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12n 12H e
(Not illustrated)

Neither nucleus has been observed. S388(0AJ0), (1987PE1(, (1987FL1A and (L985P0O10
theor).

12Li
(Not illustrated)

21j is not observed in the 4.8 GeV proton bombardment of a wrantiarget: it is particle
unstable. The calculated value of its mass excess is 52.93/84é& (L980AJ0)]: '2Li would then
be unstable with respect téLi +n ,'°Li +2n and’Li +3n by 4.01, 2.96 and 3.76 MeV, respectively.
The ground state dfLi is predicted to have/™ = 2~ (1988P0Z$1985P010theor.). See also
(1980AJ0).

1zBe
(Figs. 1 and 5)

GENERAL (See alsol(985AJ0)).

General theoretical papers. (1984FR131985AN28 1985BA51, 1985WI1B 1986WI104 1987BL18
1987GI1G 1987SA151987YAL1G 1988RU01 SU8BBC 1989BE03J

Hypernuclei: (1984IW1B 1984YA04 1985BE311985GA1CG 1985IK1A 1985WA1N 1985YA0],
1985YA07, 1986BA1W, 1986B11G 1986D0O1B 1986GA331986GA14 1986GA1H 1986HA26
1986MA1J 1986ME1F 1986MI1N, 1986PO1K1986YALT, 1986Z01A 1987DA3Q 1987FA1A
1987HA4Q 19871K1B 1987P0O1H1987WU1B 1988BA24 1988HAO0 1988MA09 1988PO1H
1988TA14 1988WA1B 1988YA0H

Other topics: (1989SU0%

Secondary beams ¢fBe produced in the fragmentation #Ne accelerated to 800 MeM/
have been used to measure interaction cross sections in & &l. The interaction radius and
the r.m.s. radius for the nucleon distribution'fBe have also been derivetig88TA1(Q. See also
(1989SA101989TA1LK).

1.12Be(37)2B Qum = 11.708

The half-life of ?Be is24.4. £ 3.0 ms (1978AL10, 21.3 £2.2 ms (1986CU0), 24.0 & 1.0 ms
(1984DU15: the mean of these values28.6 + 0.9 ms. Log ft = 3.834 + 0.017 (M.J. Martin,
private communication), assuming the decay i$*®, .. The upper limit of the branching to a
state which subsequently decays by neutron emission isL978AL1Q 1984DU15.
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Fig. 1: Energy levels of?Be. For notation see Fig. 2.
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Table 12.1: Energy levels dfBe

By Jo T T1/2 Decay| Reactions
(MeV =+ keV)
0 0t; 2 T =236+£09ms| [~ 1,23
2.102 £ 12 2t 2 a ¥ 2,3
2702 +£ 17 a 2,3
4.56 £+ 25 b 2
5.70 £ 25 b 2

2 See discussion inlO82BE42.
b This state has an appreciable intrinsic width: sSE¥78AL29.

2. 19Be(t, p)*Be Qm = —4.809

At £, = 12 MeV ?Be*(2.10) is populatedf, = 2110 % 15 keV] and (p,y) angular correla-
tions lead ta/ = 2 (1978AL10. At £, = 17 MeV proton groups are observed to the states shown
in Table12.1 The energy of?’Be*(2.10) is measured to 89 + 20 keV. The two highest states
have an appreciable intrinsic width. From the measured iatorass excess o0fBe, d, the cubic
factor in the IMME, is calculated to be2.8 + 8.6 keV and the firstl’ = 2 state in'2N should
occur atF, = 12.27 4 0.04 MeV (1978AL29: compare with'20. See alsol980AJ0).

3. 1MC(1C, 150)'?Be O = —14.300

At E(*C) = 60 MeV 2Be*(0, 2.10, 2.68+0.03) have been populated, the latter weakly.
Angular distributions are poorly fitted by DWBA. An assignmef 0™ is plausible but not proven
for 12Be*(2.70) (L982BE42.



12
(Figs. 2 and 5)
GENERAL (See alsol(985AJ0)).
Model calculations: (1988W0O0%
Special states: (1984KA1H, 1986XU02
Astrophysical questions. (1988AP1A
Applications. (1988NO1G

Complex reactionsinvolving ?B: (1984H0231984TA1K, 1985JA181985N0O1E 1985P011
1985TA09 1986AV1B 1986BI1A 1986CS1A 1986GA1R 1986MEO6 1986P0O061986UTO01
1986WE1C 1986XU02 1987AN1A 1987BA38 1987BA1T, 1987EL14 1987GE1B1987JA06
1987LY04 1987PE1B 1987P0231987SA25 1987VI02 1987YAlG 1988AU1A 1988CA0G
1988F0O03 1988KI05 1988KI0G 1988RU0O1 1988SA19 1988TA1N 1989DEO0S 1989SA10Q
1989SE031989ST1G1989Y0O03

Polarization of ?B: (1984KO1A 1984KU11 1984TA1M 1985TA09 1986AU1E 1986KU05
1986N0O1CG1986TA13 1987AU1D 1987C0O1L, 1987FU131988NO1Q

Muon and neutrino capture and reactions (See also reaction 19.)1984KU11 1985GR1A
1986KU05 1987BR1L, 1987FU13 1987MI17, 1988BR24 1988FU08 1988MI11, 1988MI2Q
1989GM1A

Pion and kaon capture and reactions (See also reactions 18, 20, and 211p§3AS01 1984AS05
1984ER061984KA31 1984MA1U, 1985D0O1G 1985SA061986DI07 1986SU181988HA12
1989MRO0)

Hypernuclei: (1983SH1E1984CH1G1984CO1L 1984MA1U, 1984SH1J1984ZH1B 1985AH1A
1985C0O1H1985C0141985D01G1985YALFK, 1986AN1R 1986BE1R1986CO1UJ1986DA1R
1986FE1A1986HA39 1986KO1A 1986MA1C 1986R0251987BE1$1987MAOSG 1987MA2A,
1987MI38 1987PO1H 1988MOL1L, 1988RO111988TA29 1989MRO0)

Antinucleon interactions. (1986AU1D
Other topics: (1984KA1H, 1985AN28 1986 YA1R
Ground-state properties of 2B: (1985AN28 1986GL1A 1987VA26 1988VA03 1988WO0O02

1 = +1.00306 (15) nm (L978LEZA)
Q = 1.34 £0.14 fm? [(1978MI119; see also{978LEZA 1985NA1A) ]

Interaction cross sections at 790 MeVby 2B ions with Be, C, and Al are reported by
(1988TA1Q. The interaction radius and the r.m.s. radius for the rarciistribution in'?B have
also been derivedlQ88TA1Q. See also{989SA10).



Table 12.2: Energy levels ¢fB @

E.in 2B JT T 70rer (keV) Decay Reactions
(MeV + keV)
0 1% 1 7172 = 20.20 £0.02 ms 6- 11,2,5,6,8,9,12, 13
14, 15, 16, 17, 18, 19
20, 22, 23, 24, 25, 26
27,28
0.95314 + 0.60 2" Tm = 260 40 fs 0 2,5,6, 8, 12, 13, 15
18, 19, 23, 24, 25, 26
27,28
1.67365 4 0.60 2- < 50fs ¥ 2,5,6, 8, 12, 13, 15
18, 19, 23, 24, 25, 26
2.6208 £ 1.2 1~ <70fs v 2,6,8,12,13, 15, 19
24, 26
2723 £ 11 0t ¥ 2,6,8,13,15, 24, 27
3.3891 £ 1.5 3” '=31+£06eV vn 12,56,8,9,10,12,13
15, 26
3.759 + 6 2" 40 + 4 keV v,n |5, 6,8,9, 10, 12, 13
27
4301+ 7 1~ 9+4 v,n 16,8,9, 10,12
4.46 27 broad n 10, 18, 23, 25, 26
4518 £8 4= 110 £ 20 v,n |6,8,9, 10,12, 13, 15
18, 23, 25, 26
5.00 £ 20 1t 50 £ 15 v,n |6,8,9,10,12, 27
5.612£8 3t 110 £ 40 n 6,8, 10, 12, 15, 23, 2¢
5.726 = 8 3~ 50 + 20 n 6, 8,10, 15
6.0 1~ broad n 10
6.6 1t 140 n 10
7.06 1~ broad n 10
7.545 £+ 20 <14 n 6,8, 10
(7.67) 2~ 45 n |10
7.7+ 100 1~ 1900 £ 100 n 26
7.836 £ 20 1~ 60 + 40 n 6, 10
7.937 £+ 20 (17) 27 n 6
8.1+ 100 900 4 200 (n) |6




Table 12.2: Energy levels 6B 2 (continued)

E.in 2B JT T 70rer (keV) Decay Reactions
(MeV + keV)
8.120 & 20 (37) n |68, 10
8.24 + 30 3~ 65 n 6, 10
8.376 £ 20 40 £ 20 6,8
8.58 + 30 (37) 75 n 6,8, 10
8.707 & 20 (37) n |6, 10
9.04 + 20 1~ 95 £ 20 n 6, 8, 10
9.175 =+ 20 (27) n |6, 10
9.43 + 20 85 + 30 6, 8
9.585 + 5 3~ 34+5 n 6, 8, 10
9.758 + 20 6
(9.83) 6
10.00 £ 40 100 n 6, 10
10.11 4+ 40 6
10.220 £+ 20 < 25 6, 8
10.435 + 20 75 + 40 6
10.59 + 20 < 30 6, 8
10.90 £ 20 30+ 10 6, 8
(11.08) 6
11.31 £ 30 130 &= 60 6
11.59 £+ 20 75+ 25 6
12.345 4+ 25 100 £ 30 n 6, 8, 10
12.75 £ 50 0T =2 85 + 40 6, 28
13.33 & 30 50 £ 20 6
(13.4 4+ 100) broad 8
1482+100 | (25,7 =2) < 200 28
155 6
(21.8 + 400) (37) (1300 + 400) 24
(23.9 + 1000) (1) (6000 =+ 1000) 24

& See also Tabl&é2.5




12B*(3.39) has been produced in the interaction of a 490 M8V beam with Ag: its 19 keV
neutron decay t6'B, . has been observedY89DEO0}.

1. 12B(57)12C Qm = 13.370

The half-life of 2B is 20.20 + 0.02 ms (1978AL0]). See also1988SA04. The decay is
complex. 2B decays to>C*(0, 4.4, 7.7, 10.3): see Table.14 The transitions td?C*(0, 4.4)
are allowed; hence thé™ of 12B(g.s.) is1™. The 3-momentum spectrum has recently been
measured byl©987NA09Y. For measurements of the angular distribution functisosforiented
2B nuclei see, for instanced §86MI1P, 1986MI1T, 1987MI1P. See also the “Polarization” sec-
tion in (1985AJ0), (1986CU01 1986R0O271987MI120, (1985GR1A 1985MI1A), (1985BA2L,
1987R0O03applied) and1984DU1E 1984TA1M 1985M0O13 1986KE1A 1986KO2C 1986 TO1A
1987DR1A 1987KE1B 1987SA1N 1988AL1E 1988SA121989SA1H theor.).

2. (@)SLi("Li, p)'2B Qm = 8.334
(b) "Li("Li, d)'2B Qm = 3.309

Eleven groups of protons (reaction (a)) are reported to knstates of>B. Angular distribu-
tions have been measuredZfLi) = 3.5 to 5.95 MeV. The distributions are generally featureless.
Angular distributions for,, d;, ds, ds,4, have been measured A("Li) = 2.10 to 5.75 MeV. See
(1975AJ02 for references. See alsb984K0O25.

3. ()*Be(t, n}'B Qum = 9.5580 By, = 12.928
(b) °Be(t, p)''Be Qm = —1.165

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

is the compound nucleus, some typical thin-target exoitdtiinctions are shown schematically, with the yield plbtte
horizontally and the bombarding energy vertically. Bonudag energies are indicated in laboratory coordinates and
plotted to scale in cm coordinates. Excited states of thelwaknuclei involved in these reactions have generally not
been shown; where transitions to such excited states averkinooccur, a brace is sometimes used to suggest reference
to another diagram. For reactions in which the present nsadecurs as a residual product, excitation functions have
not been shown; a vertical arrow with a number indicating esdrambarding energy, usually the highest, at which
the reaction has been studied, is used instead. Furthemafmn on the levels illustrated, including a listing oéth
reactions in which each has been observed, is contained imdister table, entitled “Energy levels'éB”.
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Fig. 2: Energy levels of?B. For notation see Fig. 2.

10



(c) °Be(t, d}'Be Qum = 0.5547  (d) °Be(t, tYBe
(e)?Be(t, )3Li Qm = 2.9271
() °Be(t, *HeLi Qu = —5.3807

Thirteen resonances have been reported in reaction (sgspamding tal3.6 < E, < 14.7
MeV: see Table 12.3iMO75AJ03. The yield of 2.12 MeVy-rays has been measured for= 1.5
to 3.3 MeV andE(°Be) = 10 to 16 MeV: no resonances are observed. This is also the caseefo
yields of 0.32 MeV (reaction (b)), 0.98 MeV (reaction (e)dah48 MeV~-rays (from the (tqn)
reaction). Elastically scattered tritons have been stuftie £, = 0.60 to 2.1 MeV andE; = 15
and 17 MeV (alsa4,). The yields ofa, anda; have also been reported féi = 0.52 to 1.70
MeV: see (975AJ03. The analyzing powers of the reactions leadingHe, , and®Li*(0, 3.56)
have been measured /&t = 17 MeV. For references se@$85AJ0). See also{988AJ0).

4.°Be(x, p)'2B Qum = —6.886

See unpublished work in©85AJ0). See alsol986AU1E.

5. 9Be(Li, He)'?B QO = —2.8674

At E(°Li) = 32 MeV 2B*(0, 0.95, 1.67, 3.38, 3.76) and some unresolved stategamelated
(1986AS03.

6. Be(Li, a)'2B Qm = 10.460

Observedy-particle groups are displayed in Taldi2.3 Angular distributions have been mea-
sured atE/("Li) = 3.3 to 6.2 MeV, at 20 MeV and at 30.3 MeV: sey75AJ02 1980AJ0). At
E("Li) = 20 MeV angular distributions to the first seven states are rdtaureless and have
approximate symmetry abo@¢°. The integrated cross sections go2als + 1 consistent with a
compound nucleus mechanism for the transitions populaéti@dow-lying states of’B. It is sug-
gested that the sharp states'#® at high excitation energies correspond to states of higjulan
momenta with cluster configurations.

7. (2)'°Be(d, p)}'Be Qm = —1.720 B, =12.373
(b) °Be(d, a)°Li O = 2.3724

The cross sections for production fi (reaction (b)) and of'!Be (reaction (a)) have been
measured fory = 0.67 to 3.0 MeV and 2.3 to 12 MeV, respectively: the yields for baghctions
vary smoothly with energy. No resonances are observed186&AJ0J.
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Table 12.3: Levels of*B from °Be("Li, o) and'*B(t, p) 2

Ex b Fc.m. b Ex c Fc.m. c Ic Jre
(MeV + keV) (keV) (MeV + keV) (keV)

0 0 2 | (1,2,4,5)*"
0.951 4+ 15 0.955+ 8 2 | (1,2,4,5)*
1.674+ 15 1.673 +8 1] (2,3,4)°
2.625 + 15 2.627+8 3 1(0,1,5,6)"
2.724 + 15 2.72¢ 4 | (0,6,7)"
3.390 + 15 3.393+8

3.77+£204 | 40420 3.754+ 8 4245 2 |(1,2,4,5)*
4.305 £ 15 < 30 4.297 £8 <15
4.534 £ 15 451448 95+ 15
4.982+154 | 40420 5.008 130 £ 40

5.57+304 5.612 £ 8 120 £ 20
5.728 £ 15 50 & 20 5.724 £ 8 70 & 20
7.545 % 20 <30 7.55f
7.836 %+ 20 60 & 40
7.937 4+ 20 <40

814100 | 900 = 200

8.120 % 20 8.16 £ 30

8.24 + 30
8.376 %+ 20 40 4 20 8.38f

8.58 £ 30 8.58!
8.707 % 20

9.03 £ 20 9.07 & 30 95 & 20
9.175 %+ 20

9.43+20° 85 + 30 9.44 + 30
9.585 % 20 60 % 30 9.626 + 20 34 4 10
9.758 % 20

(9.83)

10.00 = 40

10.11 + 40

10.21 + 30 50420 | 10.227 £ 20 <25

12




Table 12.3: Levels of*B from ?Be("Li, o) and'°B(t, p) * (continued)

E.P I, P B, ° T © Ic Jme
(MeV + keV) (keV) (MeV + keV) (keV)
10.435 £ 20 75 £ 40

10.58 + 20 50 + 30 10.61 £ 30 < 30
10.887 + 20 40 4+ 20 10.91 + 20 27+ 10

(11.08)

11.31 £ 30 130 £ 60

11.59 + 20 75+ 25

12.33 + 30 100 + 30 12.36 £ 30

12.77 £ 50 85+ 40

13.33 £ 30 50 £ 20 (13.4 +100) broad

15.5

@ For references see Tables 12.3 and 12.4 880AJ0).

b 9Be("Li, a)!2B.
c 1OB(t, p)IZB.

492 — 0.46 + 0.06, 0.08 = 0.03 and0.10 + 0.02 for 12B*(3.76, 5.00, 5.61).

¢ Probably unresolved.

f Observed bufZ, not determined.

g Not observed ab/;, = 23 MeV.

8. 19B(t, p)2B

9. 'B(n, 7)'?B

Qm = 6.342

Qum = 3.370

13

Observed excited states are displayed in TABI& Angular distributions have been studied at
E; =10 and 23 MeV: seel(980AJ0). See also1982CI1B theor.)

The thermal-neutron capture cross sectiof.is+ 3.3 mb [see {981MUZQ]. The capture
cross section shows resonancesat= 20.8 + 0.5 keV and at 0.43, 1.03, 1.28 and 1.78 MeV,
with I, = 25 &+ 8 meV and 0.3, 0.3, 0.2 and 0.9 e\{50%): see Table2.4and (L968AJ03.
For a summary and the ENDF projections se@38MCZT). See also{985BA2L; applied) and
(1988MALU; astrophysics).




10.1'B(n, n)''B B, = 3.370

The thermal (bound) scattering cross sectioh9st 0.2 b. The scatttering amplitude (bound)
iSa = 6.65 + 0.04 fm, o(free) = 4.84 + 0.04 b (1983KO17}). Parameters of observed reso-
nances are shown in Tabk.4 See also{981MUZQ. For a summary and the ENDF pro-
jections see 988MCZT). See also1982GL0J. For differential cross sections sé&B. To-
tal cross-section measurements have been reportefl,fer 0.3 to 18.0 MeV: see {968AJ02
1980AJ011985AJ0). Polarization measurements have been studiégl at 75 keV to 2.2 MeV
[see (L980AJ0)] and atE; = 10to 17 MeV (L1985WALR 1986MUO08 ng; prelim.).

Results from the most receRtmatrix analysis are displayed in Tald&.4(1983K0O03. For
a discussion of the earlier work seée980AJ0). See alsoX986BAYL, 1986DR1(), (1985BO1Q
and (L988HAZT; theor.).

11. (a)''B(n, p)''Be Qm = —10.7234 E, = 3.370
(b) 1'B(n, d)\’Be Q= —9.0033
(c)'B(n, ty’Be Qm = —9.5580
(d) "'B(n, a)Li QO = —6.6309

The cross section for reaction (a) has been measured foe 14.7 to 16.9 MeV and that
for reaction (b) has been investigated 65=12.6 to 20.0 MeV and at 25 and 38 MeV: see
(1975AJ02. A study of reaction (d) is reported &t, = 14.4 MeV: see (985AJ0). For a sum-
mary and the ENDF projections seE988MCZT). See alsol985F01D), (1986WI1B applied)
and (L985BO1D.

12.11B(p, 7+)12B Qm = —136.981

The cross section for* production near threshold has been measuredEAt= 200 MeV
12B8*(0, 0.95, 1.67, 2.62, 3.39, 3.76,30 + 4.52, 5.00, 5.61) are reported: seE9E5AJ0). See
also the “General” section here.

13.11B(d, p )'*B Qum = 1.145

Observed proton groups andrays are displayed in Tablg2.5 The J™ assignments for
12B*(0.95, 1.67) are derived as follows [seE968AJ02 for a listing of earlier referencesp.95
MeV: [, = 1leads toJ™ = 0", 17, 2% or 3*. The~-radiation is anisotropic and therefaye 0.

Tm 1S t00 short for pure E2 and hende# 3, which is confirmed by studies of the polarization of

14



Table 12.4: Resonances'itB(n, n)''B #

E, 1. 12g% Jae JT e
(MeV + keV) (keV) (MeV)
0.0208 £ 0.5 > 4 <14 3.3891f 2 3”
0.43+10%4 37T+5 3.763 1 2t
1.027 £ 114 9+4 4.310 0 1~
1.19¢ broad 4.46 0,2 2
1.28+20%° 130 £ 20 4.54 2 4=
1.78 20 % ¢ 60 + 20 5.00 1 1+
245+ 20° 110 £40 5.61 1 3"
2.58 +20° 55 £ 20 5.74 2 3~
2.9¢ broad 6.0 0,2 1~
3.5¢ 140 6.6 1 1+
4.03¢ broad 7.06 0,2 1~
4.55 <14 7.54 >3
4.70° 45 7.67 0,2 2
4.80° 90 7.77 0,2 1~
4.93¢ (7.88) 0,2 1~
5.19¢ (8.12) 2 3
5.31°¢ 65 8.23 2 3
5.59¢ 75 8.49 2 3
5.82¢ (8.70) 2 3
6.18¢ 120 9.03 0,2 1~
6.25°¢ (9.09) 0,2 2
6.78° 34+5 9.5788 2 3-
7.18 100 9.94 >0
7.82 65 10.53 > 2
9.72 120 12.27 > 2

@ For references see Table 12.51®80AJ0).

b Also observed it'B(ny): I, = 25 £ 8 meV,I', = 3.1 £ 0.6 eV.

¢ Also observed in'B(n, 7): see (968AJ0).

4 See also1983K003.

¢ From R-matrix analysis 1983K0O03. See also{980WHO0) and the earlier work displayed in
(1980AJ0).

f41.6 keV.

g +5 keV. 15



Table 12.5:'%B states from'B(d, p)"*B ®

12B*(MeV =+ keV) Iy J7 S ~-decay (%) T (fS)
0 1 1* 0.69
0.95314 + 0.60 1 2t 0.55 — g.s. 260 £ 40
1.67365 £ 0.60 0 2- 0.57 | 32+04 [— 0.95] < 50
968 +04 [— gs]
2.6208 & 1.2 0 1= | 075| 14£3 [=167| <70

80+£3  [— 0.95]
6+1 [—gs.]

