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16He
(Not illustrated)

This nucleus has not been observed. See d884AV1A 1983ANZQ theor.).

IGBe
(Not illustrated)

This nucleus has not been observed. Its atomic mass excessigated to be 59.22 MeV. It
is then unstable with respect to breakup itfBe + 2n by 2.98 MeV: seel974THO01 1986AJ0).
The first three excited states witli = 2+, 4%, 41 are calculated to be at 1.90, 5.08 and 6.51 MeV
ina (0 + 1)Aw space shell model calculatioh985PO1). See alsol983ANZQ theor.).

IGB
(Not illustrated)

This nucleus has not been observed in the 4.8 GeV proton broimieat of a uranium target:
it is particle unstable. Its mass excess is predicted to b@73vieV: it would then be unstable
with respect to decay intdB + n by 0.93 MeV: seel(982AJ011985WA02. The ground state is
predicted to have™ = 0~ and the first three excited states are predicted to lie at .99, and
1.55MeV [J™ = 27,37,47]ina (0 + 1)hw space shell model calculatiohq85PO1) See also
(1983ANZQ theor.).

16C
(Figs. 1 and 5)
GENERAL: (See als01(982AJ0).)
Nuclear models: (1982LA26 1984SA3]7.

Complex reactionsinvolving '°C: (1982FI10Q 1983FR1A 1983WI1A 1984HI1A 1985P011
1986CS1A.

Hypernuclei (States observed in tHEO(K—, ) reaction atFx - = 450 MeV/c are interpreted
as due to the recoil-less production©f particles in the p, and p /. orbits of the{°C hyper-
nucleus {985BE3).): (1982DOL1L, 1982P102 1983BAL1Y, 1984AS10 1985BE31 1986MI1N
1986Z01A.

Other topics: (1984P0111985AN28 1985BA51 1985FL1D.
Ground state properties of 1°C: (1983ANZQ 1984FR131985AN29.



Table 16.1: Energy Levels ¢fC

E, (MeV + keV) J5T 712 (Sec) ol (keV) | Decay| Reactions
0 07;2 7172 = 0.747 £ 0.008 67 11,2
1.766 + 10 2t vy 2
3.027 + 12 (0%) () |2
3.986 + 7 2 vl 2
4.088+7 3(+) yol2
4142 +7 4+ 0 2
6.109 £ 15 (2F,37,4%) I <25 2

Table 16.2: The3~ decay of'‘C

Decay to'®N* | J~ Branch log fot
(MeV) (%)
0.120 0~ | 0.68t3%= 6.705008
0.298 3~ <0.5P > 6.83
0.397 1- <012 > 7.46
3.35 17 | 84.4+£1.7% | 3.5514+0.012
4.32 17 | 156+ 1.7 | 3.83+0.05

a (1983GA03. See also{984GA1A.
b (1976AL02.

1.16C(57) N Qum = 8.012

The half-life of 15C is0.747 4 0.008 sec: it decays t&N*(0.12, 3.35, 4.32})J™ = 0, 1+, 1]
see Tablel6.2 See also1983SNO03 for a discussion of the decay 6fC to 1+ states int®N and
(1985KI10§ theor.).

2.14C(t, p)'sC Qm = —3.013

States oftC observed in this reaction are displayed in Table 16.3882AJ0) and in Table
16.1here.



16N
(Figs. 2 and 5)

GENERAL.: (See als01(982AJ0).)
Model calculations: (1984BA24 1984KA1H, 1984VAQH.

Complexreactionsinvolving **N: (1981ME1319810L1GC 1983EN041983FR1A 1983MA0G
19830L1A 1983PL1A 1983SA061983WI1A 1984GR081984HI1A 1984H0O231984KA1H,
1985BE401985P0111986HALB.

Reactions involving muons nad neutrinos (See also reaction 14.)1981GM02 1981TO16
1983EG03 1983JA10 1984JA06 1984KI09 1984NO03 1984SR05 1985CH04 1985D004
1985N0101986GM03 1986MC02 1986N0O04 1986RO08.

Reactionsinvolving pions(See also reaction 15.)1981GM031981RA161982DE141982GI12
1983AS011983ER021983ER061983M0O1J1984AS051984KA31).

Hypernuclei: (1982KA1D, 1983CH1T 1983FEQ71983SH1E1984AS101984CH1G1984ZH1B.
Other topics: (1982BR08 1985AN28.

Ground state properties of 1°N: (1983ANZQ 1985AN29.

For a comparison of analog states it and!®O, see {983KE06 1983SNO3}.

1. 16N(37)160 Qum = 10.419

The half-life of N is 7.13 £ 0.02 sec: see Table 16.3 in971AJ03. From the character of
the beta decay [see Tal6.2] it is concluded that°N, . hasJ™ = 27: see'®O. Thes-decay of
16N*(0.12) [J™ = 07] to 'O, .. has been studied. Thdecay rate\; = 0.45 + 0.05 sec* which
implies go/ga = 11 £ 2 (1983GA1§; N5 = 0.48 £ 0.024 sec’!, gp/gs = 11 — 12 (1985HA2).
(1985HEO§ recalculate\ s = 0.489 +0.02 sec’! and suggest that pion exchange currents must be
included in the nucleon exchange current. See dl88ZAJ011982GA0Y and (L983MI20. The
half-life of 1N*(0.12) is5.26 & 0.06 usec [see 1982AJ0)], 5.40 £ 0.05 pusec (L983MI120. See
also (L1984GA1A 1985MI1A) and (1981TO16 1983JA10 1983RH1A 1984HO1L, 1984JA06
1984N0031985D0041985T0201986MC02 1986N0O04 1986RO06theor.).

2. Li(''B, pn)'N Qm = 2.532

Gamma rays withty, = 120.42 £ 0.12, 298.22 + 0.08 and276.85 £ 0.10 keV from the ground
state decays dfN*(0.12, 0.30) and the decay of the stataf.27 4- 0.10 keV to the first excited
state have been studied,, for 1°N*(0.30, 0.40) are, respectively33 & 4 and6.60 & 0.48 psec
(1983K00).



Table 16.3: Energy Levels ¢fN

D

)

)

E, (MeV + keV) JO T Tor e (keV) Decay Reactions
0 27;1 Ti/o = 7.13 £0.02 sec 6~ 11,2,4,5,7,9,10, 12, 15
16,17, 18, 19, 21, 22
0.12042 £ 0.12 0~ Tm = 7.58 £ 0.09 usec| v, 6~ | 1,2,4,5,7,9, 12, 13, 14
15, 16,17, 18, 21, 22
0.29822 4+ 0.08 3 131.7 £+ 1.9 psec v 2,4,5,7,8,9,12, 15, 16
17,18, 19, 21, 22
lg| = 0.532 £ 0.020
0.39727 + 0.10 1~ Tm = 5.63 + 0.05 psec y 2,4,5,7,9,12,14, 15, 1¢
17,18, 21, 22
g=-183+0.13
3.3528 + 2.6 1t [=15+5 n 4,5,7,9, 11, 12, 13, 18
19,21
3.5227 £ 2.6 2t 3 n 4,5,7,9, 11, 12, 18, 19
21
3.9627 + 2.6 3* <2 n 4,5,7,8,9,11,12,18, 1¢
21
4.3204 £ 2.7 1t 20£5 n 4,7,9,11,12,13
4.3914 £ 2.7 1~ 82 £ 20 n 4,5,7,9, 11, 12
4.76 £ 50 1~ 250 + 50 n 911,12
4.7828 + 2.7 2t 59 + 8 n 4,5,7,9,11,12
5.0537 £ 2.7 2- 194+6 n 4,7,9,11,12
5129+ 7 >2¢4 <7+4 n 4,5,7,9,11, 12,19
5150+ 7 (2,3)" <T7+4 n 4,5,7,9,11, 12,19
5.2301 £ 2.6 3" <4 n 4,7,9,11,12,21
5.25 £+ 70 2- 320 £ 80 n 9,12
5.318 £ 3 1+ (260) n |411
5.5216 £ 2.5 3t <T7+4 n 4,5,7,9, 11, 12, 18, 19
21
5.7317+2.5 (57) <7+4 n 4,5,7,8,9,11,12, 18, 19
21
6.003 + 3 1~ 270 + 30 n 4,9,11,21
6.1707 £ 2.4 (4-)? <T7+4 n 4,5,7,9, 12, 16, 18, 19
21



Table 16.3: Energy Levels ¢fN (continued)

E, (MeV + keV) JO T Tor e (keV) Decay Reactions
6.3739 £ 2.8 (37) 30+6 n 4,5,9,11,12,19, 21
6.426 £ 7 300 + 30 9,12
6.5054 + 2.8 1+ 3446 (n) |4,9,11,12,21
6.6085 + 2.8 (4) <7+4 4,5,9,12,21
6.845 + 4 <T7+4 57,9,12,21
(6.84) > 2 > 140 n 11
7.02 420 1t 22+5 n 9,11,12,21
71347 <7+4 7,9,12,21
7.250+7 >2 17+5 n 59,11,12,21
7572+ 4 > 3P <T7+4 n 57,8,9,11, 12,21
7.637+ 4 (3,4,5)T P <T7+4 5,7,8,9,12,21
7.674 + 4 (b) <7+4 n |5,7911,12, 19,21
7.877+9 >4 100 £+ 15 n 5,9,11,12,16, 21
8.048 £ 9 85+ 15 n 911,21
8.199+5 (3,2)* 28 4 8 7,9,21
8.282£8 24 £ 8 9,21
8.365 + 8 >1 18 +8 n 59,11,21
8.49 + 30 >1 <50 n 11,21
8.72 >1 40 n 11
8.819 4+ 15 <50 n 5,11, 21
9.035+ 15 <50 21
9.16 £+ 30 > 2 100 n 11,21
9.34 £+ 30 <50 n 11,21
9.459 £+ 15 > 2 100 n 5,11,19, 21
9.760 + 10 T=1 158 57,21
9.813 £ 10 T=1 7
9.928 +7 0%, T =2 <12 7,20
10.055 + 15 >3 30 n 5,11, 21
10.37 £ 40 > 2 165 n 511
10.71 > 2 120 n 11
11.16 £ 40 S




Table 16.3: Energy Levels ¢fN (continued)

E, (MeV + keV) JO T Tor e (keV) Decay Reactions
11.49 >3 n 11
11.61 >3 220 n,d | 6,11
11.701 £ 7 1-,20: T =2 < 12 7
11.75 £ 40 < 50 5
(11.92) 390 n,d | 6
(12.09) n 11
12.39 £ 60 290 n,p,d 56
12.57 4+ 60 180 n,pdl56
12.88 155 n,p,d| 6,11
(12.97) 175 n,d | 6
13.11 4+ 60 n,(d) | 5,6, 11
13.83 n 11
14.36 4+ 50 (3)* 180 d 5,6
a See also Tabl&6.4
b See also Tablé6.5
3. (a)’Be("Li, t)13C Qm = 8.180 By, = 20.572
(b) °Be(Li, )'’B Qm = 10.460
(c) ?Be(’Li, 8Li)®Be Qm = —17.611
See (982AJ0).
4. '°B("Li, p)'*N Qm = 13.986
See Tabld6.4and (L982AJ0).
5. BC(a, p)'°N Qum = —7.421




Table 16.4: States ofN from °B("Li, p) ®

E. " (MeV) Je E. P (MeV) Je
0 5.142 e
0.124 5.230 t
0.296 5.318 0,1
0.400 5.525 4,3
3.352 c 5.734 h
3.524 c 6.002 1t
3.964 c 6.172 i
4.321 c 6.374 c
4.392 c 6.504 c
4.785 c 6.608 41
5.054 1,24

2 (1984F007; angular distributions aE("Li) = 16.0 MeV. See
also reaction 3 in982AJ0).

b £3keV.

¢ Based on the assumption that the angle-integrated crossrsec
is proportional t@2J + 1. States labelleél have.J consistent with
known values.

41f a doublet,/ = 1 and 0.

¢ Doublet: The sum of the twd = 7, 8 or 6. (L984FO07 suggest
4+ (5%, 3%) for J™ of ®N*(5.13) and3~(27) for the J™ of
16N*(5,15) with the combinatioB ™, 2~ extremely unlikely.

f Narrow state.

& If a doublet, and if one state &", the second member would
haveJ = 0.

h'If a doublet of which one member is", the other would have
J=2(1,3).

1 (1984F007 suggest an unresolved doublet: one of th states is a
4~ state, the other hat= 2, 1.

iJ = 4, if asingle state.



Table 16.5: States dfN from *C(«, p) ?

E, (MeV) E, (MeV) E, (MeV) E, (MeV)

0 5.144+0.04" 7.572¢ 10.07 £ 0.04
0.120 5.522 7.637* 10.37 £ 0.04
0.298 5.732 7.674f 11.16 = 0.04 ©
0.397 6.171 7.877° 11.75 £ 0.04 ©&
3.353 6.374 8.39 +0.03 12.39 £+ 0.06
3.522 6.609° 8.82 £0.03 12.57 £ 0.06
3.963 6.845°¢ 9.46 +£0.03 13.11 £ 0.06
4.391 7.250¢ 9.77 +£0.03 14.30 4+ 0.06
4,783

2 (1983HA3); E, = 34.9 MeV, DWBA analysis.

b Unresolved.
¢ Very sharp.
d1 = 17keV.

¢I' =100 keV.

f Suggested™

6. (2)'1C(d,~)'*N
(b) 14C(d, n)°N
(c) *C(d, p)°C
(d) ““C(d, dj*C

7. 1“C(3He, p)°N

= (4%,5%), (47), (57) for 1°N*(7.57, 7.64, 7.67), respectively.
g T" < 50 keV; not to be identified with th&' = 2 state at 11.70 MeV.

Qum = 10.474
Qum = 7.9829
Qum = —1.0065

Qm = 4.980

10

At E, = 34.9 MeV the spectrum is dominated by a statdzat= 11.75 + 0.04 MeV: see Table
16.5 Angular distributions have been analyzed with DWBA, whpsedictions depend strongly
on the choice of the:-particle optical potentiall(983HA32). See alsol982AJ0).

Ly, =10.474

For reaction (a) se€l@71AJ02. Resonances observed in reactions (b, c, d) are displayed i
Table 16.5 of {982AJ0).

Proton groups have been observed‘td states with”, < 12 MeV and angular distributions
[with E(*He) < 15 MeV] lead to theJ™ assignments shown in Taklé.6



Table 16.6: Excited states iAN from *C(*He, p)®

Ey I'kev)| JoT Ey '(kev)| J&;T
(MeV =+ keV) (MeV =+ keV)
0.121 +6 0~ 5.724 + 5 5t
0.298 =6 3~ 6.168 = 5
0.396 £ 7 6.843 £5
3.348 £ 7 1t 7113 +£5
3D1I7TE£T 2%, (3)* 7.570 £ 5
3.958 £ 7 (2)*, 3" 7.636 £ 5
4.313+9 1t 7.673£5
4.386 £ 9 8.200£5
4.768 £ 11 9.760£10 | 15+£8 T =
5.052+9 9.813 £ 10 T=1
5.137£9 9.928 £ 7 <12 0t; 2
0.234+£9 (1,2,3)" | 11.701 + 7 <12 |17,2%;2
5.512+5 (1,2,3)*
& For references see Table 16.5 197 7AJ02.
8. “C(q, d)!°N Qun = —13.373

At E, = 46 MeV the angular distributions of the groups'tiN*(0.30, 3.96, 5.73, 7.60) have
been determined: the most strongly populated state i€5thestate!N*(5.73): see {971AJ02.

9. UN(t, p)N Qum = 4.842

Observed proton groups are displayed in Tdlfle7. See also{9810S1H.

10.5N(n ;)N Qum = 2.491

The thermal cross sectionid + 8 pb: see {981MUZQ).

11.5N(n, n)*N B, = 2.491

11



Table 16.7: States i¥N from *N(t, p) 2

E, I' (keV) L J7
(MeV + keV)

0 3 2~ f
0.120 + 10 1 0~ f
0.300 £ 10 3 31
0.399 £ 10° 1 1-f
3.359 + 10 1545 0 1*f
3.519+ 10 <T7+4 d
3.957 £ 10 <744 2 3+t
4.318 £ 10 20+ 5 0 1*f
4.391 + 10 82 + 20 1 1-f
4.725£10°¢ | 290+ 30 1 1-
4.774 £ 10 59 + 8 2 2 f
5.053 &+ 10 19+6 (1+3) 2-
5.130 £ 10 <T7T+4 d
5.150 £ 10 <T7+4
5.226 + 10 <T7+4 (1,2, 3)
5.305 £10°¢ | 260 = 30 d
5.520 & 10 <T7T+4 (0,1)+2+4°
5.730 £ 10 <744 (1,3)+4°
6.009 £ 10 270 4 30 1 1-
6.167 £ 10 <744 (3) (47)
6.371 £ 10 30+ 6 (3) (37)
6.422 + 10 300 £ 30 07(2,4) ¢
6.512+ 10 3446 0+(2, 3) 1t
6.613 £ 10 <T7+4 (2+4)or3
6.854 + 10 <T7T+4 3or(2+4)

7.006 £ 10 2245 0(+2) 1t
7.133 + 10 <744 (3, 2)

7.250 & 10 17+5 (2+4)or3

7.573 £ 10 <T7T+4 3or(2+4) 3,4~
7.640 & 10 <T7T+4 4 (3, 4, 5)

12




Table 16.7: States ifN from *N(t, p) * (continued)

E, I (keV) L J7

(MeV + keV)

7.675£ 10 <7+4 (1+4)

7.876 £ 10 100 £+ 15 144c¢

8.043 +£ 10 85+ 15 (2+4)or3

8.183 £ 10 28 £8 2(+4) (3, 2)"

8.280 + 10 2448 (2) ((0,1,2))

8.361 + 10 18+ 8 (1+4)°

& For references see Table 16.7 i982AJ0).

b7 =5.14+0.3 psec.

¢ The errors listed here for the, to these two broad peaks are probably
underestimates: | am indebted to Dr. H. Fuchs for his comsaent

4 Results are ambiguous.

¢ May be a doublet.

f 1dentified with shell-model counterparts.

The scattering amplitude (bound)= 6.44 + 0.03 fm, ogee = 4.59 = 0.05 b, o> (bound
nucleus)< 1 mb (1979K02§. The total cross section has been measuredEfpr= 0.4 to
32 MeV: see {977AJ02 1981MUZQ. Observed resonances are displayed in TAbI& See

also (L985PA11 1985R0O1]Jtheor.).

12.°N(d, p)'*N Qm = 0.266

Levels derived from observed proton groups anchys are shown in Tabl#6.9 Gamma
transitions are shown in the inset of Fig. 2. The very strorigence forJ™ = 2=, 0, 3~ and
1-, respectively forffN*(0, 0.12, 0.30, 0.40) is reviewed i1971AJ0). These states provide a
probe of the residual interaction relating the 1p and 2s &tisisee {984BI03 for a comparison
of experiment and theory for M1 observables. See dlS83GA1 and (L985PA1] theor.).

13.16C(37)15N Qum = 8.012

Seel!SC.

13



Table 16.8: Resonances'itN(n, n)'°N &P

E, [y (keV) E, (MeV) J7
(MeV + keV)
0.921 14 3.354 1tc
1.095 3.517 1
1.563 <2 3.955 1
1.944 29 4.312 1*d
2.038 56 4.400 1-d
230+£70° | 410+ 100°¢ 4.65 1-d
2.399 107 4.738 2+ d
2.732 35 5.050 1~
2.830 12 5.142 3)
284+70"1 710+ 1001 5.15 2—d
2.915 4 5.222 > 2
2.93 260 5.24 1+
3.225 5.512
3.454 24 5.727 1"
3.69 297 5.95 1~
3.987 88 6.226 (17)
4.126 78 6.356 (37)
4.252 113 6.474 (27)
4.64 > 150 6.84 >2
4.80 37 6.99 > 1
5.055 25 7.227 > 2
5.43 30 7.58 >3
5.56 7.70
5.73 165 7.86 >4
5.90 8.02
6.28 8.37 > 1
6.42 8.51 >1
6.65 45 8.72 >1
6.76 8.82
7.10 110 9.14 > 2

14




Table 16.8: Resonances'itN(n, n)'°N P (continued)

E, [y (keV) E, (MeV) J7
(MeV + keV)
7.31 9.34
7.44 105 9.46 > 2
7.71 150 9.71 > 2
8.07 30 10.05 >3
8.30 175 10.27 > 2
8.77 130 10.71 > 2
9.61 11.49 >3
9.77 11.64 >3
10.25 12.09
10.64 12.46
11.09 12.88
11.41 13.12
12.10 13.83

& For references see Table 16.7 i@ 7AJ02.

b Below E, = 4.5 MeV, the multilevel R-matrix formalism was used

to determineE,, I'y and whenever possibld™ by a y? fitting and
minimization technique. Above this energy thé + 1 dependence was
used; the parity cannot be determined because no markedenetece
effects are observed between resonance and potentiatringtt Above
5.65 MeV all J-values are lower limits because the inelastic channel is
open. [A channel radius = 4.69 fm was used.]

¢ Parity determined from angular distribution.

4 J7 also obtained by phase-shift analysis.

¢ The phase-shift analysis indicates that the resonance is at
E, = 2.42 4+ 0.08 MeV with ' = 250 + 50 keV. This is one of
two (d3/2p;/12) single-particle resonances.

f The phase-shift analysis finds, = 2.94 + 0.1 MeV, T' = 320 & 80 keV.
This is the othe(d3/2p;/12) single-particle resonance.

