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18He
(Not illustrated)

Not observed: SeelP82AV1A 1983ANZQ).

18Li
(Not illustrated)

18Li has not been observed. Shell model calculations destiibé1988POZ$ predict the
ground-state magentic dipole moment and charge and mattir r

ISBe
(Not illustrated)

18Be has not been observed. Itis predicted to have a mass ed&43 MeV: seel978AJ03.
18Be is then unstable with respect to breakup itt®e + 2n, *Be + 3n, “Be + 4n, 13Be + 5n,
12Be+6n, ' Be+7n and'’Be+8n by, respectively 3.01, 3.04, 6.26, 2.92, 4.93, 1.76 and &V,
using the masses for the residual nuclei adoptedlB91AJ0] 1993AU0S 1993TI07). See also
(1983ANZQ 19890G18B.

1SB
(Not illustrated)

18B has not been observed in the bombardment of Ta by 44 MeM/ ions (1985DE6GQ
1985LA03 1986PO13or in the bombardment of Be by 12 MeX/Fe ions (984MU27. ¥B
has been predicted to have a mass excess of 52.3 V#EBAUO0S. It would then be unstable with
respect td’B + n by 0.5 MeV: see978AJ03 1985WA0). '*B is calculated to have™ = 4~
and to have excited states at 0.62, 0.86 and 1.59 MeV With 1—, 2~ and2~ (1985PO1) The
shell model calculations 0fLl92WA22 predictJ™ = 2~ for the ground state with the first three
excited states at 0.45, 0.52, 0.839 MeV with= 4", 27, 3. See alsol987AJ021988GUZT).

18C
(Figs. 1 and 5)

GENERAL: See Tabld8.1

Mass of '*C: The atomic mass excess'8€C adopted by 993AU0Y is 24.920 4 0.030 MeV,
based on thé&)-value of the**Ca(®0, ¥*C)*Ti reaction. '*C is then bound by 4.188 MeV with
respect to breakup int6C + n. See alsol(982F110 1987AJ021992WA22.



Table 18.1:'8C — General

Reference  Description

Reviews:

1987GI1C Pion-nucleus interactions

1989AJ1A Summary of recent work involving light nuclei (Sec. 4.2 c®/€C)

1989DES52 Exotic light nuclei: production, mass meas., decay, & carpeactions
1989VOZM History of & future prospects for production of nuclei faofn stability
1994BO1H Summary of recent research employing radioactive nucleamis

Other Articles:

1987BL18 Gogny’s effective interaction used to calc. ground & exdtiseates of light nuclei
1987SNO1 Partitioning of 2 component particle syst. & isotope distin nucl. fragmentation
1988P0OZS Shell-model calcs. of exotic light nucl. ground state praymsnpared to exp. data
1989RA16 Predxns. from systematics & tabulation of B(EZ; — 27) values for even-even

nucl.
1989SA10 Total cross sections of reactions induced by neutron-iggit huclei

1990L0O11 Self-consistent calcs. of light neutron-rich nuclei usttegsity-functional method

1990ST08 2nd-generation microscopic predictionsibtlecay half-lives of neutron-rich nuclei

1991REO2 Meas. half-lives & neutron emission probabilities of neuatrich Li-Al nuclei

1992LA13 Influence of separation energy on the radius of neutronmictei

1992WA22 Effective interactions for the Op1s0d nuclear shell-magelce

1993PA14 Relativistic mean field theory; calc. binding energy, rmdiiraleformation param-
eters

1. 185C(57)15N QO = 11.807

The half-life of '5C has been measured to 6&"33 ms (L988MU09, 787 ms (L989LE16,
94 + 27 ms (1991REO02, (95 + 10) ms (1991PRO3}.

Branching to states i N has been measured b$991PRO03} and is presented here in Ta-
ble 18.6 These authors also measured the total branching pratyaiilgamma emitting states
plus the ground state &fN to beP., = (81 & 5)%. The-delayed neutron emission probability is
P, =1-P, = (19+£5)%. Other values reported fét, are(25+4.5)% (1988MU0Y, (50+10)%
(1989LE1H, (43.3 4+ 6.5)% (1991RE0}. The'®C(5~) decay is also discussed in the analysis of
Gamow-Teller rates presented itOOQ3CHO§. Experimental Gamow-Teller matrix elements are
compared with results of shell-model calculations.

2.180(7~, nt)EC Qum = —25.706
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Table 18.2: Energy levels ¢fC

E.in'8C JT T T1/2 Decay| Reactions
(MeV =+ keV) (ms)
0 (07);3|95+10| (37) |23
162420 | (2%);3 2,3

The angular distribution of the™ to the ground state ofC has been measured Bf- =
164 MeV by (1984GI1( [see also for excitation function ét= 5° for E.- ~ 140 to 240 MeV].
There is also some indication of the population of an exctate atF, = 1.55 MeV (1984GI10.
See also1983AJ0).

3. 8Ca(80, C)Ti Qm = —21.434

At E(**0) = 112 MeV the ground state and an excited stat&.é2 4- 0.024 MeV are observed
by (1982FI1Q. See alsol983AJO0).

18N
(Figs. 1 and 5)

GENERAL: See Tabld8.3

Massof 'N: The atomic mass excess derived fromdh&alue of the*O("Li, "Be)'*N reaction
and adopted byl©@93AU0Y is 13.117 £ 0.020 MeV (1983PUO0). '8N is then stable with respect
to breakup intd”N + n by 2.825 MeV. Seel@83AJ0) for the earlier work.

1. 18N(5-)180 Qm = —13.899

The half-life of ®N is 0.624 & 0.012 s (19820L0). The decay branches are displayed in
Table 18.18 The nature of the decay leads 16 = 1~ for the !N ground state 19820L0).
See also1983SNO03, and see the measurements on beta branching reporteelda{H04 which
indicate a total branching ratio to alpha-particle-emgtstates in®O of at least 12.2%. A delayed-
neutron emission probablility, = (14.3 4+ 2.0)% was measured byl§91REO0Y. More recently
a study reported byl@94SCO) gaveP, = (2.2 4+ 0.4)% for transitions to neutron unstable states
in 180 aboveE, = 9.0 MeV. See also reaction 22 undéo.
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Fig. 1: Energy levels of®C and'®N. For notation see Fig. 2. For more detailgéd branching information

see!8C reaction 1.



Table 18.3:'N — General

Reference  Description

Reviews:

1988MI1J  Shell model transition densities for electron and piontsciaiy
1990TH1E Summary of topics presented at Workshop on Primordial Nisglethesis
1994BO1H Summary of recent research employing radioactive nucleamis

Other Articles:

1987AN1A Use of LISE spectrometer at GANIL for identification of exwlight nuclei

1987RI03  Isotopic distributions of fragments #Ar + %Zn at 27.6 MeV/nucleon

1987SA25 LISE spectrometer at GANIL: results of search for new exoticlei

1989SA10 Total cross sections of reactions induced by neutron-iggit huclei

1991REO2 Meas. half-lives & neutron emission probabilities of neuatrich Li-Al nuclei

1993PA14 Relativistic mean field theory; calc. binding energy, rmdiiraleformation param-
eters

2. 14C(Li, *He)'sN Qum = —10.121

The preliminary work described i1 $83AJ0) has not been published.

3. 1MC(180, “N)I5N O = —13.740

At E(*80) = 92.2 MeV groups are observed to the ground stat&€f (unresolved) and to an
excited state ak, = 575 + 25 keV (1980NA1J.

4.13C(37)!5N Qm = 11.807

See reactionl undéfC. Branching to states il¥N was measured byi@91PRO}and is pre-
sented here in Tabl&8.6 These authors measured the total branching probabilggtoma emit-
ting states of®N to be P, = 81 + 5 %. Measurements of-ray energies and branching lead to the
level energies displayed in Takl&.7and!®N radiative decays in TablE8.5

5. 180(7~, 7) 5N Qm = —9.305
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Table 18.4: Energy levels ¢fN

E.(MeV +keV) | J©; T | 72 (ms) | Decay Reactions
0 17;2 | 624 £ 12 6~ 11,3,5,6,7
0.11490 £ 0.18* | (27) P v |3,4,57
0.58756 £ 0.24 | (27)P v 13,4,7,8
0.747 & 10 (37)P 7
1.73485 4+ 0.22% | (2+) ¢ v 4
2.21 7
2.42 7
2.614454+0.23 2 | 1+ ad 0 4

@ Level energies determined frommenergies reported il P91PROR
b Suggested byl©84BA29. See also19820L0).

¢ See (984BA2J for a calculation suggesting additional states in thisgyeegion.

d (1993CHO0§.

Table 18.5: Radiative decays N *

E; (MeV) JT E¢ (MeV) | Branch (%)
0.115 (27) 0 100
0.587 (27) 0.115 100 + 16
1.735 | (2%) 0 33+8

0.115 38+9
0.587 29 £ 10
2.614 1+ 0 49 £+ 8
0.115 22+6
0.587 3+2
1.735 26+ 6

2 (1991PROR




Table 18.6: Branchings ifC(37)*¥N

Decay to'SN* Branch® log ft "
(MeV) (%)
0.115
0.587 <1 > 6.4
1.735 9+ 7 52+0.4
2.614 72 £ 10 4.08 £+ 0.08

2 (1991PRO}R calculated with the hypothesis that there
is no directg-feeding of the 0.115 MeV level. The total
probability of 5 decay to gamma emitting states plus to the

ground state if?, = (81 + 5)%. The-delayed neutron
probability isP, =1 — P,.

b log ft's were recalculated by evaluators and are slightly

different from those in 1991PR0O® due to use of level
energies from Tabl&8.4and@-values from {993AU0Y.

Table 18.7-ray intensities int®C(57)!8N @

E, (keV) | E (keV)| E; (kev)| I,°
114.9+02| 115 0 [365+75
AT2.7+0.2| 587 115 | 10.2+4.0
879.7+0.2 | 2614 | 1735 |187+5.0
1147.8+0.4 | 1735 587 | 8.0+3.7
1619.9+0.3 | 1735 115 | 10.5+4.1
1734.8 404 | 1735 0 | 91+36
20253+ 0.8 | 2614 587 | 22415
2499.3 +£0.4 2614 115 15.8 4.8
26142404 | 2614 0 |353+76

a (1991PROR

b ~-ray intensities are per 100 parent decays.




See (983AS01 1984AS0).

6. 180(t, *He)'sN Qm = —13.880

See (983AJ0).

7.180(Li, "Be)'SN Qum = —14.761
Qo = —14761 + 20 keV (1983PUO0)

At E("Li) = 52 MeV, "Be groups are observed corresponding to the excitationeo$tites
displayed in Tabld.8.4here (983PUO).

8. 180(!1B, !'C)!5N Qum = —15.881

See (983PUO}.
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180
(Figs. 2 and 5)

GENERAL: See Tabld8.8

Isotopic abundance: (0.200 £ 0.012)% (1984DES3.
(r?)1/2 = 2,784 + 0.020 fm: see reaction 25.

180%(1.98)
g = —0.287 £ 0.015 [see (L983AJ0)].
@ = —0.042+0.008 b. [weighted mean 0f0.0364+0.009 and—0.058+0.015 b: see {983GR28§,
see alsol983AJ0)].
B(E2;0" —2%) = 39.0+1.8¢?- fm* [(1979FE06 1983GR10; see also (1983AJ0Y];
= 44.8+1.3¢%-fm* (1982N0O04;

47.6 £ 1.0 ¢* - fm* (1982BA06; see also (1987RA0].

For a discussion of the hexadecapole deformation 5@83GR1(. See alsol987RA0).

1. (a)"Li(''B, nn)*O Qm = 12.171
(b) °Be(’Be, nn)fO Qm = 11.201

Reactions (a) and (b) have been studied 18393CU0] 1993DA17% in low energy heavy-ion
fusion reactions. It is reported that the 3 MeV wide resonance observediat(*0) ~ 28 MeV
intheLi +1'B — 80 — %O+ nn and’Be + ?Be — '¥0 — %O + nn reactions overlap with the
higher part of thel'. = 1, !*O GDR observed in photonuclear excitation.

Fig. 2: Energy levels of*O. In these diagrams, energy values are plotted vertiaaleV, based on the ground state
as zero. Uncertain levels or transitions are indicated Isyéd lines; levels which are known to be particularly broad
are cross-hatched. Values of total angular momeniuparity, and isobaric spiff which appear to be reasonably well
established are indicated on the levels; less certainrassigts are enclosed in parentheses. For reactions in Wiich

is the compound nucleus, some typical thin-target exoitdtiinctions are shown schematically, with the yield plbtte
horizontally and the bombarding energy vertically. Bonudag energies are indicated in laboratory coordinates and
plotted to scale in cm coordinates. Excited states of thewaknuclei involved in these reactions have generally not
been shown; where transitions to such excited states averkinooccur, a brace is sometimes used to suggest reference
to another diagram. For reactions in which the present nsadecurs as a residual product, excitation functions have
not been shown; a vertical arrow with a number indicating esdrambarding energy, usually the highest, at which
the reaction has been studied, is used instead. Furthemafmn on the levels illustrated, including a listing oéth
reactions in which each has been observed, is contained imaister table, entitled “Energy levels'8D”. For more
detailed3— branching information, se€N reaction 1.
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Table 18.8:'%0 — General

Reference  Description

Shell model
Review:
1988BR1P Status of the nuclear shell model

Other articles:

1987CH1J
1987LE1L
1987MU16
1987SH10
1988BR11
1988FI01
1988HI05
1989GUO06
1989HJ03
19890R02
1990HJ01
1990HJ03
1990MI101
1990SK04
1992FR01
1992HJ01
19923104
19920501
1994VEO4

1988KU17
1989FU08
1989TR18
19900S03

Nucl. struc. calcs. using mixed-config. shell model: effec& surfaced-interactions
Low-lying non-normal parity states 6fO & '8F calculated in shell model + tensor force
Relativistic effects in the low-energy spectra of 1sOdHsheclei

Validity of M-3Y force equivalent G-matrix element for s-tel nucl. struc. calcs.
Semi-empirical effective interactions for the 1s-0d shell

Effective interactions for sd-shell-model calculations

Effect on Gamow-Teller strength of config. mixing and p-nretrin e-e sd-shell nucl.
Hartree-Fock & shell-model charge densities calc.!'faf 0O, 32345, 4048Ca

Effective interactions through 3rd order fdr= 18 nuclei with the Paris potential
Empirical isospin-nonconserving Hamiltonians for shrathdel calculations

3rd order number-conserving sets & effective interacticads. with Bonn-Jilich potential
Choice of single-particle potential & the convergence ef ¢fffective interaction

Shell model states in th€O three-body wave function from Faddeev formalism

Study of A = 18 nuclei and the effective interaction in the sd shell

Nuclear charge radii systematics in the sd shell from muatdm measurements
Folded-diagram effective interactions with the Bonn meerchange potential model
Bonn potential used to evaluate energy spectra of somedayshell nuclei

Spin-tensor analysis of realistic shell model interaction

Exp. meas. & calc. of spectroscopic factors from one-pratopping rxns. on sd-shell
nucl.

Cluster models

Microscopic boson descrip. of p-n systems applied to edactcat. from®0, 2°Ne
Microscopic multichannel calc. of the molecular dipole @egof freedom in®0O
2-nucleon and 4-nucleon clusters in light & heavy nuclei

Cluster-stripping reactions in the heavy-ion collisioimeludes'*C(Li, d)'#0)

13



Table 18.8 from (1995T107):*O — General (continued)

Reference  Description

Special states
Review:
1988BR1P Status of the nuclear shell model

1989RA17

Compilation of exp. data on nuclear moments for ground & textcstates of nucl.

Other articles:

1987BL18
1987CH1J
1987LE1L
1987LI1F
1987MU16
1987SH10
1987VA19
1988KU17
1989FU08
1989HJ03
19890R02
1990MI101
1990SK04

Review:
1989RA17
1993ENO03

Gogny’s effective inter. used to calc. gnd. & excited statespecific spin-isospin order
Nucl. struc. calcs. using mixed-config. shell model: effec& surfaced-interactions
Non-normal parity states dfO & '®F calculated in shell model + tensor force
Double delta & surface delta interactions used to calc. ligng spectra of =220
Relativistic effects in the low-energy spectra of 1sOdHsheclei

Validity of M-3Y force equivalent G-matrix element for s-tel nucl. struc. calcs.
Microscopic analysis of excitation of firgt™ state of®*O on%4Ni

Microscopic boson descrip. of p-n systems applied to edacicat. from®0 & *°Ne
Microscopic multichannel calculation of the molecularal®degree of freedom it¥O
Effective interactions through 3rd order fdr= 18 nuclei with the Paris potential
Empirical isospin-nonconserving Hamiltonians for shrathdel calculations

Shell model states in théO three-body wave function from Faddeev formation
Study of A = 18 nuclei and the effective interaction in the sd shell

Electromagnetic

Compilation of exp. data on nuclear moments for ground &textcstates of nucl.
Strengths ofy-ray transitions inA = 5 — 44 nuclei

Other articles:

1987CH1J
1989FU08
1989RA16
1989SP01
1990NO1A
1993EG04

Nucl. struc. calcs. using mixed-config. shell model: effec& surfaced-interactions
Microscopic multichannel calc. of the molecular dipole @egof freedom in®0O

Predxns. from systematics & tabulation of B{; 07 — 2;) values for even-even nucl.
Reduced electric-octupole transition probabilitiesZB(0; — 37), for even-even nucl.
Calcs. of electric quadrupole excitations in relativisticleus-nucleus collisions

Calc. of transition probs. with angular-momentum-pragelcivave functions & realistic
forces

14



Table 18.8 from (1995T107):*O — General (continued)

Reference  Description
Astrophysics
Reviews:
1988HULE Chrondrules: chemical, mineralogical & isotopic consttaion theories of their origin

1989GU1L

Chemical analyses of cool stars (includes isotopic abureleatios)

1989WH1B Abundance ratios as a function of metallicity

1990AR10
1990TH1E

Nuclear reactions in astrophysics
Summary of topics presented at Workshop on Primordial Misglethesis

1993MA1M Review of primordial nucleosynthesis beyond the standaydhéng

Other articles:

1987BE1H
1987FA1C
1987SO1E
1987WA1F
1988BE1B
1988BUO1
1988CA26
1989JI11A
1989ME1C
1990MA1Z
1990ST1G
1990TO1F
1991K0O31
1991SA1F
1992GA11
1992G0O14
1993GA1G
1994BE29

Reviews:
1987SE1D
1989KU1P

12C/'3C & 1°0O/*®0 ratios in Venus’ atmosphere from high-res. i-spectroscopy

160 excess in hibonites discredits late supernova injectimiroof isotopic anomalies
Interstellar shock waves related to hifiBe & 'O concentrations in ice cores
Abundances in red giant stars: C & O isotopes in carbon-rioleoular envelopes

Past solar activity & geomagnetism info. frdfiBe & '®O concentrations in ice cores
Stellar reaction rates af capture on lightV # Z nuclei & astrophysical implications
Analytic expressions for thermonuclear reaction rateslinig Z < 14 nucl.
Nucleosynthesis inside thick accretion disks around madsack holes

Isotope abundances of solar coronal material derived frar €nergetic particle meas.
Nuclear reaction uncertainties in standard & non-standasthologies

High spatial resolution isotopic CO & CS observations of M8W¥

C'30 in the Chameleon 1 dark cloud (a nearby site of low-masdtaration)

170O(n, a)*C cross section measured from 25 meV to approximately 1 MeV
Extragalactid®O/'"O ratios imply high-mass stars preferred in starburst syste
Implications of the"*C(a, 7)'#O reaction for nonstandard big bang nucleosynthesis
Alpha capture on*C from £, = 1.14 to 2.33 MeV and its astrophysical implications
Secondary radioactive beams used to measure cross segtestsophysical importance
Neutron capture rates of light isotopes for inhomogeneag$88ng nucleosythesis

Applications

Progress in the field of accelerator mass spectrometry (298B7)
Production and application of stable enriched isotopekeniSSR

15



Table 18.8 from (1995T107)2O — General (continued)

Reference  Description

Applications — continued

Other articles:

1987MC1A O isotopes in refractory stratospheric dust particlesopod extraterrestrial origin
1987ZU1A Oxygen isotope effect in high-temperature oxide superaotais

1988FA1A Extreme'O depletion in calcite & chert clasts from Elephant MoraiimeXntarctica)
1988FI1C Assessment 0ofO enriched water as a marker of total body water (A)

1988HI1F Design & uses of target systems used to produce positromeza{)

1988HILG The oxygen isotope effect in Bgs Ko 375BiO3 (a high-temp. superconducting oxide)
1988KH06 Threshold track detectors used to study interactiotfi©fions w/ light & heavy targets
1988MI1B O-isotope analyses & deep-sea temp. changes: implicdbonates of oceanic mixing
1988NW1A Measurement of oil reservoir rock dispersivity by nuclezaation analysis (A)
1989GR1F Brachiopod calcite record of oceanic C & O isotope shiftseanitan/Triassic transition
1989NW1A Assessment offO enriched water as a marker of total body water

1989TALY Separation of N & O isotopes by liquid chromatography

1990CH1I !0 isotope studies on redistribution of O obtained in O ionlanpation

1990CO1K Determination of*O concentrations in microsamples of biological fluids

1990MI15 Determination of absolute oxygen coverage by nuclearimaanalysis

1990SA1J O isotope evidence for a stronger winter monsoon currenhgtine last glaciation