2.723 4+ 11 1 0t [ 021| >8  [—gs]
3.383+9 2 3~ | 0.58

3.76 1 2+

4.52 2

@ For references see Table 12.6 i®980AJO0).

v1. The results are consistent witif = 17 or 2*. The latter is fixed byyy-correlations in the
cascadd .67 — 0.95 —g.s. The mixing ratid = —0.08 + 0.06. 1.67 MeV: [, = 0 and there-
fore J© = 1~ or2~. The state decays primarily t6B(g.s.). Gamma-gamma correlations lead to
J™ = 2~. An assignment of ~ to 12B*(2.62) is made in a similar manner.

See Table 12.12 inl@80AJ0) for a comparison of the properties of the first sevén= 1
states in'?B and in'2C.

14. 1B(SLi, °Li) 2B Qum = —2.30

See (984K025.

15. UB("Li, SLi) 2B Qm = —3.880

At E("Li) = 34 MeV angular distributions have been studied?®*(0, 0.95, 1.672.62+2.72,
3.39,4.525.61 + 5.73) (1987CO16 [see for spectroscopic factors].

16.1'B(°Be, ®Be)'2B Qm = 1.705
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See (984DA17 1986CUO03.

17. 1286(8‘)128 Qm = 11.708
See'?’Be.

18. (a)'2C (v, 7+)'2B Qum = —152.938
(b) 12C(e, ert)'2B Qm = —152.938

Using monoenergetic photons with, = 210 to 381 MeV (L982AR0§ have measured the total
cross section for™ emission and the spectra of the positive pions. The lat@wshe influence of
guasi-free pion production and FSI processest At 195 to 205 MeV ther™ energy distributions
show contributions from?B*(0, 0.95,~ 4.5, 7.0): see 1986SH141988SH3% and (L985AJ0).
The2~ and4~ states at”, ~ 4.5 MeV have been compared with their isobaric analog€®at
E, ~ 19.5 MeV. At &, = 400 MeV =+ with E, = 32 MeV have been studied: double differential
cross sections are obtained for the transition®RB¥(0, 0.95, 1.67), and single differential cross
sections td?B*(0, 0.95). The cross section (@t= 54°) is the same whether virtual or real photons
are used in producing the pions. At, = 176 — 187 MeV the giant resonance region as well as
some lower groups have been studied1887MI1ZZ, 1987MI1Q prelim.). See alsalO88ADZN).

19.12C(u—, v)12B Qm = 92.290

Observations of-transitions have led to the determination of the captuesr'2B*(0, 0.95,
1.67,2.62) ™ = 17, 2%, 27, 17]: see (1985AJ0). The ratio of the polarization dfB, , Py,
and of the longitudinal polarization leads to a neutrinadmgl », = —1.08 + 0.11, in agreement
with the partial conservation of axial-vector current (ROAypothesis: seel@85AJ0). The
polarization of'?B has also been studied recently BYW84KU2Q: P,, is deduced to b6.462 +
0.053 which yields a ratio of the induced pseudoscalar to the as@ator coupling constant in
the hadronic weak current, /g, = 10.175¢ which is consistent with the prediction ef 7 from
PCAC (1984KU2Q. See also the “General” section here ah@§8DO03.

20.12C(r~, )1?B Qum = 126.199

The photon spectrum from stopped pions is dominated by pemkesponding t&*B*(0, 4.4,
7.9), and branching ratios have been obtained for these et ransitions. That t&°B, is
(6.22 + 0.35)% (absolute branching ratio per stopped piat§§6PEO}. For the earlier work see
(1980AJ0).
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21.12C(r~, 7°)12B Qm = —8.765

See (1987CLO03J for a study of delta production &,.- = 475 MeV. See also{989BRZX.

22.12C(n, p)?B Qum = —12.587

At F, = 59.6 MeV the angular distribution of thg, group is reported. Broad (unresolved)
structures are also observed with < 10 MeV: see (985AJ0). The 0° differential cross
section to'?B, . at £, = 198 MeV has been measured. lts ratio to that for the H(n, p) reac-
tion, R, is 0.180 + 0.006 (1988JA0). The angular distribution t&B*(4.52) [u?] is reported at
E, = 300 MeV (1987WAZY, 1989P0OZY prelim.). See alsal@85FO1G1985FR071985S0ZX
1986D0121986S0ZY, 1987FR161987HE241987VE08 1988RAZX 1989S0ZY and (L985BR1G
1986ALZJ 1986F0O1E1986VO1G 1987BR321987HE22 1988HALK).

23.12C(d, 2p)?B Qm = —14.812

Angular distributions are reported &, = 55 and 99.2 MeV t0'?B*(0, 4.5(u)) [and, at the
lower energy to'?B*(0.95)] [see (985AJ0)] and atE; = 70 MeV (1986M0O27 1988MO11
to 12B*(0, 4.5(u)); also VAP, TAP) I2B*(0.95, 8.2) are also populated]. See al¢4@§6EL1C
1987EL19.

24.12C(Li, "Be)2B Qum = —14.231

At E("Li) = 150 MeV, giant resonances &t, = 21.8 0.4 (I' = 1.3 £ 0.4) and23.9 £ 1.0
(' =6.0£1.0) MeV, with J© = 3~ and1—, respectively, have been reported hp87NALG. For
the earlier work se€l@85AJ0). See alsoX983PU0), (1987C0OZJ and (L984BA53 theor.).

25.12C(12C, 12N)12B Qm = —30.708

At E(*2C) = 35 MeV/A forward-angle differential cross sections have been meddor the
groups to'2B*(0, 0.95, 1.67, 4.5[u]). A broad peak, = 7.8 MeV is also populatedli©86WI05.
The groups td'?2B*(4.5)[u] dominate the spectra at this energy@86WI05 and at 30 MeVA
(1986VO0OL1). For preliminary work at 70 Me\VA see ((988BO1R 1989ANZ2). For a recent re-
view of the excitation of the\-resonance sed §88RO1H. See alsol986BA16 1988ANZY),
(1986RO1Q1987AU04 1987EL141988AN0G 1988R0O171988V0O0§ and (L986BA1D 1986DE34
1986DULIN 1986LE1N 1988LE12 1989LEO03 theor.).
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26.12C(13C, 13N)12B Qum = —15.590

Differential cross sections @& = 1.8° are reported af2(**C) = 30 MeV/A for the groups
to 12B*(0, 0.95, 4.5[u]) and to structures &, ~ 5.5, 7.8, 10.1 and 18.2 MeV1087ADO07.
See als01988V0O09§. '2B*(1.67, 2.62, 3.38) are also populatetb8VO06 0°; 29.2 MeV/A).
At E(*3C) = 50 MeV/A the GDR peak is located &t7 & 0.1 MeV ([, = 1.9 + 0.1 MeV).
Forward-angle differential cross sections have been medsiso for'2B*(0, 0.95) (1989BE5()
[and M. Buenerd, private communication]. See alk®36Vv002 1989VvV0O1D.

27.13C(d, *He)'2B Qm = —12.040

Angular distributions have been measured for the tramsitto'2B*(0, 0.95) atF; = 24.1 to
29 and at 52 MeV. Distributions t§B*(2.72, 3.76, 5.00) have been reportediat = 52 MeV:
see (L980AJ0). The spectroscopic factors f&B*(0, 0.95) areS = 1.1 £ 0.2 and2.0 & 0.5.
C?S = 1.09 [assuminglps 2], 2.17, 0.14, 0.07, 0.22 [assumiing, ;»] for '*B*(0, 0.95, 2.72, 3.76,
5.00) [from measurements &} = 52 MeV]. See (980AJ0) for references. For a summary of
information on analog states &8 and!2C see Table 12.12 il P80AJ0).

28.'C(p,*He)"*B Qm = —17.992

At E, = 54 MeV, in addition to transitions t&*B*(0, 0.95, 5.61), the population af = 2
states aty, = 12.72 & 0.07 and14.82 £ 0.10 MeV is reported. The angular distribution tfie
ions to!2B*(12.75) is fittted byL = 0; that to'?B*(14.82) is rather featureless [ifs = 2 character

is assigned from the energies of the analog states]: ba#sdtave’, ,, ~ 200 keV (L976AS0).
See also reaction 70 iiC.
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12C
(Figs. 3 and 5)

GENERAL (See also01(985AJ0)).

Shell model: (1984CA1N 1984ZW1A 1985AN16 1985AR07 1985CA231985K02B 1985MI123
1986YO1FK 1987JI101 1987GU1C 1987KI1C 1987PR0O]1 1987SC1J1988GU13 1988JA13
19880R1C1988W0O04 1989KW1A

Deformed Models: (1984L0O05 1984SA37 1985R0O1G 1986KU1R 1986LE16 1987HO1C
1987PR031988KHO07

Cluster Model: (1983DZ1A 1983JA09 1984KR1Q 1985DEO05 1985K0O2B 1985KW032
1986GU1E 1986KA5] 19860R1C 1986SA03 1986SA1D 1986SU121986ZE1A 1987J101
1987KU1B 1987MI1L, 1987WAOQ7 1987ZE051988FL1A 1988HA39 1988KA1Z 1988MI26
19880S0419880S1E1988RU1C 1989KW1A 19890R0P

Fecial states: (1984BA38 1984CA1LN 1984C0161984C0211984M0O131984SA311984SA37
1984TR1CG1984ZW1A 1985CA231985CH271985C0051985G0O1A1985HA1)1985KU22
1985PA12 1985R01G 1985SHZL, 1986AN1Q 1986CH25 1986D104 1986HU1E 1986KA5],
1986KH1G 19860R1C 1986PA06 1986SA03 1986SA32 1986SU181986V0O07 1987BL18§
1987BO1L 1987CA1E 1987J101 1987KA18 1987KI1CG 1987MAO§ 1987PR01 1987PR03
1987SC1J1988AJ1C 1988AL1D, 1988BL1Q 1988GU13 1988KWO02 1988PO1C1988SP1A
1989BA6Q 1989KW1A 19890R0219890R051989R0O03

Electromagnetic transactions. (1984CI1B 1984ER06 1984L005 1984M0O13 1984VA0G
1985AR07 1985CA23 1985GR1A 1986AN1Q 1986CH251986KE1R 1986SA321986V0O07
1987CA1E 1987ER1F1987RA01 1987ST1E1989BA6Q

Giant resonances. (1984BA38 1984RA1H 1985GI1G 1985GO1A 19850R1F 1986ER1A
1986NA1H 1987FE051987GOZK 1987KI1C 1987MI1L, 1988C0O1G1988HO101988MI26
1989LH02

Astrophysical questions: (1982BA1D, 1982BU1A 1982CA1A 1982GR1A1982W0O1A 1984CO1H
1984HA1R 1984LA1J 1984LI1L, 1984RA1E 1984TR1C1984WE1C1985AR1A 1985BR1E
1985DW1A 1985GU1A 1985HAILR 1985HE1E 1985KH1D0 1985K0O2A 1985MI1E 1985NO1B
1985TA1A 1985YO1A 1986CH1H 1986CO1R1986DO1L 1986GO1Q1986KH1G 1986LA16G
1986LA1C 1986MA1E 1986MAZ2E 1986SM1A 1986SN1C1986SN1D1986TH1E 1986TR1C
1986WI1L, 1986WO1A 1987AL1B 1987AR1C1987AU1A 1987BE1H1987BO1B 1987BR1R
1987CU1A 1987DO1A 1987DW1A 1987FU041987HA1C 1987HA1U 1987HALE 1987KR1M
1987LA1G 1987MA2C 1987ME1B 1987MU1B 1987PI1E1987PR1A1987RA10 1987RI1B
1987SA101987SO1F1987WA1LL 1987WA1F, 1988AP1A 1988AR1H 1988AS10 1988BA86
1988CA261988C0O1D1988CR1A1988CUZX 1988DE1|1988DU1G 1988FE1A1988FO1E
1988JU1C1988KA1G 1988MI1A 1988PA1H 1988RE1F1988SC1A1988TR1H 1989BO1M
1989CU1F 1989DE1J1989GU1Q1989HAL1Q 1989JI11A 1989KA1K, 1989ME1C 1989NO1A
1989TH1G 1989WE1G 1989WY1A
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Table 12.6: Energy Levels ¢fC ?

E.in2C
(MeV + keV)

JT. T

I_‘C.I'Il.
(keV)

Decay

Reactions

g.s

4.43891 + 0.31

7.6542 £ 0.15

9.641 £ 5

10.3 £ 300
10.844 £ 16

0t; 0

270

0+: 0

34+5

(10.8 £ 0.6) x 10~

(8.5+1.0) x 1073

3000 £ 700
315 £ 25

22

stable

Y, T,

3,5,6,8,9,13, 14,15
16, 17, 20, 21, 22, 23
24, 25, 26, 27, 28, 29
30, 31, 32, 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, 62, 63, 64, 65, 66
67, 68, 69, 70, 71, 72
74,775,716, 77,78, 79
80, 81, 82, 83, 84, 85
86, 87, 88, 89, 90

3,5,6,7,8,13,14, 15
16, 17, 20, 21, 22, 23
24, 26, 31, 32, 34, 35
36, 37, 38, 40, 42, 43
44, 45, 46, 47, 48, 49
50, 52, 53, 54, 55, 56
60, 61, 62, 63, 64, 65
67,71,72,76,77, 79
80, 81, 82, 84

3,5,6,7,8,13,15, 17
21, 22, 23, 26, 32, 34
36, 37, 38, 42, 43, 44
45, 46, 47, 60, 62, 63
72,76, 80, 81, 82

5,6,7,13, 15,17, 20
21, 22, 23, 31, 32, 34
35, 36, 37, 38, 42, 43
44, 45, 46, 47, 49, 62
63, 80, 81, 82

5, 26, 44, 60, 63

5, 13, 20, 21, 22, 23
36, 37, 40, 42, 43, 44
47

2
2
3
3




Table 12.6: Energy Levels ¢tC * (continued)

23

E.in2C J*; T Lo Decay Reactions
(MeV + keV) (keV)
(11.16 + 50) (27); 0 430 + 80 21
11.828 £ 16 27:0 260 £ 25 ¥, & 6, 13, 15, 20, 21, 22
23, 31, 32, 36, 37, 40
42,43
12.710 £ 6P 17:0 (18.1 +2.8) x 1073 v, 6, 13, 15, 20, 21, 22
23, 31, 32, 34, 37, 39
40, 42, 43, 47, 60, 62
63, 64, 65,71, 72
13.352 + 17 (27); ho 375 £ 40 v, « 13, 21, 31, 36, 37
14.083 &+ 15 4% 0 258 =15 « 6, 13, 32, 36, 37, 39
43, 47, 50, 62, 63, 71
72,76, 79, 80, 82
15.110+ 3P 171 (43.6 £ 1.3) x 1073 ¥, & 9, 13, 15, 20, 21, 22
23, 32, 34, 36, 37, 40
42, 43, 47, 60, 61, 62
63, 64, 65,71, 72
15.44 £ 40 (2*; 0) 1500 + 200 32,37,42,43, 63
16.1058 £ 0.7 2T 1 5.3+0.2 v, P, 8, 13, 17, 20, 21, 22
23, 32, 34, 36, 37, 42
43, 61, 62, 63, 64, 71
76
16.57 2-:1 300 e 13, 17, 19, 32, 37, 42
63
17.23 171 1150 v, P, 17,19, 20, 31
17.76 £ 20 01 80 £+ 20 p, o 8,17,19, 32,63,76
18.16 + 70 (1*; 0) 240 4 50 ) 17, 63
18.354+50F 371 220 + 50 v, P, o 17, 19, 20, 21, 22, 23
31,42, 47
18.35+50 27,041 350 £ 50 p 19, 20, 21, 22, 23, 31
32,34, 37,39, 42,47
(18.6 £ 100) (37) 300 32
18.71 (T =1) 100 p,a 17
18.80 £+ 40 2t 1 100 £ 10 v, N, p 17,18, 19, 42, 63




Table 12.6: Energy Levels ¢tC * (continued)

24

E,in2C J*; T Lo Decay Reactions
(MeV + keV) (keV)

19.2 (17 1) ~ 1100 v, pe | 17,18,19, 21, 42, 62
19.40 £ 30 f (27 1) 480 + 40 v, Py 17,32, 34, 37, 39, 72
19.55 5058 | (47 1) 490 =+ 60 v, P, o 20, 21, 32, 34, 42, 72

19.69 1t 230 4+ 35 n, p 18, 34
20.0 = 100 (2+) ~ 250 v, 0, p 18, 19, 32, 63
20.27 £ 50 (17; 1) 140 £ 50 n, p 18, 19, 37,63
20.5 & 100 (37: 1) 300 + 50 ~, P, o 13, 17, 20, 31, 32, 62

63,72
20.62 + 60 (37:1) 200 £ 40 vonp,e | 17,18, 19, 20, 21, 37
39,62,63,72

20.98 270 n, p 18
21.60+£100°¢ | 37,2%;0 1200 4 150 ¥, N, p,o 17, 18, 19, 32, 37, 39

42,43
22.0 4100 171 800 4+ 1001 v, n,p 18, 19, 32, 37, 39
22.40 £ 40 171 275 £ 40 n,p 18, 19, 21, 37,43,72
922.65 + 70 1-:1 3200 Vo, pe | 17,18, 27, 28, 31, 32
34, 37,62

23.04 (27 1) 60 n, p 18, 62
23.52 £ 30 171 230 £ 80 ¥, N, p,o 8,17, 18, 32, 37,42
23.92 £ 80 (17; 1) 400 £ 100 ¥, N, p 18, 32, 37

24.43 100 n, p 18

24.92 920 n, p 18, 32
25.3 £ 150 (17; 1) 510 £ 100 n, p 18, 37,62

25.4 1-:1 ~ 2000 ¢ N, p 17, 27, 28, 32, 42, 43

50, 62, 63

25.95 ~ 400 n, p, d,« 10,12, 18, 37

26.8 270 n, p, d,« 12,18, 32
27.0 & 300 (17: 1) 1400 + 200 v, p 17, 37, 40, 43

27.5950 £ 2.4 0t; 2 < 30 8,70

27.9 ~ 350 v, n, p,He | 4,17,32

28.2 171 1600 v, 3He 3




Table 12.6: Energy Levels ¢tC * (continued)

E.in?C J T TCem. Decay Reactions
(MeV + keV) (keV)

28.83 + 40 1540 £ 90 v, p,d,3He,a | 3,12,17,42,43

29.4 4+ 300 1400 +£ 200 ~v,n,p,t3He | 4,17,31, 37

29.63 £+ 50 T=2 < 200 70

30.29 £ 30 1960 £ 150 v, *He,a 3,32

31.16 £ 30 2100 = 150 v, 3He 3

32.29 £ 40 1320 4 230 ~,n, p,3He,%Li | 1, 3, 32

33.47 £ 210 1930 + 50 v, 3He 3

@ See also Tabl&é2.7here and Table 12.12 i1 980AJ0).

b See also Tablé2.1Q

¢ See also reactions 2 and 27.

4 See, however, Tabte2.11

¢ Probably unresolved states: see footrfote Table12.19

f See the discussion in983NE1).

£ (1983BA62 suggests an isospin-mixed doublet with = 4.

h Probably4~ (D.J. Millener, private communcation). | am indebted to Billener for his comments on the states'6C.
I See, however, TablE2.12

Applications; (1984CA1D 1984HO1E1986BR1Q1986DR1E 1986EN1A 1986FR1H1986HELF
1986KI11J 1986KO2E 1986KR1F 1986PE1F1986ST1K 1986WE1E 1987NA1D 1987ST1C
1988AL1K, 1988BU1G 1988GO1M 1988ILZZ, 1988MA1l, 1988PU1A 1988RO1L, 1988SC1C
1989B0O11)

Complexreactionsinvolving 2C: (1983AG1A 1983AL1G 1983AL1H 1983BO10 1983EL1A
1984AB1G 1984AI11B 1984AN1G 1984BA2F, 1984CHL1L, 1984DE1Q 1984FI17 1984GA1G
1984H0O231984KA1] 1984KA1L, 1984KO1R 1984MA1P 1984NA12 1985PA081984ST1B
1984XI11B, 1985AB1F, 1985AG1A 1985BA1V, 1985FA021985GA1H 1985GH1A 1985GU1A
1985HAI1N 1985JA181985KALE 1985KAZQ 1985KA1G 1985KI1E 1985KW03 1985LI11B,
1985MCO03 1985M002 1985MO0O08 1985NE1G 1985P0111985P0141985SI115 1985SI119
1985ST1B 1985TA18 1985UT01 1985WA22 1986AB0G 1986AL25 1986AV1A 1986BA1E
1986BA1Q 1986BE2M 1986BO1R1986B0O1B 1986BU1K 1986CH2G 1986CS1A1986GHI1A
1986GR11,1986GR081986GR1A1986GR1B1986GU1FE 1986HAL1R 1986KI1C 1986MA19
1986MEQ06G 1986MO15 1986PL02 1986P0O061986RA1L, 1986RE13 1986SA30 1986SH25
1986SH1F198650101986ST131986UT01 1986VA1Q 1986VA18 1986VA23 1986WA1H
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1986WE1C1987AK1A, 1987AN1C 1987AR191987BA02 1987BA1l 1987BA31 1987BA3§
1987BA1T, 1987BE58 1987BES51987B0231987BO1K 1987BUO{ 1987CH1L, 1987DE37
1987D0131987FA09 1987FE1A 1987GE1A 1987GH1A 1987G0171987GR10Q1987JA06
1987KI05 1987K0O15 1987KWO02 1987LY04 1987MUO03 1987MU1D 1987NAO1 1987PA01
1987PA1D 1987P023 1987RI03 1987R0O10 1987SH23 1987S110 1987SN0] 1987S015
1987ST01 1987TAZU, 1987VI02 1987VI14 1987YA1lG 1987YI1A 1988AV03 1988AY03
1988BA2§ 1988B0O10Q 1988BR1N 1988CA06 1988CA27 1988CE0]11988DE1J1988EL1DQ
1988FE1A1988GA111988GA121988GA311988GH1A 1988G0O1F1988G0111988GU1K
1988HA03 1988KH1B 1988KHZX, 1988KH1H 1988KI06 1988KW1C 1988LI1H 1988MI128
1988MO1K 1988MU1E 1988PAZS1988P0Z2Z71988P0O1F1988PR1C1988RE131988RUO1
1988SA19 1988SH0O3 1988SH1H 1988S101 1988SMO07 1988TEO3 1988TS03 1988TS01
1988UCO01 1988UT02 1989BL1D0 1989BR35 1989CEZZ 1989CH28 1989CI1G 1989FI105
1989GH1B 1989GU1C 1989HA43 1989HAOG 1989PA06 1989P0O061989SA10 1989SEO3
1989SU051989TU1A 1989Y0O03

Muon and neutrino capture and reactions. (1983GM1A 1984KU2Q 1984KU11 1984Mi1],
1984RU121985AG1G 1985AR1B 1985B0O1U 1985GR1A 1985KI01, 1985MAZZ, 1985PA05
1985PA12 1986DA1J 1986D0O06 1986DU0G 1986FI1G 1986KE1Q 1986KUOS 1986L113
1986MA1G 1986PA061987BR1L, 1987FU131987HA1Q 1987KO1R 1987KR1L, 1987MI17,
1987SU061987VAL1R 1988AL1Q 1988BO1X 1988BR24 1988D0O05 1988FU08 1988MI11,
1988MI12Q 1989AR1| 1989DR1A 1989GM1A 1989KR1G 1989MI1l, 1989NA0)

