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(Fig. 19)
GENERAL.:
Theory: See (956KU1A 1958FR1Q.
1. 12B(57)12C Qum = 13.376

The spectrum is complex: sé&C. The transition tdC, ;. is allowed; hence/(*?B) = 1.

2. 5Li("Li, p)'2B Qm = 8.338

Three groups of protons are reported, corresponding tarthend state and to the excited states
at 0.95 and 1.67 MeV. AE("Li) = 2.0 MeV, § = 90° (lab), the relative intensitiesare 1: 1.1: 0.8
(1957N0O14. See alsol957NO17.

3. 7Li("Li, d)'?B Qm = 3.311
See!“C.
4.°Be(q, p)?B Qu = —6.884

At E, = 21.7 MeV, proton groups are observed correspondind?B*(0, 0.95, 1.65, 3.38,
3.82) (1951MC57 1955RA4).

5.9Be('Li, a)1?B Qm = 10.463

See (957NO17.

6. 1°B(t, p)\2B Qum = 6.344



Table 12.1: Energy levels d¢fB

E, (MeV + keV) J7 712 Or ' (keV) Decay Reactions
0 1t T =20.34+£0.5msec| (B |1,2,3,4,5,10,13,15, 20, 22
0.947+5 < 3* < 10 v 2,4,6,10
1.674 +11 17,27 < 10 ¥ 2,4,6,10
2618+ 11 < 10 6, 10
2.723 £ 11 < 10 10
3.383+9 < 3* < 10 4,6, 10
3.76 £ 10 2t 40 + 5 n 4,6,8, 10
4.54 £+ 20 37 140 + 20 n 6, 8,10
5.00 £ 20 1 60 £ 20 n 8
5.61 £ 20 2 120 £+ 40 n 8
5.73 £ 20 3 60 + 20 n 8

At E; = 0.90 MeV, proton groups are observed correspondintfB3¥(0.94, 1.65, 2.61, 3.37,
3.75, 4.46) {955BI26 + ~ 0.1 MeV).

7. 1B(n, 7)"2B Qm = 3.365

om < 50 mb (1958HU19. See also{953WI1Q.

8.1'B(n, n}''B E, = 3.365

The parameters of observed resonanceg,at= 0.43, 1.28, 1.78, 2.45 and 2.58 MeV are
exhibited in Tablel2.2 The rise of the cross section at low energies may indicat®adblevel
formed by s-wave neutron$9$51B0O4%. The angular distributions of elastically scattered neng
have been studied faf, = 0.43 to 1.50 MeV by (955WI25. It is found that the 0.43-MeV
resonance hag = 2%, formed by p-waves, either all in channel spin 1 or all in ctelrspin 2.
The 1.28 MeV resonance had= 3~, formed by d-waves, with the level width of channel spin 2
about 10 times that of channel spin 1. Potential scattetirig,a= 1.5 MeV is nearly all s-wave:
dp = —90° (1955WI125.

The total cross section for natural boron shows no sharpdiswities forE, = 4.4 to 5.6
MeV (o0 ~ 1.6 b) and forE, = 7.8 t0 8.6 MeV  ~ 1.4 b) (1956BE93. The total cross
section has also been measuredfgr= 6 to 9.7 MeV (L954NE1A and fromFE,, = 14.1 to 18.0



Table 12.2: Resonances'itB(n, n)!'B

E, 2 Crno — Otog P r,? 12« [ c 9r21 b JT
(MeV) b (keV) | (MeV)
0.43 £ 0.01 2.9 40+5 | 376 | 1 | 0036 | 2+
1.28 + 0.02 2 140+20| 454 | 2 | 0.28 3
1.78 4 0.02 0.4 60+20| 500 | 1 | 0012 | 1
2 | 0.056
245+ 0.02 0.5 120440 | 561 | 1 | 0017 | 2
2 | 0.053
9.58 & 0.02 0.6 60+20| 573 | 1 | 0.008 | 3
2 | 0.025

2 (1951B0451958HU13.
b (1951BO45: R = 4.5 x 10~13 cm.
© (1951B0O451955WI25 1958HU1S.

MeV by (1952C0411954C0O19; see (955HU1B. See also{955HI11G 1956LA1C 1957LA14
1958HU1§. At £, = 14.5 MeV the non-elastic cross section for natural borof.égl + 0.04 b
(1956FL1B.

9. (a)'B(n, d)\°Be Qum = —9.010 E, = 3.365
(b) 1'B(n, t’Be Qm = —9.564
(c) 1'B(n, )L Qm = —6.636
(d) B(n, p)'Be Qm = —10.69

The cross section for reaction (c) decreases from 27 mb,at= 12.6 MeV to 16 mb at
E, = 20.0 MeV (1956AR2). At E, = 14.1 MeV, the cross section for reaction (b)1i5 + 5
mb (1958WY67. Reaction (a) has not been reported. See dlS64HE1B. For reaction (d) see
HBe.

10. 'B(d, p)*B Qum = 1.138

Proton groups observed &t = 4.0 to 8.5 MeV are listed in Tabl&2.3 No other groups
are observed fo, = 0 to 3.15 MeV with an intensity greater than 4% of the grouratest
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Table 12.3:?B levels from!''B(d, p)'*B

12B* (MeV) * | I, J" T ©
0 1 1t e 3.4

0.947£0.005 | 1 | 3+, 2%,1*, (0%) | 1.5, 2.1, 3.5, (10
1.674+0.011 | O 27, (17) 3.5, (5.8)
2.618 +0.011
2.723 4+ 0.011
3.383+£0.009 | 1 | 3+, 2%,1*,(0%) | 1.6,2.2,3.7, (11

3.76"

4.53b 2 3-d 3.8

a (1950BU1A 1953EL13.

b (1953H048.

¢ From!2B(37)"2C.

4 From''B(n, n)''B.

¢ Neutron capture probability; proportional to reduced Wjdtvalues
greater than 4 are regarded as improbab8&8HO4§.

group, or from 3.15 to 3.5 MeV excitation with an intensityegter than 8%1953EL1). See
also (L954KH1A 1955KH35. Angular distributions and absolute cross sections haea loleter-
mined atF; = 8 MeV. Analysis by stripping theory leads to the assignmemdscated in Table
12.3 Neutron capture probabilities are compared with expestedle-particle values to elimi-
nate certain spin possibilitied953H04§. At £y = 1.05 MeV, ~-rays with energy 0.94 and 1.64
MeV are observed with an intensity ratio of 2 : I964TH1B. See alsol955RA41 1956KA1A,
1956TA07 1957CH251957CO59.

11. 1B(t, d)2B Qum = —2.894

Not reported.

12.1'B(a, *He)?B Qum = —17.213

Not reported.

13.12C(n, p)2B Qm = —12.593



14.

15.

16.

17.

18.

19.

20.

See (948JE03

12C(t, 3He)12 B

Not reported.

PC(y, p)’B

See!3C.

13C(d,*He)'?B

Not reported.

BC(t, a)’B

Not reported.

1“C(n, t)’B

Not reported.

“C(p,*He)'’B

Not reported.

1“C(d,a)?B

See also(950HU72.

Qm = —13.358
Qm = —17.539
Qm = —12.045
Qm = 2.274

Qm = —17.228
Qm = —17.993
Qm = 0.358

Qo = 0.362 £ 0.0015 (1956D04).



21.14N(n, >He)"?B Qm = —17.365

Not reported.

22.N(n, a)'2B Qum = —7.629

See (948JEOR

12C
(Fig. 20)

GENERAL:

Theory : See (955FE1A1955HE1E1956CA1F 1956EL1C 1956GL1B 1956HAL1C 1956HA1D
1956KU1A 1956MO10 1956NA1A 1956PE1A1956RE1C1956WI1FK 1957BA1H 1957BI1G
1957HE1B 1957KU58 1957PA1A 1957RE1A 1957SA1B 1958CA1G 1958FR1G.

