (Iγ
normalization(CRC)).

See also (1983Os08: S=0.6138), (2000Ik01: S=0.800 (DWBA), 0.750 (α)). C2S=0.49;
Q(β−)value=−0.804 MeV (1976We21).

† From Adopted Levels. Also observed in (1979Ra10,2000Ik01). See also (2000Ik01) for higher excited states observed.
‡ L transfer from (1979Bo36).
# Products of the neutron spectroscopic factors in the initial and final states.

γ(17O)

Eγ Ei(level) Jπi E f Jπf Comments

870.8 871 1/2+ 0 5/2+ Eγ: From (1985Be37). See also (1977Du04,1976We21).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Se03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976We21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976WeZE,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Bo36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ra10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Si12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Os08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Be37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Pa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ik01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Bo36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Bo36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ik01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Na06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976We21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Os08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Se03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Na06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Bo36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Os08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ik01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976We21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ra10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ik01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ik01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Bo36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Be37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976We21,B
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5/2+ 0

1/2+ 87187
0.

8

Level Scheme

16O(13C,12C)

17
8 O9
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16O(14N,13N) 1975Na15

1975Na15: 16O(14N,13N), E=155 MeV; measuredσ(θ). 17O levels deduced S. Transitions were identified to the 5/2+ ground state
and the 3/2+ 5.08-MeV state. In addition, there were peaks observed at Ex=7.5, 11.2, and 14.7 MeV. The first excited state at
0.871 MeV (1/2+) was weakly excited and could not be clearly distinguished above the tail of the ground state peak. In the analog
channel16O(14N,13C)17F the ground state (5/2+) and the 5.10 MeV (3/2+) were identified together with several peaks at higher
excitation energies as in the neutron stripping spectrum.

1976Mo03: 16O(14N,13N), E=79 MeV; measuredσ(θ). 17O levels deduced S. The angular distribution for the transition to the
2s1/2 state in17O showed an anomaly similar to that already reported in studies of12C(14N,13N) and12C(10B,9Be).

1976Ku06: 16O(14N,13N), E=79 MeV; analyzed anomalousσ(θ).
1976Na09: 16O(14N,13N), E=155 MeV; calculatedσ(θ).

17O Levels

E(level)† Jπ† Comments

0 5/2+

871 1/2+ E(level): Weakly excited; poorly resolved above the tail ofthe ground-state peak.
5080 3/2+

7500
11200
14700

† Reported in (1975Na15).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Na15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Na15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Na09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Na15,B
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16O(18O,17O) 2018Li59

1975Re15: 16O(18O,17O), E=42,52 MeV; measuredσ(E(17O),θ); deduced reaction mechanism.
2018Li59: XUNDL dataset compiled by TUNL, 2019.
An 84 MeV beam of18O ions, from the INFN-Catania tandem, impinged on a 210µg/cm2 WO3 foil that was placed at the

MAGNEX target position. The17O reaction products were momentum analyzed in the MAGNEX spectrometer and identified in
the focal plane. Differential cross sections are reported for17O*(0, 0.87, 3.15, 5.20 MeV) forθc.m.≈7◦ to 24◦.

Spectroscopic amplitudes were deduced via shell model analysis of (18O,17O) reaction data on28Si and64Ni targets using the
NUSHELLX code.

See also (1977Pe08).

17O Levels

E(level) Jπ Comments

0† 5/2+

0.87×103† 1/2+ E(level): The single excitation and mutual16O(18O,17O*(870))17O*(870) reactions are observed.
3.15×103 1/2−

5.20×103 3/2+

† Also populated in (1975Re15).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Li59,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Re15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Li59,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Pe08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Re15,B
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17O(γ,γ′) 1994Mo18

1994Mo18: 17O(γ,γ′), E=4.7 MeV bremsstrahlung; measured scatteringσ. 17O level deducedΓ. Enriched target.
See also (2001Ka06,2001Sa52,2004Is09: theory).

17O Levels

E(level)† Jπ† Γ†

3841 5/2− 92×10−3 eV 6

† From (1994Mo18).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Mo18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Mo18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ka06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Sa52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Is09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Mo18,B
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17O(γ,n),17O(γ,p) 1979Jo05

S(n)=4143.1 keV, S(p)=13781.6 keV. (2021Hu06).
1978Ho16: 17O(γ,n), E=4.3-7 MeV; measuredσ(E,θ). 17O resonances deduced ground stateγγ for E1, M1. R-matrix analysis,

astrophysical implications.
1979Jo05: 17O(γ,n0), E=13.7,16,22,28,34 MeV bremsstrahlung; measuredσ(E,θ). 17O deduced resonances, J,π, Γγ, GDR

(T=1/2) strength.
1980Ju01: 17O(γ,n),(γ,2n), E=8.5-39.7 MeV; measuredσ(total). 17O deduced GDR isospin splitting. 4π neutron detector.
1985Ju02: 17O(γ,n), E=10-24 MeV; measuredσ(θ). 17O deduced resonances, J,π, Legendre polynomial expansion coefficients

a1, a2.
1989Or07: 17O(γ,n),(γ,p), E=28 MeV bremsstrahlung; measured bremsstrahlung weightedσ; deduced reaction mechanism.

Isotopically enriched sample, deexcitationγ-rays detection.
1992Zu01: 17O(γ,p),(γ,X), E=13.5-43.15 MeV; measured reaction yields; deducedσ(γ,p),σ. 17O deduced resonances, J,π, Γ,

GDR.
1953Ho81: 17O(γ,n); analyzed nuclear reaction synthesis in stars; deducedisotope yields. Breit-Wigner formalism.
1977Al18: 17O(γ,X); calculatedσ. 17O calculated resonances, T. Two-particle, one-hole shell model.
1990Mc06: 17O(γ,n); analyzed data.17O deduced levels, T.
1993Mc02: 17O(γ,n),(γ,2n),(γ,p), E<36 MeV; analyzedσ(E); deduced isospin component splitting.
2004El05: Theory, analysis of isotopic effect in GDR wdith.
See also (2001Ka06,2001Sa52,2004Is09: theory).

17O Levels

E(level)† Jπ Γγ0 (eV)† Comments

4549# 3/2−# 0.42# E1 transition (1978Ho16).
5077# 3/2+# 1.0# E(level): see also (1979Jo05: 5140 keV).

M1 transition (1978Ho16).
5270?‡

5430 3/2−# 0.7 4 E(level): See also (1978Ho16: 5378 keV).
Γγ0 (eV): See alsoΓγ0=0.06 eV (1978Ho16).
E1 transition (1978Ho16).

5570?‡

5710 7/2−# 1.1 4 E(level): See also (1978Ho16: 5690 keV).
Γγ0 (eV): See alsoΓγ0=0.4 eV (1978Ho16).
E1 transition (1978Ho16).

5729# (3/2,5/2,7/2)# E1, M1 transition (1978Ho16).
5960?
6300?‡ 1/2+# <0.07# E(level): See also (1978Ho16: 6354 keV).

E2 transition (1978Ho16).
6610
6970

7210?
7370 0.84
7660 1.55

7800?‡

7910?‡

8240 1.45
8480 6.618

8690?‡ 1.2 6

8800?‡

8900& 4.1 8
9130?
9280
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Hu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ju01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ju02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Or07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Zu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1953Ho81,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Al18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mc06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Mc02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004El05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ka06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Sa52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Is09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Jo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ho16,B
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17O(γ,n),17O(γ,p) 1979Jo05 (continued)

17O Levels (continued)

E(level)† Jπ Γ Comments

9550?‡

9720
10250?‡

10530 5/2−@ E(level): See also (1985Ju02: 10500 keV).
a2=+0.35±0.15 (1985Ju02).

11020?‡

11300&

11750&

12300&

12660&

12870&

13100& 3/2−@ E(level): See also (1985Ju02: 13000 keV).
a2=0.0±0.10 (1985Ju02).

13470&

14.1×103? 1 3/2−@ E(level): From (1992Zu01: weak resonance at Eγ=14.1 MeV1).
T=3/2 (1992Zu01). See also 14.0 MeV (1985Ju02).
a2=0.0±0.10 (1985Ju02).

14380& T=1/2 (1990Mc06).
15.06×103 5 E(level): from Eγ(res)=15.06 MeV5 with Γ≈0.45 MeV; a few narrow T=3/2 states

and M1 transitions contribute to the measured strength (1992Zu01).
15240& T=1/2 (1990Mc06).
15600& T=1/2 (1990Mc06).
16600@& 7/2−@ a2=−0.35±0.13 (1985Ju02).
17200&

17780&

18.09×103 7 0.59 MeV14 E(level),Γ: from Eγ(res)=18.09 MeV7; probably a doublet consisting of
(18.101-MeV[Jπ=3/2−; T=3/2] (1981Hi01) and very weakly excited state at
18.3-MeV[T=1/2]) (1992Zu01).

18500&

19.28×103 7 0.75 MeV10 E(level),Γ: From 19.3-MeV[T=1/2] from Eγ(res)=19.28 MeV7 (1992Zu01);
see also 19.1 MeV (1990Mc06).

20.33×103 7 (7/2−) 0.30 MeV10 E(level),Γ: from Eγ(res)=20.33 MeV7 (1992Zu01).
Jπ: (1992Zu01).

20500&

21000@& 7/2−@ a2=−0.50±0.10 (1985Ju02).
22.17×103 10 ≈1 MeV E(level),Γ: from Eγ(res)=22.17 MeV10 (1992Zu01).
23.1×103 1 E(level): from Eγ(res)=23.1 MeV1 (1992Zu01).