15



Table 16.9: Levels of°N from ’N(d, p) and'®0O(d, o) 2

E.b I b Ey ¢ Jm
(MeV =+ keV) (MeV =+ keV)

0 0 2~
0.1201 £ 0.5 4 0.119 + 15 0~
0.2962 + 1.0 ¢ 0.301 & 15 3~
0.3973+£1.0°¢ 0.400 £ 15 1-

3.365 4 10 3.358 &+ 15 1-
3.523 + 10 20rl+3 3.524 4+ 15 2+
3.964 + 10 3 3.964 + 15 3+h
4.325 410 1 4.324 + 15 1t
4.40 0 4.383 + 15 (0,1)~
4.715 4+ 10 1 (1,2,3)F
4.780 4 10 4.787 + 15
(4.90 & 10)
5.032 £ 10 2 5.065 + 15 2~
5.128 £ 10 > 2 > 2
5.139 + 15
5.150 & 10 2 (2,3)"
5.231 £ 10 3 5.240 + 15 3+
5.310 & 10
5.523 & 10 3 5.528 £ 15 3+
5.739 £+ 10 2 5.740 £ 15 (1, 2)!
6.01 + 15
6.170 £ 10 >3 6.168 & 15 4= h
(6.28 & 10) 1 (0,1,2)F
6.376 & 10 2 6.37 + 15 (1,2,3)"
6.431 4 10
6.514 4+ 10 1 6.512 + 15 (0,1,2)F
6.609 & 10 6.620 & 15
(6.79 & 10)
6.847 4 10 6.852 & 15
7.034 £ 10 7.01+ 15
7.135 £ 10 7.141 + 15
7.250 £ 10 7.247 £ 15

16




Table 16.9: Levels of°N from >N(d, p) and'®O(d, ) * (continued)

Ex b ln b Ex c Jra
(MeV =+ keV) (MeV = keV)
7.577 £ 10 7.596 & 15
7.638 + 10 7.64 + 15
7.676 £ 10 7.683 £ 15
7.840 £ 10 7.88 £15
8.06 & 15
8.18 £ 15
8.286 + 15
8.374 £ 15

849430
8.819+ 158
9.035 4 15
(9.16 + 30)
(9.34 + 30)
9.459 + 15
(9.66 + 40)
9.794 + 158

9.90 £ 30

10.055 £ 158
(10.17 + 30)
(10.26 + 30)

& For the earlier references and additional information sabl€el 16.9 in
(1982AJ0).

b 15N(d, p)lGN.

c 18O(d,a)16N.

4 70 = 7.58 £ 0.09 pusec.

¢ = 131.7 4+ 1.9 and5.63 £ 0.05 psec, respectively, fof®N*(0.30, 0.40);
lg| = 0.532 4 0.020 for 6N*(0.30) (1984BI03.

T for this level and the ones listed below40 — 50 keV.

¢ These levels appear to be correlated with thresholds foro@emission to
excited states o N.

h (1982MA25: E4 = 52 MeV.

! A closely spaced doublet appears to be present. At leastfahe states has
unnatural parity.

17



14.160(p~, v) 1N Qum = 95.240

Partial x~-capture rates t¢N*(0.12, 0.40)[J™ = 0—, 17] are consistent with the assumption
of a large mesonic exchange effect in the time part of the vee&l current {979GUQ0§. See also
(1982FR081983VA1B), N in (1986AJ0) and the “General” section here.

15.160(y, 7+) 16N Qum = —149.986

The angular distribution of the™ to the four lowest states ¢fN (unresolved) has been mea-
sured atf, = 200 MeV (1983SH4), and forE,+ = 30 MeV (1983JEO0§ See alsoX982C0OZ\,
1984BLZY).

16.160(n, p)°N Qm = —9.637

At £, = 59.6 MeV differential cross sections for the protons to the ficatrfstates ofN (un-
resolved) and té°N*(6.2, 7.8) have been analyzed by DWBA. Comparisons areemth results
from the %O(y, n) and'®N(p, v,) reactions in the GDR region dfO (1982NE04 1984BR03.
See also1983SCZR.

17.160(t, 3He)'N Qum = —10.401

At E; = 23.5 MeV 6N*(0, 0.30)[J™ = 27, 3"] are strongly populated relative téN*(0.12,
0.40)[J™ = 07,17 ]: see ((982AJ0).

18.160("Li, "Be)'*N Qum = —11.281

Angular distributions are reported a&t("Li) = 50 MeV to '®N*(0, 0.30, 6.17) " = 2,
37, 47] and analyzed with microscopic DWBA calculation$N*(0.12, 0.40, 3.35, 3.52, 3.96,
5.52, 5.73) are also populatetidg84CO2(. See alsol984GALN [E("Li) = 78 MeV; angular
distribution to'®N*(6.2)], (1983PUO0}) and (L984BA53 theor.).

19.170(d, *He)'*N Qum = —8.287

See Table 16.10 irl©82AJ0).
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20.180(p,*He)!N Qm = —14.107

At E, = 43 MeV, the angular distribution of thiHe nuclei corresponding to a statefat= 9.9
MeV fixes L = 0 and therefore/™ = 0% for 15N*(9.9): it is presumably thé@ = 2 analog of the
ground state of°C: see {982AJ0). See alsoX985BLZY).

21.30(d, )N Qum = 4.247

Alpha particle groups observed in this reaction are disgay Tablel6.9 For polarization
studies seel@82MA25 and?°F in (1983AJ01 1987AJ03. T, for *N*(0.40) = 6.5 + 0.5 psec
and|g| = 1.83 + 0.13: see (982AJ0).

22.19F(n, o) 16N Qum = —1.523

See (982AJ0) and°F in (1983AJ0).
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160
(Figs. 3 and 5)

GENERAL: (See als01(982AJ0).)

Shell model: (1978WI1B 1981AN1§1981BR161981CO1X1981DE2G1981F0121982AB05
1982BR0§ 1982HA19 1982RA1N 1982RE051983DE37 1983GL05 1983GL1B 1983MI26
1983VA31 1983WA17 1983WA23 1984BA04 1984B0O11 1984CL1Q 1984FA1FK 1984JA09
1984MA11, 1984PRZY, 1984SA26 1984VA0G 19847104 1984ZW1A 1985AD04 1985AN16
1985CA26 1985EL12 1985GOZN 1985KL04 1985MI23 1985PH011985YE02 1986DR0J.

Collective, deformed and rotational models: (1981DE2G 1982AB05 1982BR081982KU1K,
19820S1C1982PA1E 1982RA1N 19831K02 1983MA29 1983SC081984BA04 1984BU25
1984CA1X 1984DHO03 1984FL04 1984SA37 19847104 1985BA11 1985EL12 1985R01G
1986SU0)

Cluster and a-particlemodels; (1981AG1B 1981FU1G 1981KN12 1981MALG 1982KI1G
1982KU1F 1982PA1E 1982SMZM 1982SU1B 1982VA11 1983CA12 1983FU1D 1983GI06
1983GL05 1983JA09 1983KA39 1983PI03 1983SH38 1983UELB 1984AU14 1984BA04
1984BA48 1984DH03 19841K01, 19840K04 1985BA26 1985EL12 1985KW02 1985VO1E
1986SU0).

Secial states; (1978WI1B 1981DE2G1981ME1H 1981SP1D1981SU091981T0O141981TO16
1982AB05 1982BR0§ 1982BR1M 1982BU24 1982HA19 1982NA03 19820S1C1982PA1E
1982RA1N 1982R0O011982SMZM 1982WE1J19827ZA1D 1983AD1B 1983AU1B 1983BI1C
1983DE1X 1983IK02 1983SP1B1983UE1B 1983VA13 1983VA31 1983WA17 1983WI13
1984AD1E 1984AU14 1984BA04 1984BA4§ 1984BU25 1984CA11 1984CA07 1984CL1Q
1984C0021984C201 1984CZ02 1984FL04 1984HA14 1984MO13 1984NA26 1984SA37Y
1984ST1E1984VA0G 1984ZW1A 1985BA11 1985BA26 1985BE2K 1985B0O1§1985CA25
1985CA08 1985CH271985C0O011985EL12 1985FU05 1985FUZZ 1985G0OZN 1985HA18
1985HA1J 1985MI1Q 1985PH0] 1985R0O1G 1985VO1E 1986CZ01 1986PI102 1986SU0]1
1986WALT, 1986WI1B.

Electromagnetic transitions: (1981DWZZ 1981SU09 1982HA19 1982LA26 19831K02
1983VAO08 1983VA13 1983WA17 1984BA48 1984CA11 1984CA1W 1984CZ011984DE23
1984HA14 1984M0O13 1984NA26 19840R011984SA261984WE131985AD04 1985CA26
1986DR04 1986ER1A 1986SU011987RA0).

Giant resonances: (See also reactions 36 and 37.p81GA121981KN12 1981K041 1981SP1D
1982CA1H 1982DE51 1982GO1T 1982NA2Q 1983BA65 1983DA23 1983DE37 1983IS1K
1983KA07, 1983KA28 1983ME1K 1983VA13 1983WA1R 1983WA1Q 1983WA17 1984AN1Q
19841S1B 19840R011985CA06 1985CA26 1985CA08 1985GI1G 1986AD1B 1986BLZZ
1986ER1A 19861SZZ 1986NA1H.

Astrophysical questions: (1981BE2K 1981DE2G1981LALL, 1981WA1Q 1981WE1F 1982BU1A
1982CA1A 1982HI1E 1982WI1B 1982WO1A 1983AL23 1983BO1F1983HA1R 1983IB1A
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1983SI11B 1983WE1A 1984BL1J1984CO1H1984HALR 1984HA1Z 1984LA1] 1984NO1B
1984TR1G1985AR1A 1985BR1E 1985DW1A 1985HA1Z 1985HA1R 1985K02A 1986DO1L,
1986 TH1B.

Applications: (1982BE641983AM1A, 1983FA1F 1983G020D1983GR1L, 1983KI1D, 1983LI1T,
1984CA1DQ 1985HA38 1985WA1R 1985YO1B 1986DU1K 1986SI1L).

Complexreactionsinvolving °O: (1981EG021981LA1Q 1981MAL1G 1981NA07 19810L1G
1982BJ0] 1982HI1G 1982H0O10 1982MA1Z 1982MO1K 1982SI1C 1982TA0Z 1982VI0],
1982YU1A 1983BE021983BH09 1983CH23 1983DE26 1983FR1G1983FR171983FR1A
1983IS1E 1983JA05 1983KWO01, 1983LE1R 1983LE1FR 19830L1A 1983PL1A 1983SA06
1983SI11A 1983S0081983VA23 1983WE1C 1983WI1A 1984AI11B, 1984AN1G 1984AS1D
1984BA2F, 1984DE1Q 1984FI117 1984GR08 1984HI1A 1984H023 1984KA1J 1984MA1R
1984MU1G 1984NA12 1984P0O03 1984SI15 1984SJ011984ST1B 1984TS03 1984 XI1B,
1985AG1A 1985DA18 1985GU081985HO051985KA1E 1985KA1G 1985KAZQ, 1985LI11B,
1985MC03 1985M0O08 1985P0111985R0O101985SA1W 1985SH1G 1985S119 1985ST20
1985ST1B1985T0121985UT01 1985WA22 1986MA19 1986PA051986RA1L, 1986SH2B
1986UT01 1986VA1Q 1986WE1Q.

Muon and neutrino capture and reactions: (1981GM02 19811S11 19810H06 1981TO16
1982DU04 1982GA1A 1982NA01 1983EG031983GM1A 1983JA101983VALE 1984GM1B
1984JA06 1984KI109 1984N0O03 1984SR051985BE2K 1985CH04 1985D004 1985GA1R
1985N0101986GM03 1986MC02 1986N0O04 1986RO08.

Pion capture and reactions (See also reactions 37 and 40)979MI1A, 1980SH1R1981AN1H
1981BE63 1981BE2R 1981CI04 1981FE2A 1981FR14 1981FR17 1981FR18 1981GA1K
1981GI1E 1981GMO03 1981GO1K 1981HO1G 19811S11 1981L11Q 1981LI1T, 1981LI1W,
1981MA23 19810S1A1981RA161981R0O141981SEZR1981ST191981WE1G1982BES]
1982BE1A 1982BI0§ 1982BL2Q 1982CA03 1982CH34 1982DE1K 1982DE24 1982D0O01
1982ER04 1982FR171982GI112 1982G01B 1982G0ZX 1982GR02 1982GR1FE 1982IL02
1982IN1A 1982KA16 1982KA14 1982L11Q 1982LI1L, 1982MA22 1982M0O1G 1982M0O12
1982MO1W 19820S0119820S1C1982PI106 1982RE151982RI1A 1982TH1C 1982THO8
1982WH1A 1982ZA1E 1983AM1C 1983AS011983BEYZ 1983BI1N 1983BL1Q 1983C0O08
1983ER021983ER04 1983ER06 1983GE121983G102 1983GM1A 1983GR07 1983HO14
1983KA08 1983KI01, 1983KO2B 1983MA16 1983MA56 1983MO1M 1983PE141983RI1C
1983RIZW, 1983SE101983SE111983SH41 1983SP1B 1983TR1E 1983TR1) 1983YU1A
1983ZA1D0 1984AL2Q 1984AS051984BE1Q1984BO1L, 1984BU11 1984CA07 1984CE1D
1984C0021984C0O1l 1984CZ01 1984EF03 1984GE1A 1984GlZZ 1984GI05 1984GI1H
1984GMO01 1984GR27 1984KA36 1984KA31, 1984KI17 1984KY01, 1984LI125 1984L116
1984MALT, 1984MA33 1984MA63 1984SC091984TR151984WU051985ALZX, 1985AN1G
1985AR15 1985BE1C 1985BE1K 1985BI01 1985ER03 1985FU05 1985G106 1985KA3Q
1985K0061985LA2Q 1985LE1E 1985MA1X, 1985MA1K, 19850H091985RE1D1985R0O17
1985R0O1M 1985WH01 1985WO1C1986AN4Q 1986B0O031986CZ011986ER1A 1986FO03
1986KA05 1986R0O031986Z01A.
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K-mesons and other meson interactions: (1981BO09 1981PO1F 1981T0O14 1982BO1Y
1982P102 1982P0O1C 1983BA1Y, 1983BA71 1983FE07 1983GA17 1983GE131983GEL1C
1983MAL1Y, 1983P010H1983T0211984BO1H 1984MA1F, 1984SI1ZZ 1985BE3]1 1985BE62
1985C0O1H1985GA1E 1986BR1U 1986DA1G 1986HALY, 1986KI1K, 1986MI1N 1986RO1X
1986SH1K 1986Z01A.

Hypernuclei: (1981BO091981PO1F1981RA181982BA171982BO1 1982BR1Q1982DA1Q
1982DEZQ1982DO01L, 1982D0O1M 1982ER1E1982J01C1982KA1D, 1982PO1C1983AU1A
1983BA2R 1983FEO07 1983JO1E1983MA1F, 1983P0O1D 1983SH38 1983SH1E 1983SI1E
1983SI1H 1984AS1D0 1984BA1N 1984BO1H 1984HA1D 1984MA1F, 1984MI1E 1984SI177
19847H1B 1985AH1A 1985DEZY, 1985HA1X 19850S1C1985WA1N 1985YA1B, 1985YALC
1985YA1K 1985ZH1E 1986BR1V, 1986DA1G 1986DA1B 1986HALY, 1986 MA1W, 1986R0O1X
1986YA1Q 1986YALF, 1986Z01A.

Antinucleoninteractions: (1982B0241982GR1,J19827ZH1G 1983GR111983HE231983NI07,
1983SU041984DA23 1984DA2(Q 1984MA17,1984P0O1A1984SU071984W0O011985BA09
1985BA57] 1985DA24 1985D0O1E 1985DU05 1985LE1R 1985L116 1986SPOL

Other topics: (1978WI1B 1981AN1§ 1981BL1K 1981BR161981CA1H 1981F0O121981GA1N
1981GU101981RA181981SH1IM 19817ZH1G 1982AB1J1982BA2G 1982B0O011982BR0O§
1982BR1M 1982BR1U1982BU24 1982CA121982DE1N 1982DR1E 1982FA04 1982HU12
1982KU1F 1982M0O20 1982NA03 1982NE1E 1982NG01 1982PA22 1982RE051982SA31
1982SH1H 1982VE02 1982ZA1D0 1983AD1B 1983AR1J1983BA1U 1983BI1C 1983BIZU,
1983DA03 1983DA23 1983DE1W1983D010 1983E101 1983FU10 1983GR261983MA33
1983ME1J1983ME1K 1983MI1J 1983MI126 1983SH2D 1983ST1K 1983TR1K 1983UE1B
1983WA16 1984B0O53 1984CA1X 1984CL0OG 1984CL10 1984CZ01 1984CZ02 1984DH04
1984DU04 1984G0141984GR181984HO1N 1984MA11 1984PRZY, 1984SA261984SH1X
1984YA1F 1985AD04 1985AN28 1985BA1A 1985B0181985B0O301985CA04 1985CA25
1985FU05 1985G0O1W 1985KU1IN 1985MI1Q 1985PH011985PR021985TR03 1986DR04
1986F0031986P1021986SA02 1986 YALF, 1987RA0).

Ground state of 1°0: (1978WI1B 1979MA1G 1981AG1B 1981BO391981DE241981DU16
1981JA071981VAILIN 19817ZA05 1982AN1F 1982BA2G 1982B0O01 1982BR241982BR1M
1982CA12 1982DE35 1982FA04 1982FR0] 1982KR1G 1982L107, 1982L013 1982MO20
1982NE1E1982NG011982SH1H1982TR1B1982ZA1D 1982ZE1A 1983ANZQ 1983AR1)
1983AU1B 1983BI09 1983BR1R 1983DA03 1983ES02 1983GI06 1983G023 1983G0O16
1983MA35 1983MI126 1983VA13 1983VA31, 1983WA16 1983WA23 1984ANZW, 1984AU14
1984BA41 1984BA2F, 1984BA4§ 1984BE27 1984B0O11 1984B0O53 1984BR25 1984DE23
1984DHO03 1984FA1F 1984FL04 1984GE1A 1984G01(G 1984G0141984HA14 19841K0],
1984JA09 1984MA11, 1984ST1E1984WE04 1984WUO05 19847104 1985AD04 1985AN16
1985AN28 1985BE2K 1985B0181985BU03 1985CA381985CL1A 1985GA1N 1985GHO01
1985GOZN 1985HA18 1985HE15 1985JA06 1985K002 1985MI123 1985WE09 1986DR04
1986P102 1986RR031986R0O031986VI03 1986WI04.

(r))1/2 = 2.710 £ 0.015 fm (1978KI0Y).
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Abundance= (99.762 % 0.015)% (1984DE53.
lg| = +0.55 & 0.03 for 160*(6.13) [see {982AJ0)].

Table 16.10: Energy Levels 6fO 2

Ex
(MeV + keV)

Jm T

Kﬂ'

L. OF Ty
(keV)

Decay

Reactions

0

6.0494 £ 1.0

6.129893 + 0.04

6.9171£0.6

7.11685 £ 0.14

8.8719£ 0.5

9.585£11

0t;0

0t;0

2+:0

0t

0t

stable

T = 96 + 7 psec

Tm = 26.6 = 0.7 psec
g = +0.556 £+ 0.004

Tm = 6.78 £ 0.19 fsec

™m = 12.0 £ 0.7 fsec

Tm = 180 £ 16 fsec

I' =420+ 20

23

7

7@

2,3,7,8,9,10,11,12
13, 14, 15, 18, 19, 20
26, 28, 29, 30, 33, 34
35, 36, 37, 38, 39, 40
41, 42, 43, 44, 45, 46
47, 48, 49, 50, 51, 52
53, 54, 55, 56, 57, 58
59, 60, 61, 62, 63, 65
66, 67, 68, 69, 70, 71
72,73,74

2,3,7,8,9,11,13,15
17, 19, 26, 28, 29, 30
34, 35, 39, 40, 43, 50
51, 53, 61, 62, 65, 66
68, 71,73

2,3,7,8,9,11,13,14

15, 17, 26, 27, 28, 29
30, 33, 34, 35, 39, 40
41, 42, 43, 45, 46, 47
49, 50, 61, 62, 63, 65
66, 68, 71, 73

2,3,7,8,9,11,13,15
26, 27, 28, 29, 30, 33
34, 38, 39, 40, 41, 42
43, 45, 46, 49, 50, 51
62, 63, 65, 66, 68, 71
73

2,3,7,8,9,13,15, 26
27, 28, 29, 30, 33, 34
35, 38, 39, 40, 42, 43
46, 61, 62, 63, 65, 66
68, 73

2,3,7,8,12, 15, 26
27, 29, 33, 34, 35, 39
41, 42, 43, 45, 46, 62
63, 68, 73
3,5,7,8, 26, 34, 35
41, 42, 43, 45, 46, 50
51




Table 16.10: Energy Levels 6fO @ (continued)

JT T K7™ Lem. OF T Decay Reactions
(MeV + keV) (keV)
9.8445+ 0.5 270 0.625 4+ 0.100 v, Q 2,3,5,7,8,15, 26, 27
29, 33, 34, 35, 39, 42
43, 45, 46, 50, 51, 61
63, 65, 68,71, 73
10.356 + 3 4T 0 0t 26+ 3 ¥, « 2,3,5,7,8,9,10, 12
15, 17, 26, 27, 29, 34
39, 42, 43, 45, 46, 50
51, 57, 61, 63, 66, 68
73
10.957 + 1 0—;0 ™m = 8 £ 5 fsec 2, 26, 33, 34, 42, 43
63, 68
11.080+ 3 3,0 r<i12 5y 2,26, 33, 34,63, 68
11.0967 £ 1.6 4T 0 0.28 + 0.05 ¥, « 2,3,5,7,9,10,12,15
26, 27, 39, 42, 43, 45
46, 50, 51, 68
(11.26)° (0*;0) (2500) (@) 5,34
11.520+4 270 71+3 ¥, « 2, 3,5, 15, 26, 39, 40
42, 43, 45, 46, 50, 51
57
11.60 £ 20 35,0 0~ 800 + 100 « 5, 10, 50, 51
12.049 + 2 0t; 0 1.5+0.5 v, Q 5, 15, 19, 26, 39, 42
43, 45, 46, 50, 51
12.440 4+ 2 17;0 91+6 ¥, P, 3,4,5, 26, 30, 32, 33
34, 39, 43, 46, 50, 51
12.530+ 1 27;0 (97 +10) x 1073 ¥, P, 2, 15, 26, 30, 32, 33
34,39, 42,43, 46, 62
12.796 + 4 0—;1 40+ 4 p 26,32, 33,34,42
12.9686 +£ 0.4 27;1 1.60 +0.14 ~, P, 15, 26, 30, 32, 33, 34
39, 61, 62, 63
13.020+ 10 270 150 £ 10 ~, P, 3,5,39,42,43,45, 46
50, 51, 57
13.090 + 8 17;1 130 £5 ~, P, 3,4,5,7, 26, 33, 34
39, 63
13.129+ 10 37;0 110 £+ 30 ~, P, 2,3,4,5, 26,33
13.259 + 2 -0 21+1 ¥, P, 3,4,5, 26, 32, 33, 34
39, 42, 61, 62, 63, 65
67
13.664 + 3 17;0 64+3 ~, P, 26, 30, 32, 43
13.869 4+ 20 47,0 89 + 2 p, « 2,5,26,32,39,42,45
46, 50, 51
13.980 4+ 2 2” 20 + 2 p, « 2,26,27,32
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Table 16.10: Energy Levels 6fO @ (continued)