1. 7Li(°Li, n)12C Qum = 20.931

See (957NO17.

2. (a)’Be(He, n}'C Qum = 7.565 E, = 26.286
(b) °Be(He, p)}'B Qm = 10.329
(c) °BelHe, a)®Be Qm = 18.911
(d) °Be(He, d)’B Qm = 1.093

The yields and angular distributions of protons leadindhdround state and several excited
states of!!B have been investigated b§956AL1E E(*He) up to 2.7 MeV), by 1955HO10
1956HLOt E(*He) = 2.0 MeV), by ((1956WO01A 1956W0O1G 1957JO1B and E. Wolicki,
private communication: 2 to 4.5 MeV) and by (D.R. Sweetmainjate communication: 6.05
MeV). The yield rises rapidly td’/(*He) = 1.8 MeV and remains approximately constant to 4.5
MeV, with no indication of resonance. Angular distributsoshow fore and aft asymmetry and
vary only slowly with energy. AtE(*He) = 2 MeV, it appears that both direct interaction and
compound nucleus formation, involving interfering resoces withl < 3, may be taking place.
At higher energies the forward peaking suggestive of dimgtetraction becomes more obvious.
See alsd!'B. For reactions (a), (c) and (d), s€€, ®Be and'B.



Table 12.4: Energy levels 6fC

Fy JT T T Decay Reactions
(MeV = keV) (keV)
0 0™;0 —a stable 1, 3, 10, 11, 16, 17, 19, 20, 24
25, 26, 27, 28, 29, 30, 31, 32, 3
34, 37, 39, 40, 41, 42
4.433+£5 2+:0 | 0.01 —0.02eVP ¥ 3, 10, 16, 19, 20, 24, 25, 26, 2
29, 30, 34, 39, 41
7.656 + 7 0";0 <25 a, (7) 3, 10, 16, 19, 24, 25, 26, 29, 3
39
9.63+14 | (17);0 30+£8% 10, 16, 24, 25, 26, 27, 29, 39, 4
10.14£200 | 07;0 ~ 2000 19, 25, 42
10.84 + 50 10, 16, 26
11.1 + 100 16
11.81 £ 50 10, 16
12.73+50 | (17);0 (), 10, 16, 26, 29, 30
(13.21 + 50) 16
13.30 £ 50 10, 16
14.05 + 60 10, 16
15.11 4+ 10 11 0.069 (a), vy 3, 10, 16, 20, 23, 25, 26, 34, 39
15.62 + 60 10, 16
16.11 +2 2t 1 6 a, P,y 10,12, 14, 16, 23
16.58 £15 | 27; (1) 295 o, P,y 10, 12, 23
17.23 17; (1) 1160 o, P,y 12,14, 22,23
17.77 (01) 140 o, p 12
18.37 (271) 280 o, P,y 12,23
18.40 46 p, @ 14
18.85 90 n, p,y 12, 13,14
19.26 450 n, p,y 12,13,14,21
19.42 45 p 14
19.67 180 n, p,(v) 13,21
19.88 90 p, P 14
20.27 180 n, p, () 13, 14,21
20.49 180 (n), p,y 12,21
20.65 180 n, p,y 12, 13, 14, 21, 22, 26
21.34 n, p, () 12,13, 21, 22

W =

~

OJ




Table 12.4: Energy levels 6fC (continued)

Fy JT T Decay Reactions
(MeV = keV) (keV)

21.80 n, (), p, (7) 12, 13, 21, 22, 23
22.55 4+ 100 ~ 4000 n, p,y 12, 13, 20, 21, 22, 23

(22.8) (), (), (p), (7) | 21,22

(24.3) n, (a), (v) 13, 23

(25.4) n, p, d 6, 13

(26.0) n,a, (p), d,(y) |5,6,8, 22

(26.4) (o), p,d 6, 8

(26.8) a, p,d 6,8

(27.0) p, d 6

(27.2) p, d 6

(27.4) p, d 6

(29.4) (@), (y) |28

2 For reduced width, se€B(d, n)'2C and Tablel 2.8
b See reactions 3, 20 and 24.

3. ?Be(q, n)'2C Qm = 5.709

Neutron groups corresponding to state$?a*(0, 4.4, 7.6) have been observed with up to
5.3 MeV. At £, = 5.3 MeV the forward yield of the group leading to the 7.6 MeV statabout
é of that leading to the 4.4 MeV state: seé®b2GU1A 1955ST1C1956ME1B 1957RI39; see
also (L957DI1B.

The energy of the-ray from the first excited state #s425 + 0.020 (1954MI69, 4.48 + 0.06
MeV (1955BE1G (both values corrected for Doppler shift). The internal panversion, coeffi-
cient indicates an E2 transitiot§54MI69; the angular correlation of pairs admits M1 or E2, fa-
voring the latter {954HA07 1956GO1K 1956GO731958AR1B. The angular distribution of-
rays observed at several bombarding energies is consigitbnf = 2+ (1955TA28 1956PR1A.
The n< correlation atF, = 5.3 MeV (thick target) is isotropic within 6.5%1056ST1E see also
(1958TA09). The mean lifetime of the 4.4 MeV level {8.6 +-0.9) x 10~ sec, about one-eighth
of the single-particle value for an E2 transiticitB66DE22.

The 7.7 MeV state appears to decay predominantlyiB®+ o (see'?B(37)'2C and'?C(a,
a)*2C*). Agammaray of energy 3.1 MeV has been reportedii®§pEBF01 1954UE0] 1956ST1E
1956ST1EF1957ST1R, but 1955BE1G1957G0891957KR1A find no evidence of the 7.7 MeV
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nuclear pairs which should accompany the decay to the grsiate. (955BE1G estimate that at
least 96% of the decays proceed’Be + o; (1957KR1A 1958KR70 find < 1.6 x 10~° 7 MeV
pairs per 4.4 Me\y-ray; assuming a population ratio of 1 : 8, this result yidld4™ < 1.3 x 10~%.
An upper limit ofﬁ for the ratio of 7.6/4.4 MeV pairs is reported bio67G0O8Y. (1954DI1A)
find no n+< coincidences other than those associated with the 4.4 Ma&\V. IBee alsol957RO1H.
At E, = 21.7 and 175 MeV,y-radiation from the 15 MeV,) = 1+; T = 1 state (seé*C(p,
p)'2C*) is reported (954RA35 1957WA049. At the higher energy, the ratio of 15 MeV to
4.4 MeV radiation isl.2 x 10~2 (1957WA1H. See also{954EL1B 1955BR1A 1955HALE

1956GO1N1957BR1yand (L955MA1J theor.).

4.19B(d, y)!2C Qm = 25.195

At Eq = 0.95 MeV, the upper limit to the capture cross sectiof.isub (1955SA1B.

5. 19B(d, n)''C Qum = 6.473 E, = 25.195

The thin-target excitation function in the forward directiin the rangd~y; = 0.3 to 4.6 MeV
shows some indication of a broad resonance rear= 0.9 MeV. Above £, = 2.4 MeV, the
cross section increases rapidly to 210 mb/sr at 3.8 MeV, hed temains constant to 4.6 MeV
(1954BUOG 1955MA76. Angular distributions seem to be dominated by the striggirocess:
see!'!C. The yield of 6.5 Me\W-rays has been measured at four bombarding energies bebagzen
and 2.2 MeV {955SA1B. See alsd!C.

6. 1°B(d, p)'B Qum = 9.237 B, = 25.195

Absolute yields and angular distributions are reporteddoious proton groups byl052EN19
1954BU0G 1954PA28 1956 MAG9 1956VAL7Y) for £y = 0.18 to 3.1 MeV. Although the excita-
tion functions show several broad peaks, no clear resosaraebe identified, and it must be as-
sumed that many overlapping resonances are involV@KMA69. Angular distributions indicate
both stripping and compound nucleus processes even at lovbdraing energiesl@54PA1D).
However, the p group, leading td'B*(2.1), shows no stripping even &, = 3 MeV; it is sug-
gested that an orbital angular momentum selection rule ésatipe here {956MA69 see!!B).
Absolute cross sections reported BpH4BU0G 1954PA28 1956 MAG9 differ rather greatly.

