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12n 12H e
(Not illustrated)

2 has not been observed in the interaction of 0.7 and 400 GeV protons with uranium: see
(1980AJ01). For 2He see (1983ANZQ; theor.).

12Li
(Not illustrated)

2Li is not observed in the 4.8 GeV proton bombardment of a uranium target: it is particle-
unstable. The calculated value of its mass excess is 52.93 MeV [see (1980AJ01)]: 2Li would
then be unstable with respect to *Li + n, °Li + 2n and °Li + 3n by 3.92, 2.96 and 3.76 MeV,
respectively. See also (1980AJ01) and (1982KA1D, 1983ANZQ, 1984VAO6; theor.).

12Be
(Figs. 5and 9)

GENERAL: (See also (1980AJ01).)

Theoretical papers: (1979K029, 1981AV02, 1981SE06, 1982NG01, 1983ANZQ, 1983MI1E,
1984VA06).

Hypernuclei: (1980GA1P, 19821K1A, 1982KA1D, 1982P0O1C, 1983BR1E, 1983D0O1B, 1983MI1E,
1984D004).

Other topics: (19830L1A, 1983WI1A, 1984HI1A).

Mass of 1?Be: (The Q-value of the °Be(t, p) reaction (—4809 & 15 keV) (1978AL29) leads to
an atomic mass excess of 25077 &+ 15 keV for ?Be.

1. 12Be(3)12B O, = 11.708

The half-life of 12Be is 24.44-3.0 msec (1978AL10): log ft = 3.8440.06 (M.J. Martin, private
communication), assuming the decay is to B, . The upper limit to a branch involving delayed
neutrons is 1% (1978AL10).

2. 1°Be(t, p)**Be Qm = —4.809



Table 12.1: Energy Levels of 2Be

E, (MeV +keV) | J°; T T1/2 Decay Reactions
0 07,2 | mpp=244+30msec| 3~ |1,23,4
2.102 £ 12 272 a ol 2,3,4
2702 + 17 & 2,3,4
4.56 + 25 b 2
5.70 + 25 b 2

& See discussion in (1982BE42).
b This state has an appreciable intrinsic width: see (1978AL29).

At E;, = 12 MeV '2Be*(2.10) is populated [E, = 2115 + 15 keV] and (p, +) angular correla-
tions lead to J = 2 (1978AL10). At £, = 17 MeV proton groups are observed to the states shown
in Table 12.1. The energy of ?Be*(2.10) is measured to be 2089 + 20 keV. The two highest states
have an appreciable intrinsic width. From the measured atomic mass excess of ?Be, d, the cubic
factor in the IMME, is calculated to be +2.8 + 8.6 keV and the first 7" = 2 state in 2N should
occur at £, = 12.27 £ 0.04 MeV (1978AL29): compare with 20. See also (1980AJ01).

3. 12C(r—, 7")!’Be Qm = —25.077

See (1980NA1D, 1980NA12). See also (1980AJ01).

4, 1c(HC, 10)!2Be Qm = —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 assignment of 0% is plausible but not proven
for 12Be*(2.69) (1982BE42).



128
(Figs. 6 and 9)

GENERAL.: (See also (1980AJ01).)

Model calculations: (1980HA35, 1983SH38, 1984VA06).
Secial states: (1980HA35, 19800K 01, 1981SE06, 1984VVAQ6).

Complex reactionsinvolving *2B: (1979AL22, 1979B022, 1980MA24, 1980NA1C, 1980TR1F,
1980WI1L, 1981GR08, 1981ME13, 1981M020, 1982GO1E, 1982LY 1A, 1983EN04, 1983MA06,
19830L1A, 1983SA06, 1983WI1A, 1984GR08, 1984HI1A).

Muon and neutrino capture and reactions (See also reaction 17.): (1979HWO02, 1979KI1G,
1979PA19, 1979PR1C, 1979WU10, 1980MU1B, 1981AMO05, 1981CI05, 1981EI1A, 1981GI08,
1981PA1G, 1981R0O05, 1981R0O15, 1982BO1W, 1982MI105, 1982RO1F, 1982R0O13, 1983FU17,
1983GM01, 1983KU1L, 1983N0O12, 1984BO1M).

Pion and kaon capture and reactions (See also reactions 13 and 16.): (1978G018, 1979AL21,
1980ARO01, 1980DU20, 1980HA18, 19800H07, 1980RA05, 1980S0O05, 1980TR1A, 1981DEO01,
1981DE1U, 1981DO1F, 1981DU1H, 1981EI01, 1981RA16, 1982AR06, 1982BE1D, 1982B0O11,
1982GO1F, 1982G001, 1982RA28, 1983BE1A, 1983CO1L, 1983DE2G, 1983GI108, 1983HS01,
1983MO1J, 1983SH2C, 1983TR1J).

Hypernuclei: (1978SO1A, 1979BU1C, 1980KI1F, 1982KA1D, 1983CH1T, 1983COL1L, 1983DO1B,
1983FEQ7, 1983HS01, 1983SH38).

Other topics: (1979HA58, 1979NO05, 1981DO1F, 1981SE06, 1981WALJ, 1982NGO01).

Ground-state propertiesof 2B, includingitspolarization: (1980FU1G, 1980TR1F, 1981AV02,
1981KO0O1D, 1981MI1C, 1981MI11D, 1981NE1B, 1981SE06, 1982BA37, 1982DE16, 1982NG01,
1982RE01, 1983ANZQ, 1983FU15, 1983KU1L, 1983M128, 1983NO05, 1983TA1K, 1984KUQ7).

= +1.00306 (15) nm (1978LEZA),
Q = 1.34 4 0.14 fm? [(1978M119); see also (1978LEZA)].

1. 12B(87)'2C Qum = 13.369

The half-life of 2B is 20.20 & 0.02 msec (1978AL01). The decay is complex. 2B decays to
12C*(0, 4.4, 7.7, 10.3): see Table 12.14. The transitions to 2C*(0, 4.4) are allowed: hence the
J™ of 12Bg_s_ is 1*. See also (1983AD1B) and (1979HWO03, 1979KI1G, 1979MA31, 1979NO01,

5



1979PR1C, 1979RH1A, 19800K01, 1980SY02, 1981CH1B, 1981HO06, 1981K027, 1982GU09,
1983MOLN; theor.).

2. SLi("Li, p)'2B Qum = 8.334

Table 12.2: Energy levels of 2B 2

E.in 2B J* T Torle Decay Reactions
(MeV + keV) (keV)
0 17:1 T2 =20.20£0.02msec | 57 [1,2,3,7,9,13, 14,16,
17, 18, 19, 20, 21, 23,
24,25
0.95314 £+ 0.60 2t Tm = 260 == 40 fsec v 2,3,7,9, 13, 14, 16,
17, 19, 20, 22, 23, 24,
25
1.67365 £ 0.60 2- < 50 fsec vy 2,3,7,9, 13, 14, 16,
17,19, 20
2.6208 £ 1.2 1~ < 70 fsec y 2,3,7,9, 13, 14, 17,
20
2.723 £ 11 0t v 2,3,7,9, 14, 20, 23
3.3883 £ 1.6 3” I'=314+£0.6eV v,n |2,7,9 10,11, 13, 14
3.759 + 6 2t 40 £ 4 keV v, n 17,9 10,11, 13, 14, 23
43017 1~ 9+4 v,n |7,910,11, 13, 16, 19
4.46 2” broad n 11, 16, 19
4518 £ 8 4= 110 4+ 20 v,n |7,910,11, 13,14, 16,
19, 20
5.00 %+ 20 1t 50 + 15 v,n 17,9 10,11, 13,23
561248 3t 110 £40 n 7,9,11,13,24
5.726 £ 8 3” 50 £ 20 n 7,9, 11
6.0 1~ broad n 11
6.6 1t 140 n 11
7.06 1~ broad n 11
7.545 £ 20 <14 n 7,9, 11
(7.67) 2~ 45 n |11
7.836 £ 20 1~ 60 + 40 n 7,11

6



Table 12.2: Energy levels of 2B # (continued)

E.in 2B J* T TorTe Decay Reactions
(MeV + keV) (keV)
7.937 4 20 (17) 27 n |7 11
8.1+ 100 900 =+ 200 (n) |7
8.120 £ 20 (37) n 7,9, 11
8.24 + 30 3~ 65 n 7,11
8.376 4+ 20 40 £ 20 7,9
8.58 + 30 (37) 75 n 7,9 11
8.707 £ 20 (37) n 7,11
9.04 + 20 1~ 95 £ 20 n 7,9, 11
9.175 + 20 (27) n |71
9.43 £+ 20 85 £ 30 7,9
9.585+5 3” 34+5 n 7,9, 11
9.758 + 20 7
(9.83) 7
10.00 £ 40 100 n 7,11
10.11 £ 40 7
10.220 £ 20 < 25 7,9
10.435 + 20 75 + 40 7
10.59 4 20 < 30 6,7,9 11
10.90 £ 20 30 £ 10 6,7,9
(11.08) 7
11.31 + 30 130 £ 60 7
11.59 + 20 75+ 25 7
12.345 £ 25 100 £ 30 n 7,9, 11
12.75 4+ 50 0T =2 85 £ 40 7,24
13.33 + 30 50 £ 20 7
(13.4 £ 100) broad 9
14.82+100 | (2+; T =2) < 200 24
155 7

& See also Table 12.5.




Eleven groups of protons are reported to known states of '2B. Angular distributions have
been measured at F(°Li) = 3.5 to 5.95 MeV. The distributions are generally featureless: see
(1975AJ02).

3. TLi("Li, d)'?B Om = 3.308

Angular distributions for d, d;, dy, ds;,, have been measured at £("Li) = 2.10 to 5.75 MeV.
See also (1975AJ02) and (1981KO1D).

4. °Be(t, n)"'B Qm = 9.5589 By = 12.928

Thirteen resonances have been reported corresponding to 13.6 < E, < 14.7 MeV: see table
12.3'in (1975AJ02). The yield of 2.12 MeV ~-rays has been measured for £, = 1.5 to 3.3 MeV
and E(°Be) = 10 to 16 MeV by (1983M108): no resonances are observed.

