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12n 12H e
(Not illustrated)

Neither nucleus has been observed. See (1980AJ01), (1987PE1C), (1987FL1A) and (1985P010;
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+2nand °Li+3n by 4.01, 2.96 and 3.76 MeV, respectively.
The ground state of *Li is predicted to have J™ = 2~ (1988P0OZS, 1985P010; theor.). See also
(1980AJ01).

1zBe
(Figs. 1 and 5)

GENERAL (See also (1985AJ01)).

General theoretical papers: (1984FR13, 1985AN28, 1985BA51, 1985WI11B, 1986W104, 1987BL 18,
1987GI1C, 1987SA15, 1987YA16, 1988RUO1, SUBSC, 1989BE03)

Hypernuclei: (19841W1B, 1984YA04, 1985BE31, 1985GA1C, 19851K1A, 1985WAL1N, 1985YA01,
1985YAO07, 1986BA1W, 1986BI1G, 1986D0O1B, 1986GA33, 1986GA14, 1986GA1H, 1986HAZ26,
1986MA1J, 1986ME1F, 1986MI1N, 1986PO1H, 1986 YALT, 1986Z01A, 1987DA30, 1987FA1A,
1987HA40, 19871K1B, 1987PO1H, 1987WU1B, 1988BA24, 1988HA07, 1988MAO09, 1988PO1H,
1988TA14, 1988WA1B, 1988YA05)

Other topics: (1989SU05)

Secondary beams of 2Be produced in the fragmentation of 2°Ne accelerated to 800 MeV/A
have been used to measure interaction cross sections in Be, C and Al. The interaction radius and
the r.m.s. radius for the nucleon distribution in 12Be have also been derived (1988TA10). See also
(1989SA10, 1989TA1K).

1. 12Be(37)12B Qm = 11.708

The half-life of 2Be is 24.4. £ 3.0 ms (1978AL10), 21.3 £2.2 ms (1986CU01), 24.0 4= 1.0 ms
(1984DU15): the mean of these values is 23.6 + 0.9 ms. Log ft = 3.834 4+ 0.017 (M.J. Martin,
private communication), assuming the decay is to B, .. The upper limit of the branching to a
state which subsequently decays by neutron emission is 1% (1978AL10, 1984DU15).
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Figure 1: Energy levels of 12Be. For notation see Fig. 2.
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Table 12.1: Energy levels of 1?Be

B, J© T T1/2 Decay | Reactions
(MeV + keV)

0 0t+; 2 Tip =23.6+£09ms | [~ 1,2,3
2.102 £ 12 2% 2 a ol 2,3
2.702 £ 17 a 2,3

4.56 + 25 b 2
5.70 + 25 b 2

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

2. 1°Be(t, p)**Be Qm = —4.809

At E;, = 12 MeV 2Be*(2.10) is populated [E, = 2115 + 15 keV] and (p, ) angular correla-
tions lead to J = 2 (1978AL10). At E, = 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 4 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. 14c(MC, 190)!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 07 is plausible but not proven
for 12Be*(2.70) (1982BE42).



128
(Figs. 2 and 5)

GENERAL (See also (1985AJ01)).
Model calculations: (1988W004)
Special states: (1984KA1H, 1986XU02)
Astrophysical questions: (1988AP1A)
Applications: (1988NO1C)

Complex reactionsinvolving 1?B: (1984H023, 1984TA1K, 1985JA1B, 1985NO1E, 1985P011,
1985TA09, 1986AV1B, 1986BI1A, 1986CS1A, 1986GAll, 1986MEO06, 1986P0O06, 1986UTO01,
1986WELC, 1986XU02, 1987AN1A, 1987/BA38, 1987BALT, 1987EL14, 1987/GE1B, 198/7JA06,
1987LY04, 1987PE1B, 1987P023, 1987SA25, 198/VI102, 1987YAL6, 1988AU1A, 1988CA06,
1988FO003, 1988KI105, 1988KI106, 1988RUO1, 1988SA19, 1988TAI1N, 1989DEO0S5, 1989SA10,
1989SE03, 1989ST1G, 1989Y002)

Polarization of 12B: (1984K01A, 1984KU11, 1984TA1M, 1985TA09, 1986AU1E, 1986KU05,
1986N0O1C, 1986TA13, 1987AU1D, 1987CO1L, 1987FU13, 1988NO1C)

Muon and neutrino capture and reactions (See also reaction 19.): (1984KU11, 1985GR1A,
1986KUO05, 1987BR1L, 1987FU13, 1987MI17, 1988BR24, 1988FU08, 1988MI11, 1988MI20,
1989GM1A)

Pion and kaon capture and reactions (See also reactions 18, 20, and 21.): (1983AS01, 1984AS05,
1984ERO06, 1984KA31, 1984MA1U, 1985D0O1G, 1985SA06, 1986D107, 1986SU18, 1988HA12,
1989MRO01)

Hypernuclei: (1983SH1E, 1984CH1G, 1984CO1L, 1984MA1U, 1984SH1J, 1984ZH1B, 1985AH1A,
1985CO1H, 1985C014, 1985D01G, 1985YALF, 1986AN1R, 1986BE1P, 1986CO1U, 1986DA1B,
1986FE1A, 1986HA39, 1986KO1A, 1986MA1C, 1986R0O25, 1987BELS, 1987/MAOQ8, 1987MAZ2A,
1987M138, 1987PO1H, 1988MO1L, 1988R0O11, 1988TA29, 1989MRO01)

Antinucleon interactions: (1986AU1D)
Other topics: (1984KA1H, 1985AN28, 1986YALF)
Ground-state properties of ?B: (1985AN28, 1986GL1A, 1987VA26, 1988VA03, 1988W0O04)

1t = +1.00306 (15) nm (1978LEZA)
Q = 1.34 £ 0.14 fm? [(1978MI19); see also (1978LEZA, 1985NA1A).]

Interaction cross sections at 790 MeV/A by 2B ions with Be, C, and Al are reported by
(1988TA10). The interaction radius and the r.m.s. radius for the nucleon distribution in 2B have
also been derived (1988TA10). See also (1989SA10).