The yields of 6.8 and 7.3 MeY-rays have been measured at four bombarding energies betwee
0.8 and 2.2 MeV 1955SA1B. At E4 = 1.70 MeV, f(lab) = 58°, the cross section for protons
leading to the 6.76 MeV state is 6.215%) mb/sr (956KA1A).
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7.10B(d, d)\°B B, = 25.195

See!'B.

8. 19B(d, a)*Be Qum = 17.819 B, = 25.195

Excitation curves for ground stateparticles have been measured fory = 0.9 to 2.6 MeV
at45°, 90° and150°. Broad maxima are observed at 1.0, (1.4) and 2.0 Me\EAE 0.91 MeV,
the angular distribution af, particles shows a peaking in the forward directit8§6MA69. See
also®Be.

9. 19B(t, n)2C Qum = 18.937

Not reported.

10.1°B(3He, p)2C Qum = 19.702

Proton groups reported byl 955B126 and ((958M0O99 are listed in Tablel2.5 A care-
ful search, atE(*He) = 1.25 MeV, reveals no other level in the rande = 4.4 to 7.7 MeV
(1958M099 region atE, = 6.4 MeV obscured). AE(*He) = 2.0 MeV, the proton group leading
to the 15.11 MeV level was found to be in coincidence with a&l@3veV ~-ray: I',/T" for this
level is0.77 + 0.20. The ratio of the width fory-emission to the 4.4 MeV level to the ground
statel', is ~ 0.03. The 12.76 MeV level also emitgrays: I',/I' ~ 0.02, suggested/™ = 1+
((1957G0O1B and H.E. Gove, private communication). Coincidence sy (958M099 lead
toI',/T" < 0.9% for the 7.7 MeV levell',/T' = 3 £ 1 % for the 12.76 MeV level, andl + 25 %
for the 15 MeV level. See alséB(d, n)'2C, (1958BR10 1958SW63 and!®N.

11.19B(a, d)'2C Qm = 1.351
Qo = 1.341 + 0.002 (1956D04).
Qo = 1.36 = 0.09 (1956PI1A.
Qo = 1.39 + 0.01 (1953SH6.

See alsd*N.
12. (a)"'B(p,7)'2C Qum = 15.958
(b) 1B(p, a)®Be Qu = 8.582 E, = 15.958
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Table 12.5:2C states from’B(*He, p)*C

A B
E, (MeV) r,/r E, (MeV + keV) r,/r

4.43 1 4.43 1
1.77 7.65 < 0.009
9.61 9.61

10.75 10.90 £+ 60

11.83 11.84 £+ 60

12.76 0.02 12.69 + 60 0.03 +£0.01

13.31 13.30 £ 60

13.97 14.05 £+ 60

15.10 0.77 £0.20 14.97 4+ 60 0.50 +0.25

15.62 £ 60
16.04 16.10
16.57 16.57 £+ 60

A: (1955BI26 1957G0O1B: E(*He) = 0.9 and 2.0 MeV, values-0.1
MeV.
B: (1958M099: E(*He) = 1.25 MeV.

In the rangeE,, = 0 to 3 MeV, five principal resonances occur, /8 = 0.16, 0.67, 1.4, 2.0
and 2.6 MeV (see Tablg2.6. All except the second and fourth exhibit resonancenfgra, o
and~; (to ®Be*(0, 2.9) and*C*(0, 4.4)); atE, = 0.67 MeV, only a4, v, are resonant. It follows
from angular momentum selection rules that resonances,farust have the charactéf = 07,
17,2%,37...;J = 07" is excluded by observation of.

The £, = 0.16 MeV resonance'tC*(16.11)) is well established a = 2*; probably the
T = 1 analogue of?B*(0.95). The angular distribution af,, particle is strongly anisotropic at
resonance and shows @{6) term varying with energy near resonance. The assumptiea
2%, 1, = 1, with interference from an s-wave state at higher energgsg&v good account of the
observed angular distributions frof, = 0.13 to 0.3 MeV. The channel spin ratijp= 0.4240.02;
the relative amplitude of the interfering= 1~ state is0.022 4+ 0.002 (1952TH1B. The angular
correlation ofa; and the subsequent breakup®8ie*(2.9) also required = 2F, with the ratio
of reduced matrix elements for outgoing d to s-wauves= 0.80, phase differenceos 3 = 0.60
(1955GE1A. The angular distribution of; and of the following 4.4 MeV radiation is consistent
with the schemé*(M1)2*(E2)0" with the channel spin ratig = 0.42 (1954GR1(; (1956CR1(
obtainy = 0.51 + 0.03. Angular distributions of the 16 MeV radiationg, requireJ = 27, with
interference froma = 1~ level atE, = 1.4 MeV (1954GR1C1956CR1Q. (v, is not resonant
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atE, = 0.67 MeV, so this state cannot be involved here.) The resonamgygmel163.1 + 0.2 keV,

Table 12.6: Resonances'iB(p, v)'2C and''B(p, a)*Be

Ey | T | one)® | 0(r2)* | o(a)® | o(a1)® | Tye® | Ton® | T | Tey® | Ty | 2C* | JmT
(MeV) | (keV) |  (ub) (ub) (mb) (mb) | @V) | (eV) | (keV) | (keV) | (keV) | (MeV)
0.163 7 55 152 0.2 10 <3 70 0.1 5 0.005 | 16.11 | 2™;1
0.675" | 322 | (<2.3)¢ 48 | (<02)8 | 600 | <05| 15 | <0.05| 150 | 150 | 16.58 | 27; (1)
1.388P | 1270 35 18 6 150 40 20 7 200 | 1000" | 17.23 | 1—; Q)
1.98%4 | 150 | non-res. | non-res. [8]f [39]F 17.77 | (01)
2.63>4 | 300 weak res. [16] f [180]f 18.37 | (21)
3.134 100 weak res. 18.83
3.554 500 res. res. 19.21
4,944 200 | non-res. res. 20.49
5.124 200 | non-res. res. 20.65

2 (1953HU29; ratio o (y16)/o(112) = 3.3+ 1 % atE, = 0.16 MeV (1956CR1G.

b (1953HU29.

¢ (1955H048.

4 (1955BA2).

e (1953BE6).

' (1953PA2§: normalized at,, = 1.4 MeV. See also{955H04§.

& Non-resonant.

I According to (957DE1), I', ~ 50 keV: see'!B(p, p)'!B. If this value is usedqa-widths should be increased by a factor of 6, and
~-widths by a factor of 20.

[, = 6.5+ 0.6 keV (see [955AJ6)). The very smalb-width suggest§” = 1 (1953BEG).

For theE, = 1.4 MeV state {?*C*(17.23)), the possible assignments are(s-wave),2* (p-
wave), 1~ or 3~ (d-wave); d-wave formation would seem to be excluded by theeoved width.
As indicated above] = 1~ appears to be required to account for the interference arlenergies
in oy and~y; known higher resonances are probably too narrow to protheeebserved effects.
(1957DE1]) find that theay-dsitributions forE, = 0.6 to 1.4 MeV are well accounted for by
the assumption of s-wave formation #f= 1~ through channel spify = 0) with a relative d-
wave amplituded = 0.5, and interference by the 2.6 Me¥,= 2", state, with relative amplitude
C = 0.25. A qualitative fit to the behavior of; can be obtained with the same assumptions
(1957DE1). Angular distributions ofy, at £, = 1.4 MeV admit eitherJ = 2% or 1~; for the
latter, however, formation in channel spin 2 & oo, d-waves) is requiredl@55G0O1(). The
angular correlation of internal pairs indicates E1 4gr(1956GO1K 1956GO1N 1958AR1B.
The large E1 width suggesIs= 1 for this state {953BEG).