E(level): A giant dipole resonance, 6 MeV broad, is centeredat 23 MeV (1980Ju01).
24.4×103 1 E(level): From Eγ(res)=24.4 MeV1 (1992Zu01), see also 24.7 MeV in (1990Mc06).

25600&a

26.50×103? 15 E(level): Eγ(res)=26.50 MeV15 (1992Zu01).

† From (1979Jo05) except where noted. A systematic problem with the calibration of (1979Jo05) is discussed in (1990Mc06).
Level values above 10 MeV from these references are not considered in the evaluation.
‡ Evidence for a resonance is not compelling (1979Jo05).
# From (1978Ho16).
@ From (1985Ju02). Jπ: likely assignment.
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17O(γ,n),17O(γ,p) 1979Jo05 (continued)

17O Levels (continued)

& From (1990Mc06), who reanalyzed the data of (1979Jo05).
a A broad structure of T=1/2 nature with 28<Ex<36 MeV is also reported (1980Ju01).
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17O(e,e′) 1977No06,1986Ma48

1970Si02: The elastic-scattering cross sections for17O were measured at Ee=94-121 MeV with electron scattering angles
θ=45◦−140◦ at the Saskatchewan Accelerator Laboratory with a gas target system. RMS charge radius ratio of17O and16O,
R17/R16=0.9956 in both βα (Born approximation) and DWA (distorted wave approcimation) calculations where R16(βα)=2.712
fm 22 and R16(DWA)=2.674 fm22.

1975Ki15: Electron beams at E=84-122 MeV bombarded a 96%17O enriched gas target at the Saskatchewan Accelerator
Laboratory with scattering anglesθ=80◦−145◦. The range of momentum transfer wasθ=0.6-1.1 fm−1 with the energy resolution,
∆p/p≈0.2%. Coulomb form factors were measured and the B(E3) values for 12 odd-parity17O levels were deduced.

1977No06: An E=64.9, 83.3, 101.3, 113.6, 124.0 and 168.4 MeV electron beam impinged on the 96% enriched (16O contaminant)
17O gas target (≈11 atm pressure at room temperature) at the Saskatchewan Accelerator Laboratory. The scattered electrons were
detected using a 45-channel array situated in the focal plane of a 127◦ double-focusing magnetic spectrmeter. A broad dipole
resonance centered at Ex=22-23 MeV with strength extending down to 10-12 MeV was observed. A smaller resonance, with a form
factor consistent with a C2 transition, was found between Ex=17.5 and 19.6 MeV.

1978Ki01: Cross sections were measured for electron elastic and inelastic scattering from17O for momentum transfer up to 1.2
fm−1 at the Saskatchewan electron scattering facility. E=62.5-125 MeV electron beams impinged on a 96%17O enriched gas target
(≈10 atm pressure) with the scattering anglesθ=79◦−145◦. Overall momentum resolution was≈0.2%. The17O charge radius was
reported to be〈r2〉1/2=2.710 fm15 based on〈r217〉

1/2/〈r216〉
1/2=1.001525. Form factors for17O states Ex<9 MeV were also

presented along with ground state transition strengths.
1979Hy01: Scattered-electron spectra were measured atθ=90◦, 160◦ and 180◦ using three targets, 20-40 Mg/cm2, 20-85% enriched

BeO foils at the MIT-Bates Linear Accelerator. The transverse form factor of the17Og.s. in the effective momentum-transfer range
0.55≤qε≤2.8 fm −1 was determined. Considerable deviation from the single-particle prediction was found; in particular, a sizable
suppression of the M3 multipole and an enhancement of the high-q side of the M5 multipole.

See also (1983Bu08).
1979Mi09: The charge form-factors of17,18O were measured at Ee=70-370 MeV and atθ=90◦ using 20-48 mg/cm2 BeO foil

targets (67%18O, 19%17O, 14%16O) at the MIT/Bates Linear Accelerator Laboratory. The range in momentumtransfer was
q=0.5-2.6 fm−1. The charge-distribution differences between17,18O and16O were extracted and〈r217〉

1/2-〈r216〉
1/2=−0.008 fm

7 where〈r216〉
1/2=2.720 fm was reported.

1983Ra27: Six 17O excited states at Ex=11-15.3 MeV (T=3/2) were populated in a high-resolution electron scatteringexperiment at
Darmstadt. Electron beams of Ee=39-59 MeV bombarded a17O gas target filled to 7 bar (6.0%16O, 89.6%17O and 4.4%18O)
with thickness of 3.5-8.0 mg/cm2; measurements covered the momentum transfer q=0.32-0.52 fm−1. Five transitions at Ex=11.08,
12.47, 12.99, 14.23 and 14.75 MeV:9/2− are dominantly M2 with transition strengths B(M2,k)↑=6.1 19, 63, 6 3, 46 7 and 279
µ2

N·fm
2, respectively. The transition to17O*(15.10 MeV:(3/2)+) is M1 with B(M1,k)↑=0.144 µ2

N.

1986Ma48: Inelastic scattering was studied at Ee=194.3, 209.2, 248.4, and 268.8 MeV (atθ=90′) (1.4, 1.5, 1.7 and 1.9 fm−1

momentum transfer) with the bombardment of a 29.1 mg/cm2 enriched BeO foil at the MIT-Bates high-resolution energy-loss
spectrometer facility. The energy resolution ranged from 20 to 30 keV. Measurements were also made at Ee=179.5 MeV (at
θ=159.8◦), which corresponds to a 1.7 fm−1 momentum transfer, with a poorer energy resolution of≈70 keV. The form factors for
17O*(15.78,17.06,20.14,20.70 MeV) were measured. See also (1987Mi25: comment) and (1987Ma40: reply).

1987Ma52: Electron-scattering measurements for17O were performed at the MIT-Bates Linear Accelerator Centerwith
Ee≈100-269 MeV. Enriched BeO foils target were used (85%17O, 11%16O and 4%18O) with average thickness 29.1 mg/cm2

and 28.7 mg/cm2 for measurements of scattered electrons spectra atθ=90◦, 160◦ andθ=140◦, respectively. The energy resolution
FWHM for the measurements ranged from 20-50 keV at 90◦, from 30-60 keV at 140◦, and from 70-80 keV at 160◦.

Excited states of17O up to 15 MeV have been observed. A new narrow state, Ex=12.22 MeV2 (Γ≤20 keV) was observed and
the states Ex=8.90 MeV2 and 14.72 MeV2 were confirmed. Levels at Ex=5.87 MeV(3/2+). 6.86 MeV(5/2+), 7.58 MeV(7/2+),
and 8.47 MeV(9/2+) were suggested as a predominabtly 5p-4h members (Kπ=3/2+) rotational band.

1988Ka08: The experiment was performed at the Bates Linear Accelerator Center/MIT with the high-resolution energy-loss
spectrometer system (ELSSY) using 50-110 mg/cm2 BeO targets (51.3%17O, 31.6%18O and 17.1%16O). The elastic magnetic
form factor of17O was measured for effective momentum transfer 2.47≤qeff≤3.65 fm−1.

See also theoretical discussion on M4 transitions in (1987Mi25) and (1976AuZZ, 1978Ar04, 1980Bo04, 1982RaZX, 1985MaZX,
1986KaZZ, 1986MaZW, 1988Fu04,1988Ic01, 2007Do20, 2018Gu11, 2019Sa21: theory).
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17O(e,e′) 1977No06,1986Ma48 (continued)

Theory:
1982Co03: 17O(e,e), E not given; calculated magnetic form factor; deduced three-body force, two-pion exchange effects.
1982Hi01: 17O(e,e), E not given; calculated magnetic form factor; deduced d5/2 neutron orbit radius, M3, M5 multipole quenching.
1982Mc01: 17O(e,e), E not given; calculated magnetic form factor. Self-consistent method, effective operator, higher order terms.
1984Bl03: 17O(e,e′), E not given; calculated magnetic form factor; deduced meson exchange, isobar, core polarization effects

relative magnitude.
1984BlZW: 17O(e,e), E not given; calculated form factors. Spin-isospintransitions, nucleon-hole, isobar-hole excitation, meson

exchange.
1985KiZY: 17O(e,e′), E not given; calculated charge, magnetic form factors.
1986Ki10: 17O(e,e), E not given; calculated charge, magnetic form factor. Relativistic treatment.
1987Fu06: 17O(e,e), E=175-500 MeV; calculated transverse form factors. Relativistic mean field theory.
1989Fu05: 17O(e,e), E not given; calculated magnetic form factor. Relativistic Hartree approach.
1989Ga04: 17O(e,e), E not given; calculated magnetic form factor.
1991Co12: 17O(e,e), E not given; calculated magnetic form factor; deduced valence neutron radial wave function model dependence.
1992Go07: 17O(e,e), E not given; calculated magnetic form factors; deduced core polarization role. Harmonic oscillator shell

model, perturbation theory, Sussex interaction matrix elements.
1992Su02: 17O(e,e), E not given; calculated magnetic form factors, Coulomb energy differences. Hartree-Fock, Wood-Saxon wave

functions.
1992Zh07: 17O(e,e), E not given; calculated magnetic form factor. Particle-hole, multi-particle multi-hole configurations mixing.
1994Am01: 17O(pol. e,e), E not given; calculated magnetic and Coulomb form factors, response functions. Meson exchange effects,

polarized target.
1994Mo19: 17O(pol. e,e′), E not given; calculated response functions. Shell model wave functions, meson exchange effects,

different target polarizations.
1995Pl02: 17O(e,e), E not given; analyzed magnetic form factor data; deduced spin-isospin channel effective interaction

suppression, Landau-Migdal constant momentum transfer dependence. Finite Fermi systems theory.
1996Ka52: 17O(e,e), E not given; calculated transverse form factor. Coherent density fluctuation model based natural orbitals.
2003Ra09: 17O(e,e′), E not given; calculated longitudinal Coulomb form factors, transition probabilities, core polarization effects,

quadrupole moments. Modified surface delta interaction, comparison with data.
2003Ra30: 17O(e,e), E not given; calculated electron scattering form factors, core polarization effects. Configuration mixing shell

model.
2015Wa19: 17O(e,e), q<4 fm−1; calculated magnetic form factors in relativistic frame with single-nucleon wave functions generated

using the relativistic mean field model. Comparison with experimental data.
2018Al08: 17O(e,e),(e,e′), momentum transfer=0.0-3.0 fm−1; calculated longitudinal and transverse form factors for several levels in

17O. Shell model and Hartree-Fock mean field calculations withSLy4 and SkXcsb Skyrme interaction, Ho, and WS potentials.
Comparison with experimental data.17O; calculated levels, J,π, rms radii using different single particle potentials, B(E2), B(E3)
in the psdpn and zbme shell-model spaces.

