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12Li
(Not illustrated)

2 i is not observed in the 4.8 GeV proton bombardment of a uranium target: it is particle
unstable (1974B0O05). Its atomic mass excess is therefore > 49:0 MeV. (1974THO01) calculate
the mass excess of 2Li to be 52.92 MeV. 2Li would then be unstable with respect to 'Li + n,
OLi+ 2nand °Li + 3n by 3.9, 3.68 and 3.74 MeV, respectively. See also (1972TH13, 1973B030,
19741R04).

1ZBe
(Figs. 5and 8)

GENERAL: (See also (1968AJ02).)
Soecial reactions: (1965GI110, 1969AR13, 1971AR02, 1972V006, 1973KO1D).
General review: (1974CE1A).
Theoretical papers. (1971DO1F, 1972ST1C, 1973WI15,19741R04, 1974MA1E).

Massof 12Be; The Q-valueof the1*C(*20, ?°Ne)*?Bereaction| 15:77 0:05MeV] (1974BA15)
leads to an atomic mass excess of 25:05 0:05 MeV; that for the “Li(“Li, 2p)*?Be reaction
[Q = 971 0:10 MeV] (1971HO26) leads to an A.M.E. of 24:95 0:10 MeV. We adopt
an atomic mass excess of 25:030  0:045 MeV for 2Be. The binding energies of (}'Be + n),
(*°Be+ 2n) and (°Be+ 3n) are then 3.22, 3.72 and 10.53 MeV, respectively. See also (1972CE1A,
1972WAQ7, 1974THO1).

1. 12Bg(  )12B Qm = 11:66

An activity of -, = 11:4  0:5 msec, observed in the GeV proton bombardment of various
targets, is ascribed to ?Be. log ft = 3:5 if the transition is to the ground state of 2B (1965P003).

2. "Li("Li, 2p)‘?Be Qm= 979
Qo= 9:71 0:10 (1971HO26).

This reaction has been studied at E(”Li) = 25:0, 30.0 and 30.1 MeV. The ground state of *’Be
and an excited state with Ex = 0:81  0:10 MeV are populated with cross sections of 2:9  1:0
b/sr> and 1:1  0:6 b/sr?, respectively (1971HO26, 1971HO1J).



Table 12.1: Energy levels of 1?Be

Ex (MeV  keV) | J ;T | 1= (msec) | Decay | Reactions
0 0*;2 | 11:4 05 1,23
(0:81  100) () |2
2:09 50 () |3
3. 14C(180, 2°Ne)12Be Om= 1575

Qo = 15:77 0:05 (1974BA15).

At E(*80) = 88:7 MeV, the population of the ground state of *?Be and of an excited state at
Ex =2:09 0:05MeV [and of many statesin 2°Ne: see (1978AJ03)] is reported by (1974BA15).
12Be*(0.81), reported in reaction 2, was not observed by (1974BA15).



1ZB
(Figs. 5and 8)
GENERAL: (See also (1968AJ02).)

Model calculations: (1968FU1B|1968GU11,1969M O1F, 1969VA 1C, 1970TA1J, 1973HA49,
1973SA30).

Soecial levels: (1968CE1A, 1968GU11, 1970FR1C, 1973SA30).
Electromagnetic transitions: (1969VA1C, 1973HA49, 1973SA30).
Soecial reactions: (1969AR13, 1969GA 18, 1971AR02, 1973K0O1D, 1973WI15, 1974F022).

Muon capture (Seealso reaction 16.): (1969VA37,1970BU1B, 1970H109, 1971IM01Q, 1971IMU20,
1972BA1X,/1972DE50, 1972M115,/1973CH16, 1973MU04,/1973MU11,/1973MU1B, 1974DE1V,
1974IM1C, 1974P005, 1975SU1G).

Pion capture and pion reactions: (1970HI109, 1970H110, 1970RA39, 1971GU13,1971SK03,
1971SK02, 1973AN1J,11973KA1D,[1973UB01,/1974DE1U,|1974SE02).

Astrophysical questions: (1970BA1M).

Other topics: (1971BA2Y|/1972AN05,1972GA 1L, 19720C01, 1972PN1A, 1973JU2A, 1973WI15,
19741R04, 1975K11M,(1975Z11D).

Ground state:

= +(1:003  0:001) nm (1968SU05);
= +(1:00285 0:00015) nm (1970WI17, 1970WI1L);
Q = (+0:030 0:008) b (1970WI17);

Q = (0:0151  0:0014) b (1970SU04);
Q = (0:0171  0:0016) b (1971M1086).

Effective in various hosts have been measured by (1974MC12):  ranges from 1.00282 (2)
nmin Si, 1.00291 (2) nmin Ge and 1.00287 (2) in SIC.

Seealso (1967SH14, 1968WE12, 1969FU11, 1969VA 1C, 1969WE1G, 1971SH26, 1972VA 36,
1972WI108,1973HOY D, 1973KU1L, 1973MA1K,[1973M1Y Z, 1973SA30,/1973ST1P,1973SU1B,
1974CO1P,[1974M COQ7).