5. (a) ”Be(t, p)''Be Qun = —1.167 E, = 12.928
(b) °Be(t, d)'°Be O = 0.5548
(c) Be(t, t)Be
(d) *Be(t, a)5Li O = 2.927
(e) ?Be(t, °He)CLi Qm = —5.380

Yields of elastically scattered tritons have been measured for E; = 0.60 to 2.1 MeV: see
(1975AJ02). Differential cross sections and analyzing power for elastic tritons have been mea-
sured at £y = 15 and 17 MeV (1978SC02). The yields of 0.32 MeV (reaction (a)), 0.98 MeV
(reaction (d)) and 0.48 MeV ~-rays (from the (t, an) reaction) have been studied for £, = 1.5 to
3.3 MeV and E(°Be) = 10 to 16 MeV: no resonances are observed (1983M108). The yields of
ap and «; have also been reported for £y, = 0.52 to 1.70 MeV: see (1975AJ02). The analyzing
powers of the reactions leading to °He, ;. and °Li*(0, 3.56) have been measured at £ = 17 MeV
(1979FL03). See also (1983CEO01), (1981ME1D, 1983WEO02; theor.), 1'Be, and °He, °Li, ®Li and
Be in (1984AJ01).

6. °Be(o, p)'?B Qun = —6.886

At £, ~ 35 MeV (1981HALJ) report the excitation of two sharp and strong groups to ?B*(10.6,
10.9). See also (1983AU1C).



7.9Be("Li, a)1?B Qum = 10.460

Observed «-particle groups are displayed in Table 12.3. Angular distributions have been mea-
sured at F("Li) = 3.3 to 6.2 MeV, at 20 MeV and at 30.3 MeV: see (1975AJ02, 1980AJ01). At
E("Li) = 20 MeV angular distributions to the first seven states are rather featureless and have
approximate symmetry about 90°. The integrated cross sections go as 2.J; + 1 consistent with a
compound nucleus mechanism for the transitions populating the low-lying states of 2B. It is sug-
gested that the sharp states of 2B at high excitation energies correspond to states of high angular
momenta with cluster configurations.

8. (a) Be(d, p)*'Be Qu = —1.722 E, =12.373
(b) 1°Be(d, a)5Li Qum = 2.372

Table 12.3: Levels of 2B from °Be("Li, ) and °B(t, p) *

E." | E.° Fem. ¢ | L€ Jr e
(MeV + keV) (keV) (MeV + keV) (keV)

0 0 2 |1 (1,2,4,57
0.951 + 15 0.955 4+ 8 2 |1 (1,2,4,57
1.674 4+ 15 1.673 £ 8 1| (2,34
2.625 + 15 2.627+8 3 1(0,1,5,6)"
2.724 + 15 2721 4 | (0,6, 7)F
3.390 + 15 3.393+8

3.77+£204 | 40£20 3.754 £ 8 42+£5 | 2 |(1,24,5*
4.305 £ 15 <30 4.297 +8 <15
4.534 + 15 4.514 +8 954 15
4.982+154 | 40420 5.00¢ 130 + 40

5.57+304 5.612 £ 8 120 £ 20
5.728 £ 15 50 % 20 5724+ 8 70 & 20
7.545 + 20 <30 7551
7.836 + 20 60 + 40
7.937 4+ 20 <40

8.1 4100 | 900 + 200

8.120 + 20 8.16 £+ 30




Table 12.3: Levels of 2B from ?Be("Li, ) and °B(t, p) * (continued)

E.P | E ¢ Cem ¢ | L€ Jre
(MeV + keV) (keV) (MeV + keV) (keV)
8.24 £+ 30
8.376 £ 20 40 £ 20 8.38 1
8.58 + 30 8.58f
8.707 £ 20
9.03 =20 9.07+ 30 95 %+ 20
9.175 4+ 20
9.43+20°| 85+30 9.44 + 30
9.585 £ 20 60 = 30 9.626 £ 20 34 £ 10
9.758 £ 20
(9.83)
10.00 £ 40
10.11 + 40
10.21 £ 30 50 £ 20 10.227 £ 20 <25
10.435 + 20 75 £ 40
10.58 £ 20 50 = 30 10.61 £ 30 < 30
10.887 £ 20 40 £+ 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 in (1980AJ01).

b 9Be("Li, a)!?B.
c IOB(t, p)lQB.

462 = 0.46 £ 0.06, 0.08 £ 0.03 and 0.10 + 0.02 for 2B*(3.76, 5.00, 5.61).

¢ Probably unresolved.

f Observed but E not determined.
€ Not observed at £y = 23 MeV.
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The cross sections for production of 3Li (reaction (b)) and of 'Be (reaction (a)) have been
measured for £q = 0.67 to 3.0 MeV and 2.3 to 12 MeV, respectively: the yields for both reactions
vary smoothly with energy. No resonances are observed: see (1975AJ02).

9. 19B(t, p)'2B Qum = 6.342

Observed excited states are displayed in Table 12.3. Angular distributions have been studied at
E; =10 and 23 MeV: see (1980AJ01).

10. 1B(n, 7)!2B Qum = 3.369

The thermal-neutron capture cross section is 5.5 4+ 3.3 mb [see (1981MUZQ)]. The capture
cross section shows resonances at £, = 20.8 0.5 keV and at 0.43, 1.03, 1.28 and 1.78 MeV, with
I', =25+8meVand0.3,0.3,0.2and 0.9 eV (£50%): see Table 12.4 and (1968AJ02). See also
(1980DO1C; astrophys.).

11. 1B(n,n)!'B E, = 3.369

The thermal (bound) scattering cross section is 3.9 4 0.2 b. The scattering amplitude (bound)
iISa = 6.65 £ 0.04 fm, o(free) = 4.84 + 0.04 b (1983KO17). Parameters of observed resonances
are shown in Table 12.4. See also (1981MUZQ). Differential cross sections have been studied for
E, = 75 keV to 4.5 MeV [see (1980AJ01)] and for 2.6 to 8.0 MeV (1980WHO01; ny) and 4.86 to
7.55 MeV (1983K003; ng, n; and, at higher energies, ny, n3). Total cross-section measurements
have been reported for £, = 0.3 to 18.0 MeV [see (1980AJ01, 1968AJ02)] and 4.86 to 7.55 MeV
(1983K003). The polarization has been measured at £, = 75 keV to 2.2 MeV: see (1980AJ01).
See also (1983GO1H).

Results from the most recent R-matrix analysis are displayed in Table 12.4 (1983K003). See
also (1980WHO01, 1983DA22). For a discussion of the earlier work see (1980AJ01). See also
(1979GL1D, HA8O0P; theor.).

12. (a) 'B(n, p)''Be Qm = —10.726 E, = 3.369
(b) 'B(n, d)!°Be Qum = —9.0042
() B(n, t)°Be Qum = —9.5589
(d) 'B(n, a)sLi Qm = —6.632
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Table 12.4: Resonances in 'B(n, n)!'B @

E, (MeV £+ keV) | T (keV) | 2B* (MeV) | 12P | Jrab
0.0208 + 0.5 © 4 <14 3.3883¢ | 2 3
0.43 + 10 41 37+5 3.763 1 2+
1.027 11 41 9+4 4.310 0 1-
1.19° broad 4.46 0,2 | 2
1.28 £20Pf 130 + 20 4.54 2 4-
1.78 + 20 bt 60 + 20 5.00 1 1t
2.454+20" 110 + 40 5.61 1 3+
2.584+20" 55 + 20 5.74 2 3
29b broad 6.0 0,2 | 1°
35P 140 6.6 1 1t
4.03P broad 7.06 0,2 | 1-
455 <14 7.54 >3
470" 45 7.67 0,2 | 2
480" 90 7.77 0,2 | 1°
493" (7.88) 0,2 | 1°
5.19 P (8.12) 2 3
531" 65 8.23 2 3
559 75 8.49 2 3
5.82P (8.70) 2 3”
6.18 P 120 9.03 0,2 | 1°
6.25" (9.09) 0,2 | 2
6.78 P 3445 9.578 & 2 3”
7.18 100 9.94 >0
7.82 65 10.53 > 2
9.72 120 12.27 > 2

a For references see Table 12.5 in (1980AJ01).

b From R-matrix analysis (1983K003). See also (1980WHO1) and the earlier
work displayed in (1980AJ01).

¢ Also observed in 'B(n, v): T', = 25 £ 8 meV, I',, = 3.1+ 0.6 V.

4 See also (1983K003).

¢ 4+1.6 keV.

f Also observed in 'B(n, 7): see (1968AJ02).

& +5 keV.

12



The cross section for reaction (a) has been measured for £, = 14.7 to 16.9 MeV and that
for reaction (b) has been investigated for £, = 12.6 to 20.0 MeV and at 25 and 38 MeV: see
(1975AJ02). A recent study of reaction (d) at £, = 14.4 MeV is reported by (1979AN18). See
also (1980AJ01).

13. B(p, 7)12B Qm = —136.980

(1979MA38) have measured the cross section for 7 production near threshold. At E,, = 200
MeV the population of 2B*(0, 0.95, 1.67, 2.62, 3.39, 3.76, 4.30 + 4.52, 5.00, 5.61) is reported by
(1980S005). See also the “General” section here.

14. 1B(d, p)!2B Qu = 1.145

Observed proton groups and ~-rays are displayed in Table 12.5. The J™ assignments for
12B*(0.95, 1.67) are derived as follows [see (1968AJ02) for a listing of earlier references]: 0.95
MeV: [, = 1 leadsto J™ = 0", 1*, 2% or 3*. The ~-radiation is anisotropic and therefore .J = 0.
Tm 1S to0 short for pure E2 and hence J # 3, which is conformed by studies of the polarization
of v1. The results are consistent with J™ = 1% and 2*. The latter is fixed by v~ correlations in
the cascade 1.67 — 0.95 — g.s. The mixing ratio 6 = —0.08 + 0.06. 1.67 MeV: [, = 0 and
therefore J™ = 1~ or 2~. The state decays primarily to ?B, ;. Gamma-gamma correlations lead
to J™ = 27. An assignment of 1~ to 12B*(2.62) is made in a similar manner.