2021He03: 17O(e,e), E at momentum transferθ<4 fm1; calculated magnetic form factors for backwards elastic scattering.

For (1975Ki15, 1978Ki01, 1987Ma52), Ex are from (1971Aj02). J are from (1982Aj01) except where noted.

17O Levels

E(level) Jπb Γ Comments

0.87×103#a 1/2+ See B(E2)↑=2.18 e2fm4 16 (1987Ma52), and B(C2)↑=2.10 e2fm4 1 (1978Ki01): deduced
from the lifetime measurement of (1971Aj02).

3.06×103†#a 1/2− <10 keV Γ: (1987Ma52).
See B(E3)↑=14.1 e2fm6 39 (1987Ma52), B(E3)↑=31 e2fm6 6 (1975Ki15), and

B(C3)↑=31 e2fm6 6 (1978Ki01).
3.84×103†#a 5/2− <10 keV Γ: (1987Ma52).
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17O(e,e′) 1977No06,1986Ma48 (continued)

17O Levels (continued)

E(level) Jπb Γ Comments

See B(M2)↑=5×10−2 e2fm4 2 (1978Ki01); B(E3)↑=93.0 e2fm6 83 (1987Ma52),
B(E3)↑=153 e2fm6 6 (1975Ki15), and B(C3)↑=153 e2fm6 6 (1978Ki01).

4.55×103†#a 3/2− See B(M2)↑=5.4×10−2 e2fm4 21 (1978Ki01); B(E3)↑=20 e2fm6 12 (1987Ma52),
B(E3)↑=98 e2fm6 8 (1975Ki15), and B(C3)↑=98 e2fm6 8 (1978Ki01).

5.08×103#a 3/2+ See B(E2)↑=2.05 e2fm4 20 (1987Ma52), and B(C2)↑=2.5 e2fm4 7 (1978Ki01).
5.22×103†#a 9/2− <10 keV Γ: (1987Ma52).

Jπ: From (1987Ma52).
See B(M2)↑<4×10−2 e2fm4 (1978Ki01); B(E3)↑=319 e2fm6 13 1987Ma52),

B(E3)↑=360 e2fm6 11 (1975Ki15), and B(C3)↑=360 e2fm6 11 (1978Ki01).
5.38×103†#a 3/2− See B(M2)↑=6×10−2 e2fm4 3 (1978Ki01); B(E3)↑=47.9 e2fm6 43 (1987Ma52),

B(E3)↑=45 e2fm6 12 (1975Ki15), and B(C3)↑=45 e2fm6 12 (1978Ki01).
5.70×103†#a 7/2− <10 keV Γ: (1987Ma52).

See B(M2)↑=0.3 e2fm4 2 (1978Ki01); B(E3)↑=97.0 e2fm6 65 (1987Ma52),
B(E3)↑=270 e2fm6 32 (1975Ki15), and B(C3)↑=270 e2fm6 32 (1978Ki01).

5.73×103a (5/2−) <10 keV Jπ,Γ: (1987Ma52).
See B(E3)↑=134 e2fm6 21 (1987Ma52).

5.87×103a 3/2+ <10 keV Γ: (1987Ma52).
See B(E2)↑=2.13 e2fm4 22 (1987Ma52).

5.94×103†#a 1/2− See B(E3)↑=25.3 e2fm6 51 (1987Ma52), B(E3)↑=17 e2fm6 10 (1975Ki15), and
B(C3)↑=17 e2fm6 10 (1978Ki01).

6.36×103#a 1/2+ See B(E2)↑=1.43 e2fm4 21 (1987Ma52), and B(C2)↑=2.1 e2fm4 13 (1978Ki01).
6859†#a 5/2+ <10 keV Γ: (1987Ma52).

Unresolved with 6970 (1978Ki01).
Jπ: From (1987Ma52).
See B(E2)↑=0.83 e2fm4 25 and Jπ=5/2+ (1987Ma52). Earlier analysis, based in

Jπ=(1/2−) found B(E3)↑=(147 e2fm6 34) (1975Ki15), and B(C3)↑=147 e2fm6 34
(1978Ki01).

6970#a (7/2−) <10 keV Jπ,Γ: (1987Ma52).
Unresolved with 6859 (1978Ki01).
See B(E3)↑=75.5 e2fm6 56 and Jπ=(7/2−) (1987Ma52). Earlier analysis based in

Jπ=(5/2+) from (1978Ki01) found B(C2)↑=1.9 e2fm4 10 (1978Ki01).
7.17×103†a 5/2− <10 keV Γ: (1987Ma52).

See B(E3)↑=11.1 e2fm6 29 (1987Ma52), and B(E3)↑=22 e2fm6 25 (1975Ki15).
7.20×103a 3/2+ See B(E2)↑=1.79 e2fm4 25 (1987Ma52).

7378#a 5/2+ <10 keV Γ: (1987Ma52).
Unresolved with 7379 (1978Ki01,1987Ma52).
See B(E2)↑<0.8 e2fm4 (1987Ma52), B(C2)↑=3.6 e2fm4 10 (1987Ki01), and

B(C0)↑=5.5 e2 10 (1987Ki01).
7379†#a 5/2− <10 keV Γ: (1987Ma52).

Unresolved with 7378 (1978Ki01,1987Ma52).
See B(E3)↑=36.9 e2fm6 24 (1987Ma52), B(E3)↑=47 e2fm6 38 (1975Ki15), and

B(C3)↑=47 e2fm6 38 (1978Ki01).
7.56×103a 3/2− See B(E3)↑<15 e2fm6 (1987Ma52).
7.57×103†#a 7/2+ <10 keV Jπ,Γ: (1987Ma52).

See B(E2)↑=4.20 e2fm4 51 and Jπ=7/2+ (1987Ma52),
Earlier analysis using Jπ=7/2− found Eβ(C1)↑=7.8×10−2 e2fm2 20 (1978Ki01),

B(E3)↑=109 e2fm6 26 (1975Ki15), and B(C3)↑=109 e2fm6 26 (1978Ki01).
7.69×103a 7/2− See B(E3)↑=33.9 e2fm6 49 (1987Ma52).
7.76×103†#a (11/2−) <10 keV Γ: (1987Ma52).

See B(E3)↑=287 e2 fm6 14 and Jπ=11/2− (1987Ma52), B(E3)↑=369 e2fm6 15
(1975Ki15), and B(C3)↑=369 e2fm6 15 (1978Ki01).

7.96×103a 1/2+ See B(E2)↑=2.00 e2fm4 38 (1987Ma52).
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17O(e,e′) 1977No06,1986Ma48 (continued)

17O Levels (continued)

E(level) Jπb Γ Comments

8.20×103a 3/2− See B(E3)↑=11.0 e2fm6 13 (1987Ma52).
8347#a 1/2+ Unresolved with 8402, 8467, 8502 (1978Ki01).

See B(E2)↑=0.48 e2fm4 7 (1987Ma52), B(C0)↑=7.6 e2 14 (1978Ki01), and
B(C2)↑=8.3 e2fm4 26 (1978Ki01).

8402#a 5/2+ <10 keV Γ: (1987Ma52).
Unresolved with 8347, 8467, 8502 (1978Ki01).
See B(E2)↑=2.10 e2fm4 34 (1987Ma52), B(C0)↑=7.6 e2 14 (1978Ki01), and

B(C2)↑=8.3 e2fm4 26 (1978Ki01).
8467#a 9/2+ <10 keV Jπ,Γ: (1987Ma52).

Unresolved with 8347, 8402, 8502 (1978Ki01).
See B(E2)↑=10.1 e2fm4 12 and Jπ=9/2+ (1987Ma52).
Earlier analysis using Jπ=7/2+ found B(C0)↑=7.6 e2 14 (1978Ki01), and

B(C2)↑=8.3 e2fm4 26 (1978Ki01).
8502†#a 5/2− <10 keV Γ: (1987Ma52).

B(E3)↑ negligible (1975Ki15).
Unresolved with 8347, 8402, 8467 (1978Ki01).
See B(E3)↑<7 e2 fm6 (1987Ma52), B(C0)↑=7.6 e2 14 (1978Ki01), and

B(C2)↑=8.3 e2fm4 26 (1978Ki01).
8.69×103a 3/2− See B(E3)↑=5.2 e2fm6 12 (1987Ma52).
8.90×103a 2 (9/2−) ≤20 keV E(level),Jπ,Γ: (1987Ma52).