1. 2B( )12C Qm = 13:370

The half-life of 12B is20:41 0:06 msec: see Table|12.2 here and Tables 12.1 and 12.2in



Table 12.2: Energy levels of 12B

E,in'B J:T or om: Decay Reactions
(MeV  keV) (keV)
g.s. 1*;1 | -, =20:41 0:06 msec 1,236,709, 10, 13, 16,
17, 19, 21, 25, 26, 27
0:95314 0:60 | 2% m =260 40 fsec 2,3,7,9 13, 16, 19, 20,
21,26
1:67365 0:60 m < 50 fsec 2,3,7,9, 13,16, 19
2:6208 1:2 m < 70 fsec 2,3,7,9, 13,16, 19
2:723 11 0" m < 140 fsec 2,3,7,9 13,19
3:3884 14 3 em: =31 0:6eV ,n [2,7,91011,13
3:759 6 2" 37 5 ,n 7,910, 11, 13
4:302 6 9 4 ,n 791011
4.37 broad n 11
4:521 7 110 20 ,n 17,910,11, 13
4:99 15 1* 50 15 ,n 791011
5:607 7 3" 110 20 n 7,911
5725 7 3 60 15 n 7,9 11
58 (@H) broad n 11
6.6 1)+ 140 n |71
6.8 @+ broad n 11
7:545 20 >3 14 n 7,11
7:836 20 >0 60 30 n 7,11, 17
7:937 20 >0 27 n 7,11
8:1 100 900 200 (n) |7
8:120 20 n |7
8:24 30 >1 65 n 7,11
8:376 20 40 20 7,11
8:58 30 > 1 75 n 7,11
8:707 20 (n) |7
9:03 20 >1 120 n 7,11
9:175 20 (n |7
9:43 20 85 30 (n) |7




Table 12.2: Energy levels of 2B (continued)

E,in'B J:T or om: Decay Reactions
(MeV  keV) (keV)
9:585 20 60 30 n) |7
9:758 20 n) |7
(9.83) M) |7
10:00 40 >0 100 n 7,11
10:11 40 7
10:21 30 50 20 7
10:435 20 75 40 7
10:58 20 >2 50 30 n 7,11
10:887 20 40 20 7
(11.08) 7
11:31 30 130 60 7
11:59 20 75 25 7
12:33 30 > 2 100 30 n 7,11
12:710 20 0*; 2 (85 40) 7,24
13:33 30 50 20 7
a
14.7 2+ 2) sharp 4,24
155 7

2 thirteen resonances in °Be(t, n)11B with 13:6 < E, < 14:7 MeV [see Table/12.3].

(1968AJ02). The decay is complex; *°B decays to >C* (0, 4.4, 7.7, 10.3): see Table12.16. The
transitions to 2C*(0, 4.4) are allowed: hencethe J of 2By is1™.

2.5Li("Li, p)2B Qm = 8:337

At E(’Li) = 2 MeV, leven groups of protons are reported to known states of 2B (1959M O12).
Angular distributions have been measured at E(°Li) = 3:5 MeV (1967GA06: py ¥ ps) and
E("Li) = 3:78 10 5.95 MeV (1967KI03: po, P1, P2, P3+4, Ps). Except for p, the distributions are
nearly isotropic. See also (1968AJ02).



Table 12.3: Resonances in °Be(t, n)''B (1961VA1C)

E: Exin'B cm: E: Exin'B cm:
(MeV) | (MeV) | (keV) | (MeV) | (MeV) | (keV)
1.00 13.677 | 100 1.880 | 14.337 45
1130 | 13.775 1.932 | 14.375 40
1350 | 13.939 60 | 2.045 | 14.460 70
1.405 13.981 50 2.130 14.524 75
1505 | 14.056 70 | 2210 | 14584 60
1585 | 14.116 65 | 2325 | 14.670 50
1.765 14.250 110

3. 7Li('Li, d)12B Qm = 3:311

Angular distributions have been measured at E(’Li) = 2:10 to 5.75 MeV (1969CA1A: do, d,
dz, d3+4). The gamma decay of the fi rst four excited states has been studied by (1963CAQ9):
12B*(0.95) decays of course to the ground state. So, primarily, do 2B*(1.67) [> 98%] and
12B%(2.72) [> 80%], while 12B*(2.62) decays [> 90%] via 2B*(0.95, 1.67). [See aso Table
12.7] The mean lifetimes of 2B*(0.95, 2.62) are 295 37 fsec and < 48 fsec, respectively
(1969THO1). See also (1967CA 1D, 1974CE06).

4. °Be(t, n)!'B Qm = 9:5591 E, = 12:928

Reported resonances in the yield of neutronsat = 0 arelisted in Table[12.3 (1961VA1C).
See also 1!B.

5. (a) °Be(t, d)'°Be Qm = 0:5544 E, = 12:928
(b) °Be(t, 1)°Be
(c) °Be(t, )BLi Qm = 2:926

Yieldsof elastically scattered tritons have been measured for E; = 0:60 to 1.70 MeV (1969NA04)
and 1.0 to 2.1 MeV (1970C0O04). The yields of -particles[ o, 1] have been obtained for
E¢ = 0:52 to 1.70 MeV by (1969NA04). See aso (1970CO04). There is no evidence of the
resonance structure observed in reaction 4. See also éLi and °Bein (1974AJ01). For reaction (a)
see (1969NA04) and 1°Bein (1974AJ01).



Table 12.4: Levelsof 12B from °Be("Li, )'?B

(1961HO19) @ | (1969GLO7)® | (1971AJIB)¢ | (1971AJ1B) ¢
Ex (MeV) Ex (MeV) Ex (MeV keV) om: (KeV)
g.s. g.s. g.s.
0.90 0.9 0:951 15
1.61 1.65 1:674 15
2.58 2.60 2:625 15
2:724 15
3.27 3.30 3:390 15
3.60 3.70 3:77 20 50 20
4.22 4:305 15 <30
4.39 4.50 4:534 15
4.90 5.00 4:982 15 40 20
5.60 5:57 30
5.80 57 5:728 15 50 20
6.61
7.00
7.42 7:545 20 <30
7.77 7:836 20 60 30
7:937 20 <40
8:1 100 900 200
8.05 8:120 20
8.25 8:24 30
8.34 8:376 20 40 20
8:58 30
8:707 20
9.06 9:03 20
9:175 20
9:43 20 85 30
9.55 9:585 20 60 30
9:758 20
(9.83)
10:00 40