Pion capture and reactions (See also reactions 28 and 34)981H0O141983AB1B 1983AB1G
1983AG1B 1983AK1A, 1983BU1DQ 1983GM1A 1983KO1M 1983MA16G 1984AL1K, 1984AL1L,
1984AS051984BA1L, 1984BA2L, 1984BA1M 1984BE281984BE1Q1984BE1R1984BO1L,
1984B0O1H1984BU111984CE1D1984CH261984C0161984C0O10D1984ER061984GE1A
1984GI10 1984GMO01 1984GR27 1984J103 1984KA31 1984KO1R 1984LE11 1984LI03
1984MALT, 1984MA1G 1984MA1U, 1984MI11, 19840H041984RI1121984R0O1D1984SA1H
1984SC1B1984TO1A 19847118 1985AB1E 1985ALZX, 1985AM1B, 1985AR15 1985AS02
1985AZ1A 1985AZ1B 1985BA2F 1985BA1V, 1985BE1C 1985BI0] 1985B104 1985BU1G
1985C011 1985C016 1985DI102 1985FU06 1985FU14 1985GI05 1985GR1E 1985GU13
1985KA22 1985K006 1985K02G 1985LA2Q 1985LE1E 1985LI1E 1985MA1G 1985MA1K,
1985ME1M 1985MI104 1985MI1L, 1985MO1H 1985MO1M 19850H091985RI104 1985R0O17
1985R0O1M 1985SA06 1985SE211985SM06 1985TA17 1985TA24 1985T0O15 1985TO14
1985VA17 1986AB1J1986AG1CG 1986ALZL, 1986AN4Q 1986AR1FK 1986AS1A 1986BA3E
1986BA81 1986BA3H 1986BE22 1986BE2L, 1986BL05 1986BO031986BO1N 1986CH39
1986CH1Z 1986CH1J1986C0O1V 1986CZ011986DI07 1986DU1M 1986ER1A 1986FA03
1986F0031986GA33 1986GA14 1986GH1A 1986G113 1986GR1K 1986HA34 1986HA26
19861V1A 1986KA1J 1986KH03 1986KI1D, 1986LAZL, 1986MC04 1986MI125 1986MO1M
1986M0O1J 1986M0O26 1986NA03 19860S0119860S1H19860S031986PE1L 1986PE05
1986PR1C1986PR011986RA1J 1986RO031986SU18 1986 TALT, 1986VO1H 1986V0O17
1986WA26 1986WH021986YO051986Z01A 1987AB12 1987AB1E 1987AG1G 1987AL1,
1987AL26 1987AN14 1987AP1A 1987AR1R 1987AS1E 1987BA2Q 1987BE2A 1987BE2B
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1987BL07 1987BO10 1987BO1E1987B0O1X 1987BU201987CH211987CH1IN 1987CH24
1987CH29 1987CL02 1987C0O20 1987EJ02 1987FAQS5 1987GA08 1987GA11 1987GI01
1987GI1B 1987GI1C 1987GM02 1987GM04 1987GU07 1987GU1] 1987HA4Q 1987HE04
1987HO081987HU131987J01B1987KA39 1987KH1B 1987K0O30 1987LE1B 1987LO1FE
1987MAL1l 1987MA1Z 1987MO1M 1987NA04 1987P11B1987RA1H 1987ST1E1987WE1A
1987WU1B 1988AB03 1988AB1G 1988AMO04 1988BA2G 1988BE1V, 1988BE2D 1988BE2K
1988BU16 1988CH491988CH241988CH311988CU1C 1988DH1A 1988ER041988ER1B
1988FR02 1988FR1D 1988FR10 1988FR1,)1988GIZU 1988G0131988G0O081988G0O14
1988GR1E 1988HAO07 1988HA12 1988EL0G 19881702 1988JO1E1988KH01, 1988KIZW,
1988KY1A 1988LE1G 1988MA27, 1988MA37,1988M02319880H0419880S1A1988PE1EF
1988P0O1H1988RA1H 1988RO1M 1988SA241988SA311988WI1B 1988WI1| 1988Y0ZZ
1989AR1K 1989BA0G 1989BA1R 1989BRZX 1989EJ1A1989EN1B 1989GH1B 1989G0O09
1989GR061989HA07 1989KH01, 1989MO10 1989NA0Y)

Kaons and other mesons-capture and reactions (see also reaction 35)1983AK1A, 1983AR1K
1983GE1C1983T0211984AB04 1984AL1H 1984BA2L, 1984BA1M 1984B0O1H1984C021
1984GI1E 1984IW1B 1984MAL1G 1984S1131984TO1B 1984YA04 19847002 1985AB1E
1985BE311985BE62 1985C0O1H 1985C0141985C0O051985DA1D 1985DI106 1985D01G
1985GA1E 1985GA1G 1985GR101985IA01, 1985MI104 1985SH1H 1985S109 1985WA1N
1985YA0], 1985YAQ7, 19857H13 19857H11 1986AB07 1986AG1B 1986BA3L, 1986BA8]
1986BE1R 1986BE2)1986BE42 1986BI1G 1986CH1R 1986CH1] 1986CO1l 1986DA1G
1986DA1B 1986D0O1B 1986FI1A 1986GA331986GA14 1986GA1H 1986HALY, 1986HA34
1986HA26 1986HA39 1986HU1RB 1986KA1J 1986KI1K, 1986KI1D, 1986KO20 1986MA1]
1986MI1N, 1986MO1J)1986PE1l. 1986 TA1l 1986YALT, 1986ZH1E 1986Z01A 1987AP1A
1987BEYQ 1987BE14 1987BE1$1987BL1L, 1987CH10 1987EJ021987FA1A 1987HA4Q
1987K0O301987LE1B 1987PI11B1987PO1H1987SM1A 1987WU1B 1987WUO05 1988BA1K
1988BR161988CH491988FA1R 1988GA1A 1988HA07 1988HA41 1988HA44 1988K0O36
1988MA09 1988MO1B 1988M0141988M0231988PA1B 1988PE1F1988PO1H1988R0O11
1988TA29 1988TA14 1988WA1B 1988YA0S5 1989BA0G 1989EJ1A 1989HA0DY)

Hypernuclei: (1983SH1E1984AL1H 1984AS10 1984BA1M 1984BA1N 1984BO1H 1984MA1G
1984MA1U, 1984MI1E 1984SA1)198470021985AH1A 1985GA1E 1985GR101985MI104
19850S1C1985WA1LN 1986BA3L, 1986BA1H 1986BA81 1986BI11G 1986CO1J1986DA1G
1986DA1B 1986D0O1B 1986DU1M 1986DU1R1986ER1A1986FE1A 1986FR1,J1986GA33
1986GA14 1986GA1H 1986HA1LY, 1986HA34 1986HA39 1986HE0]1 1986HU1B 1986KO1A
1986MI1N 19860S1G1986PE1L.1986PO1K1986SZ1A 1986YALT, 1986Z01A 1987BA2K
1987DA1F 1987DA3(Q 1987D0O1B 1987EJ021987MAO0§ 1987MA2A, 1987MI138 1987PI1C
1987PO1H1987RU1A 1988BA1F, 1988BA1G 1988BA82 1988BO1RP1988CH481988DL1A
1988GA1A 1988GA1l 1988GR1B1988HAQ07 1988HA44 1988MA09 1988MA1G 1988MO1B
1988M0141988M0231988MOL1L, 1988PE1F1988PO1H1988TA29 1988WA1B 1989BA0G
1989EJ1A1989KI25 1989MRO0)

Antinucleoninteractions(see also reaction 38.)1984BA39 1984CL1G 1984DA1J)1984DA23
1984D0O1E1984GA261984KR221984RI110 1984SA1M 1984SU071984Vv010 1985AB1E
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1985BA09 1985BA51, 1985CA16 1985DA1D 1985DA06G 1985DA24 1985DA1G 1985D0O1E
1985DU05 1985HE24 1985KU04 1985KU0§ 1985L11J 1985NA14 1985PI114 1985SU11
1985V006 1986AU1D0 1986BA22 1986B026 1986BU1J 1986DI104 1986D020 1986DU1Q
1986FR10 1986HEO0S 1986IN01 1986JA04 1986MA46 1986MC04 1986M0O1J 1986SPO1
1986ZA06 1987BA2]1 1987BE26 1987DA12 1987DA1D, 1987GR1) 1987HE04 19871S03
1987MAO04 1987MA4G 1987SM1A 1987VO1B 1987YALE 1987ZA08 1988DA07 1988DE40Q
1988G0131988LI1Q 19880K03 1989AR1K 1989CH131989MA24 1989MU1D

Other topics: (1984CH1L, 1984CL111984C0161984GR181984JE021984L0051984SH1X
1985AN28 1985AR07 1985AR1B 1985BU1FE 1985CI04 1985KE1G 1985KU22 1985PA1M
1985SHZL, 1985TH1D 1986AL1T, 1986BE23 1986BE39 1986BI01, 1986DU06 1986FO03
1986KU1] 1986KE1R1986KU1B 1986KU1R 1986SA021986SH2E1986WE1G 1986 YALR
1987AB21, 1987FUZZ 1987HO07 1987KU1l 1987M0O14 1987PR011987ZE05 1988B0O04
1988FL1A 1988HA38 1988JA131988KW02 1988MO1H 19880H0119880R1C19880S1E
1988RO18 1988RU1B 1989BA6Q 1989CEOQ] 1989FI04 1989J104 19890R02 1989RE1C
1989R0O0)

Ground-state properties of 12C: (1984AN1B 1984BA2F, 1984BR25 1984L005 1984RU12
1985AN16 1985AN28 1985BE591985CL1A 1985GO1A 1985K002 1985M123 19850R01
1985SA32 1985SA30 1985SH1A 1985TA1g 1986AL1T, 1986AN35 1986EL1A 1986HE26
1986KA2C 1986KU1B 1986LE16 1986NI101 1986RO031986SA32 1986SY 1A 1986WI104
1987AB03 1987AL05 1987BL1§ 1987B042 1987JI101 1987ER1E 1987FU1D 1987GI1G
1987GU1C 1987HA3Q 1987KI1C 1987PR031987RA01 1987SA15 1987ZE05 1988BI1A
1988CU1C1988DA1J)1988DZ1A 1988GU031988HA3§ 1988J01C1988ME09 19880H01
1988RA1G 1988SP1A1988TA1Q 1988VA03 1988W0O04 1989BE0319890R051989R0O0)

I sotopic abundance: (98.90 + 0.03)% (1984DE53
(r?)1/2 = 2.4829 4+ 0.0019 fm (1984RU12 charge radius). See also reaction 32.

The interaction nuclear radius 6fC is 2.61 &+ 0.02 fm (1985TA19. [See also for derived
nuclear matter, charge and neutron matter r.m.s. radie]aB® (989SA10).

12C*(4.44): Q = 6 + 3 e- fm?, indicating a substantial oblate deformatid®83VEO).

1. (a)°Li(°Li, n) ''C Qum = 9.450 B, = 28.171
(b) SLi(°Li, p)''B O = 12.214
(c) SLi(°Li, d)'°B Qm = 2.985
(d) °Li(°Li, o)*Be Qum = 20.805
(€)SLi (°Li, 2a)*He Qum = 20.807
(f) SLi (°Li, 2d)*He'He Qum = —2.950

(g) SLi(6Li, SLi)SLi
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Table 12.7: The decay of son#C levels?

E, (MeV) Widths E, (MeV) Widths
4.44 I'y =108 £ 0.6 meV 15.11 I',(15.11 — 7.65) = 1.09 £ 0.1 eV
765 |T,./T'=(6.840.7) x 10°° I,(15.11 — 12.71) = 0.59 £ 0.14 eV f
I, = (60.5+3.9) ueV I, =418+1.2eVf
[ag PIT = (4134 0.11) x 1074 [,/T =0.04140.009 f
'=83+10eV r,=18+03eVv
[ad = 3.7+ 0.5 meV [ =436+ 1.3eV
9.64 [ag/T =< 4.1x 1077 16.118 | I'=5.3+0.2keV
Thag < 14 meVe r.,/T,, = (46+0.7)%
I, =(31404) x 107*eV I, /T =(24240.29) x 1073
12.71 | T, /T = (1.9340.12) x 1072 I,(16.11 — 9.64)/T., = (2.4 +0.4)%
T, /T, =0.150+0.018 ¢ I,(16.11 — 12.71)/T,, = (1.46 4+ 0.25)%
I, =0.35+0.05eV I, =059+0.11eV
Iy, =0.053 £0.010 eV I, =128+t15eV
I'=18.1+28eV [',(16.11 — 9.64) = 0.31 £ 0.06 eV
I, =177+£28eV*® ,(16.11 — 12.71) = 0.19 £ 0.04 eV
1511 | I\, =385+08eV™h 16.57 | I, = (4848) x 1073 eV
I, =096+0.13eV'

@ For references see Table 12.8 980AJ0). See also Tablek2.8 12.11and12.15here.

b ad = Iy +Tsx.

¢ Based o' = 34 4+ 5 keV: Table12.6

4 The branching ratios for th&2.71 — 4.44 and12.71 — 0 transitions arg13.0 & 1.4)% and(87.0 + 1.4)% respectively
(1977ADO03.

¢ Assumingl'y, +T'y, + T, =T

f Based o', of (1983DE53 and on branching ratios 01972AL03: '2C*(15.11)—'2C*(0, 4.4, 7.65, 12.71) arg@2 +2)%,
(2.3 4+ 0.3)%, (2.6 + 0.7)% and(1.4 + 0.4)%, respectively. In addition, an undetected branching 6%dto 2C*(10.3) is
indicated by the3-decay work {972AL03. See also1980AJ0).

€ We are grateful to E.G. Adelberger for his comments.

h (1983DE53.
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The excitation functions for some final states iB and!!C (reactions (a) and (b)) are struc-
tureless while others (to states wiffi = %_, g_, g+) exhibit pronounced structures. The most
prominent of these is observed A{°Li) = 8.4 MeV ['2C*(32.4)] in thep, andn, yields with a
width ., ~ 1 MeV (1987D003. Reaction (d) has been studied #8(°Li) = 2.4 t0 6.7 MeV in
a kinematically complete experimedt988LA1]). See alsd984LA19 1987LA29. For reactions
(e) and (f) seel(983WA09. Broad structures have been observed in the elastic Sogtses £ (°Li)
~ 13 and 26 MeV: seel(980AJ0). See also{985AJ0), ’Li and®Be in (1988AJ0), !B and!'C

here, (985NO1A, (1988WE2() and (L988MCL1E applied).

2.%Be(q, 7)'2C Qum = 7.36662

This reaction, of great importance to nucleosynthesisbbas studied byl985CA41 1986LA16G
1987DE13. See also the “General” section here.

3. Be(He,y)2C Qm = 26.2790

Observed resonances are displayed in TaBl& 2C*(28.2) appears to be formed by s- and
d-wave capture. The, and~, transitions to the)* states!?C*(0, 7.7) are strong and show a
similar energy dependence. A strong non-resonant cotitibbis necessary to account for the
yield. The resonance structure appears to confirm the roBp8h configurations fot?C exci-
tations somewhat above the giant resonance region.~Jlyeeld is relatively unstructured: see
(1980AJ0). See alsoX984MAZP, 1985BL1B).

4. (a)’Be(He, n}'C Qm = 7.557 Ey, = 26.2790
(b) °Be(He, p)}'B Qm = 10.3218
(c) °Be(He, d)°B Qm = 1.0922
(d) “BeCHe, tYB QO = —1.087
(e)°Be(He,*He)’Be
(f) °Be(He, a)*Be Qm = 18.9124
(9) ’BelHe, o)*He'He Qm = 19.0043

Excitation functions for neutrons, production cross sewifor!! C and polarizations have been
measured fo/(®*He) = 1.2 to 10 MeV for several neutron groups. No sharp structure s&oked
but there is some suggestions from angular distributioa dat excitation functions at forward
angles for a structurel(~ 350 keV) at E(*He) ~ 2 MeV: £, = 27.8 MeV. The total cross
section for'!C production shows a broad maximum= 113 mb at E(*He) = 4.3 MeV. In the
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Table 12.8: Resonances‘iBe(*He,~)!?C®

E(*He) Res. Ey Cem.
(MeV =+ keV) (MeV) (MeV)

2.55P Y0, 72 28.2 1.6
3.40 + 40 Yor V2 28.83 1.54 =+ 0.09
5.35 + 30 71 30.29 1.96 = 0.15
6.51 £ 30 Yo 31.16 2.10£0.15
8.02 + 40 1, Y2 32.29 1.324+0.23
9.60 % 210 Y1, Yo 33.47 1.93 4+ 0.05

2 See (980AJ0) for references.
PT, > 11.8eV [y], > 4.6 eV [y1], > 11.3 eV [y2], assuming/ = 1, I'(*He) = T;
JT=17;T=1.

rangeE(*He) = 5.7 to 40.7 MeV it decreases monotonically. Excitation funeti@nd angular
distributions for protons (reaction (b)) have been meaktwe Z(3*He) = 1.0 to 10.2 MeV for a
number of proton groups. No pronounced structures are teghobee alsol©86SL1E theor.).

Analyzing powers have been measuredﬂ&tlfe) = 33.3 MeV for nine deuteron groups (re-
action (c)). The cross section for ground-state tritonadtien (d)) increases monotonically for
E(*He) = 2.5t0 4.2 MeV and then shows a broad maximunigtHe) ~ 4.5 MeV.

The elastic scattering excitation function (reaction (&3reases monotonically fér(*He) =
4.0t0 9.0 MeV and 15.0to 21.0 MeV. Ak, = 111° a slight rise is observed far(*He) = 19 to
21 MeV. Polarization measurements have been reportéate) = 18, 31.4 and 32.8 MeV.

Excitation functions for they, group (reaction (f)) have been reported B(*He) = 2 to
10 MeV. Analyzing powers have been measuredfétffe) = 33.3 MeV. For reaction (g) see
(1986LA2G 1987WA25.

See also1968AJ021975AJ021980AJ01 1985AJ0) for references and for additional work,
1B and!'C here, andBe, °Be, B and'’B in (1988AJ0).

5.%Be(x, n) 12C Qm = 5.7012

Neutron groups have been observed*©*(0, 4.4, 7.7, 9.6, (10.1), (10.8)). Angular distribu-
tions have been measured at many energies in the rEpge 1.75 to 23 MeV [see {968AJ02
1975AJ03] and at 28 and 32 MeV1085GUZQ prelim.; ny_.3). [The work atE, = 35 MeV
reported in {985AJ0) has not been published: see, however, Fig. 11BBEAS0).] See also
(1985CA41 1988CA26 astrophysics) andlQ86PH1C1987TC1A applications).
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6. “Be(Li, t)12C Qm = 10.4835

At E(°Li) = 32 MeV angular distributions have been studied16*(0, 4.4, 7.7, 9.6, 10.8,
11.8, 12.7, 14.1). There is no indication of tfie= 1 states.!2C*(9.64) is relatively strongly
populated {986AS02 FRDWBA). See alsol980AJ0).

7.°Be(Be, ‘He)'?C Qm = 5.103

See (985AJ0).

8. '°Be(He, n)*C Qm = 19.4670

At E(*He) = 13 MeV neutron groups are observed'€*(0, 4.4, 7.7, 16.1, 17.8) and to
excited states ab/, = 23.53 + 0.04 [I' < 0.4 MeV] and 27.611 + 0.020 MeV. The latter is
formed with a0° cross section ofx~ 200 ib/sr and is taken to be the firlgt, 7' = 2 state of'2C
(1974GO23.

9. 1B(d, 7)!2C Qum = 25.1868

The (d,~) excitation functions [via thg™ = 17, T' = 1 state atF, = 15.1 MeV] has been
measured fof/y = 2.655 to 2.91 MeV. The non-resonant yield of 15 MeMays is due to a direct
capture process or to a very broad resonance: 1$e6AJ03.

10. (2)'°B(d, n)''C QO = 6.4650 E, = 25.1868
(b) 1°B(d, p)''B Qu = 9.2296

The thin-target excitation function in the forward directi(reaction (a)) in the rangé; = 0.3
to 4.6 MeV shows some indication of a broad resonance Bgat 0.9 MeV. Above £, = 2.4
MeV, the cross section increases rapidly to 210 mb/sr at 28, Mnd then remains constant to 4.6
MeV. Excitation functions have also been measuredsipe= 3.2 to 16.0 MeV. Thick target yields
for 4.3 MeV ~-rays forEy = 111 to 170 keV have also been studied and astrophysidalctors
have been calculated. In reaction (b) yields of protons haesn measured fdary = 91 keV to 12
MeV: no clear resonance structure is observed.

See alsd'B, ''C here and{968AJ021975AJ021985AJ0).
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11.1°B(d, d)\°B B, = 25.1868

The yield of elastically scattered deuterons has been medor £; = 1.0 to 2.0 MeV (there
is some suggestion of resonances) andHAgr= 14.0 to 15.5 MeV. Excitation functions for the
deuterons td°B*(1.74, 2.15) J™; T' = 0*; 1 and1™; 0, respectively] have been measured at
several angles foE,; = 4.2 to 16 MeV: they are characterized by rather broad, slowlyinar
structure: seel@80AJ0) [see also for polarization measurements]. See ‘4Ban (1988AJ0).

12.19B(d, o)®Be Qum = 17.8202 E, = 25.1868

Excitation functions have been measured fordhheanda; groups forky = 0.4 to 12 MeV.

Broad maxima in they, yield are reported akq ~ 1 (I' ~ 0.5), 2 and 4.5 MeV [ < 1 MeV)
as well as, possibly, at 6 MeV. Involvement of the isoscaiangquadrupole resonancgé,| ~ 28
MeV, I' ~ 4 MeV] is suggested: sed $80AJ0). See alsdBe in (1988AJ0) and (L988KA1M;
theor.).

13. (a)'°B(®He, p)2C Qum = 19.6933
(b) 1°B(®*He, p)®Be Qm = 12.3267

Table12.9displays the proton groups observed in this reaction , amévtirk on theiin-decay.
For a study of the charge-dependent matrix element betWf€12.7, 15.1) see Tabl&2.1Q

14.1°B(q, d)2C Qm = 1.3401

Angular distributions have been measuredvat= 15.1 to 25.2 MeV [see 1980AJ0)], 29.5
MeV (1983VA28 dy, d;) and 31.2 MeV 1{984KO1Q d,, d;). Ford~, 4 angular correlation studies
see (987VA04 19881G04 1988VA1D). See also1984BE23theor.).