E(level): Probably is the level reported in (1965Ba32: 8.884-MeV;Γ=8 keV).
See B(E3)↑=13.3 e2fm6 23 (1987Ma52).

8.97×103a 7/2− See B(E3)↑=36.3 e2fm6 41 (1987Ma52).
9.15×103a (1/2−,9/2−) <10 keV Γ: (1987Ma52).

1987Ma52: Unresolve doublet.
See B(E3)<2.3 e2fm6 (1987Ma52).

9.18×103a 7/2− <10 keV Γ: (1987Ma52).
Unresolved with 9190 (1987Ma52).
See B(E3)↑=2.4 e2fm6 10 (1987Ma52).

9.19×103a 5/2+ <10 keV Γ: (1987Ma52).
Unresolved with 9180 (1987Ma52).
See B(E2)↑=0.48 e2fm4 16 (1987Ma52).

9.42×103a 3/2− See B(E3)↑=17.6 e2fm6 48 (1987Ma52).
9.49×103a 5/2− See B(E3)↑=6.5 e2fm6 10 (1987Ma52).
9.71×103a 7/2+

9.86×103a (5/2−) <10 keV Γ: (1987Ma52).
Unresolved with 9880 (1987Ma52).

9.88×103a (1/2−) Unresolved with 9860 (1987Ma52).
11.04×103a Unresolved with 11080 (1987Ma52).
11.08×103@a 1/2− <10 keV T=3/2 (1983Ra27,1987Ma52)

Γ: (1987Ma52).
Unresolved with 11040 (1987Ma52).
See B(M2)↑=6.1 µ2

Nfm4 19 (1983Ra27).
11.71×103‡ 5 Γ: narrow.

E(level): (1977No06).
11.95×103‡ 5 ≈250 keV E(level),Γ: (1977No06).
12.22×103a 2 ≤20 keV E(level),Γ: (1987Ma52).
12.47×103@a 3/2− <10 keV T=3/2 (1983Ra27,1987Ma52)

Γ: (1987Ma52).
See B(M2)↑=6 µ2

N fm4 3 (1983Ra27), and if pure E1, B(E1)↑=1.0×10−2 e2fm2

4 (1983Ra27).
12.66×103‡ 5 ≈90 keV E(level),Γ: (1977No06).
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17O(e,e′) 1977No06,1986Ma48 (continued)

17O Levels (continued)

E(level) Jπb Γ Comments

12.94×103a 1/2+ <10 keV T=3/2 (1987Ma52)
E(level): See also the triplet 12.96×103 keV 5 with Γ≈200 keV

(1977No06).
Γ: (1987Ma52).
Unresolved with 12990 (1987Ma52).

12.99×103@a 5/2− <10 keV T=3/2 (1983Ra27,1987Ma52)
Γ: (1987Ma52).
Unresolved with 12940 (1987Ma52).
See B(M2)↑=6 µ2

Nfm4 3 (1983Ra27), and if pure E1,
B(E1)↑=0.4×10−2 e2fm2 2 (1983Ra27).

13.58×103a 2 (11/2−) 68 keV 19 See also Ex=13.56 MeV5 andΓ≈150 keV (1977No06).
E(level),Γ: (1987Ma52).

14.14×103‡ 10 ≈100 keV E(level),Γ: (1977No06).
14.23×103@&a 7/2− T=3/2 (1983Ra27,1986Ma48,1987Ma52)

Jπ: (1986Ma48,1987Ma52).
See B(M2)↑=46 µ2

Nfm4 7 (1983Ra27), and B(E1)↑<0.01 e2fm2,
from the estimate of longitudinal component (1983Ra27).

14.45×103a (1987Ma52).
14.72×103&a 2 9/2− 35 keV 11 T=3/2 (1983Ra27)

E(level),Jπ,Γ: (1987Ma52).
E(level): See also Ex=14750 keV; Jπ=9/2− (1983Ra27).
See B(M2)↑=27 µ2

N fm4 10 (1983Ra27).
14.76×103‡ 10 >300 keV E(level),Γ: (1977No06).
15.10×103@ (3/2+,5/2+,7/2+) T=3/2 (1983Ra27)

See B(M2)↑=0.14µ2
Nfm2 4 (1983Ra27).

Γ: Narrow.
15.24×103‡ 10 ≈200 keV E(level),Γ: (1977No06).

15780& 20 (13/2−) <30 keV T=(3/2) (1986Ma48,1987Ma40)
E(level),Γ: (1986Ma48); Jπ: (1986Ma48,1987Ma40).
See B(M4)↑=177 e2fm8 17 (1986Ma48).
Jπ: From (1987Mi25): See comments, replies and discussion in

(1987Mi25) and (1986Ma48, 1987Ma40). Initially identified in
17O(e,e′) as (9/2−).

16500& 20 ≤20 keV E(level),Γ: (1986Ma48).
16.52×103‡ 5 ≈300 keV E(level),Γ: (1977No06).

17060& 20 (11/2−) <20 keV Jπ: From (1987Mi25): See comments, replies and discussion in
(1987Mi25) and (1986Ma48, 1987Ma40). Initially identified in
17O(e,e′) as (7/2−). Also see (7/2−) in 16O(p,π+) and (11/2−) in
13C(6Li,d).

T=(1/2) from (1987Mi25), see comments in (1986Ma48, 1987Ma40,
1987Mi25). Initially reported as T=(3/2) (1986Ma48,1987Ma40).

E(level),Γ: (1986Ma48); See also Ex=17090 keV50; Γ:
narrow (1977No06).

See B(M4)↑=76 e2fm8 6 (1986Ma48).
17.5×103?‡ E(level): broad: 17.5-19.6 MeV (1977No06: C2).

17920& 20 98 keV 16 E(level),Γ: (1986Ma48).
18720& 20 87 keV 33 E(level),Γ: (1986Ma48).
18830& 20 ≤20 keV E(level),Γ: (1986Ma48).
19850& 40 530 keV150 E(level),Γ: (1986Ma48).
20140& 20 (11/2−) 31 keV 5 T=1/2 (1986Ma48,1987Ma40)

E(level),Γ: (1986Ma48); Jπ: (1986Ma48,1987Ma40).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977No06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma40,B
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17O(e,e′) 1977No06,1986Ma48 (continued)

17O Levels (continued)

E(level) Jπb Γ Comments

See B(M4)↑=349 e2fm8 18 (1986Ma48).
Jπ: From (1987Mi25): See comments, replies and discussion in (1987Mi25) and

(1986Ma48, 1987Ma40). Initially identified as 13/2− but later assigned 11/2−.
20.5×103‡ E(level): (1977No06).

20700& 20 (9/2−) <20 keV T=(3/2) (1986Ma48,1987Ma40)
E(level),Γ: (1986Ma48); Jπ: (1986Ma48,1987Ma40).
See B(M4)↑=177 e2fm8 10 (1986Ma48).
Jπ: From (1987Mi25): See comments, replies and discussion in (1987Mi25) and

(1986Ma48, 1987Ma40). Initially identified as 11/2− but later assigned 9/2−.
22.0×103?‡ E(level): doublet (1977No06: C1).
23.0×103‡ E(level): (1977No06: C1).

† (1975Ki15).
‡ (1977No06).
# (1978Ki01).
@ (1983Ra27).
& (1986Ma48).
a (1987Ma52).
b See discussion on 5p-4h, 3p-2h and 1p-0h configuration mixing for positive parity states and 4p-3h and 2p-1h mixing for

negative parity states.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ki15,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ki01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma52,B


17
8O9-131 TUNL Nuclear Data Evaluation

17
8 O9-131

17O(π+,π+′),(π −,π−′) 1984Bl17

1984Bl17: Differential cross sections forπ± scattering were measured from Eπ=164 MeV bombardment of a 75 mg/cm2, cooled
17O gas target (49.9%17O, 26.9%16O, 23.2%18O; 120◦ K temperature and 2 atm pressure) with the EPICS system/LAMPF.
The energy resolution was≈150 keV (FWHM) and the spectrometer′s angular acceptance was≈3◦. Spectra were taken between
θ=18◦−48◦, 56◦, 65◦, and 74◦ in 6◦ steps covered a range of 30 MeV in excitation energy (pion energy loss). Angular distributions
to 17O states were analyzed by DWIA. Evidence was suggested for E2strength near 8 MeV and for M4 strength to two states at
Ex=15.7 and 17.1 MeV.

See also (1983BlZX).

Theory:
1975Pa06: 17O(π,π); calculated hyperfine interaction.
1977Si01: 17O(π,X), E≈190 MeV; calculated pion induced nucleon knockoutσ.
1981Os04: 17O(π±,π0), E=130-250 MeV; calculated totalσ(E), σ(θ); deduced importance of∆-isobar property renormalizations.

Glauber theory, shell model configurations, Woods-Saxon single particle functions.

17O Levels

E(level)† Jπ† E(level)† Jπ† E(level)† Jπ† E(level)† Jπ†

0.87×103 1/2+ 5.22×103 9/2− 6.86×103 (7/2−) 8.40×103

3.05×103 1/2− 5.38×103 3/2− 7.58×103 7/2− 15.7×103 13/2−

3.85×103 5/2− 5.69×103 7/2− 7.76×103 11/2− 17.1×103 11/2−

4.55×103 3/2− 5.73×103 (5/2−) 8.09×103

† From (1984Bl17).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Bl17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Bl17,B
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17O(p,p′) 1972Le28

1972Le28: 17O(p,p), E=65 MeV; measuredσ(θ); deduced optical model parameters. Enriched gas target. See also (1972Le27:
analysis).