Table 12.4: Levels of 12B from °Be(’Li, )'?B (continued)

(1961HO19) 2 | (1969GL07)® | (1971AJiB)¢ | (1971AJIB)°
Ex (MeV) Ex (MeV) Ex (MeV keV) om: (KeV)
10:11 40
10:21 30 50 20
10:435 20 75 40
10.6 10:58 20 50 30
10:887 20 40 20
(11.08)
11:31 30 130 60
11.8 11:59 20 75 25
125 12:33 30 100 30
12:77 30 85 40
135 13:33 30 50 20
155

a E(7Li) = 3:5 MeV. Typical resolution -, 200 keV.
b E("Li) = 30:3 MeV. No errors shown. Typical resolution 200 keV.
¢ And private communication. E(“Li) = 20 MeV. Typical resolution 40 keV.

6. °Be( , p)2B Qm= 6:886
See (1968AJ02).
7.9Be(’Li, )2B Qm = 10:462

Observed -particle groups are displayed in Table(12.4/ (1961HO19, 1969GL 07, 1971AJ1B).
Angular distributions have been measured at E(“Li) = 3:3, 3.5, 3.75MeV (1961HO19: o ¥ ),
5.6t0 6.2 MeV (1969SN02: o ¥ ) and 30.3 MeV (1969GLO7: to most states listed in Table
12.3). Seealso (19700G1A).

8. (a) 1°Be(d, p)!'Be Qm 1:722 Ep = 12:374
(b) °Be(d, )BLi Qu = 2:372

10



Table 12.5: 2B states from °B(t, p)'’B

Exin'?B (MeV) &4 | (keVv)© | Labc | J abic
g.s.
0.955 0 3*
1.673
2.627 0 3*
2.73 (0) (3%)
3.393 0 3*
3.754 42 5 1 (2,3 ,4
4.297 15
4514 100 15 1 |2 ,3,4
5.00 130 40
5.612 120 20| O 3*
5.724 70 20| O 3*

a 8 keV, except for the 2.73 and 5.00 MeV states.
b See, however, Tables/12.6/and(12.7|

¢ (1964M104).

d (1960JA17).

The cross sections for production of 8Li (reaction (b)) and of !Be (reaction (a)) have been
measured for Eq = 0:67 to 3.0 MeV and 2.3to 12 MeV: theyieldsfor both reactions vary smoothly
with energy. No resonances are observed (1970GO11, 1973G009).

9. 1°B(t, p)2B Qm = 6:343

Excited states of 2B observed by (1960JA17) at E; = 5:5 MeV and by (1964M104) at
E, = 10 MeV are displayed in Table[12.5. See also (1968CO1H), (19670G1A) and (19695002,
1970BA58, 1970MA04, 1970MA38, 1970NE1F, 1971KA1E, 1974GU1D:; theor.).

10. “B(n, )?B Qm = 3:369

Thethermal neutron capture sectionis5 3 mb (1962IM01) [(1973MU14) adopt 5:5 3:3 mb].
The capture cross section shows aresonance at E,, = 20:8  0:5 keV (see also reaction 11) with

11



= 0:025 0:008 eV (1969M0O10). In the range 140 to 2325 keV, resonances are observed at
E, = 0:43, 1.03, 1.28 and 1.78 MeV, with radiation widths of 0.3, 0.3, 0.2 and 0.9 eV, respectively
( 50%) (1962IM01). For astrophysical implications see (1968FO1A).

11. B(n, n)'B Ep = 3:369

The thermal (bound) scattering cross sectionis3:9  0:2 b. The scattering amplitude (bound)
isa=6:1 0:1fm(1973MU14). See also (1969BA1P). Parameters of observed resonancesin

ot @re shown in Table/12.6.

Comparison of 1B + n and of datafrom *!B(d, p) showsthat the E, = 20:8 keV resonanceis
d-wave and that °B*(3.388) hasJ = 3 . The neutron width [3:1  0:6 eV] is about the Wigner
limit (1969MO10). The 0.43 MeV resonance [1?B*(3.76)] isformed by | = 1; 3., = 34_,;
J =27 (1955WI125, 1962EL 01, 1970LA21).

The polarization and differential cross sections have been measured for 0:075 E, 2:2
MeV by (1970LA21) ashas for0:3 E, 2:05MeV. A two-channel R-matrix analysis fi ts
both ( )andP( ) assumingbroad2 (I =0)and4 (I =2) statesat Ex = 4:37 and 4.54 MeV
[E, = 1:09 and 1.28 MeV] in addition to the sharp state 12B*(4.30) fi tted withd = 1 . The
analysis also confirmsJ = 1% for 2B*(4.99) (1970LA21). Differential cross sections have also
been measured for 2:2 < E,, < 4:5 MeV by (1973NE1F, 1973NE19) and analyzed by athree-level
R-matrix calculation. The fit is quite good if assignments 1 and (1*) are made for broad states
of 12B at E, = 5:8 and 6.8 MeV, respectively [E, = 2:7 and 3.8 MeV]. ?B*(5.61, 5.73, 6.6) are
assignedJ = 3%, 3 and (17), respectively (1973NE19). See also (1974BI07; theor.). For a
study of the excitation function of 1*B(n, n’ ;) see (1961L104).