Complex reactions

1986MA13 Experimental search for nonfusion yield in heavy residueited from!'B + 2C
1987BE1l Search for a nucleon-participant multiplicity effect oroamalous fragment production
1987BUO7 Projectile-like fragments frorf’Ne + 1°”Au — counting simultaneously emitted neutrons
1987HE1H Search for anomalously heavy isotopes of [Bwmuclei

1987VA19 Microscopic analysis of excitation of firat" state of'*0O on%*Ni

1988BES56 Light nuclei formation in reactions of B & Ne ions with Ta & Th & = 18 — 20 MeV/A

16



Table 18.8 from (1995T107)2O — General (continued)

Reference

Description

1988BL11
1988KH06
1988PR1C
1988UT02
1989GE11
1989SA10
1989TEO2
1989Y002
1990LEO8
1990LI11J

Reviews:
1986KO1E
1987GR1lI
1987v0O1B
1987YA1E

Complex reactions — continued

Systematics of cluster-radioactivity-decay constansuggested by microscopic calcs.
Threshold track detectors used to study interactioti©fions w/ light & heavy targets
Target & projectile mass dependence of charge pickup wachy ~ GeV/N nuclei (A)
Extended Serber model applied to quasi-free strippingicae

Complex fragments emitted in excited states

Total cross sections of reactions induced by neutron-rgit huclei

Dissipative mechanisms in the 120 Mé&\F + 5*Ni reaction

Quasi-elastic & deep inelastic transfer'fi® + 1*”Au for £ < 10 MeV/u

Statistical equilibrium in thé’Ar + '2C system a//A = 8§ MeV

7 dependence of Coulomb dissociation cross sections in hieawgactions

Antimatter

Search for p-atomic X-rays at LEAR

Low energy antiproton physics in the early LEAR era

Interaction and annihilation of anitprotons and nuclei

Summary of scattering results at LEAR & unique features ef{th, n) reaction

Other articles:

1987AD04
1987GR20
1987HA1J
1988LI110

1989CH13
1989HE21
1989MA24
1992TAO08

Microscopic analysis of antiproton-nucleus elastic sraty

Widths of4 f antiprotonic levels in the oxygen region

Widths of4 f antiprotonic levels in the O region using realistic nuclvefanctions
Optical model analysis of antiproton-nucleus elastictseciy (in Chinese)
Phenomenological model analysis of scatteringrofl 80 MeV antiprotons from nuclei
Microscopic analysis of antiproton elastic scattering eereeven nuclei

Microscopic analysis of antiproton-nucleus inelastidt&rang at 600 MeV/c

Eikonal and Glauber calculations of scattering of antipnston'*O at 180 MeV
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Table 18.8 from (1995T107):*O — General (continued)

Reference  Description
Other topics
Review:
1988BA82 Use of reactions involving pions & kaons in the study of helygernuclei
1993PE19 Overview of new experimental results in meson-nucleusaatéons & future opportunities

Other articles:

1987BL18
1988HI05
1988KA39
1988TR02
1989BA92
19890R02
1989TA32
1990BR13
1990HJ01
1990KA1F
1990SK04
1994CI02
1994LU01

Review:
1989RA17

Gogny’s effective interaction used to calc. ground & exttisgates of light nuclei

Effect on Gamow-Teller strength of config. mixing & p-n cdriie e-e sd-shell nucl.
Coulomb effects in the 4-body model of simultaneous 2n feanisduced by heavy ions
Interacting boson scheme for light nuclei

Evaluation of hypernucleus production cross-sectionslativistic heavy-ion collisions
Empirical isospin nonconserving Hamiltonians for shetidual calculations

Schmidt diagrams & configuration mixing effects on hypetaacmagnetic moments
Empir. p-n interactions: global trends, configuration #enty & N = Z enhancements
3rd order number-conserving sets & effective interacticads. with Bonn-Jilich potential
Theoretical aspects of nuclear parity violation

Study of thed = 18 nuclei and the effective interaction in the sd shell

Specific heat and shape transitions in light sd nuclei

Deep pionic bound states in a nonlocal optical potential

Ground state properties

Compilation of exp. data on nuclear moments for ground & textcstates of nucl.

Other articles:

1987BL18

1988GUO03
1989CH1P
1989GUO06
1989SA10
1989TR18

Gogny’s effective inter. used to calc. gnd. & excited statiespecific spin-isospin order
Charge-density distribution of 1s-1p & 1d-2s shell nucléiléng numbers of the states
1s-0d effective interxns. of isospin triplet'®Ne-*O Coulomb displacmt. energ. (in Chin.)
Hartree-Fock & shell-model charge densities calc.!'faf O, 32:31S,4048Ca

Total cross sections of reactions induced by neutron-rigit huclei

2-nucleon & 4-nucleon clusters in nuclei
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Table 18.8 from (1995T107):*O — General (continued)

Reference  Description

Ground state properties — continued

1990GU10 Charge densities of sp- and sd-shell nuclei & occupationbarsof 2s states
1990L0O11 Self-consistent calcs. of light neutron-rich nuclei usitegsity-functional method
1992FR01 Behavior of nuclear charge radii systematics in the sd $fweti muonic atom meas.
1993PA14 Relativistic mean field theory; calc. binding energy, rrdiifaleformation parameters
1993PA19 Continuation 0fL993PA14 effects of pairing correlation

(A) denotes that only an abstract is available for this ezfee.

2. (a)'°B(°Be, p)*O Qm = 16.892
(b) 1'B(°Be, d)}*O Qm = 7.662

See (1986CUO0O2 for production cross sections of 1.98 MeMays.

3. 12C('Li, p)'*0 O = 8.401

Observed proton groups are displayed in Table 18.51681{AJ03J. See alsol983AJ0).

In a recent experiment, thie state at 7117 keV ii*O was studied byl(Q94ME02) and an E2
strength for the 7117-5060 branchesR®{E2) = 6.4 + 1.6 W.u. was deduced in agreement with
results of (989GA0). It was concluded that it is highly improbable that the 7k&¥ state is
energetically degenerate with a state of different decapemties.

4. 3C(Li, p)'*0 Qm = 10.704

See (986SMO0) and Table 18.5 in1987AJ03. It is noted there that existing data indicate
that wheno,.; to a particular state it*O is large in this reaction, it is also large in tH€("Li, p)
reaction. More recent data are reportediB§8SMO0) (see Tablel8.11here). Differential cross
sections were measured and compared with results of Haagséibach calculations. The results
suggest the presence of an additional non-statistical amesim.
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Table 18.9: Energy levels ¢fO ®

E, J T TP Decay Reactions
(MeV =+ keV) orl'c.m.
0 0t 1 stable| 2, 3,4,5,6,7, 8,9, 10, 11, 12,
15, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50,
51,52
1.98207 £ 0.09 2t Tm = 2.80 4 0.07 ps vy 1,2,3,4,5,6,7,8,9, 10, 11,
(g=—0.287 £ 0.015) 15, 17, 19, 20, 21, 22, 25, 26,
(Q = —0.042 4+ 0.008 b) 27, 28, 29, 30, 32, 33, 39, 40,
42,44, 45, 47, 48, 49, 50, 51,
52
3.55484 + 0.40 4 T = 24.8 4+ 1.2 ps v 13,4,7,9, 10, 15, 16, 17, 19,
(@= —0.62 + 0.10) 20, 21, 22, 25, 28, 33, 39, 40,
51, 52
3.63376 + 0.11 0+ T = 1.38 4 0.16 ps v 13,4,7,9, 10, 15, 19, 22, 25,
28, 33, 39, 40, 50, 51, 52
3.92044 + 0.14 2+ T = 26.5+2.9fs v 13,4,7,9 10, 15, 19, 22, 25,
28,33, 39,51
4.45554 + 0.10 1" T = 65+ 15 fs v 13,4,7,9, 10, 15, 19, 22, 25,
28, 33, 39, 40, 50, 51
5.09778 + 0.54 3~ Tm = 62 £ 25 fs vy 3,4,7,9, 10, 15, 19, 22, 25,
26, 27, 28, 33, 39, 40, 45, 51,
52
5.2548 + 0.9 2+ T = 10.1405fs v 13,4,7,9, 10, 15, 17, 19, 25,
28, 33,50, 51
5.3364 = 0.6 0t Tm = 200 +40 fs vy 3,4,9, 15,19, 25, 33,51
53778 = 1.2 3t Tm < 30 fs vy 3,4,15, 19, 20,51
5.53024 + 0.29 2- Tm < 25 fs ol 3,4,15, 22, 25, 28, 33,51
I' < 50 keV
6.19822 + 0.40 1~ Tm = 3.7£0.6fs ol 3,4,9, 15,19, 22, 24, 25, 33,
51
6.3513 % 0.6 (27) T < 35 s v | 3,4,15,19,22,25, 33,51, 52
I' < 50 keV
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Table 18.9: Energy levels 6O # (continued)

Ey J* T TP or Decay Reactions
(MeV =+ keV) | .
6.4044 £ 1.2 37 Tm = 30£15fs ¥ 3,4,15,33,51
6.88045 + 0.27 0~ Tm < 25fs v 3,4,15,22,33,50,51
7.1169 + 1.2 4+ Tm < 25 fs v,a | 3,4,7,9, 10, 15, 17, 19, 2(
25, 28, 33, 37, 39, 40, 51
7.6159 £ 0.7 1~ I' < 2.5 keV v, | 3,4,7,9, 15, 22, 25, 33, 37
39, 40,51
7.77107 + 0.50 2 I' < 50 keV y 3,4,15,22,25,51
7.864+5 5~ ¥ 3,4,7,9, 10, 15, 19, 20, 25
33, 37, 39, 40,51, 52
7977 +4 (37,47) y 3,4,15,19,51
8.0378 £ 0.7 1~ I' < 2.5 keV v,a | 3,4,7,8, 15,16, 17, 22, 25
37,39, 40,51
8.125+ 2 5~ v, |3,4,7,9,10, 15, 25,51
8.213+4 2" '=1.0+0.8keV v, na|3,4,7,8, 15, 25, 28, 33, 3}
39, 40,51
8.282 £ 3 3~ ' =8+1keV v, nal|3,4,7,8,9, 10, 15, 25, 33,5
8.410 +8 (27) ' =8+6keV v, n,a | 8,15, 25,51
8.521+6 (47) I' < 50 keV ¥ 15, 25,51
8.660 + 6 15,51
8.817 4 12 (17) [ =70+ 12 keV n,a |8,20,28,33
8.955 +4 (47) [' =43 + 3 keV v, n,a | 8,15, 25, 33
(9.0 4 200) ¢ (17) Q@ 22
9.03 15,19, 33
(9.10) 33
9.274+ 201 0,1, 2y n 22
9.361 +6 2 [' =27+ 15 keV v, n,a | 8,10, 15, 25, 33, 37, 39, 40
9.414 £+ 18 I' ~ 120 keV n,a | 8,10,15, 33
9.48 + 24 I' ~ 65 keV n,a | 8,15
9.672+7 (37) [' =60 + 30 keV n,a | 8,15,33,37, 39,40
9.713+7 (57) I' < 50 keV ¥ 15, 25, 33
9.890 + 11 I' = 150 keV n,a | 8§,15,33
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Table 18.9: Energy levels 6O # (continued)

22

Ey J* T TP or Decay Reactions
(MeV =+ keV) Lem.
10.118 &= 10 37 ' =16 + 4 keV n,a | 8,9, 15,33
10.24 4+ 204 (0,1,2) n |22
10.295 + 14 4+ I' < 50 keV v, na | 8,9, 10,15, 16, 25, 33,37, 3
40
10.396 +9 3 n,a |8,15,33
10.43 + 40 (27) I' < 50 keV v |25
10.595 + 15 na |8,15
10.67 £ 20 (27) I' < 50 keV ¥ 25
10.82 + 20 na |8
10.91 4+ 20 n,oa | 8,10
10.99 + 20 (27) I' < 50 keV v,n,a | 8,25
11.06 (67) 20
11.13 £ 20 n,a |8,10,50
11.39 + 20 (21) na |89
11.41 + 20 (4%) na |89
11.494+ 304 0,1, 2y n 22
11.52 + 50 (27) I' < 50 keV ¥ 25
11.62 £+ 20 5~ na |8,9,10,33,37,39,40
11.67 £ 20 (37) ' =112 £0.02 keV 25
11.69 £+ 20 6t na |8,9, 10,33
11.82 +20 (37) na |8
11.90 + 30 (27) I' < 50 keV v |25
12.04 + 20 (21) na |89
12.09 + 20 (1-,2%) I' < 50 keV 25
12.25 4+ 20 (17) na |8,9
12.33 £ 20 5~ na |8,910
12.41 4+ 20 (37) I = 143 + 24 keV vy |25
12.50 4 20 4+ n,a | 8,37,39, 40
12.52+ 20 I' < 50 keV ¥ 25
12.53 +£ 20 6" na |8,9, 10,37, 39,40




Table 18.9: Energy levels 6O # (continued)

Ey J* T TP or Decay Reactions
(MeV =+ keV) Lem.
12.66 + 20 (27) I' < 50 keV v |25
12.99 + 20 (47) I =68 + 18 keV v |25
13.1¢ 1~ [' =700 keV v, n |23
13.40 4+ 20 (27) I' = 108 + 20 keV y 25
13.8 1~ [' = 600 keV v,n |23
13.85+ 13 (67) I’ ~ 200 keV v 20, 25
14.17 + 40 (67) ' = 140 + 50 keV v |20,25
14.45 4+ 50 [' =~ 1070 keV ~y 25
14.7 1~ [' = 800 keV v, n |23
15.23 4+ 40 I' ~ 300 keV v |25
15.8 1~ [' =700 keV v,n |23
15.95 4+ 30 I' < 50 keV ~y 25
16.210 + 10 1) v 25
16.315+ 10 (3,2)” v |25
16.399 + 5 27;2 I' < 20 keV v 25, 28
16.88 =+ 30 (4-,27); (1) [' < 50 keV ol 25
16.948 + 10 (3,2) ~y 25
17.025 + 10 (37); 2 I' =20+ 6 keV v |25
17.05 (77) I' ~ 350 keV 9
17.398 £+ 10 17;(2) [' = 600 keV v, N, pl 23,25
17.450 + 10 (2,1,3)" ~y 25
17.46 + 30 (47);1 I' ~ 600 keV v 25
17.5 I' ~ 150 keV v 25
17.502 + 10 (1,2,3)~ ~y 25
(17.6 +200) (87) 9
17.635 + 10 v 25
18.049 + 10 ¥ 25
18.2 I' ~ 150 keV v 25
18.45 4+ 20 37); (D ['=75+ 27 keV y 25
18.5 [' =~ 4300 keV ~y 25
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Table 18.9: Energy levels 6O # (continued)

Ey J* T TP or Decay Reactions
(MeV =+ keV) Lem.

18.70 + 20 (47); 2 I' < 20 keV vy |25
18.871+£5 1*;2 ¥ 25
18.927 + 10 (1,2M) y 25

18.95 (77) I' =~ 350 keV 9
19.027 £ 10 (1,3)" vy |25
19150+ 10 | (17,2%,37) vy |25

19.24 + 20 (>2);2 I' < 20 keV vy |25

19.4 17;(2) [' =900 keV v, p |23

19.7 [' =~ 200 keV y 25

20.2 I' ~ 180 keV y 25
20.36 + 20 (47);2 I' < 20 keV vy |25
20.86 + 20 ['=97 4+ 41 keV y 25

21.0 17; (1) I' =~ 150 keV v, N, p| 23,25
21.42 + 20 (47); (2) I' < 50 keV v |25
22.40 + 20 4752 ' =91+ 8keV ¥ 25

22.7 1~ v, N, p| 23
23.10 £+ 20 [' =49 4+ 24 keV y 25

23.8 17 () [' ~ 1500 keV v, n,p| 23,25

27 17;(2) v, n,p| 23

30 v,n |23

36 y 23

@ See also Table$8.10and18.21here and 18.12 in1083AJ0).

b See Table 18.14 inl@78AJ03 for a display ofr,,, measurements.
¢ For additional states witih2.9 < F, < 23.1 MeV see (983CUO03J [reaction 9].
¢ See reaction 22 it O and Tablel8.18for discussion of this level.

5. 13C(°Be, a)'®0

See (983AJ011987AJ03.

O = 12.830
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6. 13c(17o 12c)180

See (983AJ011987AJ02.

7. “C(a, )80

Table 18.10: Radiative decays'ftO #

Qm = 3.098

Qum = 6.227

25

E; (MeV) JT E; (MeV) Branch (%) )
1.98 2t 0 100
3.55 4+ 1.98 100
3.63 0F 0 0.30 4+ 0.06 ®
1.98 99.70 £+ 0.06
3.92 2% 0 1244+ 0.7
1.98 87.6 £0.7 ¢
4.46 1~ 1.98 27.1+£2.6 ¢
3.63 704 +£1.7
3.92 25+0.9
5.10 3 1.98 76.1 £0.8 ¢
3.55 6.3£0.8 ¢
3.92 17.6 £ 0.7 ¢
5.26 2 0 30.3£0.9
1.98 55.94+1.0 0.15+0.04
3.55 1.1+£0.6
3.63 1.0+ 0.6
3.92 8.7+04
4.46 3.0£0.3
5.34 0t 0 d
1.98 58 +2
4.46 42 £+ 2
5.38 3t 1.98 86.5 + 2.2 ¢
3.92 13.5+2.2 ¢
5.53 2- 1.98 49 4+ 2 ¢




Table 18.10: Radiative decays O * (continued)

E; (MeV) JT E; (MeV) Branch (%) )
3.92 2442
4.46 27+ 2 ¢
6.20 1~ 0 88.7+ 0.9
3.63 254+0.3
4.46 41+04
5.26 3.6+04
5.34 1.14+0.3
6.35 (27) 1.98 3242 c
3.92 55+ 2 ¢
4.46 1242 ¢
6.40 3” 1.98 68.1+ 1.8 ¢
3.55 744+1.2
3.92 6.3+1.0 ¢
4.46 28 +1.0
5.10 9.8 +0.9
5.26 5.6 +0.9
6.88 0~ 4.46 100 ¢
7.12¢ 4+ 1.98 27.1+£04 —(0.052 £ 0.035)
3.55 69.2 +£0.7
3.92 21+0.2
5.10 1.3+£0.2
5.26 0.30 + 0.06
7.62 1~ 0 23+ 2
1.98 62+ 31 —(0.027 4+ 0.008)
4.46 8+1 —(0.21 £0.03)
5.34 6+1
6.20 141
1.77 2- 1.98 53 £ 3
4.46 1142
5.10 36+3
7.86 5- 3.55 > 75
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Table 18.10: Radiative decays O * (continued)

E; (MeV) JT E; (MeV) Branch (%) )
7.98 (37,47) 3.55 67 +2
5.10 1242
5.38 21+ 2
8.04 1~ 0 16 +1
1.98 70+2¢8
3.63 10+1
5.26 4+1
8.13 5™ 3.55 99+ 1h
5.10 1+1
8.21 2t 0 19+4
1.98 29+ 3
3.55 3+1
3.92 3+1
4.46 20+ 3
5.10 17+1
8.28 37 3.55 61+ 3
4.46 3+3
5.26 36+3

& For references and additional information see Tables 18@978AJ03 1983AJ0).
Upper limits for other transitions are not shown.

PT./T = (3.04£0.6) x 1073 (1975SO0%

¢ § is consistent with 0.

47, /T <23 %1073,

°T,/T'=0.561 £ 0.013 (1994ME03

fr,r,/T =0.34eV.

eI, /T'=0.89 eV.

hr,I, /T =0.22eV.
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Table 18.11: States ¢fO from '3C(Li, p) ®

E.? Otot a,b E.? Omax *

(MeV =+ keV) (ub) (MeV =+ keV) (ublsr)
0 6.1 +0.3 8.667 £ 13 20.8+1.0
1.987+8 39+1 8.82 4+ 20 13.0+ 0.9
3.555 £ 10 56+ 1 8.96 + 20 16.3+1.0
3.632 £ 15 13+1 9.72 + 30 26.3+1.3
3.926 £ 6 36 +1 10.09 4+ 30 30.6 1.5

4.455 £+ 8 46 + 1 10.28 + 30 100+ 5
5.095+ 11 74+1 10.63 + 30 31.3+1.6
5.256 £ 9 44+ 1 10.90 4+ 30 42.7+2.1
5374+ 8 35+1 10.99 4+ 20 84.8+4.2
5.532+8 45+ 1 11.12 4+ 20 17.7+ 0.9
6.199+8 37+1 11.26 + 20 33.9+1.7

6.383£11°¢ | 131+£2 11.42 4+ 30 46.6 £ 2.3
6.882 £+ 19 5.3+£04 11.61 £ 30 34.1+1.7
7117+£54 208 £2 11.70 += 30 75.4+3.8
7.618 £ 10 33£1 11.85£ 30 81.9+4.1
7.764 + 14 37+1 12.07 £ 30 342+ 1.7
7.850 £ 13 101 +1 12.23 £ 30 321+£1.6
7.962 £ 12 84+1 12.33 £ 30 50.4+£2.5
8.026 + 14 19+1 12.44 + 30 96.0 £4.8
8.120 £ 12 140 £ 2 12.54 + 30 90.24+4.5
8.200 £ 17 48+1 13.08 £ 30 484+24
8.274+15 103 +£2 13.23 + 30 99.3£5.0
8.401+ 12 45+1 13.48 + 30 24.6+1.2
8.496 + 15 1 13.60 £ 30 29.0£1.5
13.81 £ 30 159 £8

14.14 £ 30 92.7+£4.6
15.80 £ 30 136 £ 7

2 (1988SM0). The maximum value of the differential cross
section results were compared with a Hauser-FeshbacHaalcu
tion. The comparison suggests the the presence of an auitio
nonstatistical mechanism.

b See Table 18.5 in1087AJ02, which shows a comparison
with oo, from12C("Li, p) for E, < 8.3 MeV.