JT T K7™ Lem. OF T Decay Reactions
(MeV + keV) (keV)
14.032 £ 15 ot 185 £ 35 ¥, @ 5,39
14.1 + 100 3~ 750 + 200 a 5
14.302 + 3 4) 34+12 15, 26, 27
14.399 + 2 5t 27+5 2,8, 15, 26, 27
14.620 4 20 (41) 490 + 15 o 5,7
14.660 =+ 20 5~ 0~ 670 + 15 « 57,8,9,10,50,51
14.8153 £ 1.6 67;0 70+ 8 2,5,7,15, 26, 27, 45
46, 50, 51
14.926 + 2 2t 54+5 p,« 2,26, 32,39
15.097 £ 5 ot 166 £+ 30 p,« 4,5, 26, 32
15.196 £ 3 27;0 63 +4 p,« 26, 27, 32, 39, 42, 45
61, 62,63
15.26 + 50 2+:(0) 300 + 100 P, a 32,39, 42,45
15.408 + 2 37;0 13247 p, @ 4,5,26,27,32,39,42
46, 50, 51, 57, 61, 62
63
15.785+ 5 3T 40+ 10 15, 26, 27
15.828 + 30 3~ 700 £ 120 Q@ 5,39
16.20 £ 90 1—;0 580 %+ 60 ¥, P, 3,26, 32
16.209 + 2 1*+:1 19+3 v, N, p 26, 27, 30, 31, 32, 37
39
16.275 £ 7 6+ 420 4+ 20 « 2,5,7,8,9,10,17, 27
50, 51, 57
16.352 + 8 2+ 61+ 8 p, @ 4,5,26,32,42,45, 46
65
16.4423 £ 1.6 2+; 1 25+ 2 v, N, p,a 3,4,5,26,32,39
16.817 4 2 (27;041) 28+ 3 v, P, 15, 26, 30, 32
16.844 + 21 4+ 570 + 60 a 5
16.93 £ 50 2+ ~ 280 o, 8 Be 56
17.09 4+ 40 1-;1 380 £ 40 ¥, p 30, 32
17.129+5 2+ 107 £ 14 n, p,a 4,5
17.140 + 10 1*+:1 34+3 v, N, p,a 5, 30, 31, 32, 39
17197+ 17 2t 160 & 60 a, ®Be 2,5,6,27,34,42,45
46
17.282 + 11 17;1 78+ 5 v, N, P, 4,30, 31, 32,37,39
17.510 + 26 1~ 180 4+ 60 « 5
17.555 £ 21 (67) 180 £ 70 n, « 4,5
17.609 + 7 2+: (1) 114 + 14 P, o 4,5,32
17.72 (0t, 21) ~ 75 p, o, *Be 5,6
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Table 16.10: Energy Levels 6fO @ (continued)

JT T K7™ Lem. OF T Decay Reactions
(MeV + keV) (keV)
17775+ 11 47;0 45+ 7 p 15, 39, 40, 42, 45, 46
62, 63
17.784+ 15 4+ 400 + 40 n, o, Be 4,5, 6, 39,50,51
17.877+6 1,2;1 24+3 ¥, P, (@) 30, 32, 37
18.016 & 1 4% (0) 14+2 n, p,a, °Be 4,5,6,15
18.029 £ 5 3(-):1 26 +4 ¥, N, P, 15, 30, 31, 32, 39, 62
18.089 + 25 (07) 288 + 44 (), n, p,« 3,4,5,31,42, 46
18.202 + 8 2+ 220 + 50 ¥, p 32, 39,42, 46
18.29 ~ 380 Y, P, 3,4,5
18.404 + 12 5~ 550 + 40 Q@ 5
18.430+ 15 27:0 90 + 40 p 32,42, 45, 46
18.484+6 1~ 35+6 p 32
18.6 (17,57) ~ 150 «@ 5
18.6 (47) ~ 300 «, 8Be 5,6
18.640 + 15 (57) 2247 (n, p) 2,15,39
18.773 + 22 1~ 215+ 45 p, « 4,5
18.785+ 6 4+ 260 + 20 n, p,a, °Be 4,5,6
18.79+ 10 1% 1 120 £ 20 ¥, p 30, 32, 39
18.977+ 6 47;1 8.2+3.8 ~, P, 15, 30, 32, 39, 40, 42
45, 62, 63
19.001 + 24 271 420 + 50 ¥, p 30, 32,39
19.08 + 30 27 (1) ~ 120 v, (n), p,a 4,5,10, 30, 32
19.206 + 12 371 68 + 10 39, 62, 63
19.253 + 30 (57) 50 + 45 n, o 4,5
19.257+9 27 (1) 155 + 25 ~, P, 4,5, 30, 32
19.319+ 14 (6T) 65+ 35 p, o, 8Be 4,5,6
19.375+ 2 4+ 23+4 p, « 4,5
19.47 4+ 30 1-;1 200+ 70 ¥, p 30, 32, 39
19.539 + 19 27:0 255+ 75 n, o 2,4,5,42,46
19.754 + 16 2+ 290 + 50 p, « 4,5
19.808 + 11 47;0 3244 15, 40, 42, 62, 63
19.895+ 7 3;1 4249 ~, P, 2,30, 32
20.055 + 13 27:0 400 + 32 ~, N, p,c 3,4,5,45, 46
20.412 + 17 271 190 + 20 v, N, p 30, 31, 32, 39, 62, 63
20.541 £ 2 5~ 11+2 p, « 2,4,5
20.560 £ 2 evenr <5 p, o 4,5
20.615+ 3 evenr < 10 « 5
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Table 16.10: Energy Levels 6fO @ (continued)

JT T K7™ Lem. OF T Decay Reactions
(MeV + keV) (keV)
(20.8) (=~ 60) n, p,a 4
20.857 + 14 7 0~ 900 + 60 Q@ 5,7,8,9,10
20.945 + 20 17;1 300+ 10 v, N, p 30, 31, 32, 39
21.05 £ 50 (2*;0) 298 +£43 42,46
21.052+ 6 6T 205+ 15 Q@ 5
21.175+ 15 2
21.50 (1—4) 120 p 32
21.623 + 11 T 60 + 30 n, p,«a 4,5
21.648 + 3 6T 11548 n, o 4,5,7
21.776 £ 9 3- 43+ 20 n, p,a 2,4,5
22.04 0ot 60 n,d«a 4,21
22.150 + 10 17;1 680 + 10 ~, N, p, d,a 10, 20, 22, 25, 30, 31
32, 36, 37, 38
22.35 2t 175 n,d,«a 21,25
22.5+ 100 3- 400 £+ 50 p, d,« 22,25,46
22.65 + 30 60 n, a, °Be 2,4,6
22.721+3 0t; 2 12.5 + 2.5 n, p, d,« 4,5,19, 22, 25,65
22.89 + 10 17;1 300+ 10 ~, p, d 20, 22, 30, 32
23.0 £ 100 6T < 500 (d), o, ®Be 6,7,25
23.1 ~ 20 (n), d,o, ®Be 5,6,21,25
23.235 + 62 11 560 + 150 n,p,d 21,22,23,31,42
23.51 + 30 (57) 300 p, d,« 2,5,10, 22,23, 25,45
46
23.879+ 6 6T 26 +4 p, o, 8 Be 4,5,6,7
24.07 + 30 17;1 550 £+ 40 v, p,*He 13, 30, 32,42
24.36 £ 70 (2+,37);0 424 £+ 45 n, p 31, 46
24.522 + 11 272 < 50 19, 65
24.76 + 50 (2,4)t;1 340 + 60 ¥, N, p 30, 31, 32
25.12 4+ 50 17;1 3000 £ 300 v, p,*He,a 13, 30, 32, 38, 45
25.50 + 150 17;1 1300 £ 300 ¥ 39,42
25.6 37 )1 450 3He,« 5,13
26.0 £ 100 175 (1) 500 — 1000 7, *He, « 13
26.363 + 62 (2,41 550 £ 70 ~, N, p,c 5, 30, 31, 32
27.35 4100 (2,41 830+ 110 v, p,*He,a, Be | 13, 30, 32
27.5 37;0) ~ 2500 ~, 3He 13
28.2 T 1000 « 57
28.6 £ 200 v, 3He 13
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Table 16.10: Energy Levels 6fO @ (continued)

JT T K7™ Lem. OF T Decay Reactions
(MeV + keV) (keV)
29.0 T 1000 p, « 57
29.8 + 100 9~ +8* 500 — 1000 3He,« 10, 13
31.8 £ 600 ¥, « 7,38
34 107(97) 2300 57
35 « 7

a See also Tablet6.11and16.22
b | am indebted to Professor H.T. Richards concerning his centson the existence of this level.

1. (@)°B(°Li, 7)'¢0
(b) 1OB(GLi, p)15N

(c) °B(°Li, d)"*N
(d) °B(°Li, t) *N

(e) 1°B(°Li, 3He)'*C
(f) °B(°Li, a)2C
(g) 1OB(6Li, 6L|) 108

At E(°Li) = 4.9 MeV, the cross sections for reactions (b) to (f) leading te-lging states in
the residual nuclei are proportional 20; + 1: this is interpreted as indicating that the reactions
proceed via a statistical compound nucleus mechanism.igblytexcited states, the cross section
is higher than would be predicted by d; + 1 dependence: se&482AJ0). See alsol983KA1).

2. 1OB(IOB’ a)lﬁo

States oft°0 observed afZ(*’B) = 20 MeV are displayed in Table 16.10 of§77AJ03. At
the higher excitation energies, states are reportéd at 17.200+0.020, 17.8254+0.025, 18.531+
0.025, 18.69 + 0.03, 18.90 4+ 0.035, 19.55 4+ 0.035, 19.91 + 0.02, 20.538 £+ 0.015, 21.175 £ 0.015,
21.84 4+ 0.025, 22.65 £+ 0.03 and23.51 + 0.03 MeV. The reaction excites knowh = 0 states:.o
follows 2J; + 1 for 11 of 12 groups leading to states of knowinThe angular distributions show

little structure: seel(977AJ03.

3. 2C(a, 7)'%0

Qm = 30.8734
Q.. = 18.7459
QO = 10.1371
Qm = 5.8410
Qm = 8.0800
Q. = 23.7115

Qum = 26.4137

Q.. = 7.16195
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Table 16.11: Radiative decaystO @

E,(MeV) | J&T | Er(MeV) | J&; T Branch (%) [aq (V)
6.05 0*; 0 0 0t;0 100 3.554+0.21"
6.13 37;0 0 0t;0 100 (2.60 4+ 0.13) x 107°
6.92 2+; 0 0 0+;0 > 99 0.097 £ 0.003 ©

6.05 07;0 | (2.7£0.3) x 1072 (2.740.3) x 107°
6.13 37;0 <8x 1073
7.12 1-;0 0 0;0 > 99 0.055 £ 0.003 ©
6.05 0*; 0 <6x107*
6.13 37;0 | (7.0+£1.4)x1072
8.87 27;0 0 0;0 72408 (2.6 +0.4) x 10~
6.05 0t;0 0.122 4 0.033 (3.1£1.0) x 1076
6.13f 37;0 TTTE161 (2.8+£0.3) x 10734
6.92 27,0 36051 (1.54+0.3) x 10~*
7.12 150 11.4+05" (4.24+0.8) x 107%¢
9.59 1-;0 0 0;0 ~ 100 (2.540.4) x 1072
6.92 27,0 (29+1.0) x 1073
9.84 2+; 0 0 0+;0 61 & 4 (5.7£0.6) x 1073
6.05 0;0 18 +4 (1.94+0.4) x 1073
6.92 27,0 21 £4 (2240.4) x 1073
10.36 4%:,0 0 0t; 0 (5.6 £2.0) x 1078
6.13 37;0 <1.0x 1073
6.92 270 ~ 100 (6.2+£0.6) x 1072
10.96 0-;0¢ 7.12 1-;0 > 99 0.08 4+ 0.05
11.10 4%;0 6.13 37;0 (3.1£1.3) x 1073
6.92 27,0 (2.54+0.6) x 1073
11.52 2+; 0 0 0+;0 91.7 0.61 4 0.02
6.05 0;0 4.2+0.7 (3.0£0.5) x 1072
6.92 27,0 4.0 +£1.0 (2.9+£0.7) x 1072
7.12 1-;0 <0.8
12.05 0*; 0 0 0+;0 4.03£0.09°
12.44 1-;0 0 0t;0 ~ 100 1242
6.05 0t;0 1.24+0.4 0.12 4+ 0.04
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Table 16.11: Radiative decays'tO  (continued)

E,(MeV) | J&T | Er(MeV) | J&; T Branch (%) [aa (V)
12.53 27;0 0 07;0 (2.140.6) x 1072
6.13 37;0 60 £ 6 2.1+£0.2
6.92 2%:0 <10 < 0.34
7.12 17;0 15+3 0.5+0.1
8.87 27;0 25+3 09+0.1
12.80 0—;1 7.12 17;0 ~ 100 2.5+0.2
12.97 27:1 0 0t; 0 (7.140.2) x 1072
6.13 37;0 63 +6 23+0.2
7.12 17;0 12+3 0.44 +0.10
8.87 27;0 25+3 0.90 £ 0.10
13.09" | 1751 0 0t; 0 ~ 100 3245
6.05 0*;0 0.58 £0.12
7.12 17;0 3.1+£0.8 1.44+04

& See Tables 16.12 in971AJ02, 16.15 in (977AJ02 and 16.12 in {982AJ0) for the earlier work and for
references. See also Tallé.12here.

b Monopole matrix element in ffh

¢ Weighted mean of earlier measurements and of a newer ongedpo reaction 38(985MO10).

4(3.0£0.4) x 10-*[M1], (2.5 +0.2) x 1073 [E2] (1982VE0J.

©(843) x 1077 [M1], (3.4 £ 0.5) x 10~* [E2] (1982VE0J.

PE, =2471.5+ 0.5 keV for (8.87 — 6.13) transition.

¢ Pairs due to this transition are not observed.

h For the radiative decay of higher states see Tabfe$2 16.18 and16.22

1 (1982VE0J. See also fob.

The yield of capture-rays has been studied féf, up to 42 MeV [see Table 16.11ia977AJ02
and (L982AJ0)] and (1982KE1Q E,,, = 1.34 — 3.38 MeV; *He(?C, v)) and (L985KO11
E, = 3.551t0 3.60 MeV). Observed resonances are displayed in TehE2here.

This reaction plays an important role in astrophysical psses. The EZ(300 keV) value is
calculated to 0.09 MeWb (1984DE43, 0.07 MeV-b (1985LA10, 0.10 MeV- b (1985FU04. The
E15(300 keV) value is 0.16 MeWb from fitting the early data [se&977AJ02] and 0.28 MeV-b
from the (L982KE1(Q data (985LA10 [0.30 MeV - b (1984DE43]. (1983LA249 calculate that
the (o, 13) S-factor is too small £ 0.01 MeV- b atE. ., < 1.5 MeV) to contribute significantly
to the totalS-factor (I am indebted to Prof. F.C. Barker for his commént$he ratioog,/og;
has been measured féf, = 2.28 to 3.77 MeV: the data favor a non-negligible contributiorilod
E2 amplitude to the reaction rate at stellar energl®@8%REQ9. For other astrophysical studies
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see (982AJ0) and (981BA2F 1982BA1D, 1982TO1D 1983LA24 1984FO01A 1984RO1FK
1984TR1C1985AR1A 1985BA1Q 1985TR1E 1986 TH1E.

In an attempt to determine wheth€0*(9.84) is a doublet{985K01) have studied thex(,
~3) reaction [as well as thex( o) scattering]: in the capture work they find, = 9845.4 + 1
keV (based orf),,,) and, together with then( «) results find no evidence for a doublet® = 2+
(1985K011 see Tablel6.12. At higher energies the E2 cross section shows resonahégs-a
13.2, 15.9, 16.5, 18.3, 20.0, and 26.5 MeV [see Taleld. Some E2 strength is also observed
for £, = 14to 15.5 and 20.5 to 23 MeV. In the rangg = 7 to 27.5 MeV thel’ = 0 E2 strength
is &~ 17% of the sum rule. It appears from this and other experimérasthe E2 centroid is at
E, ~ 15 MeV, with a 15 MeV spread. Structures are observed in thalyoéh-rays from the
decay t0'°O*(14.8 + 0.1) for £, = 34 — 39 MeV. It is suggested that these correspond to a giant
quadrupole excitation with™ = 8T built on the6; state atF, = 14.815 MeV: see (982AJ0).
See alsol983KA1J 1984NA1H and (1982DU1A 1982KN1B 1985CH27 1986AD1RB theor.).

4. (8)2C(a, n)5O Qum = —8.5019 B, = 7.16195
(b) 12C(a, p)*°N Qm = —4.9656

For cross section measurements from threshold to= 24.7 MeV (reaction (a)) and to 33
MeV (reaction (b)) [seel982AJ0)] and atFE, = 10.5 to 20 MeV (1982AMO02 po): see Table
16.12 See alsoX981BE19 reaction (b);E, = 18.5, 21.7, 25.4 MeV), 1983KOZD, excitation
function, reaction (a):£, = 21.8 to 27.2 MeV). The excitation curve fgs; (to 1°N*(6.32)),
measured forE, = 24 to 33 MeV, shows a large peak &t ~ 29 MeV, I' =~ 4 MeV. It is
suggested that it is related to the GQR'9®: see {982AJ0). For the observed resonances see
Table16.12here. See alsdP84NALF 1984SH04, (1982WE16 applications) and1(985MA1L,;
theor.).

5. 2C(a, a)'?C Ey, = 7.16195

The vyield of a-particles corresponding t§C*(0, 4.4, 7.7) and of 4.4, 12.7 and 15.1 MeV
~-rays has been studied at many energies in the raihge 2.5 to 35.5 MeV [see 1982AJ0)],
at £, = 3.52t0 3.62 MeV (1982FR10Q ay), 8 to 26 MeV (1985DY05 «; +; see for astrophys-
ical implications), 10.5 to 19.8 MeV1Q82AMO02 «y, a1; anda, from 14.6 MeV), 17.0 to 22.7
MeV (1982KA3Q «y), 27 to 42 MeV (983AR12 oy, a1, ap) and atE(*2C) = 5.8 to 13.5 MeV
(1982KE1Q «p). See alsoX981BE2D. Observed resonances are displayed in Tablé2 At-
tempts have been made to observe narrow states't®48.87, 9.85). No evidence has been
found for a narrow (100 eV) " state in the vicinity of the ™~ state at 8.87 MeV [sed §82AJ0)]
nor for a3~ state near the™ state at 9.84 MeV1982FR10 [if such a3~ state were to exidi),,
< 150 eV ifits £, is a few keV higher than that of the" state].
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Total cross section measurements are reporte$8ADE201984BU1L, 1984G0O031984SA23
and spallation measurements MPBLAN1K 1982RA31 1984G0O031984G0O04 1985AB02).
For pion production seel@81AL1K, 1984AL1L). For two-proton correlations at 4.2 Ge\gee
(1985BA2U). See alsd?C in (1985AJ0), (1981BE19 1981WA1R 1982WA23 1984GU18,
(1982FI11C 1982YA1A, 1983AD1G 1983ADI1D 1984RE1%, (19830S1G applications) and
(1981FR1T1981MA42 1981SH1A 1983BA1V, 1983SM1B 1984NA0G 1984SH221985BA1],
1985BA63 1986ALZZ theor.).

6. 12C(a, *Be)*Be Qum = —T7.4585 B, = 7.16195

The yield of*Be shows a number of resonances: see Tabl&2 There is no evidence below
E, ~ 24 MeV for J™ = 87 states although the existence of such states below thigyenannot
be ruled out since it is possible that theof the entrance channel inhibits the formation of such
states. Above 26 MeV. = 8 becomes dominant: se&q82AJ0).

7.12C(Li, d)!0 Qm = 5.6868

This reaction has been studied at many energies:1$5&/AJ03 and Tablel6.13here. At the
higher energies the spectra are dominated by statesMitht and natural parity. A study of d-
coincidences [involving®C*(0, 4.43, 7.66)] has been carried out/af’Li) = 75 and 90 MeV: the
highest lying states obsrved 1fO [and which havex-cluster properties and are built 6tC, ]
are7- states afy, = 27.7 and 29.3 MeV (982AR2(). Two broad intense peaks corresponding to
160*(32, 35) are also observed [they decayhyand a state at 34 MeV [J™ = 107(97)] decays
by a, [and weakly byay] (1982AR20 1983AR1). No 8* states are reported: seE982AJ0]1
1983AR13.

Cross sections for the population'60*(8.87, 10.36, 11.08, 11.097) have been studied in the
rangeE(°Li) = 20 to 34 MeV: the large cross section &0*(11.10) [J™ = 4] is the result of
multistep processe4981GL0J.

For a study of inclusive deuteron spectra SE¥8¢CU03. See alsé®F in (1983AJ011987AJ0%
and (1981AP021981IN02 1981MA26 1983G0181983GR1H19830S031984SE201985EL12
1985SE1Htheor.).

