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The yield of 0.7 MeV ~-rays has been studied from threshold to £, = 5.2 MeV: observed
resonances are displayed in Table [11.13/(1960DA08). See also (1970NEO3). Inelastic scattering
cross sections for formation of various 1B states have been measured by (1970NEO3: E, = 1.45
t0 4.90 MeV, and 14.8 MeV), (1969HO1G: E,, = 7.02 and 7.55 MeV) and (1970C0O12: E,, = 9.72
MeV). See also 1°B in (1974AJ01) and (1969RO1F).

22. 1°B(n, p)'’Be Qm = 0.2266 B, = 11.4560

The thermal cross section is < 0.2 b (1973MU14). See also ?Be in (1974AJ01) and (1970NEO03).

23. 19B(n, d)?Be Qum = —4.3607 By, = 11.4560

See ?Be in (1974AJ01).

24. (a) 1°B(n, t)*Be Qum = 0.2318 By, = 11.4560
(b) °B(n, t)*He*He Qm = 0.3237

The cross section for reaction (b) has been measured for £, = 1.4 t0 8.2 MeV by (1961DA16).
Fluctuations are observed at some of the resonant energies in the 1°B(n, «) reaction: see Table
11.13. See also (1968ST1D) and (1969AN25, 1971AN1M).

25. 19B(n, o)"Li Qm = 2.790 By, = 11.4560

The “recommended” value of the thermal isotropic absorption cross section is 3837 + 9 b
(1973MU14). See also (1970MELF). The ground state branching for thermal neutrons is 6.308 +
0.006% (1967DE15). See also (1968MAOQ7), and (1968AJ02) for earlier references. The cross
section for £, = 10 eV to 200 keV is given by the expression

2.809x 105
[(170.3— E)2+2.243x 104]

13.837/v/E — 0.312 — 1.014 x 107 2V/E + B b (1970SO1A).

The cross section for the (n, o) reaction has been calculated by (1968MAOQ07) from that for the
Li(c, n) reaction: E, = 30 to 516 keV.

The «a; cross section has been measured for £, = 47 keV to 4.9 MeV and at 14.8 MeV
(1970NEO3): the cross section is substantially higher than that reported by (1961DA16). Observed
resonances are displayed in Tables[11.13 and[11.14 (1961DA16).
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Table 11.14: R-matrix analysis of resonant states in 1°B +n 2

B, E, J || Ta Ty Toi | Tem

(MeV) | (MeV) (c.m., MeV) (keV)
10.60 . 0 0.030 | 0.070 | 100
017 | 11.61 5* 0| 0004 | 029 | 0.0 300
037 | 11.79 = 0| 0770 | 0.001 | 0.113 | 884
053 | 11.94 5~ 1| 0031 | 0080 | 0090 | 201
1.83 | 13.12 9” 1| 0100 | 0275 | 0.050 | 425
188 | 1316 | 2", I" | 2| 0080 | 0200 | 0.150 | 430
282 | 1402 | 1T 2] 0800 | 0045 | 0010 | 855
42 | 153 | (3,3, )| 2| 0500 | 0100 | 0.100 | 700

a (1971LA10, 1972HAO04, [1973C005, 1973HAG4): analysis based on polarization and
differential cross-section measurements of the elastic scattering, and on results from 1°B(n,
ag) and (n, a1). The analysis used a two-level, four-channel R-matrix formalism with a
non-diagonal background R® matrix: see (1973HA64). This analysis does not include
11B*(14.53) because the resonance is weak, narrow and almost entirely in the a.-channel
(1973C005). See also Table11.13]

Other recent measurements include those by (1969B0O03) at £,, = 30 to 800 keV (relative cross
sections for o and a;) and by (1969AN25) at 14.4 MeV (cross section for formation of ag + a4,
a). (1972HA04) have calculated differential cross sections for ay and «; based on R-matrix pa-
rameters derived from neutron elastic scattering, polarization measurements and (n, o) data. See
also (1974HA1W, 1975HALG; theor.). See also “Li in (1974AJ01), (1968GI1D, 1968GU1B,
1968ST1D, 1970DE1H, 1972LALF, 1975FR1B), (1964FO1A; astrophys.) and (1968MO1D,
1968PA1E, 1973FALM, 1973LI1E; applied).

26. 1°B(p, 77)1'B Qm = —128.895

Angular distributions for proton capture to *B*(0, 2.15 & 0.10) have been measured at £, =
185 MeV. The population of 1'B*(4.45 + 5.02) and of unresolved higher states is also observed but
an attempt to observe T' = % analogue states in !B and ''N (the latter populated via (p, 7~)) was
unsuccessful (1974DA27).

27. 198(d, p)''B Qm = 9.2314
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Proton groups reported by (1951VA1A, 1953EL12, 1961JA23, 1966BR18) are listed in Table
11.15. Angular distributions have been studied at many energies in the range Fq4 = 0.17 to 28
MeV [see (1968AJ02) for a listing of the earlier references] and (1970HU1B: 0.35 MeV; pg — ps,
Pais, Pe, P7), (1973C0O18: 0.67 to 2.32 MeV; py.5), (1970PO03: 4.5 to 5.5 MeV; py — ps3) and
(1967G0O27: 13.6 MeV; py). The lowest five levels are formed by [, = 1 except for 1'B*(2.12)

1— 5— 3—

which appears to involve a spin-flip process. They are presumed to comprise the set %_, 3 15 15 o

™ expected as the lowest p7 levels (a/ K ~ 4.0). ''B*(9.19, 9.28) [J™ = I and 27, respectively]
show strong [ = 0 stripping and are ascribed to capture of a 2s neutron by °B: see (1968AJ02) for
a listing of all the relevant references. The probability ps,, for transfer of a neutron with angular
momentum % has been determined for the p, group using vector polarized deuterons with £4 = 10
and 12 MeV, and compared with shell model calculations of (1965C025, 1967C032), (1970FI07;
and see also (1967SC29)).