¢ Unresolved doubletl@88SMO0).

4 See discussion of',/T" results from (994ME03 under
reaction 3 here.
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Table 18.12: Resonances'itC(a, 7)'80, “C(a, n)!"0 and!*C(a, a)*C?

E, (MeV + keV) T (keV) Particles out | E,(*30) (MeV) J7
1.140+2° v 7.114 4+
1.790 2P <3 v 7.619" 1~

2.10° v 7.86 5~
2.330+£2P <3 7, 0 8.039" 1-
2440+ 2° v 8.125 5~
2.554+4Pb 1.3+1 v, N, ag 8.213 2+t
2.643+3P 10+1 7, N, o 8.282 3~
2.800 + 7 1047 n 8.404
3.330 + 12 90 + 15 n, g 8.817
3.508 + 4 55+ 3 n, ag 8.955
4.030 + 15 35420 n, (o) 9.361
4.07 £+ 40 ~ 150 n, (ao) 9.39
4.17 £+ 40 ~ 70 n, (ao) 9.47
4.434 4+ 10 80 + 40 n, (o) 9.675
4.70 + 40 ~ 200 n, (o) 9.88
5.004 + 10 21+5 n, o 10.118 3~
5.23¢ d n, o 10.29 4t
5.34 d n, ag 10.38 3~
5.60 e n, g 10.58
5.90 f n, g 10.82
6.02 f n, g 10.91
6.13 f n, ao 10.99
6.30 e n, o 11.13
6.64 d n, o 11.39 (21)
6.67 d n, o 11.41 (41)
6.93 d n, ag 11.62 5~
7.03 d n, o 11.69 6+
7.19 f n, o 11.82 (37)
7.47 f n, ag 12.04 (21)
7.75 g n, ag 12.25 0+, 17)
7.85 d n, o 12.33 5~
8.06 d n, o 12.50 4t
8.10 d n, ag 12.53 6+
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@ See also Tabl&8.11 For references see Table 18.51978AJ03J.

b (1987GA1Y: I, = 0.09540.020,0.4140.08,0.043 +0.009, 1.07 £ 0.22,0.27 + 0.05,
0.41 + 0.09, and0.49 + 0.13 eV, respectively for80*(7.11, 7.62, 7.86, 8.04, 8.13, 8.21,
8.28 MeV).

¢ 410 — 20 keV for this and all higher resonances (G.E. Mitchell, piveommunication).
dr,, large;T,, large.

¢T,,small;T",, small.

fT,, small;T,, large.

eI, large;I',, small.

b RecentC(a, 7) measurements for these twb~ states by [994HA17j gave
E, = 7.6159 + 0.0007 and8.0378 + 0.0007 keV.

Resonances in the yield of captuygays are observed &, = 1.14, 1.79, 2.09, 2.33, 2.44,
2.55, and 2.64 MeV: see Tablé8.12here and 18.5 in1978AJ03. Gamma-ray angular distri-
bution and correlation measurements leadto= 4, 1=, 1, and5~ for *O*(7.11, 7.62, 8.04,
8.13), as well as to™ assignments for lower states involved in the cascade deg.also ref-
erences in1987AJ02 and see the cross section measurementd @3DA17). The speculated
presence of enhanced Edde-excitation in'®O (1983GA03 was followed by further experimen-
tal and theoretical investigations of collective band stee in**O (1989FU08 1993REOQ3. See
however (986HAL). See also{989FU1H 1989KAZH). The4; — 25 (7117 — 5260) keV
~ branching ratio 0f).30 4+ 0.08% was measured byi989GA0) and an E2 transition strength
B(E2) = 5.7 £ 1.9 W.u. was deduced. This result is conformed by thex('7)/(I', + I',) and
(7117 — 5260) keV ~ branching (.24 + 0.08%) measurements 01992G014 and thel',/T",
measurement oflO94MEOQ3.

The "C(«, v) reaction is important in astrophysical processes and étaild of the cross
section are relevant to the process of heavy element foomatiinhomogeneous big bang nucle-
osynthesis {1988AP1A 1989FU06 1990WIZP, 1992GA11 1992G014. See also1988BUO01
1988MA1U, 1989KA1K, 1989NO1A 1989TH1Q and the review of thermonuclear reaction rates
in (1988CA24.

8. (a)**C(a, o)UC Ey = 6.227
(b) “C(a, N)''O Qun = —1.817

Observed anomalies in the scattering [reaction (a)Hor= 2 to 8.2 MeV and the resonances
in the relative neutron yield [reaction (b)] fdi, = 2.3 MeV are displayed in Tablé8.12 See
also (L978AJ03.

Thea-cluster structure of O has been investigated in theoretical workid§9FU08 1993REOJ
based ont*C(c, «) scattering, and the results do not support the existenpeoplosed negative-
parity molecular dipole states. SEOB9GA0).
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9. (a)“C(Li, d)'*0
(b) “C(Li, da)™*C

Qum = 4.752
Qm = —1.475

Table 18.13: Gamma-ray branching ratios4€(«, +)'#0 @

31

E; (MeV) JT E; (MeV) J Branching ratio (%)
7.620 4+ 0.002 1~ 0 0t 23+ 2
1.98 2t 62+3
3.63 0F <1
3.92 2t <3
4.46 1~ 8§+2
5.26 2t <3
5.34 0F 6+1
5.53 2- <5b
6.20 1~ 14+1
7.859 £+ 0.005 5~ 3.56 4+ > 75
8.040 £ 0.002 1~ 0 0* 17+1
1.98 2% 71+2
3.63 0t 9+1
3.92 2t <1
4.46 1~ <15
5.10 3~ <1
5.26 2% 3.2+0.9
5.34 0F <1
5.53 2 <2
6.20 1~ <2
8.125 4+ 0.002 5~ 3.55 4+ 9+1
5.10 3 1+1
7.12 4+ <2
8.214 + 0.004 2t 0 0* 19+4
1.98 2% 29+ 3
3.55 4t 3+1
3.63 0F <3




Table 18.13: Gamma-ray branching ratios4€(«, +)'*0 # (continued)

E; (MeV) JT E; (MeV) JF Branching ratio (%)
3.92 2t 3+1
4.46 1~ 29+ 3
5.10 3” 17+1
5.26 2t <3
5.34 — 6.35 <1
8.283 4+ 0.003 3~ 0 0F <7
1.98 2% <3
3.55 4+ 61+3
3.92 2t <3
4.46 1~ 3+3
5.10 3~ <8
5.26 2% 36 £ 3
5.38 3* <4
5.53 2 <8
6.40 3~ <d

* (1987GA1Y. See also Tabl&8.12for measured', for these levels.

At E(°Li) = 34 MeV angular distributions have been measured for the deuitgroups to
many states offO (1981CUO07 [see also 1983AJ0)] including **O*(17.6 4 0.2) (1982CU0).

J™ =4%,2%, 2%, (47), and(4T) are suggested fafO*(7.86, 8.9, 12.04, 14.6, 17.0)981CUO0Y.
The 2T, 4%, 67 and 8" members of thex™ = 0 rotational band based of{O*(3.62) are
180%*(5.26, 7.12, 11.69, 17.6).82CU0).

Angular correlations have been measured@tLi) = 34 MeV, these lead to the assignment
of J© = 8% to ¥0*(17.6) (1982CU0) and to the assignment ofF = 4+, 5, 67, 7~ and8* to
sixteen states IO with 11.4 < E, < 23.1 MeV (1983CUO03 [see (983CU03J for assignment
of O states to bands]. AE(°Li) = 32 MeV (1983AR1) find that the strongest groups are
those to (unresolved) structuresfat = 17.05 and 18.95 MeV [each’ ~ 0.35 MeV] dominated
by J© = 7. 180*(11.6, 12.6) withJ™ = (6%, 57) and5~ are also observed §83AR1) [see,
however, the density of states]. See alk8d7AJ0219900S03

10.1C('Li, t) 80 Qm = 3.760
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At E("Li) = 20.4 MeYV, triton groups are observed corresponding to a numbstadés of*O
with E, < 12.6 MeV. Angular distributions were obtained for some of théseluding *O*(0,
1.98, 7.12, 11.69) with/™ = 0%, 27, 4%, 67. The latter two are the most strongly populated in
this reaction: they appear to be part of the ground-stasgiontal band: seelQ72AJ0). See also
(1987AJ02.

In more recent work afZ("Li) = 15 MeV, 80 gamma de-excitation modes for all natural
parity states up to the alpha-particle thresholdat= 6.227 MeV were studied1991GA0g. See
Table18.14

Table 18.14: Gamma decay branching ratios'f@ from *C("Li, t7)'*O 2

E; (MeV) JT E; (MeV) JF Branching ratio (%)
1.98 2F 0.00 0t 100
3.55 47 1.98 2t 100
3.63 05 1.98 2t 100
3.92 27 0.00 0+ 1114+ 1.0

1.98 2% 88.94+ 1.0
4.45 17 0.00 0F < 0.2
1.98 2" 29.5£1.0
3.63 05 63.9+ 1.0
3.92 25 1.6 4+0.2
5.10 37 1.98 2t 76.5+ 1.0
3.55 4+ 56+ 1.0
3.92 25 17.9+0.8
4.45 1~ < 0.14
5.26 24 0.00 0t 30.3+0.9
1.98 2 55.9+ 1.0
3.55 4+ 1.14+0.6
3.63 05 1.0+ 0.6
3.92 2F 8.7+0.4
4.45 1~ 3.0+0.3
5.34 03 1.98 2" 45.2 4+ 5.0
3.92 25 < 12.0
4.45 1~ 54.8+£5.0
6.20 15 0.00 0F 88.7+0.9
1.98 2 <13
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Table 18.14: Gamma decay branching ratiosf@ from *C("Li, ty)*0O®
(continued)

E; (MeV) JT E; (MeV) JF Branching ratio (%)

3.63 05 2.54+0.3
3.92 25 < 0.9
4.45 1~ 41404
5.09 3 < 0.7
5.26 24 3.6£0.4
5.34 05 1.1+0.3

6.40 35 1.98 2% 68.1+ 1.8
3.55 4+ 74+1.2
3.92 24 6.3+ 1.0
4.45 1~ 28+ 1.0
5.09 3 9.8+0.9
5.26 24 5.6£0.9

7.12 4y 1.98 2t 27.0£0.5
3.55 4+ 70.0 £ 1.0
3.92 25 1.840.4
5.09 3 1.24+0.3
5.26 24 < 0.6
6.40 35 < 0.2

2 (1991GA09. See Table 1 of (1991GA0§ for additional information including transition
strengths. See also Tall8&.10here.

11. 1C(iC, °Be)80 Qm = —5.785

See (985K003.

12.14C (%0, 12C)180 Qm = —0.935

See (978AJ03.
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Table 18.15: States ifO from 1°O(t, p)®

E, (keV) | L JT E, (keV) E, (keV)
0 0 0+ 7623 £ 18 9713+ 7

1986 +4 | 2 2+ 7782 £ 6 9890 £ 11

3556 £2 | 4 4+ 78714+ 24 | 10120 £ 40
3634> | 0 0+ 7983 £3< | 10300 % 20

3915+2 | 2 2+ 8046 £ 7 10400 + 10

4458 +£3 | 1 1- 81404+ 10 | 10610420

5105+2 | 3 3” 8233 £ 9

5258 £6 | 2 2+ 8294+ 54

5340+4 | O 0+ 8430 + 12

5382 + 4 8521+ 34

5530 & 4 8660 =+ 6

6197 +3 | 1 1- 9030 £ 15 ¢

6356 £7 | 1,2] (17, 2%)¢| 9362+51

6399+3 | 3 3” 9420 + 20

6885 £ 9 9480 =+ 30

71234+ 7| 4 4+ 9671 £ 8

a (1981CO1} E;

(1978AJ03.

b Nominal energy.

15 MeV; DWBA analysis. See also Table 18.6 in

¢ See, however, Tabl&3.18

4 Comparisons of?, shown here with those displayed in Tahk.3for

180%(3.92, 5.10, 6.40, 7.77) suggest that the uncertaintyshmay be
low: +6 keV was arbitrarily used in calculating the best valuekgrfor

this state in Table 18.3 of.p87AJ02.

¢ This is the “average” of several unresolved levelk9§5FO1] states
that the main components are at 8.96 and 9.03 MeV. [Comnigstnot
clear whether these states are actually resol¥887AJ02.]
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13.N(a, p)'*O Qum = —3.980

Several states ifO at £, = 10—25 MeV were observed iitN(«, p) experiments reported in
(1987MIZY, 1988BRZY, 1989BR1J.

14.°N(3C, 1°B)130 Qum = —8.042

See (983AJ0).

15.150(t, p)*O Qm = 3.706

Proton groups corresponding to state§*af are displayed in TablE8.15here1981CO13. See
(1976LA13 for a general discussion of the properties of the staté&@fLifetime measurements
are reported in Table 18.4 ol 978AJ03. See also reaction 19 and982AN12 1985AN17
1985BA1A).

16.190(a, 2p)'*0 Qum = —16.108

At E,, = 65 MeV, the angular distribution t§0*(3.55)[J™ = 4] has been studied?0*(8.04,
9.15, 10.3) are also populated: s&8§3AJ0).

17. (a)'°0('*B, *B)'*0 Qm = —14.825
(b) 1*0(**C, 11C)180 Qm = —11.480

At E('°B) = 100 MeV, ®0*(3.55) [first(d;» )3, state] is preferentially populatetfO*(1.98,
5.26, 7.12, 8.0, 8.3, 9.1) are also observed. The angulaibdison to '80*(3.55) has been mea-
sured atE(**C) = 105 MeV. See (983AJ01 1983050,

18. (a)'"0O(n,~)'®0 Qm = 8.044
(b) '70(n, )70 B, = 8.044
(c)'"O(n,a)“C Qm = 1.817
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For reaction (a) seelP83AJ0). [The work reported there has not been published.] The
scattering amplitude (bound)= 5.62 + 0.45 fm, o = 3.55 £ 0.25 b. The thermal cross section
for reaction (c) i235 + 10 mb. See 1983AJ0) for references. See alsb988MCZT).

In more recent work, the cross section fa®(n,«) has been measured fraily = 25x1073 eV
to 1 MeV (1991K0O3). An evaluation of the cross sections froffy = 107° eV to 20 MeV
has been carried out byt991HI15. Results are given in tabular and graphical form. See also
(1991KO1B.

19.170(d, p)*0 O = 5.820

Table 18.16: States ¢fO from !’O(d, p)?

E,.(MeV £keV)® | [,> | J*P Sb
0 2 0" 1.22
1.982 £ 10 0+2 2" 0.21+0.83
3.902 £ 10 2 4+ 1.57
3.63 2 0F 0.28
3.92 0+2 2" 0.35 4 0.66
4.46 1 1~ 0.03
5.10 3 3~ 0.03
5.250 £ 10 0 2+ 0.35
5.34 2 0" 0.16
5.375 4+ 10 0 3" 1.01
6.20 1 1~ 0.03
6.35 1 | (2) 0.03
7.110 &£ 15 2 4+
7.855 4+ 20
7.962 £ 20
9.0¢

a See references in Tables 18.7 ®972AJ021978AJ03.

b . values without uncertainties are nomindlare consistent
with [,, and are used to calculate

¢ (1985F01). See text.
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Table 18.17: Some states'ffO from !"O(«, *He) ?

E, (MeV) P Jrb Oine (M) ©
0.0 0t 0.22
1.98 2+ 0.64
3.55 4t 1.59
5.38 3+ 0.12
7.12 4+ 0.09
7.86 5~ 0.14
8.12 5~ 0.06
8.82 (11) 0.04

11.06% (67)® 0.18
13.85 (67) d 0.02
14.17 (67) d 0.01

2 (1992YAQ9; E, = 65 MeV.

b E. andJ™ values from TableX8.9.

¢ Integrated cross section. See Tables Ill and 1V i892YAQ9 for
spectroscopic factors.

4 (1990SEZZ.

Observed proton groups are displayed in Tdl@el6 A strong asymmetric peak is observed at
E4 = 12 MeV corresponding td’, = 9.0 MeV. On the basis of this work and the measurement of
the cross section at a peak at about the same energy obsethed’O(t, p) reaction, {985F01)
assign/™ = 4" and a (14),) (1d;/2) configuration t0"*0*(9.0). Protons coincidence measure-
ments are shown in Tabl3.1Q

20.170(a, *He)*0 Qm = —12.533

Differential cross sections were measurediat= 65 MeV (1992YA0§ for 80 states up to
E, = 15 MeV. DWBA analysis led to proposed spin parity and isospsigresments, and spectro-
scopic factors. See Table3.17

21.170(2C, 1'C)'*0 Qm = —10.677

Angular distributions involving®0*(0, 1.98, 3.55) have been studied@t'?C) = 115 MeV:
see ((983AJ0).
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Table 18.18: Branching ifN(5~)!#0 #

Decay to'®O* Decay J" Branch® log ft
(keV) mode (%)
1982.05 + 0.09 ¢ ol 2+ 3.4+1.3 6.79 +0.17
3554.13 + 0.80 0 4+ <0.5 > 7.3
3633.70 = 0.11 ol 0t < 0.3 > 7.5
3920.424+0.14 0 2+ <04 > 74
4455.52 + 0.10 ol 1~ 47.24+0.9 5.167 £ 0.013
5097.60 £ 0.60 ol 3” <04 > 7.1
5530.17 £ 0.32 ¥ 2- 2.74+0.3 6.16 +0.05
6198.22 4+ 0.40 ol 1~ 1.2+0.2 6.34 4+ 0.08
6349.76 + 1.0 ol (27) 1.9+0.2 6.10 4+ 0.05
6880.45 + 0.27 ¥ (s 12.8 £ 0.7 5.13 £0.03
7620 «@ 1~ 6.8 +0.5 5.174+0.04
7771.07 £ 0.50 ol 2—d 4.3+04 5.32 £ 0.05
8040 « 1~ 1.8+0.2 5.61 + 0.05
9000° a (17) | >36+02 <5.0
(9090 + 30) n (0—2)" | 0.16+£0.03 | 6.2740.09
9270 £ 20 n (0—2)" 0.39 £ 0.09 5.80+0.11
9470 £ 20 n (0—2)" 0.47 £ 0.09 5.64 +0.09
9690 + 20 n (0-2)~ 0.14 +0.03 6.06 4+ 0.10
9910 £ 20 n (0—2)" 0.17+0.03 5.87 + 0.08
10240 £ 30 n (0—2)" 0.16 = 0.03 5.73 +£0.09
10650 £ 30 n (0-2)~ 0.43 + 0.09 5.07£0.10
10990 £ 30 n (0-2)~ 0.13 4+ 0.03 5.38 £0.11
11490 + 30 n (0—2)" 0.194+0.04 4.854+0.10

& Branchings toy-decaying levels(9820L0J), branchings tax-decaying levels
(1989ZH04 and branchings to n-decaying level®94SCO)

b 12.2 4+ 0.6% of the s-decay branching ratio has been measured to feed
emitting states{9897H03. 14.3 £ 2.0% has been measured to feed n-decaying
states {991REOQ2. The branching ratio ofi-decaying states1@820L0) have
been renormalized to take these values into account. Set@ome&2 of '20.
Branchings in this table do not add up to 100% since n-degalgivels below
9.00 MeV were not measured by994SCO} and there is a missing 12.1%
branching to n-decaying levels not listed.

¢ E, =1981.933 £ 0.09 keV is adopted by}9820L0).

4 See (9820L0).

¢ Found as a broad bump at 3 MeV j#iidelayed alpha spectrum. Could be
several unresolvett~ states or a new brodd™ state in'80 (1989ZH03.
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22.18N(57)180 Qum = 13.899

The transitions observed in thie decay are displayed in Tabl8.18

The~-decaying states were measured b§§20L0) and estimated5 + 6% branching to non-
~-decaying states i*O was assumed. At leas?.2 + 0.6% of the 3-decay branching ratio has
been measured to feéd alpha-particle emitting state$4892H04. See also the measurements of
(1987GAZW, 1987ZHZV, 1988MI1G. A 5-delayed neutron emission probabilityiof.3 + 2.0%
has been measuretiQ91REQO). The 3~ branchings tey-emitting states of{9820L0J has been
renormalized to take in account tBé.5 4+ 2.1% branches to particle emitting states. Hieay
intensities of {9820L0J also need to be renormalized by this factor, see TaBl&9 (1994SCO0O)
has measured decay branching ratios to 9 neutron emitting statéé@listed in Tablel8.18for
atotal of2.2 + 0.4%.

23. (8)'*0(y, n)!"0O Qm = —8.044
(b) *O(y, 2n)60 O = —12.187
(c) O(, p)''N Qm = —15.942
(d) 0(y, )N O = —15.834
(e) ¥O(y, pn+ np)t4C Qm = —34.522
() BO(y, a)**C Qum = —6.227

The cross sections for the,(p), (v, n), (v, 2n) and §, tot) [tot = total absorption] have
been measured with monoenergetic photons to 42 MeV: oldersmnances are displayed in
Table 18.2Q All three of the partial cross sections have substantrangtth in the giant reso-
nance region; they( 2n) cross section is a significant fractionaqfy, tot) and is even larger than
o(v, p). Above the GDR the partial cross sections decrease. fitegrateds (v, tot) between
29 and 42 MeV is about one-third of the value integrated frobreghold to 42 MeV. The relative
strengths of partial cross sections leads tofh@ssignments shown in Tabl8.2Q The7. and
T.. components of th&O photo absorption cross section are also deritéd9W0O04.