1975Cr04: 17O(p,p′), E=8.5-10.5 MeV; measuredσ(E; Ep′,θ); deduced optical model parameters. Enriched target.
1980Fa07: 17O(p,p), E=35.2 MeV; deduced17O quadrupole deformation parameter.
See also (1976Co01, 1978Am05: theory).

17O Levels

E(level)†

0‡

0.87×103‡

3.06×103‡

† Excited states of17O*(3.06,3.84,4.56,5.08,5.22,5.38,5.70 MeV) observed in(1972Le28) are unresolved.
‡ Observed in (1975Cr04).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Cr04,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Cr04,B
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17O(3He,3He)

1968Ha30: 17O(3He,t), elastic, E=17.3 MeV; measuredσ(θ).
1970Bo25: 17O(3He,3He), elastic, E=11 MeV; measuredσ(θ); deduced optical-model parameters.
1982Ab04: 17O(3He,3He), elastic, E=14 MeV; measuredσ(θ); deduced optical model parameters.
1983Le03: 17O(pol. 3He,3He), (pol. 3He,3He′), E=33 MeV; measuredσ(θ), A(θ); deduced optical model parameters, deformation

parameters.17O*(0.87). Deformation parameterβ=+0.3.
See also (1987Co07: theory).
See also (1976Co27: 17O(α,α), analyzed).
See also (1982Hs01: 17O(n,n′γ), measurement).
See also (2020Na31: 4He(17O,α) E=54.4 MeV; studied21Ne resonances.

17O Levels

E(level) Comments

0
870 β=+0.3 (1983Le03).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ha30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bo25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ab04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Le03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Co07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Co27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Hs01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Na31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Le03,B
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17O(16O,16O),(16O,16O′)

1973Ge04: 17O(16O,16O), E=24,28,32 MeV; measuredσ(E,θ). See also (1973Ge13).
1974Ge01: 17O(16O,16O′), E(lab)=22,24,28,32 MeV; measuredσ(θ), for θ(cm)=129◦ measuredσ(E); enriched targets.
See also (1974Ba46,1974Bo13,1975Im04,1987Im03,1987Ma22,1988Im02: theory).

17O Levels

E(level) Jπ Comments

0 5/2+ Observed in (1973Ge04).
871 1/2+ Observed in (1974Ge01).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ge04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ge13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ge01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ba46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Bo13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Im04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Im03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ma22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Im02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ge04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ge01,B
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18O(γ,n) 1976Ba41

1976Ba41: 18O(γ,n), E=23.5, 28 MeV bremsstrahlung; measured promptγ spectrum.18O GDR deduced decay to levels in17N,
17,16O, 14C.

See also (1963Fu06,1980Py01).

17O Levels

E(level)† Jπ† Comments

0 5/2+

870 1/2+ Bremsstrahlung weighted integrated cross sectionσ=6.01 MeV·b at Bremsstrahlung endpoint energy
Ebrem.=23.5 MeV;σ=6.71 MeV·b at Ebrem.=28 MeV.

3055 1/2− σ=5.18 MeV·b at Ebrem.=23.5 MeV;σ=8.69 MeV·b at Ebrem.=28 MeV.
3841 5/2− σ=0.77 MeV·b at Ebrem.=23.5 MeV;σ=1.17 MeV·b at Ebrem.=28 MeV. These values contain admixtures

from the decay of the13C*(3.854 MeV) state.

† From (1976Ba41).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ba41,B
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18O(p,d) 1973Pi09

1963Le03: 18O(p,d), Ep=17.6-20 MeV; angular distributions were taken and absolutedifferential cross sections were obtained;
reduced widths and spectroscopic factors were calculated.

1967Lu05: A proton beam at E=18.2 MeV, from the Livermore variable energy cyclotron, impinged on an oxygen enriched target
gas cell (99.06%18O, 0.35%18O17O, 0.59%18O16O). A telescope consisting of a transmission type surface barrier ∆E detector
and a lithium-drifted Si E detector was used to detect particles. DWBA analyses were performed and energy levels of
17O*(0,0.871,3.058,3.846(Jπ=5/2−) MeV) were obtained. There was no evidence of a simple pick-up reaction leading to the state of
17O*(3.846 MeV: Jπ=5/2−).

1973Pi09: 18fO(pol. p,d), E=24.4 MeV; measuredσ(Ed,Et,θ), A(θ). Deduced reaction mechanism.17O levels deduced S.
1974Pi05: 18O(p,d), E=20-45 MeV; measuredσ(Ed,θ), deduced optical model parameters.17O levels deduced L, J,π.
1977Oh02: 18O(p,d), E=51.9 MeV; measuredσ(Ed,θ). 17O levels deduced L, S. Enriched18O target.

Theory:
1970Hi15: 17O; calculated negative-parity levels, S for18O(p,d). Particle-hole formalism.
1973Ig02: 18O(p,d), calculatedσ(θ).
1973Or09: 18O(p,d), E=17.6 MeV; calculatedσ(Ed,θ).
1977Bo42: 18O(p,d), E=17.6 MeV; calculatedσ(θ).

17O Levels

E(level)† Jπ† L Sb Comments

0‡#@&a 5/2+ 2 1.31 L: See (1963Le03,1973Pi09).
870‡#@&a 1/2+ 0 0.07 L: See (1963Le03,1973Pi09).

3050‡#@&a 1/2− 1 0.88 L: See (1963Le03,1973Pi09).
3840@&a 5/2− 3 L: See (1973Pi09).
4550&a 3/2− 1 0.14 L: See (1973Pi09).
5080a 3/2+ 2 0.13 L: See (1973Pi09).
5220a (7/2,9/2,11/2)− L: See (1973Pi09).
5380a 3/2− 1 L: See (1973Pi09).

† Nominal level energy and Jπ values listed in (1973Pi09).
‡ Observed in (1963Le03).
# Observed in (1977Oh02).
@ Observed in (1967Lu05).
& Observed in (1974Pi05).
a Observed in (1973Pi09).
b Mean values from (1973Pi09).
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18O(d,t) 1977Ma10

1961Ar06: 18O(d,t), E=15 MeV; angular distributions of triton groups corresponding to the17O*(0,0.871,3.846,4.555,5.083, and
5.378-MeV) states are obtained.

1963Ro12: The distorted wave Born approximation is used to analyse the reactions18O(d,t) and18O(d,p)19O. Assignments of L
values obtained from Butler theory are confirmed.

1977Ma10: A beam of deuterons at E=52 MeV from the Karlsruhe isochronous cyclotron impinged ona 98% enriched18O2 gas
target. The tritons were detected with∆E-E counter telescopes with an energy resolution of 90 keV FWHM and were measured
betweenθ=8◦ and 50◦. Spectroscopic factors were obtained by a DWBA analysis. Energy levels of17O up to 25 MeV, Jπ, L and
T values were also deduced.

1978Fo05: An E=17 MeV deuteron beam from the University of Pennsylvania FN tandem Van de Graaff accelerator bombarded
once a solid target WO3 and once a gaseous O2 target. In both experiments elastic and inelastic deuterons were detected atθ=45◦

relative to the beam. The absolute cross sections were measured. Spectroscopic factors deduced by DWBA analysis for17O ground
state (5/2+) and the first excited state (1/2+) are 1.48 and 0.29, respectively.

1981Ma14: 18O(pol. d,3He); E=52 MeV; measured iT11(E(
3He),θ). 17O deduced levels, J,π, S. Enriched targets. DWBA,

Nilsson model analyses.
See also (1961Vl02,1977FoZZ,1979KnZQ) and (1975Hs01,1976La13: theory).

17O Levels

E(level)† Jπ† L‡ C2S‡ Comments

0#@& 5/2+ 2 1.53 L: See also (1961Ar06,1963Ro12).
Spectroscopic factor (DWBA) S(5/2+)=1.4827 (1978Fo05).

871#@& 1/2+ 0 0.21 L: See also (1961Ar06,1963Ro12).
Spectroscopic factor (DWBA) S(1/2+)=0.295 (1978Fo05). The ratio of

S(1/2+)/S(5/2+)=0.19515 which is in disagreement with the theoretical value of
0.267 (1976La13).

3055#& 1/2− 1 1.08
3841#@& 5/2− 3 L: from (1961Ar06,1963Ro12); see also (1977Ma10: >2).
4554#@& 3/2− 1 0.12 L: See also (1961Ar06,1963Ro12).
5083#@& 3/2+ 2 0.10 L: See also (1961Ar06,1963Ro12).
5377#@& 3/2− 1 0.53 L: See also (1961Ar06,1963Ro12).
5935& 1/2− 1 0.06
6859 L: L,1 (1977Ma10).
7380 (5/2−,5/2+) E(level),Jπ: unresolved doublet (1977Ma10).