Table 12.2: Energy levels of 2B @

E.in B J T Tor e (keV) Decay Reactions
(MeV + keV)
0 1*;1 T2 =20.20£0.02ms | 5~ 1,2,5,6,8,9, 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 y 2,5,6,8, 12, 13, 15,
18, 19, 23, 24, 25, 26,
27, 28
1.67365 £ 0.60 2- < 50fs 0 2,5,6,8, 12, 13, 15,
18, 19, 23, 24, 25, 26
2.6208 £ 1.2 1~ < 70fs ¥ 2, 6,8, 12,13, 15, 19,
24, 26
2.723 £ 11 0t v 2,6,8,13,15, 24, 27
3.3891 £ 1.5 3” '=314+06eV vn |2,/56,8,9,10,12, 13,
15, 26
3.759 + 6 2t 40 £ 4 keV v,n |5 68,9, 10, 12, 13,
27
43017 1~ 9414 v,n |6,8,9,10,12
4.46 2” broad n 10, 18, 23, 25, 26
45188 4= 110 £ 20 v,n |6,8,9, 10,12, 13, 15,
18, 23, 25, 26
5.00 £ 20 1+ 50 £ 15 v,n |6,8,9,10,12, 27
5.612£8 3t 110 £ 40 n 6, 8, 10, 12, 15, 23, 28
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 4+ 100 1~ 1900 £ 100 n 26
7.836 £ 20 1~ 60 £ 40 n 6, 10
7.937 £ 20 (1) 27 n |6
8.1 4 100 900 = 200 (n) |6




Table 12.2: Energy levels of 2B # (continued)
E.in B J T Tor e (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 |68, 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+5H 3” 34+5 n 6, 8, 10
9.758 4 20 6
(9.83) 6
10.00 £ 40 100 n 6, 10
10.11 £ 40 6
10.220 4 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 4+ 20 75 £ 25 6
12.345 + 25 100 4+ 30 n 6, 8, 10
12.75 £ 50 0 T =2 85 + 40 6, 28
13.33 &= 30 50 4+ 20 6
(13.4 £ 100) broad 8
1482+ 100 | (2+; 7 =2) < 200 28
155 6
(21.8 + 400) (37) (1300 =+ 400) 24
(23.9 + 1000) (17) (6000 + 1000) 24

& See also Table 12.5.




12B*(3.39) has been produced in the interaction of a 490 MeV *N beam with Ag: its 19 keV
neutron decay to ''B, s has been observed (1989DE05).

1. 12B(87)'2C Qum = 13.370

The half-life of 2B is 20.20 4= 0.02 ms (1978AL01). See also (1988SA04). The decay is
complex. 1B 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 2B(g.s.) is 17. The 3-momentum spectrum has recently been
measured by (1987NA08). For measurements of the angular distribution functions from oriented
2B nuclei see, for instance (1986MI1P, 1986MI1T, 1987MI1P). See also the “Polarization” sec-
tion in (1985AJ01), (1986CU01, 1986RO1L, 1987M120), (1985GR1A, 1985MI1A), (1985BA2L,
1987R0O03; applied) and (1984DULE, 1984TA1M, 1985M013, 1986KE1A, 1986KO2C, 1986 TO1A,
1987DR1A, 1987KE1B, 1987SA1N, 1988AL1E, 1988SA12, 1989SA1H; theor.).

2. (a) SLi("Li, p)'2B O = 8.334
(b) "Li("Li, d)!2B O = 3.300

Eleven groups of protons (reaction (a)) are reported to known states of 2B. Angular distribu-
tions have been measured at E(°Li) = 3.5 to 5.95 MeV. The distributions are generally featureless.
Angular distributions for do, d;, ds, d3,4 have been measured at E("Li) = 2.10 to 5.75 MeV. See
(1975AJ02) for references. See also (1984K025).

3. (a) ?Be(t, n)!'B Qm = 9.5580 E, = 12.928
(b) “Be(t, p) 'Be Qm = —1.165

Figure 2: Energy levels of '2B. In these diagrams, energy values are plotted vertically in MeV, based on the ground state
as zero. Uncertain levels or transitions are indicated by dashed lines; levels which are known to be particularly broad
are cross-hatched. Values of total angular momentum J, parity, and isobaric spin 7" which appear to be reasonably well
established are indicated on the levels; less certain assignments are enclosed in parentheses. For reactions in which 2B
is the compound nucleus, some typical thin-target excitation functions are shown schematically, with the yield plotted
horizontally and the bombarding energy vertically. Bombarding energies are indicated in laboratory coordinates and
plotted to scale in cm coordinates. Excited states of the residual nuclei involved in these reactions have generally not
been shown; where transitions to such excited states are known to occur, a brace is sometimes used to suggest reference
to another diagram. For reactions in which the present nucleus occurs as a residual product, excitation functions have
not been shown; a vertical arrow with a number indicating some bombarding energy, usually the highest, at which
the reaction has been studied, is used instead. Further information on the levels illustrated, including a listing of the
reactions in which each has been observed, is contained in the master table, entitled “Energy levels of 2B”.
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Figure 2: Energy levels of 12B. For notation see Fig. 2.
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1986WE1C, 1987AK1A, 1987AN1C, 1987AR19, 1987BA02, 1987BA1l, 1987BA31, 1987BA38,
1987BA1T, 1987BE58, 1987BES5, 1987B023, 1987BO1K, 1987BU07, 1987CH1L, 1987DE37,
1987D013, 1987FAQ9, 1987FE1A, 1987GE1A, 1987GH1A, 1987G017, 1987GR10, 1987JA06,
1987K105, 1987K015, 1987KW02, 1987LY 04, 1987MU03, 1987MU1D, 1987NA01, 1987PA01,
1987PA1D, 1987P023, 1987RI103, 1987R0O10, 1987SH23, 1987S110, 1987SN01, 1987S015,
1987STO01, 1987TAZU, 1987VI102, 1987VI114, 1987YAL6, 1987YI11A, 1988AV03, 1988AY03,
1988BA28 , 1988B0O10, 1988BR1N, 1988CA06, 1988CA27, 1988CEOQ1, 1988DE1J, 1988EL1D,
1988FE1A, 1988GA11, 1988GA12, 1988GA31, 1988GH1A, 1988GO1F, 1988G011, 1988GU1K,
1988HAO03, 1988KH1B, 1988KH1G, 1988KH1H, 1988K106, 1988KW1C, 1988LI1H, 1988M128,
1988MO1K, 1988MUL1E, 1988PAZS, 1988P0ZZ, 1988PO1F, 1988PR1C, 1988RE13, 1988RUO01,
1988SA19, 1988SH03, 1988SH1H, 1988S101, 1988SM07, 1988TE03, 1988TS03, 1988TS01,
1988UCO01, 1988UT02, 1989BL1D, 1989BR35, 1989CEZZ, 1989CH28, 1989CI1C, 1989FI05,
1989GH1B, 1989GU1C, 1989HA43, 1989HA08, 1989PA06, 1989P0O06, 1989SA10, 1989SE03,
1989SU05, 1989TU1A, 1989Y002)

