178N11-1 TUNL Nuclear Data Evaluation 178N11'1

Adopted L evels, Gammas

Q(57)=1389619; S(n)=282824; S(p)=1520825 2021Wal6
Prior reviews:1972Aj02 1978Aj05 1983Aj01, 1987Aj02 1995Ti07

Shell Model analysis dfN:
The ground state spin @fN is J’=1~ (19820103 while a simple shell-model analysis predicfs-2-. Detailed discussion is given
(1983Sh441984Ba24 2012Yu07 2018Ji07.

See other relevant theoretical analysis in
1988P02$1993Pal141993P0111997Ba54 2000Zh42 2004La24 2004Nel6 2004Su232005F013 2006K002 2016Ma06
2018F004 2018F017 2019F008

Other relevant reaction studies
1981SuZ$1987Su06 Systematic measurement @f capture rates.

1983As01 1984As05 180(7~,z%). Studied isospin dependence of single-charge-exchazayions for £*,7°) reactions at
LAMPF. See also1980Ge091982ArZT).

1998Mul? Theoretical analysis on capture rates on light nuclei.

1999He33 Theoretical analysis of astrophysically relevant nautcapture in unstable nitrogen nuclei.

2019Zh29 Calculatedu~ spalation yields on Ar leading t#N, which is a source of background in the DUNE neutrino deiect

18N Levels

Cross Reference (XREF) Flags

A 18C B~ decay 3 9Be(®PAr®N) s 18o(lplic)
B 19C B n decay K 12C(Nel®N) T  180(180.'8N)
¢ 2HE'Np) L Mc(Li,PHe) U  28Si(p18N):spallation
D 9Be(1B,2py) M l4c (180 18N) v 18173180, 18Ny)
E  2Bel?C(8N,X) N 180@ ) W 18lTa@2Ne 1BN)
F 9Be(80,p2v) o 180o(n,p) X 232Th(pl8N)
G 9Be(®0!8N):moment P  180(d2He) Y  232Th(80,18N),(22Ne 18N)
H  °Be(®N,!8N) Q  180(t3He)
I °Be@Nel®N) R 180('Li,"Be)
E(level) F Ti2 XREF Comments
0.0 I~ 619 ms2 AB DEFGHIJKLMNOPQR TUVWXY %5~ =100; %8~ a=12.26 (1989Zh03; %5 n=12.013 (1994ReZ]
T_

u=0.32734 (2009De33

Q=0.012312 (19990903

J: From 18N g~ decay t0'®0y s, (19820I0).

Ty/2: From 005Li60), See also 620 m8 (2007Bu0), 625 ms30,
635 ms40 and 609 ms50 (2007L00Y5, 620 ms14 (19990g03,
0.63 s2 (1994Sc0), 658 ms44 (1994ReZ7, 624 msl2
(19820109 and 0.63 s3 (1964Ch19.

. Fromp-NMR (2009De34 and R019StZ\). See alsqu=0.3279
13 (19980g04 and ()0.13515 (1999Ne0}.

Q: From (19990903 and (Priv. comm. Nick Stone (2021)). This is
an update ofZ014StZJ. See alsor0.027 4 (1999Ne0). See
other discussion in2003Um03.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Sh44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ba24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Yu07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Ji07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988PoZS,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Pa14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Ba54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Zh42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004La24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Ne16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Su23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Fo13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ko02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ma06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Fo08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981SuZS,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Su06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984As05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ge09,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999He33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Zh29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Li60,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Bu01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ch19,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Og04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Ne01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Ne01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Um02,B

178N11'2 TUNL Nuclear Data Evaluation 178'\‘11'2
Adopted L evels, Gammas (continued)
18N Levels (continued)
E(level) J T12 XREF Comments
114.71 10 ()%  0.40 nsil ABCD H PR V %IT=100
T1/2: From 2008Wi05.
587.39 20 (2°)* ABD H LM ST V %IT=100
7420 4 (3)F ¢ H L R V %IT=100
117020 (1) C N %IT=100
E(level),¥: From2H(*'N,p) (2013H02).
1734.75 19 (1,2 A %IT=100
J: From18C g~ decay (991Pr03.
2210 C R %IT=100
2405.0 9 0.11 ps+51-7 R V %IT=100
T1/2: Fromr=0.16'72 ps and E=1663.0 keV8
(2020Zi03.
2614.35 21 1+# A %IT=100
J: From18C g~ decay (991Pr03.
2.9x10%? 2 N E(level): From80(r~y).
6.9x10%7 2 N E(level): From0(z~y).
8.5x10%? 2 N E(level): From80(r~y).
10.1x10°? 2 N E(level): From0(z~,y).

T From least squares fit to {EE,), (115: 114.71), (587: 472.72), (742: 154.63, 627 1), (1735: 1147.84, 1619.93, 1734.84),
(2405: 1663.08), (2614: 879.72, 2025.38, 2499.34, 2614.24) from averages of energies given if8C g~ (1991Pr03,
9Be(1B,2py) (2008Wi09 and181Ta(80 ¥Ny) (2020Zi03.

¥ Suggested by theory1984Ba24. See also198201011991Pr03.

# See (1993Ch08.

Ei(level) J
11471 (2)
587.39 (2)
7420  (3)

1734.75  (1,2)

2405.0
261435 1

y(*8N)
E, ly Ef N Comments
114.71 100 00 T B(M1)(W.u.)=0.03610
472,72 10016  114.71 (2)
154.63 20 587.39 (2)
6271 100 114.71 (2) 1,: From 2008Wi0§.
1147.8 6820 587.39 (2)

1619.93 10025 114.71 (2)

1734.84 10025 00 I ly: A discrepancy exists between thE9Q1Pr03 Table 1 and Table 3
vy-ray intensities for E=1734 keV; we use values from Table 1. This
choice is necessary to reproduce their relgfivefeedings to
18N*(1734,2614).

1663.8 100 742.0 (3) l,: From (2020Zi03.

879.72 444  1734.75 (1,2)

2025.38 75 587.39 (2)

2499.34 419 114.71 (2)

2614.24 10011 00 I



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Wi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ho21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Wi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ba24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ch06,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
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Adopted L evels, Gammas

Level Scheme

Intensities: Relative photon branching from each level
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178N11-4 TUNL Nuclear Data Evaluation 178'\‘11'4

18C g~ decay  1991Pr03

Parent:18C: E=0; J'=0"; T1/2=92 ms2; Q(3")=1181040; %3~ decay-100.0

18C-Ty): From (1995Sc03

18C-Q@): From (2021Wal$.