L: L,2 (1977Ma10).
8213& 3/2− 1 0.15
8703& 3/2− 1 0.10
9160& 1/2− 1 0.10

11082& 1/2−a 1 0.96 T=3/2 (1981Ma14)
11410& 10 (1) 0.04 T=1/2 (1977Ma10)
12120& 10 (1) 0.24 T=1/2 (1977Ma10)
12471& 3/2−a 1 0.24 T=3/2 (1981Ma14)
12760& 10 (1) 0.17 T=1/2 (1977Ma10)
12950& 1/2+a 0 0.195 T=3/2 (1981Ma14)
13640& 5/2+a 2 0.2912 T=3/2 (1981Ma14)

Jπ: See also (5/2+) (1977Ma10).
16580& 10 3/2−a 1 0.93 T=3/2 (1977Ma10,1981Ma14)

Jπ: See also (1/2−,3/2−) (1977Ma10).
18140& 10 3/2−a 1 0.17 T=3/2 (1977Ma10,1981Ma14)

Jπ: See also (1/2−,3/2−) (1977Ma10).
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18O(d,t) 1977Ma10 (continued)

17O Levels (continued)

† See nominal level energy values listed in, for example, (1977Ma10) except where noted. J is consistent with DWBA analysis in
(1977Ma10).
‡ From (1977Ma10) except where noted.
# Observed in (1961Ar06). However, the triton group corresponding to the 3.06-MeV state was not observed at 8◦<θlab<37◦.
@ Observed in (1963Ro12).
& Observed/measured(with uncertainty) in (1977Ma10). The authors find agreement with (1971Aj ) within≈10 keV and use this as

the basis for their uncertainty; this may be an underestimate?
a From (1981Ma14: 18O(pol. d,3He)); deduced from combining with the results of a parallel18O(d,3He)17N and18O(d,t)17O

measurement (1977Ma10).
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18O(3He,α) 1969De06

1969De06: An E(3He)=16 MeV beam from the Heidelberg E(n) Tandem Van de Graaff accelerator bombarded a target containing
10 µg/cm2 of 18O and≈6 µg/cm2 of 16O. A broad range magnetic spectrograph was used to analyzeα-particles. Theα-particle
spectrum was obtained atθ=5◦ and the absolute cross sections were determined with an accuracy of 25%. Eight analogue T=3/2
excited states in17O were identified. Thel-transfer values and spectroscopic factors were also deduced for four of these states.

1970Mc02: Branching ratios were measured for the decays of the lowestT=3/2 levels of17F and17O to the ground state and
unresolved 6.05- and 6.13-MeV levels of16O. The experiment was performed by bombarding a nickel oxidetarget (98%18O
enriched) with an E=12 3He ion beam. Alpha particles were detected atθ=10◦ with a double-focusing magnetic spectrometer.

The branching ratios for transition17O*(11.08 MeV)→16Og.s. and17O*(11.08 MeV)→16O*(6.05+6.13 MeV) are (0.9115) and
(0.052), respectively. The ratios of the reduced widths (θ2) decaying to16O levels,Θ2(g.s.)/θ2(6.05)=3.4 14 and
Θ2(g.s.)/θ2(6.13)=0.3214 were also deduced. The width of17O*(11.08 MeV) state is<20 keV (D.C. Hensly, Ph.D. thesis,
Caltech (1969) unpublished).

1973Ad02: 18O(3He,nα), E=12 MeV; measuredσ(En,Eα,θ(α),θ(n))nα-coin. 17O deduced level-width(n).

17O Levels

E(level)† Jπ‡ Γ L‡ C2S# Comments

110826 (1/2)− 5 keV 1 1 0.49 Γ: from (McDonald et al., Bull. Amer. Phys. Soc. 16, 489 (1971)
13C(α,n))). See also<20 keV (D.C. Hensly, Ph.D. thesis, Caltech (1969)
unpublished).
Γn0/Γ=91 15 andΓn(1+2)/Γ=0.052 were deduced in (1973Ad02). Also
θ2(g.s.)/θ2(6.13)=0.3114 (1973Ad02); these compare with
θ2(g.s.)/θ2(6.05)=3.4 14 andθ2(g.s.)/θ2(6.13)=0.3214 (1970Mc02).

The valueΓα0=0.3 keV is deduced using the measured (1973Ad02) neutron
branching ratios and the width from McDonald; however in thepresent
evaluation we adopt a differentΓ=2.4 keV3 andΓn0/Γ=81 6. This
changes the interpretation.

124715 (3/2)− 1 0.27
129508 1/2+ 0 0.096
129948
136405 (5/2)+ 2 0.39
142198
1428212
151018

† From (1969De06); T=3/2 states.
‡ From (1969De06).
# Calculated assuming C2S=4 for 15O*(6.18 MeV) in 16O(3He,α)15O.
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19F(n,t),(d,α),(α,6Li) 2015Fa12

1968Re07: 19F(n,t), E=14.4 MeV; measuredα(Et,θ).
2011Ko29: 19F(n,t), E=14.2 MeV; measured reaction products; deducedσ(θ,E).
1960Hu10: The experiment was performed at the Osaka University 44-inch cyclotron from an E=11.4 MeV deuteron beam

bombardment of a Teflon film (0.9 mg/cm2) at θlab=30◦. Alpha particles were detected by a thin uniform CsI(Tl) crystal on a R.
C. A. 6342 photomultiplier. The angular distributions weremeasured atθc.m.≈25◦−16−◦. The17O ground state and the first excited
state (0.872 MeV) were observed.

1960Ri05: 19F(d,α), E=1.8 MeV; Qg.s. for 17O=10.059 MeV10. 17O*(0.878 6, 3.07112, 3.86610, 4.57030, 5.24512, 5.40820,
5.7268, 5.75815, 5.89712, 5.96120 MeV) observed (see Table 3)).

1961Ci02: An Ed=13 MeV beam impinged on a 7-10 mg/cm2 Teflon foils in a 30 cm diameter scattering chamber at the Center of
Nuclear Physics in Cracow, Poland/120 cm cyclotron. Particles were detected by a thin scintillator placed at a distance of 30 cm
from the target and identified by a 100-channel amplitude analyzer with the energy resolution of≈7-9%. The absolute cross
sections were measured by means of a beam integrator with a reliability better than 5%. The excitation functions of17O ground
state (l=2, 4) and the first excited state (l=0 (best fit), 2) were observed atθlab=25◦−145◦.

1962Ta07: A deuteron beam of E=14.7 MeV obtained from the Kyoto University 105 cm cyclotronbombarded a 0.76 mg.cm2

Teflon film. A solid state detector of the Si p-n junction of RCAVicotr Type-C operated with the reverse bias voltage of 200 volts
was used to detectα particles with the angular spread±1.5◦. The alpha spectrum was measured and the uncertainty of the absolute
differential cross setions was estimated to be<30%. Excitation functions of17O*(g.s.(5/2+),0.87(1/2+),3.058(1/2−),3.846(7/2) and
4.555 MeV(3/2−)) were deduced.

1964Ja08: Deuterons at E=2-3 MeV from the University of Texas electrostatic accelerator at Balcones Research Center impinged on
a target, prepared by vacuum evaporation of calcium fluorideonto a 0.2 mg/cm2 gold foil. The thickness of the calcium fluoride
was≈40 keV at 2.5 MeV based on energy resolution of the observedα-particles. Alpha particles were detected using a
semiconductor detector and were analyzed by a 100-channel pulse-height analyzer. The differential cross sections of the five lowest
states in17O were measured atθlab=70◦ with an uncertainty of 50% (for the absolute cross sections)and of±8% (for the relative
cross sections). Total cross sections were compared with 2I+1 rule whereI is the spin of the residule nucleus.

1964Ma04: The angular distributions for the reaction17F(d,α)17O*(0,0.872 MeV) were measured from an Ed=27.5 MeV1 beam
bombardment of a 1.13 mg/cm2 4 Teflon film at the 180-cm Buenos Aires cynchrocyclotron. Measurements were performed at
θlab=15◦−12−◦, in 5◦ intervals for the forward, and 10◦ intervals for the backward hemisphere. Alpha particles were detected using
a solid-state detector with a energy resolution of≈1%.

1965Co07,1965Co09: The differential cross sections for the19F(d,α) reaction were measured at the Purdue University/37-inch
cyclotron. Thin Teflon targets (370-720µg/cm2) were bombarded with 9.2-MeV deuteron beams. Alpha particles were detected
using Si surface-barrier detectors and were identified witha 256-channel pulse-height analyzer. The azimuthal acceptance angle of
the detector was 2.3◦ and the nominal solid angle subtended by the detector was 0.001 sr. Alpha spectra were obtained at 46 angles
in the range ofθlab=10◦−172.5◦. The systematic uncertainty of the absolute cross sectionsis ±15%. The energe levels of17O
ground state and the lowest four excited states were observed. The 2I+1 rule was discussed.

1965El01: Deuterons at E=1-2.5 MeV produced by the 2.5 MeV electrostatic acceleratorof the UAR Atomic Energy Establishment
impinged on a 0.7 mg/cm2 CaF2 target (evaporated on a thin silver backing). The emittedα particles were detected using a
semiconductor detector and were fed into a ORTEC-100α-40 charge amplifier and a 400 or 512-channel pulse-height analyzer with
the resolution≤1%. The ground state and the first nine excited states of17O were deduced.

1965St14: A beam of 950-1250 keV deuterons, from the 1.5 MeV Cockcroft-Walton accelerator/Boris Kidrich Institute bombarded a
0.35 mg/cm2 CaF2 (evaporated on nickel) target. Reaction particles were detected using Si surface-barrier counters and were fed to
the amplifiers (ORTEC type 103, 203) and a 512-channel pulse-height analyzer. The energy resolution for theα0 group was about
100 keV. Theα1−3 groups have total cross sections consistent with the 2J+1 law as expected. The ground state and the first four
excited states of17O were resolved.