In a related, but more recent, experiment the cross sectiomefction (e) was measured
(1991MCO0J and it was determined that the cross section rises to a nuamiof 1.2 mb at 27.5 MeV,
approximately one-tenth of the tota},(n) cross section there. The cross section integrated to
43 MeV is only 11.8 mb MeV, and as a result the isospin assignments 670WOO02 are unaf-
fected by neglect of this channel. A recent extensive stddgaspin effects in the photodisinte-
gration of light nuclei {993MCO032 used a collection of data on,(p), (v, n), (y, 2n) and {, ny)
cross sections and separatedtheandT . isospin components of the GDR in several light nuclei
including'®0. The relative strengths were extracted. See also thedadtf#®otoneutron cross sec-
tions with monoenergetic photons988DI102, and see{988BE1T 1989N0O1Q. Structures in the
(7, a) cross section are reported/at = 18.2, 20.9, 22.1, and 24.2 MeVLP82BA03 Firems.)-
The decay of the GDR ttC, 1°N, 160, 17N and!7O states has been studied: se8§3AJ0). Less
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Table 18.19x-ray intensities observed #iN(37)*0 @

E, (keV)P B (keV) | Er (keV) Ic
535.24 + 0.05 4456 | 3920 2.85 + 0.14
821.71 £ 0.09 4456 3634 60.6 = 1.8
1074.8 + 0.6 5530 | 4456 0.80 + 0.12
1177.3 £ 0.9 5098 | 3920 0.42 +0.13
1572.0 £ 0.8 3554 | 1982 0.64 +0.13
1609.6 = 0.9 5530 | 3920 0.85 + 0.34

1651.56 = 0.07 3634 | 1982 60.5+ 1.8
1893.9 + 0.9 6350 | 4456 0.37 + 0.06
1938.2 4 0.2 3920 | 1982 4.49+0.14

1981.93 =+ 0.09 1982 0 08.0 + 2.0
2424.8 + 0.3 6880 | 4456 17.53 + 0.70
2429.7 + 0.8 6350 | 3920 1.4140.14
2473.0 + 0.3 4456 | 1982 20.4+1.0
2673.0 + 0.5 7771 | 5008 1.63 +0.16
3114.5 + 0.6 5098 | 1982 0.92 + 0.14
3315.1+0.9 7771 4456 0.63 £ 0.25
3547.7+ 0.4 5530 | 1982 2.01 +0.14
3920.1 4 0.9 3920 0 0.65 + 0.07
4366.0 + 0.8 6350 | 1982 0.84 + 0.21
5788.5 + 0.7 7771 | 1982 3.58 =+ 0.32
6197.14 0.4 6198 0 1.40 +0.14

2(19820L0).

b y-ray energies have not been corrected for nuclear recoil.

¢ y-ray intensities are normalized such that the flux into treugd state is 100.
To obtainy-ray intensities per 100 parent decays multiply0b¥35 + 0.021 (see
reaction 22 unde¥®O for discussion of this normalization).
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than 20% of the decay of states with.5 < F, < 20 MeV goes via they, channel {987JUO0]J.
See (978AJ031987AJ02 for the earlier work.

24.180(y, v)'*0

For *0*(6.20)T",, = 0.18 & 0.03 eV, assuming’., /T" = 0.88; E, = 6202.7 & 0.8 keV: see
(1978AJ03.

25.1850(e, €)150

The'80 charge radius?)'/? = 2.784 +0.020 fm, based on studies of the elastic charge form
factors forE, = 70 to 370 MeV, the resulting determinations of the differenc¢hie!*O and'°O
radii, and the rms radius 6fO: see {983AJ0).

Inelastic scattering has been reported to many staté®ofee {983AJ011987AJ03 and Ta-
ble 18.21here which also includes the recent work reported BB6SEO). See also the comment
(1987M125 and reply (987MA4Q on the work reported inlO86MA49. Recent measurements
are reported fod™ and6~ states atF, = 140-275 MeV (L990SEZZ, and for1—, 37, 5~ states
(1991MA14. Form factor measurements for the level at £, = 8.21 MeV and the(2™) level at
E, = 9.3 MeV at momentum transfér9 < q < 2.1 fm~! (1990MA0§ and for thel—, 3~ and5~
levels at).6 < q < 2.7 fm~! (1991MA14) are reported.

Several theoretical studies of inelastic electron sdatieto states of®*O have been carried
out. A microscopic calculation for scattering 20 states is reported ifl@88HAZZ) and to0*
and2* states in {988KU17). See also the calculations of transition charge densitssribed in
(1988GU031988GU121992GU1) and see1987GU1D0 1988GU1B 1989AJ1A.

26. (@)'"*O(r*, 7¥)*0
(b) BO(r*, 7*p)''N Qm = —15.942
(c) BO(r—, 7 n)}"O Qm = —8.044

Angular distributions for the scattering t60*(0, 1.98, 5.10) have been reportedat: = 29.2
to 230 MeV [see 1983AJ0)] and at 50 MeV {984TA1A 80*(0, 1.98)) at 140, 180, and
220 MeV (L984SE1A '80%(1.98)), at 164 MeV {987CH14 80*(0, 1.98, 4.46, 5.10)) and
(1988SE04 80*(1.98, 3.92, 5.26 MeV)). See alsa989GR1M 1990WI1K). Measurements
and analysis work reported ing83AJ0) determine(r2)*/? = 2.81+0.03 fm, (r2)*/2 — (r2)1/2 =
0.03 & 0.03 fm. For a discussion of proton matter distributionti® see {985BA27. Total reac-
tion cross sections dt, = 50 MeV
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Table 18.20: Resonances'ftO + v

E, (MeV) ® o (mb) I' (MeV)
(v.tot) | (v,n) | (v,2n)| (7, p)

9.1 9.1 1.1 0.6
10.3 10.3 5.3P 0.9
11.4 | 11.4 9.0" 0.7
13.1 | 13.1 | 13.2 8.6" 0.7
13.8 | 13.8 | 13.9 6.9" 0.6
14.7 | 14.7 | 148 13.1P 0.8
15.8 | 15.7 | 15.8 10.9P 0.7
17.3¢ | 17.1 17.5 |10.1°>,1.2°| 0.6
19.4¢ (19.1) | 19.4 |10.0>,1.8°| 0.9
21.14 211 | 21.0 | 9.7° 1.2¢
226 |(22.6)| 22.7 | 227
23.74| 237 | 235 | 237 |17.7°6.1° 1.6
27¢ | 27 27 — 28
30f 30
36f

2 (1979W003. See also1987JU07 1993MCO02 and Table 18.9 in

(1983AJ0).

> o(y, n) +20(7, 2n).

T = 2: see (979WO0).
47 =1: see (979WO03.

ca(v, p)-

f Weak and broad resonances: may indicate the presence icfephudle
states at these high energies.
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Table 18.21: Some states 8D from 18O(e, &) *

Ey r JoT Mult. | Transition probability|
(MeV) (keV) (in €2 - fm*)
1.98P 271 C2 44.8 £1.3
3.55P 4+ 1 C4 (9.04 4 0.90) x 102
3.92b 271 C2 22.24+1.0
4.46° 1~
5.10¢ 37 C3 1301 + 39
5.26" 2+ 1 C2 28.3+1.5

5.03 +0.01° < 50 271
6.20° 1~
6.35+0.01° < 50 (27);1
6.40° 3 C3 40+9
7.12° 471 C4 (1.31 4 0.06) x 10*
7.62¢ 1~
7.77+£0.01° < 50 271
7.86°¢ 5 C5 (3.54 +0.64) x 10*
8.04¢ 1-
8.13¢ 5 C5 (1.88 4 0.35) x 10*
8.214 27 (1) C2 7.3+4.2
8.29¢ 3 C3 <19
8.41+0.01° < 50 (27);1
8.5240.01°¢ < 50 (47); 1
8.8240.01°¢ 0+12 | (1%);1
8.96 +0.01 ° 4343 (4%);1
9.36 £0.01 4 ¢ <20 (27); 1
9.7140.01°¢ < 50 (57); 1
10.3140.02°¢ < 50 (47); 1
10.43 4+ 0.04° < 50 (27);1
10.67 £0.02 ¢ <50 27);1
10.99 +0.02 <50 27);1
11.5240.05°¢ < 50 (27); 1
11.67 £0.02°¢ 11247 (37); 1

N
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Table 18.21: Some states 80 from 18O(e, &) * (continued)

Ey r JoT Mult. | Transition probability|
(MeV =+ keV) (keV) (in €2 - fm*)
11.90 +0.03 © < 50 (27);1
12.09 +0.02 © < 50 (1=,2%); 1
12.41 £0.02°¢ 143 £ 24 (37); 1
12.52 £0.02°¢ < 50
12.66 4+ 0.02 © < 50 (27);1
12.99 4+ 0.02 ¢ 68 & 18 (47); 1
13.40+0.02 ¢ 108 + 26 (27);1
13.854+0.13¢ ~ 200 (67); 1
14.174+0.04 ¢ 140 £ 50 (67); 1
14.4540.05 ¢ ~ 1070
15.234+0.04 ¢ ~ 300
15.954+0.03 ¢ < 50
16.210 £0.01 58 1)
16.3154+0.01 ¢ 3,2y
16.399 4 0.005 & b <20 27; 21 M2 (64 4 8) x 1072
16.40 +0.02 © <50 (27); 2
16.88 +0.03 © <50 (4=,27;1)
16.948 +0.01 58 3,2y
17.025+0.015&m | 20+6 (37); 2
17.398 £0.01 ¢ (2,1,3y
17.450 +£0.01 58 (2,1,3y
17.46 +0.03 © ~ 600 (47);1
17.5¢ ~ 150
17.502 +0.01 ¢ (1, 2,3y
17.6354+0.015¢
18.049+0.01 ¢ d
18.2¢ ~ 150
18.454+0.02 ¢ 75+ 27 (37;1)
18.5f ~ 4300
18.68 £0.02¢ " < 50 (47;2) 638"
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Table 18.21: Some states 80 from 18O(e, &) * (continued)

Ey r JoT Mult. | Transition probability|
(MeV =+ keV) (keV) (in €2 - fm*)
18.871 £ 0.005 ¢ 1*;2 M1 (3.14£0.4) x 1072
18.927" ¢ 1(27)
19.0274+0.01 52 1, 3)
19.150 £ 0.01 58 17 (27,37)
19.22 +0.02°¢ < 50 (37;2)
19.7f ~ 200
20.2¢ ~ 180
20.36 4+ 0.02 & B <20 (47);2 M4 66 + 6
20.86 £0.02° 97 + 41
21.0f ~ 150
21.4240.02" 49 + 37 (47;2)
22.40 £0.02% b 91 +£8° 4=;2°¢ M4 400 + 32
23.10£0.02° 49 + 24
23.8! ~ 1300

a Additional states have been excited: see reaction 289483AJ0). For ground state see reaction 25 here.

b (1982N003.

¢ (1991MA149.

4 (1990MA0§.

¢ (1995SEQ®

f (1983BE3§.

¢ Weakly excited.
b (1986MA48.

! See Fig. 5 for missing@’ = 2 strength.

have been determined b§987ME13. At £ = 165 MeV, the cross section for reaction (c) is
larger for'®O than for'O while reaction (b) has a lower cross sectia8g2P10§. For the ¢+,

2p), (*, pn) and ¢, pn) reactions ak, = 165 MeV see (984AL2Q 1986AL22.

Results of Glauber model calculations of pion scatteriognft*0 at energies above thi;;
resonance are presented19910S0). A microscopic study of inelastic scattering to thestates

in O is reported in {988HAZ2). See also the review of pion-nucleus physicsliaq1MO13.

27.180(n, )30
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Angular distributions have been measureddgr= 2.9 to 24 MeV [see {972AJ021983AJ0)]
and at, = 5.0to 7.5 MeV (986KO1Q ng, ny).

28.150(p, p)1*0

Angular distributions have been measuredigr= 0.84 to 135 MeV [see978AJ031983AJ0)],

atE, = 135 MeV (1986KEO05 p,) and atF, = 800 MeV (1982GL08 p to '*O*(0, 1.98, 7.12).)
At £, = 24.5 MeV (1974ESO0 have studied the angular distributions of the proton gsotap
180%(1.98, 3.55, 3.63, 3.92, 4.46, 5.10, 5.26, 5.53, 7.12): califfed DWBA analysis leads to
JT=2%,4%,0%,2%,17,37,2%,2" and4* for these states. A coupled-channels calculation sug-
gestsd, = 0.37 £ 0.03, 0.56 & 0.06 and0.18 4 0.04 for 180*(1.98, 5.10, 7.12). Such calculations
also support evidence for a rotational band involvit@*(0, 1.98, 7.12). Thé~ state at 5.10 MeV
is strongly excited and collective in natur8(E3) = 1120 2 - fm°. For*0*(1.98, 3.92, 5.26),
B(E2) = 45, 8.3 and 242 - fm* (1974ES0}. The 800 MeV data indicates th&O*(7.12) can be
described only if a large hexadecapole deformation is asdu@®82GL0§. At E, = 201 MeV,
o () at forward angles has been measureld@(8.21, 8.82, 16.40): itis proposed tHaO*(8.82)
hasJ™ = 1™ and that additional ™ strength is located in a group centeredFat~ 10.1 MeV as
well as in the regior, = 12.4to 15 MeV. Thel*; T = 2 state'*0*(18.87), reported in (e, is
not observedi987DJ0). See alsoX988CR1B.

180*(1.98) has|g| = 0.287 £ 0.015 [r, = 2.99 + 0.12 ps]. ®0*(3.55) has|g| = 0.62 +
0.10 suggesting a mainly ¢g)* configuration for this state: se€9483AJ0). See alsd’F and
(1987AJ02.

A Dirac optical model analysis dfO(p, p) cross section and analyzing power at 800 MeV is
described in1990PHO02. A coupled-channels analysis was presented @88DE3). The intrin-
sic radial sensitivity of nucleon inelastic scattering wwasdied by {988KEO0) and a comparison
of electromagnetic and hadronic probes of nuclear strastisrdescribed iNLOS6KE1Q.

29. 180@), I5/)180

Angular distributions are reported with 178.4 MeV antijong to'80*(0, 1.98) (L986BR04
1986LE13. For atomic effects sed 986K0O23. See also{987AJ02.

Differential cross sections for elastic and inelastic weatg of 180 MeV antiprotons b{?O
were calculated in the eikonal and Glauber approache$$§2TA0S.

30.180(d, d)*0

Angular distributions have been reportedgt= 7.0 to 15.0 MeV: seel972AJ021983AJ0).
See alsd’F.
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31.180(t, t)!*0

See (972AJ03.

32.80(He, *He)'80

The elastic scattering has been studiefi@He) = 11.0 to 41 MeV [see {972AJ021983AJ0)]
and at 14 MeV [982AB09, at 25 MeV (L982VE1J [the matter radius(,r2>31{2 =2.5940.12 fm]
and at 33 MeV {983LE03 also A.,; and also td®*0*(1.98)). A strong-absorption model analysis
of angular distributions at 2.5 and 41 MeV is describedlii§7RA3§. See also 985HA1]
1987COQ07.

33.180(a, o)1®0

Recent elastic scattering cross section&at= 44.8 MeV were reported by1992AR13.
Angular distributions of manw-groups have been measured in the rahge= 21 to 40.5 MeV
[see ((978AJ0J], at 23.5 MeV (L984SA28to 80*(1.98,3.56 + 3.63, 3.92, 4.45, 5.1-5.53)) and
at 54.1 MeV (987AB03 g.s.). The transitions t§0*(4.46, 5.10) aredl = 1 and 3, respectively,
fixing J© = 1~ and3~ for these states. Measurementsxefiroups neai 80° for £, = 20.0 to
23.4 MeV confirm assignments of natural parity f&©*(1.98, 3.55, 3.63, 3.92, 4.46, 5.10, 5.26,
5.34, 6.20, 6.40, 7.12, 7.62, 7.86, 8.22, 8.29, 8.82, 8.93,9.10, 9.36, 9.41, 9.6%,72 + 0.03,
9.88, 10.12, 10.30, 10.40, 11.62, 11.69). [See, howeveteTsB.9] Levels atE, = 5.38, 8.48
and 8.64 MeV were not observed, and those at 5.53, 6.35 aBdve® were populated weakly
indicating unnatural parityJ™ = 3* and2~ respectively for*0*(5.38, 5.53).

Alpha-gamma correlation measurements involVit@ states belowr, = 6.4 MeV [see Ta-
ble 18.1Q lead toJ™ = 1~ and3~ for 80*(6.20, 6.40). Other/™ values agree with previous
assignments. The transitioB92 — 1.98 and5.26 — 1.98 are almost pure M1. Fat, measure-
ments, see Table 18.4 in478AJ03. For references se@483AJ01 1987AJ03. A microscopic
investigation of thex + 180 system in a three-cluster model is discussed @88DE37.

34. (a)'8O(Li, 5Li")!*0
(b) BO(Li, "Li’)'®0
See (972AJ021983AJ0).
35. (2)'50(°Be, B€)150
(b) *O(°Be, 7~ n)X (not observed)
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A recent search for a bound systemrofand neutrons in the fragmentation regiod®+-°Be
collisions at 1004 - MeV is reported in {993SUO0§. Upper limits were obtained.
See also1972AJ021987AJ02.

36. (&)180(108, IOB/)18O
(b) 180(11 B, 118/)180

An elastic angular distribution has been reported@@tB) = 115 MeV: see (983AJ0). For
reaction (a) seel@74AJ0).

A recent measurement 6fO on %! B targets atfi,;, ~ 55 MeV is described in1993AN09§
and evidence for fusion-fission rather than orbiting is reguh See alsal©90SZ1Q.

37. (8)"*0(2C, 12C))1*0
(b) 180(13C, 13cl)18o
(C) 180(14C, 14C/)180
(d) BO('2C, a12C)4C O = —6.227

Elastic angular distributions have been studie@@fO) = 32.3 to 57.5 MeV for reaction (a)
[as well as atE(*®0) = 70, 100, and 140 MeV 1982HEOQJ] and at £(**0O) = 31 MeV for
reaction (b). Yields and fusion cross sections are repdnygd982BA49 1982HEO07 1985BE40Q
1985CA01 1986GA1). For reaction (c) seelP86STZY). See also{983AJ011987AJ02.

Angular correlations (reaction (d)) have been studief@tO) = 82 MeV. *0*(7.10, 7.62,
7.86, 8.04, 8.22, 10.30, 11.59, 12.55) are observed: thestren of these havé™ = 47, 17,
57, 17, 2%, 4%, 5~ (1984BHO01 1984RA07. In addition!®0*(9.33, 9.65) are also populated
[’ =~ 0.3 MeV]: a possible interpretation of the data is that thesedva3 ~ states and that there is
in addition a very wide ¢ 1 MeV) 2+ state atx 9.5 MeV (1984RA17. See also1987AJ02.

Giant dipole decays in nuclei excited BYO + '2C collisions were discussed in§89BEZG
1990SN1A. Competition between p2n, dn and t emissions in'ti2+ 80 reaction was studied
in an experiment reported iIL990XEOD).

Predictions of possible resonant behavior in medium-maliislicng systems are discussed in
(1989CI1Q. Molecular single particle effects fétC + 2O are explored in calculations described
in (1987M0O27.

38. 180(15N 15N/)180

See (983DU13.
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30. 180(160 160/)180

Angular distributions have been measured at many enemjigs(f°O) = 24 to 54.5 MeV and
E(*80) = 25 to 52 MeV, involving besideésog,s,, 180%(1.98,3.55 + 3.63, 3.92, 4.46, 5.10, 7.12).
At E(**0) = 126 MeV 80*(9.0) is relatively strongly populated. SEE983AJ0). For yields and
fusion cross sections, including the effectt®*(1.98), see {985TH03 1985WU03 1986GA13
1986THO0). See also1987AJ0). Competition between p2n, dn and t emission$*@ + 50
reactions was studied in an experiment reported @90 XEO).

A unified description of sub-barrier interactions of oxygestopes is discussed ihg87PO1};
see the coupled-channels calculations reported98%ZLI11K). See also the review of sub-barrier
fusion in (L1988BE1W. A semi-classical analysis of two particle transfetd® + 80 reactions is
discussed in987MA22.

40. (&)180(170, 170/)180
(b) 180(180’ 1801)180

Angular distributions involving®0*(0, 1.98) are reported df(*"O) = 36 MeV. Angular dis-
tributions [reaction (b)] have been studied4t®0) = 20 to 52 MeV.**O*(3.55+3.63, 4.46, 5.10,
7.12) are also populated; seE978AJ03 1983AJ0). See also1987AJ02 and see 1990XE0)
reporting on p2n, dn and t emissions#i® + 'O reactions.

The effect of high spin states on fusion#i© + 180 systems has been studied in the framework
of a statistical theoryl987RA29.

41. 180(19|: 19F/)180

The elastic scattering has been studied?@’F) = 27, 30, and 33 MeV: seelP83AJ0).
See also1987AJ023. An experiment reported iMlQ90XEOD) studied p2n, dn and t emission in
180 + F reactions.

42. (2)'*0(**Mg, >*Mg’)**0
(b) SO(%Mg, 26Mg’)'*0

Angular distributions are reported for reaction (2)Et%0) = 29 and 35 MeV to**0O*(0,
1.98). See987AJ02.

43.30¢7Al, 27AI)130

50



The elastic angular distribution has been studiefl@tO) = 100 MeV (1981ME13. See also
(1983AJ011987AJ02.