Decay to neutron-bound levels

1991Pr03 A beam of18C, produced using the GANJLISE facility, was implanted into a plastic scintillator.cfvity was
collected for 300 ms followed by an equal time of decay cawtiA 40% relative flicience HPGe detector was placed near the
stopper, and decay events were recordegfand -y coincidence events. The authors aimed to resolvgstitm and3~1n decay
branches. In the article, the decayléc and18N were measured under identical experimental conditidren the ratio of the
intensity of the'80 E,=1982 keV transition, which is strongly populatedffiN decay, was analyzed to determine the sum?&f
decay branches to bourlN states. %6~ 0n=81 5 was deduced. This implies#%1n=19 5.

A total of 9 y-ray 18N transitions were identified along with others associatéthi N and180. They-ray intensities are
presented in two formats: first- they are given as relativensities normalized to the strongest line (Table 1), theZ614 keV
transition; second- intensities are given for a 100% bramgcbum out of each level (Table 3).

The authors discussed the likelihoodjyefay summing #&ects as a potential source of systematic uncertainty; shietause a
single HPGe detector was used and it was placed close to tay déopper foil. Secondly, they discussed an inconsigteftheir
data where a higher intensity feeds the=EE15 keV level than is observed exiting the level. Authorsgas] this inconsistency may
be attributed to the state having a long lifetime causinggaifican fraction £1/2) to fall outside the DAQ coincidence window.

The evaluator finds significant problems with the intensiahce for the =115 and 572 keV levey rays; the k=115 keV level
lifetime is about a ns2008Wi05. For the analysis, the decay intensities are set equaletéetding intensities for these two states.
Furthermore there is a discrepancy in the decay branchiiwsraf 18N*(1734) state given in Table 1 vs. Table 3. We take the
Table 1 values, since they should require less interpogtdat obtain, and since they are required to arrive at theduded relative
B~ branching ratios.

In spite of the experimental uncertaintie$991Pr03 is the only18C 8~ decay study that providesray spectroscopy information
on 18N levels. In their analysis, the authors suggest a negédib$t-forbidden branch t68Ng,s,, and so they normalize their
measured relative branching ratios witl8%n=81 5 to obtain the absolute decay intensities.

The following table is from 1991Pr03. It gives the measured energies and relative intensifigsrays assigned to thg™ decay
of 18C. The two entries marked witl'N involve beta delayed neutron emission.

E, 1 E, 1.
114.92 321  1734.84 255.
471.72 152 2025.38 75.
879.7 2 444 2499.34 419.
1147.84 175  2614.24 100 11.
1619.93 255.

1N(E,=1374.010) 245.
1N(E,=1849.94)  115.

Decay to neutron-unbound levels

1991Pr03 As mentioned above, B61n=19 5 was deduced by comparing the measuyedy yields from8C and8N decay
reactions.

1988Mu081989Le16 8C ions from fragmentation ot®Kr (1988Mu08 and“8Ca (1989Le1§ on al81Ta target at GANIL were
selected using the LISE spectrometer and implanted intodet®ictor. The telescope was surrounded by a thin plastitilkor 5
counter and segmented NE102A scintillator neutron array. Neutron energy thrégbmf 440 keV and 350 keV were utilized in
(1988Mu09g and (1989Lel§, respectively. Delayed neutron emission probabilitie®,g=(25.045)% and (5010)% were deduced,
respectively.

1991Re02 18C spallation products from 800 MeV proton bombardment 8#%4Th target were transported to the TOFI
spectrometer at LAMPF. The ions were implanted in a Si detedthes-delayed neutrons were detected in a polyethylene
moderated®He counter; half-lives ang-delayed neutron probabilities were deduced from analystee number of implanted ions
(per beam pulse) and the ratetlelayed neutrons detected in the zero-threshold coufters-delayed neutron probability
=(43.365% was deduced along with;p=94 ms27.

New data was collected using the experimental configuraifqd991Re02, and the collective results were analyzed. In
(1994ReZZ Pr=(30.217)% and T2=92.9 ms53 are given. In later unpublished work$995ReZZ2008ReZ7, P =(31.515%
and Ty»=92 ms5 are indicated. Other analyses of these data are founti9i®3ReZX1994KizU).



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Sc03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Wi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Mu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Le16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Mu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Le16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Mu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Le16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993ReZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994KiZU,B
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18C B~ decay  1991Pr03 (continued)

1995Sc03 A 18C beam from the NSGIA1200 was stopped in a plastic scintillator implantaionedaar that was surrounded by an
array of 15 plastic scintillator neutron detectors. Thenbegas collected in the stopping detector for 206 ms followgd 222 ms
beam-df counting period. Neutron events are recordedgf@ignals in the implantation detector in coincidence withtnen signals
in the 99.7 cm flight path neutron array. Neutron energiesvdetermined via time-of-flight; the array was configurechvet
low-energy threshold 0750 keV. Background activity from®N and1’N, the 18C decay daughters, was separable fromff@
decays.

Seven neutron groups are evident in the energy spectrumgvaonthe lack of ny coincidence data and unknown spectroscopy of
18N levels above the neutron binding precludes assignmertteoheutron groups t&N levels. This is further accented by the
known participation of’N*(1374,1850) levels in th@~n reaction as reported il991Pr03. The intensity of3"n neutron events
reported in 1995Sc03is (21.444)%. The neutrons can go tdN*(0,1374,1849), which implied®N excitation energies listed
below.

En (MeV) Branching Ratio (%) SE(n+1"Ng.s) Sh+E(M+17N*(1374)) S+E(n+17N*(1849)).

0.882 13.113 3.76 MeV 2 5.13 MeV2 5.61 MeV 2.
1.552 3.6541 4.47 MeV 2 5.84 MeV 2 6.32 MeV 2.
1.912 0.8716 4.85 MeV 2 6.22 MeV 2 6.70 MeV 2.
2472 0.7613 5.44 MeV 2 6.81 MeV2 7.29 MeV 2.
2.782 0.9614 5.77 MeV 2 7.14 MeV 2 7.62 MeV 2.
3.253 1.2415 6.27 MeV 3 7.64 MeV 2 8.12 MeV 2.
4594 0.8612 7.68 MeV 4 9.05 MeV 2 9.53 MeV 2.
Comments

The R=(31.515%=%3"1n value from R008ReZJ is reluctantly accepted. The evaluator notes that amahgsKinyReeder
articles and conference reports, a wide range of valuesrasepted. Measurements listed above using neutron araaysghfinite
neutron-energy thresholds found discrete neutron grodging to~20% of the decay intensities; however, because the moderate
SHe counter used by Reeder is sensitive to all energy neyttbissapproach should provide the most reliabjevBlue.