Muon and neutrino capture and reactions. (1983GM1A, 1984KU20, 1984KU11, 1984MI11,
1984RU12, 1985AG1C, 1985AR1B, 1985B0O1U, 1985GR1A, 1985KI01, 1985MAZZ, 1985PA05,
1985PA12, 1986DA1J, 1986D0O06, 1986DU06, 1986FI1G, 1986KE1Q, 1986KU05, 1986L113,
1986MAL16, 1986PA06, 1987BR1L, 1987FU13, 1987HA1Q, 1987KO1P, 1987KR1L, 1987MI17,
1987SU06, 1987VA1P, 1988AL10, 1988BO1X, 1988BR24, 1988D0O05, 1988FU08, 1988MI11,
1988M120, 1989AR1I, 1989DR1A, 1989GM1A, 1989KR1C, 1989MI1l, 1989NAO01)

Pion capture and reactions (See also reactions 28 and 34): (1981HO14, 1983AB1B, 1983AB1C,
1983AG1B, 1983AK1A, 1983BU1D, 1983GM1A, 1983K0O1M, 1983MA16, 1984AL1K, 1984AL1L,
1984AS05, 1984BA1L, 1984BA2L, 1984BA1M, 1984BE28, 1984BE1Q, 1984BE1R, 1984BOLL,
1984BO1H, 1984BU11, 1984CE1D, 1984CH26, 1984C016, 1984C0O1D, 1984ER06, 1984GE1A,
1984GI1D, 1984GMO01, 1984GR27, 1984J103, 1984KA31, 1984KO1P, 1984LE11, 1984L103,
1984MA1T, 1984MA1G, 1984MA1U, 1984MI11, 19840H04, 1984R112, 1984R0O1D, 1984SA1H,
1984SC1B, 1984TO1A, 1984Z11B, 1985AB1E, 1985ALZX, 1985AM1B, 1985AR15, 1985AS02,
1985AZ1A, 1985AZ1B, 1985BA2F, 1985BA1V, 1985BE1C, 1985BI101, 1985B104, 1985BU1G,
1985C0O11, 1985C016, 1985DI102, 1985FU06, 1985FU14, 1985GI05, 1985GR1E, 1985GU13,
1985KA22, 1985K006, 1985K02C, 1985LA20, 1985LE1E, 1985LI11E, 1985MA1G, 1985MA1K,
1985ME1M, 1985M104, 1985MI1L, 1985MO1H, 1985MO1M, 19850H09, 1985R104, 1985R017,
1985R0O1M, 1985SA06, 1985SE21, 1985SMO06, 1985TA17, 1985TA24, 1985TO15, 1985T014,
1985VA17, 1986AB1J, 1986AG1C, 1986ALZL, 1986AN40, 1986AR1F, 1986AS1A, 1986BASE,
1986BA81, 1986BA3H, 1986BE22, 1986BE2L, 1986BL 05, 1986B0O03, 1986BO1N, 1986CH39,
1986CH1Z, 1986CH1J, 1986CO1V, 1986CZ01, 1986DI07, 1986DU1M, 1986ER1A, 1986FA03,
1986F003, 1986GA33, 1986GA14, 1986GH1A, 1986GI13, 1986GR1K, 1986HA34, 1986HA26,
19861V1A, 1986KA1J, 1986KHO03, 1986KI1D, 1986LAZL, 1986MC04, 1986M125, 1986MO1M,
1986MO01J, 1986M026, 1986NA03, 19860501, 19860S1H, 19860S03, 1986PE1L, 1986PEO5,
1986PR1C, 1986PR01, 1986RA1J, 1986R0O03, 1986SU18, 1986 TALT, 1986VO1H, 1986VO1K,
1986WA26, 1986WHO02, 1986Y005, 1986Z01A, 1987AB1E, 1987AB12, 1987AG1C, 1987AL1l,
1987AL26, 1987AN14, 1987AP1A, 1987AR1P, 1987AS1E, 1987BA2Q, 1987BE2A, 1987BE2B,
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1987BL07, 1987BO1D, 1987BO1E, 198/B0O1X, 1987/BU20, 1987CH21, 1987CH1N, 1987CH24,
1987CH29, 1987CL02, 1987C0O20, 1987EJ02, 1987FAQ5, 1987GA08, 1987/GAll, 1987GI01,
1987GI1B, 1987GI1C, 1987GMO02, 1987/GM04, 1987GU07, 1987GU1lI, 1987/HA40, 1987HEODA4,
1987/HO08, 1987HU13, 1987J0O1B, 1987KA39, 1987/KH1B, 1987K030, 198/LE1B, 1987LO01F,
1987/MAL1I, 1987MA1Z, 1987/MO1M, 198/NA04, 1987P11B, 1987RA1H, 1987/ST1E, 198/WE1A,
1987WU1B, 1988AB05, 1988AB1G, 1988AMO04, 1988BA2G, 1988BE1V, 1988BE2D, 1988BE2F,
1988BU16, 1988CH49, 1988CH24, 1988CH31, 1988CU1C, 1988DH1A, 1988ER04, 1988ER1B,
1988FR02, 1988FR1D, 1988FR10, 1988FR1J, 1988GI1ZU, 1988G013, 1988G0O08, 1988G0O14,
1988GR1E, 1988HAOQ7, 1988HA12, 1988EL06, 19881702, 1988JO1E, 1988KH01, 1988KIZW,
1988KY1A, 1988LE1G, 1988MA27, 1988MA37, 1988M0O23, 19880H04, 19880S1A, 1988PEL1F,
1988PO1H, 1988RA1H, 1988RO1M, 1988SA24, 1988SA31, 1988WI11B, 1988WI1l, 1988Y0ZZ,
1989ARI1K, 1989BA06, 1989BA1R, 1989BRZX, 1989EJ1A, 1989EN1B, 1989GH1B, 1989G009,
1989GR06, 1989HA07, 1989KHO01, 1989MO1D, 1989NA01)