44, 130(3Si, 2S7)180

Elastic angular distributions are reportedit®0) = 36 to 56 MeV [see {983AJ0)] and at
351.7 MeV (1984BUZX, 1988BU15 also t0'80*(1.98)). See alsol@87AJ03.

Ambiguities in optical-model potentials for describili@+ *Si and other heavy-ion reactions
are discussed in@87HO1§. See alsoX989NALM).

45. (a)'*O(*°Ca,*°Cd)'*0
(b) 180(44C3., 44Cd)180
(C) 180(48C6.,48Cd)180

Angular distributions have been measure@®@fO) = 62.1 MeV [reaction (a)] for the transi-
tions t0'80*(0, 1.98, 5.10) {982RE1. For a fusion study [reaction (b)] se&984DE38. See
also (L987AJ021987SC3.

46. BF(3+)180 Qu = 1.655
See!®F.
47.19F(v, p)f0 Qu = —7.994

(1985KE03 have measured the yields of proton groups®©*(0, 1.98) [and to unresolved
states] forF,,, in the GDR range. See alsb978AJ03 and'’F.

48.'°F(n, d)*0 Qm = —5.770

Angular distributions have been measuredtgt = 14 to 14.4 MeV: see{972AJ0). See
also (L978AJ03 and ?°F. Nuclear model calculations faf, = 2-20 MeV are described in
(1992ZH15.
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Table 18.22180 states fromt?F(t, ay) ®

E (keV) |J7 E. (keV) J7
1982.16 £+ 0.20 5530.5 = 0.6 1,2
3555.07 + 0.45 6196.3 4 1.2 1
3634.50 = 0.40 63513406 | 1,2
3920.6 + 0.4 6404.4 + 1.2
4456.1 £ 0.5 6881.6 &= 1.2 0, (1)
5098.5 4 1.2 7116.9 4 1.2
5260.4 + 1.2 7750 1,2,3,4
5336.4 + 0.6 7980 |1,2,3,4,5
5377.8 4 1.2 b

2 (19730L02: See Tablel8.10for branching ratios and Table
18.9for 1,,,. See also Table 18.10 in¥83AJ0).

b Alpha groups are also reported'ttO states with, = 7.60,
7.75, 7.84, 7.96, 8.02, 8.11, 8.19, 8.26, 8.39, 8.48, 8.6¥ Me
(20 keV) (1962H108§.

49. F(p, pp)*0 Qm = —7.994

Experimental and theoretical studies of knockout reasteme reviewed in1987VD1A).

50. 19F(d, *He)'*0 Qm = —2.500

Many states of®0 (£, < 14.6 MeV) have been populated in this reaction: see Table 18.8 in
(1978AJ03. [Comment: Note, however, density of states.] Analyziowers for the ground-state
transition are reported &f; = 12.4 MeV (1983ENO03. See also{983KI13.

51. 19F(t, a)180 Qum = 11.820

See Tablel8.22

52.22Ne(d,5Li) '*0 Qum = —8.192
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At E, = 80 MeV angular distributions have been measured for‘thegroups to the ground
state of'®0 and to excited states at 1.98, 3.57, 5.10, 6.30, 7.§,0@04] MeV (19840E02 [see
also forS,. ]. For the earlier work seel83AJ0).
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18|:
(Figs. 3and 5)

GENERAL: See Tabld8.23

1112 = +2.86 £ 0.03 nm [see [983AJ0)]
Q112 = 0.13 £ 0.03 b [see (983AJ0)].

1. BF(5T)80 Qm = 1.655

The positron decay is entirely to the ground staté®@f [J™ = 0*, T = 1]; the half-life is
109.7740.05 min [see Table 18.11irM@72AJ03]; log ft = 3.554. The fact that thes* transition
to 180, ;. is allowed fixes/™ = 17 for 8F, ..

Theratioek /5T = 0.0304+0.002: see (978AJ031987AJ0). See also 989SA1R1989KALS.

The influence of meson exchange currents of the second kifiskigssed in988SA13 and in
(1989SA1H which also considers the effects of neutrino mass. Chacgeent ¢, e~) reactions
on 0 and the predicted effects on a proposed neutrino elasditesing measurement of the
Weinberg angle is discussed il988HA22).

2. (2)'B(°Be, n)}*F Qm = 14.455
(b) 'B(°Be, 2n)°F Qm = 3.001

See (986CUO0O2 for production cross sections of 0.94 MeMays.

3. (a)2C(Li, d)'°0 Ou = 5.687 By, = 13.213
(b) 2C(Li, a)N Om = 8.798
(c) 12C(Li, 5Li)>C

Cross sections for these and other charged particle chahaet been measured B(°Li) =
1.9 to 36 MeV [see {978AJ03 1983AJ0)]. More recently, measurements of cross sections at
E(Li) = 210 MeV are reported in{988NA0). Vector analyzing power measurements have
been made ab(‘Li) = 150 MeV (1987TA21, 1988TA09 and at£(°Li) = 30 MeV (1994REQ).
for elastic scattering and @ (°Li) = 30 MeV (1988VAZY, 1989VA04 for inelastic scattering
to '2C*(4.43). Neutron yields fronfLi + 2C at E(°Li) = 40 MeV have been measured by
(1987SC1L
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Fig. 3: Energy levels of®F. For notation see Fig. 2.
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Table 18.2318F — General

Reference

Description

1987LE1L
1987SH10
1988BR11
1989HJ03
1989TR18
1989ZH05
1990HJ03
1990SK04
1990SKO07
1992HJ01

Model Calculations

Low-lying non-normal parity states 6fO & '8F calculated in shell model + tensor force
Validity of M-3Y force equivalent G-matrix element for s-tel nucl. struc. calcs.
Semi-empirical effective interactions for the 1s-0d shell

Effective interactions through 3rd order fdr= 18 nuclei with the Paris potential
2-nucleon and 4-nucleon clusters in light & heavy nuclei

Evidence for unnatural parity-pairing correlations in solnght nuclei

Choice of single-particle potential & the convergence ef ¢fffective interaction

Study of A = 18 nuclei and the effective interaction in the sd shell

Effective interaction derived from the BAGEL approach

Folded-diagram effective interactions with the Bonn meegchange potential model

1992J104  Bonn potential used to evaluate energy spectra of somedayshell nuclei
1992WA22 Effective interactions for the Op1s0d nuclear shell-mgelce
Special States

Review:
1989RA17 Compilation of exp. data on nuclear moments for ground &textstates of nucl.
Other Articles:
1987LE1L Non-normal parity states afO & ®F calculated in shell model + tensor force
1987MU16 Relativistic effects in the low-energy spectra of 1sOdHgineclei
1987SH10 Validity of M-3Y force equivalent G-matrix element for s-tedl nucl. struc. calcs.
1988ET01 Analysis of magnetic dipole transitions between sd-shates
1989HJ03 Effective interactions through 3rd order fdr= 18 nuclei with the Paris potential
19897ZH05 Evidence for unnatural parity-pairing correlations in olight nuclei
1990HJ01 3rd order number-conserving sets & effective interactiwads. with Bonn-Julich potential
1990HJ03 Choice of single-particle potential & the convergence ef éfffective interaction
1990SK04 Study of A = 18 nuclei and the effective interaction in the sd shell

Electromagnetic
Reviews:
1988HELE Report on charge symmetry, charge independence, parityirardeversal invariance
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Table 18.231%F — General — cont.

Reference  Description

Electromagnetic — cont.

1989MC1C Nuclear tests of fundamental interactions

1989RA17 Compilation of exp. data on nuclear moments for ground &textcstates of nucl.
Other articles:

1988ET01 Analysis of magnetic dipole transitions between sd-shates

1988KA1U Evaluation of the weak pion-nucleon vertex; predigtasymmetry in®F
1993ENO03 Strengths ofy-ray transitions inA = 5—-44 nuclei

Astrophysical

Reviews:

1987RA1D Nuclear processes & accelerated particles in solar flares

1989WH1B Abundance ratios as a function of metallicity

1990AR10 Nuclear reactions in astrophysics

Other articles:

1987G0OZX Measurement of!Ne(p,«)!'®F & its astrophysical implications (A)

1988CA26 Analytic expressions for thermonuclear reaction rateslinag Z < 14 nuclei

1989JI1A  Nucleosynthesis inside thick accretion disks around naagsack holes

1990TH1C Explosive nucleosynthesis in SN 1987A: composition, radiivities, neutron star mass

Applications

Review:

1989WO1B Biomedical applications of particle accelerators (A)

Other articles:

1988HI1F Design & uses of positron emission tomography target sys{&mn

1988VO1D Radionuclide production for positron emission tomograuocelerator choices (A)
1988VO1E Water targetry fof®F prod. (calc. & exp. verification of beam heating & heat realp(A)
1989AR1J Production and acceleration of radioactive ion beams avaiodla-Neuve
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Table 18.231%F — General — cont.

Reference  Description

Complex Reactions

1987BUO07 Projectile-like fragments fro’Ne + 7 Au: counting simultaneously emitted neutrons
1987FE04 Single-nucleon transfer reactions induced by 376-M&Y on2"®Pb (DWBA analysis)
1987HI0O5  Energy & linear-momentum dissipation in the fusion reactfHo + 2°Ne at 30 MeVA
1989SA10 Total cross sections of reactions induced by neutron-rigit huclei

1990GL01 Structure phenomena in the orbitiffC + 2*Mg system

Hypernuclei

1988MA1Q Identification of one Glue-like mechanism of theHyperon in hypernuclei
1989BA92 Evaluation of hypernucleus production cross-sectionslativistic heavy-ion collisions
1989TA32 Schmidt diagrams & configuration mixing effects on hypetaacmagnetic moments

Symmetries and Fundamental Interactions

1986ADZT Parity and time-reversal violation in nuclei and atoms
1986HAL1l Fundamental interaction studies in nuclei

1988HELC Studies of symmetries and symmetry breaking using nuclei
1988HELE Status report on charge symmetry & charge independence
1989MC1C Nuclear tests of fundamental interactions

Other Topics

Review

1989AJ1A Summary of recent work involving light nuclei (Sec. 4.2 cové = 18)
Other articles:

1987MU16 Relativistic effects in the low-energy spectra of 1sOdHsieclei
1988KA1U Evaluation of the weak pion-nucleon vertex; predigtasymmetry in®F
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Table 18.2318F — General — cont.

Reference  Description

Other Topics — cont.

1988TRO02 Interacting boson scheme for light nuclei

1989GE10 Threshold pion-nucleus amplitudes as predicted by cueigetbra

1989ZH05 Evidence for unnatural parity-pairing correlations in solight nuclei

1990HJ01 3rd order number-conserving sets & effective interactiads. with Bonn-Julich potential
1990KA1F Theoretical aspects of nuclear parity violation

1990SK04 Study of A = 18 nuclei and the effective interaction in the sd shell

1990SK07 Effective interaction derived from the BAGEL approach

Ground State Properties

Review:

1989RA17 Compilation of exp. data on nuclear moments for ground &textcstates of nucl.

Other articles:

1989SA10 Total cross sections of reactions induced by neutron-iggit huclei

1989TR18 2-nucleon and 4-nucleon clusters in light & heavy nuclei

1991UEO1 Unitary pole approx. for Coulomb+Yamaguchi potential uted-body bound-state calc.

(A) denotes that only an abstract is available for this efee.

The cross section for the isospin-forbiddengroup [to!*N*(2.31), 0", T" = 1] is 1 to 2% of
the cross section of the alloweg anda; groups forE£(°Li) = 3.2'to 6 MeV while for 9 to 14 MeV
it varies from 0.4 to 1.8%. At 20 MeV, the; yield is 0.02% of the allowed yield. Structures are
reported at£'(°Li) = 11.0 and 13.0 MeV in they, yield, at 11.5 and 13.0 MeV in the, yield
and at ~ 11.7 and 12.8 MeV in thex, yield. A resonance is also reported in the yield at
E(Li) = 4.2MeV: E, = 15.99+£0.02 MeV, ... = 290430 keV, J™ = 2T (one-level BW fit). It
is suggested that this resonance is dug'tstates withl" = 0 and 1 which are unresolved. Cross
sections for populatingO*(8.87, 10.36, 11.08, 11.10) are reported b9g§1GL02.

The excitation functions for théLi ions to 12C*(0, 4.43) show a single isolated structure at
E(Li) = 22.8 MeV, in the range 20-36 MeV, witlt ~ 0.8 MeV. It is unlikely to be due to
an isolated state it*F. Analyzing power measurements are reported for many oeutnda
groups and for elastically scatteréid ions at E(°Li) = 20 MeV. VAP measurements for elastic
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scattering are also reported/gat = 9.0 and 19.2 MeV {983RU09 and at 150 MeV 1986KA1G

1986TALB.

For fusion studies se@982DE3(01987PA12. For references to earlier work and for additional
comments seel@78AJ031983AJ011987AJ03, 12Cin (1985AJ0), 1*N in (1986AJ0), and'®O
in (1986AJ04 1993TI0%.

Table 18.24: Energy levels ¢tF 2

Ey J T K™ T or Decay Reactions
(MeV =+ keV) | .
0 1+;0 0t | 712 =109.77 £ 0.05 min Bt | 1,4,5,6,9, 10, 12, 13, 15, 21, 23,
24,25, 29,31, 34, 35, 36,37, 38, 4D,
41, 42,43, 44
0.93720 = 0.06 30 0t T = 67.6 £ 2.5 ps v ]26,9,10,13,21,23,25,30,31,35,
(9 = +0.56 £ 0.05) 36, 38,40, 41, 42, 44
1.04155 £ 0.08 051 T = 2.55£0.45 fs v | 6,921, 25,30, 31, 34, 35, 37, 38,
40, 42, 43
1.08054 & 0.12 0-;0 0~ T = 27.5£1.9fs v | 6,9,10, 21, 25, 35, 37, 38, 40, 4,
42, 44
1.12136 +0.15 5+;0 0F T = 234£10ns v |5,6,9,10,13,14,21,22,25,30, 3,
(1 = +2.86 £ 0.03 nm) 32, 35,37, 40, 42, 44
(Q = 0.13+0.036 b)
1.70081 £ 0.18 1+;0 1+ T = 955 £ 27 fs v | 6,10, 21,25, 34,35,40,42, 43, 44
2.10061 + 0.10 27;0 0~ Tm = 5.1£0.5ps v | 6,10,13,21, 23, 25, 35, 40, 42, 44
2.52335 £ 0.18 2+;0 1t T = 590 £ 24 fs v | 6,10,21,25,30,31,40, 42
3.06184 £ 0.18 2+;1 T < 1.2fs v | 6,21,25,30,31,35, 38,40, 42, 43
3.13387+£0.15 17;0 1~ T = 0.39 £ 0.02 ps v | 6,10,21,25,35,38,40,42
3.3582+ 1.0 30 I T = 0.44£0.03 ps v |6,10,21,35,40,42,44
3.72419 £ 0.22 1*;0 T = 2.7751fs v | 6,10, 21,23, 25,31, 34, 35, 40, 42,
44
3.79149 £ 0.22 37;0 1~ Tm = 1.91£0.13 ps v | 5,10, 21,23, 25,35,40, 42, 44
3.83917 £ 0.22 2+;0 T = 19.0£2.7fs v | 6,10, 21,23, 25,30, 35,40, 42, 44
4.11590 £ 0.25 30 Tm = 91 £22fs v | 6,10, 21, 23, 25, 30, 31, 35, 40, 4P,
44
4.2258 £0.7 27;0 (17) Tm = 110 £ 15 fs v | 6,10,21,23,35,40,42,44
4.36015 £ 0.26 1+;0 T =27+ 10fs v | 10,21, 25,34, 35,40, 42, 44
4.3981£0.7 47;0 0~ T = 58 £ 12fs v | 6,10, 13,14, 21, 35, 40, 42, 44
4.652 + 2 451 Tm < 10fs v | 6,21,24,30,31,35,40, 42
4.753 +3 051 v | 21,35,38,40,42,44
4.8483 £ 0.5 57;0 1~ Tm = 5.2£0.9 ps v |5,23
4.860 £ 2 17;0 T = 66 £ 18 fs v,a | 6,21,40,42,44
4.9636 £ 0.8 2+;1 T < 4fs v | 6,21,30,40,42
5.2976 + 1.5 4*;0 I Tm =30+ 5fs v, |6,9,10,11,21,40,42
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Table 18.24: Energy levels ¢tF @ (continued)

Ey J* T K™ T or Decay Reactions
(MeV =+ keV) Cem.

5.502 + 2 3():0 Tm = 63+ 25 fs v, a | 6,10, 21,40, 42
5.60338 + 0.27 1+ I'=433+1.6eV v, & 6, 8, 25,40,42,44
5.60486 + 0.28 17;0+1 I'<1.2keV v, & 6, 8, 10, 21, 25, 40,42, 44
5.67257 +0.32 4 17,041 I' < 0.8 keV v, @ 6, 8,10, 21, 25, 40, 42, 44

5.786 + 2.4 27;0 Tm = 154+ 10fs v, @ 6, 21,40,42,44

6.0964 + 1.1 4—;0 1~ I' =0.24 £0.03 keV v, P, | 6,10, 21, 25, 29,40, 42,44

6.108 + 3 (11); 0 I = 0.034 4+ 0.003 keV v, p.a | 6,8,21,23,29,42, 44

6.13647 + 0.33 0t:1 I <1keV v p | 21,25,27,42, 44
6.1632 + 0.9 3t 1 I' =14+ 0.5 keV v, pya | 21,25,27,42,44
6.2404 + 0.8 37;041 I'=0.19 £ 0.03 keV v, p,a | 6,21, 25,27, 29,42

6.242 + 3 37;04+1 I' =0.18 £ 0.04 keV v, p,a | 6,8,21, 25,29, 42

6.262 + 2.5 17;0 I' =0.604+0.12 keV v, p,a | 6,8,10,21,29, 34,42

6.2832 4+ 0.9 271 I' =10.0 £ 0.5 keV v, Py | 21, 25,27, 29
6.3105 4+ 0.8 30 I' =0.954+0.14 keV v, p,a | 6,21, 25,27, 29, 44
6.3855 + 1.7 2t:04+1 I' =0.49 4+ 0.09 keV ¥ p,a | 6,21, 25,29, 42
6.4849 + 1.5 3+ 0 ' =0.40 & 0.10 keV v, p,a | 6,21, 25,29,42, 44
6.5670+ 1.5 570 1+ I' =0.56 £0.13 keV v, p,a | 6,8,9,10, 11, 21, 29, 42
6.633 + 10 1 I' =80+2keV p, o 29,42
6.6437 + 0.8 27,1 I' =0.60 & 0.07 keV ¥ p,a | 6,7,21, 25,29
6.647 + 4 1~ I'=91+4keV p,« 8,10, 29
6.777+1.4 40 I =92+1.0keV v, p, o | 21, 25,27, 29, 42
6.8031+ 1.5 1*,2,37;0 I' <2keV Y P 10, 21, 25, 27,42
6.809 £ 5 2= I' =838+ 2keV p,« 7,8,29
6.811 (21) I'=3.040.5keV p,a | 29
6.857 + 10 (37) I=5.0+1.0keV p,a | 29,42
6.8774+ 1.7 3,47;0 I < 2keV v, P, | 21, 25,29

7.201 +2 (47); 0 I' =6.5keV p,« 8, 20, 42

7.247 + 2 (1t); 0 I = 46.5 keV p,a | 8,29

7.291+2 3- I' =38 keV p,a 7,8,27,29

7.315+4 (37;0) I =52 keV p,a | 29,40

7.336 + 2 11 ' =16+ 2keV v p | 25, 27

7.406 + 2 1+ I'=14.6+1.4keV p 27

7.447 + 10 I' = 140 keV p,« 29,31

7.454 + 2 1- I =6 keV p 27

7478 +2 (2) I =12+ 3keV v, p,a | 25,27,29

(7.485 + 2) (17) I = 32keV p 27
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Table 18.24: Energy levels ¢tF @ (continued)

Ey J* T K™ T or Decay Reactions
(MeV + keV) Tem.
7.506 + 2 4= I'=12+2keV p,« 27,29
7.513+£2 I' < 4keV vp |25
7.528 &+ 2 271 I'=16.5+ 3.0 keV v, P, | 25,27,29
7.532+5 I' =75keV p,« 27,29
7.555 + 2 (17) I' = 30 keV p 27
7.584 £ 2 ' =9+2keV v, pya | 25,27,29
7.685 + 2 3+, 4% I' =36 £ 4keV p,a | 27,29
7.729 + 4 >1 I' =66 +5keV p,a 27,29
7.763 + 4 I' =70 keV p 27
7.878 +3 >2 I' = 20 keV p,a | 27,29
7.899 + 2 (27) I' = 38 keV p.a |7,8,29
7.941 £ 12 (11) I =112keV p,a | 7,8,29
8.064 + 6 >4 I' = 60 keV p,a | 27,29
8.115+8 I' =96 keV p 27
8.209 £+ 2 2= I' =52 keV p,« 27,29
8.238 £ 2 4+ I' =20 keV p 27
9.02 5751 31
9.207+15P 3,47;0 p,d,a | 16,17,18
9.50 2,370 n,do | 16,18
9.58 £20° 6+ 1+ d,a 9,10,11, 22,31
10.58 + 50 11
11.22 £ 30 7+ 1+ d, o 9,10,11
12.75 (67;1) 31
13.83 4=, 5T I' = 60 keV d,ao |18
14.02 4=, 5% I' = 60 keV d,a | 18
14.10 4=, 5% I' = 60 keV d,a | 18
14.18 4 40 (8%) (11) da |910,11
14.65 (7) 31
15.09 4=, 5% d,a | 18
15.34 5T, 67 dao |18
15.79 4+ 100 (67:1) 11,31
16.07 4=, 5% I' = 220 keV d,a | 18
16.72 4=, 5% I' = 60 keV d,a | 18
17.43 4=,5%, 6~ ' =70keV dao |18
18.62 120 11
(19.00 £ 150) T = (500 + 150) keV ~v,2He | 12
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Table 18.24: Energy levels ¢tF @ (continued)

Ey J* T K™ T or Decay Reactions
(MeV + keV) Tem.
20.1 = 200 (27:1) I = 1600 + 100 keV v, 3He | 12
22.7 + 200 (27;1) I' = 1200 + 100 keV v, °He | 12
(24.1 4 200) ' = (1400 + 300) keV v, %He | 12

a See also Tabl&8.25for radiative transitions anti8.26for .

b Uncertainty estimated by evaluators.