Taking %8~ 1n=(31.515), the relative intensities of transitions reported in1@91Pr03 are normalized to give B 0n=(68.515).
In (1991Pr03, the feeding into!®N*(115,572) states is greater than the decay out of thesstatieich required adjustments to the
intensity balance.

See theoretical discussion gndecay in (993Ch0§; also see Z016Ta07.

18N Levels

E(Ievel)T J Ty Comments

0.0 r 619 ms2 T=2
T]_/QZ From (2005Li60.

114.7110 (2)
587.3920 (27)
1734.7519 (1,2

2614.3521 1*

* From Adopted Levels.

B~ radiations

E(decay) E(level) ,/j‘Tic Log ft

(9.20x10° 4) 2614.35 615 4.164
(1.00810% 4) 173475 73  5.2919

T (31.515% of theB~ transitions feed levels that decay by neutron emissiort|80=(68.515)% for the~ branches included

here.
¥ Absolute intensity per 100 decays.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Sc03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Sc03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ch06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ta07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Li60,B
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18C g~ decay ~ 1991Pr03 (continued)

y(*®N)
Eﬂ Iyi Ei(level) J Et NH Comments
114.71 9013 11471 (2) 00 I %ly=28.730
47272 247 587.39 (2) 11471 (2) %ly=7.623
879.72 44 4 2614.35 1 1734.75 (1,2) 9%=14.017
1147.84 175 173475 (1,2) 587.39 (3 %ly=5.417
1619.93 255 173475 (1,2) 11471 (3 %ly=8.017
1734.84 255 173475 (1,2) 00 1 %Ily=8.016
2025.38 75 261435 ¢ 587.39 (2) %ly=2.216
2499.34 419 261435 t 114.71 (Z) %ly=13.131
2614.24 10011 261435 ¢t 00 I %Ily=31.929
T From Adopted Levels and Gammas.
¥ For absolute intensity per 100 decays, multiply by 0.279
18C B~ decay  1991Pr03
Decay Scheme
Intensities: |, ce per 100 parent decays Legend
ly < 2%xIax
Iy < 10%x |Max
0" 0 92 ms2 |:: > 10%(:i|%ax
Qs =1181040 \ o45-=100.0 4
18
6C12
& & '\??
- v oo o
N\, FEEE
61 416 1t v Y v e 2614.35
S O W
©® O ©
v% o>°~’ /\cb
SN
7 5.29 \(1,2) S Sy 1734.75
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&
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v
D
) ~ 114.71
1 i 0.0 619 ms2
18
7N11



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
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19Cpndecay 19950202

Parent:1°C: E=0; T1,,=45.5 ms40; Q(8™n)=11.23<10° 10; %3~ n decay47 3

19C-Ty),: From (19950203

19C-Q@n): From R021Wa1$.

1988Du09 A beam of19C ions, produced in the GANJLISE spectrometer was implanted into a 7 mm thick plastiotikitor
that was surrounded by a 500 liter gadolinium dopediduid scintillator neutron detector array. The lowerdéthreshold was
essentially zero because of the Ggrsensitivity. Analysis of the data indicatedP (46 3)%, Pin=(47 3)% and Bn=(7 3)%.
See also1988DuZT,1988DUZ2).

19950202 A beam of1°C ions was produced by fragmenting@Ne beam on &Be target at RIKEN. The beam was
magnetically separated, degraded to lower energies, aalliyfstopped in a plastic scintillator that was sandwichetiMeen four
other scintillator detectors. A valig-decay event required a coincidence between three ajaeésitdrs. Three neutron walls
surrounded the implantation target and covered about 1Bhsr decay neutron energy was deduced by the time of flightemet
the implantation detector and the neutron wall detectohe ToF was calibrated by studying the decay* @ which has three
visible known neutron groups. A set of two Nal detectors dé&m®d the target for use measuripgay singles events andy-

coincidence events.
The measured neutron spectrum shows several decay grougignificant!’B component was present in the beam, and its decay

radiations presented a background that was analyzed amdatigld. The final analysis of the neutron energy spectrveated five
neutron groups that are attributed@alelayed neutron decay 8fC to 18N* states, or of its its daughté®N to 180 states.

Throughout the experiment, ions were implanted for a 100 en®g@ followed by a 200 ms counting period; analysis of tineeti
dependence for the neutron groups permitted assignmeouofgfoups to decay d¥°C (T1/2~50 ms) and one group to decay of
19N (T1/2~320 ms).

Four neutron groups athg0.46, 1.01, 1.50 and 2.08 are observed; poor statisticdlpteth full analysis of the E=2.08 MeV
group. Since ny correlations were used to characterize the decay pathsesléis are presented by normalizing tgo4n=(47
3)% from (1988Du09.

See als0199402z2Y,19950z2Y).

I8N Levels

E(level)l ¥ LT

0.0 I 619 ms2
114.7110 (2°)  0.40 nsll
587.3920 (2°)

T From Adopted Levels.

y(13N)

E, I,T E(evel) T Ef X

114.7 A47. 114.71 2 0.0 I

4727 143 58739 (9 11471 (2)
 Absolute intensity per 100 decays.

Delayed NeutronsfN)

E(n) EESN) 1n)TF E@eN) Comments

46010 587.39 14.20 6400 E:=460 keV 10 implies E(*°N)=6400 keV27.
101010 114.71 20.0l6 6508 E:=1010 keV10 implies E(*°N)=6508 keV27.
150020 114.71 12.715 7025 E,=1500 keV20 implies E(1°N)=7025 keV33.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Oz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Oz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2021Wa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Du09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988DuZT,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988DUZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Oz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Du09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994OzZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995OzZY,B
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19C p~ndecay 19950202 (continued)

Delayed NeutronsfN) (continued)

* Normalized to (473)%; see 1988Du09.
¥ Absolute intensity per 100 decays.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Oz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Du09,B
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19C Bndecay 19950202

Decay Scheme

y Intensities: } per 100 parent decays
I(n) Intensities: I(n) per 100 parent decays

0 45.5ms40
Qp-n=11.23<10° 10 9%B-n=47
19
6C13
\‘ 7025 Em)  1n)  EMN)  EM®N)
1010  20.0 6508 114.71
\ 1500 127 7025 11471
6508 460 14.3 6400  587.39
6400\
GN
3
A
\ &
(27) > 587.39
Pyt
19 oV
7N15 \ o
@) 5 114.71
1 1 0.0
18
7N11
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2H(*'N,p)  2013Ho21

2013Ho021 XUNDL dataset compiled by TUNL (2013).