Kaons and other mesons-capture and reactions (see also reaction 35): (1983AK1A, 1983AR1F,
1983GE1LC, 1983T021, 1984AB04, 1984AL1H, 1984BA2L, 1984BA1M, 1984B0O1H, 1984C021,
1984GI1E, 19841W1B, 1984MAI1G, 19845113, 1984TO1B, 1984YA04, 19842002, 1985AB1E,
1985BE31, 1985BE62, 1985CO1H, 1985C014, 1985C005, 1985DA1D, 1985D106, 1985D0O1G,
1985GA1E, 1985GALC, 1985GR10, 19851A01, 1985M104, 1985SH1H, 1985S109, 1985WALN,
1985YA01, 1985YAQ7, 1985ZH13, 1985ZH11, 1986AB07, 1986AG1B, 1986BA3L, 1986BA81,
1986BE1P, 1986BE2J, 1986BE42, 1986BI1G, 1986CH1P, 1986CH1I, 1986CO1U, 1986DA1G,
1986DA1B, 1986D0O1B, 1986FI1A, 1986GA33, 1986GA14, 1986GA1H, 1986HALY, 1986HA34,
1986HA26, 1986HA39, 1986HU1B, 1986KA1J, 1986KI11K, 1986KI1D, 1986K0O2D, 1986 MA1J,
1986MI1N, 1986MO1J, 1986PE1L, 1986 TA1l, 1986 YALT, 1986ZH1E, 1986Z01A, 1987AP1A,
1987BEYQ, 1987BE14, 1987BE1S, 1987BL1L, 1987CH10, 1987EJ02, 1987FA1A, 1987HA40,
1987KO030, 1987LE1B, 1987PI11B, 1987PO1H, 1987SM1A, 1987/WU1B, 1987WUO05, 1988BA1F,
1988BR16, 1988CH49, 1988FA1B, 1988GA1A, 1988HA07, 1988HA41, 1988HA44, 1988K036,
1988MA09, 1988MO1B, 1988M014, 1988M023, 1988PA1B, 1988PE1F, 1988PO1H, 1988R0O11,
1988TA29, 1988TA14, 1988WA1B, 1988YAO05, 1989BA06, 1989EJ1A, 1989HAQ7)

Hypernuclei: (1983SH1E, 1984AL1H, 1984AS1D, 1984BA1M, 1984BA1N, 1984BO1H, 1984MA1G,
1984MA1U, 1984MI1E, 1984SA1J, 19842002, 1985AH1A, 1985GALE, 1985GR10, 1985M104,
19850S1C, 1985WAIN, 1986BA3L, 1986BA1H, 1986BA81, 1986BI11G, 1986C0O1U, 1986DA1G,
1986DA1B, 1986D0O1B, 1986DU1M, 1986DU1P, 1986ER1A, 1986FE1A, 1986FR1J, 1986GA33,
1986GA14, 1986GA1H, 1986HALY, 1986HA34, 1986HA39, 1986HEO01, 1986HU1B, 1986KO1A,
1986MI1N, 19860S1G, 1986PEILL, 1986PO1H, 1986SZ1A, 1986 YALT, 1986Z01A, 1987BA2K,
1987DA1F, 1987/DA30, 1987D0O1B, 1987EJ02, 1987/MAO08, 1987MA2A, 1987/MI38, 1987PI1C,
1987PO1H, 1987/RU1A, 1988BA1F, 1988BA1G, 1988BA82, 1988BO1P, 1988CHA48, 1988DL1A,
1988GA1A, 1988GA1l, 1988GR1B, 1988HAO07, 1988HA44, 1988MA09, 1988MA1G, 1988MO1B,
1988M0O14, 1988M0O23, 1988MO1L, 1988PE1F, 1988PO1H, 1988TA29, 1988WA1B, 1989BA06,
1989EJ1A, 1989KI25, 1989MRO01)

Antinucleon interactions(see also reaction 38.): (1984BA39, 1984CL1C, 1984DA1J, 1984DA23,
1984DO1E, 1984GA26, 1984KR22, 1984RI11D, 1984SA1M, 1984SU07, 1984VO1D, 1985AB1E,

26



1985BA09, 1985BA51, 1985CA16, 1985DA1D, 1985DA06, 1985DA24, 1985DA1G, 1985DOLE,
1985DU05, 1985HE?24, 1985KU04, 1985KU08, 1985L11J, 1985NA1C, 1985P114, 1985SU11,
1985V006, 1986AU1D, 1986BA22, 1986B0O26, 1986BU1J, 1986D104, 1986D020, 1986DU10,
1986FR10, 1986HEO0S5, 19861N01, 1986JA04, 1986MA46, 1986MC04, 1986MO1J, 1986SP01,
1986ZA06, 1987BA21, 1987BE26, 1987DA12, 1987DA1D, 1987GR1l, 1987HE04, 19871S03,
1987MA04, 1987MA46, 198/SM1A, 1987VO1B, 1987YALE, 1987ZA08, 1988DA07, 1988DE40,
1988G013, 1988L110, 19880K03, 1989AR1K, 1989CH13, 1989MA24, 1989MU1D)