The E, = 0.67 MeV state {(*C*(16.58)) may be formed by s- or p-waves; d-waves are ex-
cluded by the width{953BE6). The angular distribution of; at £, = 0.64 and 0.93 MeV
indicates s-wave formation: if = 2~ is assumed, the d-wave admixture<is10%. The cor-
relation of o; with the subsequeriBe*(2.9) breakup is consistent with = 2~ and excludes
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17; an appreciable f-wave admixture in outgoingparticles is indicatedl©57DE1). Correla-
tion results atfy, = 270 keV can be accounted for by = 2~ with interference from the —,
E, = 1.4 MeV state (955GE1A 1957DE1). The angular distribution of, is reported to re-
quire J = 27, with interference from the~, £, = 1.4 MeV state (954GR1B: according to
(1957DE1), however, the distributions observed BPY64GR1C1955G0O1() can equally well be
ascribed to/ = 27, with interference from a broad, even parity state, pogsibE, = 2.0 or 2.6
MeV (see, however,1054GI1B). The angular correlation of internal pairs indicates &flthe~;
radiation (956GO1K 1956GO1N AR57). The relatively large E1 width suggest= 1 for this
state ((953BEG).

The E, = 2.0 MeV level is reported to be resonant fas anda;; the relative weakness of
a; suggests/ = 07 (1953PA2§. These seems to be no clear indication of resonancegfor
or v, at this energy1955G010 see also1953HU29). At E, = 2.65 MeV, resonance occurs
for ag, a7 (1953PA26 and, weakly, fory,, v; (1955BA22 1955G0O10). A large P, coefficient
in the angular distribution of, suggests/ = 2% (1955GO1(. (1955HO4$ find £, = 1.98
and 2.61 MeV for the resonant energies for Additional resonances foy, and~,, reported
by (1955BA2) are listed in Tablel2.6 (1959GE33 have examined the excitation function for
ground-state transitions frot, = 4 to 7.7 MeV. The experiment locates the maximum of'trf@
giant resonance df, = 22.55 4+ 0.1 MeV but does not resolve individual levels. Two additional
peaks, atr, = 21.4 and 22.1 MeV are suggested. The maximum value(ef p) is calculated to
be29 + 5 mb.

An upper limit for the total cross section (average valbig,= 1.7 to 4.0 MeV) for the pro-
duction of nuclear pairs witl’, = 6.5 to 9.5 MeV is 0.03ub (1955BE6). See also{955AJ61
1956MALT), (1957SI1B theor.) and'Be.

13.1B(p, n}''C Qum = —2.764 B, = 15.958

Observed maxima in the (p, n) cross section are listed ineTEhl7 (1951BL1A 1955BA22
1957KA1G 1959GI47. The region covered is characterized by considerabldapeng of reso-
nances {959GI47. See also1956K010 1958MALF, 1958TA03J.

14. (a)''B(p, p)''B E, = 15.958
(b) "'B(p, p)"'B*

Absolute elastic scattering cross sections are reportazhi®angle fo, = 0.6 to 2.0 MeV by
(1956TA19, for four angles fotE),, = 0.3 to 1.0 MeV by ((957DE1). A pronounced anomaly is
observed neaf, = 0.67 MeV at all angles; the level is therefore formed by s-wavdse 0.3t0 1.0
MeV results are well accounted for by two resonandgs= 0.67 MeV, s-wave,] = 27,I' = 0.33
MeV, I',/I' = 0.5, d-wave< 10%, andE, = 1.4 MeV, s-wave,J = 17, ' = 1.27 MeV, I' /T’ =
0.05 (1957DE1). (The reported’,/I" for the 1.4 MeV resonance appears to be inconsistent with
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Table 12.7: Maxima in yields of:B(p, n)'!C and"'B(p, p)!'B*

A B C D E 12Cx
E, E, r E, E, o E, r
(MeV) | (MeV) | (keV) | (MeV) | (MeV) | (mb) | (MeV) | (keV) | (MeV)
2.664| 48 | 18.40

3.17 | 100 3.18 | 25 3.15 | 100 | 18.87

3.7 3.65 | 500 3.67 | 62 3.4 500 | 19.31
3.78 50 | 19.42

4.05 | 200 19.67

4.28 | 100 | 19.88
470 | 200 | =45 4.70 | 55 4.68 | 200 | 20.27

5.18 5.10 | 105 5.13 | 200 | 20.63
5.87 21.34
6.37 21.81

6.6 22.0

8.8 24.0

10.1 25.3

A: (p, n) (L1951BL1A): stacked foils.

B: (p, n) (1955BA22: § = 0 — 15°.

C: (p, n) M957KA1Q: stacked foils.

D: (p, n) (1959Gl47: total cross section (estimated from curve).
E: (p, F) (1955BA22.

the values 0.8 or 0.2 derived b$953BEG6) from (p, y) and (p,«) cross sections.)1056TA19
find no rapid variation in cross section neay = 2.0 MeV. The absence of a detectable anomaly
nearE, = 0.16 MeV confirms the small value df,, assumed for this resonandg;, < 200 eV
(J.C. Overley, private communication). See als856K154).

Maxima in the yield of 2.1 MeVy-radiation from!'!B*(2.1) are observed ak, = 2.664
MeV, I' = 48 keV: (1953HU29 1955BA2)) and atE, = 3.15, 3.4, 3.78, 4.28, 4.68 and 5.13
MeV (1955BA22 see Tablel2.7). (Judging form the width, the 2.66 MeV resonance is not that
observed, e.g., i'B(p, 7)'*C.)

15. 1B(p, d)\°B Qum = —9.237 B, = 15.958
Seel'B.

16



16.1'B(d, n)i2C Qum = 13.731
Qo = 13.63 + 0.05 (1957BI79.

Reported neutron groups are listed in Tal2e8 The group corresponding to the 7.6 MeV state
is weak, relative to neighboring groups, at all bombardingrgies investigated, and the stripping
pattern is poorly developed. The relative weakness of theVieV state in this reaction and in
the 12C(e, é)!2C* and 2C(p, p)'?C* reactions is attributed to lack of parentage overlap ki
ground state of?C (1955LA1Q. At E4 = 0.92 MeV, there is no indication of a state in the range
E, = 5.1 — 6.6 MeV: the upper limit of the intensity of the correspondingitren group is< 1%
of the intensity of the group corresponding to the 4.4 Me\lesta957BI79. For 4 = 1.1 to
2.0 MeV only the groups correspondingfC*(4.4, 12.76) are accompanied byradiation; an
upper limit for (n,~) coincidences from?C*(7.6) is 0.2% of'2C*(4.4) (1958DA11 1958NE38
1959NE1A.

Angular distributions of the neutrons to the first four ssaté '>C have been reported for a
number of energies in the rande, = 0.5 to 10 MeV. At the higher energies, the distributions
are understood in terms of simple stripping theory (exceptlie 7.6 MeV state). At the lower
energiesF,y = 0.5t0 5 MeV, a good account of the angular distributions of guabstate neutrons
is obtained with the theory ofLl570WO03 which includes not only stripping of the deuteron but
also the possibility of stripping a neutron frdfB, and the interference between the two processes.
The relative probability of the exchange stripping incesawith energy until the Coulomb barrier
is surmounted. The exchange process seems to involve sdeateron capture by &B core
with J = 17 (1956PR1B1957AM48 19570W03 see also1959NE1A). Angular distributions
at £y = 9 MeV indicate odd parity for the 9.6 MeV statég56MA83 see also 1954GR53
and Tablel2.8. For other work on angular distributions, sed®%7AM48 1958AM13 E4 =
0.50 to 1.15 MeV), (955WA30 E4 = 0.6 MeV), (1955IH1B E4 = 0.69 MeV), (1954GR53
E, = 0.85 MeV), (1957BI78 E4 = 0.92 MeV), (1956PR1B E; = 1.5 to 5 MeV), (1953GI05
E, = 8.1 MeV), and ((957ZE1A E, = 10 MeV). See also{954BU06 1956BO1F 1956B043
1956KO1E 1957RA1A and (L955MA1] 1958ED1C theor.).