See Table 12.12 in (1980AJ01) for a comparison of the properties of the first seven 7" = 1
states in 2B and in 2C. See also (1981HU1G) and (1982G005; theor.).

15. ?Be(37)"*B Qm = 11.708
See '’Be.

16. (a) '2C(y, 7*)'’B Qm = —152.937
(b) '2C(e, enr™)'?B Qm = —152.937
(c) *C(r—, 7)"°B Qm = 126.198

Using monoenergetic photons with £, = 210 to 381 MeV (1982AR06) have measured the
total cross section for 7+ emission and the spectra of the positive pions. The latter show the
influence of quasi-free pion production and FSI processes. At £, = 195 and 200 MeV the 7
energy distributions show contributions from 2B*(0, 0.95, ~ 4.5, 7.0) (1980SH22, 1980MI08,

13



Table 12.5: 2B states from 'B(d, p)'*B ®

2B* (MeV £keV) | I, | J7| S ~-decay (%) T (fS€C)
0 1|17 10.69
0.95314 £ 0.60 1|2t 055 to g.s. 260 £ 40

1.67365 £ 0.60 027057 | 32+£04[— 0.95] <50
96.8 £ 0.4 [— g.s.]
2.6208 £ 1.2 0|1 (075 14+ 3[— 1.67] <70
80 = 3 [— 0.95]

6+1[—g.s]
2.723 £ 11 1]0"(0.21 > 85 [— g.5.]
3.383+9 2 |37 |0.58
3.76 12"
4,52 2

a For references see Table 12.6 in (1980AJ01).

1983SH1W). The 2~ and 4~ states at £, ~ 4.5 MeV are compared with their isobaric analogs in
12C at B, ~ 19.5 MeV (1980M108). At E, = 400 MeV (1983SC03, 1983SC11) have studied 7+
with £, = 32 MeV: double differential cross sections are obtained for the transitions to 12B*(0,
0.95, 1.67) and single differential cross sections to 2B*(0, 0.95). (1983SC03) found that the cross
section (at & = 54°) is the same whether virtual or real photons are used in producing the pions.

For the earlier work see (1980AJ01). See also (1979TR1B), (1979CH31, 1980NA11, 1981SI09;
theor.) and the “General” section here.

17. 2C(u—, v)**B Qm = 92.290

Observations of ~-transitions have led to the determination of the capture rates to 2B*(0, 0.95,
1.67,2.62) [J™ =17, 2%,27,17](1981GI108, 1981R0O15). The ratio of the polarization of ?B,
P,,, and of the longitudinal polarization, P;,, has been determined by (1981R0O05, 1981R0O15,
1982R013): this ratio leads to a neutrino helicity, h, = —1.08 + 0.11, in agreement with the
partial conservation of axial-vector current (PCAC) hypothesis. See also the “General” section
here. For the earlier work see (1980AJ01).

18. 12C(n, p)'2B Qm = —12.587

14



At E, = 59.6 MeV (1982BR04) have determined the angular distribution of the p, group.
Broad (unresolved) structures are also observed with F, < 10 MeV (1984BR03). The use of this
reaction for the production of polarized 2B nuclei is discussed by (1982DE16). For the earlier
work see (1980AJ01).

19. 12C(d, 2p)'2B QO = —14.812

Angular distributions are reported at £y = 55 MeV to 2B*(0, 0.95, 4.5). ?B*(1.67, 5.6
and 8.0) are also populated (1979ST15). At Eq = 99.2 MeV ¢(0) at forward angles have been
measured for the transitions to 2B*(0, 4.5). The differential cross sections are nearly the same for
the two groups (1982BE33).

20. 12C("Li, "Be)'2B Qm = —14.231

At E("Li) = 78 MeV the population of 12B*(0, 0.95, 4.52) is reported by (1984GA1N). In the
earlier work of (1973BA34; E("Li) = 52 MeV) 2B*(1.71, 2.70, 2.87) were also observed. See
also (1982AL1G).

21. 12C(14N, 140)'2B Qm = —18.512

See (1979NALG).

22. 13C(, p)'2B Qm = —17.533

See (1983ZU02). See also *C in (1981AJ01, 1986AJ01).

23. 13C(d, *He)?B Om = —12.040

Angular distributions have been measured for the transitions to 2B*(0, 0.95) at £4 = 24.1 to
29 and at 52 MeV. Distributions to ?B*(2.72, 3.76, 5.00) have been reported at £, = 52 MeV:
see (1980AJ01). The spectroscopic factors for ?B*(0, 0.95) are S = 1.1 & 0.2 and 2.0 £ 0.5.
C?S = 1.09 [assuming 1ps 2], 2.17, 0.14, 0.07, 0.22 [assuming 1p; ;»] for 12B*(0, 0.95, 2.72, 3.76,
5.00) [from measurements at £y = 52 MeV]. See (1980AJ01) for references. For a discussion
of analog states of 2B and '2C see reaction 67 in '2C. See also N in (1981AJ01), (1979SH1K,
1983AD1B) and (1980LE14; theor.).
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24. 14C(p, *He)'2B Qum = —17.992

At E, = 54 MeV, in addition to transitions to '2B*(0, 0.95, 5.61), the population of 7" = 2
states at £, = 12.724-0.07 and 14.824-0.10 MeV is reported. The angular distribution of *He ions
to 12B*(12.75) is fitted by L = 0; that to ?B*(12.82) is rather featureless [its 7" = 2 characater is
assigned from the energies of the analog states]: both states have I'.,, ~ 200 keV (1976AS01).
See also reaction 72 in 2C and (1983AR1K).

25, 1UN(12C, 110)'2B Qm = —18.510

See (1980AJ01).

26. 130(d, 5Be)'2B Qm = —5.957

See (1984NE1A).
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12C
(Figs. 7 and 9)

GENERAL.: (See also (1980AJ01).)

Shell model: (1977MEO05, 1978RA1B, 1979HAS59, 1979IN05, 1980CA12, 1980G105, 1980HAS3S,
19800H07, 1981AMO08, 1981BO1Y, 1981DE2G, 1981LU1B, 1981RA06, 1982AR03, 1982BA52,
1982BR08, 1983VA31, 1984DE04, 1984VA06).

Deformed models: (1979UEOQ3, 1980BA1T, 1980BA44, 1980CA12, 1980FU1H, 1981DE2G,
1981RA06, 1981SE03, 1982AS03, 1982BR08, 1982KU1K, 1982SA1U, 1983L0O04, 1983SA12,
1983SC08).

Cluster model: (1978RE1A, 1978TA1A, 1978UE02, 1979G024, 1979GR1F, 1979KAZ21,
1979UEOQ3, 1980BES58, 1980FU1H, 1980HA38, 19801K1B, 1980KR1D, 1980TO1E, 1981CHI1E,
1981EL1C, 1981KA03, 1981KA1P, 1981KH1F, 1981KN12, 1981MA1G, 1981NO13, 1982MA38,
1982SA1P, 1982SC1K, 1982SHO01, 1982SU1B, 1982SU06, 1982VA11l, 1983CA12, 1983CO1T,
1983GI106, 1983GL1C, 1983KAI1K, 1983L118, 1983P003, 1983RO1G, 1983SA12, 1983SH38,
1984GA1P).

Soecial states: (1978RALB, 1978TALA, 1978UE02, 1979B024, 1979DEI1K, 1979HAS5S,
1979INO7, 1979INO5, 1979KA40, 1979KA1M, 1979KI10, 1979KU1D, 1979UEO3, 197/9WI1B,
1979WU1C, 1980CA12, 1980DEO4, 1980FU1H, 1980HA35, 1980KI1F, 1980KR1D, 19800H07/,
1980PEO5, 1980R106, 1980SH1N, 1980SP04, 1981AMO08, 1981BO1Y, 1981DE2G, 1981GR14,
1981GR15, 1981KA03, 1981RA06, 1981SE03, 1982BA52, 1982BA37, 1982BE1Z, 1982BR08,
1982INO1, 1982LE15, 1982MA38, 1982SA1P, 1982SHO01, 1983AD1B, 1983AH1A, 1983AR07,
1983AU1A, 1983AU1B, 1983BA62, 1983GO1R, 1983NA1J, 1983RA1L, 1983SA12, 1983VA3L,
1984C002, 1984G0O1M, 1984VAQ6).

Electromagnetic transitions: (1979KA40, 1979KU1D, 1979UEO03, 1980DE0O4, 1980DE14,
1980DEA45, 1980KO1L, 1980PEO5, 1981AMO08, 1981BO1Y, 1981GR14, 1981GR15, 1981L.004,
1981KNO06, 1981LU1B, 1981SP1A, 1982AS03, 1982BA52, 1982BA37, 1982DE1G, 1982KO0O15,
1982K022, 1982L.A26, 1982SP1C, 1983L004, 1984KUQ7).

Giant resonances: (1979DE1K, 1979HA1G, 1979KN1D, 1980BALT, 1980LE25, 1981GR14,
1981KN12, 1981K041, 1981M0O12, 1982AR03, 1982BA52, 1982CA1H, 1982G001, 1983DA23,
1983G01B, 1983IS1F, 1983KA07, 1983NA1J, 19830R03, 19841S1B, 1984KL04).

Astrophysical questions: (1978VA1B, 1979BE1V, 1979GE1D, 1979LE1F, 1979MC1B, 1979PE1E,
1979RA1C, 1979SW1B, 1979T11B, 1980CA1M, 1980CO1R, 1980GA1Q, 1980HE1D, 1980LA1G,
1980MC1G, 1980ME1B, 1980MO1L, 1980PE1F, 1981BE2K, 1981CR1B, 1981DE2C, 1981DUI1E,
1981GA1C, 1981GA1H, 1981IB1A, 1981LALL, 1981SC1M, 1981SN1B, 1981WAL1N, 1981WA1Q,
1981WELF, 1981WI1G, 1982HI1E, 1982I1B1B, 1982J01B, 1982N0O1D, 1982SC1E, 1983AL1M,
1983BO1F, 1983HA1P, 1983IB1A, 1983SI1B, 1983SW1A).
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Applied work: (1977MA1F, 1979AL1P, 1979KU20, 1979SW1C, 1980HELE, 1980LA1K,
1980PU1A, 1980SE1E, 1981FR1D, 1981SC1D, 1982FR1L, 1983AM1A, 1983GI1E, 1983G02D,
19830S1G, 1983SK1B).