Other topics: (1984CHLL, 1984CL11, 1984C0O16, 1984GR18, 1984JE02, 1984L.005, 1984SH1X,
1985AN28, 1985AR07, 1985AR1B, 1985BU1F, 1985CI104, 1985KE1G, 1985KU22, 1985PA1M,
1985SH1J, 1985TH1D, 1986AL1T, 1986BE23, 1986BE39, 1986B101, 1986DU06, 1986FO03,
1986KU11, 1986KE1P, 1986KU1B, 1986KU1P, 1986SA02, 1986SHZ2E, 1986 WE1G, 1986 YALF,
1987AB21, 1987FUZZ, 1987HO07, 1987KU1I, 1987/MO14, 198/PR01, 1987ZE05, 1988B004,
1988FL1A, 1988HA38, 1988JA13, 1988KW02, 1988MO1H, 19880H01, 19880R1C, 19880S1E,
1988R0O18, 1988RU1B, 1989BA60, 1989CEOQ1, 1989FI04, 1989J104, 19890R02, 1989RE1C,
1989R0O01)

Ground-state properties of '2C: (1984AN1B, 1984BA2F, 1984BR25, 1984005, 1984RU12,
1985AN16, 1985AN28, 1985BE59, 1985CL 1A, 1985G0O1A, 1985K002, 1985M123, 19850R01,
1985SA32, 1985SA30, 1985SH1A, 1985TA18, 1986AL1T, 1986AN35, 1986EL1A, 1986HE?26,
1986KA2C, 1986KU1B, 1986LE16, 1986NI101, 1986R0O03, 1986SA32, 1986SY 1A, 1986WI104,
1987AB03, 1987ALO05, 1987BL18, 1987B0O42, 198/DZ1A, 1987ER1F, 1987FU1D, 1987GI1C,
1987GU1C, 1987HA30, 1987KI1C, 1987/PR03, 1987RA01, 1987/SA15, 1987ZE05, 1988BI1A,
1988CU1C, 1988DA1J, 1988DZ1A, 1988GU03, 1988HA38, 1988J01C, 1988MEQ9, 19880H01,
1988RA1G, 1988SP1A, 1988TA10, 1988VA03, 1988W0O04, 1989BE03, 19890R05, 1989R0O01)

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 of 2C is 2.61 + 0.02 fm (1985TA18). [See also for derived
nuclear matter, charge and neutron matter r.m.s. radii.] See also (1989SA10).

12C*(4.44): Q = 6 £ 3 e - fm?, indicating a substantial oblate deformation (1983VEO1).

1. (a) SLi(Li, n) ''C O = 9.450 By, = 28.171
(b) SLi(°Li, p)!'B O = 12.214
() SLi(°Li, d)'°B Qu = 2.985
(d) SLi(°Li, a)*Be Qum = 20.805
(e) 5Li (°Li, 2a)*He Qum = 20.807
() SLi (°Li, 2d)*He'He Qum = —2.950

(g) °Li(°Li, SLi)oLi

27



Table 12.7: The decay of some 2C levels 2

E, (MeV) Widths E, (MeV) Widths
444 | T, =10.8+0.6 meV 1511 | I(15.11 — 7.65) = 1.09 £ 0.1eV "
765 | T,/T=(6840.7) x107° [,(15.11 — 12.71) = 0.59 £ 0.14 eV "
I'; = (60.5+3.9) eV I, =41.8+12eV"
[rag /T = (4.13 £0.11) x 107* I',/T = 0.04140.009
[ =83+ 1.0eV [,=18+03eV
[aq = 3.7 4 0.5 meV [ =43.6+1.3eV
9.64 |/ =<41x1077 16.114 | T =53+0.2keV
[rag < 14 meV © Iy/Ty =(4.6£0.7)%
[, =(31404)x 107" eV I, /T =(242+0.29) x 1073
1271 | T, /T =(1.934+0.12) x 1072 [,(16.11 — 9.64) /T, = (2.4 4+ 0.4)%
I, /T, =0.150 £ 0.018 [,(16.11 — 12.71)/T,, = (1.46 & 0.25)%
I, =0.35+0.05eV I, =0.5940.11eV
[, =0.053+0.010 eV I, =128+15eV
[ =18.1+28¢eV I,(16.11 — 9.64) = 0.31 & 0.06 eV
[,=177+28eVs® [,(16.11 — 12.71) = 0.19 & 0.04 eV
1511 | T, =385+0.8eV 1657 | T, = (48£8) x 1073 eV

I, =096+0.13eV

 For references see Table 12.8 in (1980AJ01). See also Tables 12.8, 12.11 and 12.15 here.

b Based on I',, of (1983DE53) and on branching ratios of (1972AL03): 12C*(15.11) —'2C*(0, 4.4, 7.65, 12.71) are (92 +
2)%, (2.3 £ 0.3)%, (2.6 & 0.7)% and (1.4 & 0.4)%, respectively. In addition, an undetected branching of 1.6% to '2C*(10.3)
is indicated by the 3-decay work (1972AL03) . See also (1980AJ01).

“Traa =T, + .

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

¢ Based onI" = 34 + 5 keV: Table 12.6.
f The branching ratios for the 12.71 — 4.44 and 12.71 — 0 transitions are (13.0 & 1.4)% and (87.0 & 1.4)% respectively

(1977ADO02).

& Assuming ', + 'y, +I'y, =T
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Figure 3: Energy levels of '2C. For notation see Fig. 2.
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Table 12.8: Resonances in “Be(*He, ~)!2C #

E(®He) Res. Ey Cem.
(MeV + keV) (MeV) (MeV)

2.55P Y0, V2 28.2 1.6
3.40 + 40 Yo, V2 28.83 1.54 +0.09
5.35 £+ 30 Y1 30.29 1.96 £0.15
6.51 + 30 Yo 31.16 2.10+0.15
8.02 + 40 M, Yo 32.29 1.32+0.23
9.60 4+ 210 Y1s Vo 33.47 1.93 £ 0.05

& See (1980AJ01) for references.
T, > 11.8 eV [y], > 4.6 eV [v1], > 11.3 eV [12], assuming J = 1, ['(3He) = T;
Jr=17;T=1.