In the rangeF; = 1.0 to 5.5 MeV, two slow neutron thresholds are observed@it7 + 0.004
MeV (E, = 15.11 £ 0.01 MeV) and near 4.1 MeV (broadt, = 17.23 MeV) (1955MA7H.
Gamma rays are observed with = 4.44 4+ 0.05 (1951RU1A and12.8 0.3 MeV (1958KA3]).

If the latter~-ray is properly attributed to decay of the 12.8 MeV levels ihot clear why the level
should so decay in view of its instability with respect®e and®Be*(2.9) (L958KA31 see also
1B(*He, p)}?C). A 15.1 MeV~-ray is observed with a threshold &f, = 1633 + 3 keV, attributed
to the firstl" = 1 state of'?C at 15.11 MeV. The observed width is 2 keV. A search fora-
particles to°Be and®Be* givesI',/T', < 1.5. At E4 = 2.96 MeV the cross section for production
of the 16.1 MeVI" = 1 state is< 1 mb/sr (L958KA31]). See also{955AJ6) and (L957WA0D9.

17.1B(He, dy2C Qum = 10.464
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Table 12.8: Energy levels ¢fC from ''B(d, n)?C

12Cx a lp (2J + 1)ﬂy2 (2J + 1)92
(MeV) (10~13 MeV-cm)
0 1l¢ 1.6¢ 0.11
4.38 £ 0.07 1ee 2.0°¢ 0.14
7.57+£0.11 d
9.6 £0.1 2° 1.9¢ 0.13
10.8 £0.1
11.1+0.1
11.74 + 0.08
12.76 £ 0.08
13.21+0.05"
13.36 £ 0.05°
(14.16 £ 0.05)
15.09 + 0.03
(15.52 4+ 0.03)
16.07 £ 0.03
2 (1952J0101954GR531957BI79.
b May represent a single level at 13.3 Mel862J01]
¢ (1954GR53.
4 Angular distribution shows peaking forward and backwarsee(

(1954GR531957BI79).
¢ (1956MA83 E4 = 9 MeV).

At E(®*He) = 4.5 MeV, the ground state deuteron group is strongly peaked enfdhwvard
direction (L957HO6).

18.11B(a, 1)'2C Qum = —3.855

Not reported.

19.12B(37)12C Qm = 13.376
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Table 12.9: Branching it*B(37)'2C (1958C0O66§

12C*(MeV) | J™ | Branching fraction (%) log ft?
0 0t 97 4.14+0.1

4.43 2+ 1.54+0.3" 5140.2
7.653 +0.008 | 0 1.34+04 4.24+0.3
10.1£0.2°¢ 0t 0.13+£0.04 414+04

* Based oy, = 20.6 msec.

b (1958KA3D): 1.4 £ 0.4 %. (1956TA0Y: 1.7 & 0.4 %. (1958VE20):
6+ 3 %.

°I'=2.5MeV, 62 = 1.5.

The half-life is20.34 4+ 0.5 msec (weighted mean ofl955AJ61 1956NO1A 1957CO57
1958KR65 1958VE20Q 1959KR1B, excluding (948JE0P. Esz(max) = 13.40 + 0.05 MeV
(1958VE2(Q. Branches are observed leading't€*(0, 4.4, 7.65, 10.1): see Table.9 The
fact that the transition to thé"™ ground state is allowed establishés= 1+ for '2B. This as-
signment is confirmed by the allowed character of the trammsib >C*(4.4), J = 2*. The 7.7
MeV level decays mainly byi-emission to’Be(0) withQ = 278 &+ 4 keV; E, = 7.653 £ 0.008
MeV (1957CO59. Gamma transitions witl, > 6 MeV accompany< 10~* of all s-decays
(1956KA1A, 1958KA31); an upper limit of3 x 10~° is obtained in a search fgt-y (7.6) coinci-
dences 1958KA14). Upper limits for §.2 + 4.4) MeV cascades are given @54 +2) x 1073 and
10~° of all decays by 1956 TAO) and (L958KA14) respectively. It follows that the relative partial
width of the 7.6 MeV level is< 3 x 1073 for 7.6 MeV ~-rays and< 10~ for 3.2 MeV v-rays
(see alsdBe(x, n)'2C). Since thes3-transition is allowed, the 7.7 MeV state has= 0, 1T or
2%; J = 17 is ruled out by thex-decay. The preponderance @fdecay over-decay speaks for
J =0 (1957CO59.

The 10.1 MeV level decays mainly viaemission td?Be(0); transitions t6Be*(2.9) amount
to < 4%. The c.m. width is about 2.5 MeV (after removing tﬁg factor): the best account of the
observecdy-spectrum is obtained withh = 07, Ey = 10.4 MeV, 62 = 1.5, R =5.21 x 1073 cm
(1958C0O68.

The -spectrum has been reported BPHOHO0]1 1958VE2(. (1958GE1(Q discusses a pos-
sible distortion of high-energy-spectra in axial-vector coupling due to a “weak-magneatitér-
action.

See alsol957CH2Y, (1955JA1C 1957FE1C 1959SC1Btheor.).

20. 12C(’)/, 7/)12(:*
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Table 12.10: Parameters of the 15.1 ME€ level from!2C(y, 7/)!2C*

(1957HA13 | (1959GA09
peak absorptions? (b) 222422 | 29.7+1.1
integrated scattering, o,dE (MeV - mb) | 1.90 +0.27 | 2.33 £0.19
I'(total) (eV) 79416 | 64.5+10.4
(15— g.s.) (eV) 54.54+9.3 | 59.2+9.7
[, (15 — 4.4) (eV) < 5.5 32425
T, (eV) 18—252 2.143.2

a7, < 1.5 from B(d, n)'2C (1958KA3)).

The lifetime of the 4.4 MeV state has been determined by @asos scattering and resonant
absorption (ofy-radiation from*>N(p, )'2C*) as Tean = (6.5 £ 1.2) x 107! sec (958RA1Y.

Excitation of the 15.1 MeV level by bremsstrahlung is repdrby GA57B, 1957HA13
1959GA09. From measurement of the yield of resonance scatteredtiaadiand of the self-
absorption coefficient, the integrated scattering crostise [ o, dE, and the peak absorption
cross section? are deduced. The resulting values for partial widths arergim Tablel2.1Q It is
noted they-ray width for the ground state transition is near the sifeicle M1 value of 65 eV,
and that the very smafll-width strongly suggestg = 1 for this level ((957HA13. The scattering
angular distribution indicates dipole radiatialt®66LE1E GA57B, 1959GA09. The strength of
the M1 radiation also indicatds = 1: see (958MO17. Inelastic scattering in the giant-resonance
region has been studied b}9q59GA09. See alsol957GO1F1958AX1A, 1958MC1D.

21.12C(y, n)''C Qum = —18.722

The cross section for production BfC exhibits a broad peak @&, = 22.5 MeV, I" =~ 4 MeV,
Omax = 8.3 mb (L955BA63. Other reported values far,,., are summarized byl@57CO57
note a 10% correction in this work). See ald®%7CA1D. AT high energies, the cross section
exhibits a long tail, falling off approximately a§;3. The integrated cross section £ = 250
MeV is 80 MeV-mb, accounting for abo%t of the sum-rule limit for all absorption processes.
It is noted that the relative prominence of the high-enerilyi$ not a general feature of/(n)
reactions in heavy elements955BA63 1957C0O57. Comparison of{, n) and (e, n) cross section
for 28 to 145 MeV are consistent with the assumption that thesitions are predominantly E1
(1958BA6Q. The angular distribution of photoneutrons at the giasbrance iV () = 1 +
(1.35 £ 0.88) sin ¢, indicating considerable emission of neutrons with 0 (1956FA3(. See
12C(y, p)'B and (L954TE1A 1955MO1B 1957BA1K: theor.).