¢ For other states witll’, < 9.6 MeV see footnoté in Table 18.17 of {978AJ03 and Tablel8.27here. For other states with
10.0 < E, < 19.6 MeV see Tablel8.27here, and Tables 18.14 and 18.16 1978AJ03. These two tables inlO78AJ03
display the states deduced from the yields of the isospibiddenc; groups in'*N+ « and'®O+d, respectively. {976CH23
reports 151 isospin-mixed natural-parity states witht < F, < 17.5 MeV [**N(a, a1)] and (1973JO1Breports 138 such
states withD.2 < E, < 19.4 MeV [*°O(d, a;)] of which 16 haveE, > 17.5 MeV. In the regionl 0.4 < E, < 20.8 MeV some
167 states with mixed isospin and natural parity have begorted. See also reaction 29.

4(1989B00).

4.12C(°Be, t)\SF Qum = —4.475

Angular distributions are reported &(°Be) = 12 to 27 MeV to'®F, . and to the unresolved
states at 1 MeV: sed 983AJ0). For excitation functions sed982HU06 1983JA0)9.

5. 12C(1'B, an)'*F Qm = —2.701

For 8F*(4.85) p~; T' = 0] 7u, = 5.2 £ 0.9 ps. The E1 strength i§3.4 4+ 0.6) x 1075 W.u.
for the transition to'®*F*(1.12) [>*; T' = 0] and the E2 strength i$4.8 £ 2.6 W.u. for that to
18F%(3.79) [37; 0]. The latter strength, which is that of a highly colleetivansition, corresponds
to a quadrupole momerd®, = 395 + 35 mb and suggests thé&tF*(4.85) is the5~ state of a
(strongly decoupledik™ = 1~ band (L982K024. See also Tablek8.14and18.15

6. “N(o, 7)'8F Qm = 4.415

The non-resonant-factor for this reaction i ~ 0.7 MeV - b: see {978AJ03. A number
of resonances have been observeddgr< 3 MeV: see Tablel8.27 Studies of these, principally
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by the Toronto and Queen’s groups [see referencesiR§AJI03 1983AJ0)] in conjunction with
work on *N(a, «), '*OCHe, p),"O(p, v) and"O(p, a) [see Tables8.29 18.3Q 18.3] have
led to the determination of branching ratios, mixing ratsosl widths (Tablel8.25, lifetimes
(Table18.26 and theFE,, J™ and K™ assignments fol*F states with?, < 6.9 MeV. The reader is
referred to the series of papers by the Toronto group for th&t somplete and definitive arguments
on the parameters of the low-lying states 4.

A recent measurement reported i®89BOO0) determines a valug, = 5672.57 4+ 0.32 keV
for the first'®F level above the proton threshold. This level is importantchlculating the rate of
170 destruction during hydrogen burning in stars.

No evidence is seen for the excitation of the (forbiddenjestd £, = 4.753 MeV [J™ =
0, T = 1] (1981LE1A 1983LE0Y. See also1987AJ02, and see the tables of reaction rates
(1988CA26 and the reviews ofl(989KA24 1989WH1B 1989TH1Q.

7. 4N(av, p)'7O Qum = —1.192 B, = 4.415

Table 18.25: Radiative decaysitF #

E; (MeV) JT E¢ (MeV) | Branch (%) Widths and mixing ratios
0.94 37;0 0 100
1.04 0*; 1 0 100
1.08 0,0 0 100
1.12 5%;0 0.94 100
1.70 17,0 0 29.8+1.3
1.04 70.2+1.3
2.10 27;0 0 38+ 1 I, =(46+22)x 107" eV
0.94 31+1 I, =(40+1.9) x 107" eV
1.08 31+1
2.52 27;0 0 749+ 1.8 0=30+1.0
0.94 21.5 4 1.2 §=—(1.5+0.6)
1.70 3.9+0.6 0=094+04
3.06 271 0 23.240.8
0.94 76.7+0.8
1.04 0.11 +0.03
3.13 17;0 0 3942 6 = +(0.07 £ 0.05)
I, =(57+2)x107*eV
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios
1.04 34+ 2 I, =(7.3£27) x 10~ eV
1.08 25 4 2 I,=(48+18)x107*eV
1.70 2.0+0.5 § = +(0.22 + 0.15)
3.36 3%;0 0 45+ 5
0.94 9+3
1.70 404+ 4
2.10 <3
2.52 6+3 §=—0473
3.72 17,0 0 5+2
1.04 91 + 2 I, =(1.34+02) x 103 eVe®
3.06 442
3.79 37;0 2.10 68 4 4 § = —(0.22 £ 0.06)
2.52 224+1.1
3.06 30+3 6 = —(0.09 £ 0.09)
3.84 2%:0 0 3842 §=—(1.840.5)
0.94 8.9+ 1.4 6 =—(0.3+0.3)
1.70 3.0+ 1.0
3.06 50+ 3 d=—(0.14+0.3)
4,12 3T;0 0 5t 3
3.06 95+ 3 0 = +40.06 +£0.07
4.23 27,0 0 23+ 2 0=0.15+0.15
0.94 49+3 0=0.0+0.2
1.08 3.2+1.0
1.70 93+1.2
2.10 15£5
3.13 0.9+0.6
4.36 1t 3.06 100
4.40 4,0 0.94 13+4 = —(0.2£0.3)
1.12 60 & 6 §=—(0.240.2)
2.10 27+ 3
4.65 471 0.94 17+3
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios
1.12 83+ 3 0=0.15+0.15
4.75 01 0 9244
1.70 8+4
4.85° 57;0 1.12 65+4
3.79 35+4
4.86 17;0 1.04 65+ 11
1.08 8+ 6
3.06 2347 6= —(0.4+0.4)
3.13 4+3
4.96 271 0 100 0=124+0.7
5.30 4;0 0.94 942 d=—(0.34+0.1)
1.12 742 §=—(1.1£0.5)
2.52 78+ 3 [,=12+04x10"2eV®
3.36 5+1 0=254+0.8
4.65 1.3+£0.3
5.50 3);0 3.06 100 I,=214+07x10"2%eVe¢
5.603 1t 0 16.7+2.3 ', =0.485+£0.046 eV°©
1.04 3.8+1.2
3.06 79.5+5.9
5.605 17;0+1 0 6.7+ 1.2
1.04 42+0.8
1.08 54.3+ 3.1 I, =087+0.07eV*°
3.06 26+14
3.13 32.24+ 2.5 0 =—0.054+0.02
5.67 17;0+1 0 6.24+0.4 0 =-0.014+0.04
1.04 8.1+0.7
1.08 524+ 3 I'y=046+0.06eV°
1.70 0.8£0.3
2.10 0.44+0.2
3.06 4.0£0.4 0 =0.04+0.06
3.13 28.5£2.0 0 =+0.10+0.03
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios
5.79 27;0 0.94 40 £ 8
1.08 60 £ 8
6.10 4=;0 0.94 494+0.9 I'y=51£1.0x 1072eVe
1.12 55+ 3
2.10 2742
3.79 1.4+0.3
4.12 1.84+0.3
4.40 0.74+0.3
4.65 8.7+0.7
6.10 (17); 0 0 24 +3
0.94 11+3
2.10 20+6
3.06 45+ 5
6.14 0t; 1 0 50+ 3 I,>16eV
1.70 12+2
3.72 36+ 3
4.36 21404
5.603 0.19 £0.02
6.16 371 0 0.2+0.2 I'y=096+0.26eV*
0.94 51+ 3
1.12 1.0£0.1
2.52 5.5+0.4
3.06 1.34+0.3
3.79 11.6+1.3
3.84 25.0+ 1.6
4.12 1.5+0.3
4.23 0.9+0.3
4.40 20+0.2
6.240 37;0+1 0.94 4.6+0.3
2.10 71.5+ 3.0 I',=08+0.11eVe®
3.36 1.14+04
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios

3.79 10.6 £0.5
3.84 1.04+0.2
4.12 0.5+0.2
4.23 7.84+0.4
4.40 294+0.3

6.242 37;0+1 0.94 4.1+0.3
2.10 71.2+ 3.0 I'y=073+0.11eV®
3.36 0.8+0.3
3.79 11.6 £0.6
3.84 0.94+0.2
4.12 1.1+04
4.23 8.24+04
4.40 2.1+0.3

6.26 17;0 0 (100)

6.28 271 0 0.3+0.1 I'y=18+£05eVe
0.94 67+3
1.04 1.3+£0.1
1.70 5.7+0.6
2.10 1.240.3
2.52 0.3+0.2
3.13 0.7+0.3
3.36 23403
3.72 1.4+0.5
3.84 15.84+14
4.12 3.94+0.2
4.36 0.5+0.4

6.31 370 0 4.04+0.7 I'y=0174+0.04eVe
0.94 10.6 £ 1.0
1.70 3.0+0.8
2.52 4.0+0.5
3.06 57+3 9 =—(0.03+£0.10)
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios
3.72 1.44+0.7
3.84 46+ 1.0
4.12 244+ 1.7
4.96 13.04 1.5 6 =—(0.01+£0.14)
6.39 2%, 0+1 0 1.5+0.5 I',=044+0.18eV°
0.94 7543 6 =—(0.25+0.10)
1.70 6.8+ 1.7
3.84 14.1+1.6 0=0.14+0.2
4.12 23405
6.48 37;0 0 13+£2 ', =T74+21 meVe
0.94 33+ 2
1.12 10+ 2
1.70 442
2.52 442
3.06 21+ 3
3.79 442
3.84 9+ 2
4.96 242
6.57 57;0 0.94 15.24+1.6
3.36 83+ 3 T, =26+05x10"2eVed
5.30 23406
6.64 27,1 0.94 8.94+0.6 I'y=14+04eV®
2.10 58 £ 3
3.13 220+ 1.3
3.72 0.94+0.2
3.79 244+0.2
4.12 1.04+0.3
4.86 26+0.2
5.50 4.0+0.3
6.78 4t 0 0.94 12.6 £0.9 I'y=0314+£0.08eVe
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Table 18.25: Radiative decays'itF # (continued)

E; (MeV) JT E;¢ (MeV) | Branch (%) Widths and mixing ratios
1.12 2524 1.3 §=—(14+11)
4.65 62 + 2 0=0.13+0.13
6.80 1, 2%, 3%; (0) 0 20+ 2
0.94 2042
3.06 50+ 3
3.84 3.0+1.6
4.96 7.0+ 1.7
6.88 3,47;0 2.10 9+ 2
4.65 91 +2
7.34 151 0 4+0.5
1.08 54+ 2
2.10 18+1
3.06 1+0.5
3.13 8+ 0.5
4.23 15+0.6
7.48 (2) 0.94 100
7.52 0.94 5+4
2.10 7T+5
3.79 33+£5
4.40 55 £ 7
7.53 2” 0 10+ 3
0.94 14+6
2.10 50+ 9
3.79 26+ 7
7.59 0 18+7
0.94 144+ 12
1.12 947
4.65 59+ 16
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& For earlier references see Tables 18.111#/8AJ03 and 18.12 in {983AJ0). See these tables also
for upper limits for transitions to other states.

b (1982FR1Y: see reactions 6 and 23.

¢ T', = total radiative width for this state.

4T, =T ~560eV,I, < 4.5eV.

4 See Table18.27

Observed resonances are displayed in TaBl@7 See alsd”O in (1986AJ04 1993TI07.

8. (a)"*N(«, o/)*N Ey, =4.415
(b) ““N(a, 20)'°B Om = —11.613
(€) N(a, SLi)12C Qm = —8.798

Table 18.26: Lifetime measurements of soltie states

I8Ex (MeV) Jm T T References
0.94 3T;0 67.6 £ 2.5 ps mean®
1.04 0t; 1 2.7+0.4fs b

2.2+ 0.6 fs (1983CA2)
2.55 + 0.45 fs (1983CA2) ©
1.08 0—;0 275+ 1.9 ps mean®
1.12 5,0 234 £10ns mean®
1.70 17;0 0.971 £0.30 ps (1982BA4(Q
0.897 +0.057ps | (1983M0O1§ ¢
0.955 + 0.027 ps mean
2.10 27:0 5.12 + 0.56 ps (1982BA4(
4.93 +0.78 ps (1983M0O16
5.06 4+ 0.46 ps mean
2.52 2%: 0 0.605 =+ 0.029 ps (1982BA4(
0.554 +0.045ps | (1983MO1§
0.590 £ 0.024 ps mean
3.06 2t 1 <1.2fs (1982BA4() =
3.13 1-;0 0.403 £ 0.018 ps (1982BA4(
0.343+0.022ps | (1983MO1§

71



Table 18.26: Lifetime measurements of soltfe states (continued)

IBEx (MeV) Jo T T References
0.39 £ 0.02 ps®
3.36 3%;0 0.435 4+ 0.041 ps (1982BA4(Q
0.451 +0.034 ps (1983M0O16
0.44 +0.03 ps?
3.72 17,0 4+2fs (1973R0O04
2.7 fs A (1982BA4( ©
3.79 35,0 1.91+0.17 ps (1982BA4(Q
1.90 + 0.20 ps (1983MO16§
1.91£0.13 ps mean
3.84 27:0 174+ 3.6fs (1982BA4Q
21 £ 4fs (1983M0O16
19.0 £ 2.7fs mean
4.12 37;0 91 +£22fs (1973RO0%
4.23 27;0 110+ 15fs (1973RO0%
4.36 1*;0 27+ 10fs (1973RO0%
4.40 4=;0 58 +12fs (1973RO0%
4.65 471 < 10fs (1973RO0%
4.85 57;0 52+0.9ps (1973RO0%
4.86 17;0 66 + 18 fs (1973RO0%
4.96 271 < 4fs (1973RO0%
5.30 47:0 30£5fs (1973RO0%
5.50 3-):0 63 + 25 fs (1973RO0%
5.79 27;0 15+ 10fs (1973RO0%
A = adopted.

& See Table 18.12 inl@78AJ03.
b See Table 18.13 iM@83AJ0).

¢ See alsol985KE1Q.
4 See also1982M009.
¢ See alsol983MO16.
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Table 18.27: Resonances'itN + o below £, = 5 MeV #

E, Particles| T\, (2J+1r,1,/T J* T E,
(MeV + keV) out (keV) (eV) (MeV)
<2x107° 4.657
0.559 v (2.840.5) x 10~* 1,0 4.850
0.698 <0.5x 107" 2+, 1 4.958
1.136 £3 v 0.084 + 0.004 4+;0 5.299
1.398 £3 v 0.022 4 0.003 3-);0 5.502
1.527 ¥, 1.44+0.14 1t 5.603°
1.529 =4 2 v, Qg <12 2.60 £0.21 1;0+1 5.604f
1.618 +2 ¥, Qg < 0.8 1.4402P 17;0+1 5.673¢
1.765 + 4 v 0.047 £0.018 27,0 5.788
2.160 £ 4 v 0.20 4 0.04 47;0 6.095
2.166 £ 7 ¥, 0.08 £ 0.03 1,2,39);0 6.100
2.348 £3 ¥, Qg <0.8 35,0+1 6.241"
2.372+3 ¥, <3 1+; (0) 6.260'
d
2438 +4 v 0.52 4 0.12 37,0 6.311
2.532 +4 v 1.6+0.4 27,0+ 1 6.384
v 0.16 & 0.06 3%; (0) 6.480
2.767 £ 4 ¥, (<0.8) 0.29 & 0.06 57,0 6.567
2.870 £ 4 s Po <16 2.74+0.5 27,1 6.647
2.870 £ 6 g 93+5 I,/I' =0.85 1- 6.647
0.12 £ 0.07 4%;0 6.78
<0.2 1+,2%,3%,(0) | 6.803
3.080 £ 6 po,ag | 101+£5 2- 6.810
3.576 £ 4 g <4 (47) 7.196
3.67 o 45 + 10 (17) 7.27
3.72 Po, 53+ 6 (37) 7.31
4.00 Po» o 35 (37) 7.53
4.05 Po, o 60 7.57
4.11 Po, o 40 7.61
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Table 18.27: Resonances'itN + a below £, = 5 MeV ? (continued)

E, Particles| T\, (2J+1r,1,/T J* T E,
(MeV + keV) out (keV) (eV) (MeV)
4.28 Po, Qo 120 7.74
4.50 Do, Qo 30 (27) 7.92
4.55 Po, Qo 70 (17) 7.95

& References are displayed in Tables 18.13 Ii7RAJ02 1978AJ03. Higher resonances observed in
MN(a, o) are listed in Table 18.14 0l@78AJ03.

b wy = 0.45 £+ 0.02 (1982BE29.

¢ < 0.07 for 18F*(6.11, 6.16 MeV) {973R0O03.

4 < 0.03 for 18F*(6.28 MeV) (1973RO03.

°T,=428+1.6eV, I, =0.485+0.046 eV, [, = 0 (1980MA29. See also Tabl&8.30
fr,=320+21eV,T, =0.8914+0.074€V,l, = 1. AE, for *F*(5.603, 5.605 MeV) is .84 + 0.04 keV
(1980MA2§. See also Tabl&8.3Q

&'y =130+5eV,I'y = 1.44+0.3eV,l, = 1 (1980MA26. More recently, an accurate energy measurement
for this level by (989B0O0) gaveFE, = 5672.57 & 0.32 keV.

h This resonance corresponds to two stateB,at= 6240 and 6242 keV. The lower member of the doublet
(both of which have/™ = 3~ and mixed isospin) has, = 133 £4 eV,I', = 0.80 & 0.11 eV, the higher
hasl', =137+£0.4eV,I', =0.73 £0.11 eV (1979KI13.

T, =580+ 12eV,T, = 25732 eV (1979KI12.

Observed anomalies in the elastic scattering [reactidrafa)exhibited in Tabld8.27 Res-
onances in they, isospin-forbidden yield are displayed in Table 18.1418{8AJ03. In the o,
study, carried out foE,, = 7.6—-16.9 MeV, a partial-wave analysis involving a method of o@ing
ambiguities and parametrizir§ymatrix elements gives the level parameters of 151 isospieahn
natural-parity states if*F with 10.4 < E, < 17.5 MeV. Many of these states have also been
reported in the®O(d, o) reaction [Table 18.16 ofl@78AJ03]. The agreement is best for low-
lying 2+ or 4" states, and is quite good fér and5~ states, while for highf states the greater
centrifugal barrier fot°0 + d at the samé, leads to a relative suppression of higlstates in the
160+ d work. A study of the energy dependence of averaged intessif the partial waves shows
some indication that the lower partial waves conserve isapF, increases.

The total cross sections for formation'8B and®Li have been studied fat,, = 21 to 42 MeV
[see (978AJ0J], as has the cross section for production of 1.64 and 2.3V Meays from
threshold toF, = 26 MeV (1985DY05. See also1987AJ03, and seel987BU27 1989BE1R
1990WE141991LE33.

9. (a)“N(Li, d)'*F
(b) “N(°Li, da) N

Qum = 2.940
Qm = —1.475
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Angular distributions have been measured for the deuterunpg to'®F*(5.34[47], 6.56[57],
9.58,11.2, 14.1) ab(Li) = 36 MeV. Angular correlations lead té™ = 6+ and8™* for 18F*(9.58,
14.1) and the data are consistent with = 7+ for ®F*(11.2) (L983ET03. For the earlier work
see (978AJ03.

10. “N(7Li, t) 'F Qm = 1.948

At E("Li) = 36 MeV the K™ = 1 band appears to be selectively populated. Staté at
9.584+0.02, 11.22+0.03 and14.18 +£0.04 MeV are strongly populated. It is suggested that the first
two are the™ and7™ members of that band: see reaction 8. [Angular distribstiame reported
for 18F*(1.70, 2.10, 2.52, 3.36, 4.40, 5.30, 6.57, 9.58, 11.2218)] See {978AJ031987AJ02
for the earlier work.

11. (@)“N("'B, "Li) *F Qum = —4.250
(b) “N(13C, Be)'SF Qum = —6.233

These reactions have been studied@tB) = 115 MeV and £(**C) = 105 MeV. Differential
cross sections at three angles are reported for the tamsito '*F*(9.58, 10.57 & 0.07, 11.2)
in reaction (a) and td*F*(5.30, 6.57, 9.58]0.60 & 0.08, 11.2) in reaction (b). In addition to
these state$’F*(14.18) is strongly excited in both reactions, and tréoss to'®F*(15.79 £ 0.10,
18.62 4+ 0.12) are also reported: se&483AJ0).