15. 0B(SLi, a)'2C Qum = 23.7118

At E(°Li) = 4.9 MeV angular distributions have been obtained for #hparticles to'2C*(0,
4.4,7.7,9.6). The population 6fC*(11.8, 12.7) is also reported, as is thatd®*(15.11) [[" = 1]:
see ((975AJ02.

16. 19B(1N, 2C)12C Qm = 14.9144
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Table 12.9:2C states from’B(*He, p)?C

By | . Alpha decay to Parity Jo T
(MeV =+ keV) (keV) *Be,s. | *Be*(2.9)
4.44
7.65 yes natural 0F
9.64 36 +6 yes yes natural
10.849 £ 25 320 £ 30 | strong yes natural
11.841 + 25 245 + 30 no yes unnatural
12.713+£6°" ~ 350 ® no yes unnatural 1"
13.29 + 30 252+ 15 no yes unnatural >1
14.083 + 15 yes yes natural >2
15.108 =6 P 11
16.108 6" weak yes natural 2+
16.58 yes yes natural
~ 18.5 broad (yes)
~ 19.5 broad (yes)
20.5 + 100 ™ ¢ yes
224 (yes)

& For references and additional information see Table 121X0980AJ0). The present table incorporates
the results of ref. (c) in Table 12.9 af$85AJ0) which has not been published.

bT,/T = 0.025 £ 0.01, > 0.95 and (2.6 & 0.5) x 1073 for 2C*(12.7, 15.1, 16.1) respectively. See Table
12.7for branching ratios.

¢ A (*He, pn) study suggests’ = 3+, T' = 1 for this state.

4 Theay decay of states with0 < E, < 25 MeV is very unlikely, consistent with the populationBf= 1
states: see reaction 21 ih980AJ0).
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Table 12.10: Charge-dependent matrix element between
12C*(12.71,15.11) {* = 1+; T = 0 and 1, respectively)

| R Reaction
110 + 30 keV 1B(3He, p)
285 + 30 keV 10B(q, d)
130 — 165 keV 12C(e, €)
148 £+ 29 keV L2C(r*, %)
324 + 33 keV 12¢(d, d)
180 + 80 keV 13¢(d, 1)
120 + 30 keV 13C(d, 1)
340 + 60 keV 13C(He, a)

& See also reactions 44 and 86 i®B0AJ0). For references se&485AJ0).

Angular distributions involving®C*(0, 4.4) have been measured at several energiég tt) =
93.6 MeV: see (980AJ0). See alsol984MALR.

17. (@)"'B(p, 7)'2C Qum = 15.9572
(b) "'B(p, a)*Be Qum = 8.5906 B, = 15.9572
(c) ''B(p, a)*He*He Qm = 8.6825

In view of the complexity of the availiable information onese three reactions, we will first
summarize the experimental results and then review theeauilfor the parameters t1C states
observed as resonances: see TaBld1 See (975AJ021980AJ0) for references.

(@) In the rangel < E, < 14.5 MeV o(,) is dominated by the great dipole resonance at
E, = 7.2 MeV (E, = 22.6 MeV, I'.,,. = 3.2 MeV), while the giant resonance in occurs at
E, =~ 10.3 MeV (£ = 25.4 MeV, I'.,,, = 6.5 MeV). Absolute cross section measurements from
E, = 5to 14 MeV suggest thatadd(2(90°);, = 13.1 £ 1.3 ub/sr be used as a standard at the
E, = 7.25 MeV peak of the GDR.

A study of the giant dipole resonance region with polarizestgns ¢, = 6 to 14 MeV)
sets new limits on the configuration mixing in thggiant resonance. The analysis\gfis more
complicated: the asymmetry results are consistent eithigr avsingle /™ = 2~ state or with
interference of pairs of states such(@s, 37), (27, 37) and (17, 27). The90° yield of ~,

Y1, Y2 and~ys [to 12C*(0, 4.4, 7.7, 9.6)] has been studied WBT7SNO): the -, yield shows a
peak atE, ~ 14.3 MeV with a cross sectior: 2.3% that ofy, [in v, yield, E.s = 15.0 MeV
(1977SNO0J] and perhaps as well a low intensity structuré’gt= 11.8 MeV. The~; yield exhibits
two asymmetric peaks &, = 12.5 and 13.8 MeV [ =~ 0.7 and 2.5 MeV) and a weaker structure
at~ 9.8 MeV (1977SNO).
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Table 12.11: Resonancésn 11B(p, v)12C andB(p, )®Be

Peak FEp Tem. (7o) o(m) a(a) o(ar) Ty Ty, Taq Toy Tp 12cx JT
number | (MeV) (keV) (ub) (ub) (mb) (mb) (eV) (eV) (keV) (keV) (keV) (MeV)
1 0.162" 5.34+0.2 5.5 152 res. res. 0.58¢ 126 +£1.8° | 0.290 +0.045 | (6.34+0.5) | 0.0217+ | 16.1058+ 2+ 1
0.0018 0.0007
2 0.675 300 non-res. 48 non-res. 600 < 0.4 8.0 < 0.27 150 150 16.576 271
3 1.388 1150 [2714 3 3.3 =~ 180 44 5 10 140 1000 17.230 1751
4 2.00¢ 96 £ 5 non-res. | non-res. 9.0 (25) 4.6 11.4 76 17.79 0t;1
5 2.37 600 4 1000 0.77f 18.13 (1t;0)
6 2.648 = 400 weak? res. 32.4+4.8 270 £40 | ~2x 1073 3.2 65 177 68 18.38 37;1
7 2.66 43 non-res. | non-res. non-res. non-res. < 0.5 < 0.5 <1 <5 33 18.39 0~
8 3.01 100 non-res. | non-res. 3.4 < 10 18.71 nd; (1)
9 3.12 100 weak [20] 4 non-res. non-res. (0.4) 2.0 < 0.2 < 1.5 97 18.81 2t 1
10 35 1100 [20] 4 res. 5.2 res. 25 10 50 200 300 19.2 (17;1)
11 3.75 (1100) non-res. res. 74+1.1 300 + 40 <3 3 20 450 450 19.39 21;0)
12 4.93 180 non-res. res. res. 170 £ 40 20.47
13 5.11 275 non-res.| [35]4 6.0£0.9 non-res. 20.64 37;1)
14 5.85 300 res. (21.31)
15 6.0 res. non-res. res. 215
16 6.7 500 res. [35] 4 res. 22.1
17 7.25 3200 120 non-res. res. > 25001 22.6 1—;1)
18 8.3 res. res. res. 23.6
19 10.3 = 6500 [60] 4 83 25.4
20 11.76% non-res.| 45h res. 26.72 1)
21 12.5! ~ 700 21h non-res. 27.4
22 13.0 = 6000 res. 27.9
23 13.09 19 3gh 27.94
24 13.8! ~ 2500 non-res.| 25N 28.6
25 14.3k 16h non-res. 29.0
26 14.8 broad res. 29.5

a For references se@9{75AJ02 1980AJ0). See alsol985KI1§ theor.).
P Fres.(c.m.) = 148.6 + 0.4 keV. This is the mean of the two values quoted in reaction 17.

¢ See Tablel2.7.
d Estimated.

© Decays via2C*(12.71)[J™; T = 11;0]: T, = 3.7 £ 1.5 eV.
f Decays via'2C*(15.11)[11;1]: (2J + 1) Ty > 2.8 £ 0.6 eV.

&1, t0 12C*(9.6) = 5.7 & 2.3 eV, consistent with/™ = 37, T = 1.

b 47 x a(90°).

I Assuming a single resonance.
J Natural parity.

k Resonant inys.

I Resonant inys.




At E5 = 50 MeV, angular distributions and analyzing power measuregsnare reported to
12C*(0, 4.4, 9.6,18.8 - 0.5 [u], 22.3 £ 1.0 [u]) by (1985N0O0) [u = unresolved]. Measurements
are also reported aty = 28.5 MeV (1984BL1Q and 40 to 80 MeV 1986EJ1A 1986SH1Y
prelim., v, 71). (1988HAO09 have studied they, group for E5 = 20 to 100 MeV. See also
(1985HAO0S. In earlier work (982WEO0$ studied they, and~; yields for E,, = 8 to 60 MeV and
the v,y yield for £, = 23 to 60 MeV. Giant resonances based on various stat€Cofiave been
reported att, = 22.5 and 25.5 MeV {], 25.5, 27.4 and (31) MeV~f], 27.4, 31 and (37) MeV
[+3], as well as in they-yield to higher states: se@485AJ0). The~,4 yield shows a structure at
E, ~ 43 MeV (1983AN16 E, = 18 to 45 MeV, alsoy to '2C*(0, 4.4, 9.6, 12.7 [u], 15.5 [u]).

(b) Excitation functions have been measureddpr= 3.0 to 24 MeV: see980AJ011985AJ0)
and Tabled2.11and12.12here.

(c) This reaction has been studied at energies to 20 MeV. fides sections for the reactions
vie ®Be, ;. and®Be*(2.9) [no, 4] have been determined fdt.,, = 22 to 1100 keV. The total
cross section shows the 162 keV resonance and a broad pdaekeceat 600 keV. AF, ,, = 300
keV o(ap) = 1.03 £ 0.06 mb ando(«;) = 165 + 10 mb (1987BE17}. The parameters of the 162
keV resonance arg,.s(c.m.) = 148.3 £ 0.1 keV, . ,,,. = 5.3+ 0.2 keV (1987BE17}, 149.8 +0.2
keV, 5.2703 keV (1979DA03. DerivedS-values lead t&(0) = 197 & 12 MeV - b (1987BE1}.
This reaction is of possible interest for fusion reactors.

See alsdBe in (1988AJ0), (1985NO1G 1986KU19, (1984BR1L, 1984SN011985DO1F
1986SN1B1986WE1D 1988HA1W), (1983SG1B1984HA1J)1986KA1U, 1986PR10D1986Z10]
1988KI1G applications), 1983HAL1B 1984YA1A, 1985CA41 1987AS05 1988CA26 astro-
physics) and1984CA18 1984SE161985G0O1B 1985KI16 1985RA1Q 1987AS05 1987KI1G
1987K0O1X theor.).

The parameters of the observed resonances are displayalegll?.11 The following sum-
marizes the information on the low-lying resonances: faulhlist of references seel@68AJ02
1980AJ011985AJ0).

E, = 0.16 MeV ['2C*(16.11)]. Thisisthe/™ = 2*; T' = 1 analog of the first excited states of
2B and'?N. The~v-decay is td2C*(0, 4.4, 9.6), and als&C*(12.71) [see Tabl&2.7: the angular
distribution of+3, together with the known-decay of?C*(9.6), fix J™ = 3~ for the latter.

E, = 0.67 MeV ['*C*(16.57)]. The proton widthI[,, ~ 150 keV] indicates s-wave protons
and therefore/™ = 1~ or 2~. This is supported by the near isotropy of the two resonaitt ex
channelsp; and~;. Thea; cross section indicates/ + 1 > 5: thereforeJ™ = 2~. [This is
consistent with the results of am-correlation study vidBe*(2.9)]. The~, E1 transition has
|M|* ~ 0.1 W.u., suggesting’ = 1.

E, = 14 MeV ["*C*(17.23)]. J + 1), > 115 eV. This indicates/™ = 1-, with 7' = 1
most probableJ™ = 1~ is also required to account for the interference at lowergias ina, and
7o and is consistent with thea-correlation results. Two solutions fdy, are possible; the larger
(chosen for Tabld2.1]) is favored by elastic scattering data.

E, =2.0MeV [*¥C*(17.8)]. The resonance in the yield @f requires natural parity, the small
a-widths suggest” = 1. ForJ™ = 1~ or 3~ the smally-widths would be surprising/™ = 2%
would lead to a larger anomaly than is observéd.is then0*, 7' = 1. (1982HA1) [E, = 0.82
to 2.83 MeV] reportt, = 17.80 MeV [I'.,. = 96 £+ 5 keV] decays via &.10 £ 0.03 MeV ~y-ray
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Table 12.12: Anomalies and maxima in yieldsf ''B(p, n)''C and''B(p, p)''B

Peak A B JT E,
number| E, (MeV) | I, (keV) | res.in| E, (MeV) | @', (keV) res. in (MeV)
1 0.67 330 Po 2= | 16.57
2 1.4 Do 1= | 17.24
3 1.98 Do 0t | 17.77
4 2.664 48 2.66 47 Po, P1 18.40
5 3.16 100 3.15 100 Po, P1 18.85

6 3.5 500 3.4 500 p1 19.1
7 3.78 50 3.78 50 Po» P1 19.42
8 4.08 200 ng 19.69
9 4.28 100 4.28 100 p1 19.88
10 4.68 170 ng 4.68¢ 330 + 40 po,p1 | 17;1] 20.24
11 5.065 190 ng 5.10¢ d 350 + 15 po,p1 | 37;1| 20.61
12 5.49 400 ng 20.98
13 6.02 560 ng, Ny 6.08° 290 + 25 Po, P, P2 | 3~ | 21.50
14 6.4 wide ng 6.58°¢ 7800 4+ 1100 | po, p2,ps | 17; 1| 22.00
15 | ~7.0 340 1o 7.11¢ 7204£90 | po,pasps | 3 | 22.47
16 7.29 360 ng, Ny 22.63
17 7.74 65 ng, Ny 23.04
18 8.25 380 ng, Ny 23.51
19 8.65 180 ng, Ny 23.88

20 9.0° 24.2
21 9.25 110 ng, No 24.43
22 9.79 1000 ng, Ny 24.92
23 10.14 180 ng, Ny 25.24
24 10.91 440 ng 25.95
25 11.88 300 26.83

A: From the (p, n) reaction.
B: From the (p, p) reaction.

2 See also Tables 12.11 iM468AJ02, 12.13 in (980AJ0) and 12.12 in {985AJ0) for
additional work. The earlier references are listed there.

" Also resonance if(¥ (0°).

©(1983B0O19. R-matrix analysis.
4 See alsa-decay in Tablel2.11

38




to 12C*(12.71):T", = 3.7 + 1.5 eV. The angular distribution is isotropic, as expected.

E, = 2.37 MeV ['?C*(18.13)]. Seen as a resonance in the yield of 15.1 MeMys: og =
0.77£0.15 pub, I'c ., = 600£ 100 keV, 2J+1) I', > 2.8 £0.6 eV. The results are consistent with
J™ =17, T = 0, but interference with a non-resonant background excladifinite assignment.

E, = 2.62 MeV ['?C*(18.38)]. The resonance far, requires natural parity; the presence
of a large P, term in the angular distribution requires > 2 andl, > 2. (1982HA12) report
E, = 18.38 MeV, I'.,,. ~ 400 keV, I, (to '2C*(9.6)) = 5.7 + 2.3 eV, consistent with/™ = 3~;

T = 1. The total peak cross sectiondi€ + 1.7 pb. Transitions td>C*(0, 4.4) are also observed:
[, ~2x107%eVand3.2 + 1.0 eV, respectively.

E, = 2.66 MeV ['2C*(18.39)] is not seen here: s€B(p, p).

E, = 3.12MeV ['2C*(18.81)]. The angular distribution of, indicates E2 radiation]™ = 2.
This assignment is supported by the angular correlatioméncascade; and by the behavior
of o(ay); T = 1 is suggested by the smdll,. The yield ofy; (to 2C*(9.6)) shows a peak
corresponding td”, ~ 18.9 — 19.0 MeV. It may be due td>C*(18.8) with an energy shift due to
interference.

The structure neak, = 3.5 — 3.7 MeV ['2C*(19.2, 19.4)] seems to require at least two levels.
The largel’.,, requires that one bé™ = 1-, 7' = 1 and interference terms in(«) require another
to have even spin and even parity: = 27, T' = 0 is favored. {982WRO0) report that they do not
observe any evidence for an isospin mixed doublet #&as 19.5 MeV [E, = 2.9 to 4.6 MeV
(60° and90°)]. Resonances df, = 4.93 and 5.11 MeV, seen in(v,) also appear iw(«a;), but
notina (o). Angular distributions suggest = 2% or 3~ for the latter [2C*(20.64)]; the strength
of v, and absence of, favorsJ™ =3, T = 1.

The first sever?” = 1 states in?B and!2C have been identified by comparing reduced proton
widths obtained for this reaction and reduced widths olethiinom the (d, p) and (d, n) reactions:
see Table 12.12 inl@80AJO).

18. 1B(p, n)}''C Qum = —2.7646 By = 15.9572

Excitation functions have been studied from threshold t& B¥eV [see {980AJ011985AJ0)]
and att, = 13.7to 14.7 MeV (L1985SC08ny — n3, ny45, ng, n7) and 16 to 26 MeVI985GR09
ny — nz). See alsoXl986A109). At the lower energies many resonances are observed: bée Ta
12.12

Polarization measurements have been carried outfor 7.0 to 26.5 MeV [see 1980AJ01
1985AJ0)]. For high-energy interactions seE984BA1R 1984BA1U). See alsd'C, (1989RA09,
(1985CAA41 astrophysics) andLP85RA1(Q theor.).

19. (a)''B(p, p)''B Ey, = 15.9572
(b)'B(p, d)'’B Qu = —9.2296
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Table 12.13: Statesin '2C from ''B(d, n)!2C and!'B(*He, d)*C

Peak E, b I, " lc J° T
no. (MeV + keV) (keV)
1 g.s. 1 0;0
2 4.44 1 2+: 0
3 7.65 1 0*; 0
4 9.629 4 10 ® 2 2 37,0
5 10.84 +£201 330£30 [ 0+2| O 1-;0
6 11.16 + 50 550 + 100 (1) (2%); 0
7 11.82+20° 300£30 | 0+2 | 2 27;0
8 1270+ 10 1 1 17;0
9 13.38 £+ 20 500 + 80 ((0)) (27); 0
10 (14.71 £ 10) & <15 0
11 15.110 £ 3P 1 1 11
12 16.11! 1 1 2+: 1
13 17.23M1 broad > 1 171
14 18.27 £508 350 £ 50 (2) (47;0)
15 18355081 | 350450 (2 |37;1+27;0+1
16 19.25¢ (2) (17; 1)
17 19.55 £ 50 & 575 + 60 2) | U51)+(27)
18 20.624+60%™ | 525460 (2) (37;0)
19 22.40 4 80 350 £ 50 (2) (17;1)

& See Tables 12.14 il 980AJ0) and 12.13 in {985AJ0) for the earlier references. Please
note that the 1980 table also displays $1g obtained in several studies. See also the newer
review by (L983NE1).

b (d, n): see also Table 12.12 ihg68AI02.

° (®He, d): see also Table 12.13 ibq68AJ02.

4 There is some evidence that this state decays primarity)bl 9650L0).

© This state decays hy-emission t6'Be*(2.9) [90%)] and t&*Be, 5. [10%] (19650L0).

f Decays vian; to ®Be*(2.9) (19650L01 1985NEO).

¢ Not reported in (d, n): see Table 12.14 i®E0AJO).

h From a study of slow neutron thresholdgat = 1.627+0.004and~ 4.1 MeV [E, = 15.107
and 17.2 MeV (broad)]. In another study at the lower threshal; = 1.633 + 0.003 MeV,

E, =15.112MeV, T < 2 keV] 15.1 MeV~-rays are observed: seE9B0AJ0) for references.

i Decays 3% viayy and 97% viar; (1985NEO).

I Not reported in tHe, d): see Table 12.14 i1 980AJ0).

k Strong and broad neutron groups tC*(18.38, 19.55, 20.62) have been reported by
(1985NEO0] 1983NE1). The decay of'2C*(18.38) is reported to be 5% viay, 32% via
a1, 63% viapg; 12C*(19.55) 1%, 41%aq, 52%pg, 6% p1; 2C*(20.62) 2%, 30%a,
56% po, 12%p; (1985NEOQ). '2C*(19.55) is composed of at least two states separated by
~ 300 keV, the lower of whichn-decays. Th@Q angular correlation suggests).

! (1983NE1) find that this group is due to unresolved states with 7 = 3—; 1 and2~;
T=0+1.

™ A broadera-decaying region may lie under this ped®B85NEO).



Anomalies and maxima observed in the excitation functidng, e— p; are displayed in Table
12.12 Studies of the scattering have been reporteflat= 1.8 to 47.4 MeV [see 1980AJ0]1
1985AJ0)] and atE. . ~ 0.15to 1.1 MeV (L987BE17 py). A study of the yield ofy-rays is
reported to lead td?C*(18.98, 19.93, 20.63)1088ABZW; prelim.). A review of the evidence
on the states witR0.2 < F, < 22.5 MeV suggests that in all the channels and throughout this
energy range a strory background is observed, which may be the low-energy tall@fsoscalar
giant quadrupole resonance983B0O19. For polarization measurements[= 1.9 to 155 MeV]
see (975AJ021980AJ0] 1985AJ0). For reaction (b) seel@85AJ0) and!“B in (1988AJ0).

For studies of high-energy interactions sé8§4BA1U 1984BA1T). See also 1985MUZ2),
(1986BA89 and (L985RA1(Q 1987RA14 theor.).

20. 1'B(d, n)2C Qm = 13.7326

Reported neutron groups are displayed in Td#el3 Angular distributions have been stud-
ied for £4 = 0.5 to 12 MeV [see [968AJ02 1975AJ02 1985AJ0)] and atE; = 79 MeV
(1985F0051987F02%; to 12C*(0, 4.4, 9.6, 12.7, 15.1; DWBA-EFR). For polarization raeee-
ments seel(987F022 1986F00% and 13C in (1991AJ0). For angular correlation studies see
(1980AJ0) and (L985NEQ) [Table12.13.

21.1'B(*He, d)'2C Qum = 10.4637

Observed deuteron groups are displayed in TaBlé3 Angular distributions have been stud-
ied atE(®*He) = 5.1to 44 MeV [see {975AJ021980AJ0)] and at 18.3 and 22.3 Me\ §881G03
do, dy; alsod;~ angular correlations). See als®87BA2B 1987ZE02theor.).

22. 1B(a, 1)12C Qm = —3.8568

Angular distributions have been studied in the raage= 15.1 to 120 MeV [see 1980AJ01
1985AJ0)] and atFE,, = 30.1 (1983VA28 ty, t1, t2) and 31.2 MeV {984KO1Q t,, t1). Angular
correlation measurements () are reported ak, = 21 to 30 MeV: see 1987VA04 19881G04
1988VA1D). See alsoX987LE33 and (L984BE231985ZE041987BA2B 1987ZE021989BA9(Q
theor.).

23.11B("Li, *He)'2C Qm = 5.9826
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At E("Li) = 34 MeV, angular distributions have been measured for the groaf¥C*(0, 4.4,
7.7, 9.6, 10.8, 11.8, 12.7, 15.1, 16.1, 18.359§3NE1). It is concluded on the basis of this
and other work, that the group correspondingsto= 18.35 + 0.05 MeV (I' = 350 + 50 keV)
consists of unresolved states with = 3= (7" = 1) and2~ (7" = 0 plus some mixing of" = 1)
(1983NEL11 see for spectroscopic factors): no states were observbdRyi > 18.35 MeV. See
also (1987CO161988BEY)).