Complex reactionsinvolving '?C: (1978HE23, 1978KN1C, 1979AL22, 1979BA34, 1979BA2A,
1979BL1E, 1979B024, 1979B0O22, 19/9BU1J, 19/9BU1G, 197/9FR12, 1979GEOQ5, 1979GE1A,
1979HE1D, 1979KAZ21, 1979K0O1M, 1979LA07, 1979NA1F, 1979P016, 1979SA27, 1979SAZ26,
1979SC1D, 1979ST1D, 1979TA19, 1979WI10, 1980AK1C, 1980BA1G, 1980BR1P, 1980EL1D,
1980GR10, 1980GR1K, 1980ME1F, 1980M101, 1980M0O28, 1980R106, 1980SC1G, 1980VO1D,
1981ABI1G, 1981BH02, 1981BL1G, 1981BO1E, 1981B0O18, 1981CE1D, 1981CI03, 1981DI1A,
1981EL1B, 1981EL1F, 1981GR08, 1981HUO01, 1981LO1F, 1981MA1G, 1981ME15, 1981ME13,
1981NAO0O7, 1981ST06, 1981TA16, 1981TA22, 1981UCO01, 1982BI09, 1982BUO2, 1982FA1D,
1982FI11J, 1982FU04, 1982GA15, 1982HI11G, 1982IN01, 1982LY 1A, 1982MO1K, 1982SHO01,
1982SH21, 1982ST06, 1982TA02, 1982VI101, 1982YU1A, 1983BH09, 1983CH23, 1983CH55,
1983DEZ26, 1983EF1A, 1983EN04, 1983FR1G, 1983FR1A, 1983FU04, 1983GA01, 1983HA1C,
1983IS1E, 1983JA05, 1983KA1V, 1983KH04, 1983KWO01, 1983LE1F, 1983MA06, 1983MO1P,
19830L1A, 1983PAZT, 1983RA1J, 1983SA06, 1983SC1L, 1983SC1M, 1983SI1A, 19835008,
1983ST1A, 1983VAZ23, 1983WI1A, 1984AL1N, 1984BE22, 1984GRO08, 1984HI1A, 1984MU1G,
1984TS03).

Muon and neutrino capture and reactions: (1977GR1C, 1979BE1G, 1979BU1H, 1979DO1E,
1979HWO02, 1979HWO04, 19/9KI11G, 1979MA1U, 1979PA19, 1979PR1C, 1979WU10, 1980BAS36,
1980CH20, 1980MU1B, 19800R01, 1980SC18, 1981AMO05, 1981BE1Q, 1981CH1B, 1981CI05,
1981EI11A, 1981ERI1C, 1981GI08, 19810H06, 1981PA1G, 1981PHI1C, 1981R0O05, 1981R0O15,
1981RU1B, 1982BO1W, 1982DU07, 1982GU09, 1982M105, 1982NA01, 1982RO1F, 1982R0O13,
1982RU06, 1982SC11, 1983FU17, 1983GMO01, 1983MO1N, 1983N0O12, 1984BO1M, 1984KE1D).

Pion capture and reactions (See also reactions 31, 36, 37 and 65.): (1977MA1F, 1978AN1C,
1978AR1J, 1978EPO3, 19/8G018, 1978GR1D, 19/8KE09, 1978KN1C, 19/8LE1G, 197/8WEL1C,
1979AB09, 1979AK02, 1979AL21, 1979AM1B, 1979AN1G, 1979AN1F, 1979AN1H, 1979AV1A,
1979BL07, 1979B0O23, 1979BO1N, 1979BR1E, 19/9BU1C, 1979CH31, 1979CO0O1G, 1979C0O1D,
1979DALF, 1979DA16, 1979DE1G, 1979DE2A, 1979DR09, 1979EL12, 1979EP02, 1979FR1K,
1979GEO03, 1979GE07, 1979GI1C, 1979GI11, 1979GLO05, 1979GL08, 1979GR1H, 1979J0O08,
1979KL06, 1979KL07, 1979KO1K, 1979K0O1C, 1979LI11D, 1979MA1X, 1979MO15, 1979NALF,
1979NA12, 1979NA1J, 19790MO01, 1979PE1D, 1979RA1G, 19/79SI116, 1979TA19, 1979TR1B,
1979WA1G, 19797105, 1980AK1B, 1980AL1D, 1980AL1G, 1980AN1D, 1980AN1Q, 1980AN1R,
1980AR01, 1980AS1A, 1980BA1R, 1980BA2P, 1980BE24, 1980BES56, 1980BR1P, 1980BU15,
1980BU19, 1980CA26, 1980CH1L, 1980C0O1L, 1980C0O18, 1980CR03, 1980DE04, 1980DE2A,
1980DE1V, 1980DE1X, 1980DU20, 1980ER02, 1980FR12, 1980GA12, 1980GI01, 1980GL02,
1980G0O1M, 1980G016, 1980GR1G, 1980GU22, 1980HA1F, 1980HA56, 1980HO1J, 1980HO26,
1980HO1L, 1980HO24, 1980JA11, 1980KE13, 1980KL03, 1980LA1C, 1980LE1H, 1980LE1LL,
1980L11J, 1980LU1D, 1980MA39, 1980MA2C, 1980MA1R, 1980MC03, 1980MC10, 1980MI11,
1980MO1N, 1980NA1D, 1980NA06, 1980NA11, 19800B1B, 19800H07, 19800L 1B, 1980PA05,
1980PEO1, 1980PE1C, 1980PH02, 1980P11B, 1980RA05, 1980SC1B, 1980SE11, 1980S113, 1980S003,
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1980SP1A, 1980ST07, 1980ST25, 1980THO1, 1980TH1C, 1980TR1A, 1980ZA08, 1980Z11B,
1981AB1B, 1981AK01, 1981AK1C, 1981AMO02, 1981AN10, 1981AN14, 1981AN1F, 1981AN1H,
1981AS1D, 1981AS07, 1981AS1G, 1981BA2M, 1981BAZR, 1981BE1F, 1981BE63, 1981BE1N,
1981BEZ2P, 1981BE1X, 1981BL1E, 1981BO06, 1981BO1L, 1981BO1N, 1981BU1E, 1981BU18,
1981BU1G, 1981CH1D, 1981CH1E, 1981C0O14, 1981CO1R, 1981DEO01, 1981DE1R, 1981DE1U,
1981DU1H, 1981DZ03, 1981FE2A, 1981FO1C, 1981FR1F, 1981GAlF, 1981GI1E, 1981GlI15,
1981GO1F, 1981G01G, 1981GR1E, 1981GU1H, 1981HALL, 1981HAZ29, 1981HO1F, 1981HU1E,
19811001, 1981KA05, 1981KAIN, 1981KA27, 1981KA43, 1981LE12, 1981LI1Y, 1981MAZ23,
1981MCQ09, 1981MO1D, 1981MO0O17, 1981ING1A, 1981NI03, 1981PE1C, 1981PI105, 1981PI11C,
1981PR02, 1981SA01, 1981SA14, 1981SC1F, 1981SE1H, 1981SE1B, 1981SI105, 19815109, 1981ST05,
1981ST14,1981ST1K, 1981TH1B, 1981TO1H, 1981T001, 1981VO1D, 1981WE1C, 1981WE1H,
1981WHO01, 19817101, 1982AN1J, 1982AP1A, 1982AP1B, 1982BES51, 1982BE1D, 1982B108,
1982BL1G, 1982B0O11, 1982BU20, 1982CA03, 1982CH13, 1982CH1Q, 1982DA18, 1982DA27,
1982DE1K, 1982DI11C, 1982D001, 1982EL07, 1982ER04, 1982FR02, 1982FR16, 1982GOL1E,
1982GO1F, 1982G001, 1982G015, 1982GR1F, 1982GRZW, 1982GR1Q, 1982GR1R, 1982HAS5,
1982HE1LE, 19821L02, 1982IN1A, 19821510, 1982KH1D, 1982LE15, 1982L110, 1982MA1F,
1982MA1K, 1982MA22, 1982MA1U, 1982M0O01, 1982MO1G, 1982MO1H, 1982M025, 1982MO1W,
1982NA16, 1982NA18, 19820H06, 19820501, 19820S1C, 1982P103, 1982P11F, 1982P104, 1982RA28,
1982SE09, 1982THZZ, 1982VO1G, 1982WEO09, 1983AG1D, 1983AK03, 1983AL07, 1983AS01,
1983AS02, 1983AS1C, 1983AU1A, 1983AZ1B, 1983BA1V, 1983BA13, 1983BI11J, 1983BI1K,
1983BI1N, 1983BL08, 1983BL10, 1983BO1K, 1983CA24, 1983CE04, 1983C0O08, 1983C0O12,
1983DEO6, 1983DE2F, 1983ER1D, 1983FR22, 1983GA1l7, 1983GE12, 1983G108, 1983GU1A,
1983HE17, 1983HUZZ, 1983JE04, 1983KA19, 1983K0O02, 1983MA04, 1983MA2C, 1983MA56,
1983MO1F, 1983MO1M, 1983NE1F, 1983PE14, 1983PI1A, 1983RAZ20, 1983RA31, 1983RI1C,
1983SC03, 1983SC11, 1983SE10, 1983SE11, 1983SH2C, 1983SH2G, 1983SP06, 1983SU08,
19837017, 1983Y004, 1983ZA1D, 1983ZE1C, 19837127, 1983Z11B, 1983Z11D, 1984BE0/,
1984BU1D, 1984C002, 1984C0O1U, 1984DI1ZZ, 1984MIZW, 1984P0O05, 1984SH02, 1984TO03).