The excitation functions for some final states in !B and ''C (reactions (a) and (b)) are struc-
tureless while others (to states with J™ = %*, g*, g+) exhibit pronounced structures. The most
prominent of these is observed at E(°Li) = 8.4 MeV ['2C*(32.4)] in the p, and n, yields with a
width T ., = 1 MeV (1987D0OO05). Reaction (d) has been studied for E(°Li) = 2.4 to 6.7 MeV in
a kinematically complete experiment (1988LA11). See also 1984LA19, 1987LA25). For reactions
(e) and (f) see (1983WA09). Broad structures have been observed in the elastic scattering at £(°Li)
~ 13 and 26 MeV: see (1980AJ01). See also (1985AJ01), °Li and ®Be in (1988AJ01), ''B and 'C
here, (1985NO1A), (1988WE20) and (1988MC1E; applied).

2. $Be(a, 7)'2C Qum = 7.36662

This reaction, of great importance to nucleosynthesis, has been studied by (1985CA41, 1986LA16,
1987DE13). See also the “General” section here.

3. 9Be(*He, 7)'2C Qum = 26.2790

Observed resonances are displayed in Table 12.8. 2C*(28.2) appears to be formed by s- and
d-wave capture. The ~, and ~, transitions to the 0 states '2C*(0, 7.7) are strong and show a
similar energy dependence. A strong non-resonant contribution is necessary to account for the ~;
yield. The resonance structure appears to confirm the role of 3p3h configurations for 2C exci-
tations somewhat above the giant resonance region. The 3 yield is relatively unstructured: see
(1980AJ01). See also (1984MAZP, 1985BL 1B).
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At E, = 42 MeV angular distributions involving '2C*(0, 4.4) and "Li*(0, 0.48) have been
obtained: see (1980AJ01). See also (1988SHL1E; theor.).

78. (a) 1°0O(v, a)'*C Qun = —7.1619
(b) 1°O(e, ¢'a)'?C Qm = —7.1619

For reaction (a) see (1986BA50; astrophysics) and (1984GL11, 1987BU1A, theor. [, 2d]).
For reaction (b) see (1987HO1E). See also '°0 in (1986AJ04) and (1988BU06; theor.).

79. 150(p, pa)*2C Qum = —7.1619

This reaction proceeds primarily to '2C*(0, 4.4) at E, = 101.5 MeV (1984CA09): '2C(14.1)
is also populated. The breakup into 4« has been studied by (1986\VVD04). See also (1985AJ01),
(1987LA11, 1988LE08, 1988MU1G; astrophysics) and (1985VD03, 1987VD1A) and (1986G028;
theor.).

80. 150(d, 5Li)'2C Om = —5.6869

Angular distributions have been measured at £y = 12.7to 80 MeV [see (1980AJ01, 1985AJ01)],
at 54.2 MeV (1984UMO04; 12C*(0, 4.4, 7.7, 9.6, 14.1)) [see also for spectroscopic factors] and at
E; = 18 and 22 MeV (1987TA07; 2C*(0, 4.4)) and 51.7 MeV (1986YA12; 12C*(0, 4.4, 14.1)).
For polarization measurements see '8F in (1987AJ02).

81. 150(*He, Be)'2C Qum = —5.5746

Angular distributions have been studied at £(*He) = 30, 41 and 70 MeV: see (1980AJ01,
1985AJ01). 12C*(0, 4.4, 7.7, 9.6) are populated. See also (1986BA89; astrophysics) and (1987RA37;
theor.).

82. (a) 1%0(a, 20)12C Qm = —7.1619
(b) 160(a;, ®Be)12C Qm = —7.2538
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At E, = 90 MeV angular distributions involving 12C*(0, 4.4) (reaction (a)) have been analyzed
by PWIA and DWBA: S, = 2.9 + 0.5 and 0.70 4+ 0.23, respectively. At £, = 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 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 (1980AJ01) for references.

83. (a) '°0(“Be, 13C)'2C Om = 3.4856
(b) 160(*0, 2°Ne)'2C O = —2.4263

For reaction (a) see (1988WE17) and 3C in (1991AJ01). For reaction (b) see (1986CA24) and
20Ne in (1987AJ02). See also (1988AU03), (1984ME10, 1989V0O1D) and (1984AP03, 1984K013,
1987GALL, 1988GAL19, 1988GALL,; theor.).

84. 19F(d, °Be)'2C Qm = 2.6615

Angular distributions have been obtained at £4 = 9 to 14.5 MeV: see (1980AJ01, 1985AJ01).
12C*(0, 4.4) are populated.

85. 20Ne(a, 12C)'2C Qm = —4.6229

Angular distributions have been measured in the range £, = 13.4 t020.8 MeV: see (1985AJ01).
See also (1985ST1B) and (1988SH1F; theor.).

86. 23Na(p, 12C)'2C Qm = —2.2433

Angular distributions involving '2C, . have been studied at £, = 7.9 to 18.6 MeV (1987KI26).

87. 3Na(d, 13C)'2C Qum = 0.4785

See (1986G026; E4 = 13.6 MeV).

88. 2*Mg(p, p*2C)!2C Qum = —13.9335
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The fission of 2*Mg has been studied at £, = 190 MeV (1987DA01).

89. 21Mg(a, 190)'12C Qm = —6.7716

Angular distributions have been reported at £, = 22.8 to 25.4 MeV and at 90 MeV [see
(1980AJ01)], at 25.13 to 27.76 MeV (1986SK01) and at 27.8 to 29.4 MeV (1989ES06). See also
(1987SH1B) and (1988SH1F; theor.).