Total cross sections from E,, = 3:4 to 15.5 MeV have been studied by (1961F007): see Table
12.6. There is no evidence of sharp structure in the range 9:7 < E, < 17:3 MeV. Limitations of
statistical accuracy exclude observation of J = 0 levelsabove E,, = 4 MeV, and of J = 1 levels
above E,, = 12 MeV in this work (1961FO07). The  for natural boron has been measured for
E, = 2:5t0 15 MeV (1971FO1A). Cross section measurements are also reported at E, = 7:55
MeV (1969HO1G: elastic, and inelastic to 'B*(2.12, 4.45)), 9.72 MeV (1970CO12: elastic,
and inelastic to !B states below 6.8 MeV), 14.1 MeV (1970AL08: elastic, and inelastic to !B
states below 8.6 MeV) and 14.5 MeV (1970AN1F: "atB). See also (1972LA1F), (1969AN1E,
1969M A 39, 1969RO1F, 1970PO1E) and (1967BE1F; theor.).

12. (a) 1*B(n, p)}'Be Qm = 10:726 Ep = 3:369
(b) 1'B(n, d)'°Be Qm= 9:005
(c) 1*B(n, t)°Be Qm = 9:5591
(d) 1B(n, )BLi Qm= 6:633

12



Table 12.6: Resonancesin 'B(n, n)!'B @

En om: 12« I J Comments
(MeV  keV) (keV) (MeV)
0:0208 0:5P 1:4 33884 | 2 3 ¢ =31 06evP
0:43 109k | 37 5 3.763 1 2+ ¢
1:027 11Mk 9 4 4.310 0 ¢
1.09°¢ broad 4.37 0 ¢ '
1:28 209K | 130 20 454 2 c
1:78 209K | 60 20| 5.00 1 1+ ¢
2:45 209 110 40| 561 1 3+d
2:58 209 55 20| b5.73 2 3 d
274 broad 5.8 2 1 i
35¢ 140 6.6 1 Q+d
3.8d broad 6.8 1 (H+d
455f 14 7.54 >3
(4.68) 45 (766) | >0
4.80 90 777 | >0
(5.01) 27 (7.96) | >0
5.31 65 823 |>1
5.49 110 8.40
5.59 75 849 |>1
6.18 120 903 |>1
7.18 100 994 | >0
7.82 65 1053 | >2
9.72 120 1227 |>2

2 See also Table 12.5in (1968AJ02).

b (1969M010). Also observed in1*B(n, ): =25 8 meV (1969M010).

¢ (1970LA21). See also (1974BI107).

d (1973NE19). Seealso (1974B107).

€ (1961F007).

f This resonance and all the higher energy ones have been observed by (1961F007).

9 (1951B0O45| 1968AJ02).

h (1962IM01).

' The low penetrability for | = 2 neutrons means that the observed width of this level is
predominantly | = 0. Thereduced widthisprobably 80% | =2 and 20% | = 0 (1970LA21).
12 cannot be excluded (1973NE19).

kK Also observed in 1*B(n, ) (1962IM01).

13



The cross section for reaction (a) has been measured for E,, = 14:7 to 16.9 MeV (1962KA 1A,
1966ST17, 1967FL16, 1967NA1C). See also (1971CU1B, 1971PR09, 1972EDO01). For reac-
tion (b) see 1°Be in (1974AJ01). For reaction (c) see (1958WY 67, 1972BI1E). See also °Bein
(1974AJ01). The cross section for reaction (d) has been measured by (1956AR21, 1959SA04,
1970SC29, 1973B0O26) in the range E, = 12:6 to 20.0 MeV, and a E,, = 25 and 38 MeV
(1972K119): no resonances are observed. See also 8Li in (1974AJ01) and (1968AJ02).

13. 'B(d, p)*?B Qum = 1:145

Observed proton groups and gamma rays are displayed in Table/12.7.

Angular distributions have been studied at many energies: see (1968AJ02) for earlier references
and Table[12.7. Recent interest has centered on the fi rst unbound state in'?B, at E, = 3:39 MeV:
a DWBA analysis, when combined with information from B + n (see reactions 10 and 11),
finds |, = 2 and is consistent with J = 3 for ?B*(3.39) (1969F010). See also (1971BU0Z;
theor.). Assuming |, = 2 to this state (1972DZ206, 1973D002) analyzed the data in terms of a
peripheral stripping model and calculated , = (1:9*38) eV for 2B*(3.39) [see also Table(12.6].
The probability ps-, for transfer of a neutron with angular momentum % has been determined for
the po and p; groups using vector polarized deuterons with Eq = 10 and 12 MeV (1970FI07).

The J assignments for 12B*(0.95, 1.67) are derived as follows [see (1968AJ02) for detailed
listing of earlier references]: 0.95 MeV: I, = 1leadstod =0%,1%,2% or 3*. The -radiationis
anisotropic and therefore J & 0 (1963WA20, 1968C0O14). ., istoo short for pure E2 and hence
J & 3, which is confi rmed by studies of the polarization of 3, most recently by (1968GO17:
Eq = 0:5t0 5.5 MeV). Theresults are consistent with J = 1% or 2*. Thelatter isfi xed by -
correlationsin the cascade 1:67 ¥ 0:95 ¥ g.s. (1968CHO5). Themixing ratio = 0:08 0:06
(1968G0O17). =2:2 0:25 meV (19680L01). See also (1968G0O18, 1974KA29). 1.67 MeV:
I, = 0 and thereforeJ = 1 or 2 . The state decays primarily to *?By.. Gamma-gamma
correlationsleadtoJ =2 (1968CH05). Anassignment of 1 to 2B*(2.62) ismadein asimilar
manner.

(1971MO14) have analyzed existing *'B(d, p)*?B and ‘B + p reactions and have listed the
properties of thefi rst seven T = 1 statesin??B and 12C: see Table/12.13. Neutron reduced widths

2 for thefi rst six excited statesin*?B were cal culated from spectroscopic factors and compared
with2 2 for the corresponding **C states. The agreement was quite good once new values for the
partial widths of 12C*(16.11) [see (1974AN19)] became available (1971M014).