Kaon capture and reactions (See also reaction 38.): (1978FULF, 1978GR1D, 1978LE1G,
1978S0O1A, 1979CH1H, 1979CH34, 19/9D018, 1979DU1B, 1979GS1A, 1979RA18, 1979WA1G,
1980C0O04, 1980DE11, 1980D0O1A, 1980DO1F, 1980D0O1G, 1980E11B, 1980HE1B, 1980HU1H,
1980KI1C, 1980PO1A, 1980R0O15, 1980SA27, 1980ZA08, 1981AB1C, 1981BE45, 1981BELT,
1981BE17, 1981B0O09, 1981DA1C, 1981DE1E, 1981DO1F, 1981HU1C, 1981MI15, 1981PA16,
1981PO1F, 1981SA41, 1982AB07, 1982BA1R, 1982BA17, 1982BE1U, 1982BE1V, 1982BO1U,
1982C0O1W, 1982D01L, 1982D0O1M, 1982GR1G, 1982MA16, 1982SA10, 1982WU1C, 1983AU1A,
1983BAT1, 1983BA2P, 1983BE1A, 1983BR1E, 1983CH26, 1983CO1L, 1983D01B, 1983FE07,
1983GA17,1983GE13, 1983MA1V, 1983P01D, 1983YA1C, 1984AMO06, 1984BEQ7, 1984D0O04,
1984MI1ZW, 1984SI1ZZ).

Antiproton and antineutronreactions (Seealsoreaction41.): (1978GR1D, 1981A101, 1981YALC,
1982IL1A, 1982IL1B, 1982ZH1G, 1983MO1K, 1983NI07, 1983SU04, 1984C0O1M, 1984MA17,
1984W0Q01).
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Table 12.6: Energy levels of 12C @

E.in'C
(MeV =+ keV)

J© T

Fem.
(keV)

Decay

Reactions

g.s.

4.43891 £ 0.31

7.6542 £ 0.15

9.641 £5

10.3 £ 300
10.844 £ 16

0+: 0

2+:0

0+: 0

34£5

(10.8 +0.6) x 10~°

(8.541.0) x 1073

3000 £ 700
315 £ 25

20
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3,8,9, 10, 11, 17, 18,
19, 20, 21, 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, 61, 62, 63,
64, 65, 66, 67, 68, 69,
70, 71, 72, 73, 74, 75,
76, 77,78, 79, 80, 81,
82, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94

3,8,9, 10, 11, 17, 18,
19, 20, 21, 25, 26, 27,
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8,9,10,17,18,19,21
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47, 50, 52, 65, 69, 74,
86, 87, 88

8, 29, 63

8,9, 17, 25, 26, 27, 35,
39, 40, 43, 45, 46, 47,
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are reported at £(*2C) = 12 to 20 MeV: see (1980AJ01). For a study of the spin-flip proba-
bility to 12C*(4.4) see (1981TA21). See also (1984BYZZ). For fusion, yield and cross-section
measurements see (1979K020, 1980FR03, 1981HEO08, 1982DA16, 1983FR04, 1983HAZI). See
also (1981PL1C, 1982K02B), (1981ST1P, 1982FR1U, 1983BI1A, 1983DU13, 1983Vv01J) and
(1979GR20, 1979IM02, 1979ZE1B, 1980BA54, 1981HA18, 19821013, 19820H05, 1982VOL1F,
1983CI08, 1983DE1U, 1983FR23, 1983HU1C, 1983LA1E; theor.).

52. (a) 12C(14N, 14N)12C
(b) IQC(15N, 15N)12C

Angular distributions (reaction (a)) have been measured at Z(**N) = 21 to 155 MeV (at certain
energies involving '2C*(4.4, 9.6) as well as the elastic scattering) [see (1975AJ02, 1980AJ01)]
and at 37, 47 and 58.3 MeV (1978C020) and 48 MeV (1983QU02; g.s., 4.4) and 78.8 MeV
(1979MO014; g.s.).

Angular distributions (reaction (b)) are reported at £(*°N) = 31.5 to 47 MeV [see (1980AJ01)]
and at 31.5, 36.5, 39.5 and 47 MeV (1978C020) as well as at 94 MeV (1981 TA21; 12C*(4.4)). The
SFP (transition to 12C*(4.4)) has been studied by (1981TA21). For fusion, yields and cross sec-
tions see (1978C020, 1979K020, 1980TA1B, 1980WI09, 1981C0O11, 1981DIZW, 1982N0O12,
1983CAI1N, 1983DA10). See also (1978HALF), (1979NALG, 1981ST1P, 1983BI1A, 1983DU13,
1984G0O1C) and (1979M01J, 1980LE11, 1980L002, 1980VA03, 1981CH23, 1981CU06, 1981DE13,
1981VALE, 1981VA1H, 1982BL12, 1982HA42, 1982HA56, 1982HU1G, 19821013, 1983CI08,
1983G013; theor.).

53. (a) 12c(16o’ 160)12C
(b) 12C(*60, w)'2C'2C Qum = —7.1620

Angular distributions have been measured at £(*°0) = 17.3 to 315 MeV and at £(*2C) = 65
to 76.8 MeV [see (1975AJ02, 1980AJ01)] and at £(*°0) = 21 to 315 MeV [see Table 12.20]. The
excitation of 2C*(0, 4.4, 14.1, 26) has been reported.

(1979D001) present evidence for the excitation of giant resonances in a number of nuclei
including *2C: '2C*(25.3-26.7) (I' ~ 4 MeV) contain (25717)% of the E2 strength. The m-state
populations in the transition to 12C*(4.4) have been studied at £, ,,,, = 19 t0 22.6 MeV (1980BE02)
and 19.7 and 23.6 MeV (1983KA01). Angular correlation measurements involving °0*(6.13) are
reported by (1980JA06, 1979JA25). See also (1984P001) and 50 in (1986AJ04). Reaction (b) has
been studied at £(1°0) = 25.96 MeV (1983GE09), 140 MeV (1980RA12, 1981RA20) and 142.4
MeV (1983SH26): 12C*(0, 4.4) are involved, as are a number of 50 states. See also (1983KA10,
1984MUO04).

For fusion, yield and cross-section measurements see (1979JA25, 1979K003, 1979K020,
1979LU1B, 1980BE02, 1980FR10, 1980FR05, 1980JA06, 1980TA1B, 1981BRO05, 1981FU05,
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1981SC1C, 1981TA24, 1982BR1P, 1982C022, 1982FR04, 1982HUZV, 1982PR1A, 1982SAZL,
1982ST11, 1982WI104, 1983CA1N, 1983CHZX, 1983FR02, 1983GEQ9, 1983G0O1X, 1983KAO01,
1983KL1A, 1983LA07, 1983ME04, 1983ME10, 1983RE1C, 1983SAZQ, 19835C29, 1983VO1A,
1984BE22, 1984HUO02, 1984MUO04). For pion production see (1983NO1E).

See also (1979SALL, 1979UZ1A, 1980C008, 1981CO1W, 1983AZ1A), (1977GA1B, 1978GA1B,
1979GA1F, 1979G0O1C, 1980ER1D, 1980GAL1E, 1980GA1J, 1980V0O1D, 1981BR1P, 1981GA1D,
1981ST1P, 1982EV1B, 1982FR1T, 1982K0O1C, 1982LE1N, 1982MA2B, 1983BI1A, 1983BR1R,
1983DU13, 1983HE1B) and (1978BH1B, 1978MA1G, 1979G024, 1979TE1A, 1979VE1C, 1980AB1D,
1980DEZ2A, 1980DR08, 1980FU1F, 1980HUO02, 1980K027, 1980LA16, 1980TALE, 1980TA1G,
1980VAO03, 1981CA09, 1981DY02, 1981GU1B, 1981HA18, 1981HU1D, 1981HUO07, 1981SCO05,
1981TAO1, 1981TO1F, 1981UBO01, 1981WI01, 1982AB1F, 1982BA22, 1982BR1T, 1982FL1B,
1982GE1B, 1982HA42, 1982HA56, 1982HU1G, 1982KA35, 1982013, 1982ME12, 1983AD1E,
1983AU04, 1983BU15, 1983CI108, 1983CI109, 1983DE1U, 1983DE?21, 1983DELY, 1983DE2G,
1983FR23, 1983KA30, 1983LI1L, 1983MA29, 1983SM1B, 1983TA07, 1984BA26, 1984KALT;
theor.)

54. (a) 12C(17O, 170)12C
(b) 12C(180, 180)12(:

The elastic scattering angular distributions have been measured at £(*0) = 30.5 to 35 MeV
and at £(**0) = 32.3t057.5 MeV [see (1980AJ01)] and at £(*¥0) = 32.0to 140 MeV (1982HEQ7).
For reaction (b) see also (1984BHO01) in ¥0 in (1987AJ02). For fusion, yields and cross-section
measurements see (1979DAZK, 1979K020, 1980WI109, 1982BA49, 1982HEQ7, 1983CA1N, 1983VO1B).
See also (1980HE11, 1983BI1A) and (1980CH1J, 1980LE11, 1980L002, 1980VA03, 1981HA18,
1982GI1C, 19821013, 1983CI108, 1983MA29, 1984ABL1F; theor.).

55 12c(19 F, 19F)12C

Elastic angular distributions have been measured at F(°F) = 40, 60 and 68.8 MeV [see
(1980AJ01)], at 18.0, 20.7, 21.5 and 22.3 MeV (1981MA1Q) and at £(*2C) = 30.0, 40.3, 50.0
and 60.1 MeV (1984TA08). See also 'F in (1983AJ01). For fusion and yield measurements
see (1979K020, 1981MA1Q). See also (1980C0O08, 1982MAZ2E), (1983BI1A) and (1980L002,
1982GI1C, 1982L013, 1983CI08; theor.).