24.1B(!1B, 19Be)i2C Qm = 4.7293

Angular distributions involving®>C*(0, 4.4) and°Be*(0, 3.4) have been measured4t'B) =
11 MeV (1985PO0}

25. (a)''B(1N, 13C)12C Qm = 8.4066
(b) 1B(*60, 1°N)12C Qum = 3.8297

See (980AJ0). See alsoX984CL0O9 theor.).

26.12B(37)12C Qm = 13.370

The decay is mainly t&C, . ; branching ratios t6*C*(0, 4.4, 7.7, 10.3) are displayed in Table
12.14 All the observed transitions are allowed. The half-lif@(s20 + 0.02 ms (L978AL0J).

12Cx(7.7) [J™ = 0"] is of particular interest for helium burning processestars I',,q =
3.41 & 1.12 meV. A search for transitions t¢C*(12.7) has been unsuccessful: s&8q8AJ02
1975AJ02. The shapes of thé-spectra of 2B and'?N have been analyzed.

The results are in agreement with CVC and with the absenceawinsl-class induced tensor
currents: seel@80AJ0). See also reaction 60 here.

27. (@)*2C(y, n)t'C Qm = —18.722
(b) 2C(y, 2n)°C Qum = —31.8419

The total absorption, mainlyy( n) + (v, p), is dominated by the giant resonance peak at 23.2
MeV, ' = 3.2 MeV [0 = 21 mb] and by a smaller structure at 25.6 MéVx 2 MeV [0, &
13 mb]: see {968AJ021975AJ02 1980AJ0) for a detailed listing of the earlier references and
results. See alsd 984GH1A 1985GH1B.

The ¢y, n) cross section shows a giant resonangg,, ~ 7 — 8 mb, centered at about 23
MeV and consisting of an 1 MeV-wide group at 22.3 MeV and ar¥ 2 MeV-wide group at
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Table 12.14: Branching ittB(37)!?C®

Decay to'’C Branch (%) Log ft!
(MeV =+ keV)
g.s. 97.22 4+ 0.30 4.066 + 0.002
4.43891 £ 0.31 1.283 +£0.04 4 5.108 £ 0.014
1.18240.019° 5.143 £ 0.007
7.6543+2.1P 1.54+0.3 4.13 £ 0.09
10.3 + 300 © 0.08 +0.02 4.2+0.2

@ For the earlier references sé®B0AJ0).

b Based on the atomic mass tfle (A.H. Wapstra, private communication)
and the decay energy for the breakup of this state3nt0379.6 £+ 2.0 keV:
see (980AJ0).

°T =3.0+0.7TMeV.

4 Mean calculated byl@78AL07), including (1.276 + 0.05)% measured by
these authors.

° (1981KA3J).

f Based o)., andry /o = 20.20 & 0.02 ms (M.J. Martin, private communi-
cation).

~ 23.3 MeV. A secondary maximum occurs at 25.5 MéVx 2 MeV. There is also evidence of
other structure at- 30 — 31 and possibly atz 35 MeV: see ((988DI102 and B.L. Berman, private
communication.

The (y, ng) cross section has been measuregbafor 21 < E, < 40 MeV and compared with
the (y, po) cross section: the isospin mixing averages about 2% im&iteand shows structure at
the giant resonance. Angular distributionsigimeasured over the giant resonance region indicate
that the main excitation mechanism is of» — 1d;,, E1 single-particle character. No signifi-
cant E2 strength is observed: sé8§0AJ0). Differential cross sections ét,;, = 65° have been
measured for the,., andn,_.g groups forE, = 33.7 to 99.4 MeV (1988HAOQ]). See also the
discussion in1985FU1Q.

The (y, 2n) cross section (reaction (b)) is very much smaller theat for ¢y, n): the high-
est value is 0.15% of the maximum value for reaction (a) inghergy range, = 20 to 140
MeV: see (980AJ0] 1985AJ0). See also ¥985AH06 1985GI1G 1985HO27 1985PY0),
(1989BO1F astrophysics) and1984CA18 1984M0O13 1984VA1G 1985B0O12 1985GO1A
1985K0O2K 1985VA1Q 1986VA14 1987BR21 1987FE051987G0371987KI1C 1987VA35
1988C0O1Gtheor.).

28. (a)'*C(v, p)''B Qm = —15.9572
(b) 2C(y, %) *2C Qu = —134.964

43



The photoproton cross section exhibits two broad peakgitite resonance peak at 22.5 MeV,
' =3.2MeV, o, = 13.1£0.8 mb and a 2 MeV broad peak at 25.2 MeV,., = 5.6 = 0.3 mb:
see ((976CA2) and Table 12.19 inl968AJ02. The ¢, py) cross section at the giant resonance is
11.0£1.1 mb (1986KE0§. While the E1 component dominates in the GDR, a 2% E2 caritdb
may possibly be present$76CAZ2). In contrast with the giant resonance peak in then cross
section, theq, p) cross section shows a strong peak in the center of the lgiaat resonance peak.
Above 24.5 MeV the ground state,(p) and ¢/, n) excitation functions have the same shape up to
at least 36 MeV: se€lP85FUL1Q. There is agreement between the f) results and those from
the inverse reactiott B(p, ;) [see reaction 17] when the population'éB*(4.4, 5.0) is taken into
account. See alsdB and (L986AN25 1986MC15 1988SHO0§. At £, = 28 MeV the branching
ratios to''B*(0, 2.12,4.4 + 5.0) are, respectively(76 + 4)%, (13 + 1.3)% and (11 & 1.2)%
(1989FEOQ). See also reaction 30. For the proton momentum spectrutiy at 357 = 10 MeV
see ((984H0O2J. For the cross section with polarized photons with= 41.2 to 93.0 MeV see
(1988YO1A. For measurements in the-resonance region se€987KA13.

The photoproduction of neutral pions (reaction (b)) hasnb&tedied from threshold to 450
MeV [see (985AJ0)] and atE, = 132 to 169 MeV (L989KO0Y, 138 to 146 MeV (986GLO7
1987GL07J, 138.0 to 181.9 MeV{987JA1E 1987MAO07) and 234 to 449 MeVX986AR0§. At
E, = 157 to 170 MeV the excitation of?C*(4.4) is reported 1989PF1A prelim.). See also
(1989K01Q and (1984H0241988ST12. For other papers on pion production (includitigand
7~) see the “General” section here, ai@ and!'2N. For high energy processes sé8§4AL 1]
1984AL1K).

See alsol985AJ0), (1983AR241983T0O181984ST181986SH1M 1988SC1B, (1985GI1G
1985H027 1985MA1G 19880C1A, (1989BO1F astrophysics) andl984BO18 1984CA18
1985AL 1K, 1985B0O1A 1985T0O151986H0111987BE2A 1987G0OZK 1987G0371987KI1C
1987PA1K 1988AH03 19880R02theor.).

29. (a)'2C(, d)\°B Qum = —25.1868
(b) 2C(~, pn)°B Qm = —27.4114
(c) 12C(v, pdyBe Qm = —31.7726
(d) 2C(v, t)°B Qum = —27.366

Cross sections and angular distributions of the deuteromesponding to transitions téB, .
and/or low excited states have been measurédd at 40 MeV: the results are consistent with E2.
There is some evidence also for the excitation of higheestaf'°B via non-E2 transitions. For
Eyns = 90 MeV, the ratio of the yields of deuterons to protons4i2%, for particle energies 15 to
30 MeV. For higher particle energies, the ratio decreasss{1980AJ0) for references. See also
(1986SH1N. Momentum spectra for deuterons and tritons (reactiopsitd (d)) are reported
at £, = 300 to 600 MeV by (986BA07). The ¢, pn) reaction has been studiedfat = 83
to 133 MeV by (L988DA1§ and in theA-resonance region byi987KA13. For reaction (c) see
(1987V0O0§. The yield of tritons has been measuredfor= 35 to 50 MeV: see [980AJ0). See
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also (1985AJ0), (1984AL1J1984D0O1Y and (L985BU1H 1986BU22 1986GU1G 1987BU1A
theor.).

30.2C(y, a)®Be Qm = —7.3666

The cross section exhibits broad peaks at about 18 MeVkagtl MeV; a pronounced mini-
mum occurs at 20.5 MeV: to what extent the peaks have finetateits not clear. FoE, < 22

MeV, transitions are mainly ttBe(g.s.) andBe*(2.9) with the g.s. transition dominating fér, N

14 MeV. ForE,, > 26.4 MeV, ®Be (I' = 1) levels near 17 MeV are strongly excited. Surprisingly
strong E1 contributions are observed beléw ~ 17 MeV: see (980AJO0) for references. See
also (L986LI122). The ratio foro (7, ag)lo(vy,po) is 0.029 &+ 0.012 at E., = 28 MeV (1989FEOQ).
For other breakup processes s&@15AJ02 1985AJ0). See alsoX985CH27 theor.).

31.12C(v, y)'?C

Resonance scattering and absorptiontdg+(15.11) have been studied by many groups: see
(1980AJ0) and Tablel2.7here. Inelastic scattering has also been reportétt(4.4,9.6 & 0.2,
11.8+0.2,12.7,13.34+0.2,17.24+0.2, 18.3+0.2, 20.5+0.2, 22 — 24 (giant resonance}6.5 +0.4,
29.54+0.3): see ((980AJ011985AJ0). Measurements of the elastic differential cross sections
E, =2251052.0 MeV @ = 45°, 90°, 135°) have been reported by $85WRO03. The difference
between the (measured) energy-integrated values afid the E1 part of the photoabsorption cross
sectionag1 is small and cannot be ascribed to E2 strend®86WRO03. BeyondE, = 52 MeV
significant E2 strength may be preset@85WR03J. For the earlier work sed §85AJ0). See also
(1984NA18 1986BEZM), (1984NA1J 1985HA1H 1985MU08 and (L984MA1W, 1985AR07
1985VE09 1987FE051987VEOQ3 theor.).

32.12C(e, e)°C

Recent values of the nuclear charge radius(afg/? = 2.472 + 0.015 fm, 2.464 + 0.012 fm
[2.468 + 0.012 fm when the dispersion correction is made]: s&8865AJ0). A value obtained
from muonic X-rays is displayed in the “General” sectionehdflastic scattering has been studied
up to 4 GeV: seel(968AJ02 1975AJ02 1985AJ0). (19860F01 19870F1A report evidence
for an energy dependence of the elastic form factors, pilglohie to two-step processes, between
E. = 238 and 431 MeV.

12C states observed in inelastic scattering are displayealiteT2.15 The variation of the
form factor with momentum transfer yields unambiguous grgsients of /™ = 2%, 0%, and
3~ for 2C*(4.4, 7.7, 9.6). Longitudinal form factors sho\&C*(16.1, 18.6, 20.0, 21.6, 22.0,
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23.8, 25.5) while the transverse form factors shé@*(15.1, 16.1, 16.6, 18.1, 19.3, 19.6, 20.6,
22.7, (25.5)). 12C*(19.4) may be the expected giant magnetic quadrupole,sfat= 2: see
(1975AJ02 1980AJ0) for references and additional information. The more reseork by
(1984HI106 1987HIQY is also displayed in Tablé2.15 A study of the (e, ‘&) reaction by
(1985PA0) shows that the relative phase of the longitudinal and trarse form factors df C*(4.4)
is negative. Studies of the excitation of theresonance are reported O870C01 £, = 537
and 737 MeV) and byl(988BA25 E. = 653, 1300, 1500, and 1650 MeV). See ald@860LZY,
1986TH1F 1987GI1Q.

Table 12.15: States 6fC from 12C(e, e}*C ®

E, (MeV) JoT I, (ev)
4.44 270 (10.8 £0.6) x 1073
7.65P 0t:0 (6.04+0.4) x 107°P
9.64 37;0 (3.1+£0.4) x 107*

10.84 1-;0
11.83¢ 27:0
12.71¢d 17;0 0.35 + 0.05 (M1)
14.08¢ 4*:0
15.11% 4 f 11 38.54+0.8
15.44 £0.04 #
16.11¢ 2+ 1 0.35 4 0.04
16.57 f 2711 (48 £8) x 1073
17.64+0.2
18.20 £0.05 %" (27;0)
18.6+0.1 (37)
19.35+0.10 1 2711
19.59 +0.04 © 4=:1
20.04+0.1 (21)
20.56 £ 0.05 ¢ ¥ 31

21.64+0.1 (37)

22.04+0.1 (17)

22.74+0.1%! (27; 1)

23.840.1 (1=)™

24.940.2

25.5 (17)




Table 12.15: States ¢fC from '2C(e, e}*>C # (continued)

E.(MeV) JoT I (eV)

25.5 (37)
26.4+0.3
27.8+0.2
30.2+04
32.3+0.3

@) See also Tables 12.18 ing475AJ0%, 12.16 in ((980AJ0) and 12.15 in
(1985AJ0) for additional information and for the earlier references

) The matrix element i§.48 + 0.22 fm? for the EO decay by pair emission
to 12C, s : see (980AJ0). The value listed unddr.,, is actuallyl',.

¢) Form factors have been studied at back angles: E&®/H106 E, = 50.7
to 338 MeV) and {987HI09 FE. = 415 MeV). See also Table 12.15 in
(1985AJ0).

N Tior = 14.6 £ 2.6 eV.

°)T ~ 0.3 MeV.

) Ther,,, shown are from{983DE53.

) (1983DE53: T' = 1.5 + 0.2 MeV.

1) T' = 300 + 100 keV (1984HI08§.

DT =400 £ 100 keV (1984HI10§.

)T = 550 + 70 keV (1984HI09.

)T = 300 + 50 keV (1984HI109.

DT = 450 £ 150 keV (1984HI108.

™) The giant dipole resonance has an average= 23.0 £+ 0.7 MeV and
I' = 5.7+ 0.7 MeV. It may involve fine structure at, = 22.2, 22.8, 23.4
and 23.8 MeV. A strong and relatively narrow peak is repodae#3.6 MeV
by (1987HI109.

See alsoX985AJ0), reaction 35,1984BU1H 1984DE1R1985BU09 1987KU05 1988K02)),
(1984HELFR 1984LI25 1985H104 1985PA1N 1986HI06 1986LI1C 1986PA1C 1987BE25
1987DE431987FR1B1987H0O101987L13Q 1987RA1Q and (L983NA1E 1984CA221984CE05
1984CI1A 1984DE511984D0141984ER061984KA1G 1984KR1Q 1984KU1E 1984MO13
1984RA1H 1984RA14 1984R0O151984SA1H 1985B0O06 1985CE091985CHO7 1985FR08
1985KE1F 1985K006 1985ME1L, 1985MU1FE 1985SA06 1985SH1L, 1985ST091986AZ0],
1986CZ011986K0O30 1986KU09 1986 MAZF, 1986MU14 1986PE1E1986SA2L, 1986SHO]1
1986TR04 1986ZE1A 1987AL03 1987AL1M, 1987C0O301987D012 1987DR02 1987J101
1987FE051987FUZZ 1987GMO03 1987RA25 1987SC261987VOZS 1988BE0] 1988CA2Q
1988CH37 1988CL03 1988GUO03 1988GU12 1988NI0§ 1988PA25 1988TR04 1989LI11G
1989MA0G 1989MI1], 19890R05theor.).
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33.12C(e, ep)'B Qm = —15.9572

| am extremely indebted to Dr. Larry Weinstein for his detdicomments which led to the
writeup below.

The inclusive studies byl@83BA28 1984AR02 19840CO0}) uncovered a lack of under-
standing of the quasielastic and dip region processes. Tdre mecent studies have focused on
(a) quasielastic processes involving various stateS Bf[see!'B and (L985VA05 1985VA16G
1988VA09 1988VA21)]; (b) quasielastic reaction mechanism studies inclutbngitudinal/transverse
separationsl(986VA17 1987UL03 1988VA09 1988WE1H; (c) dip andA-region reaction mech-
anism studies1(986L0O03 1989BA03 1989SE0Y, and (d) quasifree deuteron knockout spec-
troscopy to low-lying states dfB (1989ENO). See also{987DA2Q 1988AV0]).

Nuclear spectroscopy studies produce momentum distoibsitihat are well reproduced by
DWIA calculations but with occupation numbers that are a@l&8% of the expected shell-model
results (985VAQ05 1985VA16 1988VA09 1988VA21, 1987UL03 1988WE1E.

Studies of the quasielastic longitudinal and transvergemese functions versus missing energy
have been carried out by §86VA17 1987UL03 1988VA09. See alsol988VALl, 1988VAL).
(1987ULO03J find in the longitudinal response a broad bump at missinggée® between 28 and
48 MeV, attributed to knockout from the s-shell. In the tra@rse response they find this bump on
top of a broader feature with a threshold at 28 MeV extendayphd 65 MeV. This broad feature
is attributed to two-particle knockout, a non-quasietagtaction mechanism; it may account for
the observed (e/gtransverse-longitudinal difference. This feature iabserved in unseparated
data at larger momentum transfers: it appears to grow witmemtum transferi(988WE1B.

(1984CA34 find evidence from the (e,pg) work for a monopole(™, state near, ~ 20.5
MeV which exhausts at least 1% of the EWSR. The decay of staté® giant resonance region
via a-particles has been studied BO87DEZ: the decay is primarily tdBe*(2.9) (J™ = 27).
See also1984FL02 1986LI122. For other charged particle emission s@é8§4FL03J. For pion
emission see the “General” section hé?&, >N and (L986SH141988SH39. For the early work
see ((980AJ011985AJ0).

See also reactions 27 and 28833BU2(0 1984BU18 1984L107,1985L115 1986BA85 1987CAZY,
1987VA1LN 1988BA1D 1988BOZT, 1988GAZV, 1989B0Z2, (1984LA16 1984WA1J1985BE1K
1986DE1T1986DE1U1986DO1N1986LA1T, 1987RI1A 1988HA1) and (L983NA1E 1984CA22
1984CI1B 1984HA1K 1984NA16 1984Z11C 1985AF03 1985CA32 1985C014 1985DE20Q
1985D01G1985KE1G 1985LA1K 1986AK01 1986C0O11)1986DE051986G0O1T1986NI03
1986R0O24 1986R022 1986ST05 1987AL19 1987BL1Q 1987B0O54 1987CH10 1987GI07
1987G0z0Q1987GU211987M01J1987M0241987MO1M 1987PA1J1987ST021987VA15
1987WE021987Y004 1988ER051988H0O09 1988H0O10 1988K013 19880C011988SU02
1988WEO03 1989BR01 1989H0O02 1989P1ZZ 1989RY03 1989TA03 1989TA02 1989WE1G
theor.).

34. (a)’C(r*, m)'12C
(b) 2C(r*, 7tp)!'B O = —15.9572
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Table 12.16: Summary of receftC(r, 7) angular distributions

E .+ E,.- Angular distribution References
(MeV) (MeV) to 12C
19.5, 30 g.s. (1987WR0Y
50 50 g.s.,4.4 (1984S013
50 7.7 (1986LE1)
75.6 75.6 g.s. (1984DE2)
100 — 291 | 100 — 291 g.s.,4.4,7.7, (1987CO1Y
9.6,12.7,15.1,
16.1,18.3,19.3
162 g.s. (1986BU13
162 g.s.,4.4,7.7 (1984M0O18
673 673 g.s., 4.4,9.6 (1984MA42)

& For the earlier work see Table 12.16 B85AJ0).

Angular distributions of the elastic and inelastically tseged pions have been measured at
many energies: see Table 12.16 1®85AJ0) and Tablel2.16here. The study byl@87CO17}
[E,« = 100 to 291 MeV] suggestg™ = 2~ for 12C*(18.25, 19.4) andi~ for 2C*(19.25).
12C*(19.65) is also populated. A study of the giant resonamggon suggests states A =
20.0 +£ 0.2 and22.7 + 0.4 MeV, withI' = 3.2 + 0.3 and1.0 + 0.2 MeV (1984BL12 FE.+ = 170
MeV).

The ratio of the cross sections to thé; 77 = 0 and1t; 7" = 1 states,'?C*(12.7, 15.1),
has been measured Af+ = 50 MeV, where it is7.1 £+ 1 [isospin averaged]1988RI03. The
excitation of these two states has also been studied’for= 80 to 295 MeV by ((9880A03.
See also1988BA27. (1986AN0D have reported inelastic cross sections, including thosbke
“continuum” above'?C*(9.6) at £+ = 67, 85 and 100 MeV. The elastic excitation function at
0 = 175° has been measured fér,+ = 100 to 250 MeV (987DHO0). Total reaction cross
sections are reported &t~ = 50 and 65 MeV ((987ME13. See alsol987BE1R.

(7', v4.4) @angular correlations have been studied’at = 65 and 90 MeV (984SO1and 116
to 226 MeV (19860L07 19880L03. See also1985KI05. The @', v15.1) angular correlations
are reported ak/,+ = 116 to 226 MeV (L988BA27).

For reaction (b) seé'B and (L984FA1l E.+ = 220 MeV) and (1987HUO02 E,.+ = 150
MeV). The polarization of protons in thet A — px process has been studied at 1.5 GeV/
(1984BU1). For studies of£*, 2p), (v, pd), and 7+, pn) reactions sed 986AL22 1986NA03
1987Y001 1989Y003. For the ", 3p) reaction seel@85TA14 1987BR1}. See also the
“General” section here,1085AJ0) for the earlier work, 1984GO1F 1989R0Z3, (1984Kl116
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1985MI16 and (L985C0O031985KA04 1986PE1E1986TA0§ 1988ST07theor.).

35.12C(K*, K+)12C

At E+ = 442 MeV angular distributions have been obtained'f@*(0, 4.4, 9.6) (982MA16.
See also the “General” section her£988AF03 and (L988BR16 theor.).

36. (a)'*C(n, n)}2C
(b) 2C(n, m)®Be Qm = —7.3666

Angular distributions of elastic and inelastically scegténeutrons have been studied at many
energies up to 350 MeV [se&480AJ011985AJ0)] and atF,, = 11.05 and 13.81 MeV{986ROZW
prelim.;ng, ny), 14.1 and 14.5 MeV1983HU14 n,, n,), 14.6 MeV (985HA0Z n,), 18.2 MeV
(np; quoted in (987T0O03), 20.8, 22, 24 and 26 MeVIP85ME16 to '2C*(0, 4.4, 7.7, 9.6, 10.8,
11.8, 13.4, 14.1, 15.1, 16.1 [the latter twolgt = 22 and 24 MeV (A.S. Meigooni, Ph.D. Thesis,
Ohio University (1984) and R.W. Finlay, private communiocaj]) and 40.3 MeV {986WI0%,
ng). See alsoX985FI09 and (L985PE1fQtheor.). For cross sections and polarization studies see
(1985T0021987T0O071987T0O031988TO0) and*3C in (1991AJ0).

Angular correlationsi(;, v4.4) have been studied &t, = 13.9to 15 MeV: see1975AJ03. The
quadrupole deformation parametir= —0.67+0.04 (1983WOO03. For a kinematically complete
study of reaction (b) at’, = 11 to 35 MeV see 1983AN02): the sequential decay viaC*(9.6)
and®Be, ; is clearly observed at the higher energies. See al886AN22 and (L980AJ0). For
pion production se€l©@88BU1§.