A beam of E{’N)=13.6 MeV/nucleon ions, produced via proton removal fréf® beam at the ATLAS In-Flight Facility,
impinged on either 140 or 22@y/cn? deuterated polyethylene targets. Protons ejected frontatiget were detected upstream of
the target using the HELIOS detector to reconstruct thetekimematics. Detection of the forward movif§N/2’N reaction
product helped reduce backgrounds and remove contritsufrom beam contaminants.

The proton kinematics were analyzed to deduce the reactivaligs and excitation energies for populated groups. Tkeggn
resolution (FWHM) wasx275 keV. Three groups corresponding tp=B.12, 0.74 and 1.17 MeV are observed below the neutron
separation energy. The proton angular distributions aatyaed via PTOLEMYDWBA analysis. The group aty&1.17 MeV is
reasonably fitted using=0, though the resulting spectroscopic factor is not redslenaence the group is suggested as either a
single J=1" state or a’3=1", 0~ doublet. An excess of strength is observed nearZ22 MeV, which may correspond to
previously known levels at,&2.21 and 2.42 MeV1983Pu0lL

The spectroscopic strengths and spectroscopic factordeaigced for the observed levels and limits gf007 and<0.05 are set
for unobserved states ak£0, 0.59 MeV, respectively.

I8N Levels
E(level) F L sf Comments
12010 2~ 2 0673
74010 3 2 0.693
117020 (17) 0O 0.9619 The authors indicate™(17) in the summary; though in the discussion and in Table | they
suggest a possible doublet with=]0~ and 1) and S$=0.7214, assuming equivalent values
of Sfor 0 and T states .
~2.2x10°?

 Absolute uncertainties in the normalized values estimage80%.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ho21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ho21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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9Be(11B,2py)  2008Wi05

2008Wi05 XUNDL compiled by McMaster (2008).

Elements of the STARS-LIBERACE array were used at Berketeiglentify thel®N events produced ifBe+11B reactions and to
measure the associatgdays. Measured £ |, y(2p) coin, level lifetimes.

In the first of two configurations, an £8)=50 MeV beam, provided by the 88-Inch cyclotron, impinged ch&mgcn? °Be
that was surrounded by five HPGe clover detectors distribate=40°, 90° and 140. An annular position sensitiv&E-E
detector was positioned 3 cm downstream of the target andusec to detect the residual 2 protons associated Withevents. A
thin lead foil covered the\E detector and stopped heavier particle ejectijery transitions between known states at
18N*(0,115,587,742) are unambiguously identified along vifiteir intensities.

The second configuration was similar to the first, except mnéi 1.35 mgen? target was used and™8Pb stopper foil was used
to measure the lifetime of the first excited state using tieeitelistance method. Events froffiN transitions are also observed and

used for internal calibration. The lifetime=582 ps165is reported. Results are compared with shell-model caions. See also
(2008WiZT).

I8N Levels

E(level) F T12 Comments

0 1 Configuration: 47%r(p2)®v(ds2)%; 36% n1(py,2)@v[(ds2)%(S1/2)]-
115 (2) 0.40nsll Ty o: From recoil-distance metho@@08Wi05.

Configuration: 68%r(p2)®v(ds2)%; 16% n1(py,2)@v[(ds2)(S1/2)?]-
587 ) Configuration: 48%r(p12)®v(ds2)3; 34% n(py,2)@v[(ds/2)%(S1/2)]-
742 (3) Configuration: 69%r(ps2)®v(ds2)%; 17% n1(py,2)@v[(ds2)(S1/2)?]-
y(13N)
Eﬂ Iy Ei(level) J Et J  Mult Comments
1151 100 115 @) 01 M B(M1)(W.u.)=0.03610
Mult.: From RUL, E2 component is ruled out.

1551 9 742 (3) 587 (2)
4721 22 587 (Z) 115 (2)
6271 44 742 (3) 115 (2)

 The authors state 1 keV resolution.
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9Be(11B,2py)  2008Wi05

Legend
Level Scheme

— 1y < 2%xIP¥
Intensities: Relative — 1y < 10%xIy™

1y > 10%x1]

9

(o)
AN el
_ v &
() © v g 742
v
AN
(27) A 587
(&)
3
S
N
(27) ~ 115  0.40 nsl1
- | 0
18
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9Be(180,p20) 19820101

19820101 °Be(*®0,p2r) was used to produc¥N at the entrance window of a cylindrical 1.5 cm by 13 cm 1.7 hetium-filled
gas cell at BNL. Thé®®N was stopped in the gas and transferred to a counting areeewleeays td80 were observed.
Branching ratios td®0 states were determined. Analysis, including the assemutf 15% decay to nop-emitting states,
determines =1 for 18Ngs. Additionally, T1,=624 ms12 was determined.

2003Fr32 °Be(*80,p2r) at 80 MeV/nucleon was used to produé¢&N at the NSC/A1200. Thel8N ions were implanted into a
stack of fourAE-AE-AE-E detectors; most ions stopped in the the first three detech 120% éiciency HPGe detector at
0=90° measured thg-delayedy emissions fromt®N decay to'80. The K1200 cyclotronf was dephased for a second with a
two second periodicity so that implanted ions were idemtified counted on an event-by-event basis in the first secowldthe
decay radiations were measured in the final second. A redtiséa of amplifiers readout the Si detectors in the countieripd,
permitting a measurement gfdelayed particles. The branching ratio teemitting states if80* was determined as 76.7%
72(stat.) 55(sys.); the branch 480y s. is estimated as 2.6%49820103.

Further discussion of~«a (12.26)% from (1989Zh04 andB~n (12.013)% from (1994ReZZ update 0f2001Re03 is given. The
authors indicate their value is consistent with these tesul

18N Levels

E(evell JFT  Ty0
0 1~ 624 msl2

T From (1982010).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Fr32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Re03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
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9Be2C(18N,X)  20010z03,2019Ball

Includes®Be, 12C, 28sj, 197Au targets.

20010203 The interaction cross section B#C(18N,X) was measured at 1020 Mg\cleon using the GHIRS. 0-,=1046 mb8
for 18N was deduced. The matter radiusR=2.65 fm2 was deduced. See alsp0010z04.