56. (a) 2C(2°Ne, 2°Ne)'2C
(b) 12c(22 Ne, 22Ne)12c
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Elastic angular distributions (reaction (a)) have been measured at £(*2C) = 37 MeV and
E(**Ne) = 65.7 MeV [see (1980AJ01)] as well as at E(*2C) = 20 to 34.4 MeV (1983RI13),
60.7 and 72.6 to 75.2 MeV (1982SH29; also *’Ne*(0, 1.6)) and 77.4 MeV (1979MO14). See
also (1979F022). For fusion, yields and breakup measurements see (1978TR08, 1979F022,
1979SA26, 1979SH18, 1980HU12, 1980SK1A, 1980TS03, 1981DE20, 19810S07, 1981ST20,
1982DE10, 1982K029, 1982M015, 1982SH29, 1983R113). For pion production see (1979NA12,
1982AN1H, 1982RA1D). See also °Ne in (1983AJ01), (1980C0O08, 1980MALT, 19830S1J),
(1979G0O1C, 1981SC1J, 1983BI1A, 1983DU13 [also on *Na], 1983HE1B), (1981RO1W; astro-
phys.) and (1978Vv013, 19800H05, 1981AB1A, 1981AN1D, 1981VA1E, 1982013, 1983CI08,
1983TOLL; theor.).

57. (a) 12C(24Mg, 24Mg)12c
(b) 12C(26Mg, 26Mg)12C

Elastic angular distributions (reaction (a)) have been measured at £(*2C) = 20 to 36 MeV
(1979CH24), 20 to 60 MeV (1982DA09), 24.8, 27.7 to 34.8 MeV (1981ME10) and 40 MeV
(1982L116). In reaction (b) these have been studied at £(**C) = 20 to 56 MeV (1982DA09). For
fusion, yields and breakup measurements see (1979CH24, 1979F022, 1981ME10, 1982DA09,
1982GA09, 1982ME06, 1983GL1E, 1983ROZZ). See also (1982FR1T, 1983BI1A, 1983BRI1R,
1983DU13) and (1980TA1E, 1983HU1C, 1984HUO5; theor.).

58. 12C(27A|, 27A|)12C

Elastic angular distributions have been measured at £(*2C) = 30.0 to 39.9 MeV (1979R011),
while that of the transition to 12C*(4.4) has been studied at £(*2C) = 82 MeV (1977BE42). For
fusion, yield and breakup measurements see (1979R0O11, 1979WU1A, 1980WU1C, 1981WU1B,
1983R0OZZ). For pion production see (1982AS1B). See also (1980TA1B, 1983BI1A, 1983DU13)
and (1981CH23, 1982BL 12, 1982GI11C, 1983FR08, 1983SH1V, 1983XI1A; theor.).

59. (a) 2C(28Si, 28Si)12C
(b) 12C(298i, 298i)12C
(C) 12C(3OSi, 3OSi)12C

Elastic angular distributions have been studied for reaction (a) at £('2C) = 19 to 186.4 MeV
and at E(**Si) = 58.3 to 116.7 MeV [see (1980AJ01)] as well as at E(*2C) = 19 to 48 MeV
(1979CH25), 41.3 MeV (1979BA32), 56.0t0 69.5 MeV (1983SH1Y) and 131.5 MeV (1980SA25).
For fusion, yield and breakup measurements see (1979BA49, 1979CH25, 1979J007, 1979KUQ9,
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1980SK1A, 1981BR13, 1981VAO01, 1982CH02, 1982GA09, 1982LE04, 1982NA21, 1982SH16,
1983RA26, 1983ROZZ, 1983ZH1E). See also (1979R0O11, 1983SC1H, 1983SC1J), (1978ST1F,
1979DE1N, 1980ER1D, 1980SA25, 1982BR1T, 1982ER1F, 1983BI1A, 1983BR1R, 1983DU13)
and (1978FI1D, 1978FR1B, 1980BA44, 1980FR1F, 1980HUQ9, 1980TALE, 1981FR12, 1981HU07,
1981VA1H, 1982BR1E, 1982HAZ29, 1982HU04, 1982HU1G, 1982KH04, 1982SM1D, 1983HA39,
1983SA1D, 1983S107; theor.).

60. 12C(32S, 323)12(:

Elastic angular distributions are reported at £(*2C) = 35.8 MeV and E(*?S) = 73.3 to 128.3
MeV [see (1980AJ01)] and at E(*?S) = 60 to 99 MeV (1982CH02) and 160 MeV (1983G112). For
fusion and yield measurements see (1982CH02, 1983RAZY). See also (1979DELN, 1982BR1T,
1983DU13 [also on 3!P, 34S, 355, 35Cl, 37Cl, 3°Ar, 38Ar], 1983GI12) and (1982BR1E; theor.).

61 12c(39K 39K)12C

Elastic angular distributions have been studied at £('>C) = 54 and 63 MeV (1980GL03). See
also (1983DU13; also on “°K).

62. (a) 12C(“°Ca, “°Ca)'2C
(b) 12C(42C3., 42Ca)12C
(C) 12C(48C3., 48Ca)12c

The elastic scattering in reactions (a), (b) and (c) has been studied at £(*2C) = 51.0, 49.9
and 49.9 MeV, respectively (1979RE03). For fusion, yield and cross section measurements see
(1980KU03, 1983RAZY, 1983R0OZZ) and (1980AJ01). See also (1980PE1D), (1979DE1N, SC81M,
DUS83C [ also on *3Ca, “6Ca]) and (1979SA27, 1980GL03, 1982AL02, 1982BR1E, 1982KH04,
1983SH1V, 1983XI1A; theor.).

63. 12N(5+)'2C Qum = 17.338

The decay is mainly to the ground state via an allowed transition. Branching ratios to other
states of 12C are displayed in Table 12.21. The half-life of >N is 11.0004-0.016 msec (1978 ALO01).
See also (1968AJ02). The ratio of the branching ratios 2N/'2B for the decays to '2C*(4.4) is
1.607 4= 0.021 (1981KA31). This leads to the following values for the mirror asymmetries of 2B
and 12N for decay to '2C*(0, 4.4): 6, = +0.129 £ 0.008 (1978AL01), 444 = —0.001 + 0.014
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Table 12.21: Branching in 12N(37)*2C

Decay to 2C* Branch (%) Log ft® References
g.s. 94.55 =+ 0.60 4.120 +0.003 | (AL78)
4.44 1.898 +0.032° | 5.149 +0.007 | (KA8LL)
7.65 2.74+04 4.34 + 0.06 ¢
10.3 0.46 + 0.15 4.36 +0.17 ¢
12.71 0.31 £0.12 3.524+0.14 d
15.11 (44+15)x 1073 | 3.30+0.13 d

# Based on 7 /o = 11.000 £ 0.016 msec and Q.
b For other values see Table 12.20 in (1980AJ01).
¢ Mean of values quoted in (1975AJ02).

4 See (1980AJ01) for reference.

(1981KA31). The results displayed here as well as in 2B (see reaction 29 and Table 12.14 in 12C)
are consistent with the absence of SCC contributions and are in agreement with CVC: see reaction
69 in (1980AJ01). See also (19800K01, 1980SY02, 1981HO06; theor.).

64. 3C(y, n)12C Qm = —4.9463

The decay of the giant resonance in '3C takes place predominantly to 2C*(15.1, 16.1) [and
to their analogues in '?B]. Below £, = 21 MeV transitions to 2C*(4.4) are dominant: see
(1980AJ01). See also (1979W0O06, 1980HO11, 1983ZU02) and *3C in (1981AJ01, 1986AJ01).

65. 13C(r+, p)'2C Qum = 135.4033

Angular distributions have been measured at £+ = 90 and 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, 25.3) (1981AN10): an energy-dependent ratio for
the excitation of 12C*(12.7, 15.1) is reported. Similarities in the population of states seen in this
reaction and in the (p, d) reaction are observed (1981AN10). Angular distributions at £+ = 32
MeV are also reported (1982D001; g.s., 4.4). See also (1982HO1C, 1982L.O1B).

66. (a) 1*C(p, d)!2C Qun = —2.7218
(b) '3C(p, 2pd)'°Be Qm = —29.9066
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Angular distributions have been measured at £}, = 8 to 54.9 MeV [see (1980AJ01)] and at
E5 = 65 MeV (1980HO18, 1982KA01; 2C*(0, 12.7, 15.1, 16.1); see also for C'*S), 200 and 400
MeV (1981L106; 12C*(0, 4.4)), and at F, = 800 MeV (1980BA02; '2C*(0, 4.4, 12.7, 14.1, 15.1,
16.1)). See also (1980KA01, 1981IR1A, 1982MA1H, 1983BE1D). For yields and polarization
measurements see (1980HO18, 19811106, 1982BU03) and N in (1981AJ01, 1986AJ01).

At £, = 62 MeV the excitation of states with £, = 15112+ 5, 16110 £ 5 [< 20], 17760 % 20
[80 + 20], 18800 =+ 40 [80 + 30], 21500 £ 100 [< 200] and 22550 + 50 [< 200] keV has been
reported [the numbers shown in brackets are I'..,,, , in keV]; I, = 1 for all states except 12C*(21.5)
and (22.55) for which [, = (1) and # 1, respectively: see (1980AJ01) for references.

At £, = 800 MeV an enhancement is observed in the yield of forward emitted deuterons
(reaction (b)) which correspond to an £, of 241 MeV in '2C. It is suggested that it may be due to
the formation of low-spin (AN~1) states in 12C (1983M004). See also (1980CA1A, 1982L01B,
1982YA1A, 1984PEZW) and (1980BA54, 1980SH1J, 1983DI1C, 1983TO10; theor.).

67. 13C(d, 1)12C Qum = 1.3110

Angular distributions have been studied at £ = 0.41 to 27.5 MeV [see (1975AJ02, 1980AJ01)]
and at F5 = 29 MeV (1979C008; to 2C*(0, 4.4, 12.71, 15.11, 16.11) [see also "*C(d, *He) in
12B]. For charge-dependent matrix elements between 12C*(12.71, 15.11) see Table 12.10. See also
(1979SH1K), (1983AD1B) and (1980BA54, 1980LE14; theor.).

68. (3) 3C(®He, a)'2C Qm = 15.6314
(b) BC(*He, 20)®Be Qum = 8.2649

Angular distributions have been measured at many energies up to E(*He) = 45 MeV [see
(1980AJ01)] as well as at 18.3 and 23.1 MeV (1982GU12; av, o). Angular correlations involving
12C*(15.1) have been studied at £, = 24 and 25.5 MeV: the average ratio between the p; » and
P3/2 amplitudes is —0.086 & 0.030 (1980BAL1U; prelim.). For the earlier work see (1980AJ01).