Seeaso (1967SP09, 1967TI1A,1970WI117,1973HOY D), (1973FI1C) and (1970VOQ9; theor.).

14. 1B(t, d)2B Qm= 2:888

Not reported.

14



Table 12.7: 2B states from 'B(d, p)!?B @

2Bx (MeV  keV) | 1,9 |J 9| S! Gamma decay (%) © m (fsec)
0 1 1" | 0.69
0:95314 0:60° 1 2% | 055 tog.s. 300 33°¢
200 40!
1:67365 0:60° | 0 | 2 |057| (32 04)k [¥095| <50°
(96:8 0:4) [¥ gs]
2:6208 1:2°¢ 0 | 1 |075| (14 3 [v167]| <70°
(80 3)  [¥ 0:95]
6 1) [T gs]
2:723 119 1 | 0* |021 (> 85) [¥ gs] <140f
3:383 9d 2" | 3 0.58
3.76¢ 1 2+
452 ¢ 2

2 See also Table 12.6 in (1968A.J02).

b (1966WI101).

¢ (19680L01).

d (1950BU1A,[1953EL 12).

¢ (1953HO48).

12728 2 keV (1971HIZF: unpublished).

9 See (1968AJ02) and (1971IMO14). See dso (1971HIZF).

h (1969F010).
' DWBA analysis (1971MO14).
J (1969GA 16, 1970GA09).

k(3:2  0:5)% (19680L01), (3:0 0:6)% (1968CHO5).
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15. 1B( ,3He)!?B Qm = 17:209
Not reported.
16. 2C( )'?B Qm = 92:289

Observation of -transitions has led to the determination of the capture rates to *2B* (0, 0.95,
1.67, 2.62) (1970BU1B, 1972M115); thoseto 2B*(0.95, 1.67) are consistent with zero (1972M115).
Using polarized muons, (1974P0O05) have determined the average polarization of 2By to be
0:43  0:10. See adso (1970H109).

17. 2C(n, p)'?B Qmn = 12:588

At E, = 54 MeV strong excitation of 2B*(0, 4.4, 7.8) is reported (1973K11K). See also
(1968AJ02) and 3C in (1976AJ04).

18. 12C(t, *He)'?B Qm = 13:352
Not reported.
19. 2C(’Li, 'Be)*?B Qm = 14:232

At E("Li) = 52 MeV the population of 12B*(0, 0.95, 1.71, 2.70, 2.87) and "Be(0) [and in the
case of 12B(0), of "Be*(0.43)] is reported by (1973BA34).

20. 13C( , p)?B Qm= 17:534

At Eps = 15 to 40 MeV, 12B*(0.95) is weakly excited (1971WI1N). See also (1973KI1J;
theor.) and 13C in (1976AJ04).

21. 13C(d, 3He)2B Qm= 12:041

16



At E4 = 28 MeV angular distributions have been measured for the *He groupsto 12B* (0, 0.95)
(1972BR27). [See reaction 66 in *?C for adiscussion of the population of the analog states in 12C
in the mirror reaction **C(d, t)'2C.]

22. BC(t, )**B Qm = 2:280
Not reported.

23. 1C(n, 1)'?B Qm= 17:229
Not reported.

24, **C(p, He)1?B Qm = 17:993

At E, = 63:4 MeV, the excitation of the lowest T = 2 state in 2B jsstated to be at E, =
12:710 0:020 MeV (1971INE1B, 1971INEIE: unpublished). This state has also been observed
at E, = 54 MeV as has another at Ex = 14:7  0:1 MeV. The angular distribution of the lower
state is consistent with L = 0; that for the higher state is rather featureless (D. Ashery, private
communication) [see also reaction 70 in *2C]. See also (19700L 1B).

25. 14C(d, )2B Qm = 0:361
See (1968A.J02).
26. UN(12C, “Y0)12B Qm= 18515

At E(**N) = 118 MeV the excitation of 2B* (0, 0.95) is reported by (1974AN36).

27. 5N(n, )12B Qm= 7:622
See (1948JE03).

28. 18Q(11B, 70)12B Qm= 4678
See (1974SW04).
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12C
(Figs. 6 and 8)

GENERAL: (See also (1968AJ02).)

Shell model: (1967SV1A,1968BA1L, 1968DR1B, 1968FA 1B, 1968FU1B, 1968GO01, 1968GU1C,
1968HA 11,/ 1968RO1G, 1969GU1E, 1969GU03, 19691K 1A, 1969L A26, 1969M O1F, 1969SA 1A,
1969SV 1A, 1969WA 06, 1969W0O05, 1970AR21,/1970BE26,/1970B0O33, 1970BO1J, 1970CO1H,
1970DE1F, [1970DO1A, [1970EI06, 1970GI 11, [1970GU11, 1970KHO01, 1970K004, 1970KR1D,
1970LO1C,/1970RE1G, 1970RU1A,/1970RY 1A, 1970SV1B,/1970W012, 1971AR1R, 1971B0O29,
1971GR16, 1971GU11,/1971INO02, 1971R003, 19717003, 19712001, 1972AB12, 1972BE1X,
1972B038, 1972BR1G, 1972F01G, 1972JA18, 1972KR1D, 1972L E1L, 1972M S01, 1972RE03,
1972SA1B, 1972SU01, 1972VEO1, 1973BO07, 1973EL 04, 1973FR09, 1973HA05, [1973HA49,
1973KU03,/1973L01C, 1973SA30, 1973YA1A,1974HU1D, 1974K A11,/1974KU05).