1966We04: A deuteron beam at E=5.5, 6.5, 7.5, 8.5, 9.5 and 11.5 MeV from the Lawrence Radiation Laboratory/90-in.
variable-energy cyclotron impinged on a 0.60 mg/cm2 Teflon (Cf2) target. Three Si surface-barrier detectors, mounted in fixed
positions on a curved brass arm at 10◦ intervals, covered a solid angle∆Ω=0.406×10−3 sr with an angular spread of±0.6◦. Alpha
particles were observed by a solid-state counter. Angular distributions for the ground and first four excited states of17O were
measured atθlab=7.5◦−163◦ in 5◦ intervals. Reasonable fits by DWBA theory were obtained onlyfor the 17Og.s. state distributions
at higher bombarding energies.

1968Bi09: 19F(d,α), E=2.0,2.2 MeV; measuredσ(Eα,θ); deduced17O level properties.
1968Pr04: The differential cross sections corresponding to the production ofthe first three and first two residual states in the
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19F(n,t),(d,α),(α,6Li) 2015Fa12 (continued)

reactions19F(d,α)17O and15N(d,α)13C were measured atθ=17◦−170◦ andθ=17◦−112◦, respectively. A deuteron beam at E=21.0
MeV 1 bombarded either a19F target (1.43 mg/cm2 5 comercial films of Teflon, Cf2) or a 15N gas target (99% purity) at the
Lewis Research Center. The over-all energy resolution was≈300 keV FWHM and the systematic error in the absolute differential
cross section was≈15%. The angular distributions were fitted by the cutoff DWBA calculations and the best fit was obtained for
the 19F(d,α1) reaction which proceeded primarily by L=0 orbital-angular-momentum transfer.

1968Ta02: The deuterons accelerated by the 5 MV Van de Graaff accelerator at Tohoku University impinged on a CaF2 target.
Two semi-conductor, suface-barrier detectors separated by 45◦ were placed on a turntable scattering chamber with an inner
diameter, 14 cm. Five lowest states of17O were observed atθ=90◦ and 135◦ for the energy range Ed=0.9-4.25 MeV in steps of 50
keV. The 2J+1 rule was also examined.

1968Za03: 19F(d,α), E=2.4-3.95 MeV; measuredσ(E; Eα,θ), observedα0, α1, α2 andα3; deduced reaction mechanism.
1969Li22: The deuterons produced in the 3 MeV Van de Graaff Accelerator at the National Tsing Hua University in China,

impinged on a 150µg/cm2 CaF2 target. A surface-barrier Si detector (SSD) was used to detect α particles. The excitation
functions were measured with Ed=1.35-2.15 MeV in steps of 50 keV atθlab=90◦ and 160◦. The angular distributions of fourα
groups,α0−3 were measured atθ=50◦−160◦ in 10◦ intervals and compared with the 2I+1 rule whereI is the spin of the residual
nucleus.

1969Me07: A beam of 300-650 keV deuterons, from the cascade generatorof ATOMKI /Institute of Nuclear Research, Debrecen,
Hungary impinged on a 0.5 mg/cm2 CaF2 target (evaporated onto a Cu foil). Theα0−3 angular distributions were measured at ten
different energies with a plastic track detector and a semiconductor detector (ORTEC SBCJ-25-300).

1970So12: 19F(d,α0,1,2,3), E=600,650 keV; measuredσ(Eα,θ).
1972La18: 19F(d,α),(d, p), E=3 MeV; measuredσ(Ep,θ).
1976Bi03: 19F(d,α), E=2.34-14.45 MeV; measuredσ(E,Eα,θ); deduced reaction mechanism.
1979An35: 19F(pol. d,α), E=1.8-3 MeV; measuredσ(Eα), analyzing power iT11(E,θα), iT11(E,θd).
1981Ma46: 19F(d,α), E=410.7 keV-1.9 MeV; measured products,17O, 2-He-4; deducedσ(θ).
2000El08: 19F(d,α), E=0.7-3.4 MeV; measured Eγ, Iγ; deduced thick targetγ-ray yields.
2012Pa34: 19F(d,α), E=1.8-3 MeV; measured Eα, Iα; deducedσ(θ). Comparison with available data, SIMNRA code calculations.
2015Fa12: XUNDL dataset compiled by TUNL, 2015.
The authors studied17O levels in the Ex=4 to 8 MeV to better characterize their roles in astrophysical neutron production, via the

13C(α,n) reaction , and absorption, via the16O(n,γ) reaction.
A beam of 22 MeV deuterons, from the Maier-Leibnitz Laboratory in Munich, impinged on a 46µg/cm2 6LiF target that was

evaporated onto a 12µg/cm2 carbon backing. The reaction products were momentum analyzed using a Q3D spectrograph and
detected in the focal plane with a position sensitive proportional counter. Measurements were carried out atθ=10◦ and 15◦ covering
Ex=3750 to 6200 keV and 5500 to 7800 keV, respectively, with an energy resolution of 20 keV (FWHM) that was mainly
attributed to the energy loss difference of d′s andα′s in the target. The peaks of the spectrum were fitted with a convolution of
Lorentzian and Gaussian shapes; for broader shapes, the LorentzianΓ was deduced, for narrower resonances only the FWHM is
provided.

The present results are compared with literature values anddiscussed in the context of their astrophysical relevance.Particular
attention is given to the parameters of the Ex≈6360 keV state, which is closest to the13C(α,n) threshold at 6358.69 keV.

See also (1962Fo02).
1968Mi05: 19F(α,6Li), a study leading to the ground and first excited states of17O.
1995Fa21: 19F(α,6Li), E=27.2 MeV; measuredσ(θ); deduced model parameters, spectroscopic factors. Finite-range DWBA.

17O Levels

Notes:
Bu51: Proc. Roy. Soc. A209, 478 (1951).19F(d,α) Ed=7.9 MeV.
Wa52: Phys. Rev. 88, 1324 (1952).
Go56: Physica 22, 1159,73. (1956).
Atomic mass of17O=17.000139 u12 (1960Ri05).
For the ground state and up to the fifth excited states observed, see also (1960Hu10, 1961Ci02, 1962Ta07, 1964Ja08, 1964Ma04,

1965Co07, 1965Co09, 1965St14, 1966We04, 1968Pr04, 1968Ta02, 1968Za03, 1969Li22, 1969Me07, 1972La18, 1976Bi03,
1981Ma46, 2012Pa34). See also (1968Mi05: 19F(α,6Li)17O*(g.s.,0.873),1995Fa21: 19F(α,6Li)17Og.s.).

141

https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ta02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Za03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970So12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979An35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000El08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Pa34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Fo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Fa21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ri05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Hu10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ci02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ta07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ja08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ma04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Co07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Co09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966We04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ta02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Za03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ma46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Pa34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Fa21,B


Continued on next page (footnotes at end of table)

17
8O9-142 TUNL Nuclear Data Evaluation

17
8 O9-142

19F(n,t),(d,α),(α,6Li) 2015Fa12 (continued)

17O Levels (continued)

E(level)† Jπ‡ Γ† L FWHM (keV)†# Comments

0bc 5/2+ 2,4 L: See (1960Hu10,1961Ci02,1962Ta07,1965St14,1968Pr04,
1976Bi03).

879.0bc 52 1/2+ 0,2 E(level): wieghted average from (Bu51: 870 keV50),
(Wa52: 883 keV11) and (1960Ri05: 878 keV6). See
also Ex=870 keV 20 (Bu51: mean energy value of
19F(d,α) and16O(d,p) reaction calculations.).

L: See (1961Ci02,1962Ta07,1968Pr04,1976Bi03).
3069.2b 76 1/2− 1 E(level): wieghted average from (Bu51: 3030 keV60),

(Wa52: 3069 keV10) and (1960Ri05: 3071 keV12).
See also Ex=3060 keV 30 (Bu51: mean energy value of
19F(d,α) and16O(d,p) reactions calculations.).

L: See (1968Pr04).
3842.9@ab 4 5/2− 21.5221 E(level): See also Ex(keV)=383040 (Bu51), 385030

(Bu51: mean energy value of19F(d,α) and16O(d,p)
reaction calculations), 385611 (Wa52) and 386610
(1960Ri05).

4551.4&ab 7 3/2− 38.1 keV28 48.217 E(level): See also Ex(keV)=456030 (Bu51), 458020
(Bu51: mean energy value of19F(d,α) and16O(d,p)
reaction calculations), 456714 (Wa52) and 457030
(1960Ri05).

5087.7& 10 3/2+ 88 keV 3 93.426 E(level): See also Ex(keV)=508030 (Bu51), 507020
(Bu51: mean energy value of19F(d,α) and16O(d,p)
reaction calculations).

5216.5@ab 4 9/2− 21.65 E(level): See also Ex(keV)=531060 (Bu51), 531020
(Bu51: mean energy value of19F(d,α) and16O(d,p)
reaction calculations), 522913 (Wa52), 524512
(1960Ri05) and (1965El01: 5.23+5.40 MeV unresolved).

5388.8&b 6 3/2− 39.0 keV21 49.411 E(level): See also Ex(keV)=539714 (Wa52) and 540820
(1960Ri05).

5697.5@ab 5 7/2− 21.9714 E(level): See also Ex(keV)=566030 (Bu51), 576020
(Bu511: mean energy value of19F(d,α) and16O(d,p)
reaction calculations), 572314 (Wa52) and 57268
(1960Ri05).

5731.6@ab 4 (5/2−) 21.9714 E(level): See also Ex(keV)=575815 (1960Ri05) and
(1965El01: 5.71+5.86+5.85 MeV unresolved).

5869.7@a 6 3/2+ 25.27 E(level): See also Ex(keV)=587515 (Wa52) and 589712
(1960Ri05).