Discontinuities in the yield function are reported to iratie levels at 19.3, 19.8, 20.1, 20.5,
20.7,21.1, 21.6, 22.4, and 22.8 MelR64G0O391954KA1A). The first two are given ag).09 +
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0.05 and19.55 = 0.05 MeV by (1955SP1A. Eighteen discontinuities observed between =
18.90 and 22.88 MeV are tabulated b§958KA1D). A search for resonance absorption near
E, = 22.8 MeV indicates a width" > 580 keV, in apparent contradiction of the activation results
(1956TZ1A. (1958wW018B, using monochromatic gamma rays, find no evidence of fingetsire

in the total cross section frofl, = 20.3 to 20.8 MeV. The upper limit is, however, not in conflict
with the recent report ofl058KA1D). See alsoXl955J01B1955SA1K1958BA1K, 1958SM1A.

22.12C(v, p)!'B Qm = —15.958

The cross section exhibits a giant resonancé.at= 21.5 + 0.5 MeV, I' = 1.7 + 0.5 MeV
(1951HA1Q. The peak cross section is 22 mb, and the integrated crotsrséo 24 MeV is 56
MeV-mb (1956CO5%: compare'!B(p, 7)!?C (1959GE33. The photoproton spectrum shows the
general features of the inverse reactidB(p, v)'*C, and suggests resonancegat= 17.3, (20.8),
22.6, and (23.1) MeV1956CO59 see, however1058W0O1B). (1957LI1A) finds indications of
peaks att, = 21.8, 22.6, 23.3 and 25.8 MeV. An absolute measurement, base{ 80*(v, 3«))
for £, = 17.6 MeV yieldso(v, p) = 1.19 &+ 0.21 mb, in good agreement with the valui€9 +
0.16 mb calculated from the inverse reactiatB66MALT). See also(956G0O1G 1958CH31
1958PE1A 1958WH35.

Angular distributions of photoprotons show a pronoungé@dpeaking, somewhat skewed in
the forward direction 1952HA1B 1953HE1B 1955J01B 1956KL19 1957DO1A 1957LI1A,
1957MI1A). Such distributions are inconsistent with s-wave protamssion from.J = 17; 12C
compound states formed by E1 absorption and suggest a mliteciction involving independent-
particle states:L-S coupling seems to be favored955MA1H). The angular distributions of
2C(v, n) and ¢, p) are evidently quite similar, as expected on the assumutf charge inde-
pendence; the difference of about a factor of 2 in total ceestion is ascribed to a 1% = 0
admixture in the intermediate statl967BA1K). See alsol953HE1B 1957CH24 1958BA1M,
1958BA3Q 1958PA1B 1958PE1B1958SM1A and 955MO1B 1957SI1B theor.).

23.12C(y, 3a) Qm = —7.281

Maxima in the yield of 3-prong stars are reportedvat= 17.3, 18.3, 21.9, 24.3 and 29.4 MeV,
some evidence of fine structure is also found. The integiatess section i$.21 + 0.16 MeV-mb
for £, < 20.5 MeV, 2.8 + 0.4 MeV-mb for20.5 < E, < 42 MeV, and< 0.2 MeV-mb for42 <
E, < 60 MeV (1953G013 1955G059. (1955CA19 summarize cross section measurements
for the "Li(p, ) radiation and find evidence for a resonance néar= 12.3 MeV and possibly
others at 15 and 16 MeV. According th955J01¢, peaks occur akt, = 14.7, 15.8, 16.6, 18.3,
24.3, and> 29 MeV, in fair agreement with1953GO13. Absolute cross sections are reported
for £, = 13 to 30 MeV, and integrated cross sections agree well wifls8G0O131955J01(.
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See alsol953DA1A 1953GU1A 1953MI3], 1955HALD. According to (955G0O59, the three-
body reaction is not involved foE, < 40 MeV (see, however,1053MI3], 1954CH1B). The
reaction'2C(y, o)®Be*(p)’Li is reported by {956L105.

Studies of angular distributions indicate that féy = 12 to 15.6 MeV, the reaction involves
mainly E2 absorption'{C*: J = 2; T = 0); from 15.6 to 20 MeV both E1L{ = 17; T = 1)
and E2 ¢ = 2*; T = 1), and forE, > 20 MeV, mainly E1 ¢ = 1~; T" = 1). Significant E2
absorption { = 2*; T' = 0) also occurs forEl, = 20 to 25 MeV (1955G059 see, however,
(1951TE1A 1953GE1B). See also1953LI1C 1954GR1B 1955RA1E 1955SO1B1955TI1A
1956MA1LT, 1957MU1Q.

24.2C(e, é)12C

Both elastic and inelastic scattering angular distrimgibave been studied & = 80, 150
and 187 MeV by {955FR1G 1956FR27 and at 420 MeV by1958EH1B. The elastic data are
well accounted for by a modified Gaussian charge distributior.m.s. radiug.50 x 10~% cm,
derived from a harmonic well with a characteristic lengthapaeter oft .68 x 10~ cm (1956FR27
1958EH1B. See alsoX953HO791956FE1B 1956H0O931957HO1E 1958EH1A 1958RA43.

Inelastic peaks corresponding tC*(4.4, 7.7, 9.6) are observed, in addition to some unre-
solved structure near 11 MeV. There is no indication of thd MeV level. The observed angular
distributions agree well with shell-model calculations(®®55RA10 1956MO1E 1956 TA1G
1957TA1B with a harmonic well of r.m.s. radius40 x 10! cm. Predicted absolute cross sec-
tions are low by a factor of 2 ih-S coupling, 6 inj-j coupling; it is presumed that some collective
modes of excitation are involved.

Excitation of the 4.4 MeV level is electric; a width ¢f2.5 + 2.5) x 1072 eV, 1, = (0.53 £
0.11) x 10713 sec, is obtainedl@56HE83. The 7.7 and 9.6 MeV levels are also electrically ex-
cited; the angular distributions indicate either monopmiguadrupole transitions] = 01, 2+.
The matrix element for the 7.7 MeV EO transition is 50 mb, imdgagreement with that observed
for the 10O monopole transitionl@55SC1B 1956FR27. A shell model calculation in intermedi-
ate coupling indicates that configuration mixing is reqaiite@ give a non-zero matrix element for
the0*-0* transition and suggests that a semi-collective model isated (955SC1B1956SH1E
1957TALR see also1955LA1Q). According to (956EL1Q, satisfactory agreement is obtained
with a 50% admixture of £4p*2s and 1&1p"2p. (L1956RE1Q also finds reasonable agreement us-
ing the 1s'2s configuration and suggests that such a “core” excitatightappear quite generally
in the light nuclei (seé0, 1“C and (1954CH14). Calculations using an independent-particle ap-
proach to a collective description give a good account ofah@ factors for both the 4.4 and 7.7
MeV excitations. The form factor for the 9.6 MeV level is catent with.J = 1~ (1956FE1B
see also1957PA1B). See alsol958EL48 theor.).

Neutron production withy, = 35 to 150 MeV has been studied by9Q56GE1B. Comparison
of o(, n) ando(e, €n) for £, = 24 to 145 MeV indicates that the transitions are largely E1
(1958BA60).
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25. (a)'*C(n, n)}2C
(b) 12c(n’ ”)12c*
(c) 12C(n, n)*He'He'He Qm = —7.281

For E, 2 14 MeV, elastic scattering angular distributions show pronounced optical-model
effects: seel(956BU95 1956CU1A 1958NA09 and!3C.