8. 2C('Li, 1)'°0 Qm = 4.695

This reaction has been studied extensively: 48 7AJ02 1982AJ0) and Tablel6.13here.
See alsd’F in (1983AJ011987AJ03, (1986JAZ2 and (L983PA06 1985SH22theor.).
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Table 16.12: Resonances'tC + o
No. E, Teomm. Outgoing Iy Iy, /T 16o* J* T Refs.P
(MeV + keV) (keV) particles® (z) (MeV + keV)
8.87
1 3.324 480 + 20 Y 25 + 4 meV 9.580 + 12 1- (1982KE10
Y3 2.9+ 1.0 meV
Q) ~1
2 3.5770+ 0.5 0.625 4+ 0.100 Yo 5.7+ 0.6 meV 9.8440+0.5°¢ 2+ (1982KE1Q
1985K01)
Y3 2.2£0.4 meV
s
3 4.259 2743 Yo < 0.4 meV 10.356 £ 6 4+ (1982KE10Q
3 62 + 6 meV
g 1
4 5.245+ 8 0.28 £0.05 Y2 3.1+ 1.3 meV 11.094 4+
3 2.5+ 0.6 meV
Qo
5 5.47 2500 g (11.26) (0T)
6 5.809 + 18 73+5 Yo 0.65 +0.08 eV 11.52 2+
3 29 + 7 meV
g 1
7 5.92 + 20 800 + 100 g 1 11.60 3~
8 6.518 £ 10 1.54+0.5 Qg 12.049 ot
9 7.043 + 4 9+ 7 Yo 95+1.7evd 12.442 + 4 1—;0
M1 0.124+0.06 eV 4
p 1.1 keV
Qa 92 + 8 keV 1.0
a1 0.025 keV
10 7.82+10 150+ 11 Yo N 13.02 2t
Qa 150 & 11 keV ~ 1.0
11 7.904 £ 11 130+ 5 Yo 44+ 8eV' 13.088 £ 11 1—;1
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Table 16.12: Resonances'itC + « (continued)

No. E, Teomm. Outgoing Iy Iy, /T 16o* J* T Refs.P
(MeV + keV) (keV) particles® (z) (MeV + keV)
Y4 1.35+ 0.4 eV
p 100 keV
o 45 + 18 keV 0.3
o 1 keV
12 7.960 + 10 110 £ 30 Yo > 0.01eV 13.129 37;0
p 1 keV
o 90 + 14 keV 0.7
a1 ~ 20 keV
13 8.130 £ 15 2647 ¥ 13.257 37,1
p 4.5 keV
o 9+ 4 keV
a1 7.5 keV
V4.4
14 8.960 £+ 10 H+T g 49 keV 0.65 £+ 0.05 13.879 £ 8 4+
a1 23 keV
15 9.1 4800 g (14.0) (01)
16 9.164 £ 15 200 £ 50 Qa ~ 200 keV > 0.9 14.032 0t
17 9.3+ 100 750 + 200 Qg 0.2+0.1 14.1 3-
aq
18 9.948 487 4 12 o 0.8" 14.620 £ 11¢ (4%) (1982AM02
o
19 10.002 672+ 11 g 0.94 14.660 £ 118 5~ (1982AMO02
aq
20 10.195+ 7 70+8 Qg 22 keV 0.45 4+ 0.05 14.805 6T
o 48 keV
21 10.544 166 + 30 ag, a1, Po 0.35 15.066 + 11 0t (1982AMO02
22 10.999 133+ 7 g, a1, Po 0.58 15.408 + 2 3~ (1982AMO02
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Table 16.12: Resonances'itC + « (continued)

No. E, Teomm. Outgoing Iy Iy, /T 16o* J* T Refs.P
(MeV = keV) (keV) particles® (x) (MeV = keV)
23 11.560 703 4113 o, (1), V4.4 0.21 15.828 + 30 3~ (1982AMO02
24 11.6 ~ 600 Yo r.,ry/I'~04ev 15.9 2+
25 12.156 422 + 14 Qg 0.93 16.275+ 7 61 (1982AMO02
26 12.272 65+ 45 a0, (o1, @2), Po 0.07 16.362 + 20 (0F,17) | (1982AMO02)
27 12.380 22+ 3 Yo, Ny P, 0, a1, 2,744 | Taly/T = 0.45 €V 0.28 16.443 £ 2 2t: (1) | (1982AM02
28 12.5 730 Po, o (16.5)
29 12.915 567 + 60 Qg 0.28 16.844 + 21 4+ (1982AMO02
30 13.0 700 o (16.9) 5~
31 13.05 ~ 280 o, 5Be 16.94 2t (1982AMO02)
32 13.296 107 + 14 N, Mo, o, 1, Ya.a 0.37 17.129+5 2t (1982AM02
33 13.32 36£5 g, a1 17.15 (1982AMO02
34 13.35 160 £ 60 as, °Be 17.17 2+ (1982AMO02
35 13.50 < 100 n 17.28
36 13.805 182 + 56 o, (1), as 0.16 17.510 £+ 26 1~ (1982AMO02
37 13.865 178 + 66 n, (o, 1) 0.07 17.555 + 21 (6T) (1982AM02)
38 13.948 175+ 55 Po, Qo 0.32 17.618 + 20 (0+,17) | (1982AM02
39 14.08 (=~ 75) (o), ®Be 17.72 (0+,2%) | (1982AM02
40 14.170 396 + 41 n, ag, o1, Y44, °Be 0.34 17.784 + 15 4t (1982AM02)
41 14.480 1442 (N), Po, 0, 1, Va4, SBe 0.36 18.016 + 1 4% (0) | (1982AMO02)
42 14.577 248 + 90 (Y0), No, Po, Ao 0.31 18.089 + 25 (0h) (1982AM02
43 (14.62) (~ 45) 0 (18.12) (# 4%) (1982AMO02)
44 14.85 ~ 380 Y0r Pos (1, 7V4.4) r,I,/T =095eV 18.29 (1982AMO02)
45 14.997 544 + 39 Qg 0.40 18.404 £ 12 57 (1982AMO02
46 15.2 ~ 150 (00, 1, a2, Ya.4) 18.6 (1-,57) | (1982AMO02)
47 15.2 ~ 300 as, 3Be 18.6 (4™) (1982AMO02
48 15.490 215 + 45 Po, v 0.26 18.773 £ 22 1- (1982AM02)
49 15.506 260 + 16 n, p, ao, (o), *Be 0.48 18.785 + 6 4t (1982AM02)
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Table 16.12: Resonances'itC + « (continued)

No. E, Teomm. Outgoing Iy Iy, /T 16o* J* T Refs.P
(MeV = keV) (keV) particles® (x) (MeV = keV)
50 15.8 ~ 550 (a0), a1, V4.4 19.0 (57) (1982AM02
51 15.96 41 (n), ao (19.12) (21, 4%)
52 16.130 50 = 45 (n), (ao) 0.04 19.253 + 30 (57) (1982AM02)
53 16.137 155 + 23 Po, g, (1) 0.34 19.257+9 2t (1982AM02)
54 16.219 63 + 33 Po, (), a1, a2, *Be 0.07 19.319 + 14 (6%) (1982AMO02
55 16.293 23 +4 Po, (0, V1, Qo 0.23 19.375 + 2 4+ (1982AMO02)
56 16.496 255 + 75 (n), ag, (a1, r2) 0.20 19.527 + 26 2t (1982AM02)
57 16.799 286 + 44 Po, @0, o1 0.29 19.754 + 16 2t (1982AM02)
58 (16.92) (~ 175) Qs (19.85) (1982AMO02)
59 (17.05) (~ 30) (ap) (19.94) (#37) (1982AM02)
60 17.201 432 + 40 Y0, N, (), ao, (1) 0.43 20.055 + 13 2t (1982AM02)
61 (17.27) (~ 45) (o) (20.11) (#£37) (1982AM02
62 17.5 ~ 1500 Po (20.3)
63 (17.66) (~ 150) n, (R), o, 2 (20.40) (4t) (1982AMO02)
64 (17.8) (~ 300) (ag), (20.5) (1982AMO02)
65 17.849 1142 Po, (o, 01, (2 0.14 £ 0.02 20.541 + 2 5 (1982AM02
66 17.875 <5 o) 20.560 + 2 even (1982AMO02
67 17.948 <10 o 20.615£ 3 even (1982AMO02
68 (18.2) (~ 60) n, (M) (20.8) (1982AMO02)
69 18.271 904 + 55 Qg 0.60 20.857 + 14 7 (1982AMO02
70 (18.3) o (20.9) 2t (1982AMO02)
71 (18.48) (=~ 50) n, po, (ao) (21.01) (1982AMO02)
72 18.50 & 25 240 + 80 Yo (a0, 1) 0.20 21.03 (17) (1982AM02
73 18.5 900 o i (21.0) 5~ (1982KA30Q
74 18.531 205+ 14 p 0.50 21.052+ 6 61 (1982AMO02
75 18.593 306 + 46 () 0.20 (21.098) 4+ (1982AM02)
76 19.294 61 + 32 (), po, a, vz <0.05 21.623 + 11 7 (1982AM02)
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Table 16.12: Resonances'itC + « (continued)

No. E, Teomm. Outgoing Iy Iy, /T 16o* J* T Refs.P
(MeV + keV) (keV) particles® (z) (MeV + keV)

77 19.327 115+ 8 N, ag, a1, as 0.41 21.648 + 3 6+ (1982AM02)
78 19.498 43420 N, o, 0, @1, Q2 0.07 21.776 4+ 9 3- (1982AMO02)
79 19.85 60 n 22.04

80 19.89 340 n 22.07

81 19.95 < 150 n,%Be 22.11

82 20.49 375 n 22.52

83 20.71 60 n, 8 Be 22.68

84 20.760 £ 5 125425 No, Po, @o, 2 22.721 ot; T =2

85 21.28 ~ 20 ap, o1, °Be 23.11

86 21.3 < 500 8Be 23.1 6t

87 21.67 < 40 n, ag, Qo ~ 0.31 23.40 (57) (1982KA30
88 21.85 300 ag, o1 23.54

89 22.0 1500 Y12.71 23.6

20 22.14 120 n 23.75

91 | 22.306+ 6 26 + 4 Po, o, a1, a2, SBe k 0.06 + 0.02 23.879 6+

92 22.37 165 n 23.93

93m 22.75 < 500 8Be 24.21

94 23.2 750 Y12.71, Y15.11 24.5 T=1

95 24.1 450 Y15.11 25.2 T=1

96 24.6 450 Y15.11 25.6 T=1

97 255 450 — 26.3 T=1

98 25.6 1200 g, Y12.71 r.r,/I=12ev 26.3 2t

99 28.1 1000 o) 0.35 28.2 7 (1983AR12
100 29.1 1000 g, a1, P3 0.35 29.0 7= (1983AR13
101 35.8 2.3 MeV g, a2 0.1! 34.0 107(97) | (1983AR1}

n
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2 pg corresponds t&’N(0). ag, oy correspond ta2C*(0, 4.4) andy, 4 corresponds to the-ray from the decay o2 C*(4.4);vo, 71, 72, 73, 74 correspond
to the transitions té°0*(0, 6.05, 6.13, 6.92, 7.12).

b Previous references are listed in Tables 1610I7( AJ02, 16.12 (1977AJ0% and 16.13{982AJ0).

¢ (1982KE10Q reportFEy, = 9848 + 2 keV.

4 Branching ratios td°0*(0, 6.05)= 98.8% and 1.2%.

°T,, =0.7+£0.2eV, based ofi',, /T = 1.0 andl'. ,,,. = 190 £ 40 keV.

Fla T /T2 = (1.49 +0.17) x 102

¢ Uncertainties inf, may be larger.

b For this and the states beldw, /T is +0.10 for isolated narrow levels.

T4, /T ~0.16 (1982KA30.

J A resonance is reported &, = 19.4 MeV: 41 is dominant[', /T’ < 1, T, /T > 0.48 (1982KA3Q.

kTspe andl',, andl',, ~ 3.5, 1.5 + 0.5 and~ 6 keV, respectively.

'T,,/T' =0.2 (1983AR12.

™ Broad maxima are reported in the activation cross sectidn,at 22.8, 24.3, 25.3 and 26.9 Me\VLP83KOZD prelim.).
" See (981SA0J for (a,v14.8) measurements which indicate & GQR built on thes| state'¢0*(14.82).



Table 16.13: States ¢fO from 2C(°Li, d) and2C("Li, t)

E.? Lo, P 62 /0% (2%) © Lo /T JT KT
(MeV + keV) (keV)
0 0.93,0.18 0F
6.05 0.38,1.10 0t; 07
6.13 0.23,0.22 3
6.92 =1.0 2%, 07
7.12 0.53,0.39 1~
8.87 < 20 2-
9.63 + 30 ¢ 400 + 10 0.30, 0.60 17,0
9.84 <20 < 0.05,<0.01 2F
10.346 £ 6 © 3545 0.25,0.47 0.86 4+ 0.09 47 07"
10.96 0~
11.10¢ <30 <0.06,<0.03 ] 0.31+0.03 3t 47
(J =47)
11.59 + 20 700 4+ 100 ~ 0.4 37;0°
13.09 ~ 230 1~
14.363 £+ 15 < 120 > 5, ™ = nat.
14.66 + 20 500 + 50 1.03£0.1 57; 07
14.82 45+ 10 (67)
16.30 + 20 300 + 50 1.07+£0.11 67; 07"
17.65 + 50 100 £+ 50
17.85 4+ 50 ~ 200
(18.6)" (57)
19.30 + 50 ~ 200
20.8 + 100 © 500 + 100 1.16 £0.23 77,07
21.6 + 100 < 100 0.67+0.14 6"
23.0 £ 100 ~ 200 (67)
23.8 £ 100 1980 + 250 (67)
26.9 £+ 100 1700 4+ 250 (77)
27.7¢ (77)
(29.3)" (77)
32¢ broad

39




Table 16.13: States ¢fO from 2C(°Li, d) and'2C("Li, t) (continued)

E.? Lo, P 62 /0% (2%) © Lo /T JT KT
(MeV + keV) (keV)

34N 107(97)

35¢ broad

& E, quoted without errors are from Tahl&.1Q For the earlier references see Table 16.14.B8RAJ0).
Angular distributions are reported in both reactions fer filhst nine states.

b Line widths, not corrected far-penetrabilities.

¢ Ratio of dimensionless reducedwidth calculated at a channel radius of 5.4 fm, relative hat tfor
160%(6.92). (V, L) here are taken to be (2, 0) and (4, 1) respectively$@*(0, 7.12). The first number
listed is the value reported &(°Li) = 42 MeV, the second aE(°Li)= 90.2 MeV.

4 On the basis of studies of thRéC(°Li, d), '2C("Li, t), 2C(*"B, °Li) and '?F(p, o) reactions, the energy of
160%(9.6) is 9619 + 15 keV with T' = 400 + 10 keV (line width). Tr = 430 4 10 keV as inferred from
the best fit B-W line shape. This value is corrected for petdity ((19810V02 and F. Becchetti, private
communication).

¢ Angular distributions are reported B(°Li) = 35.5 — 35.6 MeV to '0*(10.36) and to the unresolved
and4™ states at 11.1 MeV. It appears that thestate is dominantly populated, and that two-step processes
may be important in this reaction.

f(1982AR20; decay primarily byt.

€ (1982AR20); decay primarily byx;.

h'(1982AR20 1983AR132; decays primarily byy,.

9. 12C(19B, 5Li) 160 O = 2.7022

At E('°B) = 18 and 45 MeV angular distributions have been studied invglV#©*(0, 6.1,
7.1,8.9,9.9, 10.4). AE(1°B) = 68 MeV angular distributions t§0*(0, 6.1, 6.9, 10.4, 11.1, 14.7,
16.2, 20.9) are forward peaked and fairly structurel&%3*(0, 6.9, 11.1) are weakly excited: see
(1982AJ0).

10. 12C(12C, 5Be)'°0 Qum = —0.2047

Angular distributions have been reported/&(f>C) to 63 MeV [see 1977AJ03] and at 4.9
to 10.5 MeV (1984HU1B and at 11.2 to 12.6 MeV1082TA2Z% g.s.). Angular correlations at
E(*C) = 78 MeV confirm J™ = 47, 5=, 6" and7~ for 1°0*(10.36, 14.59, 16.3, 20.9).,,,/T =
0.90£0.10,0.75+0.15and0.90 4+ 0.10, respectively, for the first three of these states. In aoldliti
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a state is reported df, = 22.5 + 0.5 MeV which may be th&" member of thek™ = 0", 4p-4h
rotational band{979SA29. For further work at~(*2C) = 90, 110 and 140 MeV sed §86SH10).
At E, = 120 MeV a, decays of'0*(16.3, 20.9) ™ = 6%, 7-] and «; decays of'®0*(19.1,
22.1, 23.5) are observed as is a broad structure in both elmoorresponding tt#0*(30.0) with
J™ =9~ + 8", There is no evidence for localizdd= 8 « strength below 29 MeV1985RA13.
See also1983SH1Z 1985KA1). For the decay of’Ne states seel@85L.AZ2) and (L983AJ01
1987AJ03. For excitation functions se@982SA27yield of 6.1 MeV ~-ray from threshold to 40
MeV], 1982TA2) and (L982AJ0). See also{984SP1(, (1979G01¢1984CU1B, (1986SZ02
applied), (984HULE astrophys.) andl@82SU1B 1982SU061983DEZW 1984DA1R theor.).

11. (8)'2C(**N, 1°B)!60 O = —4.4503
(b) 12C(70, 13C)160 Qm = 0.8027

Angular distributions are reported ('“N) = 53 MeV involving °0*(0, 6.05, 6.13, 6.92) and
various states of’B, and at 78.8 MeV involvind®0, . : see (982AJ0). Angular distributions
have been measured for the g.s. in reaction (b)#gfO) = 40 to 70 MeV (1986FR04.

12.12C(*Ne, 190)!90 Qm = 2.428

Angular distributions have been measuredi@’Ne) = 147 MeV: see ((977AJ03. For yield
measurements se€983RI13. See alsol982AJ0).

13. (a)'3C(He, )10 Qu = 22.79338
(b) *CCHe, n)°0 Qum = 7.1295 By, = 22.79338
(c) *C(He, p)°N Qm = 10.6658
(d) BCCHe, d}*N On = 2.5071
(e) 3C(He,*He)'*C
(f) 3C(He, a)'2C Qum = 15.6314
(g) *C(He,*Be)’Be Qm = 8.1729

The vyield of capturey-rays (reaction (a)) has been studied fof*He) up to 16 MeV [see
(1977AJ032], as have angular distributions. Observed resonancediggiayed in Table6.14 It
is suggested that the structuregat~ 26 — 29 MeV are part of giant resonances built on the first
few excited states dfO (1979VEO03. See alsol985CH27 1986AD1RB theor.).

The excitation functions (reaction (b)) #6(*He) = 11 MeV are marked at low energies by
complex structures and possibly by two resonances(dte) = 1.55 and 2.0 MeV: see Table
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Table 16.14: ResonancestiiC + *He?

E(*He) e (keV) Outgoing particles | *°O* (MeV) Jm T
(MeV =+ keV)
1.55 ~ 80 ng, N3 24.05
1.55 4+ 100 450 Yo 24.1
2.0 ~ 250 ng 24.4
2.6 4+ 100 Y151 24.9 (T=1)
2.87 & 50 600 Yo 25.12 1~
~ 3.1 g, g ~ 25.3
~ 3.5 ~ 300 ao ~ 25.6 (37)
~4 ~ 300 o, O, Qg ~ 26 (37)
4.0 £ 100 b Y0r V142, AV15.1 26.0 17 (1)
4.6 +£100°¢ 720 £+ 160 Y2, Po 26.5 2%, 4+
5.2 4 100 b Y151 27.0 (T =1)
5.6 & 100 ~ 600 Yor Vit2, V151, SBE 27.3 (17)
~ 5.8 ~ 2500 V3+4 27.5
6.0 £ 100 ~ 500 Pos Pi+2, SHe, oy, g 27.7 (37;0)
~ 6 Yo 28
6.5 + 100 b Y151 28.1 (T=1)
6.8 £ 100 o, O, Qg 28.3 (T'=0)
7.1 4200 V142 28.6
7.5 4 100 b Y151 28.9 (T =1)
8.6 + 100 b aY1s.1 29.8 (T=1)
9.4 + 100 b a5 30.4 (T =1)
10.1 + 100 b Y151 31.0 (T =1)

@ For references see Tables 16.151871AJ02, 16.13in (977AJ02 and 16.15in {982AJ0).

b Lab widths0.5 — 1 MeV.

¢ Based o ,,. = 530 + 80 keV [from ®N(p, v), see Tablel6.17, T'p,, = 150 445 keV [J™ = 27],
110 4+ 35 keV [4F]; T, /T = 0.29 4 0.10 [2+], 0.21 4 0.07 [41], T, = 740 + 240 eV [2*], 410 + 140
eV [47].
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16.14 See also1977AJ02 for polarization measurements. Excitation functionga¢ten (c))

for E(*He) = 3.6 to 6.6 MeV have been measured faf, p142, p3. a resonance is reported at
E(*He) = 4.6 MeV. A resonance at 6 MeV has also been observed: see Tékld A com-
parison of polarization measured in this reaction and ofyairag power measured ifN(p, *He)

is presented bylO@86PO1N. See alsoX986SI1K. Analyzing powers have been measured at
E(31Te>) = 33 MeV for the elastic scattering (reaction (d)) and the deartegroups to"*N*(0,
2.31, 3.95, 9.51)1986DRO03.

Yields of o, ay, a2, andy-rays from the decay 0fC*(12.71, 15.11) (reaction (f)) have been
studied up taZ(*He) = 12 MeV. Observed resonances are displayed in ThBl&4 Those seen in
the yield ofy,5, are assumed to correspondt® states which have primarily’& = 1 character.
Analyzing power measurements are reporte@éﬂﬂ%) = 33 MeV to '2C*(4.4) (1981KALK).
Excitation functions for, anda; are also reported foE(*He) = 16 to 23 MeV (1982GU13}.
The excitation function fofBe(g.s.) (reaction (g)) has been studied #{fHe) = 2 to 6 MeV.

It shows a strong resonance&a*He) = 5.6 MeV corresponding to a state {fO at £, = 27.3
MeV. J™ appears to b&* from angular distribution measurements. See al€i82AJ0) and
(1985AB1K; search for anomalous deuterons at 10.8 GgV/

14.13C(a, n)'°0 Qm = 2.2156

Angular distributions for they, group have been measured f6f = 12.8 to 22.5 MeV: see
(1971AJ03. The energy of the/-ray from the decay of®0*(6.13) is 6129.266 £ 0.054 keV
(1982AL19 [based on thé”Au standardE, = 411804.4 + 1.1 eV]. See also {982AJ0),
(1982CR2ZY), (1982SA1M 1985MA65 applications) and1(981CH1K 1982IB1A 1983CO1K
1983IB1A 1985AR1A 1985MA1A 1986DOL1L astrophys.).

15.13C(Li, 1) 60 Qm = 6.9977

See Tablel6.15 See also(982AJ0) and'’F in (1983AJ0).