12. (a)?N(*He,~)'*F Qm = 14.156
(b) °N(®He, a)**N Qu = 9.745 B, = 14.160

Excitation functions have been measured fiffHe) = 2.5 to 16 MeV for they, and~,_4
yields. Resonances are observed corresponding,te= (19.00 + 0.15) [y1—4], (20.1 £ 0.2)
[’)/0, ’}/1_)4], (227 + 02) [’}/0, ’}/1_)4] and (241 + 02) MeV [’)/1_,4], with em = (05 + 015),
(1.6+£0.1), (1.240.1) and(1.44-0.3) MeV, respectively. They yield is dominated by*F*(20.10)
[(1983WAO0Y: see for(2J + 1)I'sy.I', values]. It is suggested that structures decaying dyave
J™ = 2~ (and possiblyI’ = 1) (1983WA05. For analyzing power measurementsiZtHe) =
33 MeV see (986DRO03J.

13. °N(°Li, t) 'F Qm = —1.635
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At E(°Li) = 30 MeV preferential excitation of odd-parity states'®F belowE, = 5 MeV is
reported. Angular distributions of the tritons'td-*(0, 0.94, 2.10, 4.40)J" = 1T, 3%,27,4 ] are
all strongly forward peaked: se&478AJ03J.

14. (a)’N(*'B, 5Li) *F Qm = —13.048
(b) "N('2C, *Be)'SF Qm = —12.119

These reactions have been studied Witi!B) = E(*2C) = 115 MeV. Reaction (a) is domi-
nated by the transitions t8F*(1.12) [presumably™ = 5T state, although the group is unresolved]
and to!8F*(7.15, 9.45) J™ = (77) and(67)]. No single state is strongly preferentially populated
in reaction (b). Differential cross sections f6F*(4.40, 6.10, 7.15, 9.45)JF = 4~, (57), (77),
(67)], are fitted by FRDWBA: seel©83AJ0).

15.160(d, 7)'8F Qum = 7.526

The capture cross section rises from phlat £; = 0.4 MeV to 25.b at 3.5 MeVI', over this
range is~ 2 eV: see (972AJ02.

16. (a)'%0(d, n}"F Qu = —1.624 E, = 7.526
(b) °O(d, p}"O Qu = 1.919

Excitation functions and polarization studies have beanezhout toFy; = 17 MeV [see
(1978AJ031983AJ0)] and atky ~ 5.6t0 8.3 MeV (L985GR1B py, ps, p4). Structures attributed
to states in'8F are displayed in Tablé8.28 See alsd’O and!'"F in (1986AJ04 1993TI07%,
(1987AJ02, and see{992LA09 for applications.

17.160(d, d)160 By = 7.526

The yields and polarized observables of elastically smadteleuterons have been reported
for £4 = 0.65 to 56 MeV: see 1978AJ03 1983AJ0). More recent measurements are those
by (1985GR1B [excitation functions forEy ~ 5.6 to 8.3 MeV] and the polarization studies at
Eq =20.5 MeV (1984FR14TAP), 56 MeV (1986MA32 VAP, TAP) and 200, 400 and 700 MeV
(1987NGO1 VAP, TAP). An analysis fotry = 400 MeV in terms of the folding model is discussed
in (1987GR19. Virtual breakup effects in (d, d) elastic scattering hbeen studied1(9881S03.

For references to earlier work se9g87AJ03, and see th& O sections of {986AJ04 1993TI07.
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18.160(d, a) N Qm = 3.111 By = 7.526

The yields of various groups af-particles have been measured 5 < 20 MeV: see
(1978AJ03 1983AJ0). The yield curves have been fitted in terms of a large numbstates
in *F: see Tabld 8.28here, and 18.16 inl@78AJ03.

Table 18.28: Maxima in the yields 6fO + d ®

Ey Particles out | . JT T E,
(MeV =+ keV) (keV) (MeV)
0.895 P1, o 210 £ 25 (8.320)
1.048 p1, do, g 88 + 10 1+ 8.456
1.199 % 230+ 30 (8.590)
1.298 p1, do, g 13+ 3 (8.678)
1.325 dg, g (8.702)
1.482 % 40+5 (8.842)
1.563 do, g 121+ 15 (8.914)
1.616 % 19415 (8.961)
1.765 do, g 141 + 10 (9.093)
1.885 Pos P1, do, 108 + 12 3,47;0 9.200
2.22 ng, O 2,3%;0 9.50
2.28 % 2,3%;0 (9.55)
2.34 g, P1 (9.60)
2.55 p1 (9.79)
2.92 ng, Pos P1 10.12
3.05 % 3,47;0 10.24
3.13 n, p1, o, 1 >2:0 10.31
3.37 Ng, Pos P1, Q1 10.52
3.47 % 4,5;0 10.61
3.68 no, Po, P1, 1 2t 10.79
3.80 Po» Qo > 270 10.90
3.94 n, p1, aq 11.03
3.95 P1, Qo ~ 35 3,47;0 11.03
4.07 n, p 11.14
4.38 P1, o 4,57;0 11.42
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Table 18.28: Maxima in the yields 6fO + d # (continued)

Ey Particles out e Jo T B,
(MeV + keV) (keV) (MeV)
4.57 % 567;0 11.58
4.80 do, ap >3;0 11.79
4.93 % 567;0 11.90
5.0 £ 15 oy 40 12.01
5.11 p, o, Oy 60 4,5%:0 12.06
5.17 % 55 T=0 12.12
5.32 % 70 12.25
5.34 ag, (g 170 12.27
5.40 g, Qg 130 12.32
5.47 ay 80 12.38
5.49 g, Ov3, Ol 120 12.40
5.59 ag, (g 120 12.49
5.65 ag, (g 140 12.54
5.77 % 180 2" 12.65
5.80 g, Oy, Ol 160 12.68
5.81 g, Oy 80 5~ 12.69
5.91 Qg 160 12.77
6.00 % 120 12.85
6.11 QQ, Ola 120 12.95
6.19 (g, (3 200 >4;0 13.02
6.25 QQ, iy 150 T=0 13.08
6.30 g, Oy 160 13.12
6.34 g, a3 160 567;0 13.16
6.38 ag, a3 145 T = 13.19
6.43 ag, (g 120 13.24
6.46 g, 0y 100 13.26
6.54 g, Oy 135 13.33
6.61 g, Ov3, Ol 120 13.40
6.64 ag, 200 13.42
6.66 % 100 13.44
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Table 18.28: Maxima in the yields 6fO + d # (continued)

Ey Particles out e Jo T B,
(MeV + keV) (keV) (MeV)
6.72 Qo 100 13.49
6.73 Qo 100 13.50
6.80 (g, (i3 140 13.56
6.84 Q, g, Oy 150 13.60
6.94 g, a3 90 13.69
7.10 as, Qg 60 4=, 5% 13.83
7.27 Qg 150 13.98
7.31 Qo 60 4=, 5% 14.02
7.34 Q, (3, Oy 200 14.04
7.38 o, O3 210 14.08
7.41 a3 60 4=,5% 14.10
7.49 % 220 14.18
7.58 % 200 >4;0 14.26
7.62 ay 85 14.29
7.66 g, Oy, Ol 130 T = 14.33
7.67 g, (g, 3, Oy 250 T = 14.34
7.74 a3 200 3,4~ 14.40
7.80 g, Oy 70 14.45
7.82 QQ, Qo 225 14.47
7.99 oy 200 14.62
8.02 % 150 14.65
8.03 a3 310 14.66
8.07 % 120 14.69
8.08 g, iy 310 14.70
8.21 Qo 250 14.82
8.25 ay 380 14.85
8.30 g, g, O3 210 14.90
8.34 ay 115 14.93
8.37 % 130 14.96
8.37 Qp, O3 250 14.96
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Table 18.28: Maxima in the yields 6fO + d # (continued)

Ey Particles out e Jo T B,
(MeV + keV) (keV) (MeV)
8.40 ap 310 14.99
8.43 Qy 120 15.01
8.52 a3, Qg 160 4=, 5% 15.09
8.52 Qg 150 15.09
8.56 o7 220 15.13
8.58 Qy 180 15.15
8.61 g, O3 200 15.17
8.65 ag, (g 135 15.21
8.72 (g, Qi 120 15.27
8.76 o7 160 15.30
8.79 ap 200 15.33
8.80 g, O3, Oy 200 57,6~ 15.34
8.89 a3 110 15.42
8.93 s, 0y 190 15.46
8.97 g, Oy 210 15.49
9.00 ag, (g 190 15.52
9.62 a3 220 4=, 5% 16.07
10.35 a3 60 4=, 5% 16.72
11.15 Qs 70 4,57, 6 17.43

@ For references see Table 18.151978AJ03. This table does not include the structures
in o leading to isospin-mixed states ifF: for the latter see Table 18.16 ih978AJO03.

A detailed study by1973J0O130f the isospin-forbidden; yield, analyzed by-matrix theory,
identifies a large number of isospin-mixed state¥’) possibly as many as 138 wifle < E, <
19.4 MeV. The reaction mechanism appears to be almost entirehpoand nuclear. The isospin
impurity, averaged over 1 MeV intervals, is 3—10% for the\ab, range. The average coherence
width increases from~ 100 keV at £, = 14 MeV to =~ 500 keV at £, = 20 MeV. The level
densities appear to be consistent with predictions of theni-gas model 1973JO1}3 See also
(1985J0Z3. [For mixed isospin states observed'fiN(a, ;) see Table 18.14 inlQ78AJ03.]
Polarized beam measurements are reported’for 6.8 to 16 MeV: see 1978AJ031983AJ0).
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19.160(d, 5Li) 12C Qm = —5.687 By = 7.526

Vector and tensor polarized beam measurements are redortéloe transitions tdC*(0,
4.4) atEy = 18 and 22 MeV (987TAO7 VAP, TAP) and 51.7 MeV 1986YA12 VAP; also to
12C*(14.1)).

20.190(t, n)!*F O = 1.269

Recent measurement of neutron yieldsfQr= 20 MeV are discussed il@93DR031993DR04J.
Applications are discussed ihg87B0O161990BA1S. For earlier work seel©83AJ011987AJ02.

21.150(He, p)°F Qum = 2.032

Excitation energies derived from measurementg-tdys are displayed in Table3.29together
with [-assignments obtained from distorted-wave analyses,Jand@ and K™ assignments from
branching ratios, radiative widths, linear polarizationray angular distributions and,, mea-
surements [see also Tabl&8.25and18.24. Studies of this reaction, together with the work on
“N(a, v) and'"O(p, 7), have defined the low-lying states '6F.

The g-factor of'®F*(0.94) [J™ = 3] is (4+0.56 + 0.05): see (983AJ0). The circular polar-
ization of the 1.08 MeV/— g.s.y-ray, P, = (—10 £ 18) x 10~* (1982AH07Y, (2.7 +5.7) x 10~*
(1985B103 1988BI07, (1.6 £5.6) x 107* (1985EV03, (1.7£5.8) x 10~* (1987PA07Y. The weak
pion-nucleon coupling constant deduced from the weighteds@e of all recenf, measurements
[(1.243.9) x 107*]is (0.37}:3) x 10~7. Together with PNC matrix elements in other experiments
this suggests that the isovector weak NN interaction mayrbagly suppressed compared with the
isoscalar weak NN interactiod985EV03 1987PA07. For a measurement of the ICC of the 0.94,
1.02, 1.04, and 1.08 MeVY-rays see 1986KR04. See alsoX978AJ03 1983AJ01 1987AJ02
and'*Ne.

A discussion of nuclear tests of fundamental interactiengresented in19089MC1Q. For
recent work on the use of this reaction for oxygen analyss, 6991BA62 1992C0O0§. For
applications related t8F production seel@91GU051991SU1Y.

22.160(q, d)'SF Qum = —16.321

Angular distributions of the deuteron groups'té*(1.12) [J™ = 5%] have been studied at
E, = 28.0 to 33.6 MeV: seel983AJ0). At F, = 65.3 MeV a number of angular distributions
are reported to®F states withZ, < 11.4 MeV: 18F*(9.49, 10.54) are suggested to halle= 6~
and7+ respectively {986KA36. See, however, reactions 9 and 10. The use of this reactiSf i
production is discussed ii991GUO0Y.
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23.10(Li, a)'5F Qm = 6.051

Angular distributions have been measureddiLi) = 5.5 to 34 MeV [see {983AJ0)] and
at E(°Li) = 48 MeV (1984C0O05 «y, oy, ay). (1982FR1% report the excitation of a state at
FE, = 4848 + 0.5 keV which decayq35 + 4)% to *F*(3.79) [E, = 1056.8 & 0.4 keV] and
(65 4 4)% to '®F*(1.12). Alpha-gamma angular correlations are conststéth /™ = 5-, and
T =0 (1982FR1%. See alsoX986GL03 and (L9861C0J.

24. (3)'50(1'B, °Be)'*F Qum = —8.290
(b) 10('3C, 'B)!8F Qu = —11.153
(c) SO(HN, 12C)'8F Qm = —2.747

See (983AJ0).

Table 18.29: States if{F from '*O(He, py)'*F *

E, (keV)" l2 JoTe K7e
0 0 1*;0 0+
937.140.4 2 37,0 0F
1040.9 0.5 0 0+ 1
1080.1 4+ 0.5 0-;0 0~
1119.0 4+ 0.6 4 57,0 0+
1701.44+0.7 0 1*;0 1+
2099.9 + 0.6 27,0 0~
2523.4 4+ 0.7 2 27,0 1+
3061.2 4+ 0.5 2 2+, 1
3132.8 4+ 0.6 1-;0 1-
3358.2 £ 1.0 37,0 1+
3725.44+0.8 1*;0
3790 £ 0.9 37;0 1-
3838.4 4+ 0.7 2 27,0
4114.5+0.9 37,0
4225.8 4 0.7 2(=);0 (17)
4361.0 £ 0.7 1)
4398.1 £ 0.7 37,47;0¢ (07)
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Table 18.29: States ifF from ‘SO(He, py)'®F # (continued)

E, (keV)? [a Jo T e K™«
4652 + 2 4 4+:1
4753 + 3 (0F; 1)
4860 + 2 1):0
4963.6 + 0.8 2+:1
5297.6 + 1.5 4+ 1t
5502 =+ 2 3-):0
5603 =+ 2 17:0+1
5669 =+ 2 17:0+1
5785+ 3 27:0
6097.4+ 1.4 47:0 1-
6108 +3 1,2,39);0
6138.3+ 1.0 0t: 1
6164.0 £ 1.0 3t 1
6241.2+ 1.0 37;1
6263 + 3 1t
6284.0 £ 1.0 20+ 1
6310.5 + 0.8 3,0
6383 + 3 27,041
6480 =+ 2 3*; (0)
6567.0 + 1.5 5+ 1t
6643.0 + 1.5 2-:1
6777 +2° 4+
6803.0 + 1.5 1+,2,3%; (0)
6878 £2° 305), 47 (0)

@ For earlier results derived from measurements of protootspand ofy-rays, see
Table 18.18 in1972AJ02. See also Tablek8.25and18.26here.

b (1973RO0} v-ray measurements.

¢ See Table 18.17 inlQ78AJ03.

d See p. 179 of (979KI119.
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Table 18.30: Excited states 8F from !"O(p, v)'*F #

E. (keV)

E. (keV)

937.18 £ 0.06
1041.55 £ 0.08
1080.54 £ 0.12
1121.36 £ 0.15
1700.81 £0.18
2100.61 £0.10
2523.35+0.18
3061.84 £0.18
3133.87 £ 0.15

3724.19 £0.22
3791.49 £ 0.22
3839.17 £ 0.22
4115.90 £ 0.25
4360.15 £ 0.26
5603.38 + 0.27
5604.86 = 0.28
2668 £ 2
6136.47 = 0.33

@ See also Tabl&8.31here, and Table 18.17 in983AJ0).

25.170(p, ) '5F Qum = 5.607

Gamma-ray measurements lead to the very accuratdeterminations fof®F states below
6.2 MeV: see Tabld8.3Q0 Observed resonances are displayed in TaBI&1 branching ratios,
radiative widths and multipole mixing ratios are shown if[€l8.25 andr,, in Table18.26

The direct capture cross section has been studiefi,fer 0.3 to 1.9 MeV:'8F*(5.603, 5.605,
5.668,5.786 MeV) havé™ = 17,17, 1~ and2~. Thel~ states have mixed isospin. For astrophys-
ical work, see the thermonuclear reaction rate table$3%CA4) and the analytical expression
presented in}988CA2§. See alsol978AJ031983AJ011987AJ02.

26.170(p, n}'F Qm = —3.543 B, = 5.607

Observed resonances are displayed in TA@&81 Analyzing power measurements are re-
ported atF, = 135 MeV (1983PUZZ ny).

For astrophysics-related work see the thermonucleariogacite tables of (985CA4) and
the analytical expressions dcfY88CA26.

27.170(p, §)\"0 B, = 5.607

The elastic scattering has been studiedApr= 0.5 to 13 MeV [see {978AJ031983AJ0)]:
observed anomalies are displayed in Tel8e31 Analyzing powers have been measuredgt=
89.7 MeV (1985V013.
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28.170(p, t)°0 Qum = —11.325 B, = 5.607

Analyzing powers have been reportediat= 89.7 MeV for the triton groups to a number of
150 states 1985V012.

29.170(p, @) "N Qum = 1.192 B, = 5.607

The yield ofo, shows a number of resonances f§r = 0.49 to 3.0 MeV: see Tabl&8.31 The
R-matrix fit of (L979KI13, obtained using data fror, = 400 to 1400 keV, confirms the earlier
result [see, e.g., reaction 31 ihq78AJ03] that a significant quantity of’ O is burned up in the
(p, ) rather than in the (py) reaction for a wide range of stellar temperature$70KI13. See
also (1987AJ021987AS0).

Table 18.31: Resonances'itO + p ?

E, Particles out Lo (2J+ 1), I,/T Jo T B,
(keV) (keV) (eV) (MeV + keV)
517.0+ 1.0 v, Qg 0.24 +£0.03 0.26 + 0.05 4=;0 6.095
525 Qg 0.034 + 0.003 (17) 6.102
561.24+1.0 ol <1 22+0.6 071 6.136
587.14+1.0 v, Po, 0o 144+0.5 6.7+t 1.8 31 6.161
670.5+ 1.0 Y, Pos Qo 0.19 +0.03 ¢ 37;0+1 6.239
673.0 v, Qg 0.18+0.04 ¢ 3;0+1 6.242
690 + 4 Qg 0.60 +£0.12 <0.02 170 6.258
714.24+1.0 v, Po, 0o 10.0 £0.5 91423 2t 1 6.281
741 £+ 2 Y, Pos Qo 0.95+0.14 0.64 +£0.17 370 6.306
826 + 2 v, Qg 0.40 +0.09 0.60 £0.18 2,041 6.386
926 £ 2 v, g 0.40 £0.10 0.36 £0.15 30 6.481
1015 Qp 0.56 +0.13 < 0.0023 57;0 6.565
1090 ap 80 £+ 2 1 6.635
1098.4+ 0.4 ¥, & 0.60 £+ 0.07 4.3+1.2 27;1 6.6439
1101 +£4 p 89+5 6.646
1240 +2°P Y, Po, Qo 92+1.0 2.8+0.7 4+ 0 6.777
1270 Y Po <2 0.54 +£0.20 1*,2,3%;0 | 6.8031 £ 1.5
1274 £5 Qp 88 + 2 27 6.809
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Table 18.31: Resonances'ffO + p * (continued)

E, Particles out | . (2J+1r,I,/r J* T By
(keV) (keV) (eV) (MeV + keV)
1276 g 3.04+05 (21) 6.811
1338 Qg 5.0+1.0 (37) 6.870

1345+ 3 v, <2 1.0£0.4 3,47;0 6.876
1687.5 + 1 ag 6.5 3.9 (47); 0 7.199
1738 + 2 g 46.5 8.8 (17); 0 7.247
1784 £ 2 Pos Qg 38 47 3~ 7.291
1810 + 4 o 52 8.5 (37 0) 7.315
18325+ 1 7, Pos P1 16 + 2 d 1-;1 7.336
1906 = 2 Do, D1 14.6 + 1.4 1+ 7.406
1950 &£ 10 Qg 140 5.6 7.447
1957 £ 2 Po 6 1~ 7.454
1983 =+ 2 ~, P1, 12+3 1.5 2) 7.478
(1990 + 2) Do 32 (1) (7.485)
2012 £ 2 Po, Qo 12+ 2 7.2 4= 7.506
2020 + 2 v <4 7.513
20362 | v, po,p1, a0 | 16.5+3.0 5.5¢ 27 1 7.528
2040 & 5 1, Qo 75 7.532
2064 + 2 Do 30 (17) 7.555
2095 + 2 Y, Pos P1, Q0 942 3.7f g 7.584
2202 + 2 Do, P1, 0 36+ 4 25.1 3+, 4te 7.685
2248 + 4 P1, Qo 66 £5 28.2 >1 7.729
2284 + 4 P1 70 7.763
2406 + 3 P1, Qo 20 24.4 > 2 7.878
2429 + 2 ag 38 42 (27) 7.899
2473 + 12 ag 112 80 (1) 7.941
2603 £ 6 P1s Qo 60 11 >4 8.064
2657 + 8 P1 96 8.115
2757 4+ 2 Po, g 52 63 2 8.209
2788 £ 2 Po 20 4+ 8.238
2828 Qo ~ 50 8.370
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Table 18.31: Resonances'ffO + p * (continued)

E, Particles out Cem. (2J+1r,I,/r Jo T E,
(keV) (keV) (eV) (MeV + keV)
3915 £ 20 n 95 9.302
(4163 & 20) n 19 (9.536)
4235 £ 10 n 33 9.604
4330 £ 10 n 33 9.694
4490 =+ 20 n ~ 100 9.845
(4790 + 10) n 28 (10.128)
4900 + 20 n ~ 140 10.232

@ For references see Tables 18.1818(8AJ031983AJ0).

b See footnoté in Table 18.18 {978AJ03.