2002Li40 A beam of 33 MeYnucleon18N ions from the Lanzhg®RIBLL was fragmented on either %Be or197Au target. The
reaction products were identified using a set of fourtABRAE-E Si telescopes that coveréd2.1°-10°; coincident neutrons were
also measured using a set of sixteen NE110 plastic scinfildetectors. The fragment isotopic yields were obtaimethé analysis
and compared with a relativistic mean field calculation & %N nucleon density distribution.

2006Kh08 The reaction cross section &N ions on28Si was measured at GANIL by impinging a 53.2 Meucleon®N beam,
produced using the SISSI solenoids, intaB-AE-E-VETO telescope that was placed at the focal plane of BEGS
spectrometer. The cross section=2104 mb32 was measured.

2019Ball The charge-changing cross sections of nitrogen nucle¢ werasured at GSI to determine the systematic variations of
the charge distributions. Beams ©775-940 MeVnucleon422N ions were seperately produced in the FRS and impinged on a
4.01 gen? carbon target. MUSIC ionization chambers identified beanigles before and after the target on an event-by-event
basis. The charge-changing cross sections were deterramednalyzed using a Glauber model. The rms point proton attem
radii for 18N deduced in the measurement arg,&2.53 fm3 and R},.=2.68 fm2.

See related discussion i2q02Me122017Ah09.

18N Levels
E(level) Comments
0 RM. <=2.65 fm2 (20010203, see also B,=2.53 fm3 and R"=2.68 fm2 (2019Bal).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ba11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Li40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Kh08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ba11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Me12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ah08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ba11,B

178N11-15 TUNL Nuclear Data Evaluation 178'\111'15

9Be(180,18N):moment  2009De34

2009De34 XUNDL dataset compiled by TUNL (2009).

B-NMR measurement.
A 74.3 MeV/nucleon'0 primary beam bombarded®8e target at GANIL producing®N ions via single charge-exchange

reactions. Thé80 beam incident on th&Be target was tuned and optimized so than firagis component of the fragment beam
was accempted into the LISE spectrometer @£,+#0°). The resulting spin-polarized beam was implanted intocaro
temperature MgO crystal held in a statig=8.39971 T magnetic field. Using standg@dMR techniques, the asymmetry of
emittedg particled was measured using a pairAdE-E plastic scintillators, and the=0.3273uy 4 was determined.

18N Levels

E(level) JF Comments

0 1= u=0.32734 (2009De34
w: B-NMR method, gt®N)=0.32734, sign is not determined in this measurement.
J: From Adopted Levels.
A long lived isomer in18N could influence these measuremerit8990g03.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
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9Be(19N,18N)  2012R022

2012R022 XUNDL dataset compiled by TUNL (2012).

The authors produced beams8N by fragmenting a 700 MeMucleon*CAr beam on a thick’Be target and magnetically
filtering the products in the first half of the FRS at GSI. Thes®lary beam particles were easily identified at the intdiate
focal plane by their energy loss and time of flight in a set ahdard detectors.

The beams impinged on a 1.7Zn? Be target and underwent further reactions, including ometon knockout reactions. Analysis
of the FRS final focal plane detectors, coupled with measangsnfrom the MINIBALL y-ray spectrometer which was located at
the 1.72 gcm? target permitted identification dfN levels populated in the 1n knockout reactions.

18N Levels
E(level) FIoo& (mb) Comments
of 1~ 4110 Cross section value deduced by the compilers from totalcsestion of 65 mti0.
115 )
587 () 62 o (mb): <6 mb2.

This level is populated in BR0.092 of 1n-knockout reactions at/fiicleon-700 MeV.
72840 (37) 152 o (mb): >15 mb2.

This level is populated in BR0.231 of 1n-knockout reactions at/ficleon-700 MeV. If this is
the only level populated then BR.324.

T From Adopted Levels.

¥ Branching ratio (BR) of 0.64 assigned by compilers #.05 levels, assuming a maximum branchkifg36 for 587%728 levels.
(2012R022 do not mention the population of g.s. and 115 levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro22,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro22,B
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QBe(ZZNe'lSN)

1994Sc01 8N produced in the fragmentation 8fNe on a®Be target at the NSGQIB1200 were identified via\E-E and
implanted into a thin plastic scintillator. The scintatlatvas at the center of a large-area neutron array compris&8 curved
plastic bars that covered 14.3% of.4Activity was collected for 2.14 s before a 2.01 s countingquk g-delayed neutron yields
were measured along with the neutron energy spectrum. dteetrergies were determiend by the time-of-flight between a
B-particle in the implantation scintillator and a neutrontfie array, which was 100.9 cm away. Decay to sevEi@l levels was
observed. % n=2.2 4 was determined for production of high-energy neutrons atibe 1 MeV threshold. (=630 ms20 was
determined. See alsA993ShzW).

1997Ne0]1997C0151998Ne04 18N ions, produced by fragmenting?dNe beam on &Be target using the LISE3 spectrometer,
were implanted into a 8 K cooled Mg crystal that was orientéith w=6° and held within a variable magnetic field. Analysis of
the asymmetry of th@ radiation with field strength over the range 0-2000 Gausig#ted a 14.4% spin alignment.

1999Ne01 Following up on (997Ne0), a3-level mixing NMR technique3-LMR) was developed and utilized to determine
1=0.135un 15. They also obtained the ratio of the quadrupole interadiiequency to the magnetic moment and determined
Q=+27 mb4. Results are discussed and compared with shell model atitwus.

2005Li6Q A thick Be target was bombarded by a 68.8 Medtleon22Ne beam to produc&N ions that were selected and
stopped in a thin plastic scintillation detector. Twdrelient plastic scintillator arrays (neutron walls) wereduse detect delayed
neutrons with coverage of 30% and 2.2% af < for high energy and low energy, respectively. The neuttetection #iciecies
were calibrated with the knowh'N 8~n decay neutron spectrum. A set of 3 HPGe detectors weregusit around the target to
measurey-ray emissions.

Beam was collected in the target for cycles of 2.0 s activagieriods followed by 2.0 s counting periods. The resyjp3619 ms
2 was obtained from analysis of tifieray decay curve observed in the thin plastic catcher fodimmall 5%2°0 (T12=13.5s)
component was the main active beam contaminant. An exelgte on the on the strongest neutron peak,at 58 MeV
yielded the value 7,=610 ms23.