Collective and deformed models: (1968HE1C, 1969AB05, 1969BA 1R, 1969RU04, 1970DA13,
1970KHO01, 1970SH1C,[1970SV 1B, 1970TU01, 1970WE1B, 1971ARI1R, 1971B029, 1971CI 03,
1971HO19, 1971SP11, 19717003, 19717001, 1972AB1C, 1972BE1X, 1972B038, 1972FO01G,

1972HO56, 1972LE1L, 1973B0O07, 1973CA 16, 1973D010, 1973FU1E, 1973KO1F, 1973LA35,
1973M S01,/1973YA 1A, 1974AR04,/1974L E04, 1974TA19).

Cluster and alpha particlemodel: (1968FU1A, 1968HE1B, 1968PI 1A, 1968TA1G, 1969AB1B,
1969BA 1],/1969BE1K, 1969BR1H, 1969HE1G, 1969HU1C, 19691K 1A, 1969K 102, 1969K 01K,
1969L E21, 1969NA1C, 1969SM 1A, 1969TA 1F, 1969TA1C, 1969WA06, 1969YA 1A, 1970BA 1Q,
1970BR35,1970DE45,/1970EI105,/1970E106, 1970EL 01, 1970HU1F,1970K O26,/1970L124,(1970M C1D,
1970NE1F, 1970NO1A|/1970YU02, 1970Z104,/1971AB07, 1971AB1B, 1971BA85, 1971B0O20,
1971DA13,1971DU06, 1971FR06, 1971FR15, 1971KHO06, 1971KU1G, 1971NO03, 1971NO02,
19710S04, 1971RA36, [1971RI1D| 1971SA1A, 1971TA13, 1971VI05, 1972AB1C, 1972AB11,
1972AB19, 1972AK 10, 1972BA59, 1972DE03, [1972FR1B| [1972GR42, [1972HO56, 1972I1K 1A,
1972L E40, 1972RU13, 1972TU01, 19727103, 19727105, [1973AB1G, 1973AB1A, 1973ANI1K,
1973ANO05, 1973AN1IM, 1973BEI1L, 1973C013,/1973C015,/1973FU1E, 1973HA57, 1973IK 1A,
1973KH1A,/1973KUO03, 1973LA35,1973SA38, 1973VA 1M, 1973YA 1A [1974AB05, 1974HO1Q,
1974JA24,1974KA23,1974KA11, 1974MEO08, 1974SM 1A,/1974SM 04, 1974SU1B, 1974VA1IN).

Special levels: (1966BR1D, [1967MA1B, 1968CE1A| [1968LA 1B, [1969GUO03, 1969HA LG,
1969HA1F, 1969SO1E, 1969W005, 1970AR21,/1970B0O33, 1970BO1J, 1970DA13, 1970GR27,
1970PE18, 1970R020, 1970RU1A, 1971ARI1R, 1971BE2B|1971FA 11, 1971FR15,1971GO1D,
1971GR49,1971GR23, 1971GR1V, 1971MC15, 1971INO02, 1971R0O03, 1971SE03, 1971V105,
1971WA27, 1972A101, [1972BE1X, 1972DE03, 1972ENOQ5, 1972GR1K, 1972HA1R, 1972JA18,
1972SU01,/1972SU04, 1973B007, 1973CA 1], 1973IK1A, 1973KH1A, 1973KN1C,/1973MA 1K,
1973MI1F, 1973SA30, 1973VA 1M, 1973YA 1A, 1974AR04, 1974HA1G, 19741 T1A, 1974K A11,

1975SHO1).
Giant resonance: (1968BA1J, 1969DR05, 1969MA22, 1969R0O26, 1969UBOL, [1970FI1D,
1970FRI1E,[1971DU13,/1971GR23,1971GU1B, [1971GU10, 1971SE03, 1971WA 27, 1972K A33,
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Table 12.8: Energy levels of 12C 2

Exin12C
(MeV  keV)

cm: Decay
(keV)

Reactions

gs.

4:4391 0:3

7:6552 0:8

9:641 5

10:3 300

10:844 16

(11:16  50)
11:828 16
12:710 6

13:352 17
14:083 15

15:110 3

16:1067 05

0*:0

20

0*:0

(0); 0
1:0

(27);0

2.0
1*:0

(2 )0
4% 0

1*:1

21

stable

10:8 0:6 meV

8:7 2:7¢eV .

34 5kev ,
3000 700
315 25

430 80
260 25
14:6 2:6eV ,

375 40 keV
258 15

42 TeV ,

6:5 0:6 keV . P

19

4,10, 11, 12, 13, 20, 21, 22, 23,
24, 25, 29, 30, 31, 32, 33, 34, 35,
36, 43, 45, 46, 47, 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, 83, 84, 85, 86, 87, 88,
89, 90, 92, 93, 94, 95, 96, 97

3, 4, 10, 11, 12, 20, 21, 22, 23,
24, 25, 29, 30, 31, 34, 35, 36, 43,
45, 46, 47, 49, 51, 52, 53, 55, 56,
57, 58, 59, 63, 64, 65, 66, 67, 68,
70, 73,74, 75,76, 77, 78, 80, 81
83, 84, 85, 86, 88, 90, 98

4, 10, 11, 12, 20, 22, 25, 29, 30,
31, 35, 43, 46, 47, 49, 51, 52, 53,
55, 56, 58, 63, 66, 67, 76, 80, 84,
85

4, 10, 11, 20, 22, 25, 29, 30, 31,
34, 43, 46, 47, 49, 51, 52, 53, 55,
56, 58, 67, 76, 84, 85, 86