16.13C(°Be, °He)*0 Qm = 1.617

See (981BR1H theor.).

17.13C(12C, “Be)'¢0 Qum = —3.4856

At E(**C) = 105 MeV, °0*(6.05, 6.13, 10.35, 16.3, 20.7) are strongly populatege s
(1982AJ0). See also1977AJ02% and (L9850S06theor.).
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Table 16.15: States 6fO from *C(°Li, t) 'O

E,? Tem. (keV)c© Comments!
(MeV = keV)
ob
6.13P
7.0wP
8.87Pc c.n.
9.84b< c.n.
10.36"¢ c.n.
11.10wb:c 47 probably dominates; m.s.
11.52¢
12.05°¢ consistent with, =1 — 07
12.53¢ consistent withl, =2 — 2~
12.97¢ consistent with, =2 — 2~
13.10™¢ L = 2, but which state is involved?
14.3¢ L=4—40)
14.40¢ anomalous shape
14.82¢ L = 5; probablyJ™ = 6*
15.79¢ consistent with, = 3 — 3%
16.812 £ 15° 28+ 7 consistent withl, = 3 — 37
17.764 £ 15 ©¢ 45+ 7 L=4orL=5
18.032 4 15 wof 40+£7 L = 3; both states are probably populated
18.640 + 15 ¢ 22+7 L = 4 or 5; probably5*
18.976 =15 ¢ 25+ 7 probably4~
19.814 £15°¢ 23+ 7
20.5" very strongly excited

u = unresolved.

c.n.= formation appears to be by a compound nuclear process.

m.s.= multistep process.

a B, without uncertainties are from Tablé.10Q

b Angular distributions have been reportedB°Li) = 25 MeV to the first seven groups
shown here{982AB0J and at 28 MeV {980CUO03J: see also1982AJ0).

¢ Angular distribution atZ(°Li) = 34 MeV (1983KE0§.

4 For abbreviations see above. WhenZais shown, stripping patterns are eviden®83KE0§.

¢ There is some evidence for a statdiat= 17.90 MeV (1983KEQ§.

f There is some evidence for a stategzat= 18.46 MeV with I" =~ 60 keV (1983KEQ§.
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18.13C(\70, 1C)190 Qum = 4.0328

See (982AJ0) and (L984AB1A theor.).

19. C(*He, n)*0O Qm = 14.6169

At E(®*He) = 11 to 16 MeV, neutron groups are observedite= 2 states ate, = 22.717 +
0.008 and24.522 + 0.011 MeV (I < 30 keV and< 50 keV, respectively). These two states are
presumably the first twd' = 2 states int°0, the analog states t6C*(0, 1.75)..J™ for 60*(24.52)
is found to be2* from angular distribution measurement®{0ADO]). At E(*He) = 25.4 MeV
forward angle differential cross sections have been déteaito the 0 states®0*(0, 6.05, 12.05)
(1981CEO0).

20. 1“N(d, 7)'60 Qm = 20.7363

The~, yield has been studied fdry; = 0.5 to 5.5 MeV. Observed resonances are displayed in
Table16.16 (1982G0OZY, 1983G0OZ\ prelim.) have measured the radiative capture in the region
of the GDR [E; = 1.5t0 4.8 MeV]. See alsol@83KAL1) and (L985CH271986AD1E theor.).

21. “N(d, n}*O Qum = 5.0724 By = 20.7363

For E4 = 0.66 to 5.62 MeV, there is a great deal of resonance structuredretitation
curves with the anomalies appearing at different enerdiddfarent angles: the more prominent
structures in the yield curves are displayed in Taliel6 For polarization measurements see
(1977AJ03 and (L981LI123 in 150 (1986AJ0).

22. “N(d, p)°N Qm = 8.6087 E, = 20.7363

The yield of various proton groups fdfy; < 5.0 MeV shows some fluctuations and two res-
onances: see Tabls.16and (L982AJ0). For polarization measurements s&8§2AJ0) and
(1981US02. See also1983DA31 applications) and1984CH1Q theor.).

23.14N(d, d)“N By = 20.7363
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Table 16.16: Structure iHN +d?

E4 (MeV) Resonant channel Lo (keV) | J& T | Ey (MeV)

1.4 No, Qg 300¢ ote 22.0

1.7+0.1 Yo, Pos P1, 9 — Q3 400¢f 1-ef 22.2
1.85 Ny, cvo 175 2t e 22.35

2.0+0.1 Po, P1, o, Q3 350+ 3 of 22.5

2.272 4 0.005" | po, Prs2, (B3), Pa» Pss 0, Q2 1243 0F; 2 22.722

2.40+0.05° | v 9 po, o 500°f 11 22.83

2.5 Qp 22.9

2.6 (o), g, 1 200¢ 4t e 23.0

2.8 (o), Po, P1, do 350+ 2t e 23.2
3.24 Pos Pi+2, P1, Ps, Ps, o, v 23.57

4.2 Y0, (Po), Go, Y151 24.4
4.58 (Po), do, V15.1 24.74

4.9 Ny, Po 25.0

5.95 di, Y151 25.9

7.1 o 26.9

7.4 d, 27.2

7.7 d; 27.5
(8.5) (715.1) (28.2)

10.2 do 29.7

& For earlier references see Table 16.141i8i{7AJ02 and 16.16 in {982AJ0).

b (T4, T;/T?) x 1072 are greater thah.6 4 0.4, 0.27 & 0.13, 0.41 4 0.15 and0.07 4 0.05 for the a,

Po, P1+2, and p groups.

¢ If this resonance is fitted with a single-level Breit-Wigrstiape, penetrability effects could lower the
resonance energy by as much as 50 keV, assuining.

4 The angular distribution of,, is consistent with E1.

€ (1983US0)

f See also1981US0}.

46



The yield of elastically scattered deuterons has beenedudr £4 = 0.65 to 5.5 MeV and for
14.0to 15.5 MeV: seel@71AJ021977AJ03. There is indication of broad structuregg = 5.9
MeV and of sharp structure d&; = 7.7 MeV in the total cross section of th& group to the
T = 1 (isospin-forbidden),J™ = 0" state att, = 2.31 MeV in “N. The yield of deuteronsif) to
MN*(3.95) [J™ = 1F, T = 0] shows gross structures B = 7.4 and 10.2 MeV {970DU0J: see
Table16.16 The yield ofd; has also been studied féi; = 10.0 to 17.9 MeV: see{982AJ0).
For polarization measurements s@é8§2AJ0). See alsoX986A01A theor.).

24. (a)"N(d, t*N Qm = —4.2962 B, = 20.7363
(b) N(d, *He)'3C OQm = —2.0571

See (982AJ0) and (L981NE1B theor.).

25. 1N(d, )'2C Qm = 13.5743 By = 20.7363

There is a great deal of structure in the yields of variaygarticle groups forzy; = 0.5 to 12
MeV. Broad oscillationsI{ ~ 0.5 MeV) are reported in the, anda, yields for £y = 2.0 t0 5.0
MeV. In addition,0*(23.54) is reflected in the:; yield: see Tablel6.16 The yield of 15.11
MeV ~-rays [from the decay of?’C*(15.11),J = 1+, T' = 1] which is isospin-forbidden has
been studied foE; = 2.8 to 12 MeV. Pronounced resonances are observéd] at 4.2, 4.58 and
5.95 MeV and broader peaks occurfat= 7.1 and, possibly, at 8.5 MeV: se@482AJ0).

For polarization measurements s&8§3US0) and (L982AJ0). See also{983DA3] appli-
cations).

26. (a)'*N(*He, p)°0 Qm = 15.24276
(b) “N(*He, p)'*C Qum = 8.08081

Observed proton groups are displayed in Tal8el7 Angular distributions have been mea-
sured atE(®He) = 2.5 to 24.7 MeV: see{982AJ0). Branching ratios and,, measurements are
shown in Tabled6.10and16.11

27. “N(a, d)'°0 Qum = —3.1104

Angular distributions to states ¢fO have been reported at many energie&to= 48 MeV:
see (971AJ02 1977AJ02. Among the states which have been reported [see Table h6.7 i
(1977AJ09] are '60*(11.094 + 3, 14.400 + 3, 14.815 4 2, 17.18 & 50) [MeV =+ keV]: the re-
sults are consistent withi™ = 5T, 67, 4 for 1°0*(14.40, 14.82, 16.29) [2p-2h] and with" for
160%(16.30) [4p-4h].T.., = 34 £ 12,27 + 5 and70 + 8 keV, respectively for®O*(14.31 + 10,
14.40 + 10, 14.81).
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Table 16.17160 states from*N(*He, p)¢O 2

By Lem. (keV) L JT
(MeV + keV)
0 0+ 2
6.052+ 5 (O
6.131 + 4 1+3
6.916 + 3 (0)
7115+ 3 1+3
8.870+3 <20 3+1
9.614 + 30 510 4 60
9.847+3 <20 0(+2)
10.356 & 3 25+ 5 b
10.957 + 1 <12 1
11.080 + 3 <12 }
244¢
11.098 £ 2 <12
11.520 + 4 64+ 5 b
12.049 + 2 <12 0
12.438 + 3 70 + 10 1
12.530 £ 24 <12 1+3
12.797 + 4 40 + 10 1 0;T=1"1
12.970 + 1 <12 1+3 2T =1"F
13.105 + 15 160 + 30 0+3¢
13.257 + 2 20+ 5 (1+3) 3T =1"
13.663 + 4 63+ 7 0
13.869 =+ 2 85 + 20 (4)"
13.979 £ 24 1445 1(+3)
14.302+ 3 <20 b
14.399 +£ 24 27+ 5 (4)
14.818 4+ 3 2 (0 — 4)F
14.927 £ 24 60 + 10 0(+2) (0,1,2)*¢
15.103+ 5
15.196 4 3 (0+2)
15.409 + 6 b
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Table 16.171°0 states from*N(*He, p)°O # (continued)

E, Lem. (keV) L Jr
(MeV + keV)
15.785 £ 54 40 £ 10 2(+4) (2,3,4)" 8
16114+ 4°
16.209 £ 24 40 £ 10 0+2
16.350 £ 13
16.440 £ 3 ~ 30 0+2
16.817 £ 2 70 £ 10
h

& For references see Table 16.171982AJ0).

b Mostly compound nucleus.

¢ Unresolved.

4 Also reported in p4.4 coincidences.

¢ Very weak proton group. | am indebted in Prof. H.T. Richamishis comments.
f (1978F02Y have compared the cross section ratios of these three 1 states
with their analogs if®N populated in the (t, p) reaction: only tBe states have the
expected cross section ratio of 0.5 féHge, p)/(t, p). The populations of tie and
3~ states in'%0 are lower by a factor of two.

& (1978FO01Y suggest that these two staté€@*(14.93, 15.79)] arelt and 3+
2p-2h states witfl, = T;, = 0.

I States at 17.82 and 18.04({.04) MeV are also reported inp.4 coincidences.

28. "N(®Li, )0 Qm = 19.2611
See (977AJ02.

29. (a)"*N(''B, *Be)'f0O Qm = 4.9208
(b) “N(*2C, 1°B)!°O Qum = —4.4503
(c) “N(**C, 'B)!O Qum = 2.0575
(d) “N(*N, 2C)'°0 Qm = 10.46390

For reactions (a) and (c) seE982AJ0). For reactions (b) sed985AR1B. For reaction cross
sections (reaction (d)) se&982DE39. See alsol983KL1A).
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Table 16.18: Levels of0 from 1°N(p, ), *>N(p, p) and'>N(p, a)

No. E, | Iy rp r,r, /T Ty Cay Tlab Jm T Fx
(keV) (eV) (eV) (keV) (eV) (keV) (keV) (keV) (MeV =+ keV)
1 335442 12+2 0.12 4 0.04 0.940.1 102 +4 0.025 110 +4 1—;0 12.442
2 429 + 1 (214+6) x 1073 2.14+0.2 0.025 £ 0.003 P nr 0.0724£0.010" | 0.103 £0.011 " 27;0 12.530
3 710+ 7 40 nr 40 +4 0—;1 12.793
4 | 897.37+0.29 | (784 16) x 1073 0.994+0.12° nr 0.60 4 0.08 P 1.70+£0.15P 271 12.9686
5 1028 & 10 3245 100 40 r 140 £ 10 171 13.091
6 1050 = 150 I'pla, = 500 keV? 2+ 13.1
7 1210 4+ 3 4.1 r 82+1.1 225+ 1 37;1 13.262
8 1640 & 3 <1¢ 10 nr 59 4 6 68+ 3 1t;0 13.664
9 1890 =4 20 0.5 r () 90 + 2 13.90
10 1979 + 3 r nr r 2342 2~ 13.982
11 2982 4+ 6 4 20+3° 1.5 30f 554549 2+ 14.921k
12 31708 12h 152 163 330 4 100 ot 15.10k
13 3264 + 114 i nr 71 67+44 2~ 15.186%
14 334081 15h 12 182 315 4 100 2+ (0) 15.26%
15 3499 £ 8 4! 15+5¢ 103 1 131 + 184 3~ 15.406%
16 4350 £ 90 © 210 + 38 ¢ 620 =+ 60 © 17;0 16.20
17 4357+ 54 3.7+£05™ 0.44 + 0.06 ™ 7+3° 2.70 +0.25 ¢ 20434 1+;1 16.210
18 4505 £ 12°¢ 534 12° 65 +£8° 0t;0 16.349
19 4612 4+9¢ r 1.114+£0.247 r r 26+ 8¢ 1-4;1¢ 16.449
20 5001 £ 5 41 T+2¢€ ° nr r 28444 3t;0+1° 16.813
21 5300 + 40 © r P 405 443 4 1—;1 17.09
22 5329 + 549 6.7+ 1.0 1.00 £ 0.17 ™ 22¢ 3.90 £0.50 © 33444 11 17.120
23 5487 + 9 d 67 45 a 80+ 84 1751 17.268
24 5848 £ 8¢ 374 8¢ 117+ 15¢ 2F; (1) 17.607
25 6100 + 100 © 500 = 100 © 8754 110° 2~ 17.84
26 6137+ 64 6° () r 26434 1-,27;1 17.877
27 6297 £ 64 nr 4841.9° 13+ 39t 8.9+3.2¢ 28 + 6 37;1% 18.027
28 6490 + 15 © 334+ 12° 150 + 26 2+ 18.208
29 6727 £15° 11+6 97 +41 2+ 18.430
30 6785 £ 6° 17+3 37+6 1~ 18.484
31 7100 + 100 © >3.6m™ u 1+;1 18.78
32 7313 +£9° 71+£31V w w 0.57 £0.49 ° 87+4.1° 4=;1% 18.979
33 7330 4 30 38 <130 >1.840.3 ~ 260 1+ 18.99
34 7420 r ~ 30 ~ 130 2F; (1) 19.08
35 7600 30 Y nr 1.5% 100 2,3;1) 19.25
36 7840 30V () 350 1—;1 19.47
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Table 16.18: Levels of°0 from 15N(p, ), *>N(p, p) and'>N(p, «) (continued)

No. E, | Iy, rp r,r, /T Ty Ta, Tlab Jm T Fx
(keV) (eV) (eV) (keV) (eV) (keV) (keV) (keV) (MeV =+ keV)
37 8289 £ 7°¢ nr 17 £ 622 25410 PP ce r 45 + 10 3;1¢ 19.893
38 8843 £ 17°¢ nr 38 dd dd dd 200 =+ 20 1—-4;1 20.412
39 8990 ee 160 20.55
40 94108 170 ee 2141 320 4 10 171 20.945 =+ 20
41 100008 g 130 1—4 21.50
42 101808 hh r <45 T=0 21.66
43 107008 r g 488 + 20 730 £ 10 171 22.150 + 10
44 114908 120 277 g 69+5 320 4 10 171 22.89 & 10
45 127408 r 130 + 13 590 = 40 1= 1 24.07 & 30
46 13490 =+ 60 230 + 90, or 85bP 360 =+ 60 (2,41 24.76
130 50 1
47 138708 r 651 & 117 i 3150 =+ 320 1= 1 25.12 & 60
48 15250 + 80 740 + 240, or 122Pb i 565 + 85 Kk (2,4t 1 26.41
410 £ 140 1
49 16250 + 100 1070 + 380, or 206°P i 880 + 125 2 a1 27.35
590 4+ 10 1




[AS]

nr = non-resonant

r = resonant

For earlier references see Tables 16.211#7(LAJ032, 16.19 in (977AJ02 and 16.18 in {982AJ0).

2 (1982RE0S.

b (1983LE235.

¢ See (983SNO03.

4 Weighted mean of values obtained HPY83SN031984DA18 and in earlier work [seel@82AJ0)].

© (1984DA18§. See also for calculated,, .

fPpla, /T = 16.4 keV (1983SNO3.

& Nominal £, calculated fromFEy.

b Not observed irpg channel.

1354+ 3keV (s = 1), 15+ 2 keV (s = 0); T'p/T" = 0.78 (1984DA19.

ITpTa, /T = 10.9 keV (1983SNO3.

k See also footnoté in Table 16.18 {982AJ0).

! Broad structures have also been observeliats 3.5 MeV in (a1v) and at 5.7 MeV ind1) and ¢1+2) (1983SN03.

™ T, uncertainties neglect the errorli, /T" (1983SNO03.

n T, /T alsol, ~ 11 eV (1983SNO3.

OTpl, /T =0.48£0.09eV, T, ,/T' =0.62+£0.13eV,Tpl, /' =6.8eV,T', = 1.0eV,Ty; =1.2eV,T',/T' = 0.5 [see, however, values shown 0p andI’] (1983SNO3.
PT, =244 6 (I =0), 246 & 24 keV (I = 2) (1984DA19.

4T, =8eV,IpIy, /I =3.27 + 0.41 eV (1983SN03.

"T, =26V, T, /T =0.69+0.10eV,[',Ty, /T = 1.48 keV (1983SNO3.

STy,; Ty, = 0.76 £ 0.39 eV: see (983SNO3.

tTp, =7.8+£28keV,I'p, ., =27+ 1.2keV; Tpl'y, /T =1.96 £ 0.27€V,TpT,,, /T =031 £0.11eV, Ty, /T = 1.11 £0.26 keV, [T, /T = 4.25 £ 1.00 keV: see {983SNO3.
UT, /T < 0.5, Tply, /T > 1.8+ 0.3 eV (1983SNOJ.

VT, Ty < 0.3eV:see (983SNOJ.

W Ipy =0.98+£0.19keV, I ,, =5.2+£23keV; T, /T = 0.85+£0.01eV, Iy, , /T <0.03eV, Iy, , /T =0.6240.09, 'pla, /T < 0.09 keV: see (983SNO3,
* See also Table 1V in1983SNO3J.

Y See also(983SNO03.

1+ 2.

aa [ (1977CH19. See also{983SNO3.

bb 1, based off'c.m. and values of'y,, /T assumed byl977CH19.

©Tpl, /I =3.9+0.566eV, Ty, , /T =4.48keV,[pIy, /T = 0.52keV, [y, /T = 1.07 keV (1983SNO3.

44T, =388V, /I =188 +3.9eV, Iy, ,,/T = 15.8keV, T, /T = 5.8 keV, I’y Ty, /T = 22 keV; the state is probablyt; T = 1: see (983SNO3.
€€ Resonant irp2.

ff & = 12.9 mb at peak of GDRY9780C0).

88 Resonant impj .

hh Resonant ipo, p1, ps.

Ty, (eV).

1i Apparent resonance in yield aff15.1) (19780CO0).

kk Average of values obtained in this experiment an&?iG(c, y2).



30. 15N(p, 7)160 Qm = 12.12776

The yield ofy-rays has been measured by = 0.15 to 27.4 MeV [see 1982AJ0)] and
for £, = 2.5 10 9.5 MeV (L983SNO3 vy, V142, 73+4; also with polarized protons): observed
resonances are displayed in Talt&18 The~, cross section shows a great deal of structure up
to £, = 17 MeV. Above that energy the, yield decreases monotonically. Besides the GDR
which peaks at0*(22.15) there is evidence for the emergence of a giantstre (E2) with
E, = 24 — 29 MeV in the ;124344 yield (19780C0). A study atE; = 6.25 to 13.75 MeV
(angular distributions and asymmetry measurements) showis2 strength oft + 1.5% of the
isoscalar EWSR in excess of that due to direct capture albme.excess lies entirely above =
23 MeV (1983MAZH; prelim.) Differential cross sections fof, and several other (unresolved)
v-rays atk, ~ 28 to 48 MeV generally show a broad bumpZat ~ 34 [£2 MeV (extimate by
reviewer)]: the angular distributions show a dominant Edrabhter {983AN12 1983AN16. See
also (L986BRZZ prelim.).

A study of the M1 decays 0f0*(16.21, 17.14) [both/™; T = 1*; 1] to °0*(6.05) finds
B(M1, 17 — 03)/B(M1, 1T — 0f) = 0.48 £ 0.03 and0.55 + 0.04, respectively.*O*(18.03) is
due to a3~; 1 state with a strengthi,I",, /T = 1.96 + 0.27 eV and'°0*(18.98) is due to the ~; 1
stretched particle-hole state with a strength0of§ + 0.10) eV (1983SNO03J. See alsol983SNOJ
for the identification of analog states N and in'®O, and for a discussion of Gamow-Teller
matrix elements il = 14 — 18 nuclei.

For astrophysical considerations sd®§2AJ0) and (L981BA2F, 1982BA8Q 1982R0O1A.
See also Tabl#6.11here, (983RA1G 1984JEZY), (1981GA1M 1983G0OZU1985BL1B 1986WE1D
and (1984CA18 1984CA19 1984SE161985CH27 1986AD1RB theor.).

31.15N(p, n)*0 Qm = —3.5363 B, = 12.12776

Excitation functions and cross sections have been measordd, = 3.8 to 19.0 MeV: see
(1982AJ0). For alisting of observed resonances see TabléQ (1983BY03 have measured the
polarization and analyzing power for the group for £; = 4.5 to 11.3 MeV and have deduced
integrated cross sections. See alk®32BY1A) and (L981NE1B theor.).