See alsol985MA68 1985PE1C1985WELD 1986BO1M 1986ZH1FK 1987NEZY, 1988WEQS,
(1985FIZW, 1985H01,) 1986HAYU), (1986KE1H 1988AN1FE applications) and1983K044
1983SH1P 1985AU1C 1985BE59 1985DI1B 1985GU10 1985TI0§ 1986AL1L, 1986IS1E
1986L116 1986SH351987KO1N 1987WI118 theor.).

37.12C(p, p)*C

Angular distributions of elastically and inelasticallyastered protons have been measured at
many energies up tb, = 1040 MeV: see Tabld 2.17here and {968AJ021975AJ021980AJ01
1985AJ0).

Table12.18displays the information on excited statesd. A summary of the decay of some
excited states is shown in Talkl®.7. The angular distributions have been analyzed by DWBA
(and CCBA), DWIA, (including microscopic calculations)daBWTA (DW t-matrix approxima-
tion with density-dependent interactions). MicroscopM/IA calculations give good results for
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transitions which take place through tie= 7" = 1 part of the effective interaction and also gives
a reasonable description of the= 7" = 0 transition. However the mechanism for the excitation
of 2C*(12.71) (S = 1, T = 0) remains a puzzle. Ak, = 402 MeV the differential cross sections
for 12C*(12.7, 15.1)(J™ = 1%) are very similar for largg. This may be due to the smallness of
precursor effects [precursor to a pion condensat@g{ESOL

Table 12.17: Recent workon '2C(p, p),'2C(d, d),'2C(t, t), '2C(*He, *He)
and'?C(«, ) angular distributions

E, (MeV) To states in*C atE, (MeV) References
19— 35" | 44,77 (1985BAZ2) ©
12.1 — 838" [0 (19871E0)
29.5 — 39.9 0,4.4,7.7 see (986PI0)
65" 0,4.4,7.7,9.6,14.1 (1985KA10
80" 12.7,15.1 (1986HO1H 1986NO1B ©
250° 0 (1988ME02
300 0 (1985MEO}
398,597,698 | 0,4.4,9.6,14.1 (1986J00)
800" 0 (1987L1Z2) ©
1 GeV 0 (1985AL16
E4q (MeV) To states in*C atE, (MeV) References
35-70° 0 (1985KA1A, 1986KA12)
56°P 0 (1984HA26 1986MA32
E; (MeV) To states in*C atE, (MeV) References
33 0 (1987ENO§
36 0 (1986PE1}
E(*He) (MeV) To states in*C atE, (MeV) References
12 0 (1986SO1
22,50, 60, 72| 0 (1988AD1RB °
39.6 0 (1987BUZR ©
72 0,4.4,7.7,9.6 (1988G0OZK ©
E, (MeV) To states in*C at £, (MeV) References
147 - 6.56 | 0 (1987PL0O3
35 10.8, 11.8 (1984PE2)
48.7,54.1 |0 (1987AB03
99.6 0 (1985BE1Q°
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Table 12.17: Recent workon *2C(p, p),'2C(d, d),*2C(t, t), '2C(*He, *He)
and?C(«, ) angular distributions (continued)

E, (MeV) To states in*C atE, (MeV) References
120 7.7 (1986P10)
172.5 0,4.4,7.7,9.6, 14.0, 15.3, 18.4, 21.6,(1987KI119

24.0, 26.2, 29.2

& For the earlier work see Tables 12.17 i®80AJ011985AJ0).
b Polarized.

¢ Preliminary report.

4 Uncertainty inEy is +0.2 MeV.

The spin-flip probability (SFP) for the transition #C*(4.4) has been measured B = 15.9
to 41.1 MeV: two bumps appear at 20 and~ 29 MeV. It is suggested that the lower one is
due to a substructure of the E1 giant dipole resonance windaipper one results from the E2
giant quadrupole resonance. The SFP has also been studigd-at24.1, 26.2, 28.7 MeV (to
12C*(4.44)), atF, = 42 MeV (to '2C*(12.7)), atE; = 397 MeV (to >C*(9.6, 12.7, 15.1, 16.1))
[the SFP t0'?C*(9.6) is consistent with zero; the others exhibit largd*$f forward angles] and
atE, = 398,597 and 698 MeV (td>C*(18.3, 19.4)). See alsd 987GRZY; prelim.).

(1980HOO07 have measured the angular distributiomefays from the decay ofC*(12.7,
15.1) atE, = 21.5 to 27 MeV. Microscopic DW calculations were performed foe th, anda,
coefficients from these and earlier data. The theoretidalizions underestimaté, for energies
below 35 MeV and are in agreement with the experimeagdbr higher energies. The calculations
also predict significant difference in thg values for the transitions frod¥C*(12.7, 15.1), and
these are observed{80HOO07Y.

(p115.1) angular correlations have been studied’at= 400 MeV by (1988HI12): the data are
best described by a relativistic model@hucleus scattering in the impulse approximation. See
also (L986SH1X. A search for a short-lived neutral particle emitted in degay of'>?C*(15.1) is
reported by {988DA0)) [see for upper limits].

For polarization and yield measurements §&¢in (1986AJ01 1991AJ0) and (L988FE09
1989CHO0§. For other'?C + p interactions see reaction 39, here. For other work andéidiee
references see reaction 40 ifD85AJ0).

See alsol983AP1A 1985WIZW, 1986BA2U 1986L11Q 1986SA2F 1986 TRZZ 1987RO1E
1988HI03 1988LYZZ, 19890PZ7, (1984GA321984TA1L, 1985BL22 1985BR1G1985CA1R
1985H01J1985ME161985PE101985SH1C1986CALN 1986GL1G 1986HA2K 1986MC1K
1987BR321988B01), (1987LA11, 1988LE08 1988SA1B astrophysics),J987KO1M 1988BA2A
applications) andl(983K044 1983LY07, 1983ZA09 1984AMO07,1984L11J1984LI11M, 1984L020
1984PH02 1984SH14 1985AU1G 1985BA1Z 1985CL1B 1985DA24 1985EL04 1985INO],
1985IV1A 1985IV1B 1985P1091985P1111985SH1H 1985SM061985SP031985T106 1985ZH07
1986BA62 1986BL03 1986C0O1V 1986DEZK 1986DI04 1986ES01 1986IN01 1986IS1K
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Table 12.181%C levels from'2C(p, pg) 12C* @

E, (MeV £+ keV) | T (MeV) JoT E. (MeV £keV) | T (MeV) J5T
4.4390+1.1° a 270 19.40 £30° 048004 |27, T =1
7.65400 £0.13 f 070 20.27 £ 50 4 0.14 £ 0.05
9.64 f 37,0 20.57 + 50 0.35+0.1 -
10.84 17;0 21.65 4 100 1.20 £0.15 ;
11.83 & (21.95 + 150) 0.84+0.1 1751
12.71° f 170 (22.36 £50)4 | 0.340.05
13.35 g (22.6 4 100) 0.94+0.1 1-;1
14.08 4%, 0 23.50 4 50 0.234+0.1 1-;1
15.11° f 1*;1 23.92 + 80 044+0.1 1751
15.4 + 100 1.414+0.15 270 (25.3 £ 150) 0.51£0.1 1751
16.11 g (25.84+300) | 0.754+0.15| (17;1)
16.57 g (27.0 4 300) 1.4+0.2 1-;1
1830+£30° |0.38+0.03| (27;7 =0) (29.4 4 300) © (2+:1)

@ See Tables 12.18 i1 980AJ011985AJ0) for the earlier references.

b On the basis of angular distributions'#C*(4.4, 12.7, 15.1) foiz,, = 22.2 to 45 MeV, it is suggested that the E2
strength is fragmented with the major concentration, @poeding to the isoscalar E2 resonance, near 28 MeV, and
subsidiary strength near 32 and 42 MeV, the latter possiplyraof the isovector quadrupole resonance.

¢TI arein c.m. system.

4 Only observed ak, = 45 MeV.

¢ Only observed aty, = 155 MeV.

f See Table 2.7,

¢ Footnote not defined in publication (appearedlifa§5AJ0).)

1986JA181986KAL1Y, 1986L0O1A 1986M0O12 1986PE1E1986POZW 1986SH011986SH35
1986VDO0] 1986YA1G 1987BI12Q 1987CUZZ 1987DA1D, 1987KA1G 1987L101 1987MO13
1987MUO0S 1987NA1H 1987R0021987SCZ\ 1987WI116 1987ZA1F 1988BEY|, 1988DA07,
1988HO091988HO1K 1988NA04 1988P102 1988PR061989TA03 1989TU1A theor.).

38.12C(p, p) 2C

Antiproton scattering angular distributions have beensuesd atF(p) = 46.7 and 179.7
MeV (1986LE13 1984GA32 to 12C*(0, 4.4, 9.6)). See alsd p85JA1Jalso at 30 MeV; Ph.D.
thesis). 12C*(7.7) and some other, unresolved, groups were also ptgalia986L.E13. Cross
section measurements are also reported at 1.45 and 1.8 GE84AF1A). The knockout},
p) reaction has been studied &tp) = 180 MeV (1985GA03 and 600 MeV¢ (1987AS09:
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there is no evidence for narrow bound or resonanucleus states. For a polarization study see
(1988MA49. For spectra ofHe anda-particles seel(988MA44). See (985AJ0) for the earlier
work, the “General” section here ant984DA2(Q 1985AMO01, 1985DA24 1985L116 1986KL01
1987AD04 1988INOZ theor.).

39. (a)*2C(p, 2p}'B Qm = —15.9572
(b) 12C(p, pn}'C Qm = —18.722
(c) 12C(p, pd)°’B Qm = —25.1868
(d) 2C(p, p»)®Be Qm = —7.3666
(e)2C(p, 3p)°Be Qm = —27.1852

Recent work on reaction (a) has involved the distributioprotons [and of deuterons from re-
action (c)] associated with backward energetic protons aveide kinematical rangel@85M109
E, = 800 MeV). Spectra from coincident proton emission from the sanim have been studied
at £, = 200 MeV by (1988C0O03}. At £, = 156 MeV states at 18.4, 19.4, 20.6 and22 MeV
appear to be involvedlP89TEZZ prelim.). At 2.1 GeV (984TR09 have searched for interac-
tions between the incident protons and a fast dinucleontitoest inside C. For inclusive proton
spectra seel@85SE151988F008. See also1985HAZW, 500 MeV; prelim.). For reaction (a)
see alsd!B and (1984VDO01, 1985BE3(0 1985D018. For reaction (b) se€C and (L985BE3()
1985D016.

For reaction (c) [and for the (pjple) reaction] seel@85DE171984DE1R. See alsol984TR0)9.
At E, = 56.5 MeV reaction (d) proceeds primarily by sequentiatiecay. '*C*(22.2 + 0.5,
26.3 + 0.5) which subsequently decay t8e, . must therefore have natural parity and a signifi-
caantl’ = 0 admixture.2C*(19.7, 21.1, 26.3) decay ftBe*(2.9). These states must also have
aT = 0 component. It is suggested thdC*(21.1) has unnatural parity. AE, = 44.2 MeV
12C*(12.7, 14.1, 21.6, 26.6) are observed in the angular taio& involving oy and 2C*(21.6,
24.1, 26.6) decay via; to ?Be*(2.9) [suggesting™ for these states, assuming that only resolved
states are involved].

For reaction (e) sed.P84NAL7). A search for a bound pp state is reported &, = 500 MeV
by (1988FR1D 1988FR1; prelim.). For isobar production at 3.88 Ge\dee (987NAL1]. For
inclusive pion production at, = 330, 400, and 500 MeV sed §85DI0]). See also{987AB1H.
For K* production seel(986AB07 1988K0O3§. Forn production seel987BL1L). For other
work at high energies se@486AG1C 1986CH2H 1987AG04 1987AL1J 1987CH1K 1987DE1L).

For the earlier work sed @85AJ0). See also the “General” section here986V017 1987AR1M
1988AG1A 1988BE2B 1988CHZ\), (1985KI1A, 1986BA2D, 1986CH1J1987VD1A 1988LE1|
1988MO1H 1988NA1H and (L983KA1A, 1984GU14 1985BU04 1985GA1A 1985GA1B
1985K02CG 1985SM10 1986ER1A 1986G011)1986H01019860S081986VD01, 1986ZH03
1987HO1G1987HO081987VD1B 1988BA83 1988DZ1A 1988KU16 1988VD1B 1989TA03
theor.).
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40. (a)'2C(d, d)2C

(b) 2C(d, pn}*C Qm = —2.22459
(c) 12C(d, dn)*Be O = —7.3666
(d) 12C(d, 2p)?B Qum = —14.8117

The angular distribution of elastically and inelasticatattered deuterons has been studied at
many energies: se@968AJ02 and Tables 12.22 inQ75AJ02, 12.17 in ((980AJ011985AJ0)
and here. In addition to well-known states'fC such as?C*(4.4) [E, = 4440.5 & 1.1 keV]
and2C*(12.7, 15.1) [see Tabl@2.10for charge-dependent matrix element], the population of
2C*((10.8 £ 0.2), (11.8 £ 0.2), 18.3 + 0.3, 20.6 £ 0.3, 21.9 & 0.3 (broad),~ 27 (broad)) is
also reported. Seel980AJ0) for references and for additonal structures which havebeen
published. Calculated deformation parameters listed #80AJ0) are 3, = —0.48 + 0.02 and
0.47 +0.05, andf; = 0.35 + 0.06.

Reaction (b) has been studied/dt = 5.0 to 9.85 MeV and at 56 MeV: seet980AJ0]
1985AJ0). The breakup of deuterons on C has been investigated ate/1(t®89PUO). For
reaction (c) se€Be in (1984AJ0). Energy spectra for the (d, 2p) reaction, with the two pnsto
in the singlet {S) state, have been studied & = 650 MeV and 2 GeV [reaction (d)]: the
reaction appears to proceed via a one-step process andotikecan be used to study isospin-
spin excitations. Thé\-excitation is observedl@87EL09. For work at very high energies see
(1987AG04 1987AL1J 1987AR1M 1987AZ1C 1988AG1A 1988SI1B. For high-energyy-
production seel(988TA2). See alsd*N in (1986AJ011991AJ0), (1986JA13 and (L1984 YAOQ],
1985GA1A 1985GA1R 1986IS1FE 1986KA1B 1987AU1F 1987SI10 1988S104 1989TU1A
theor.).

41.12C(t, t)'2C

Angular distributions of elastically scattered tritonsy@deen determined &, = 1.0 to 20.0
MeV [see (975AJ02 and Table 12.17 in1985AJ0)] and at 33 and 36 MeV (see Tahl2.17).
See also1985SA31 theor.).

42. (a)'*C(*He,3He)'*C
(b) 2C(®He, pd}?C Qm = —5.49354
(c) 2C(He, 2p}3C Qm = —2.77178

Angular distributions offHe ions have been measured B(*He) = 2 to 217 MeV: see
(1968AJ021975AJ021980AJ01 1985AJ0) and Tablel2.17here. Parameters of observide
groups are displayed in Tabl®.19
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Table 12.19: States ¢fC from '2C(®He, 3He), 2C(a, o) and**N(d, o) ®

E, (MeV + keV) L I' (MeV) J* T
0 0 0*; 0
4.4422 + 1.5 2 27:0
7.65 0%; 0
9.64 3 0.030 £ 0.008 37,0
10.84 17;0
11.83 27;0
12.71 0 1*;0
13.35¢ 0.355 £ 0.050
14.08 £30 4 470
15.11 0 1% 1
15.5 4 100 2 2.0+0.3 (2+: 0)
16.11 2 2T 1
16.57 27;1
18.40 + 60 2 0.440.1 (2+); 1
18.9+ 150 2 0.7+0.15 (2+); 1
19.56 + 50 ~ 0.25 (1,2, 3)
20.55 4 100 © ~ 0.2 (2, 3)
21.54+110°F 2 2"
22.44100° ~ 0.25 (2)*
23.82 £ 110 2 0.64+0.2
25.9 = 300 2 2.240.3 (2+)
28.8 & 400 ¢ 2 27404 (2+)

& See also Table 12.23 i1975AJ02. For references see Tables 12.1919§0AJ0] 1985AJ0).
Energies listed without uncertainties are from Tali?e6

> From @He,?He).

° Not reported in {He, 3He).

4 See also1983YAO)).

¢ Reported in{He, 2He) only.

f May be unresolved states: if 90,= 1.4 + 0.2 MeV andl’ = 0.43 4 0.08 MeV are reported.
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Angular distributions of théHe groups to'?C*(15.11, 16.11, 16.57, 19.55) have been com-
pared with those for the tritons t8N*(0, 0.96, 1.19, 4.25) in the analogHe, t) reaction: the
correspondence is excellent and suggests strongly thed Hrel’ = 1 isobaric analog states. See
also Tables 12.12 i @80AJ0) and12.19here.'?C*(4.4, 15.2, 18.4, 18.9, 21.3, 23.5, 25.9, 28.8)
all appear to correspond to E2 transitions: their strengtitsup to 46% of the EWSR (energy-
weighted sum rule). Se@a 980AJ0) for references andLP85AJ0) for additional comments.

For reaction (b) seelP85AJ0). Inclusive proton and deuteron spectra have been studied
at E(*He) = 52 MeV by (1984AA01). For reaction (c) se¢’C and'®O in (1991AJ0) and
(1986KA44). Form* production seel(986MI125. See alsd’O in (1986AJ011991AJ0), (1987AD1Q,
(1987MA2D) and (1985G0191985KH08 1985SH1A 1986EV01 1986EV02 19861S1F 1986KA1B,
1986ZE041987RA36 1987TRO01 theor.).

43. (8)2C(a, @)'2C
(b) 12C(a, 2a)*Be Qm = —7.3666

Angular distributions have been measured at many energiés 1.37 GeV: see Tables 12.24
in (1968AJ02, 12.22 in (975AJ032, 12.17 in ((980AJ011985AJ0) and12.17here. Parameters
of observed states dfC are displayed in Tabl#2.12 The quadrupole deformation parameter
B2 = —0.30+0.02 [see (980AJ0)], —0.4040.02 (1983YAOQD, while 53 ~ 0.23 [see (980AJI0)]
andg, = +0.164+0.03 (1983YAOQJ; see also for a review of deformation parameters). In theneg
of the GDR prominent gross structure is observed consistitgyo ~ 2 MeV wide peaks at 26.2
and 29.2 MeV (987KI1§ see also for a discussion of deformation parameters).

Angular correlation measurements (v,.4) have been carried out fdt, = 10.2 to 104 MeV
[see (980AJ0]1 1985AJ0)] and at 25 to 30 MeV {984TE0] 1986GU06 1986ZE1C see for
a study of the spin tensors fétC*(4.4)). Reaction (b) has been studied fr up to 700 MeV
[see (1975AJ02 1985AJ0)], at 27.2 MeV (L986KO1B prelim.) and at 31.2 MeV1986XI1A).
For cross sections sé€O in (1986AJ0% and (L987BU27. For other comments on these two
reactions seel@85AJ0). Forn* emission seel@86ALZL, 1986ALZK, 1987AL1G prelim.).
For high-energyy-production seel(988TA22). For work at very high energies see984AN1H
1985AB1A 1986BA3D 1987AG04 1987AL1] 1987AR1M 1988AG1A 1988SI1B.

See als01984SA281985XI11C 1987G0OZL, 1988AI11B, 1989ES061989LEQ9, (1983SA07
1985H0O1), (1988MU1G 1989LA1G astrophysics) and1@83AL1E 1983GE1(Q 1983G027
1985GA1A 1985GA1B 1985KH08 1985SA09 1986SH1) 1985ZE02 1985ZE04 1986BA1],
1986BE45 1986EL08 1986L11U, 1987BA83 1987CUZZ 1987KA1G 1987KH0G 1987KO1E
1987KU18 1987N0O051987SA551987V0ZS 1987ZE021988BA1Q 1988GR1C1988KH08
1988KU1D 1988KUZU, 1988MA1Q 1989TU1A theor.).

44. (2)'2C(Li, 5Li)>C
(b) 2C(Li, ad) 2C QO = —1.4750
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(c) 2C('Li, Li)12C
(d) 2C("Be, "Be)'’C

Table 12.20: Recent work on angular distributions in the interaction of

6Li, "Li, °Be, B, B, 2C and'®O with 1*C

E (MeV) To states in*C References
at £, (MeV)
E(Li) = 24, 30 0 (1984V102)
24, 30 0,4.4,7.7,9.6 (1985V103
30° 0 (1989VA04)
90 4.4,9.6 (1987DE02
123.5, 168.6 0,4.4,7.7,9.6 (1988KA09
150" 0 (1987TA2)
156 0 (1989JE0)
156 7.7,9.6~ 10.2,10.8| (1987EY0)
210 0 (1988NA02 1987WI09
210 4.4 (1986MCZZ 1988MCZY) ©
E(Li) = 34 0 (1984V102)
34 0,4.4,9.6 (1986C0O02
78 0,4.4,7.7 (1986GLZV) ©
131.8 0,4.4,7.7,9.6 (1988KA09
E(°Be) = 158.3 0,4.4 (1984FU10
E(12C) = 65 ¢ 0,4.4,7.7,9.6 (1985GO1H ©
E(MB) = 10.4, 12.4, 14.6/ 0 (1985JA0)
42.5,60.0, 80.0,100.0| 0 (1985MA1Q
48 andE(12C) = 52.4¢ | 0 (1986MA13
B(12C) = 65° 0,4.4,7.7,9.6 (1985GO1H ¢
E(*2C) (MeV) To states in*C References
at £, (MeV)
4 0 (1989VEO3
35, 43 0 (1985PA23
53 — 61 7.7 (1988PA0)
139.5, 158.8 0,4.4,14.1 (1985KU12
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Table 12.20: Recent work on angular distributions in the interaction of
6Li, "Li, °Be, 1B, !B, 12C and!®O with '2C (continued)

139.5, 158.8 0,4.4,7.7,9.6 (1985KU23

180, 300, 420 0 (1986SA29

240 0,44 (1985B0O39

360, 1016 0,4.4 (1984BU23
1449, 2400 0 (1986ME14 1987HO03

1449, 2400 0,4.4 (1988HO1$

E(*50) (MeV)! To states in*C References
at £, (MeV)

62 — 125 0 (1985BE40)

112.2 0 (1986BA8(

608 0,4.4 (1986BR25
1503 0 (1985R0081988R0O0}

@ For the earlier work seel@80AJ0) and Table 12.20 inl985AJ0).
b Polarized beam.

¢ Preliminary results.

4 Reaction 45.

¢ Reaction 46 (b).

f Reaction 49.