10, 35, 46, 63

10, 20, 29, 30, 43, 46, 47, 53, 55,
58

30
20, 22, 29, 30, 46, 47, 53, 55, 58

20, 22, 29, 30, 31, 43, 46, 47, 49,
51, 52, 53, 55, 58, 63, 65, 66, 67,
75,76

20, 30, 53, 55, 58

11, 20, 43, 47, 51, 52, 53, 55, 56,
58, 75, 76, 80, 84, 86

3, 4, 13, 20, 22, 25, 29, 30, 36,
43, 47, 49, 51, 63, 64, 65, 66, 67,
75

12, 20, 25, 29, 30, 36, 43, 47,51
65, 66, 67, 75, 80




Table 12.8: Energy levels of 12C 2 (continued)

20

Exinl2C JT om: Decay Reactions
(MeV  keV) (keV)
16.58 2;1 300 . P, 20, 25, 27, 29, 43,51
17.23 11 1150 . P, 25, 27, 29, 36
17:76 20 0";1 80 20 P, 12, 25, 27, 38, 65, 80
18.13 (1*;0) 600 100 P 25,43
(18:27  50) (4 :0) 275 40 30
18:36 50 3 ;1 210 40 . P, 25,30
18:40 60 0;( 43 p 27,51
(18:6  100) 3) 300 43
18.71 =+;(1) 100 p, 25
18:80 40 271 80 30 ,n,p 25, 26, 27, 29, 47,51, 65
19.25 ;1 1100 , N, p, 25, 26, 27, 30, 38, 43
19.40 (2*: 0) 45 P, 25, 27
19:57 40 4 :1) 400 60 30, 43, 51
19.69 180 n, p 26
20:0 100 2" 90 p 27,43
20.24 170 n, p 26, 27
20:5 100 (3%; 1) 250 , N, p, 20, 25, 26, 27, 43
20:6 100 3:;1 200 40 , N, p, 25, 26, 27, 30
20.98 270 n, p 26
21:60 60 3 1200 200 ,n,p 25, 26, 43, 47, 65
21:95 150 11 800 100 43, 47
22:50 50 11 275 40 N, p 26, 30, 37, 40, 47, 65
225 11 3200 , N, p, 25, 37, 38,43
23.04 2 ;0 60 n, p 26, 27, 37
23:52 30 11 230 80 , N, p, 12, 25, 26, 37, 38, 47
23:90 80 @:;1 400 100 ()np 26, 37, 43, 47
24.43 100 n, p 26
25:2 150 ;1 510 100 ,n,p 26, 38, 43, 47
25.24 165 n, p 26
255 @1 2000 N, p 25, 37, 38,43
259 400 ,n,pd, 14, 16, 18, 26, 38, 47
26.7 270 ,n,p,d, 16, 25, 26, 43




Table 12.8: Energy levels of 12C 2 (continued)

Exinl2C J:T cm: Decay Reactions
(MeV  keV) (keV)
27:0 200 ;1 1400 200 P 25, 47
27:611 20 o T =2 12,70
27:8 200 350 .n,p,3He |5, 2543
28.2 11 1600 ,n,p,3He | 4,25,37
28:83 40 1540 90 ,p,3He | 4,25
29:4 300 1400 200 ,n,p,t,2He | 5,6,25,37,38, 42, 47
296 100 | (2%; T =2) narrow 70
30:29 30 1960 150 ,n,3He | 4,37,43
31:16 30 2100 150 ,p.3He | 4,38
32:29 40 1320 230 ,n,3He | 4,37,43
33:47 210 1930 50 , 3He 4
35:7 700 P 38

2 See dlso Tables[12.9]/12.10 and[12.12.

1972KE06, 1972M S01,/1972SU01, 1972NA05,/1973BA05, 1973DES3, 1973HA1Q, 1973MA1T,
1973M S01,/1973M S02,1973P106, 1973SU03,/1974CA 1R, 1974FA 1A 1974M U 13).

Special reactions: (1968BRI1E, 1969GA 18, 1971AR02, 1971BA16, 1972AB11, 1973AZ1A,
1973BU12,1973DEO07,/1973KU03, 1973WI115, 1974F022, 1974RE1B, 1975CR01, 1975KU01).

Electromagnetic transitions: (1968CA08, 1968LA1B, 1969AB05, 1969DR05, 1969HA1G,
1969HA1F,[1969L A 26, 1970DO1A,1970WE1B, 1971TA13,1972AB12, 1972BE1X, 1972BE98,
1972B038, 1972DE03, 1972NA05, 1973AL 14, [1973BE1L, 1973B0O07, 1973B0O31, 1973CA16,
1973EL 04, 1973HA49, 1973HA1Q, [1973KU1N, [1973LE1E, 1973SA30, 1974ABO05, 1974FI 03,

1974MU13).

Astrophysical questions: (1967SH1B, 1967WI11B, 1968DU1C, 1969TR1A, 19700H1B, 1972CL 1A,
1972KO01A, 1972UL 1A, 1973AR1H,1973AU1B, 1973AU 1D, 1973AU1C, 1973BO1R, 1973CA 1B,
1973C01J, 1973C0O1B, 1973DA1L| 1973GR1G, 1973IB1B,/1973RA1D) 1973SA 1], 1973SC1T,
1973SM 1A, 1973TA1E, 1973TA1D,/1973TR1C, 1973TR1B, 1973UL 1B, 1974AR1G,/1974BE1R,
1974BO2K, 1974DA1N, 1974LA1J,1974LA1K, 1974PA1E, 1974SC1F, 1974SN1B, 1974TQO1C,
1974WI1F, 1975FA1H, 1975TA1E).