Analysis of the ToF spectrum indicates decays of 11 neutroittieg states in80. The total observed BR is 6.98%46 for fast

neutrons.
2007Lo05 A Be target was bombarded by a 68.8 Malcleon??Ne beam to produc&N ions that were selected and stopped in

a thin plastic scintillation detector. A neutron sphere posed of eight identical plastic scintillator counters wasd to detect
delayed neutrons; each segment covered 3.75% i .4A calibration using’N provided the neutron detectiorffieiency up to
En=1.73 MeV. In this measurement, the emphasis was on fastameutNine neutron groups were observed, eight are in good
agreement with those reported I005Li60. The total observeg-delayed BR is 7.03%446.

Three Ty, values were obtained by analyzing th¢ime spectra corresponding to the strongest three nepiaks, 625 m80,
635 ms40 and 609 ms50.

18N Levels

E(level) T12 Comments

0 619 ms2  u=(-)0.13515 (1999Ne0}
Q=+0.0274 (1999Ne0)
T1/2: Half-lives of 630 ms20 (1994Sc0}, 619 ms2 (2005Li09, and 625 ms30, 635 ms40 and 609 ms
60 (2007Lo05 were determined in this reaction.
%B~n: Analysis of fast neutrons measured 2PQ5Li60 and 007Lo0j indicates consistency with
%6~ N=>7%.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Sc01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Li05,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Lo05,B
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gBe(40Ar,18N)

20000201 A beam of%%Ar at E~x1 GeV/nucleon impinged on a Be target (4.@gF) at the GSIFRS facility. Thel®B fragments
of interest were identified using the, Bettings along with scintillators to measur&l and time-of-flight. Theé'®N production
cross section was measured as roug¥y95x10-14 b,

2007No13 Production of!®N via projectile fragmentation was studied at the RIKEN Aecator Research Facility usirffAr
beams at E90, 94 MeVnucleon that impinged on either a 95 fog? thick °Be target or a 17 mign? thick "@Ta target. The
beams were momentum analyzed using the RIPS doubly achicospaictrometer before being identified using two surfeaeiér
silicon counters and a plastic scintillator to identify goats viaAE and time-of-flight (TOF) at the focal plane. The fragment
momentum distribution and production cross sections werkiced. See als@Q15Mo1l7 for transverse momentum (P
distribution and width ¢ 1) analysis.

2012Kw02 Several light neutron-rich nuclides, produced by prdjedtagmentation of afi?Ar beam at E140 MeV/nucleon,
bombarded one of three targets, 668/onf °Be, 775 mgen? "@Ni, and 1086 mgen? 181Ta at the National Superconducting
Cyclotron Laboratory (NSCL). Fragments were momentumereal using the A1900 separator and identified at the finalsfocu
using time-of-flight and a telescope consisting of fiveA&i detectors. The fragmentation cross sections, parallehentum
transfers, and parallel momentum distribution widths weesasured and compared to the theoretical predictions.

18N Levels

E(level)
0

18
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12C(?°Ne,'8N)  19980g04,19990903

1998C037 18N ions, produced by fragmenting4Ne beam on &2C target, were selected using the LISE3 spectrometer and
implanted into a a 40 K cooled Mg crystal oriented alghgl.5°. Using the Level Mixing Resonance method to interpret the
variation asymmetry of radiation with field strength 0-2000 Gauss indicated a theeeQ=3.2 e-fnf 3.

19980g04199809gZY;: 18N ions were produced at RIKEN by fragmenting a 110 Ma\tleon??Ne beam on &2C target and
selecting!®N using the RIPS fragment separator. Optimum settings ételit2.2% polarization #=3.5" 18N emission angle. The
beam was implanted into a Pt stopper foil that was held at 30ding standar@-NMR techniquesu=0.3279uy 17 was
determined. A similar scan using a single crystal Mg stoppsulted in a determination of the quadrupole coupling @oris
eqQh=73.2 kHz18. A prelinary value @12.1 mb12 was determined by comparison with@) and related field gradients. See
also RO00AsZ2).

199909g0319990gZV. In an expansion of results presented 19980904, further experimental details are given. The decay rate
was determined from analysis of tgeray time spectrum. =620 ms14 was obtained. In this work, the field gradients
determined for'2N and1“N and their Q values were considered resulting #1Q.3 mb12. Results are compared with perviously
reported values and shell model predictions.

18N Levels

E(level) F Ty Comments

0 1~ 620 msl4 p=0.327913 (19980904
0Q=12.312 (19990903
J: From Adopted Levels.
T1/2: From (19990903.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Og04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Og04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Og04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Og03,B
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MC("LiBHe)  1980KrzX

1980KrzX: The 14C(’Li,®He) reaction was measured using IHf{=32, 42, 48 MeV beams at Strasbourg usingEBAE-E
telescope to deteéHe reaction products #=32. Evidence for three states is observed; they are presum&nii0,0.53,0.83
MeV) with AM=13.29 MeV 6 for the ground state. Shell model predictions for the lovedststates are given. Subsequent
measurements indicate the lowest state observed is a double

I8N Levels
E(Ievel)i Comments
of E(level): AM=13.29 MeV6.
53060
83060

¥ The ground state was later resolved as a doublé®@(’Li,”’Be) (1983Pu0).
 Energies deduced in this work are unreliable because ofthdying doublet.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980KrZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980KrZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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14c(180,18N)  1980Nal4

1980Nal4 The 1*C(18018N) reaction was measured using & %§)=92.2 MeV beam from the Orsay Tandem. TH#&l reaction
products were momentum analyzed using °180uble-focusing magnetic spectrograph haviigr200 keV (FWHM). The ground
state was observed withM=13217 keV40 along with an excited state at 575 keV. The ground state és tasolved as a doublet.
See also1979BeZL,1980BeYR.

I8N Levels
E(Ievel)i Comments
of E(level): AM=13217 keV40.
57525

* The ground state was later resolved as a doublé8@(’Li,'Be) (1983Pu0)L
¥ Energies deduced in this work are unreliable because ofothidyiing doublet.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Na14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Na14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979BeZL,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980BeYR,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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Bo(r~,y)  1982Gm02

1978St27 Population oflaNg,s, and a state at7 MeV are reported in measurements using the SIN (Schwectess Inst. fuer
Nuklearforschung) pion spectrometer. See also Alder etAdP Conference Proceedings 33, 628 (1976). Other relataét 8
published in 1979St03.

1982Gm02 The SIN spectrometer data are further analyzed and shalemse for states up to 10.1 MeV. The ground a9
MeV states are most strongly populated.