A study of reaction (b) leads to T, /T" for 12C*(15.11) = (4.1 4 0.9)%; together with the other
parameters for the decay of the state (see Table 12.7) this leadsto I', = 1.8 +0.3 eV. If this isospin
forbidden a-width is the result of the mixing between 12C*(12.71, 15.11) via a charge-dependent
interaction the matrix element is 340 + 60 keV: see, however, Table 12.10. See also (1978MO1G,
1984LE1E, 1984VALJ), and (1981KA1K) in 60 in (1982AJ01).

69. (a) '*C(°Li, "Li)!2C Om = 2.3037
(b) BC("Li, 5Li)'2C OQw = —2.9136
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At E("Li) = 34 MeV angular distributions have been observed for the reactions to 2C*(0,
4.4) + "Li*(g.s., 0.48) and Li*(0, 0.95) in all combinations. While 2C*(0, 4.4) are dominant
in the two spectra, '2C*(7.7, 9.6) and, in reaction (a) at E(°Li) = 36 MeV, 2C*(12.7) are also
populated (1973SC26).

70. 13C(13C, 1C)12C Om = 3.2302

Angular distributions have been reported at £(*3C) = 16.0 to 50.0 MeV by (1983K015)
who have also studied the excitation functions over that energy range. See also (1981BR1P) and
(1983K0O16; theor.).

71. (a) 13C(*%0, 170)12C Om = —0.8025
(b) BC(170, 180)'2C Om = 3.0077
(c) 3C(**0, 10)'2C Qum = —0.989

Angular distributions for reaction (a) have been measured at £(10) = 13 to 46.0 MeV: see
(1980AJ01). See also (1980RA12) in 10 in (1986AJ04), as well as (1979GO1C) and (1980GO1L,
1980PA04; theor.). For reactions (b) and (c) see (1980AJ01) and (19830S08; theor.).

72.14C(p, 1)'2C Qm = —4.6410

Angular distributions have been measured at £, = 14.5, 18.5 and 39.8 MeV: see (1975AJ02).
At E, = 54 MeV angular distributions are reported to two states at £, = 27.57 + 0.03 and
29.63 £ 0.05 MeV [[e.m. ~ 200 keV]: their identification as the first 7 = 2 states is supported
by the similar angular distributions to the first two 7' = 2 states in 2B, reached in the (p, 3He)
reaction [see reaction 24 in 2B]. The lower T' = 2 state is well fitted by L = 0; the angular
distribution to 2C*(29.63) is rather featureless. It is suggested that its shape is somewhat more
consistent with L = 0 than with L = 2 (1976AS01): [(1976BA24) has suggested that the second
T = 2 state in A = 12 may have J™ = 07".] It is not excluded that the group to 2C*(29.63) may
be due to unresolved states (1976AS01). (1976AS01) report I',/I" ~ 0.3 £ 0.1 and I',, < 0.1
for the first 7 = 2 stateand I',/T = 0.8 £ 0.2, I',, /T =~ 0.4 and ', /T ~ 0.2 for 12C*(29.63).
(1978RO08) report F, = 27595.0 + 2.4 keV, I' < 30 keV for the first 7" = 2 state and calculate
the decay properties for two values of total width, 0 and 30 keV. Branching ratios for the decays to
5Be(0) +«; 1'B*(0, 2.12, 4.45,5.02, 6.74+6.79) +p; and '°B(0) +d are, respectively, (10.5+3.0),
(3.0£2.2), (8.0+£2.3), (0+3.3), (8.443.2), (84 5), and (2.8 + 2.0)% (1979FR04).
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73. 14C('°0, 180)'2C Qum = —0.9349

Angular distributions to the ground states have been measured at £(1°0) = 20, 25, 30 and 32
MeV: see (1980AJ01).

74. 14N(n, 1)12C Qm = —4.0151

See (1980AJ01).

75. 1N(p, 3He)'2C Qum = —4.7788

Angular distributions have been studied at £, = 7.5 to 52 MeV [at the higher energies to
12C*(12.7, 14.1, 15.1, 16.1) as well as to 12C*(0, 4.4)]. (1979SH1K; prelim.) conclude on the
basis of the results in this reaction and in the **N(d, «) reaction that 2C*(19.6, 20.6, 22.7) are of
mixed isospin (primarily 7" = 0) and have positive parity. See, however, Table 12.6 for the density
of states. See also (1983G0O10; theor.).

76. 1IN(d, a)'2C Qum = 13.5743

Observed a-particle groups are shown in Table 12.19. Angular distributions have been mea-
sured at energies up to 40 MeV: see (1980AJ01). At the latter energy (1976\VVAO7) have mea-
sured the distributions of the a-particles to 2C*(0, 4.4, 12.7, 14.1, 19.5, 20.6, 22.5) and suggest
J™=(1,2,3)",(2,3)" and (2, 3)*, respectively, for 2C*(19.5, 20.6, 22.5). See also (1979SH1K)
in reaction 75 and Table 12.6. For recent polarization studies (1979DE45, 1981KR1A, 1982US1A)
see 150 in (1982AJ01, 1986AJ04).

77. 1IN(1°B, 3a)'2C Qu = 7.6387

See (1978BE1G) and (1980SHO04; theor.).

78. UN(12C, p3C)i2C Qm = —7.5506

See (1982QU1B).
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79. 1UN(1N, 160)12C Qum = 10.4639

See (1983KL1A).

80. 15N(e, t)'2C Qm = —14.8484

See (1979UEO01) in reaction 59 of 1°N (1981AJ01).

81. 15N(p, a)'2C Qu = 4.9656

Angular distributions of oy and ; have been measured for £, up to 43.7 MeV: see (1980AJ01).
At the highest energy the angular distributions to the 0 states 2C*(0, 7.65, 17.76) are fitted by
L = 1,and L = 3 is consistent with distributions to 12C*(14.1, 16.1) [J™ = 4™ and 2*]. See also
(1983LE25), (1983SC43; applied), (1980CA28; theor.) and 150 in (1982AJ01, 1986AJ04).

82. 15N(a, 7Li)!2C Qm = —12.3803

At £, = 42 MeV angular distributions have been obtained for all four of the transitions in-
volving 12C*(0, 4.4) and "Li*(0, 0.48): see (1980AJ01).

83. 150(y, 2d)!2C Qm = —31.00869

See (1984GL1H; theor.).

84. 150(e, €'a)?C Qm = —7.1620

At E, = 128 MeV the a-decay is primarily to 12C*(0, 4.4) (1983VO1F).

85. 150(p, pa)'2C Qm = —7.1620

This reaction appears to proceed primarily via excited states of '*N and °O to 12C*(4.4) [E, =
46.8 and 50 MeV]: see (1980AJ01). The reaction has also been studied at £, = 101.5 MeV
(1981CA02; S, relative to the (p, p, «) reaction on other nuclei).
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86. 150(d, 5Li)'2C Om = —5.6866

Angular distributions have been measured at £y = 12.7 to 35 MeV [see (1980AJ01)], at
E4 = 50, 60, 65 and 80 MeV (19790E04; g.s., 4.4, 14.1) and at 54.25 MeV (1980YA02; g.s., 4.4,
7.7,9.6, 14.1). Both of the latter groups performed a FRDWBA analysis of their data. (1980YA02)
derive S, = 0.57, 1.50, 0.09, 0.05, 0.83 for 2C*(0, 4.4, 7.7, 9.6, 14.1). See also (19790E04,
1984NE1A) and (1980AJ01).

87. 150(*He, "Be)'2C Qm = —5.5744

Angular distributions have been studied at E(*He) = 30 MeV (12C*(0, 4.4, 7.7, 9.6) and
"Be*(0, 0.4)) and 70 MeV (*2C*(0, 4.4) and "Be*(0, 0.4)) [see for S,] [see (1980AJ01)], as well
as at 41 MeV [see (1981LEO1)].

88. (a) 150(a, 20)'2C Qm = —7.1620
(b) 160(a;, 8Be)12C Qum = —7.2537

At £, = 90 MeV angular distributions involving 12C*(0, 4.4) (reaction (a)) have been analyzed
by PWIA and DWBA by (1976SH02): S, = 2.9 + 0.5 and 0.70 + 0.23, respectively. At £, = 65
MeV angular distributions involving ®Be, . (reaction (b)) and 2C*(0, 4.4, 7.7, 9.6, 14.1) have
been measured by (1976W0O11) [the ground-state distributions have also been studied for £, = 55
to 72.5 MeV]: S, = 0.25, 1.07, 0.05, 1.40 for 12C*(0, 4.4, 7.7, 14.1). See also (1980BE04),
(1980WELD), (1983FR14) in 1°0O (1986AJ04), and (1981BA20; theor.).

89. (a) 160(1°0, 2°Ne)!2C Qum = —2.428
(b) 160(160, 2a12C)'2C Qm = —14.3239

For reaction (a) see 2°Ne in (1983AJ01). See also (1981PO1A) and (1981KR09; theor.). For
reaction (b) see (1982PE08).

90. 19F(d, “Be)'2C Qum = 0.3009

At E4 = 13.6 MeV angular distributions have been obtained for the Be groups to 2C*(0, 4.4)
(1981G0O16). See (1980AJ01) for the earlier work.
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91. 20Ne(a, 12C)'2C Qm = —4.6213

Angular distributions have been measured in the range £, = 13.4 t0 20.8 MeV (1981DA1G).
See also 2°Ne in (1987AJ02).

92. Na(d, 1*C)12C O = 0.479

See (1984GO1H; Ey = 13.6 MeV).

93. 2*Mg(a, 190)'2C Qum = —6.7710

Angular distributions have been reported at £, = 22.8 to 25.4 MeV and at 90 MeV: see
(1980AJ01).

94. (a) 2*Mg(e, e’*2C)!2C Qum = —13.933
(b) 2Si(e, e190)'12C Qm = —16.755

For (a) see (1979CALE); for (b) see (1980SC1F; theor.).
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12N
(Figs. 8 and 9)

GENERAL: (See also (1980AJ01).)

Model calculations: (19800KO01).
Muon and neutrino capture and reactions. (1979MA1U, 1982MI05).