Muon and neutrino capture and reactions: (1967EV 1B, 1967HI1B, 1968FR1E, 1968FU1B,
1968HI1C, 1968K E1D| 1968RH1A|1969DI1C, 19690Z1A, 1969VA37, 1969WU1A, 1970BU1B,
1970CA1H, 1970CA1J, 1970FR1E, 1970H109, 1970PR1H, 1971AG01, 1971LA11J,1971IMO1Q,
1971MU20, 1971PI1D, 1971PL 01, 1971PL1F, 1972BA1X, 1972CA08, 1972DES50, [1972K EQ6,
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1972L01J/1972MI15 19720C011972UB01 1973BA68, 1973BE51/1973BE38 1973CH16
1973D0041973KI12/1973KUIN1973MU04 1973MU11,1973SA1U1974DE1V,/1974DO1C
1974DU02/1974IM1G 1974KA1Q 1974KO1M, 1974P0051974\V012,/1975SU1G.

Pioncaptueandpionreactions:(1965CH121965GI11Q01967FO1A1967KO1B, 1967LE1DQ
1967MI1B,1968AG1A,1968AG1C,1968BA1M, 1968BA48,1968BE1F1968BI1B 1968CH1D
1968MA1G, 1968ER1A1968G0O1L,1968KE1Q1968K0O1B, 1968KO1C 1968NO1A 1968RH1A
1968ST1G1968TA1C,1968UB1A 1968\A1F, 1968WI1B 1968WI1D 1968ZE1A/1968ZU1A
1969AG1A, 1969BA1Q, 1969BA1L,/[1969CA1B 1969CH1G1969CH191969G0O1C1969HELE
1969KO1F, 1969MA1C 1969MO1E 1969M0O1G/1969UB01 1969WEO051970AB1A/1970BA44,
1970BA1E, 1970BA1F, [1970BE1)1970BELL 1970BI1A 1970BI1Q 1970BJ1A 1970CA1)
1970CH1F/1970CH1C 1970EL1E 1970ER1A1970G0281970GO1F 1970HI1091970HI1Q
1970HI17 11970723, 1970J0181970KA1H [1970KA1J[1970K023 [1970KO26, 1970KR1K
1970MA18/1970SC1P1970RA39/1970ST211970\A18,/1970WI21 1971AM1A, 1971BI1K,
1971CA011971CA1J1971DE311971ED021971FA09, 1971GR1X/1971GU111971GU1H
1971GU131971IN1A1971KO30,1971LA1IR1971LE141971LE1Q1971LO1H/1971MA1G
1971MA291971IMA1R 1971MALT, 1971MA2A 1971M0291971PE1D1971R014,1971RO1L,
1971SE021971SI136 1971SK03 1971SK02 1971ST10 1971THO5 1972AB1H 1972AL45
1972BA13, 1972BE34/1972BE36/1972BI109 1972BJ1P, 1972DE07 1972ER02/1972ER1A
1972FA03, 1972FA14,/1972FU1G/1972FU221972G104/1972G01L,1972G010D1972GR1M
1972HU1A[1972HU1E 1972A1H,/1972KO1H, 1972K031,1972LA01, 1972LA1Q 1 1972LA24
1972LE03/1972LE4Q 1972MA1H, 1972MA32 1972NI113/1972SA101972SC181972SC40
1972SE131972SE1F1972S124 1972ST1H1972SW1A 1972\A1K|[1972YO1C, 1973AL09
1973AL1E 1973AL141973AL1A,1973AN18§1973AR1B1973AS1A1973BA2G, 1973BA1E,
1973BE2G 1973BE2B 1973BE20 1973BE47/1973BR1J1973BJ1B, 1973BJ12, 1973CA1)
1973CA171973CA1L 1973CL1J1973MA1G, 1973DE1Y,1973DI0§ 1973DO1FK 1973DU1C
[ 1,1973EI011973FA1N}/1973GA201973GE111973G0181973G0441973G0411973GR1)
1973GR1K1973HA34/1973HE301973H0431973HS1A/1973HS1B1973HU1E 1973A1K,
1973KA1D, 1973KI03 1973LAI1N 1973LA3Q 1973LE1F[1973LE22/1973LI1§ [1973LU1A
1973MA1Q1973MA111973MO1H 1973M026 1973MO1L 1973NY04 1973PE1E1973RD10,
1973R01Q, 1973SE1E1973SH1E1973SI1N 1973ST1K 1973UB01 1973WA1J, 1973WI1A
1973YEQ021973ZI11A 1974AMO0], 1974AZ02 1974BA2E, 1974BE2A 1974B0O271974BJ1H,
1974CA211974CA1R1974CA1G 1974CA1Q1974CA251974CL041974CU1A 1974DE1Y
1974EP02 1974GA0§ 1974GI108 1974HA6], 1974HELR 1974H029 1974HU14 1974KI01,
1974K014, 1974K0O07, 1974KU1K 1974KU02 1974LA12 1974LA22 1974LE1L 1974LE1M
1974L11H 1974L108 1974LI115 1974MA37,1974MI07, 1974MI106 1974MI11, 1974MI12 1974MUO03
1974NE1§ 1974NI0§ 19740H01 1974P102 1974ST1G 1974TA18, 1974UL0Z 1974012,
1974WI1R 1975AR02 1975GE021975HE1M 1975PI1E 1975YA02).

Kaoncaptueandkaonreactions:(1968CH1E1969KU1B 1971MALT, 1972BA09, 1972BL1Q
1972JU1A1972WA1F, 1973BA1Y, 1973BO1W1973BO1X 1973BJ1H, 1973CH1M 1973RA1P,
1973G0411974AL1]1974CA1H 1974DE411974HU1DQ 1974HU1E 1974MO1H 1975KI1M).
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