5931.0& 11 1/2− 33 keV 5 44.730 E(level): See also Ex(keV)=594715 (Wa52) and 596120
(1960Ri05).

6363.4& 31 1/2+ 136 keV5 139 4 E(level): See also Ex(keV)=621030 (Bu51) and 624020
(Bu51: mean energy value of19F(d,α) and16O(d,p)
reaction calculations).

6860.7@a 4 (5/2+) 18.87 E(level): See also Ex(keV)=691030 (Bu51), 689030
(Bu511: mean energy value of19F(d,α) and16O(d,p)
reaction calculations) and 686914 (Wa52).

6972.6@a 4 (7/2−) 18.84 E(level): See also Ex(keV)=(698615) (Wa52).
7165.4@a 18 5/2− 20.05
7216& 4 3/2+ 262 keV7 264 7
7380.1@ 4 19.85 Unresolved Ex=7379 (5/2+) and 7382 (5/2−) states.

E(level): See also Ex(keV)=(737115) (Wa52).
751030 3/2− E(level): from (Bu51).
7573.5@a 6 (7/2+) 18.412
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19F(n,t),(d,α),(α,6Li) 2015Fa12 (continued)

17O Levels (continued)

E(level)† Jπ‡ Γ† FWHM (keV)†# Comments

7689.2&a 6 7/2− 12 keV 4 25.113
7763.6@a 4 11/2− <4 keV 18.17

8270?40 E(level): from (Bu51).
8590?40 E(level): from (Bu51).
9060?40 E(level): from (Bu51).

† From (2015Fa12) except where noted.
‡ Nominal values listed in (2015Fa12).
# The peaks of the spectrum were fitted with a convolution of Lorentzian and Gaussian shapes; for broader shapes, the Lorentzian
Γ was deduced, for narrower resonances only the FWHM is provided and that could be regarded as an upper limit.

@ Fit with Gaussian shape.
& Fit with Lorentzian shape.
a Used for energy calibration.
b Also observed in (1968Bi09).
c Also observed in (1968Re07,2011Ko29).

γ(17O)

Eγ Ei(level) Jπi E f Jπf Comments

879 879.0 1/2+ 0 5/2+ Eγ: see (2000El08: 870.7 keV).
2200 3069.2 1/2− 879.0 1/2+ Eγ: from (Go56). The absence of the direct ground state decay ofthe 3.07-MeV state is

consistent with J=1/2 (Go56).
3842.9 3842.9 5/2− 0 5/2+ Eγ: from (Go56).
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19F(p,3He) 1967Co05,1974Ne03

1967Co05: Reaction19F(p,3He) was studied by bombarding a Teflon (Cf2) target with a beam of 30.5 MeV protons from the
University of Southern California linear accelerator. Charged particles were detected by a counter telescope consisting of 2 Si
surfacs-barrier detectors and were identified by the E-∆E method. Abosolute differential cross sections were measured at
θ=16◦−111◦. The ground state and the first excited state of17O*(0.871 MeV) were observed.

1972HuZR: 19F(p,3He), E=45 MeV; measured totalσ, σ(θ). 17O transitions deduced L.
1974Ne03: An Ep=42.4 MeV beam from the University of Manitoba sector focussed cyclotron impinged on a 2.19 mg/cm2 (surface

density) fluorine target. Two detector telescopes, each consisting of a 200µm ∆E detector, a 3 mm lithium drifted E-detector and
a veto counter, mounted in a 71 cm diameter scattering chamber, were used to detect emitted particles. An Ortec particle identifier
units was used to identify particles. The differential cross sections of the reaction19F(p,3He) corresponding to the levels of
17O*(0, 0.871, 3.055, 3.841) were measured. Comparisons weremade with the analog transitions in the mirror reaction
19F(p,t)17F.

17O Levels

E(level)† Jπ†

0‡# 5/2+

871‡# 1/2+

3060# 1/2−

3850# 5/2−

† Nominal values listed in (1967Co05,1974Ne03).
‡ Observed in (1967Co05).
# Observed in (1974Ne03).
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20Ne(n,α) 1971Ka18

1946Gr08: 20Ne(n,α), E=2.5 MeV; measured products,17O deducedσ, σ(E). Q=−0.6 MeV andσ≈0.005×10−24 cm2.
1951Jo22: 20Ne(n,α), E=1.8-3.3 MeV; measured products,17O deducedσ, σ(E).
1959Be66: 20Ne(n,α), E=2.8-7.3 MeV; measured cross section for the reaction. Disintegrations were observed leaving17O in the

ground state and in the first three excited states.
1966Ce03: 20Ne(n,α), E=14.2 MeV; measuredσ(Eα,θ). Natural target.
1966Mc14: 20Ne(n,α), E=14.1 MeV; measuredσ(Eα,α). Natural targets.
1971Ka18: 20Ne(n,α), E=14.3 MeV; measuredσ(Eα). 17O deduced levels.
1971Ba82: 20Ne(n,α), E=14.1 MeV; measuredσ, σ(θ).
1972Li30: 20Ne(n,α), E=14.1 MeV; measuredσ(Eα,θ). 17O deduced nuclear temperature.
2011KhZW: 20Ne(n,α), E=4-7 MeV; measured Eα, Iα using digital spectrometer; deducedσ to low-lying states.
2012Kh05: 20Ne(n,α), E<7.5 MeV; measured reaction products, Eα, Iα; deducedσ. Comparison with available data.
2012Kh06: 20Ne(n,α), E=4-7 MeV; measured reaction products, Eα, Iα; deducedσ, resonance structures.
2012KhZZ: 20Ne(n,α), E=4-7 MeV; measured reaction products; deducedσ to low-lying states.

Theory:
1983Sa30: 20Ne(n,α), E=low; compiled target thermal distribution energy state to ground state thermonuclear reaction rate of

reactionσ vs temperature. Statistical model.
1991Re10: 20Ne(n,α), E=fast; compiled, evaluated reactionσ. Model calculations.
2005Ba78: 20Ne(n,α), E≈2500-5000 keV; analyzedσ; deduced parameters.
2017Sh51: 20Ne(n,α), E=5 MeV; calculated shakeoff probability vs WIMP mass.

17O Levels

Notes:
Angular distributions for theα-particles, the cross sections for the20Ne(n,α) reaction to many17O states have been studied at

E=2.5-14.2 MeV (1946Gr08, 1959Be66, 1966Mc14, 1971Ba82, 1972Li30, 2011KhZW, 2012Kh05, 2012Kh06, 2012KhZZ).

E(level)† Comments

0.83×103 9
3.18×103 12
3.90×103 7
4.63×103 12 E(level): See also En=2.45 MeV corresponding to Ex=4720 keV (1951Jo22).

5.214×103‡ E(level): from En=2870 keV (1951Jo22).
5.55×103# 10

5.673×103‡ E(level): from En=3260 keV (1951Jo22).
5.90×103 10
7.77×103# 15

† From (1971Ka18) except where noted.
‡ From (1951Jo22).
# It is possible that each of the peaks from which the levels at 5.55 and 7.77 MeV were determined were actually combinationsof

two or more transitions, since they are rather broad (1971Ka18).
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181Ta(18O,17O) 2020Zi03

2020Zi03, 2021Ci02:
A beam of 126 MeV18O ions from the GANIL cyclotrons impinged on a 6.64 mg/cm2 181Ta target. The17O ions that scattered

at θ=45◦ (±6◦) were momentum analyzed using the VAMOS++ ion tracking system. A collection ofγ-ray detectors from the
AGATA and PARIS arrays plus two large-volume LaBr3 detectors provided a high granularity forγ-ray energy and angle
measurement. Theγ-ray detectors were aligned along the VAMOS++ axis atθrel.=115◦−175◦ (AGATA) and
θrel.=90◦(PARIS+LaBr3). Theγ rays detected in coincidence with17O ions in the VAMOS++ spectrometer were analyzed.

The authors developed a Monte Carlo analysis of the Doppler shift attenuation spectrum that accounts for population (and
subsequent deexcitation) of levels via low-momentum transfer and deep-inelastic reaction processes. The accuracy ofthe method
relies on the precise angle determination between the scattered projectile and the Doppler-shiftedγ ray.

17O Levels

E(level) T1/2 Comments

0.0
871.

3055. 110 fs+28−21 T1/2: From τ=159+40
−30 fs and Eγ=2184.3+3

−2 in present analysis.
3842.

γ(17O)

Ei(level) Eγ† Iγ E f

871. 871. 100 0.0
3055. 2184.33 100 871.
3842. 3842 100 0.0

† From energy level difference.
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208Pb(17O,17O′):CoulEx 1979Es04,1982Ku14

Also include60Ni(17O,17O′):CouEx.
1979Es04: 54Fe,60Ni(17O,17O′), E=59.1,62.1 MeV; deduced B(E2)=2.1×10−4 e2b2.
1982Ku14: 208Pb(17O,17O′), E=66-88 MeV; measuredσ(E(17O)), projectile Coulomb excitation probability.17O level deduced

GDR contribution parameter. Modified hydrodynamic model.
1983Li10: 208Pb(17O,17O′), E=78 MeV; measuredσ(θ), σ(E(17O)); deduced recoil, nonorthogonality effect role.17O level

deduced excitation mechanism. Finite-range coupled-channels calculations.
See also (2001Le23, 2002Pr10, 2004Pa08: exp.) and (1982Ba53, 1989Ba60, 2000Sp07, 2005Ty02, 2007Be54: theory).

17O Levels

E(level) Comments

0
871 B(E2)=2.1×10−4 e2b2 (1979Es04).
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