A gamma ray of energy.42 + 0.03 MeV is observed aty, = 6.58 MeV (1956DA23 see
also (1954TH42 1955BA95 1955BE1H). Production of 15.1 Me\y-rays is observed af,, =
90 MeV (1957WA04 1957WA1F. At E, = 14 MeV, inelastic neutron groups corresponding
to '2C*(4.4, 9.6) are reported byl956WO1B see also 1953WH1A 1956BE1F 1956CA1E
1958AN32). The angular distributions for neutrons corresponding?@'(4.4) agree well with
(p, p) distributions and with direct interaction theod968AN32 E,, = 14 MeV).

Inelastic excitation leading ta-particle states has been studied b9F5FR39; levels of2C
at 7.7 and 9.6 MeV are involved1953JA1Q find that for £, < 20 MeV, most events proceed
through a level at0 & 0.8 MeV, I',,, = 1.6 MeV, to *Be(0) (See 1955FR3% and *?B(37)2C).
See alsd?C, (1953L11Q and (L956LA1D; theor.).

26. (a)'*C(p, p)*2C*
(b) 12C(p, p)*He'He'He O = —7.281

Elastic scattering differential cross sections have been determinéd®bggU72 1957G114
1957GR53 E, = 9.4 t0 9.6 MeV), (L954FI1B E, = 10 MeV), (1956SH1C E, = 12 MeV),
(1957PE14 E, = 14 to 19.4 MeV), (956DA03 E, = 17.0 MeV, c.m.), (L955K143 1956KI54
E, =14.5,20 and 31.5 MeV),{952BR52 1953WRZZ E, = 30.6 MeV), (1957HI1C E, = 40
MeV) and (L957GEO08 E, = 96 MeV). Calculations based on the diffuse-surface optical model
give a good account of the data at higher enerdi®§(GL58 1957ME21 1958GL1). At £, =
9.5 MeV, some evidence for compound elastic scattering is seen in the marked energy variation
at back anglesiP57GI14. See alsd*N. Polarization of elastic and inelastic protons has been
studied by {958BR24 for £, = 16 to 18 MeV. Polarization of elastic protons fé, = 5 — 7
MeV is reported by 1958WA1D 1958WA1H. See alsoX957LE1G 1958K0O03 1958SQ53
theor.). Polarization studies at high energies are discusse®bgER1A 1956NI1B 1957AL79
1957HE511957HI98 1957TY 1B 1958NI1B 1958NI124§.

Excitation of the 4.4 MeV level is commonly observed for all energies aligve 5 MeV: see
(1955AJ6) and (L956RE39 E, = 5 to 6 MeV), (1957GI14 1957HO1H E, = 9.5 MeV),
(1957C0O53 E, = 12 MeV), (1957PE14 E, = 14 to 19 MeV), (1952BR52 £, = 31.5
MeV), (1958CH26 E, = 40 MeV), (1956ST65 E, = 96 MeV), (1957DI28 E, = 95 and
135 MeV) and (957AL39 1957TY36 1957TY37 1958MA1B, 1958TY49 E, = 182 MeV).

E, = 4431 4+ 8 keV (1957BU3§. The 7.7 and 9.6 MeV levels are reported Bp%7C0O53
1957HO1H 1957PE141957TY37 1958CH2§. Levels at 12.6, 15.0, and 20 MeV are also re-
ported by (957TY36 1957TY37%; the last appears strongly in the work @B66ST6% (E, = 20.8
MeV) and is there associated with the giant resonance seé@m, n) and'?C(v, p).
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For £, < 30 MeV, the angular distribution of the proton group corgsgting to the 4.4 MeV
level exhibits a minimum ne&@0° — 100° (c.m.) and a definite fore-and-aft asymmetry. Neither the
compound nucleus model nor the direct interaction theopeaygs to give a satisfactory account
of these distributions1057C0531957GI14 1957PE1). A direct interaction calculation, using
distorted waves, does reproduce the general features dfdtrdutions and also fits the observed
(p'-7) correlation of (956SH1E and (L958LEQf. See alsoX956BE1G 1957BA1L, 1957BU52
1957MA58 1958BR83 1958CH26 1958M09§.

The angular distribution of protons corresponding to tieMeV state depends strongly on
energy in the rangé&, = 14 to 19 MeV, but consistently shows a strong forward peak ciilre
of I = 0 and hence/ = 0" (1957PE1) See alsol955LA10). An attempt to observe-decay of
this level yields an upper limit of 3% fdr,/I',, (1956HO1D. The angular distribution of protons
leading to the 9.6 MeV level is consistent with- 1, J = 0~, 17,2~ (1957PE1%

The angular distribution of pick-up deuteronsfat = 95 MeV indicates significant contribu-
tions of high momentum components in the bound, 1p neutromeiianction, suggesting strong
interactions, & 200 MeV), for close distances; ~ 1 x 107!3 cm (1955SE1C1956SE1A. See
also (L956GR1BE.

Emission of(15.1 + 0.2) MeV ~-radiation, ascribed to the fir§t = 1 level, has been studied
in the ranger, = 15 to 340 MeV by ((957WA04 1957WA1F. The general shape of the excita-
tion function indicates direct nucleon-nucleon interactfor the higher energies; near threshold,
emission of s-wave protons is indicated. Estimates oh#particle width, and comparison with
isobaric spin forbidden reactions (e!¢C(a, o/)'2C*, 12C(d, d)'2C*) indicate alI’ = 0 admixture
a’? =~ 1073, At 31 MeV, 6, = 80°, y-rays of energy 15.1, 12.8 and 10.7 MeV are observed, with
relative intensities 1/.090 £0.015/0.0954+0.014. The 12.8 MeV radiation is ascribed to excitation
of a'2C level of that energy, while the 10.7 MeV radiation représencascade frotC*(15.1)
to 12C*(4.4) (1957WALE see alsd’B(*He, p)*C).

A study of reaction (c) at an energy of 29 MeV shows no indaraf direct 4-body decay
of N*; 1 of the events proceed vie(0), and> 3 via *Be*(2.9). Evidence is found for the
participation of'2C*(9.6, ~ 12, 16, 20, 25) {955NE1§. See alsol955RE18, (1957JA1B and
(1955CU1CG 1956SA1CG 1956SA1D.

See also1956ST301957AL39 1957GO1D and (L957KA1D, 1958EL48 theor.).

27.12C(d, d)'2C*

The angular distribution of elastic scattering has beedistlatE; = 19 MeV by (1954FR23;
several diffraction peaks appear. See alstb@\WAO7).

Inelastic groups corresponding'taC*(4.4, 9.6) are reported by §51KE02 1954FR241956GR37
1956HA90 see also1956CA6Y). The 7.7 MeV level has not been observed. The angulai-distr
bution of the) = —4.4 MeV group atEy = 15 MeV has been analyzed in terms of direct nuclear
interaction theory and in terms of electric interactionatyeby (1956HA90Q; neither appears to
give a satisfactory account of the observations.
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A search for 15 MeVy-radiation atFy; = 85 MeV yielded a negative result;/2 = 0 admixture
of < 4 x 1072 is indicated {957WA04 1957WA1P.
See alsol955KH31, 1955KH35.

28.12C(*He, *He)12C*

See (958WEL1B.

29. (a)*2C(a, o')*2C*
(b) 2C(av, an)*'C Qm = —18.722

Elastic scattering has been studiedat= 19 MeV by (1958PR6%, at 31.5 MeV by {956WA29,
at 40 MeV by (9561G02 1956WE1GC 1957IG03 and at 48 MeV by 1955VA1A). The angular
distributions show strong diffraction effects indicativea direct interaction. Inelastic groups cor-
responding to levels at 4.4,64 &+ 0.07, 9.6 and possibly, 12.7 MeV are observedC recoils
corresponding to the ground and 4.4 MeV states are alsotegydhe absence of recoils corre-
sponding to the 7.7 MeV state is taken to indicate that tlageddisintegrates primarily>( 80%)
by a-emission {955RA1B see!!B(d, n)?C). From a similar experiment]1 958EC12 find that
the chance is less than 0.1 fioy/T" > 10~°.