32. (8)"’N(p, p)*°N E, = 12.12776
(b) *N(p, )'*C Qu = 4.9656
(c) ’N(p, *He)**C Qum = —10.6658

Elastic scattering studies have been reportedtipr= 0.6 to 15 MeV [see {982AJ0)] and
E; = 2.7t0 7.0 MeV (1984DA19. In the rangel, = 2.5 t0 9.5 MeV (1983SNO03 also incident
polarized protons) have studied angular distributionsexwitation functions for thep(,,v) and
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Table 16.19: Resonances'itN(p, n)*0?

E, Lem (keV) | J5 TP | B, (MeV)
(MeV =+ keV)
4.37+15 19+6 141 16.22
4.45 + 30 240 + 30 0-) 16.30
5.35 £ 15 33+5 1):1 17.14
5.52 4+ 15 90 + 10 1-;1 17.30
5.88 + 15 59 + 10 >1;1 17.64
6.12 + 15 101 £+ 10 >1:1 17.86
6.23+15° < 50 T = 17.96
6.33 + 15 26+ 5 >1;1 18.06
6.43 % 30 ~ 300 18.15
6.76 £ 25 ~ 160 18.46
7.03 % 30 260 + 30 18.71
7.59 + 25 90 + 10 27:1 19.24
7.86 + 30 300 + 80 19.49
8.30 + 25 120 + 40 19.90
8.88 4401 200 + 50 2 20.45
9.08 4 40 130 4 50 20.63
9.42 + 100 235 + 45 20.95
10.73 + 100 800 + 95 1 22.18
11.01 + 100 300 + 100 22.44
11.92 4 100 520 + 200 23.29
13.03 + 100 520 + 100 24.33
13.63 + 100 ~ 280 2,4 24.89
15.12 4 100 610 + 140 2,4 26.29
18.4 £ 200 470 £ 150 29.4

& For references see Table 16.191982AJ0).

b Assignments are from (p, n) and (p) results. Thel-assignments
are made on the basis of energy and width comparisons witsst&

IGN.

¢ Probably a doublet.

4 Values of(2J + 1)I',, 'y, /I'? are derived for this resonance and

the ones below: sed 978CHO09.
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(ps7) transitions. Excitation functions fer, anda, particles [corresponding t6C*(0, 4.43)] and
of 4.43 MeV v-rays have been measured 5 = 93 keV to 45 MeV [see 1982AJ0)] and at
E, = 77.6 to 810 keV (L982RE06 o) and 2.5 to 9.5 MeV 1983SNO3 also incident polarized
protons;a;v). The yield of 15.1 MeV~y-rays has been measured By = 12.5 to 17.7 MeV
(19780C0). Observed anomalies and resonances are displayed in Talil@

A phase shift analysis of angular distributions of crossise@nd analyzing power for elastic
scattering has yielded information on maly states in the rangg, = 14.8 to 18.6 MeV. In
particular a broad™ = 27, 7" = 1 state at 17.8 MeV appears to be the analog of the 1gdh, (
p1_/12) 16N state atE, ~ 5.0 MeV. The isospin mixing of th@~ states'®0*(12.53, 12.97) has
been studied byl©83LE2Y: the charge dependent matrix element responsible for tkimgnis
deduced to b&81 + 10 keV.

The o yield and angular distribution study b 82REO0) leads to a zero-energy intercept
of the astrophysicab(£) factor, S(0) = 65 + 4 MeV - b. See {982AJ0) for the earlier work
and (L983MAS83, (1981BA2F 1982BA8(Q astrophysics),982MA1R 1983AM1D, 1983DAL1L,
1983FR1M 1986AM1B 1986FR1L, 1986SA4] applied) and 1983KL1B, 1985KL04 theor.).
For reaction (c) seelP86PO1N.

Table 16.20: States ilfO from '>N(d, n), '>’N(*He, d),'7O(d, t) and'"O(He, a)

160% (MeV) J™ T B e se e [ezse] if St
0 0t:0 1 1 3.1 2 0.74 2 0.88
6.05 0+;0 1 d 2 0.009
6.13 3-;0 2 2 1 0.46 1] 0.37
6.92 2+;0 | notdirect| 1+3 4 | obs. (240) 0.022
7.12 1—;0 0 0+2 1 0.04 | 3+1) 0.007
8.87 27:;0 2 2 0.72| 1 0.33 1] 0.26

9.59 1—;0 0 d
9.84 2+;0 1 not direct| 9 2 0.025
10.36 4+:0 3 d 2 0.025
10.96 0-;0 0 0 0.76 (3+1) 0.008
11.08 370 3 3 0.18 2 0.044 or
0.086
11.26 0t;0 broad
12.44 1—;0 0 0 0.40
12.53 27,0 2 2 072 1 0.07
12.80 0—;1 0 0 0.44
12.97 27:1 2 2 040 1 0.69 1] 0.38
13.09 1-:1 (0) 0.58 1 0.10
2(+0)
13.13¢ 370 ) 0.32
13.26 37:1 2 2 046 | 1 0.70 1] 0.34
160% (MeV) JT T B 1P sclie[c2se] 1t [ST[T(kev)
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Table 16.20: States itfO from '°N(d, n), ">N(®He, d),'7O(d, t) and'"O(*He, «) (con-

tinued)
160* (MeV) J* T 1 b Se | 1° | C%8¢ lf S f
15.20 2-;0° 1 0.12 ]
15.41 3-;0° 1 0.37 ]
17.14 obs.
17.20 2t obs.
17.788 4+ 161 47,0 0.17 ] < 50
18.033 £ 101 3t;1h (1) | 0.12
160* (MeV +keV) | J™; T e C?S e f I' (keV)
18.48 T=1 (1) 0.25 j
18.9754+ 101 41 1 0.73 j
19.206 4+ 121 37;1h 1 0.50 j 68 & 10
19.8024+ 161 47,0 1 0.52 j 3645
20.41 (2,4)7;1 1 0.21 j

2 15N(d, n); Eq = 4.8 to 6 MeV; see {977AJ03 for references.

b 15N(3He, d); E(*He)= 11, 16.0 and 24.0 MeV; sed §77AJ02.

¢ “Best” values from (d, n) and®He, d) data. See Table 16.22 97 7AJ02 for a more complete display.

4 Very small value ofS: see (977AJ02.

¢ 170(d, t); Eq = 52 MeV.

f170(He, o); E(*He)= 11 MeV.

e =128 keV.

'] am indebted to Prof. H.T. Richards for an illuminating dission of the evidence for the parameters of this state.
70 He, ).

7(1982KA12; E(*He) = 33 MeV.

33. ’N(d, n)}*0 Qm = 9.9030

Observed neutron groupsyalues and spectroscopic factors are displayed in Teh2Q See
also (L984HEZ2)).

34. 15N(He, d)°0 Qum = 6.6340

See Tabld 6.2Q

35. 16N(3-)160 Qum = 10.419
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Table 16.21: Beta decay of the ground staté’df?

Final state Branch log ft
160* (MeV) | J™ (%)

0 0t 27.94+0.5% 9.069 4 0.005 ©

28.14+0.64"

6.05 0+ (1.2£0.4) x 1072 | 9.96+£0.15¢

6.13 3- 66.240.6° 4.48 £0.04

7.12 1- 4.8 +0.4 5.11 4 0.04

8.87 2- 1.06 £ 0.07 4 4.41 £0.034

9.59 17 | (1.20 £ 0.05) x 1073 | 6.1240.05

9.84 2 | (6.54+2.0)x 1077 | 9.07+£0.13°¢

2 (1984WAO7.

b (1985HE0$. “Best” value is(28.0 4 0.4)%.

¢ Recalculated so that the sum of the branche$)0%.
4 E.K. Warburton, private communication.

¢ log fit.

The ground state of N decays to seven states '60: reported branching ratios are listed in
Table16.21 The ground state transition has the unique first-forbidsliespe corresponding to
AJ = 2, yes, fixingJ™ of 1N as2~: see ((959AJ7§. For the3-decay of'®N*(0.12) see reaction
1in'N. For an analysis of shape of tH&\ beta spectrum se&$84WAQ7Y.

The a-decay of!0*(8.87, 9.59, 9.84) has been observed: sE&7(AJ0). The parity-
forbiddena-decay from the~ state'*0*(8.87) has been reported’, = (1.03 + 0.28) x 10~1°
eV [E, = 1282 + 5 keV]: see ((977AJ02.

Transition energies derived fromray measurements aréi, = 6130.40 + 0.04 keV [E, =
6129.142 £ 0.032 keV (1982SH2J] and 7116.85 + 0.14 keV [E, = 7115.15 £+ 0.14 keV]: see
(1977AJ02. See also p. 16 inlO820L0).

36. (2)'90(y, n)**0 Qum = —15.6639
(b) 1°0(v, 2n)4O Qum = —28.8863
(c) °O(y, pn)“N Qm = —22.9609
(d) 10(y, 2d)12C Qm = —31.0087

The absorption cross section and ther() cross section are marked by a number of resonances.
On the basis of monoenergetic photon data, excited staté©adire observed af, = 17.3[u],
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19.3[u] and 21.0 MeV [u= unresolved], followed by the giant resonance whose prai@fruc-
tures are at 22.1 and 24.1 MeV, with additional structure83aand 25 MeV: seel@77AJ02
1983BEO0). The integrated nuclear absorption cross sectiortfor= 10 to 30 MeV is182 + 16
MeV - mb (1983SH3%. See also reaction 38. The,(1n) cross section has been measured for
E, = 17 to 33 MeV: in that energy interval they( 2n) cross section is negligible. The cross
section for formation of the GDR at 22.1 MeV i8.0 + 0.4 mb and the integrated cross section
to 30 MeV is54.8 + 5 MeV - mb. There is apparently significant single particle holdtexion of
160 near 28 MeV and significant collectivity of the GDR. A shaigeris observed in the average
E, above 26 MeV (983BEO0). See also1982BE2§. The cross section fory( ny) decreases
monotonically fort, = 25.5 to 43.8 MeV. In the rang80 — 35 MeV the E2 cross section exhausts
about 4% of the isovector E2 EWSRY84KU2J). Over the range 25.5 to 43.8 MeV it exhausts
~ 68% of the isovector E2 EWSRLO79PHO0Y.

The absorption cross section has been measured ffigm= 10 MeV to above the meson
threshold: seel@82AJ0). The ¢, 1n), ¢y, 2n) and ¢, Tn) cross sections have been studied with
monoenergetic photons fdf, = 24 to 133 MeV. Above 60 MeV, the main reaction mechanisms
appear to be absorption of the photons by a correlated nrprpidie nucleus: the integrated cross
section from threshold to 140 MeV i1 4+ 16 MeV - mb (1982CAQ05. For differential cross
sections involving they, and n, groups seel(982G009 1982SCO02 in *O (1986AJ0). For
reaction (b) and pion production seE982C0OZ\). For the hadron production cross section over
the range 0.25to 2.7 GeV seEO83AR2).

See alsol982AJ0) and (L982RO1Y, (1982VIO7 applied), (981SP1D1982DE1H 1982JU03
1982L.O1B BL83,1983BL12 1985AH06 1985FU1CG1985H0271985NA1D 1985PY011985SH1p
and (1981DE181981GA1M 19810S1A1981WE1G1982CA01 1982ME081983BE1l 1983BE45
1983B0O1G1983BO1B1983CA22 1983HE181983KA28 1984CA181984CA191984CH1R
1984GL11 1984K033 1984M0O13 1984R0051985C0O011985EM02 1985GI1G theor.).

37. (8)'°O(y, p)*°N Qm = —12.12776
(b) 1°O(y, d)“N Qm = —20.7363
(c) 0O(y, a)2C Qun = —7.16195
(d) 150(y, 7)I°N Qum = —149.986
(€)1°O(y, m)F Qm = —154.984

The (y, py) cross section derived from the inverse capture reactegc{ron 30) confirms the
giant resonance structure indicated above in reactions3# also the directy p,) measurements.
For the earlier work seel82AJ0). (1981WI09 have used linearly polarized bremsstrahlung
photons with,, = 22 and 30 MeV. This work confirms® for 10*(16.2), a broad E1 state nearby,
and1~ for 10*(17.3) [not resolved from®O*(17.1)] (L1981WI109. These results are in agreement
with the results from®N(p, 7): see Tablel6.18 Proton spectra have been measuref.ats 360
MeV by (1984H0O23. Differential cross sections have been determined fompthe,  » and g
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groups forE, = 101.5 to 382 MeV (L985LEQ7 and for the p group at 196 MeV 1985TU03J.
The latter data are in disagreement with calculations whicbrporate meson exchange afd
amplitudes {985TU03J. See alsd®N in (1986AJ0) and (L981WI09 1985ADZW).

For reaction (b) se€l82AJ0). A study of the'®O(y, ) reaction a¥) = 45° and90° shows
a2' resonance ab, = 18.2 MeV with an E2 strength which is spread out over a wide energy
interval. A strong resonance corresponding to an isogpibiddenl — state att, ~ 21.1 MeV
is also observedl@75SK0§. For pion production (reactions (d)) s&#N. See also1983JE08
1984H023. See also{982SA1A astrophysics),(981GA1M 1981SP1D1985FU1G1985H0O27
1985MA1Q and (1981B0O381982CA01 1982DE2C1982DU1A 1983B0O1B 1983BO1H 1983CA22
1983CI113 1983HE18 1983PE1E1984BE1Z 1984CA18 1984CA19 1984CH1R 1985CH27
1985GI1G 1986CHO051986HO11 theor.).

38.160(y, 7)f0

(1970AHO2 report resonances at, = 22.54+0.3, 25.2+0.3, 31.8 £ 0.6 and50 £ 3 MeV: the
dipole sum up to 80 MeV exceeds the classical value by a factor(1983D0O0% have measured
the elastic photon scattering cross sectionfor= 25 to 39 MeV. The E2 strength i525™ 7 of
the total EWSR over that interval. The widths'60*(6.92, 7.12) are, respectively4 + 4 and
54 + 4 meV (1985M0O10: see also Tablé6.11

See also(984NA19, (1985NA1D and (L983CA1R 1984MA1W, theor.).

39. (a)'°0O(e, e}°O
(b) *O(e, ep)°N Qm = —12.12776

The '°0O charge radius= 2.710 & 0.015 fm (1978KI01). Form factors for transitions to the
ground and to excited states'60 have been reported in many earlier studies [$68ZAJ0)], by
(1982N0O04 0*(6.92)), by (1986BU02 1°O*(6.05, 6.13, 6.92, 7.12, 9.84, 10.36, 11.10, 11.52,
12.05)) and by1985HY 1A see Tabld6.22. The form factor for®0*(9.84) indicates a transition
density peaked in the interiot §86BU02J. Table16.22lists the excited states observed from (e,
€). (1983KU14 E. = 30.2 to 59.3 MeV) find that the energy-weighted M2 strength is lyear
exhausted by the M2 states which have been observed. Thendosbidden (E1) excitation of
160*(7.12) is reported: the isovector contribution integ®mestructively with the isoscalar part
and has a strengtly 1% of theT' = 0 amplitude. Thed™ states of'°0*(6.05, 12.05, 14.00)
saturate~ 19% of an isoscalar monopole sum rule. As for the E2 strengthdistributed over a
wide energy region: see Tahlé.22 and ((982AJ0) for references.
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Table 16.22: Excited states observed‘d(e, €)'1°0 2

E, J™; T | Mult. e, I, (ev)
(MeV + keV) (keV)
6.05 0+ Co 3.55 £0.21°¢
6.13 3~ C3 (2.60 £ 0.13) x 107°
6.92 2+ C2 0.105 4 0.007
7.12 1- C1 (4.6 +2.3) x 1072
8.87" 2- M2
9.84 2+ Cc2 (8.841.7) x 1073
10.36 4+ Cc4 (5.6 +2.0) x 1078
11.52 2+ C2 0.61 +0.02
12.05 0+ Co 4.03 £0.09 ©
12.44> 1- C1
12.53P 2~ M2 0.021 4 0.006
12.97° 2- M2 0.071 #+ 0.002
13.02 2+ C2 0.89
13.10 & 250 131 | C1 <49+ 13
13.26" 3~ C3
13.87° 4+ C4
14.00 £ 50 P 0F Co 170 £ 50 3.34+0.7°
~ 14.7" ~ 600
14.93P 2+ Cc2
15.15 4 150 2+ C2 500 =+ 200 1.04+0.5
15.20° 2~ M2
15.41° 3” C3
~ 15.85P ~ 600
16224+ 10> | 1+;1 | M1 18 +3 3.240.3
16.45 + 10 >4 2+ C2 3244 0.18 +0.01
16.82 + 10 P4 2- M2 30+ 5 0.05 £ 0.01
17144+ 10> | 1+;1 | M1 <25 6.1+0.5
17.30 £ 104 1- C1 70 + 10 34+23
17.774 + 17" 47:0 | M4
17.78 410 ¢° 2~ M2 0.07 4 0.01
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Table 16.22: Excited states observed‘i®(e, €)'°O * (continued)

B, J™ T | Mult. | R I, (ev)
(MeV + keV) (keV)
17.880 + 15" 4+ C4
18.021 + 23" 37;1
1820+ 101 2+ C2 280 + 20 1.68 £ 0.22
18.50 4 10 P 2~ M2 70+ 5 0.38 £0.07
18.635+20" (4~ 35+ 30
1879+ 101 11 | M1 120 4 20 5.3+0.3
18968 +17>F | 47;1 | M4
19.024+40% | 27;1 | M2 420 + 50 2.52 +0.38
19.206 £ 12° 37;1 | C3
19.43+£20" 131 ] C1 150 + 15 40 4 20
20.19+40° M2 450 £ 70 29+1.0
20.34 £ 25" ~ 200
20.51£25"P (4") 50 % 30
20.88" ~ 90
20.95 4 50 131 ] C1 270 + 70 180 + 50
~ 21.46 P ~ 300
22.60 +20 P 90 =+ 40
23.0
23.7 + 250 (27;1)
24.2
25.5 £ 250 131 | C1
26.7 + 250 1t M1
44.5 (17;1) 2000 — 3000 5300
49 (17;1) 2000 — 3000 19000
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& See also Table 16.26 in971AJ02. For references see Table 16.241977AJ02. See also the text.
b (1985HY1A momentum transfer range 0.8 to 2.5fh). | am indebted to Drs. C.E. Hyde-Wright
and B.L. Berman for communicating these results to me.

¢ Monopole matrix element in i

4 (1983KU19.

¢ An unresolved complex of M1 strength has a centroidat~ 17.7 MeV: the totall’,, is 7.4 = 1.9
eV (1983KU14.

f See also1986MA49.

& The total cross sectionF = 18.7 — 19.4 MeV) is 12% M1 and 88% M2, leading to
B(M1)!= 0.13 + 0.03 p% and B(M2)1= 341 + 51 p% - fm* A. Richter (private communica-
tion). | am greatly indebted to Professor Richter for his ocments.

A study of reaction (b) at 500 MeV shows separation energie2@ and 18.5 MeV, cor-
responding td®N*(0, 6.32) (1982BE02 studied the momentum distribution of the recoiling nu-
cleus). AtE, = 112—130 MeVin (e, €) the excitation of°0*(11.52, 12.05, 22.3) and some other
state is reported. The (e, ep) and (e) processes lead to the excitation'®f*(0, 6.32) and of
12C*(0, 4.44) (1982V005 1983VO1FE 1984V0O1G 1984VOZW). The inelastic cross section for
730 MeV electrons has been measured I884OCO0): the quasi-free peak occurs at an energy
loss 0f120 + 5 MeV and theA-peak a375 4+ 10 MeV. The peak cross sections per nucleon are in
agreement with those measured for other light nude8¢d OCO).

See alsol983KEZ2), (1981RI1A 1982BE1J1982BE1A 1982DE1K 1982RI1B 1983BE36
1983CO0O181983KE1R 1983SI1K 1983TR1J1985BE1K 1985K044 and (L981AG1B 1981DU16
1981DU19 19811511 1981K041 1981LI1X, 1981ME1H 1981TO1N 1981VA1IN 1982AV0§
1982B028 1982ER05 1982FA04 1983BE29 1983BR1R 1983CA1M 1983C015 1983RI07
1984BA52 1984C0O11984DE021984LA28 1984M0O131984NE1G 1984WA1J) 1985BA26
1985B0O131985CA17 1985CA38 1985CA37 1985C0O011985DE161985FUZZ 1985KE1A
1985K006 1985N102 1985PE141985P110 1985TR031986FR021986WALT, theor.).

40.50(x*, 7)150

Angular distributions of elastically scattered pions hbaeen studied ab.- = 20 to 240 MeV
and at 1 GeW as well as at,+ = 20 to 315 MeV [see 1982AJ0)] and recently atv,+ = 20
MeV (19830B02 and 48.3 and 62.8 MeV1P85BA27, at £+ = 114 MeV (1985DHO0), at
E.- =115, 163 and 244 MeV1982BA72 back angles). See als®984BU1\). At E,+ = 164
MeV 160*(0, 6.1,6.9 + 7.1, 11.5, 17.8, 19.0, 19.8) are relatively strongly populafBee 7+ and
7~ cross sections t0*(17.8, 19.8) [™ = 4—; T = 0] are substantially different while those
to 10*(19.0) 4—; 1] are equal. Isospin mixing is suggested with off-diadaharge-dependent
mixing matrix elements of-147 + 25 and —99 + 17 keV (1980HO13. [See also reaction 62].
Differential cross sections fofO*(6.1) are reported af, = 164 MeV by (1984BL17. For a
study of the angular distribution of 6.13 Me)rays at 2.0 Ge\W/see (984KI22. At E.+ = 240
MeV the inelastic pion scattering is dominated by a singlasiffiree pion-nucleon interaction
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mechanism 1983IN02: this is not the case at energies below thaesonance (114 and 163
MeV). See alsol985BLZ2).

For astudy of £*, 7*p) and ¢r—, 7 n) atE,~ = 165 MeV see ((982P10§. See also the “Gen-
eral” section here, J084BA1B 1984BUZZ 1986DHZ2) and (L1982FR1719820S011982RE15
1983CAQ5 theor.).

41.1°0(n, n)°0O

Angular distributions have been measuredvato 24 MeV [see {982AJ0)] and recently at
E, = 9.2t0 15 MeV (1983DA22 ny) and 18 to 26 MeV 1985PE10n,) [see also 1983ISZW,
1984FI1M 19841S7Z 1985FIZW, prelim.: n to'%0*(6.13, 6.92, 8.87, 9.63))] and &, = 23
MeV (1985LA13 ny). See also985PE1C 19861SZ7, (1982A003 1982B0O24 1982L113
1985DI1B 1985G01Y, 1985LI1R, 1986DE1(Qtheor.) and’O.