Angular distributions in reactions (a) and (c) have beedisthat £(°Li) = 4.5 to 210 MeV
and E("Li) = 4.5 to 131.8 MeV: see(975AJ02 1980AJ01 1985AJ0) for the earlier work
and Tablel2.20here. See alsdl@89TRZ7J. Reaction (b) takes place viaC*(0, 4.4, 7.7): see
(1985AJ011986AJ02 and (L985CU04. See alsol988AR23. For VAP measurements (reaction
(a)) see {989VA04 g.s., 4.4) and¥987TA2% g.s.) See alsal@88TA08 1989TRZZ and'®F in
(1987AJ02.

A search by {987EY0) for the distribution of the EO strength determines 1% 1)%
and (5 + 2)% of the EWSR, respectively fdfC*(7.7, 10.3) and forl9 < E, < 21.5 MeV.
For fusion and other cross section measurements (reaciprs¢e {987PA1). For theCLi
and“Li + C interaction cross section at 790 MeVkee (985TA19. For pion emission see
(1984BE35 1984CH18. The elastic scattering in reaction (d) has been studidd(@e) = 140
MeV (1989YA0D. See also {986DAZP 1986SHZP 1986YOZU), (1984HA53 1986KA1G
1986MO1B and (L1983DE481983G0181984MU1D 1984UH1A 1985C0211985HE251985KH08
1985SA13 1985SH1A 1986BE45 19861001 1986KA1B, 1986MI124 1986SA15 1986SAZL,
1986SA10 1986YO1A 1987AR13 1987KA1l, 1987SA211988DEZU 1988KH0§ 19880T01
1988SA101988SA151988SE071989KAZY; theor.).
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45.12C(°Be, °Be) 12C

Angular distributions have been obtainedZ{tBe) = 14 to 158.3 MeV and af/(*?C) = 12 to
21 and 65 MeV: see TablE2.20here and 1980AJ01 1985AJ0). For fusion and yield measure-
ments seel(985AJ0) and (L985DE23. For the’Be + C interaction cross section at 790 MeV/
see (985TA19. See alsol988HAZS, (1984FR1A 1984HA53 1985BE1A 1985CU1A and
(1984HA43 1986BA69 1986HA13 1986KA22 1986MI24 1988KHO08 theor.).

46. (a)'2C(""B, 1°B)!2C
(b) 12c(11 B, 11 B)12C

Angular distributions in reaction (a) have been measurdd(&B) = 18 and 100 MeV. Those
for reaction (b) have been studied/¢!'B) = 10.4 to 100.0 MeV andt(12C) = 15 to 87 MeV:
see ((980AJ0] 1985AJ0) and Tablel2.20here. For fusion and yield studies sd®$5AJ0)
and (L985MA1Q 1986MA13. See alsol984DEZX 1984HAZK, 1987SAZW 1988SAZT). See
also (L987PO1} (1984FR1A 1984HA53 1985BE1A 1985CU1A 1986MA19 1988MAO07Y),
(1982BA1D 1985BALT, astrophysics) and ©84HA43 1984IN03 1985K01J1986BA69 1986HA13
1986R0121988DI08§ theor.).

47. (a)'>C("*C, 2C)"2C
(b) 2C('2C, a®Be)'2C Qu = —7.3666

Angular distributions have been measuredzt’C) = 10 to 1020 MeV: see {980AJ01
1985AJ0) and Tablel2.20here.

Angular distributions of the magnetic substate populaf@rthe single and mutuafC*(4.4)
excitation have been measured Kp85SU0J for E£(*2C) = 38 to 110 MeV. The yields of 12.7
and 15.1 MeV~-rays have been studied A(*?C) = 180 MeV (1988HA23, and hard photon
collisions have been investigated A('>C) = 576 to 1008 MeV (986GR19. For other stud-
ies of excitation functions and reaction cross sections($884K0O12 1984SI15 1985K017
1985K024 1985ME1K 1985PA241986HAZA, 1986HA3Q 1986SA291987H0O111987K0O12
1988DE18 1988PA04 1989L11Q 1989PA0Y. See alsol984HO1K. For a study of the ef-
fects of vacuum polarization in hadron-hadron scatterewy $989VEQJ. For reaction (b) see
(1986SH101988CAZU and!O in (1986AJ0%: the excitation of>C*(9.6, 10.8, 14.1) is reported
at E(*2C) = 90 to 140 MeV. For fragmentation studies sé®§5HA1U 1985KR03 1986EN1D
1986F004 1987F0081988F0031988KI105. See alsol985KR21 1986LI1ZP, 1987PO1%and
(1989C0O1G1989HA43 theor.).

For pion production sed @83AN1L, 1984AG1A 1984BE351984CH161985AR1M 1986AN4Q
1988BA21 1988N0O09. See alsol9850B1A and the “General” section here. For other studies at
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very high energies se@984AD1G 1984AD1B 1984AN1H 1985RO121986AG1E 1986AN1X,
1986CH2H 1987AD1E 1987AG04 1987AG1A 1987AL1J] 1987AN2Q 1987AR1M 1988AG1A
1988SI18.

See also1985GO1H 1985SU161985VI03 1985XI1B, 1986BL1K, 1986BL1L, 1986C002
1988HAZS 1988KW1B 1988SAZT, 19890G03, (1982CI1G 1984BR1L, 1984FR1A 1984GE1D
1984HA53 1984NALD 1984TALL 1984TR1E 1985BE1A 1985CU1A 1985NA1B 1986BA2D
1986BE2H 1986BE1D 1986CA301986DULN 1986GR1K 1986SN1B1986ST1,)1987BA1G
1987BL10 1987BR1R1987GE1B1987HO1C1987SC1D1988BA12 1988BE1W 19888046
1988CA1L 1988HA1R 1988RA1G 1989BL1D), (1982BA1D 1985BA1T, 1986MA44 1987R0O25
1989KHO2 astrophysics) and983SH1Q1984A102 1984CA28 1984DA1M, 1984GALG 1984GA12
1984HA43 1984KA1H 1984LA1L, 1984SH181984TR14 1984ZA18 1985AI1A 1985AI18
1985AM1B, 1985BA42 1985BA63 1985BL09 1985BL17 1985B01A 1985CH03 1985CS02
1985GR1F1985GU1J1985HALN 1985HUO04 19851V1B 1985KA1W, 1985KA1X, 1985KH1E
1985LA14 1985LE251985LI1K, 1985MA1L, 1985ME14 1985ME15 1985MR1A 1985NO06
1985PA1P 1985SA1D 1985SH1A 1985TA07 1985TA12 1985T007 1985TO04 1985UMO0],
1985VA17 1986AB1H 1986BA01 1986BA3Q 1986BA1D 1986BA62 1986BL05 1986CA26
1986C0171986CS1A 1986CS011986DE07 1986DI1D, 1986FALA 1986GALF 1986GR1M
1986GR1A 1986HA1Z 1986HA13 1986HN01 1986HO1P1986KA22 1986KA1B, 1986KH04
1986KI1L, 1986MA44 1986NI01, 19860R01 1986PH0] 1986POZW 1986PR1C1986PROL
1986RE05 1986R026 1986SA03 1986SA30 1986SA1D 1986SH04 1986ST1N 1986VI07
1986WU03 1986 YALU, 1987AB1K 1987AR13 1987AS051987BA2D, 1987BA5Q 1987812
1987B0451987B028 1987DA1L, 1987DI1A 1987FR061987GU131987KH06 1987KU1R
1987MA17, 1987MA1] 1987MA2D, 19870C1B19870H0219870H0819870H0919870H13
1987PA24 1987PHO01 1987RA28 1987RE03 1987RE1] 1987RE1G 1987SC33 1987ST1E
1987YALL, 1988AB1E 1988AB1F 1988AD1G 1988AI1D, 1988AS031988BA04 1988BA2X
1988BA43 1988BA37 19888021 1988BR04 1988BR20 1988BR29 1988CA08 1988DE39
1988DJ1A 1988FR141988GA1G 1988GAZW, 1988HE121988IW02 1988KALS 1988KHO7
1988KH09 1988KH1B 1988KHZX, 1988LE2Q 1988MA1Q 1988NA1Q 19880H01 19880H09
1988P0061988PR021988PR041988SE1D1988TO021988WU1A 1988ZU07 1988ZW1A
1989EL07 1989MR01 1989SH051989TU1A theor.).

48. (a)?C(C, 13C)2C
(b) 12C(14C, 140)12(':

Angular distributions for reaction (a) have been studiedv8C) = 15 to 87 MeV and
E(*3C) = 12,36 and 87 MeV [se€l@75AJ021985AJ0)] and atE(*2C) = 94.5 MeV (1986BA8Q
g.s.) andE('3C) = 16.3 to 20.6 MeV (L984FR05g.s.), 17.3 to 26.5 MeV1988V001 g.s.), 36
MeV (1985BY01 2C*(4.4)) and 260 MeV 1985B0O39 '2C*(0, 4.4)). Elastic angular distribu-
tions (reaction (b)) are reported A('2C) = 12 to 20 MeV [see {980AJ0)] and atE(**C) = 31.0
to 56 MeV (1985K004. The spin-flip probability td>C*(4.4) has been studied &t(**C) = 36
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and 56 MeV by {985BY0)). See (985AJ0) for the earlier work. For yield and cross section
measurements se€985K004 1985RI1G 1986HA3Q 1986STZY, 1987K0O13 and (L985AJ0).

See alsd*C and“C in (1991AJ0), (1984FR1A1984HA53 1985BE1A 1985CU1A 1986SN1B
1987IM1G 1988BE1W 1988JA141989V0O1D), (1982BA1D, 1985BAL1T: astrophysics) and983HU1G
1984INO3 1984SA31 1984011 1985HUO4 1985IM1B 1985K0O1J 1985SA1D 1985V0O01
1986BA1D 1986BA69 1986EL02 1986HA13 1986KA1B, 1986SA10 1986VI08 1987AR1E
1987B0O481987FR061987IM01, 1987KAZK, 1987MA22 1988BR29 1988KA27, 1988PA07
theor.).

49. (a)'2C(N, “N)*2C
(b) 12c(15 N, 15 N)12C

Angular distributions (reaction (a)) have been measured(&N) = 21 to 155 MeV [see
(1975AJ02 1980AJ01 1985AJ0)] and atE(**N) = 150 MeV (1986GO1H prelim.). Angular
distributions for reaction (b) are reportedZt:°N) = 31.5 to 94 MeV: see {980AJ011985AJ0).
High-energy~y-ray emission has been studied&t'*N) = 280 to 560 MeV (L986ST0J. See
also (L987STL1H. For yield, fragmentation and cross-section measuresrsad {985AJ0) and
(1985CA01 1986HALF, 1986M0131987G0011987ST011988KI106. For the'?C(“N, d*2C)!2C
reaction seel(985ARZW, 1986AR1G prelim.).

See also“N and N in (1991AJ0), (1987VE1DQ 1988HAZSY, (1984FR1A 1984HA53
1985BE1A 1985CU1A 1987GE1B 1989BL1D), (1982BA1D, 1985BALT, astrophysics) and
(1984HA43 1985HU04 1985K01J1985VI09 1986BA62 1986BA69 1986HA13 1986POZW
1986RE14 1987BI12Q 1987RE03 1987RE1] 1988BA2X 1988BA37 1988HE12 1988PR02
1989SHO5%theor.).

50. (a)12c(160, 160)12C
(b) 12C(*50, )'2C'2C Qn = —7.16195

Angular distributions have been measuredzgt°O) = 17.3 to 1503 MeV and atv(*?C) =
65 to 76.8 MeV: see {975AJ02 1980AJ01 1985AJ0) and Tablel2.20here. The excitation
of 2C*(0, 4.4, 14.1, 26) has been reported. The latter is duedontle " ~ 4 MeV) giant
quadrupole resonance. It contaitis'1;% of the E2 strength: se&¢85AJ0).

For fusion, yield, cross-section and fragmentation studiee {985AJ0) and (1984TS07
1985BE02 1985BE4(Q 1985CA01 1985KA03 1985MU18 1986CH27 1986CH41 1986GA13
1986HA3Q 19861K03 1987SU03 1988K0O17. See also 984RU1A 1987NAL1G 1988SZ02
1989KRZX 1989WE1HR. For work at very high energies se©g7YO1A.

See alsd®0 in (1986AJ03, (1988CAZV, 1988HAZY, (1982CI1G 1984GE1D 1984HA53
1984SN011984TR1E 1985BE1A 1985CU1A 1985GA1J1985KA1] 1985SN1A 1986RE1A
1986SN1B1987BA1G 1987B0O1H 1987HO1C1988RA1G 1989CI1G 1989ST1G, (1982BA1D
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1985BAL1T; astrophysics) and983HU1C 1984FR1A 1984HA43 1984IN03 1984KA1H 1984LA1LL,
1984SA311985AI1A, 1985BA63 1985HU04 1985HULG 1985KA1X, 1985KA28 1985K0O1)
1985ME14 1985NO1E 1985SA10 1985TR10 1985VI09 1986BA1D, 1986CH44 1986DE15
1986DE4(Q1986HA13 1986KA1B, 1986KL06G 1986POZW1986SA10 1986WU031987AR13
1987BA5(Q 1987DA02 1987PA24 1987SC331988AB1E 1988AB1F 1988BA43 1988BR04
1988BR20 1988BR29 1988FR14 1988J102 1988KA13 1988K027 1988SE1D 1989EL01
1989MAZ25 theor.).

51. (a)12c(17o’ 170)12C
(b) 12c(180’ 180)12C

The elastic scattering angular distributions have beetiestiat Z(}"O) = 30.5 to 35 MeV and
at E(**0) = 32.0 to 140 MeV [see 1980AJ01 1985AJ0)] and at £(*"O) = 40 to 70 MeV
(1986FRO04. For fusion, yields, and cross-section measurements 15BE4() 1985BE37
1985CA01 1986FR04 1986GA13 and (L985AJ0). For the decay of®O* into C + «, see
reaction 34 in*O (1987AJ02. See also{984FR1A 1984HAS53 1989CI1G 1989FR0%, and
(1986CI101 1986HA13 1987AR1E 1987M027 1987V0O05 1988TH02 1988THZZ theor.).

52 12C(19F 19F)12C

Angular distributions have been measuredzgt>C) = 30.0, 40.3, 50.0 and 60.1 MeV and
at E(*F) = 40, 60, and 68.8 MeV [seelP80AJ0] 1985AJ0)] as well as atE(*F) = 29.3
to 34.8 MeV (L984MA32 elastic) andE(*2C) = 30.0, 40.3, 50.0 and 60.1 MeV1Q88TA12
12C*(0, 4.4) and several statesitF). The substate population probability f8C*(4.4) has been
studied by (9861KZ2) at E(*°F) = 63.8 MeV. For fusion and yield measurements se285AJ0)
and (1984MA32 1986GA13 1986V01). For thea-decay of'F* see reaction 42 in’F in
(1987AJ02 and (L985SMO0J. See also{986MA12), (1984FR1A 1984HA53 and (L985HU04
1986HA13 1986HE1A 1987C0011988DI08§ theor.).

53. (2)'2C(°Ne, °Ne)'2C
(b) 12c(22 Ne, 22Ne)12C

Elastic angular distributions (reaction (a)) have beensuesl atF(*2C) = 20 to 77.4 MeV
and atE(**Ne) = 65.7 MeV: see (980AJ01 1985AJ0). For fusion, reaction cross section,
yield and evaporation residue studies se@36AJ0) and (1984KO12 1984RA1(Q 1985MU18
19850S051987K012 1987S106§. See also{985FL1B. For pion production seel985AJ0)
and (L983AN1L). For other work at very high energies sé884AN1H 1987AN2Q 1988DUO0).
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See alsoXl983AN1K 1986BL1K), (1984FR1A1984HA53 1984NA1D 1984ST1B1985BE1A
1985CU1A 1985ST1B 19861K03 1986ST1,J1987LA05 1987SC1D 1988B0O46 1989CI1Q
and (L984HA431984IN03 1984SH1T1985CH111985GA1G 1985GU1J1985HU04 1985K0O1)
1986GALF 1986G103 1986HA13 1986HE1A 1987SC331988IW02 theor.).

54. (a)'2C(**Mg, 2*Mg)2C
(b) 12C(26Mg, 26Mg)12C

Elastic angular distributions have been measuref(&C) = 20 to 60 MeV (reaction (a))
and atE(*2C) = 20 to 56 MeV (reaction (b)): seel@85AJ0). For fusion, yields and cross-
section measurements se®85AJ0) and (1986GL0O3 1988DU1). The fission of**Mg into
2 12C (involving 12C*(0, 4.4)) has been studied b§986FUZW prelim.). See alsol@82CI1G
1982ME1A 1984FR1A 1984HA531986BE1D 1987KA2A, 1987LA05 1988RA1G 1989CI1Q
and (L985AN16 1985LE251986B0141986HA131987BR1H 1987GR041988AY03 1988KU1H
theor.).

55.12C7Al, 27Al)2C

Angular distributions have been measuredz4t>’C) = 30.0 to 39.9 MeV and at 82 MeV:
see (985AJ0). For fusion, yield, and breakup measurements $885AJ0) and (1984KO12
1985HA19 1987K0O13. See alsol987P0O1% For work at very high energies sSeE986AN1X).
See also1985XI11B,1986BL1L), (1984FR1A 1986CA301988SN1A and (L1984F0211984NA27,
1986P0OZW 1986R0121987ST1E1988T0O021989SHO5theor.).

56. (a)'2C(Si, 28Sj)!2C
(b) 12C(295i, 298i)12C
(C) 12C(305i, 3OSi)12C

Elastic angular distributions have been studied for readi#) atZ(*2C) = 19 to 186.4 MeV
and atE(*8Si) = 58.3 to 116.7 MeV [see 980AJ01 1985AJ0)] as well as at(2C) = 56, 59,
66 and 69.5 MeV1985SH1K and 65 MeV (L988YA0SH.

Alpha-y angular correlations have been studie@&Si) = 112.3 and 142.7 MeV!2C*(4.4)
is found to be produced almost entirely in the= 0 magnetic substatd 986RA09§. For fusion,
yield and breakup measurements sE@86AJ0) and (1984SH191986HA33 1987ZH1Q. See
also (L985SAZZ 1986FEZY, 1986HAZS 1987SHZY, 1988MAZZ). For pion production see
(1983AN1L). For other work at very high energies s&é887AN20Q.
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See alsol988SA1$1988SH33, (1982CI11G 1984FR1A 1984HA53 1986BE2H 1987LA05
1989CI1Q and (1986GR1A 1986KUZZ 1987AR131987BR1A 1987KI12 1987SH061988AL0G
1988AY03 1988KU1G 1988KU1H theor.).

57.12C(*S,2S)>C

Elastic angular distributions are reportedZ(t>C) = 35.8 MeV and E(*?S) = 73.3 to 160
MeV [see (1980AJ01 1985AJ0)] as well asE(**S) = 194, 239 and 278 MeV 1987HI10.
For fusion, yield and evaporation residue studies 4&8%AJ0) and (L985K021 1986PL02
1987HI1Q 1988AR2). See alsoX987LA05 and (L989CI1Q.

58. (a)2C(PK, 39K)12C
(b) 12C(40Ar, 40Ar) 12C

Elastic angular distributions (reaction (a)) have beedistliat Z(*2C) = 54 and 63 MeV: see
(1985AJ0). For reaction (b) seel89PL02 and (L985MO1K prelim.).

59. (a)'2C(*°Ca,*Ca)2C
(b) 12c(42Ca’42Ca)12C
(C) 12c(48Ca’48Ca)12C

The elastic scattering in all three reactions has beeneduati#(*2C) = 51.0, 49.9 and 49.9
MeV, respectively [seel@85AJ0)] and, for reaction (a), af/(*>*C) = 180, 300 and 420 MeV
(1986SA29. For fusion, yield, cross-section and fragmentationistsidee 1980AJ01 1985AJ0)
and (1984GR201984K0121986SA291987K013. See alsol985XI1B), (1989BE171989GR0J}
and (1984SH1T1985BL18 1986CH201986CH38theor.).

60. 12N(3+)12C O = 17.338

The decay is mainly to the ground state via an allowed trimmsitBranching ratios to other
states of 2C are displayed in Tabl&2.21 The half-life of >N is 11.000 £ 0.016 ms (1978ALO0Y).
See also 1968AJ03. The ratio of the branching ratid$N/'?B for the decays td?>C*(4.4) is
1.528 + 0.027 (1988NA09. See also(985AJ0). This leads to the following values for the
mirror asymmetries of’B and'?N for decay t0"?C*(0, 4.4): 0, 5. = +0.129 £ 0.008 (1978AL0J),
014 = +0.066 £ 0.018 (L988NAQ9. See alsol989KR1Q.
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Table 12.21: Branching ittN(3)'2C

Decay to'2C* Branch (%) log ft? References
g.s. 94.55 + 0.60 4.120 £ 0.003 | (1978ALOJ)
4.44 1.898 £0.032" | 5.149 £+ 0.007 | (1981KA31)
7.65 2.7+0.4 4.34 £ 0.06 ¢
10.3 0.46 + 0.15 4.36 +£0.17 ¢
12.71 0.31 +0.12 3.52+0.14 d
15.11 (444+1.5)x 1072 | 3.30+£0.13 d

 Based oy, = 11.000 £ 0.016 ms andQ.,.

b For other values see Table 12.20 ir980AJ0).
¢ Mean of values quoted inL@75AJ02.

4 See (1980AJ0) for reference.

61.13C(y, n)12C Qum = —4.9463

The decay of the giant resonance i€ takes place predominantly t6C*(15.1, 16.1) [and to
their analogs in?B]. Below E., = 21 MeV transitions td*C*(4.4) are dominant: sed 980AJ0).
See alsd3C in (1991AJ0).

62. ()’ C(=T, p)'?C
(b) 13C(7T+, 7r0p)12C

Qum = 135.405
Q.. = 0.440

Angular distributions (reaction (a)) have been measurdd,at= 90 to 170 MeV to!2C*(0,
4.4,7.7,9.6, 12.7, 14.1, 15.1, 16.1, 19.1, 20.6, 22.9,)2%8 energy dependent ratio for the
excitation of 2C*(12.7, 15.1) is reported. Similarities in the populatiohstates seen in this
reaction and in the (p, d) reaction are observed. Angularibligions atF,.+ = 32 MeV are also
reported: seel@85AJ0). For reaction (b) seel@88POZ\).

63.13C(p, d)2C O = —2.7218

Angular distributions have been measuredat= 8 to 800 MeV [see980AJ011985AJ0)],
at £, = 18.6 MeV (1986G0231987G027 2C*(0, 4.4)), 41.5 MeV (987CA20 '*C*(0, 4.4,
12.7,15.1, 16.1)) and 800 Me\ $84SM04 12C*(0, 4.4, 12.7, 14.1, 15.1, 16.1)) and/gs = 119
MeV (1987LE24 '2C*(0, 4.4,7.7,9.6,12.7,14.1, 15.1, 16.1, 16.6, 1788]6 & 0.07, 18.8, 19.9,
20.3, 20.6)) and 500 MeV1Q840OHO06 g.s.). The population ofC*(10.3, 15.4) is also reported,
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and thel'. ., of the structures at/, = 18.2, 18.8, 19.9, 20.3 and 20.6 MeV are, respectively,
240 + 50, 120 + 30, =~ 400, ~ 220 and~ 210 keV (1987LE23. (1984SMO0J report structures at
20.614+0.04 and25.4 + 0.1 MeV, the latter withl' > 0.5 MeV. The earlier work [seel@80AJ0)]
indicated states d7.76+0.02 [80420], 18.80+0.04 [80£30], 21.54+0.2 [< 200] and22.55+0.05
[< 200] MeV [the numbers shown in brackets dtg,, , in keV].