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

The fission of 2*Mg has been studied at £(**Mg) = 357 MeV (1986W114).
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12N
(Figs. 4 and 5)
GENERAL (See also (1985AJ01)).
Model calculations: (1984KA1H, 1984SA19)
Astrophysical questions: (1985CA41, 1987RA1D, 1988CA26, 1988LE08, 1989KR1C)
Applied work: (1987KU17, 1987MI124)

Complex reactionsinvolving 12N: (1985NO1E, 1986GAL1l, 1987BALT, 1987R103, 1988BE02,
1988LE08)

Muon and neutrino capture and reactions. (1986DA1J, 1987KR1L, 1988AL10, 1988B0O1X,
1988FU08, 1988MI1H, 1988M120, 1989DR1A, 1989KR1C, 1989MI1l)

Pion capture and reactions: (1983AS01, 1984AS05, 1988HA12, 1988KIZW)
Other topics: (1984KA1H, 1984SA19, 1985AN28, 1986'YYALF)

Ground-state propertiesof 12N: (1985AN28, 1985NALA, 1986GL1A, 1986HALP, 1987VAZ26,
1988VA03)

= +0.4573 (5) nm (1978LEZA).

1. 12N(3H)12C Qum = 17.338

The half-life of 12N is 11.000 & 0.016 ms: 2N decays to 2C*(0, 4.44, 7.65, 10.3, 12.71,
15.11): see Table 12.21. Since the transitions to '2C*(0, 4.4) are allowed the J™ of 2N, is 17.
For measurements of the angular distribution functions from aligned 2N nuclei see (1986MI1P,
1986MI1T, 1987MI1P). See also (1985AJ01), (1986CA1P, 1986MI1Q, 1986MI1R, 1987MI20,
1987VALP), (1985BA2L; applied), (1985GR1A, 1985MI1A) and (1984DU1E, 1985M013, 1986KE1A,
1986K02C, 1986TO1A, 1987DR1A, 1987SALN, 1988AL1E, 1988SA12, 1989SA1H; theor.).

2. 10B(3He, n) 2N Qm = 1.573

Observed neutron groups are displayed in Table 12.23.

3. 12C(y, 77) 2N Qm = —156.907

The total cross section has been measured from threshold to £, = 360 MeV: see (1985AJ01).
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Table 12.22: Energy levels of 12N

By JT T1/2 OF e Decay Reactions
(MeV =+ keV) (keV)
0 171 | 72 =11.000+£0.016 ms | B+ |1,2,3,4,5,6,7,8,
9,10

0.960 + 12 2+t I' < 20 keV 2,4,5,6,8,10
1.191 + 8 2~ 118 4+ 14 P) |24,5

1.80 + 30 1~ 750 4+ 250 (p) |5
243949 0+ 68 + 21 () |2,5,10
3.132+38 2%, 3~ 220 + 20 P |25
3.558 £9 (H)* 220 £ 25 (p) |2,45
4140 £10% | 27 + 4~ 825 + 25 () |2,4,5,8
5.348 + 13 3 180 + 23 (p) |2,4,5

(5.60 £ 11) 120 + 50 (P) |5

6.40 & 30 2 (17) 1200 £ 30 (P) |5

7.40 4 50 2 (17) 1200 £ 30 () |5,8
7.684 + 212 200 + 32 () |24,5
8.446 + 17 % 90 + 30 2
9.035+ 12 <35 2

(9.42 + 100) ~ 200 5

9.80 + 20 450 + 100 5
10.30 4+ 20 450 + 100 5
11.00 £+ 20 350 4+ 100 5

& Probably corresponds to unresolved states. See Table 12.23 and reactions 5 and 8.
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Figure 4: Energy levels of 12N. For notation see Fig. 2.
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Table 12.23: States of 2N from °B(*He, n) and 2C(*He, t)

E oy ™P | Lo B, © Loy © B Lo, d Jre
(MeV £ keV) (keV) (MeV + keV) (keV) (MeV £ keV) (keV)

0 20+ 20 0 0 (1)
0.960 £ 12 16 £+ 20 = 0.964 <20t 0.960 (271)
1.189 + 12 140+ 25 1.190 £ 20 80+30F | 1.193+10 120+ 20 2-
(1.72 £ 0.08) 1.80 £ 30 750 £+ 250 1~

2.4+£100 2.415 £ 20 45+ 151 2.445 4+ 10 110 + 20 0t
3.114£15 200 £ 36 3.136 £ 30 240 £ 40 3.14£10 220 £ 25 2,37
3.533+15 150 £ 40 3.55 £ 50 150 £ 100 3.57+10 260 = 30 1+
4.250+30¢8 | 290+ 70 4.15+80¢ 650 £+ 100 4.14+10¢8 830£20 | 27 +4~
5.320 £ 12 180+20 | (0) 5.23+80¢ 400 £ 80 5.37+ 10 150 £ 30 3~
6.10 80 % 300100 | (5.60+11) 120 £ 50
7.13+100& | 500 = 100 6.40 & 30 1200 £ 300 (1)
7.629 + 20 200 + 40 7.48+£1008& | 180+ 80 7.40 + 50 1200 £ 500 (17)
8.446 + 17 90 + 30 770+ 11 200 + 50
(8.86 £ 100) ~ 100
9.035 £ 12 16 £ 20
9.42 £+ 100 ~ 200
9.90 & 100 100 £ 50
h 9.80 20 450 + 100
10.30 + 20 450 + 100
11.00 + 20 350 + 100

a 10B(3He, n)'2N: see Table 12.22 in (1975AJ02) for references.
b Weighted means of values shown in Table 12.28 (1980AJ01).