42. (a)'°O(p, B)'°O

(b) 1°O(p, 2p)°0O Qm = —12.12776
(c) 150(p, pd)*N Qm = —20.7363
(d) 15O(p, pt)*N Qum = —25.0325
(e) 150(p, p)'2C Qm = —7.16195

(f) *O@, p)'°O

Angular distributions of elastically and inelasticallyastered protons have been measured at
many energies up tb, = 1000 MeV [see (L982AJ0)] and recently at/; ~ 6.5 MeV (1982SE01
Po), 35 MeV (19860H1G p to 1°0*(10.96, 12.80); both 0), 65 MeV (1982SA19 p,), 65 MeV
(1984HO17 p to 150*(10.96, 12.80)), 135 MeV1986KEOQS5 p;), 200 MeV (L985GL01% py), 318
and 498 MeV (9861010 p to °0*(10.36, 11.52) and others), and 1 GeVAB5AL1E p,), as
well as atE, = 135 MeV (1984AMO04 p to many states [see Tahl®.23; see for deformation
parameters and electromagnetic transition rates). Péeasrad the observed groups are displayed
in Table16.23 For polarization transfer coefficients to the dtates'°0*(17.8, 19.0, 19.8) see
(1985WIZW;, E5 = 200 MeV). See alsoX986LO1D). For a study of the spin rotation parameter
at 5 = 800 MeV see ((986FEO).

For reaction (b) seelP85BE30 1 GeV). For reactions (c) and (d) seE982SA24 101.3
MeV). See also{982REZJ. For the (p, pn) reaction se@483WA1G 1984WA21, 1985BE30).

For reaction (e) sed P84CAQ9 E, = 101.5 MeV). See also{984VDZZ, 1985VDZX) and'*Cin
(1990AJ0). See alsol981NA14 1982BE1E 1983BEYW, 1983FIZW, 1983HYZZ 1983KEZZ
1983LOZW), (1982BE1A 1982DE1K 1983BE1A 1983KE1B 1983SC1G1984GE1A 1984L125
1985PE101986GL1G 19861SZ3, (1981IL1A 1981KO1J)1981ME1H 1981PI111 1981VALL,
1982CH1R1982HAO0S 1982KA14 1982K023 1982NA13 1982SA371982ST1G1982WA1H
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1983DI09 1983EL1Q 1983G01V 1983G0101983IK1B, 1983KA1A, 1983KO1RB 1983LY07,
1983LI1R 1983SH051983SM04 1983TU1R 1984BA52 1984G0041984HY0] 1984KO1X
1984PHO02 1984PI05 1984PI117 1984W012 1985AU1G 1985CH10 1985CH31 1985GA1N
1985G0O1Y 1985HE1DQ 1985HY0] 1985KE1A 1985K037 1985NA1E 1985PE141985VD03
1986DE1G 1986DE1() 1986KU1D, 1986LO1A theor.) and”F. The elastic scattering of 178.4
MeV antiprotons has been studied BPB6BR0OJ. See also the “General” section here.

Table 16.23: Excited states §fO from '6O(p, p), (d, d), *He,*H¢) and @, /) @

No. E.P L" E.° E. 4 E.° Le rb Jm,Th
(MeV + keV) (MeV) (MeV + keV) (MeV + keV) (keV)
1 6.05
2 6.13f 3 6.13 6.13" 6.13 3 37:0
3 6.92f 2 6.92 6.924 6.92 2 2+, 0 df
4 7.12f 1 7.12 7.12 1 17;0
5 8.87 8.87 8.87+ 304 8.87 32
6 9.84f 2 9.85 9.84 + 30 9.85 2 2+, 0 df
7| 1035+20F 4 10.34 10.35 4+ 30 10.35 + 30 4 4%;0
8 | 10.95+30%8 1 10.95 0-;0
9 | 11.10+20f 4 11.10 11.09+ 30" 11.10 + 30 4 4+ 0
10 | 11.52+20° 2 11.52 11.52+304 11.52+ 30 2 T4+ 4 2.0
11 | 12.05+20° 12.05 12.04 4+ 30 12.05 + 30 (0) 0t;0
12 12.44 12.44 1 17;0
13 | 12.53+20 1 12.53 12.51 4+ 30
14 12.80¢ 0-;
15 | 13.024+20 2 13.1h 13.11 430 13.074+20" 2 2+,
16 | 13.264 30 3 371
17 13.66
18 | 13.954+50 | (0+4) 13.97 4+ 30 13.954+50" | 4 4+ 0
19 14.94 4+ 30 14.87 + 100 6 6"
20 | 15.26 450 (3) 15.4
21 | 1550+30f 3 15.50 + 50 3 200 =+ 60 37,0
22 | 16.52+50 2 16.46 4 30 16.40 & 100 < 100 2+t
23 | 16.93+50 (3)
24 | 17254501 17.19 + 30 17.25 4+ 80 ) 160 + 60 1t;0f
25 | 17.79 440 (3) 17.8 17.83 + 100 150 4 60 470
26 | 18.15+50 (2) 18.0 + 100 2 300 + 50 (2+);0
27 | 18.40 + 100 2 18.52 4 30 18.5 + 100 2 250 + 50 2+:0
28 | 18.60+ 100 18.70£100 | (3) 280+ 80"
29 | 18.98 440 (3) 19.09 + 30 < 100 41
30 | 19.35+80 (1)
31 | 19.56+50° 19.50+100 | (2,3)| 300+ 50 370
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Table 16.23: Excited states fO from 60O(p,

(continued)

f), (d, d), (®*He, 3H¢) and @, o/) #

No. E."P Lb E,°© E, 1 E.° Le rb J* TP
(MeV =+ keV) (MeV) (MeV =+ keV) (MeV =+ keV) (keV)

32 19.80 + 40 3 < 100 47,0

33 20.2 4+ 200" 20.15+ 100 2 350 £+ 50 27:0

34 20.56 + 80 1, 2) 370 4+ 100

35 21.05 £ 50 1 21.0 £ 100 2 320 £ 50 (2*; 0)

36 21.6 £ 200 1000 £ 300 2t

37 21.80 + 80 1 21.85+ 100 2 400 £+ 50 (27;0)

38 22.40 + 80 1,2 420 4+ 100 1—;1

39 22.5 4+ 100 400 £ 50 (2+,37);0

40 23.20 £ 80 1 600 £ 200 1—;1

41 23.50 + 150 23.25+ 100 2 400 4+ 50 2.0

42 23.85 4+ 100 (0) 400+50 | (2+,0%):;0

43 24.00 £+ 100 1,2 1200 £ 300 1—;1

44 24.4 + 100 400 £ 50 (2%,37);0

45 25.15 £ 300 2800 4 600 2

46 25.50 £ 150 (1) 1300 £ 300 1—;1

@ For references see Table 16.241982AJ0).
" (p, F)

¢ (d, d). Energies are nominal{100 to 4+-260 keV); angular distributions reported to all but last state.

4 (3He, *H¥).
¢ (a, o).

f (1984AMO4: E, = 135 MeV.
¢ (1984HO1Y; E; = 65 MeV.
h Unresolved states.

43.150(d, d)'60

Angular distribution studies have been carried outAguup to 81.6 MeV [seel(982AJ0)] and

recently atFy = 20.5 MeV (1984FR14d,) and 200, 400 and 700 Me\1986VA1N). Observed
deuteron groups are displayed in Tal&.23 For a polarization study ab; = 56 MeV see
(1986MA2M). See alsd®F in (1987AJ02 and (L981RO1T 1982A003 1982C0O101982GA1E
1982NI1B 1982TH02 1982TH09 19831C01 1985HO19theor.).
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44.150(t, 1)1°0

Angular distributions are reported fdr, to 20.01 MeV: see1977AJ03. See alsoF in
(1983AJ0) and (L982A0031982KU04 1982NI1B 1985HO191986WA1R 1986WA1U theor.).

45.1°0(He, *He)'°0

Angular distributions have been measuredi@He) = 132 MeV [see (L982AJ0)] and, re-
cently, at 14 MeV {982AB09, 25 MeV (1982VE13 and 40.9 MeV {982AL19 for the elastic
group. The matter radius?)'/? = 2.46 +0.12 fm (1982VE13. Inelastic groups are shown in Ta-
ble 16.23 See alsoX982TA0S and (1981C0O151982NI1B 1985HA11 1985H0O191986WAL1R
1986WA1U theor.)

46. (2)'50O(a, o)'50
(b) 50(av, 20)2C O = —7.16195

Angular distributions of-particles have been measured ugto= 146 MeV [see ((982AJ0)]
and recently atv, = 3.5 t0 4.9 MeV (1981BU27 «y), 9.52 to 9.80 MeV 1981GA35 and 39.3
to 69.5 MeV (1983MI22 «ay). Differential cross sections have also been measuréfj at 9.2 to
13.5 MeV () and 12.4 to 13.45 MeV(, as) (1985CA09 and at 14.70 to 20.4 MeWy,) and
18.0 to 20.4 MeV ;) (1984RI10§: see’’Ne in (1983AJ01 1987AJ03. Observed excited states
are displayed in Tabl#6.23

Angular correlations (reaction (b)) have been studietf@ ;. at £, = 23.0 to 27.5 MeV to
try to determine if a 3 state exists near the" state'°0*(9.84): the evidence is strong that this
is not the casel@83FR14. The isoscalar (E2" = 0) giant resonance decays predominantly via
the a; channel which contains: 40% of the E2 EWSR, rather than via tihg andp, channels
(1978KN02 E, = 155 MeV). For the ¢, ad), (o, at) and ¢, a*He) reactions aty, = 139.2
MeV, see (982SA23.

See alsol983SA071984SA2819851SZ0), (1981SP1D1981VA1M, 1983CH1B and (L981BA2Q
1981FI1B 1981GY01 1981LA13 1981SP1C1982A01B8 1982A003 1982A01F 1982BU1D
1982DI11D0 1982FL1A 1982JA07 1982LA04 1982LE23 1982WA13 1982Y10], 1983BR1V,
1983BU15 1983CH53 1983CI104 19830K06 1983SA1L, 1983SM1B 1983WI12 1984CH41
1984G004 1984HO0§ 1984JA03 1984KR1Q 1984LA01, 1984LI28 1984L01C 1984PR09
1984SA1T 1985H0191985MI11, 1985SA091986HO1Y 1985MAZZ theor.).

47. (2)'SO(Li, 5Li) 150
(b) 'O("Li, "Li) 60
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Elastic angular distributions for reaction (a) have beeasneed af(°Li) = 4.5 to 50.6 MeV
and E(*°0) = 36 to 51 MeV [see Tables 16.25 i1977AJ02 and 16.23 in {982AJ0}] and
recently atE(°Li) = 36 MeV (1982W009, 48 MeV (1984C0O0% and 75.4 MeV [981TA23,
as well as atZ(°Li) = 25.7 MeV and E(*°0) = 68.6 MeV (1984VI101, 1985C02] 1985VI03
also t0'0*(6.13) and partially td’Li*(2.19)) and atE(°Li) = 35.3 MeV and E(*°0) = 94.2
MeV (1984VI102. See alsdLiin (1988AJ0). For studies of dx angular correlations sééNe in
(1983AJ011987AJ02. For a fusion cross section study sé8§6MA19.

Elastic distributions for reaction (b) have been studietl@ti) = 9.0 to 20 and at 68 MeV [see
Tables 16.25in1977AJ0% and 16.23in{982AJ0}] as well as af’("Li) = 50 MeV (1984CO20.
For fusion cross section studies s&é8§4MA28 1986MA19. See alsoX986MO1E 1986SA2R
and (L982AL02 1982GU211982RA221983BU151983J01A1983KH1A 1984WI08 1985SA13
theor.).

48.1°0(°Be,Be)'°O

Elastic angular distributions have been reported@Be) = 20 to 27.4 MeV and=(*°0) = 15
to 29.5 MeV [see Table 16.23 i1982AJ0)] and recently atv(°Be) = 43 MeV (1985WI18,
140 MeV (984FUZ2 and 157.7 MeV 1983SA20Q 1984FU1(. For fusion cross sections see
(1982AJ011982BE5J. See also(981ST1P1983B113 1983DA10 and (L981GR171982GU2]
1983GR181984HA43 theor.).

49, (a)IGO(IOB, IOB)IGO
(b) 160(11 B, 118)160

Angular distributions have been reported/2'°B) = 33.7 to 100 MeV and atE(}!B) =
41.6, 49.5 and 115 MeV: see Table 16.23 itDB2AJ0). For fusion cross section measurements
(reaction (a)) seel@82AJ0) and (1984G0O0%. See also1981ST1R 1983BI13 1984FR1A
1984HA53 and (1983CI08 1983G0131985HU04 theor.).

50. (a)160(12C’ 12c)160
(b) 0(*2C, o'2C)12C Qum = —7.16195

Angular distributions have been reported at many energie¢'f O) = 315 MeV [see ((982AJ0)]
and recently af7(1°0) = 15.8 to 26.3 MeV (L983FR02 elastic), 34.1 to 36.8 MeV1082WI04
elastic), 62, 80, 100, 125 and 150 MelYOB5BE4() elastic) and 1503 MeV1085R0O083 elastic).
See also1986BRZY). Most of the studies of this reaction have involved yield @noss section
measurements, as they apply to compound structuréSin fusion cross sections and evapo-
ration residues: sed 982AJ0) and (L980CO081981RA2() 1981TA24 1982BR1R1982C022
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1982FR041982WI104 1983CHZX 1983FR021983G0111983KA01[alignment of *O*(6.13)],
1983KA1Q 1983LA07 1983ME04 1983ME1(Q 1983SC291983VO1A 1984BE221984HU02
1984MU04 1985BE4(Q 1985CA01 1985KA03 1985MU193. See alsoX982HUZV, 1983DELY,
1983KL1A 1984RU1A.

At E(*50) = 100 MeV members of thek™ = 0 [16O*(6.05, 6.92, 10.35, 16.3)] and™ =
0~ bands [°0*(9.63, 11.60, 14.67)] are reported to be preferentiatpydated {984PO0). In
reaction (b), as well as in the scattering of 140 ME® on'3C and*Si, 0*(9.83, 10.33, 11.04,
11.47,11.98,12.38, 12.98, 13.81, 14.75, 15.33, 17.76) Wit= 2+, 41, 4%, 2%, 0%, 17, 2%, 47,
67, 37, respectively, for the first ten states, are populated: the sit 11.5 MeV is preferentially
populated {984RA10. For the earlier work seel982AJ0). See alsoX982ST1]1 1983SH26
1984MU04 1985KA1). For pion emission sed $83NO1B.

See alsol981CO1W1982PR1A1983AZ1A 1983CA1N 1984TS071985BE02, (1979GO1C
1981BR1R1981ST1RP1982BA1D 1982BR1T 1982CI1C 1982EV1E 1982K0O1G 1982LE1N
1982MA2B 1983BI13 1983BR1R1983DU131983HE1B 1984FR1A 1984GE1D1984HAS53
1984SN011984TR1E1985BA1T, 1985BE1A 1985CU1A 1985GA1J1985SN1A and (L1981CAQ09
1981DY02 1981HUO7 1982AB1F 1982BA22 1982FL1B 1982GE1B 1982GU2]1 1982HA42
1982HA56 1982HU1G 1982KA35 1982L.0131982ME12 1983AD1E 1983AU04 1983BU15
1983CI08 1983CI09 1983DE1l 1983DE2] 1983DE2G 1983FR23 1983HU1G 1983KA3Q
1983LI1L, 1983MA29 1983SM1B 1983TA07 1984BA26 1984DE2B 1984HA43 1984INO3
1984KA1H 1984LA1L, 1984MAZT, 1984SA311985AI11A, 1985BA63 1985DEZV, 1985HU04
1985HU1CG 1985KA1X, 1985KA28 1985K01J1985ME14 1985N0O1E1985SA101985TR1D
1985VI109 theor.).

51. (8.)160(13C, 13c)160
(b) 160(14C, 14c)160

For elastic scattering studies see Table 16.23l88R2AJ0). For yield and fusion measure-
ments seel982HEO7 1983DA02 1985BE3}. For the excitation of a number of states'fi®
in reaction (a) seelP84RA10 in reaction 50. See alsd$83VO1BR 1985GA1M 1985KA1]
1986STZY), (1982LE1N 1983DU131985CU1A 1985RE1¢and (1983FR231984HA43 1984INO3
1986CI01% theor.).

52. (a)160(14N, 14N)160
(b) 160(15N, 15N)160

For elastic scattering studies see Table 16.23882AJ0) and (L977AJ02 and (L983SR01
E(*%0) = 35.1 and 42.6 MeV; ort®N; elastic). For yield and total fusion cross-section measu
ments seel(982AJ0) and (L982FI1G 1983SR011985N0O1(J. See alsoX981ST1RP1983BI13
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1983DA1Q 1983DU131984FR1A1985BE1A 1985CU1A and (1982HA42 1982L.01319820H05%
19820K02 1983CI08 1984HA43 1984IN03 1985HU04 1985K0O1J theor.).

53. 160(160 160)160

The angular distributions for elastic scattering have beeasured withZ(*°0O) up to 140.4
MeV [see ((982AJ0])] and, recently, at 14 to 26 MeV1084WUO04, 17 to 25 MeV (983BI1H
prelim.), 31 to 32.6 MeV 1982STZR prelim.) and 31 to 36 MeV1983TI01 1985TI09. At
E(**0) = 53.6 to 68.4 MeV angular distributions are reported involvif@*(6.05) [J™ =
0*] (1982WEZR prelim.). Coupled channels effects are important at easrg few times the
Coulomb barrier {985BA6(Q. See alsoX982BI1H and (L977AJ03. For yield and fusion cross
sections se€l@82AJ0) and (L981GA331982BI1F 1982DE481982WE076.13 MeV~], 1983BI1H
1983TI101 1984WU04 1985BA6Q 1985GA05 1985N0O1C 1985THO3 1985T105 1986 THO).
See alsol982GA1G 1982STZR 1982WAZN, 1983DELY, 1984P0151984TI1G 1985L109.

At E(*°0) = 62.2 MeV (1981BA55 observe®O*(0, 6.5) and see no evidence for a ldwn-
dow leading to deep inelastic scattering. For a study of tigaikar correlation ofv-particles see
(1982PEOR See also985GA1M), (1981RO1W1982BA1D 1982SA1A 1984FO1A 1985BALT:
astrophysics),J979G0O1C1981BR1M 1981BR1R1981ST1R1982CI1CG 1982K0O1CG 1982PA1H
1983BI13 1983BR1R 1983DU13 1984BR1L, 1984FR1A 1984HA53 1984TR1E 1985BE1A
1985CU1A 1986BE2H and (1981CA091981FR1N1981GI101981HUO07 1981IS1B 1981KHO03
1981LA1G 1981LE20Q 1981PA09 1981PI10 1981PR07 1981SA33 1981SH1l, 1981TA2Q
1981URO01 1982BA22 1982HA29 1982HA42 1982HA546 1982HE1G 19821S1C 1982L013
1982MO1V, 1982NE1E 1982PR041982SA1C 1982SA141982SA2(01982SC241982SM1D
1982S01¢ 1983BU15 1983CI08 1983DI15 1983DR01 1983DR02 1983FA08 1983FR23
1983HO1F 1983KA4Q 1983LA14 1983LA19 1983LA2Q 1983MA29 1983NA1J 19830K06
1983R0O161983SA14 1983SA36 1983TAL1G 1983TO1Q 1984BA65 1984BR1RP 1984CA28
1984FAQ05 1984F02]1 1984HA43 1984IN03 1984J006 1984LA1L, 1984MI1R 1984NA15
19840S061984RE091984RE081984SA08 1984SU021984W0021985B0O1Y, 1985BR1K
1985CH341985CU011985CU1E1985GA1R 1985H0O1K 1985HU04 1985CH181985K0O1)
1985LA14 1985LE25 1985MA09 1985MA2], 1985NE1H 1985PA14 1985TA0G 1985TO07
1985T0061985T0O171985W0081985WU03 1986HO1U 1986NG1A 1986ST1N theor.).

54. (8.)160(170, 170)160
(b) 160(180’ 180)160

Angular distributions of elastically scattered ions hagemstudied af'(}°0) = 24, 28 and 32
MeV and £(}"0O) = 53.0 to 66 MeV (reaction (a)) and d(*°0O) = 24 to 54.8 MeV andt('80) =
35 to 89.3 MeV (reaction (b)) [se€.982AJ0)] and, recently, af(}"O) = 22 MeV (1983BU09.
Yields and fusion cross sections are reported B8 AJ0) and (L1985TH03 1986 THO). See also
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(1985GA1M), (1982HO1E 1983DU13 1983FR1B 1984HA53 and (L981CAQ09 1981LA16
1983SH041985MALT, 1985WU03 theor.).

55. ()'O(*F, F)!5O
(b) '5O(°Ne, 2°Ne)'60

Elastic scattering angular distributions have been studieZ7(1°0) = 21.4 and 25.8 MeV
and atE(*F) = 33 and 36 MeV: seel977AJ03. See also1983DU13. Angular distribu-
tions in reaction (b) have been measuredZ@®O) = 40.7 to 94.8 MeV and atZ(*’Ne) = 50
MeV [see ((982AJ0)] and atE(*°0) = 25.6 to 44.5 MeV (984GA23) and 44.1 to 63.9 MeV
[see (983KO3)]. For yield and fusion cross section measurements 58@2GC131982SHI1N
1982XA01, 1983SH251984GA2). See also1981BR1R 1983BR1R 1983DU13 1986ST1)
and (1982SM10 1983K0311983MA29 1984NI1D 1985GU1J1985IC01 1985K043 1985K038
theor.).