Angular distribution of the&) = —4.4 MeV inelastic group af’, = 31.5 MeV are consistent
with the direct surface interaction theory GB63AU1A). A similar analysis of th€) = —7.7 MeV
group gives good agreement fér= 0" (1956WA29. At £, = 42 MeV, the angular distribution
of this group is well matched by thg(kr) or j2(kr) functions, indicating/™ = 0" or 2™. The
former is preferred in view of the smajtwidth (1958EC12. See alsol956WE1C 1957FI1C
1958PR651958SH6G).

A search fory-radiation from the de-excitation of the 15 Me¥, = 1 level atE, = 48 and
175 MeV gives an upper limit of 10~3 for the T' = 0 admixture (957WA04 1957WA1R.

See also1954JU1B. For reaction (b), seel53LI128.

30. 12N(5+)'2C Qum = 17.46

The decay is mainly to the ground state via an allowed tramsit Transitions to'?C*(4.4,
7.65) also are allowed. Branching ratios are 100/15/8;ft = 4.17, 4.4 and 4.4, respectively
(1958VEZ2(). Delayeda-particles with a total energy of 4 MeV are also observed, suggesting
that a state of?C in the region 11 to 12 MeV is involved 950AL57. See'?N.

31.13C(y, n)2C Qm = —4.946
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See!3C.

32.13C(p, d)2C Qm = —2.719
Qo = —2.720 % 0.007 (1957BU38.

See (955NE18 and (L957BE4)9.

33.13C(d, t)2C Qm = 1.313

Angular distributions of the ground state tritons have haeasured ak/y = 2.2 and 3.3 MeV
(1954H048.

34.3C(He, a)'2C Qum = 15.632

Angular distributions of thex-particle groups to the ground and 4.4 MeV states have been
obtained atF(®*He) = 2 MeV (1957HO63 and 4.5 MeV (957HO62]. Some direct interaction
appears to be involved at both energies. tHe) = 2 MeV, a 15.1 MeV~-ray is observed
(1957BR181957G0O1B 1958BR1D.

35. 1C(p, t)2C O = —4.635

Not observed.

36. “N(y, d)i2C Qum = —10.265

Not observed.

37.14N(n, t)2C Qm = —4.007

See”N and (1952L124).

38. 14N(p, *He)\2C Qm = —4.772
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Table 12.111%C states from“N(d, a)*?C

A B C D E F G
Q o Q Q Q Q Q e
(MeV £ keV) | (mb) | (MeV £ keV) | (MeV £ keV) | (MeV +keV) | (MeV +keV) | (MeV xkeV) | (MeV)
13.39 £ 80 1 13.575 £ 12 0
9.02+£70 3 9.137+6 4.442
577+ 70 0.3 5.89 £+ 30 5.910 £ 15 5912+ 13 7.664
3.955 + 3 3.933 + 14 9.63

A: E, = 1.01 MeV, 6 = 90° (1940HO1A.

B: (1951MA08.

C: Based or); = 9.137 for the second groupl@53DU23. At E, = 0.62 MeV, 6§ = 90°, this group has 6% the intensity of the
first.

D: (1955PA50).

E: (1956AH33.

F: (1956D04): it is suggested that a systematic error existdB5LMAO]’s value for this state.

G: Based orQy = 13.579.

Not observed.

39.14N(d, a)'2C Qm = 13.579

For a-groups have been observed corresponding®s(0, 4.4, 7.7, 9.6): see Tabli.11and
(1957HO1H. Alpha-gamma correlations givé = 2" for the 4.4 MeV state954ST1Q while
v~ correlations giveJ = 0 or > 2 for the 7.7 MeV statel(955SE03 see, howevel,*B(5~)*C).
The width of the 7.7 MeV state is 25 keV (1953DU23 1956AH32 and that of the 9.6 MeV
state is30 + 8 keV (c.m.). TheJ™ values for the 9.6 MeV state are limited@o, 1-, 27, 37, 4"
(1956D04). Angular distributions of thex-particles to the ground, 4.4 and 9.6 MeV states have
been measured &, = 20.9 MeV (1957FI1Q. See also1952G101 1958B018 1958B0O7). A
small yield of 15 MeV~-radiation is observed dt; = 10.8 MeV, presumably due to excitation of
the 15.1 MeV,I" = 1 state (954RA3j. See also(956GR371958RA13 and!®O.

40. “N(He, pv)'2C Qm = 8.086

Seelf0.
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41.5N(p, a)'2C Qm = 4.964

Alpha particles have been observed to a staté©fat4.432 £ 0.010 MeV (1952SC28 The
~-ray energy after Doppler correction of 20 keV4st43 + 0.020 MeV. The necessity for the
correction implies a lifetime< 3 x 1071* sec ((952TH2%; see'?C(y, 7/)'?C*. The angular
distributions of short-range alpha particles and 4.4 Me¥adiation indicate that the 4.4 MeV
state has/ = 2+ or > 4 (1953KR1B see also1957GO1E). See alsd®O and (1958RA14.

42. (a)'°0(y, a)'*C Qu = —7.148
(b) °O(y, 4a) Qu = —14.429

There is evidence for the involvement B states at 9.6 andt 11 MeV which decay to the
ground state ofBe, a state at2 — 13 MeV, decaying mainly to the 2.9 MeV state e, and
T = 1 state at¢ 16 and18 — 19 MeV, again leading mainly to the 2.9 Me\Be state. The 4.4 and
7.7 MeV states of>C seem to occur rarely, if at all (sé&D).

43.°F(p, 207)'2C Qum = 0.971

See (957ZA1A.

12N
(Fig. 21)

GENERAL.:
Mass of 2N: From theQ of the °B(*He, n)*N reaction,1.46 & 0.06 MeV, and the Wapstra
(1955WA1A) atomic masses fdfB, *He and n, the mass excess'#fl is 21.00 & 0.06 MeV.

1. 12N(3+)12C Qum = 17.46

The half life is12.5 4+ 1 msec;E(max) = 16.6 £ 0.2 MeV (1949AL09, 71/, = 11.43 £ 0.05
msec; Es(max) = 16.37 & 0.06 MeV (1958VE2Q. The decay is complex;?N decays to the
ground state of?C and to'2C*(4.4, 7.6): se€?C. Log ft = 4.17 for the ground state transition
(1958VEZ2(). See alsoX959SC1Btheor.).
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Table 12.12: Energy levels éfN

E. (MeV) | J~ T1/2 Decay| Reactions
0 1t | (11.43+£0.05) x 1073 sec| At |1,2,3,5
1.06 £ 0.08 2
1.56 +0.08 2
(1.97 £ 0.10) 2)
2.354+0.08 2
3.18 £0.15 2
3.46 £ 0.15 2
2.1°B(®He, n)N Qm = 1.46

Qo = 1.46 + 0.06 (1957AJ7).

The neutron spectrum has been studied@He) = 2.54 and 3.60 MeV. Seven neutron groups
are observed, corresponding to the ground state and tedxstitites at.06 + 0.08, 1.56 4+ 0.08,
(1.97 £ 0.10), 2.35 £ 0.08, 3.18 + 0.15 and3.46 + 0.15 MeV, in good agreement with the levels
of the mirror nucleus!?B. At the lower energy, the (c.m.) angular distribution o thround
state neutrons is isotropic withia 15 % statistics; at the higher energy, the distribution is peak
forward (L957AJ7).

3. 2C(p, n}*N Qm = —18.24

Binesh = 20.0 £ 0.1 MeV (1949AL05. See also{957CA1E 1957GR1F and*N.

4.12C(He, t)2N Qum = —17.48

Not reported.

5. “N(v, 2n)N Qu = —30.73
See'“N.
6. ““N(p, t)12N Qum = —22.25

Not reported.
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