¢ 12C(3He, t)'2N: see Table 12.23 in (1980AJ01) for references. See also reaction 5 here.

d12C(3He, t)!2N: (1983ST10: E(*He) = 75 and 81 MeV), and M.N. Harakeh, private communication. See also
(1984VA17, 1985VA1LA).
¢ DWBA calculations (1983ST10). Some of the J™ assignments also reflect knowledge of the analog region in '2B.
FJm=2% (27),and (0T) for 2N*(0.96, 1.19, 2.42), repectively: see Table 12.23 in (1980AJ01).
& May be due to unresolved states.
" No other states observed with £, < 13 MeV.
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4. 12C(p, n)'2N Qm = —18.120

Angular distributions have been studied at £, = 30.5 to 200 MeV [see (1980AJ01, 1985AJ01)]
and at 35 and 40 MeV (19870H04; ny, n;, np; DWBA), at 160 MeV (1984GA11; ny; also Ay;
comparison with (p, p’) to 2C*(15.1)). The angular distribution to 2N(4.2) [u?] is consistent with
J™ = 27 predicted by theory. A structure at £, ~ 7.2 MeV is also observed. Unresolved angular
distributions over the range £, = 2 — 17 MeV (and ¢ = 5° — 13°) are dominated by [ = 1 tran-
sitions (1984GA11) [as would be expected at those angles]. (1987TA13, 1989RA09) discuss the
relationships between the GT strength and the 0° differential cross section in this and other (p, n)
reactions. At £z = 65 MeV the spin transfer coefficient Kg' (0°) for iy + 1i; has been measured
by (1984SA12). See also (1985AJ01), 1*N in (1991AJ01), (1984BA1R, 1988HIZX, 1988NI1C,
1988TAZY, 1989PRZZ), (1988LEOS; astrophysics), (1985BA2L ), (1984GAL7, 1984TAZS, 1985SH1C,
1986GALll, 1986LI11T, 1987EL08, 1987EL 14, 1987L129, 1987RA32) and (1984SA19, 1987BE1D,
1988H0O09, 1988P108, 1988UDO03; theor.).

5. 12C(He, 1)'2N Qm = —17.357

Observed triton groups are displayed in Table 12.23. Angular distributions of inelastically scat-
tered >He 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 isa 0 state.] Angular distributions have been reported at 81 MeV (1983ST10)
[to many of the states shown in Table 12.23]. [Compare the 2B and the 2N level structure: it is
clear that not all the analog states have been observed in 2N.] Angular distributions have also
been studied at £(*He) = 0.6 to 2 GeV (1987BE25; to 2N*(0 + 0.96, 4., 7.). '2N*(4.) is
assumed to be a 2~ state while 12N*(7.) corresponds to a group of 1~ states. The reaction ap-
pears to be single-step direct and is well described by DWIA (1987BE25). At E(*He) = 197
MeV (6 = 0°) the spectrum shows 2N*(0, 0.96), an ~ 1 MeV wide state at 4.3 MeV (pos-
sibly 27, 47) and the GDR at ~ 10 MeV ( =~ 84% of the strength is 17). No structure is
observed between E, = 15 and 70 MeV (1984TA11). The spectra of inelastically scattered
3He ions (see '2C) and of tritons have been studied at F(*He) = 170 MeV. The triton spec-
trum has been compared with photoabsorption results. (1982TA05) conclude that the isovec-
tor GDR s preferentially excited in the (*He, t) process while the (®*He, 3He) process preferen-
tially excites the isoscalar giant multipole resonances. Delta isobar excitation has been studied at
1.5, 2.0 and 2.3 GeV (1986C003). See also (1988AB08), (1984AB06, 1988JA1F, 1989JAZY),
(1984GAL17, 1984GE1A, 1985R0O1N, 1986EL1C, 1986GA1l, 1987EL08, 1987EL 14, 1988RO17)
and (1984CHIN, 1985JA13, 1987DM02, 1987GUO07, 1988ES1A, 1988UDO03; theor.).

6. 12C(°Li, *He)'2N
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At E(°Li) = 25 and 35 MeV/A angular distributions have been studied to >N, . (1987W109).
At the higher energy 2N*(1.0) is also populated as is a broad structure near 4.25 MeV. At forward
angles the cross section for the GT transition in this and in other (°Li, °He) reactions is found
to be proportional to the -deay strength (1986AN29). See also (1984GL06) and (1987AU04,
1988ANO06, 1988AU1E, 1989AU1B).

7.12¢('2C, 2B)12N Qm = —30.708
See 2B,
8. 12C(13C, 1¥B)12N Qum = —30.776

At E(*3C) = 30 MeV/A 2N*(0, 1.0) are populated but the dominant groups in the forward
direction are broad structures at £, = 4.2 and 7.5 MeV attributed to 2~ and 1~ states (1986002,
1988Vv006).

9. 12C(14N, 1C)!12N Qu = —17.495

See (1986BA16, 1986EL1C, 1986RO1Q).

10. “N(p, t)12N Qum = —22.136

At E, = 51.9 MeV angular distributions of the tritons to *?N*(0, 0.96) and of the *He ions to
the analog 7" = 1 states ['2C*(15.11, 16.11)] have been measured. At F, = 52.5 MeV the angular
distribution to 12N*(2.44) has been studied. See (1980AJ01) for references.

120
(Fig. 9)

120 has been observed in the °O(«, ®He) reaction and in the 2C(x*, 7«~) reaction: see
(1985AJ01). The mass excess of 120 is 32.06 & 0.04 MeV (1988WA18). 20 is thus unstable
to decay into °C + 2p by 1.78 MeV. See also (1985AN28) and (1987BL 18, 1987SA15; theor.).

The width of the ground state is &~ 400 + 250 keV. The diproton branching ratio of 2O,
is estimated to be (60 + 30)%. It is suggested that the first 7 = 2 state in N should occur at
E, = 12.2940.02 MeV. There is some indication from the °O(«, ®He) work of an excited state of
20 at £, = 1.0 4= 0.1 MeV, which would imply an appreciable downward shift from the position
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of the analog first excited state in 12Be (1978KE06). See also the spectrum shown as Fig. 1 of
(1985M018).

The 2C(n*, 7~) reaction has been studied for £+ = 50 to 240 MeV: see (1985AJ01)
and (1985M018, 1987FA05, 1989GR06). See also (1986GI13), (1989BA1R) and (1986CH39,
1988CO015, 1988G021, 1988MA27; theor.).

12 F 12 Ne
(Not illustruated)

These nuclei have not been observed: see (1980AJ01, 1985AJ01).
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