56. (a)'0O(*Na, 2Na)'s0
(b) 160(24Mg, 24Mg)160
(C) 160(25Mg, 25Mg)160
(d) 160(26Mg, 26Mg)16o

Elastic angular distributions are reported/8¢'°0) = 35 to 60.7 MeV (reaction (b)) and
27.4 to 50 MeV (reaction (d)) [se€.982AJ0)] and at £(*°0) = 150 MeV (1982HUZV; re-
action (b); elastic). Yield, evaporation residue and fosmeasurements have been made by
(1982HUZV, 1982RA25 1983FU03 1983K0ZZ 1983R0OZZ 1985SAZ2 and see1982AJ0).
See also1985RA06, (1981SC1N 1982BR1T 1982CI1G 1982MA2B, 1983BI13 1983DU13
1983HE1B1984FR1A and ((1981HUO07 1981KR131982BRZE 1982FL1B 1982HA56 19821013
1982NE1E 1982PA09 1982SM1D0 1983CI08 1983MA29 1983PA1C 1983PA1F 1984DEO08
1984GU131984MU1H 1985AN16 1985CH11 1985HA11 1985HU04 1985NI11C 1985XI01],
1986NG1A theor.).

57.160@7Al, 27Al)160

An elastic angular distribution has been measured@&tO) = 46.5 MeV: see (982AJ0).
For yield, fusion and evaporation residue studies 4887AJ0) and (L983CHO04 1983STL1l,
1985I1K02 1985PA09. See alsoX984PE1). For fragmentation studies se981TAL1G 1985DEZZ
1985SH1Q; for work on deeply inelastic collisions se&982YO0). For pion production see
(19850B1B 1986Y0O03. Angular correlations have been studiedzt°0O) = 65 — 65.6 MeV
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(1977HA18 1981TS01 1986PA0Y, 77 MeV (1985PA0Y and 87.4 MeV [(983SA07}. The se-
quential decay of°0*(10, 11.6, 13.2, 15.2, 16.2, 21) is reported wigby (1983SA07. See also
(1981LYZY, 1984TR061985BE02, (1983BI1131983DU131984FR1A 1984GE1D1984HA53
1984NG1A 1985SH1T1985ST1Band (L1981AFZZ 1982BL12 1982FL1B 1982GI1G 1982HASG
1982HU1G 1982ME12 1982T004 1982WO01C 1983CI08§ 1983G0131983VI1D, 1984F021
1984N105 1985FO01F1985HUO04 1986NG1A 1986PR0O1theor.).

58. ()60 Si, 2Si)10
(b) IGO(QQSi, 298i)160
(C) 160(308i, 3OSi)160
(d) 160(31 P, 31 P)lGO

Angular distributions for reaction (a) have been reportedz@°0) = 32 to 215.2 MeV
[see (L982AJ0)] and, recently, atE(*0) = 29.3 to 35 MeV andE(**Si) = 51.3 to 61.3
MeV (1984MEO1 also?8Si*), at E(**O) = 30.6 and E(**Si) = 53.6 MeV (1983KA20, at
E(*%0) = 33.2 to 54.7 MeV (1981BR13 also?8Si*), at £(1°0) = 45 to 63 MeV (1983SH1§
and 75 MeV (986SA2Q). Elastic angular distributions for reactions (b) and (1 eeported
at £(*%0) = 60 MeV (1983SH18. For yield, fusion cross section and evaporation residue
measurements se@€982AJ0) and (1981BR13 1983KA2Q 1983SH18 1984MEQ0). See also
(1983R0OZ3. For the excitation of a number of states'{i® see {984RA1( in reaction 50. For
pion production se€l@83AGZX).

See alsol981SC1N1982BR1T1982KO1CG 1982LE1N 1982MA2B 1983BR1R1983DU13
1984FR1A 1984HA53 and (1981FR1L,1981LA12 1981SH241982AL02 1982BRZE 1982D0O05
1982FR091982HA29 1982L013 1983BR1M 1983BR18 1983BR1l) 1983CA11 1983CI08
1983DI105 1983H0181983HU1C 1983KA3Q 1983K0O06 1983MA29 1983P0081983QU01
1983SA1D 1983SH08 1983SH17 1983SI107 1983ST1E 1983WI1H 1984BR1N 1984BR28
1984GU091984HU051984HU06 1984HU1N 1984K0151984K03(01984P0121984P0O1M
1984QUO03 1985AN16 1985BA12 1985BA42 1985BR02 1985BR1) 1985BR25 1985BR26
1985DE23 1985H024 1985HU04 1985QU02 1985SH1R 1985VI09 1985XI101, 1986HNO]
1986NG1A theor.).

59. (a)'°0(!°Ca,°Ca)*0
(b) 160(42C3,42C3)160
(C) 160(44Ca’44ca)160
(d) 160(48C6.,48C8.)160
(E) 160(48-“’ 48Ti) 160

Elastic angular distributions are reported'®@a at£(1°O) = 50to 214.1 MeV [seeX982AJ0)]
and at£(*%0) = 60 MeV (1982REO03 also on*?>#*Ca; also inelastic distributions involving
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Ca*) and at 150 MeV 1983STZW. Elastic angular distributions have been measured®6a
at £(*%0) = 60 MeV [see (L1982AJ0)] and at 56 MeV (982RE03 also “*Ca*) and 158.2
MeV (1982HU1Q also**Ca*). Yield, fusion cross section and evaporation resideasarements
are reported ini982AJ0) and by ((981KU1Q 1983CH04 19831KZZ, 1983R0ZZ 1983ST1L,
1985BU16 1986NA0D). See alsoil984SAZX). For a measurement of the total non-fusion reac-
tion cross section ab'(*°0) = 158.2 MeV (reaction (d)) seel©@82HU1(. For a study of deep
inelastic collisions at 142 MeV (reaction (d)) sé®82WAQ03J. For reaction (e) sed985RI10).

See alsol981TAZU, 1981TEZJ, (1981SC1N1982BR1T 1983BI113 1984FR1A 1984MAZ2E,
1986BE2H and (1981B0311981HU071981IS1B 1981KR141981KU09 1981KU03 1982AL02
1982BE581982BL12 1982BRZE 1982DA02 1982HA56 1982K025 1982NE1E 1982NG1B
1982SA071982ST081982W0O10 1983BR1U 1983CI08 1983G0091983G0131983HULC
19830K06 1983P0O081983T0O031983TO1K 1983T0O1Q1983VI1D, 1983WI1H 1983WO08
1984G0131984GU091984HU1Q 1984MA2K, 1984YA0] 1985AN16 1985BL01 1985G001
1985HUO04 1985ME14 1985PA27 1985QU02 1985SA03 1985ST20 1985ST251985UD02
1985YA1H, 1986GA01 1986 MA04 1986WAOQS theor.).

60.170(, n)!O Qm = —4.1436

See (981HO1H 1985JU02 and!"0O.

61.170(p, d}O Qum = —1.9191

Angular distributions for the ground state deuteron groapehbeen studied df, = 8.62 to
11.44 MeV. AtE, = 31 MeV, angular distributions are reported for the deuterarsesponding
to 1°0*(0, 6.05+6.13, 7.12, 8.87, 10.36, 12.97, 13.26). Statefat= 15.22 and 15.42 MeV were
also observed. Spectroscopic factors were obtained frovVBMAanalysis: seel977AJ02.

62.170(d, t)'°0 Qum = 2.1136

Information obtained from this reaction &t = 52 MeV is displayed in Tabld6.20 Com-
parison of the (d, t) and (dHe) reactions leads to assignments of analog statéfliand in'¢O
[see Table 16.10 in1082AJ0)]. A study of this reaction, the (dHe) reaction, and reaction 63
below, suggests that there is more than 17% isospin mixirtheo~ states'®0*(12.97, 12.53):
the corresponding mixing matrix element3s155 4+ 30 keV. An isospin mixing matrix element
of 110 + 10 keV for the4~ states of°O*(17.79, 18.98, 19.80) is compatible with the results from
this reaction and with pion scattering. [See also reacth 4

72



63. 7O(He, )50 Qum = 16.4341

Angular distributions have been reported#tHe) = 11 MeV [see (977AJ03], at E(*He) =

14 MeV (1985P017 ) and atE(3}Té) = 33 MeV (1982KA12 to many states of°O). Table
16.20displays some of the information derived from this reactior polarization measurements
see (982KA12 and*Ne in (1983AJ011987AJ0). See alsol982AJ0).

64.50(r", d)i°0 Qum = 130.3863

See (982D00).

65. 180(p, 1)'°0 O = —3.7061

Angular distributions of tritons have been measureddpr= 43.7 MeV [see (982AJ0)] and
at £, = 90 MeV (1985VOZZ to '°0*(6.1, 6.92, 7.12, 9.84, 13.26, 16.35). The latter does no
haveJ™ = 0" (1985V0ZZ prelim.). See, howeverl1085BLZY; prelim.). The population of
160*(22.7, 24.5) is consistent with = 0 and 2, respectively, and with assignmentsof= 2,
J™ = 07 and2*. The decay of°0*(22.7), J™; T = 0%; 2, is viaay, oy anday [2C*(0, 4.4,
7.7)] with (1.6 £ 0.7), (1.9 £ 0.7) and (4 £+ 2)% branches andl;(eV) = 190 + 100, 230 4+ 110
and 1680 + 550 eV, respectively; viag, piio, ps With (7 £+ 2), (11 £+ 2) and 6 £+ 2)% branches
andl'j(eV) = 840 + 343, 1320 4+ 454 and600 + 300 eV; and vian; 1, with a (23 £+ 15)% branch
[[', = 2760 + 1970 eV] (theny branch is< 15%) [I'; are based on a total width o2 + 3.5 keV].
See alsol982AJ0), ¥Fin (1987AJ0% and (1982G0O101982NA1H 1985BA1A theor.).

66.130(a, °He)'*O Qu = —11.213

Angular distributions have been measuredat= 58 MeV to *°0*(0, 6.1, 6.92, 7.12). Groups
at £, =10.4,13.3+ 0.1 and16.3 + 0.1 MeV were also observed: se&)77AJ02.

67.130(180, 0)!°0 Qum = —0.624

Angular distributions involving®O, ; and*’O states are reported A('*0) = 24 to 36 MeV
and at 52 MeV: se€l@82AJ0).

68. 19F(p, @)'%0 Qum = 8.1137

73



Angular distributions have been measured at many energie® &, = 44.5 MeV [see
(1982AJ0)] and atE,, = 1.55 to 2.03 MeV (978DE1D «ay, o), 1.66 to 1.86 MeV {9850U01
ap), 10.0 to 11.4 MeV [984IN04 °O*(0, 6.05, 6.13, 6.92, 7.13, 8.87, 9.84, 10.36, 10.96,
11.08 4+ 11.10)). See also Table 16.31 ia971AJ03.

The internal conversion to pair production ratio of the Esition'°0*(6.05 — g.s.) [0 —
07]is (4.00 £ 0.46) x 107°. The ratio of doubley-emission to pair productiofigig1 /I'ro(x) =
(2.5+1.1) x 1074 7, for *60*(6.05, 6.13) aré)6 4 7 psec an®6.6 + 0.7 psec, respectively. See
(1982AJ0) for referenceslg| for 1°0*(6.13) = 0.556 4 0.004 (1984AS03. For~-ray branching
ratios and mixing ratios see Taldé.11and (L982VEO0J.

See alsd’Ne in (1983AJ01 1987AJ02, (1981KE1E 1982MA1V, 1983GA18 1983KNO0],
1984KN1A 19851SZU 1985L010, (1981D01G 1983TO1F 1984DU1H 1985TO1J applied)
and (L983IN1B.

69. 9F(He, Li) 0 Qum = 4.0954

See (977AJ02.

70. (a)*Ne(y, a)'°0O Qm=—4.734
(b) 2°Ne(p, pv)'°O Qum = —4.734

See (1984CAQ9 reaction (b)) andi982RA1M 1982SA1A astrophysics). See alsbq82AJ0)
and*Ne in (1983AJ011987AJ02.

71.2Ne(d,Li) 90 Qm = —3.2589

Angular distributions have been studied /at to 80 MeV: see 1982AJ0). At E; = 55
MeV °0*(0, 6.05, 6.13, 6.92, 9.8, 11.10) are strongly populai€B(IAZV prelim.). See also
(1984C0O08theor.).

72.2Na(d,?Be)!°0 Qm = —3.006

The angular distribution t§'O, . has been measured&§ = 13.6 MeV (1981RU0Y.

73.%Mg(a, 12C)'°0 Qum = —6.7712
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Angular distributions have been reportedtat = 22.8 to 25.4 MeV and at 90.3 MeV, the latter
to 1°0*(0, 6.1, 7.0, 8.8, 9.8, 10.3) [se&982AJ0)] and atE,, = 25.1 to 27.8 MeV (L986SK0).

74.2'*Mg('2C, 2°Ne)'°0 Qm = —2.150

At E(*2C) = 40 MeV the ground state angular distribution has been studigd ®82L116).
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16|:
(Fig. 4 and 5)

GENERAL: (See als01(982AJ0).)

For reactions involving pions se29483AS01 1984AS0% and reaction 2. See alsb982BR08g
1983ANZQ 1983AN25 1983C0O151983K0O2B 1986YA1Q 1986YALR.

For a comparison of analog statesi® and'SF see {982FA06 1983KE06 1984ST10). See
also (L985AN28 1985HA0).

1. (@) N(*He, n)SF Qm = —0.957
(b) ““N(®*He, np}°0O Qm = —0.421

Observed neutron groups from reaction (a) and results feaction (b) are displayed in Table
16.25

2.180(y, m7)1°F Qm = —154.984

See (983JEO0R

3. 160(p, n)SF Qum = —16.199

Observed neutron groups are displayed in Tdlie25 Angular distributions have recently
been studied ak,, = 35 MeV (19820R04n,, n;) and (L9820H03to 'F*(6.37)), atE,, = 99.1
and 135.2 MeV 1982FA06 see Tabld6.29 and atE, = 135.2 MeV (1982MA1Z to '°F*(6.37)).
See alsol983MAZG, 1985FLZ2). (1982AN0g have compared (p, n) cross sections with B(M1).
See alsd’F, (1984BA1R 19850R1G, (1984LI25 19850R1H and (L984BO1N 1984GAZR
19840R011985GA1N 1985GA11 1985YA1Q theor.).

4. '50(He, t)\°F QO = —15.436

Observed triton groups are shown in Tab&25 Angular distributions at/(*He) = 81 MeV,
analyzed by DWBA, and angular correlation measurementi|ynmvolving protons to'>0*(0,
6.18)], together with information from reactions 1 and &deo theJ™ values shown in the table
(1984ST10. The analog of the giant dipole resonanég [ 9.5 MeV] is strongly excited. The
magnetic quadrupole strength has two strong component&1(0.42, 7.5) (984ST1). The4~
state at 6.4 MeV and the GDR have also been observetid82TA05 E(*He) = 170 MeV). See
also (L984VA17) and (L982AJ0).
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Table 16.24: Energy levels &fF

By Jo T e (keV) | Decay Reactions
(MeV + keV)

0 07;1 40 +£20° p 1,2,3,4,5,6
0.193£6 1~ <40* p 1,3,4,6
0.424 £+ 5 2- 40 £ 30 p 1,3,4,6
0.721 +4 3 <15 p 1,3,4,6
3.758 + 6 1+ < 40 p 1,3,4,6
3.870 + 6 2% < 20 p 1,4,6
4.372+6 3t 50 £ 20 p 1,3,4,6
4.654 + 6 1+ 60 + 20 p 1,3,4,6
(4.71 & 20) 6
4.977+8 (21) 60 & 40 p 1,4,6
5272+ 8 (17) p 1,3, 4
5.404 + 10 4 p 1,4,6
5.449 + 14 p 1
5.524+9 =+ p 1,4,6
(5.57 £ 20) p 1
5.856 + 10 2- p 1,34
(6.05 + 20) 6
6.224 + 14 1,3
6.372+9 4= 1,34
6.559 + 10 } 5 1 17) D 4
6.679 + 8 < 45 1,4,6
(6.93 + 20) 6
7.110 £ 20 1

7.50 £+ 30 2- 950 4+ 100 p 3,4
7.90 £ 15 < 100 1,3,4
9.50 £+ 30 17(+27) | 1050 + 100 p 3,4
9.60 + 20 250 £ 50 4
11.50 £ 50 17(+27) | 1900 £ 500 p 3,4

77

2 (1984ST1)reportTl,. ,,,. ~ 25 and~ 100 keV for 16F*(0, 0.19).
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Table 16.25:10F levels from'*N(*He, n)50(p, n),'°0O(He, t) and'’F(*He, °He)»

16* b Lb 16 c g d = INE 6% g 16F* h Term i g
(MeV + keV) (MeV + keV) (MeV + keV) (MeV + keV) | (MeV + keV) (keV)

0 1 0 (17) 0 0 0 40£20 0~
0.192 £ 15 1 0.190 + 20 (07) 0.197 £ 12 0.19+ 20 0.192+ 10 < 40 1~
0.425 + 15 3 0.425 + 10 (>2) 0.424 +5 1 0.425 4+ 20 0.424 40 £ 30 2=
0.722 £ 10 (3) | 0.725+10 (>2) 0.720 £ 6 3 0.72 £ 20 0.722 £ 10 <15 3”
3.751+ 10 0 | 3775+ 10k 1) 3.76 0 3.75+ 20 3.740 15" <40 1+
3.861+ 10 2 | 3.880+10% | >1 3.86 + 20 3.873+£15™" <20 2t
4.370 £ 10 43754+ 10k (>2) 4.37 2 4.37+ 20 4.372" 50 £ 20 3t
4.646 + 10 0 4.661 £10k >1 4.65 0 4.66 £+ 20 4.652+ 10" 60 + 20 1+

4.71+£20™
4.973+ 10 2 4.97+20! >2 4.974+ 20 5.007 £ 20 60 + 40 (21)
5.264 £+ 20 5.27420! 5.27 1 5.274+ 10" (1~
5.390 £+ 20 2 5.40420! 5.39£20 5.414 £+ 15 4
5.448 £+ 20 5.45420!
5.528 £+ 20 2 552420 5.03 £ 20 5.521 £ 15 T =4+
(5.57 +20) !
5.840 +£ 40 5.86 3 5.858 10" 2-
6.05+20™
6.230 £ 50 6.22 0 6.224 + 15
6.371 £+ 20 6.37 3 6.372 £ 10 4=
6.559 10"
6.678 + 10 6.68+20" | >1 6.68 + 20 <45 (3= +17)
6.93 £20™
7.110 £ 20
~ 7.5 1 7.50£30"™° | 9504+ 100 2~
7.730 40 7.90+ 15 < 100
~ 9.5 1 9.50 £ 30 ™ | 1050 £ 100 17(+27)
9.60 & 20 250 + 50




6.

Table 16.25:16F levels from'“N(*He, n)}¢O(p, n), 1°O(He, t) and'°F(*He, °He) *

(continued)

16|:*b Lb 16F*c Jrrd 16F*c Alf 16F*g 16|:*h ch i J7Tj
(MeV + keV) (MeV + keV) (MeV + keV) (MeV + keV) | (MeV + keV) (keV)
~11.5 1 11.50 &= 50 ™° | 1900 = 500 17 (+27)

& See also Tables 16.33 ing71AJ02 and 16.26 in {982AJ0) for the earlier work and for references.

b 14N(3He, n)SF.
¢ 14N(®He, np)°0.

4 From angular correlation studies.

¢ 16Q(p, n)'SF. E, shown without uncertainties are from Talile.24
f (1982FA06 E, = 99.1 and 135.2 MeV).
8 160(3He, t) and'"F(*He, *He)'°F.
h160(3He, 1): (1984ST10E(*He) = 81 MeV) and Dr. M. Harakeh (private communication).

! From (a) and 1984ST101985HAOQ).

1 From (a) and 1984ST1).
k See also985HA0)).

1 (1985HAO0).

m Observed only it?F(He, *He).
" Decays t0'°0O, 5. by proton emission1(984ST1.
° Decays t0'°0*(6.18) (L984ST1).




5. (a) 0(°Li, “He)!F Qu = —18.924
(b) 16O("Li, "He)'F Qu = —26.62

See (1984GL06; E(°Li) = 93 MeV, E("Li) = 78 MeV).

6. YF(®*He, He)'SF Qm = —14.828

See Table 16.25 and (1982AJ01).

16Ne
(Fig. 5)

GENERAL: (See also (1982AJ01).)
See (1981SEZR, 1983ANZQ, 1985AN28, 1985MA1X).

Mass of SNe: The QQ-values of the *°Ne(a, ®He) and '°O(7*, 77) reactions lead to atomic
mass excesses of 23.93+0.08 MeV (1978KE06), 23.978 £0.024 MeV (1983WO01) and 24.048 +
0.045 MeV (1980BU15) [recalculated using the (1985WA02) masses for *He, 0 and 2°Ne]. The
weighted mean is 23.989 + 0.020 MeV which is also the (1985WA02) value. 'Ne is then bound
with respect to decay into F + p by 0.07 MeV and unbound with respect to %O + 2p by 1.40
MeV.

1. °O(nt, 77)1°Ne Qm = —24.77

Angular distributions to '®Ne, ; have been studied at E,+ = 120 and 200 MeV (1984GI05)
and at 164 MeV (1983GRO07). For the ground state cross section for E,.+ = 80 to 292 MeV
see (1982GR0O2, 1982GR1F) and the analysis in (1982BL20, 1984GIO05, 1985GI06). See also
(1982AJ01, 1982IN1A, 1982MO12, 1984BA1B, 1985WO1C).

2. 2'Ne(a, ®*He)'®Ne Qn = —60.21

At E, ~ 117.5 MeV, ®Ne*(0, 1.69 & 0.07) are populated, the former with a differential cross
section of 5 £ 3 nb/sr at 8° (lab). The I'. ;,,. for the ground state group is 200 £ 100 keV; applying
penetrability corrections leads to a total decay width of 5 — 100 keV. The di-proton branching ratio
is 10 — 90%, with the most probable value being 20%. The cubic term, d, in the IMME is 8 £ 5
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Table 16.26: Energy levels of ®Ne

E, JoT | Iem (keV) | Decay | Reactions
(MeV +keV)
0 0;2 122 +£ 37 p 1,2
1.69+0.07 | (27);2 (p) 2

keV, 15 4 6 keV based, respectively, on the masses of 16Ne*(0, 1.69). The first 7' = 2 states in
R[0T, 27] are predicted to lie at £, = 10.08 4= 0.02 and 11.87 &= 0.03 MeV (1978KE06). At
E, = 129 MeV (1983W001) find I, ,,, for '®Ne, s = 110 & 40 keV and the d and e coefficients
in the IMME are both 4 + 3 keV.

16Na 16Mg 16Al 16Si
(Not observed)

See (1983ANZQ); theor.).
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