18N Levels

E(level)

0
1.3x10° 2
2.9x10° 2
6.9x10° 2
8.5x10° 2

10.1x10° 2
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Gm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978St27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979St08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Gm02,B
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O(n,p)  1964Ch19

1964Ch19 '80(n,p) was first measured using the Palo Alto Lockheed Missiind Space Company Van de Gtaacelerator. The
results confirmed the particle stability &N.

A beam of~19 MeV neutrons, produced via the T(d,n) reaction, irraiaa 97%'80 enriched water sample for a second before
it was transfered to a counting area where combination@&efy coincidence events were collected for about five seconagywzsi
pair of Naly-ray detectors and a plastic scintillajpiray detector. Measurements with-%0 water sample were also collected so
observations could be compared with the well-understoadti@n to16N. The s-spectrum was measured and a strong feeding of
180%(4.45 MeV) was observed.

The 8 endpoint was investigated using3 coincidences; thé8N-180 mass dierence was found as 13.9 MeY implying
AM=13.1 MeV 4 . There is no evidence for a strong decay brancﬁgfmg,s, T1/2=0.63 s3 was deduced from the-gatedg-ray
decay curve. The ground state spin was constrainee:@s1]2) from analysis of lo§.

2001KazY: The'80(n,p) cross section was measured gt H.94 MeV using activation techniques at the JAERI D-T neutr
source.oc=1.15 mb17.

18N Levels

E(level) Ti2 Comments

of 0.63 s3 E(level): AM=13.1 MeV 4.
T]_/QZ From (1964Ch19.

* The ground state was later resolved as a doublé8@(’Li, 'Be) (1983Pu0)L
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ch19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ch19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001KaZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Ch19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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180(d,2He)  1978DeYP

1978DeYP 180(d2He—2p). Using al®0 gas target and =50 and 55 MeV beams from the 88-inch, tH&©(d2He) energy
spectrum was determined from analysis of the residual 2ficfer from2He breakup. Evidence for three levels is presented based
on a strong central peak with broad shoulders on either Jidese are labeled preliminarily 48N*(0,0.28,0.45 MeV) with
AM=-13.04 MeV 10 corresponding to the ground state. The evaluator sugdestshte strong central peak corresponds to the
presently accepted 115 keV state. See al@y9DeZQ.

18N Levels
E(Ievel)T Comments
0? E(level):AM=-13.04 MeV10.
0.28<10° 10
0.45¢10%? 10

T Energies deduced in this work are unreliable.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978DeYP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978DeYP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979DeZO,B
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180(t,3He) 1969507

1969St07 180(t,3He). E=22 MeV. Population of thé8N ground state was observed at the Los Alamos tandem fadiig2
MeV triton beam entered a gas chamber filled with 998% gas enriched oxygen. Reaction products were measureg asin
AE-E telescope that was moved to co%erl6.5, 20° and 25. The 2.2um thick Havar foil exit window of the target cell
limited the sensitivity of the measurement so that only treugd state group was observed witk-€Q14038 keV30; this
corresponds t&AM=13274 keV30.

18N Levels

E(level) Comments

of E(level): AM=13274 keV30.

¥ The ground state was later resolved as a doublé®@(’Li,’Be) (1983Pu0).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969St07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969St07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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180("Li,’Be)  1983Pu01

1983Pu01 The 180("Li, "Be) reaction was measured using the Australian Nationavdssity Pelletron accelerator. A beam fi
ions impinged on a 14pg/cn? 99.2% enriched Ni@? target and reactions products were momentum analyzed asiriinge
spectrometer ai=4.5°, 8.5°, 10° and 15. The lowest peak is resolved as a doublet where the groutelistfound with
AM=13116 keV20. Additional peaks shown in the spectrum correspondyelR21 keV 10 and 747 keV10. Additional groups
associated wit8N, not shown in the article, are found ag£2.21 and 2.42 MeV.

18N Levels

E(level) Comments

0 E(level): AM=13116 keV20.
E(level): The strength of this state is 7% of the strengthhef 121 keV state.
12110
74710
2.21x10°
2.4210°
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
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18p@igtic)  1983PuO1

1983Pu01 The article mainly discussed’80(’Li,’Be) measurement at Australian National University Pedietaccelerator. A
note added in proof indicates new data’8®(1B,11C) that shows'®N has a state at 0.58 MeV and none at 1.01 MeV. This
result is relevant to discussion given itO83Pu0]) related to the the shell model analysis found 18§2010). No further results
appear ont8o(11B,11C).

18N Levels

E(level)
580
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ol01,B
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180(180,18N)  1981NazQ

1981NazQ The 10180 18N) reaction was measured using a%§)=100 MeV beam from the Orsay Tandem. TH& reaction
products were momentum analyzed using °180uble-focusing magnetic spectrograptgat®-8°. The ground state was observed
with AM=13207 keV35 along with an excited state at 575 keV. See alk®8(BeY3.

18N Levels
E(Ievel)i Comments
of E(level): AM=13207 keV/35,
57525

* The ground state was later resolved as a doubléf@(’Li, 'Be) (1983Pu0)L
¥ Energies deduced in this work are unreliable because ofothidying doublet.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981NaZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981NaZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981BeYZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Pu01,B

178N11-29 TUNL Nuclear Data Evaluation 178Nll'29

28Gi(p,18N):spallation  1993Bu21,2007Bu0l

1993Bu212007Bu01 28Si(p18N): A thick target of NaAlSiQ was bombarded by a 500 MeV proton beam to prodititeions
that were selected by the TISOL separator at TRIUMF. Theltingu®N160 molecular beam was implanted in a g@/cn?
carbon foil. After a 1.0 s collection time, the catcher folswotated to a position between two Si surface barrier tietec
T12=620 ms8 was measured for the activity.

The observedr-spectrum was calibrated at thg-£1.081 and 1.409 MeV peaks (frofiO*(7616,8038)) and analyzed with the
R-matrix approach. The full range of theparticle spectrum was roughly double that @989Zh04 and additionak-groups were
observed at higher energies. In the analysis the branchingsrare normalized to 12.2% frorhi9892h043.

18N Levels
E(level) Ti2 Comments
0 620 ms8 Deduced discretg~a decay branches and normalized tg9%=12.2 from (989Zh03.

Tl/zi From 2007Bu0).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Bu21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Bu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Bu21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Bu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Bu01,B
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181T5(180,18Ny)  2020Zi03

2020Zi03 XUNDL dataset compiled at TUNL (2020).