For (d,v) correlations via?C*(15.1) see{987CA2(. See alsé*Nin (1991AJ0), (1987GIZZ
1988LEO0§ and (L988BE1| 1988GUZW theor.).

64.13C(d, t)2C Qm = 1.3109

Angular distributions have been studiedat= 0.41to 27.5 MeV [seel975AJ021980AJ0)]
and 18 MeV (988G0021988GU20 t,, t;) as well askE; = 29 MeV [to '*C*(0, 4.4, 12.7, 15.1,
16.1)]: see {985AJ0). For charge-dependent matrix elements betwé€i(12.7, 15.1) see Table
12.1Q See alsoX986GU1Japplications) and1(988GUZW theor.).

65. (a)**C(*He, a)!?C Qm = 15.6314
(b) ¥C(He,20)®Be Qm = 8.2648

Angular distributions have been measured at many energige B(*He) = 45 MeV [see
(1980AJ011985AJ0)] and at 22.7 MeV1987VALL, oy, aq; prelim.). See1984VA39 1985VALE
1986ZE1Q for a study of the spin tensors f&1C*(4.4).

A study of reaction (b) leads t6,/T" for 12C*(15.11) = (4.1 £ 0.9)%; together with the
other parameters for the decay of the state (see TehIA this leads to', = 1.8 + 0.3 eV. If
this isospin-forbiddemy-width is the result of mixing betweel?C*(12.71, 15.11) via a charge-
dependent interaction the matrix elemen84$ + 60 keV: see, however, Table2.10here, and
(1980AJ0). See alsol987BA2R 1987ZE021988G0OZB theor.) and®0 in (1986AJ0J.

66. 3C(a, an)2C Qm = —4.9463

See!3C in (1991AJ0) and (L984DE44 1985DE1Q.

67. (a)'*C(Li, "Li)'2C Qum = 2.3037
(b) 3C(Li, 3Li)12C Qum = —2.9136
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At E("Li) = 34 MeV angular distributions have been observed for the reastto!2C*(0,
4.4) + "Li*(g.s., 0.48) and®’Li*(0, 0.95) in all combinations. Whilé>C*(0, 4.4) are dominant
in the two spectra!>?C*(7.7, 9.6) and, in reaction (a) &(°Li) = 36 MeV, 12C*(12.7), are also
populated: seel@80AJ0) and (L987CO16reaction (b)).

68. (a)*C(13C, *C)'2C Qum = 3.2302
(b) 13C(C, 15C)'2C OQm = —3.7283
(c) BC(*°0, "0)12C Qm = —0.8029

Angular distributions have been reported for reaction (@pé@3C) = 16.0 to 50.0 MeV :
(see (1985AJ0) [also excitation functions]) and & (*3C) = 20.0 to 27.5 MeV (988BI1)) for
reaction (b). See alsd984BA3) and (L987THO04 theor.). For reaction (c) se@{89FR0J. See
also (L980AJ0).

69.1*C(y, 2n)2C Qum = —13.1229

See!‘C in (1991AJ0), (1985PY0) and (L987G0O09theor.).

70.1C(p, t)2C Qm = —4.6410

Angular distributions have been measuredgt= 14.5, 18.5, and 39.8 MeV: se@§75AJ03.
At E, = 54 MeV angular distributions are reported to two statefvat= 27.57 + 0.03 and

29.63 + 0.05 MeV [I'cp.. < 200 keV]: their identification as the firsf' = 2 states is supported
by the similar angular distributions to the first tWo= 2 states in'?B, reached in the (p’He)
reaction [see reaction 28 iiB]. The lowerT = 2 state is well fitted byL = 0; the angular
distribution to'2C*(29.63) is rather featureless. It is suggested that iépeHs somewhat more
consistent withl, = 0 than withZL = 2 (1976AS0): [(1976BA29 has suggested that the second
T = 2 state inA = 12 may have/™ = 0".] Itis not excluded that the group t6C*(29.63) may
be due to unresolved stated76AS0). (1976AS0) reportl',/T" ~ 0.3 + 0.1 andl',,, /I" < 0.1
for the first7 = 2 state and’,/T" = 0.8 + 0.2, ', /T ~ 0.4 andT,/T' =~ 0.2 for 2C*(29.63).
(1978ROO0JreportE, = 27595.0+ 2.4 keV,I" < 30 keV for the firstl” = 2 state and calculate the
decay properties for two values of the total width, 0 and 3@ Branching ratios for the decays to
5Be(0)+a; ''B*(0, 2.12, 4.45,5.02.74+6.79) +p; and'’B(0)+d are, repectively,10.543.0)%;
(3.0 £ 2.2)%, (8.0 & 2.3)%, (0 =+ 3.3)%, (8.4 + 3.2)%, (8 & 5)%; and(2.8 + 2.0)% (1979FRO04.

71. (a)*N(p, *He)?C Qm = —4.7789
(b) “*N(p, pd)*C Qu = —10.2724
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Angular distributions (reaction (a)) have been studiedat= 7.5 to 52 MeV [at the higher
energies td’C*(12.7, 14.1, 15.1, 16.1)] as well as'f€C*(0, 4.4): see980AJ0). For reaction (b)
see ((985DE17 and (L986VDZY). See alsoX987VD03 1987VD1A) and (L986G0O28theor.).

72. UN(d, a)'2C Qm = 13.5743

Observedv-particle groups are displayed in Taldl2.19 Angular distributions have been mea-
sured at energies up to 40 MeV: sé®80AJ0) [also for J™ assignments]. See alsb9B87SI10
applications), {983US01 theor.) and®0 in (1986AJ0J.

73. “N(a, 5Li) 2C Qum = —8.7974

See (988SH1Etheor.).

74. “N('Li, *Be)2C Qm = 6.4233

See (986G0O1B.

75.14N(12C, d)2C'2C Qm = —10.2724

See (987AR25 and'*N in (1991AJ0).

76.°N(p, a)'2C Qum = 4.9656

Angular distributions ofy, anda; have been measured féi, up to 43.7 MeV. At the highest
energy the angular distributions to theé states>2C*(0, 7.7, 17.8) are fitted by, = 1. The distri-
butions to'?C*(14.1, 16.1) ™ = 4*, 2*] are consistent witl, = 3; see (980AJ0). For work
on cross sections and resonances'$@en (1986AJ0% and (L988HO1R. See alsol987WELG
1988CA26 astrophysics) andl@84BE1A 1984HA1Q 1986LE1LL 1986RO181988GN1A ap-
plications).

77.15N(a, TLi) 12C Qm = —12.3806
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At E, = 42 MeV angular distributions involving?C*(0, 4.4) and’Li*(0, 0.48) have been
obtained: seel©80AJ0). See also{988SH1Etheor.).

78. (2)'%0O(y, a)'*C Qm =—-7.1619
(b) O(e, éa)'?*C Qunm = —7.1619

For reaction (a) seelP86BA5(Q astrophysics) andl@84GL11 1987BU1A theor. f, 2d)).
For reaction (b) seelP87HO1H. See alsd®0 in (1986AJ04 and (L988BUOG theor.).

79.%0(p, p)2C Qm = —7.1619

This reaction proceeds primarily t6C*(0, 4.4) atE, = 101.5 MeV (1984CA09: '2C(14.1)
is also populated. The breakup inta has been studied byL9§86VD04. See alsol985AJ0),
(1987LA11 1988LE0§1988MU1G astrophysics) and.f85VD03 1987VD1A) and (L986G0O28
theor.).

80.190(d, °Li) 12C Qm = —5.6869

Angular distributions have been measureflat= 12.7to 80 MeV [see {980AJ0]1 1985AJ0)],
at 54.2 MeV (984UMO04 '2C*(0, 4.4, 7.7, 9.6, 14.1)) [see also for spectroscopicoiaitand at
E; = 18 and 22 MeV (987TA0Z 12C*(0, 4.4)) and 51.7 MeVI986YAL2 12C*(0, 4.4, 14.1)).
For polarization measurements &€ in (1987AJ02.

81.10(He, "Be)'2C Qum = —5.5746

Angular distributions have been studied/aHe) = 30, 41 and 70 MeV: seel@80AJ01
1985AJ0). '2C*(0, 4.4, 7.7, 9.6) are populated. See alk®g6BA89 astrophysics) and @87RA37
theor.).

82. (a)'O(x, 2a)'2C Qm = —7.1619
(b) 190(a, Be)2C O = —7.2538
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At £, = 90 MeV angular distributions involving? C*(0, 4.4) (reaction (a)) have been analyzed
by PWIA and DWBA:S, = 2.9 + 0.5 and0.70 4+ 0.23, respectively. AtF, = 65 MeV angular
distributions involving®Be, ;. (reaction (b)) and*C*(0, 4.4, 7.7, 9.6, 14.1) have been measured
[the ground state distributions have also been studiedfoe 55 to 72.5 MeV]. S, = 0.25, 1.07,
0.05, 1.40 for2C*(0, 4.4, 7.7, 14.1): se€.P80AJI0) for references.

83. (2)'°0(Be, 3C)'2C Qu = 3.4856
(b) 160(160, 20Ne)'2C O = —2.4263

For reaction (a) seet88WE1J and!3C in (1991AJ0). For reaction (b) seelP86CA24 and
2ONe in (1987AJ02. See alsol988AU03, (1984ME1(01989V0O1D and (1984AP031984K0O13
1987GALL 1988GA19 1988GALL theor.).

84.19F(d, °Be)'2C Qum = 0.2662

Angular distributions have been obtainedkat= 9 to 14.5 MeV: see{980AJ01 1985AJ0).
12C*(0, 4.4) are populated.

85. 20Ne(x, 12C)'2C Qm = —4.6229

Angular distributions have been measured in the range- 13.4 to 20.8 MeV: seel985AJ0).
See als01985ST1B and (L988SH1F-theor.).

86.23Na(p, '2C)'2C Qm = —2.2433

Angular distributions involving®C, . have been studied &t, = 7.9 to 18.6 MeV (987KI29.

87.23Na(d, 13C)'2C Qm = 0.4785

See (986G026 E,; = 13.6 MeV).

88.2!Mg(p, p'2C)'2C Qm = —13.9335
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The fission of*Mg has been studied &, = 190 MeV (1987DA0)).

89. 21Mg(a, 160)12C Qum = —6.7716

Angular distributions have been reportedat = 22.8 to 25.4 MeV and at 90 MeV [see
(1980AJ0)], at 25.13 to 27.76 MeV1986SK0) and at 27.8 to 29.4 MeVIO89ESOR See also
(1987SH1B and (L988SH1F-theor.).

90. 2'Mg('2C, 12C)12C'2C Om = —13.9335

The fission of*Mg has been studied &(**Mg) = 357 MeV (1986WI119.

72



12N
(Figs. 4 and 5)
GENERAL (See also01(985AJ0)).
Model calculations; (1984KA1H 1984SA19
Astrophysical questions: (1985CA41 1987RA10 1988CA26 1988LE08 1989KR1Q
Applied work: (1987KU17 1987MI24)

Complex reactionsinvolving 12N: (1985NO1E1986GA1R1987BA1T, 1987RI03 1988BE02
1988LE0Y

Muon and neutrino capture and reactions. (1986DA1J 1987KR1L, 1988AL1Q 1988BO1X
1988FU081988MI1H 1988MI12Q 1989DR1A 1989KR1C 1989MI1l)

Pion capture and reactions: (1983AS011984AS051988HA12 1988KIZW)
Other topics: (1984KA1H 1984SA191985AN28 1986YAL1RH

Ground-state propertiesof 12N: (1985AN28 1985NA1A 1986GL1A 1986HALP 1987VA24
1988VA03

1 = +0.4573 (5) nm (L978LEZA).

1. 12N(3+)12C Qm = 17.338

The half-life of 12N is 11.000 & 0.016 ms: 2N decays t0'2C*(0, 4.44, 7.65, 10.3, 12.71,
15.11): see Tabl@2.21 Since the transitions t§C*(0, 4.4) are allowed thd™ of ?N, is 1*.
For measurements of the angular distribution functionsifedigned!2N nuclei see 1986MI1P
1986MI1T, 1987MI1B. See also1985AJ0), (1986CA1R 1986MI1Q 1986MI1R 1987MI2Q
1987VA1B, (1985BA2L; applied), (985GR1A 1985MI1A) and (1984DU1E 1985M0O13 1986KE1A
1986K0O2C 1986 TO1A 1987DR1A 1987SA1N 1988AL1E 1988SA121989SA1H theor.).

2. 9B(3He, n) 12N Qm = 1.573

Observed neutron groups are displayed in TARIR3

3. 12C(y, m)12N Qm = —156.907

The total cross section has been measured from threshald+0360 MeV: see ((985AJ0).
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Fig. 4: Energy levels of2N. For notation see Fig. 2.
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Table 12.22: Energy levels 6fN

E, J*T Ti/2 OF Ie . Decay Reactions
(MeV =+ keV) (keV)
0 171 | 112 =11.000£0.016 ms| B+ |1,2,3,4,5,6,7,8
9,10

0.960 £ 12 2t I' < 20 keV 2,4,5,6,8,10
1.191+ 8 2~ 118 + 14 P) |2, 4,5

1.80 + 30 1~ 750 £ 250 (P |5
243949 0F 68 + 21 (p) |2,5,10
3.132+ 8 2%, 3~ 220 + 20 (P) |25
3.558 + 9 (1)* 220 + 25 () |24,5
4140 £ 102 | 27 + 4~ 825 + 25 (p) |2,4,58
5.348 + 13 3 180 + 23 (P) |2,4,5

(5.60 & 11) 120 + 50 (p) |5

6.40+30% | (17) 1200 + 30 (P) |5

740450 | (17) 1200 =+ 30 (p) | 5,8
7.684 +21° 200 =+ 32 (p) |2,4,5
8.446 £ 17* 90 + 30 2
9.035 4+ 12 < 35 2

(9.42 = 100) ~ 200 5

9.80 4+ 20 450 4+ 100 5
10.30 £ 20 450 £ 100 5
11.00 = 20 350 4+ 100 5
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Table 12.23: States ¢fN from °B(*He, n) and'?C(*He, t)

E. 2 Tep &€ | L2 E, b Term b E, d Term d JgTe
(MeV =+ keV) (keV) (MeV =+ keV) (keV) (MeV =+ keV) (keV)

0 20420 | 2 0 0 (1)
0.960 + 12 16+20 | 2 =0.964 <20" 0.960 (21)
1.189 + 12 140425 | 1 | 1.190 + 20 80+30" | 1.193+10 120 + 20 2~
(1.72 4+ 0.08) 1.80 + 30 750 + 250 1~

2.4+ 100 2.415 + 20 454+ 15" | 2.445+ 10 110+ 20 0t
3.114+ 15 200+£36 | 2 | 3.136+30 240 + 40 3.14 4+ 10 220 + 25 2+ 3~
3.533+ 15 150440 | 2 3.55 4 50 150 4 100 3.57+ 10 260 + 30 1t
4.250+30F | 290+ 70 415+80°F 650 4 100 4.144+10F | 830420 |27 +4~
5.320 + 12 1804+20 | (0) | 5.23+80° 400 + 80 5.37+ 10 150 + 30 3~
6.10+80°F 300+ 100 | (5.60 =+ 11) 120 + 50
7.134+100f | 500+ 100 6.40+30 | 12004300 | (17)
7.629 + 20 200 + 40 7.484100f | 180+ 80 740450 | 1200500 | (17)
8.446 + 17 90 + 30 7.70 4+ 11 200 + 50
(8.86 & 100) ~ 100
9.035 + 12 16 + 20
9.42 + 100 ~ 200
9.90 + 100 100 + 50
g 9.80 + 20 450 £ 100
10.30 + 20 450 + 100
11.00 + 20 350 + 100

a 10g(3He, n)'2N: see Table 12.26 in@75AJ02 for references.
b 12C(3He, t)'2N: see Table 12.23 inl80AJ0) for references. See also reaction 5 here.
¢ Weighted means of values shown in Table 12 2280AJ0).

4 12C(3He, t)'2N: (1983ST10 E(*He) = 75 and 81 MeV), and M.N. Harakeh, private communication. See al

(1984VA17 1985VA1A).
¢ DWBA calculations {983ST1). Some of the/™ assignments also reflect knowledge of the analog regiétéin

f May be due to unresolved states.

& No other states observed with), < 13 MeV.
hJm =2+, (27),and(0%) for 12N*(0.96, 1.19, 2.42), repectively: see Table 12.2318§0AJ0).
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4. 12C(p, n)*N Qm = —18.120

Angular distributions have been studied®t= 30.5 to 200 MeV [see980AJ011985AJ0)]
and at 35 and 40 MeV1Q870H04 ny, n;, ny; DWBA), at 160 MeV (1984GA11% ny; also Ay;
comparison with (p, pto 2C*(15.1)). The angular distribution t8N(4.2) [u?] is consistent with
J™ = 2~ predicted by theory. A structure &t, ~ 7.2 MeV is also observed. Unresolved angular
distributions over the range, = 2 — 17 MeV (andd = 5° — 13°) are dominated by = 1 tran-
sitions (L984GA1) [as would be expected at those angledP§7TA13 1989RA09 discuss the
relationships between the GT strength and(thdifferential cross section in this and other (p, n)
reactions. AtEz = 65 MeV the spin transfer coefficierft’yy' (0°) for iy + ©i; has been measured
by (1984SA13. See also{985AJ0), 3N in (1991AJ0), (1984BA1R 1988HIZX, 1988NI1G
1988TAZY, 1989PRZ7, (1988LE08 astrophysics),985BA2L), (1984GA361984TAZS 1985SH1C
1986GA1R1986LI1T, 1987EL0§1987EL141987L129 1987RA33 and (L984SA191987BE1D
1988H0O091988P1081988UDO03 theor.).

5. 12C(He, 12N Qm = —17.357

Observed triton groups are displayed in Takite23 Angular distributions of inelastically scat-
tered®He to'2C*(15.11, 16.11, 16.58, 17.77, 19.57) have been comparttthose of tritons to
12N*(0, 0.96, 1.19, 2.42, 4.25). When tHele cross sections are corrected for phase-space and
isospin factors the angular distributions are closely lsino those for the triton groups, strongly
suggesting isobaric analogs: séd®§0AJ0) for references. [If2C*(17.77) and'?N*(2.42) are
analogs, then the latter i9)a state.] Angular distributions have been reported at 81 ME38ST10)
[to many of the states shown in Tald&.23. [Compare thé?B and the!N level structure: it is
clear that not all the analog states have been observ&Nih Angular distributions have also
been studied af/(*He) = 0.6 to 2 GeV (L987BE2% to 2N*(0 + 0.96, 4., 7.). 2N*(4.) is
assumed to be 2~ state while'?N*(7.) corresponds to a group daf states. The reaction ap-
pears to be single-step direct and is well described by DWI2S7BE25. At E(*He) = 197
MeV (f = 0°) the spectrum show®N*(0, 0.96), an~ 1 MeV wide state at 4.3 MeV (pos-
sibly 27, 47) and the GDR atz 10 MeV ( =~ 84% of the strength isl™). No structure is
observed betwee’, = 15 and 70 MeV (984TA1). The spectra of inelastically scattered
3He ions (se€?C) and of tritons have been studied Af*He) = 170 MeV. The triton spec-
trum has been compared with photoabsorption result®8ZTA0Y conclude that the isovec-
tor GDR is preferentially excited in théHe, t) process while the’de, *He) process preferen-
tially excites the isoscalar giant multipole resonancesltdisobar excitation has been studied at
1.5, 2.0 and 2.3 GeV1P86CO03. See alsol988AB09, (1984AB0G 1988JALFK 1989JAZY),
(1984GA361984GE1A1985RO1N1986EL1C 1986GA1R1987EL081987EL14 1988RO1T
and (L984CH1N 1985JA131987DMO02 1987GU07 1988ES1A1988UDO03 theor.).

6. 12C(°Li, *He)"?N
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At E(°Li) = 25 and 35 MeVA angular distributions have been studied®, . (1987WI09.
At the higher energy?N*(1.0) is also populated as is a broad structure near 4.2 Weforward
angles the cross section for the GT transition in this andthrerofLi, ‘He) reactions is found
to be proportional to thg/-deay strengthl986AN29. See alsoX984GL0§ and (L987AU04
1988AN06G 1988AU1LE 1989AU1B.

7.12C(12C, 12B)12N Qum = —30.708
See!’B.
8.12C(13C, 13B)!2N Qum = —30.776

At E(*3C) = 30 MeV/A 2N*(0, 1.0) are populated but the dominant groups in the fodwa
direction are broad structuresiat = 4.2 and7.5 MeV attributed t2~ and1~ states {986V0O02
1988Vv00§4.

9. 12C(1N, C)2N O = —17.495

See (986BA16 1986EL1C 1986RO1Q.

10. “N(p, t)'2N Qm = —22.136

At E, = 51.9 MeV angular distributions of the tritons t6N*(0, 0.96) and of théHe ions to
the analodgl” = 1 states [?*C*(15.11, 16.11)] have been measured./At= 52.5 MeV the angular
distribution to'2N*(2.44) has been studied. SEEB0AJI0) for references.

120
(Fig. 9)

120 has been observed in th&O(a, ®He) reaction and in thé?C(x*, 7~) reaction: see
(1985AJ0). The mass excess 6fO is 32.06 4= 0.04 MeV (1988WA19§. 20 is thus unstable
to decay intd’C + 2p by 1.78 MeV. See alsd 985AN29 and (1987BL1§ 1987SA15theor.).

The width of the ground state s 400 + 250 keV. The diproton branching ratio dfO,
is estimated to bé60 + 30)%. It is suggested that the firgt = 2 state in'?N should occur at
E, = 12.2940.02 MeV. There is some indication from th&O(«, *He) work of an excited state of
20 atE, = 1.0 & 0.1 MeV, which would imply an appreciable downward shift frone thosition
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of the analog first excited state 1hBe (1978KE0§. See also the spectrum shown as Fig. 1 of
(1985M013.

The 2C(x*, =~) reaction has been studied féf,+ = 50 to 240 MeV: see 1985AJ0)
and (L985MO18 1987FA05 1989GR0§. See also{986GI13, (1989BA1R and (L986CH39
1988C0151988G0211988MA27 theor.).

12 F 12 Ne
(Not illustruated)

These nuclei have not been observed: 488(0AJ01 1985AJ0).
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