Pion captureand reactions (Seealsoreactions 2, 4and 5.): (1979BU1C, 1979NA1LJ, 1979RA1G,
1979S116, 1980KE13, 1980KL03, 1980NA11, 1980RA05, 1980S107, 1980TR1A, 1981DU1H,
1981S109, 1981RA16, 1982BE1D, 1982RA28, 1982SC1L, 1983DE2G, 1983GI08).

Hypernuclei: (1979BU1C, 1981WA1J, 1982KA1D).

Other topics: (1981GR08, 1981NO1D, 1982DE42, 1982NG01, 1983AN25, 1983FR1A, 19830L1A,
1984SA1V).

Ground-state properties of 2N: (1982NGO01, 1983ANZQ, 1984SA1V).

[t = 40.4573 (5) nm (1978LEZA).

1. 2N(3+)12C Qum = 17.338

The half-life of >N is 11.000 & 0.016 msec: 2N decays to 2C*(0, 4.44, 7.65, 10.3, 12.71,
15.11): see Table 12.21. Since the transitions to *>C*(0, 4.4) are allowed J™ (}2N) = 1*. Mea-
surements on /3~ correlations in aligned 2N (and '?B) nuclei are consistent with strong conser-
vation of vector currents without second-class currents (1979MA31). See also (1983AD1B) and
(1979HWO03, 1979KI1G, 1979MALU, 1979NOO01, 1979RH1A, 19800K01, 1981CH1B, 1981K027,
1982GU09, 1983MOL1N; theor.).

2. 10B(d, 77)'2N Qm = —131.719

See (1982AS01).

3. 1°B(®He, n)!2N Qm = 1572

Observed neutron groups are displayed in Table 12.23.
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Table 12.22: Energy levels of 2N

E,(MeV +keV) | JT T1/2 OF I 1. (keV) Decay Reactions
0 1*;1 | 7/2 = 11.000 £ 0.016 msec gt 11,2,3,4,56,7,8,
9
0.960 £ 12 2+ I' < 20 keV 3,6,7,9
1.191 38 2~ 118 + 14 () |3,6,7
1.80 + 30 1~ 750 4+ 250 (p) |7
243949 0F 68 + 21 P 13,79
3.132 48 2+, 3~ 220 + 20 P |37
3.558 £ 9 (H)* 220 + 25 (p) |3,6,7
4140 +£10% | 27 +4- 825 + 25 () |3,6,7
5.348 £ 13 3~ 180 + 23 (p) 13,67
(5.60 & 11) 120 4 50 P |7
6.40 + 30 * (17) 1200 + 30 () |7
7.40 +50* (17) 1200 + 30 () |7
7.684 4212 200 + 32 () |3,6,7
8.446 + 172 90 + 30 3
9.035 + 12 <35 3
(9.42 £ 100) ~ 200 7
9.80 + 20 450 £ 100 7
10.30 + 20 450 £+ 100 7
11.00 £+ 20 350 4+ 100 7

& Probably corresponds to unresolved states. See Table 12.23 and reaction 7.
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Table 12.23: States of 2N from °B(*He, n) and 2C(*He, t)

E, 2 Ce ™€ | L2 E.P e P B d e @ Jgre
(MeV =+ keV) (keV) (MeV =+ keV) (keV) (MeV = keV) (keV)

0 20 + 20 0 0 (17)
0.960 + 12 16 + 20 = 0.964 <20" 0.960 (21)
1.189 4+ 12 140 4+ 25 1.190 + 20 80+30" | 1.193410 120 420 2~
(1.72 £ 0.08) 1.80 & 30 750 £ 250 1-

2.4 + 100 2.415 + 20 454+ 15" | 2.445 + 10 110 4+ 20 ot
3.114 + 15 200 + 36 3.136 4 30 240 + 40 3.14410 220+ 25 | 2+,3°
3.533 + 15 150 + 40 3.55 + 50 150 £100 | 3.57+10 260 + 30 1t
4.250 +30F | 290 £ 70 4.154+80°F 650 £100 | 4.14+10F | 830+20 |27 44~
5.320 + 12 1804+20 | (0) | 523+80f 400 + 80 5.37 + 10 150 + 30 3~

6.104+80F 300 £ 100 | (5.60 £ 11) 120 + 50
7.134+100f | 5004100 | 6.40+30 | 12004300 | (17)
7.629 4 20 200 =+ 40 7.484+100F | 180+ 80 7.40£50 | 12004500 | (17)
8.446 + 17 90 + 30 7.70 £ 11 200 =+ 50
(8.86 4 100) ~ 100
9.035 + 12 16 + 20
9.42 4+ 100 ~ 200
9.90 + 100 100 + 50
g 9.80 + 20 450 4 100
10.30 & 20 450 4 100
11.00 + 20 350 4 100

2 10B(3He, n)'2N: see Table 12.22 in (1975AJ02) for references.

b 12C(3He, t)'2N: see Table 12.23 in (1980AJ01) for references.

¢ Weighted means of values shown in Table 12.28 in (1980AJ01).

4 12C(3He, t)12N: (1983ST10: E(*He) = 75 and 81 MeV), and M.N. Harakeh, private communication.

¢ DWBA calculations (1983ST10). Some of the J™ assignments also reflect knowledge of the analog region in '2B.
f May be due to unresolved states.

¢ No other states observed with F, < 13 MeV.

b Jm=2%(27)and (0*) for *2N*(0.96, 1.19, 2.42), respectively: see Table 12.23 in (1980AJ01).
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4. 2C(v, 77)12N Qm = —156.905

The total cross section (measured from threshold to £, = 360 MeV) has been measured by
(1979B023). See also (1983SC11), (1980AJ01) and the “General” section here.

5. 12C(7*, )N Qum = 122.229

See (1980MALR).

6. 12C(p, n)'2N Qm = —18.120

Angular distributions have been reported at £, = 30.5 and 49.5 MeV [see (1980AJ01)] and
at £, = 61.8 and 119.8 MeV (1979G016, 1980ANO05; ny, n;) [compared with (p, p’) to analog
states at 15.1 and 16.1 MeV in 2C], 99.1 MeV (1980KNO02; ny, n;), 120, 160 and 200 MeV
(1981RA12; ny, ny) [the spin-isospin term of the effective interaction appears to be almost energy
independent over the latter energy interval], and at 144 MeV (1980MO10; ny; forward angles). The
0° differential cross section for populating >N, ;. for £, = 62 to 160 MeV has been compared
by (1982AN08) with the B(M11) to the analog state '2C*(15.1). The transverse spin-transfer
coefficient, for the ny group, consistent with a GT-type transition has been measured at £, = 160
MeV (1984TAO07). See also (1980G0O07).

See also (1980G0O1J, 1982TAZQ, 1983KI1B, 19830R1D, 1984JEZZ), (1980AJ01) and (1980DU16,
1981BA50, 19810L02; theor.).

7. 12C(*He, t)12N Qm = —17.357

Observed triton groups are displayed in Table 12.23. Angular distributions of inelastically scat-
tered 3He to 12C*(15.11, 16.11, 16.58, 17.77, 19.57) have been compared with those of tritons to
12N*(0, 0.96, 1.19, 2.42, 4.25). When the 3He cross sections are corrected for phase-space and
isospin factors the angular distributions are closely similar to those for the triton groups, strongly
suggesting isobaric analogs: see (1980AJ01) for references. [If 12C*(17.77) and 2N*(2.42) are
analogs, then the latter is a 0 state]. Angular distributions have been reported recently at £(*He) =
0.6, 1.2 and 2 GeV (1983EL05; to, ;) ['*N*(4, 7.1) reached viaan [ = 1 transfer are also populated]
and at 81 MeV (1983ST10) [to many of the states shown in Table 12.23]. [Compare the 2B and the
12N level structure: it is clear that not all the analog states have been observed in 12N]. The spectra
of inelastically scattered *He ions (see '?C) and of tritons have been studied at EF(*He) = 170
MeV. The triton spectrum has been compared with photoabsorption results. (1982TA05) conclude
that the isovector GDR is preferentially excited in the (*He, t) process while the (*He, *He) pro-
cess preferentially excites the isoscalar giant multipole resonances. See also (1981AA01) adn
(1982BR1H; theor.).
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8. 12C(°Li, *He)'2N Qum = —20.845

See (1984GL1G; E(°Li) = 93 MeV).

9. “N(p, t)12N Qm = —22.135

At E, = 51.9 MeV angular distributions of the tritons to '2N*(0, 0.96) and of the *He ions to
the analog 7" = 1 states ['*C*(15.11, 16.11)] have been measured. At E,, = 52.5 MeV the angular
distribution to ?N*(2.42) has been studied. See (1980AJ01) for references. See also (1979SH1K).

120
(Fig. 9)

120 has been observed in the 1°O(«, 8He) reaction at £, = 117.4 MeV (1978KE06) and in the
L2C(x*, m7) reaction at E, = 164 MeV (1983BL08; see for angular distribution) and 180 MeV
(1980BU15). The mass excess of 20 is 32.10 + 0.12 MeV (1978KE06), 32.059 £ 0.048 MeV
(1980BU15): we adopt 32.065 + 0.045 MeV. 120 is thus unstable to decay into 1°C + 2p by 1.79
MeV and into "'N* + p by 0.45 MeV [note that !N* is probably not the ground state of !*N and
that is very broad: see 'N]J.

The width of the ground state is ~ 400 + 250 keV. The diproton branching ratio of 2O, is
estimated to be 60 + 30% (1978KEO06). The d-coefficient in the IMME for A = 12 is calculated to
be 04 11 keV (1978KE06), 4.4 & 7.2 keV (1980BU15). The first T' = 2 state in 2N should occur
at £, = 12.29 + 0.02 MeV (1978KE06). There is some indication of an excited state of 20 at
E, = 1.0+ 0.1 MeV, which would imply an appreciable downward shift from the position of the
analog first excited state in 2Be (1978KE06). See also (1980TR1E, 1981SE1B) and (1981WA1J,
1982NG01, 1983ANZQ; theor.).

12 F 12 Ne
(Not illustrated)

These nuclei have not been observed: see (1980AJ01) and (1983ANZQ; theor.).
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