The authors investigated the level structurd®f and measured the lifetime of thg£2404 keV state if8N via DSAM
techniques.

A beam of 126 MeV180 ions from the GANIL cyclotrons impinged on a 6.64 fo? 181Ta target. Thé'8N ions that scattered
at 9=45° (+6°) were momentum analyzed using the VAM®Sion tracking system. A collection of-ray detectors from the
AGATA and PARIS arrays plus two large-volume LaBietectors provided a high granularity fgiray energy and angle
measurement. The-ray detectors were aligned along the VAM®S axis atf,g =115-175" (AGATA) and
0re1.=90°(PARIS+LaBr3). They rays detected in coincidence witfN ions in the VAMOS-+ spectrometer were analyzed.

The authors developed a Monte Carlo analysis of the Doppiér &tenuation spectrum that accounts for populatiord(an
subsequent deexcitation) of levels via low-momentum fearsnd deep-inelastic reaction processes. The accuraitye ahethod
relies on the precise angle determination between theesedtprojectile and the Doppler-shiftgdray.

2020Zi01 Extension of analysis presented 20Q0Zi03 except they-ray spectrum is shown over a broader range. Additional
unplace transitions are discussed corresponding, talE20, 2073, 2301 keV.

See analysis of th&#0+181Ta fragmentation process i2g10Mi08).

18N Levels
E(level)f Ty2 Comments
0.0 T
114.6 @)
587.3 @)
741.6 )
2404.6 0.11 ps51-7  Ty/5: From=0.16"73 ps and 5=1663.0 keV8 (2020Zi03.
T From (2020Zi03 Figure 5.
y(8N)
Eﬂ Ei(level) J Et J Comments

11461 1146 (2) 00 T
154.63 7416 (3) 587.3 (2)
472,72 587.3  (2) 114.6 (2) E,: From!C g~ (1991Pr03.
6271 7416  (3) 114.6 (2) E,: From®Be(!B,2py) (2008Wi05.
X1566F 1
1663.08 2404.6 7416 (3) E,: From (020Zi03; see also 1662.3 ke in (2020Zi0J).
X1720¢
X2073.48
X2300.98

T From 020Zi03 except where indicated.
¥ Placement of transition in the level scheme is uncertain.
X'y ray not placed in level scheme.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Mi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Pr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Wi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Zi03,B
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181T5(180,18Ny)  2020Zi03

Level Scheme

S
§
~ 2404.6 0.11 ps+51-7
A v(?
@) ¢ T L 741.6
) v 587.3
o
() B 114.6
1 7 0.0
18
7N11
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181Ta(22Ne 18N)  19897h04

1989Zh04 A thick Ta target was bombarded by a 35 Maucleon??Ne beam to produc&N ions that were selected by the
Reaction Products Mass Separator (RPMS) at the NBSU. Thel8N ions were implanted into a telescope comprised of five Si
detectors that was situated in the focal plane of the RPMSinfatantation period of 1.2 s was used for collecting acfivthis
was followed by a 1.3 s counting period. TRelecay products were detected with essentially 108%iency. The apparatus was
calibrated usings-delayeda-particle emissions groups frokBe and8Li nuclei.

Two strong groups are observed in tgarticle spectrum, resulting from decays of #§©*(7616,8038) states with"313 and
1,, respectively. A broad peak near 3 MeVx{ MeV, I',~500 keV) is also observed but the origin was uncleh88{Aj02
suggests there may be 6 unresolvegarticle emitting groups in this region. Tiedecay branching ratios t#0*(7616,8038) are
found as 6.8%% and 1.8%2 assumindl,/T'=1.0 for these states. The branching rati@.6 2)% was deduced for the broad
structure. A totaj3-delayeda-decay branching ratio of (12@% is deduced.

18N Levels

E(level) Comments
0 %B~a=12.26 (1989Zh03

32


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Aj02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Zh04,B
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232Th(p,18N)  1991Re02

1991Re02 Spallation products from 800 MeV proton bombardment 6f4Th target were captured by a transport line with a
mass-to-charge filter and transfered to the TOFI spectemattLAMPF. The beam line was separately tuned to transpounaber
of different nuclides. The ions were implanted in a Si detector,i@aatification by standard techniques was implemented. The
B-delayed neutrons were detected in a polyethylene modke?ate counter; half-lives ang-delayed neutron probabilities were
deduced from analysis of the number of implanted ions (panbpulse) and the rate gfdelayed neutrons detected in the
zero-threshold counter. Thgdelayed neutron probability14.3%20 was deduced along with{pb=790 ms210, an additional
proceedings result of 212.0%13 (U. Koster et al., AIP Conf. Proc. 455 (1998) p. 989) is memtid in the text.

A reanalysis of thel991Re02 data, with additional data was published 994ReZ34. The reanalysis indicates,£(12.013)%
and Ty»,=658 ms44. Other reanalyses of these data are foundlBBBReZX1994KiZU,1995ReZZ2008ReZJ.

18N Levels

E(level) Ti2 Comments

0 658 ms44 %3 n=12.013 (1994ReZ3
Ty/2: From (1994ReZ3.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993ReZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994KiZU,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994ReZZ,B
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232Th(180,18N),(22Ne18N)  1969Ar13

1969Ar13 The authors analyzed the transfer reaction productstiegitom E@80)=122 MeV bombardment of a 5 rmr?
metallic 232Th foil at Dubna. The reaction products were momentum aealyim a magnetic spectrometer and then focused on a
AE-E Si detector telescope, which provided particle idesatfon. 18N was identified.

1977Ar08 The transfer reaction products resulting fronf4e)=172 MeV bombardment of a 2.5 fug? metallic 232Th foil
were measured at Dubna. The reaction products were momeanalyzed in a magnetic spectrometer positione@=d®2° and 40
and then focused on AE-E Si detector telescope, which provided particle ideztfon. 18N was identified.

18N Levels

E(level)
0
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ar13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ar13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ar06,B
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1964Ch19
1969Ar13
1969St07
1972Aj02
1977Ar06
1978Aj05

1978DeYP
1978St27

1979BeZL
1979DeZ0O
1979St08

1980BeYR
1980Ge09

1980KrzX
1980Nal4
1981BeYZ

1981NazQ

1981SuzZS
1982ArZT

1982Gmo02

19820101

1983Aj01

1983As01
1983Pu01
1983Sh44
1984As05
1984Ba24
1987Aj02

1987Su06
1988Du09

1988DuZT
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