¢ This corresponds to a doublet ®f, mixed isospin states, separated2§9 & 0.04 keV. w~y, 4 = 2.04 £ 0.45 eV
for the lower resonance andi6 + 0.26 eV for the higher one.

41, =35+1.0eV.

°I'y =0.44+0.10 eV.

fT, =0.11+£0.03eV.

g Assumed to be unresolved.

Measurements1Q89BO01 seel N(«a, 7)'®F reaction) of the first leve{J™ = 17) of 18F
above the proton threshold determined = 5672.57 + 0.32 keV. This result and a new value
for the proton width of this level deduced froffO(He, d)}*F measurement4989LA19 lead to
substantial changes in the stellar reaction ratéfox(p, «)'“N. [See discussion inlQ89LA19.]

A direct search for thé’, = 70 keV resonancek,, = 5672.57 £ 0.32 keV) was carried out and an
upper limit for the resonance strengtin(< 8 x 1071° eV) was reported inl992BE2).

30.170CHe, d)5F Qm = 0.113

At E(®*He) = 15 MeV DWBA analysis of angular distributions of deuteron guswcorrespond-
ing to states of®F with £, < 5 MeV have led toJ™ values and spectroscopic information: see
(1972AJ02. Proton widhts of states near the proton threshold weresared by {989LA19. See
also (L987ERO0}.

31.170(a, t)'*F Qm = —14.207
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Table 18.32: Some states'itF from !"O(a, t) ?

E. (MeV)P Jr b Oine (M) ©
0.0 1+ 0.26
0.94 3t 0.41
1.04 0r, 7T =1
1.12 5t 1.92
2.52 2t 0.02
3.06 o, T =1 0.32
3.72 1+ 0.15
4.12 3+ 0.43
4.65 4T, T =1 0.61
7.44 (57)d 0.09
9.02 (5-,T=1)1 0.09
9.58 (67)d 0.19

12.75 6,7 =1) 0.03
14.65 (7+)d 0.07
15.8 6=, 7=1)49 0.03

& (1992YA09; E, = 65 MeV.

b B, andJ~™ values from {987AJ03.

¢ Integrated cross section. See Tables Il and IVIA92YA0§
for spectroscopic factors.

4 J™ value assumed in analysis by902YAQS.
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Measurements and DWBA analysis of differential cross eestiatF, = 65 MeV are re-
ported in ((992YA0§. Measured level energies and spectroscopic informatierirecluded in
Table18.32

32.170(12C, ' B)8F Qum = —10.350

See (983AJ0).

33.180(r ", 7°)15F Qum = 2.939

See ((983AS011984AS051989LE1LL).

34.%0(p, n)8F Qm = —2.437

(1983ANO03 have studied the distribution of Gamow-Teller (GT) stiégnght £, = 135 MeV
angular distributions have been studied tothestate at 1.04 MeV and to the" states®F*(0, 1.70,
3.72, 4.36, 6.26 MeV) as well as to possibfe 7' = 1 groups atF, = 9.9, 10.9 and 11.9 MeV.
82% of the observed strength lies in the ground state grodpbasPo in thel' = 1 states. The
observed GT strength is- % of that expected from the simple sum rul©83AN05. Multipole
decomposition of data from measurementgat= 494 MeV is reported in {994MEOQ7. See also
(1978AJ031987AJ02.

More recently the (p, n) reaction as a probe of beta decaggitres discussed inP87GO1V
1987TA13 1988MA53. See also 1989RA1Q. Studies of stretched state excitation are de-
scribed in (986AN1E and measurement of spin observabled/at= 135 MeV are discussed
in (1989WAZZ 1990WAZT). Total cross sections fdfO production from®O(p, n) were mea-
sured by {990WA1Q. See (988HI1F 1991GUO0Y for related applications.

35.180(He, t)'sF Qm = —1.674

At E(®He) = 16 MeV, the triton spectrum is dominated by strong groupS'E#(0, 0.94) and
to the0t and2™, T = 1 states®F*(1.04, 3.06). Angular distributions have been studieth&se
and many other states at this energy and@tHe) = 17.3 MeV. A, measurements fdr, have
been reported af(*He) = 33 MeV. See {983AJ0) for references.

36.150(Li, SHe)'*F Qm = —5.163
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Table 18.33: Branching it*Ne(3+)18F 2

Decay to'8F* | J™; T E., BranchP log fot ¢
(MeV) (keV) (%)

0 17;0 92.11 +0.21 3.096 4+ 0.004
1.044 0F;1 | 1041.54+0.3 7.70 £0.21 3.473 £0.013
1.084 0=;0 | 1080.76 +0.13 " (2.0740.28) x 1073 | 7.012 4 0.059
1.70 17;0 1699.94+0.3 ¢ 0.188 £ 0.006 4.477+0.015

& For the earlier work see Tables 18.19 1983AJ0) and 18.20 in{978AJ03J.
b (1983AD03. See alsol982HE0J.

¢ Based onry , = 1672 4+ 8 ms: see [983AD03.

4 The splitting of thed* and0~ states i$39.20 4 0.11 keV (1983AD0J.

¢ And 659.2 & 0.3 keV for they-ray to '8F*(1.04) (L982HE0J.

The reaction was studied &(°Li) = 156 MeV by (1990MO13. Evaluated cross sections for
Gamow-Teller transitions @ and strengths for analogous beta decays were compared.

37. 15Ne(B+)5F Oy = 4.446

The half-life of '®*Ne is1672 - 8 ms [se€'®*Ne]. The decay is t&*F*(0, 1.04, 1.08, 1.70 MeV):
see Tablel8.33and reaction 1 undéfNe.

38. 9F(y, n)18F Qu = —10.431

Cross sections have been reported to 30 MeV for the transitm'®*F*(0.94, 1.04, 1.08, 3.06,
3.13, 4.75 MeV): seelP83AJ0).

Cross sections for they(n,) photoneutron reaction were measured betwkEgrand 139° for
E, = 15-25 MeV by (1989KU1Q. The E1 absorption strength was deduced.

39. 9F(n, 2n)®F Qm = —10.431

Cross sections have been measurefl at 18, 21, 23, 25, and 27 MeVIQ91HA1LY).

40. 9F(p, d)SF Qum = —8.207
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Table 18.34x-ray intensities it*Ne(3")®F

E, (keV) B (keV) | Er (keV) b

659.0 = 0.2 1701 | 1042 0.135 =+ 0.005
1041.55+0.08 | 1042 0 7.83 +0.21
1080.76+0.13 | 1081 0 0.00226 = 0.00021
1700.81+0.18 | 1701 0 0.0538 £ 0.0018

2 (1983ADO03.
b y-ray intensities are per 100 parent decays.

Angular distributions have been reported to many stateSffvith £, < 6 MeV: see Ta-
ble 18.20 in {983AJ0). See alsol987AJ02. Spectroscopic factors derived from measurements
of £, = 18.6 MeV are discussed irnP87VA29. See also{989VAZM).

41. F(d, t)*F Qum = —4.174

See (972AJ02 1978AJ03, and see 1989VAZM) for cross section measurements and de-
duced level energies and spectroscopic factors. A receasumement of total cross sections at
E4 = 5-12 MeV (1993AB19 detected eight resonances with widths: 200-400 keV.

42. YF(CHe, a)'SF Qm = 10.146

See (978AJ03 1987VALl, 1988G0OZB, and see 1989VAZM) for cross section measure-
ments and deduced level energies and spectroscopic factors

43.2°Ne(p,*He)'*F Qm = —15.557

See (978AJ03.

44.Ne(d, o) SF Qm = 2.796

At B4 = 11 MeV a-groups are observed to many states®&f with £, < 7 MeV. Weak or
absent (each< 0.3% of the total yield aB0°) are the groups corresponding'ft-*(1.04, 3.06,
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4.66, 4.74, 4.96 MeV)T' = 1. Measurements of the TAP fdry = 10.25 to 12.0 MeV leads to
assignments af—, 1+, 0%, 1-, 1+, 3+, 3* to 18F*(4.23, 4.36, 4.75, 4.86, 5.603, 6.16, 6.48 MeV).
See (972AJ02 1978AJ03 1983AJ0) for references and for other results ad®§7HI1B for
applications. Use of this reaction f8iF production is discussed in§91GU0).

45. 2 Ne(p, o) SF Qum = —1.741

See (987GOZX.

46.3Na(p, X)'*F

The '®F yield from protons or*Na atE, = 20-67.5 MeV was measured§92LA25 and
cross sections were deduced.

47.%Na(d,"Li) *F Qum = —12.175

See (984NE1A.

2TAI(160, ZMg)SF Qm = —9.616

Cross sections have been measured#gfO) = 13.6 GeV/nucleon by 1993CUO05.
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18Ne
(Figs. 4 and 5)

GENERAL: See Tabld8.35
For B(E2) of 18Ne* (1.89) and other parameters sé6§7RA0) andTable 2here.

1. 8Ne(3+)3F Qum = 4.446

The half-life of ®*Ne is1672 - 8 ms: see 1978AJ03 and (L983AD03. The decay is primarily
to '*F*(0, 1.04, 1.70 MeV). In addition there is an extremely wbeadnch [2.07 +0.28) x 1073%)]
to ¥ F* (1.08 MeV) [J™ = 0~; T = 0] (1983AD03: see Tablel8.33for the parameters of the
decay. The parity mixing in thEF*(1.04, 1.08)0"—0~ doublet has been studied AB3ADO3.
It has been proposed as a probé&/ebdd nuclear forceslQ92HE1). See alsol982HE0S. For
the earlier work se€l@83AJ011987AJ02.

2.12C(12C, SHe)*Ne Qum = —22.913

This reaction was studied #tle angles front° to 10° with a magnetic spectrometerd92HAZ2).
New levels atF, > 6 MeV, including*®*Ne(6.15, 7.35 MeV), were found. Astrophysical implica-
tions are discussed.

3. "O(x, 7)'®Ne Qm = 5.112

The thermonuclear reaction rates for this reaction have keeémated 1987WI1J) using in-
formation from the isobaric analdg§O. A new'®Ne level atF, = 6.15 MeV (see'®O(*He, n)) has
been observedl@90GAZW) which may play a role in*O + « burning. See alsdl@88CA2.

4.140(a, p)F Qum = 1.190

This reaction is considered important in the generation of Z10 nuclei from products in
the hot CNO cycle. Microscopic multichannel calculations this reaction are discussed in
(1988FU021989FU0).

5. '%O(He, n)®Ne Qm = —3.196
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Fig. 4: Energy levels of®Ne. For notation see Fig. 2.
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Table 18.351¥Ne — General

Reference  Description

Reviews:

1987LE1B Strong interaction studies via meson-nucleus reactions
1987RA1D Nuclear processes and accelerated particles in solar flares
1993ENO03 Strengths ofy-ray transitions inA = 5—-44 nuclei

Other articles:

1987BE1l Search for a nucleon-participant multiplicity effect oroarmalous fragment produc-

1987BU12 ,tél\%nISOL/post-accelerator facility for nuclear astroplogsat TRIUMF

1987C0O31 Simple parametrization for low energy octupole modes ol nuclei

1987KA39 Delta-hole approach to pion double charge exchange (DCatYimns

1987PA1H Anomalous behavior of low energy analog double charge exgiha

1988MA1Q Identification of one glue-like mechanism of thehyperon in hypernuclei

1988YU04 Contribution of the 2nd kind of meson exchange current@(=*, 7—)'*Ne(g.s.)

1989BA92 Strangeness production in relativistic heavy-ion cailis

1989CH1P 1s-0d effective interactions of isospin triplet &Ne-'*O Coulomb displacement
energies

1989RA16 Pred?ms. from systematics & tabulation of B(EE; — 2) values for even-even

nucl.
1989TR18 2-nucleon and 4-nucleon clusters in light & heavy nuclei

1990BR13 Empir. p-ninteractions: global trends, configuration g&nty & N = Z enhance-

ments
1990BR26 Shell-model calcs. of isospin-forbiddehdelayed proton emission of isobaric ana-

log state
1990L0O11 Self-consistent calculations of light nuclei

1990MAZW Hybrid quark hadron model of DCX in the delta resonance me@
1990P0O04 New method of determining masses & quantum characteristilbght nuclei
1992AV03 The proton-neutron interaction & mass calcs. for nuclehwit> N
1994CI02  Specific heat and shape transitions in light sd nuclei

(A) denotes that only an abstract was available for thigesfee.
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Table 18.36: Energy levels éfNe®

E, (MeV +keV) | J*T Torle Decay Reactions
0 0%;1 |72 = 1672+ 8ms A+t 11,5,9,10

1.8873 £ 0.2 2" Tm = 0.67 + 0.06 ps ~y 5,9,10
3.3762 + 0.4 4+ T = 4.4+ 0.6 ps v 15,7,8,10
3.5763 + 2.0 0* Tm =4£2pS vy 5,10
3.6164 + 0.6 2+ T = 63750 fS v |5,10

4.519+8 1~ I' < 20 keV (p) | 5,10

4.561 +9 3* 5

4.590 + 8 0+ I < 20 keV (p) | 5,10

5.090 + 8 2+,37) I =40 + 20 keV (p) | 5,10

5.146 £ 7 2+,37) I' =254 15 keV 5,10

5.453 + 10 ' <50 keV 10

6.15" ¢ (17) 2,3

6.297 £ 10 (41) I < 60 keV 5,10

6.353 + 10 I' <60 keV 10

7.059 + 10 (1—,2%) I' = 180 + 50 keV 5

7.35°¢ 2

7.713 £ 10 ' <50 keV 5,10

7.910 £ 10 (1-,2%) I' < 50 keV 5

7.950 + 10 ' <60 keV 10

8.086 + 10 ' <50 keV 5

8.500 4+ 30 ' <120 keV 5

9.201 £9 ' <50 keV 10

a See also Tabl&8.37
b (1990GAZW).

¢ (1992HAZ2). This work reports the observation of several new leveth@regionE,, > 6 MeV.
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See Tablel8.38 See also{983AJ0).

Recent work reported inl@91GAO03 found that thes* level in'®Ne predicted by 988WI09
occurs atfy, = 4.561+0.009 MeV. Astrophysical consequences are discussed. New levEie
at £, > 6 MeV observed in®O(He, n) were reported inLR90GAZW). [See discussion under
140(a, v)'¥Ne.] See alsol989GAZW, 1990GAZR). For applied work related to this reaction see

(1991GU051992DI104.

6. 150(a, Nnn)¥Ne

Qm = —23.773

See (991GUQY for measurements d&t, = 40 MeV.

Table 18.37: Branching ratios and lifetimes'difle state$

E; (MeV) | J& | Er (MeV) | Branch (%)| 7, (pS)
1.89 2t 0 100 0.67 +0.06
3.38 4+ 1.89 100° 4.4+0.6
3.58 0t 1.89 100¢ 442
3.62 2% 0 9+2

1.89 91+24 | 0.06375:93

@ For references see Table 18.241978AJ03J.
> Ground state decay is 1%.
¢ Ground state decay is 5%.
4 The mixing ratio, is consistent with 0.

7. 160(19B, 5Li) '*Ne

At E(*"B) = 100 MeV, the angular distribution t&'Ne*(3.38) [(d;/»)3. state], which is pref-
erentially populated, has been studie@iNe*(1.89) is also observed (se&983AJ0). See also

(19830S0Y.

8. 160(12C, 1OBe)18Ne

Measurements @ (*>C) = 480 MeV are reported in988KR11 1988ME1(. The4™ level
at £/, = 3.38 MeV is observed.
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Table 18.38: States iffNe from*O(He, n) and?’Ne(p, t)*

E,. (MeV + keV) Fem, P Jrab

A B (keV)

0 0+
1.88734+0.2 | 1.886+10 2+
3.3762+0.4 | 3.375+10 4+
3.5763 £2.0 | 3.580 410 0+
3.61644+0.6 | 3.612+10 2+

4.513 £ 13 4.522 + 10 < 20 1-

4561 £9¢ 25¢ 3t

4.587 £ 13 4.592 + 10 < 20 0+

5.075+ 13 5.099 + 10 40 £ 20 (2%,37)

5.141 £ 10 5.151 £ 10 25+ 15 (2%, 37)
5.453 £ 10 <50

6.2914+304 | 6.297 £ 10 < 60 (4%)
6.353 £ 10 <60

7.062 £ 122 180 4 50 (1-,2%)

7.712 £ 20 7.713 £ 10 <50

7915+ 122 < 50 (1,27
7.949 £ 10 <60

8.100 + 14 ® <50

8.50 & 30 <120

9.198 + 10 <50

A: 'O(He, n)®Ne:
(1981NE09.

B: 2°Ne(p, t)®*Ne: (L981NEO0Y.

& See also Table 18.23i1978AJ03J.

b (1981NE0Y.

¢ (1991GA03. The width’ = 25 keV is estimated from a Woods Saxon
calculation.

4T =180 4 60 keV.

for references see Table 18.2B978AJ03} and

98



9. 80(r T, 77)®Ne Qm = —6.101

Angular distributions have been studiedi&tr™) = 164 and 292 MeV [seel(983AJ0)] and
at 48.3 MeV (L985AL15 to ®*Ne, ;) and 100 to 292 MeVI985SEO08to *Ne, ;). The excitation
functions for production of*Ne*(0, 1.89) have been measured fofr*) = 80 to 292 MeV: see
(1983AJ011985SEOR See alsoX987AJ02.

The behavior of double charge exchange (DCX) cross secioiosy energiesi0 + 30 MeV)
was reviewed in1987PA1H 1988SE1A 1989BA1R. See also the review 01989ST1H. Mea-
surements at energies of 300-500 MeV aboveX{i232) resonance were reportedi®g9owWI02).
More recently a search for arbound state in this reaction is describedif92J0Z271993JO0}

The contribution of the two-nucleon pion absorption ensissmechanism is discussed in
(1990CH13. See also1989CH1Q 1990CH1Y and see 1989YU1A). A quark-antiquark an-
nihilation mechanism is proposed ih989CH2). A two-amplitude model for the DCX energy
dependence is described IBBIFOO02. In other recent work, the contribution of sequential geear
exchange and delta-nucleon charge exchange is examinE2BBGI03. Absorption contributions
near’, = 50 MeV are evaluated byl0920S0%. High energy DCX and isovector renormalization
is calculated and compared with data iIP930S0). See also{992MA4§ for a discussion of
dibaryon effects.

10.2°Ne(p, t}*Ne Qm = —20.022

Observed triton groups are displayed in Tab&38as areJ™ derived from DWBA analysis
of angular distributions: The; state, identified at’, = 4.59 MeV, appears to have a Iargezlgl/2

configuration based on its large downward shift with respetite analog state iffO (1981NEO09.

11.2°Ne(He, m)®Ne Qm = —7.926

See (991GUO0).

18 Na
(Not observed)

18Na has not been observed; its atomic mass excess has bewvatedtito be 25.32 MeV
(1993AU0Y; it is then unbound with respect to proton emission by 1.6/Mee (978AJ03. See
also (L1986AN07) and (L983ANZQ.

18Mg, etc.
(Not observed)

See (986AN07) and (L983ANZQ. See also the results of calculationsifelectron capture
half lives for neutron deficient nuclei ii993HI03.
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Table 18.39: Isospin triplet componenis € 1) in A = 18 nuclei?®

180 18': 18Ne
E.(MeV) |7 [ E.(Mev) | Jm T [ AE, (MeV)® | E, (MeV) J7 AE, (MeV) ©
0 o [ 1.04 0 1 _ 0 0+ _
1.98 |2t | 3.06 9+: 1 1£0.04 1.88 o+ ~0.09
355 |4 | 465 4+:1 +0.06 3.38 A4+ —0.18
363 |0t| 475 0+ 1 +0.08 3.57 0+ —0.06
3.92 |2t | 4.96 9+: 1 1£0.002 3.62 o+ ~0.30
446 |1 { 560 1750+l +0-11 452 - +0.06
5.67 170+ 1 1018
510 |a- { 6.240 | 370+1 +0.10 5.00 (2+,3- —0.01
6242 | 37041 +0.10 5.15 (2+,3- +0.05
505 | ot { 6.28 2+ 1 —0.01
6.39 9+:1 +0.09
534 |0t | 6.14 0+ 1 —0.24 4.59 0+ —0.75
538 |3t 6.16 3+ 1 —0.26
553 |2-| 6.64 911 +0.07
619 |1-| 7.34 11 10.10

a As taken from Table48.9, 18.24and18.36
b Defined asi, (*8F) — E,(*¥0) — 1.04 MeV.
¢ Defined ast ('¥Ne) — E,.(*80).
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Table 18.40: = 2) states if®N and'®0 ®

18N 180

E, (MeV) Jr E, (MeV) J© T
0 =P

0.11 (27) e 16.4 27; 2
0.59 (27)P

0.75 (37)bc 17.03 (37); 2

17.4 17 (2)

18.7 (47); 2

18.9 1;2

19.24 (>2);2

19.4 17 (2)

20.36 (47); 2

21.42 (47); (2)

22.40 4=, 2

27 17 (2)

& As taken from Table$8.4and18.9

b Coulomb-shift computations (R. Sherr, private commumicgtfor these
four levels suggest that the analogs of the 1~ and(27) levels atF, = 0
and 0.59 MeV are th&0 1(-) and (3, 2) levels atF, = 16.21 and 16.95
MeV respectively.

¢ It is noted (A.H. Wapstra, private communication) that ttmmbined
evidence on these two levels and their analog$®@ is an argument for
assignments df~ and(37) in both nuclei, and if®0 they should lie above
an unobserved—; 2 state near 16.3 MeV.
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