Studies of p~ correlations are discussed in reaction 14 of (1968AJ02) and displayed in Table
11.4 of this paper.

See also 2C, (1967C030, 1967SP09, 1973BR24), (1973F002) and (1969BO1F, 1969D008,

1970DE35, 1970D007,1970D013; theor.).

28. 19B(t, d)"'B Qm = 5.1984

At B4 = 5.5 MeV, deuteron groups are observed to the ground state of !B and to states at
E, = 2.126, 4.449, 5.027, 6.769, 6.806 and 7.301 MeV (410 keV). All the angular distributions
appear to be characteristic of /, = 1 (1961BA10). See also '*C in (1976AJ04).

29. 19B(a, 3He)!'B Qum = —9.1225

Angular distributions have been measured at £, = 56 MeV for the ground state transitions in
this, and in the analog (o, t) reactions: the average ratio of the (o, 3He) to the (o, t) differential
cross sections is 1.2 + 0.1 (1968GALC, 1969GA11).

30. (a) 1°B(°Li, °Li)''B Qum = 5.79
(b) 1°B("Li, 5Li)!'B Qm = 4.205

See (1969THO01) for reaction (a) and (1974KO1G) for reaction (b).

31. 9B(1*N, 13N)1'B Qm = 0.902
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Table 11.15: 1B levels from °B(d, p)!'B

(1951VA1A, 1953EL12) | (1961JA23) | (1966BR18) I, | (1962H107) Ly (1960B108)
E, (MeV =+ keV) E, (MeV =+ keV) (2J +1)6? (2J + 1)0?
0 0 0 1 0.120 1 1.00
2.140 £ 14 2 2.128 £ 10 2.1246 + 1.1 0.09
4.464 + 14 2 4.449 £+ 8 4.4458 £ 2.1 1 0.048 0.46
5.039 + 14 2 5.023 £8 5.0192 4 2.4 (1) (0.010) 0.11
6.765 £ 13 &P 6.7439 £ 2.2 1 0.210 1 1.72
6.815 4 13 &P 6.7938 & 2.2
7.298 +6 (22) | (0.022)
7.987+9 isotropic
8.568 £ 5 8.565 + 10 (2?) 2
8.927 £5 8.926 + 10 1 0.186 0,2
9.191+5 9.190 + 10 0 0.242 0
9.276 + 5 9.278 + 10 0 0.175 0
10.324+20°

& Corrected by (1966BR18).

b 6.752 + 6, 6.804 & 6: see (1964AL22).

°I = 54 + 17 keV (1953EL12).

See (1968GA03) and (1968GO1K, 1970G0O1B, 1970SC1G, 1973MC17, 19730S03; theor.)

and (1968AJ02).

32 IOB(15N 14N)1IB

Not reported.

33. 108(160 150)118

See (19680K06).

34. 1OB(180 170)118

Q

Q

Q

m = 0.622
m = —4.213
m = 3.409

26




The angular distribution has been measured at £(**0) = 20 and 24 MeV (1971KNO5). See
also (1974SW04).

35. 1°B('9F, '5F)'B Qum = 1.025

The angular distribution has been measured at £(*°F) = 20 and 24 MeV (1971KNO05). See
also (1968GA03) and (1970GO1B; theor.).

36. 'Be(3-)"'B Qm = 11.509

Be decays to 'B*(0, 2.12, 5.02, 6.79, 7.98, 9.87): see Table 11.16 for the parameters of the
observed /3 and ~ transitions (1971AL07). Delayed a-particles are also observed with a total /,, of
3.0%/decay. These a-particles are not observed to be in coincidence with 478 keV ~-rays [upper
limit = 5% for E,, > 0.3 MeV], suggesting that they result from the decay of 'B*(9.87) to "Liy .
(1971AL07). The half-life of 'Be is 13.81 4 0.08 sec (1970AL21). See also (1968AJ02) and
(1974AL11).

37. 1B(v,7)''B

Mean gamma widths of low-lying states obtained by resonance scattering and transmission
studies are listed in Table [11.17 (1958ME79, 1958RA14, 1959C095, 1964B022, 1965KEQ5,
1968CR07, 1973SA21, 1974LE1K). See also (1974WE1R) and (1968AJ02).

38. (a) ''B(v, n)'°B Qm = —11.4560
(b) ''B(v, p)'°Be Qm = —11.2294
(c) 'B(v, d)’Be Qm = —15.8167
(d) "'B(y, t)*He + ‘He Qum = —11.1323
(e) "B(y, a)"Li Qum = —8.666

The giant dipole resonance is shown to consist mainly of 7" = % states in the lower energy
region and of 7' = % states in the higher energy region by observing the decay to states in 1°B and
10Be (reactions (a) and (b)) (1971PA10). Absolute measurements of the !B(+, all n) cross section
from threshold to 28 MeV have been carried out by (1973HU1D, 1973HUQ9): the cross section
exhibits a maximum at £, = 25.2 = 0.1 MeV (0 ~ 8 mb) in addition to some weaker structure.
The integrated cross section from threshold to 27.6 MeV is 0.37 + 0.04 in units of 60 NZ/A.
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Table 11.16: Beta decay of 'Be (1971AL07) ®

lig b Jr e Ig log ft E, I, Transition
(keV) (%) (keV) (%) to 1B*
gs. 3- 5743 6.81 & 0.02
2125.0 £ 0.7 o 2943 6.68£0.04 | 2124.8+0.7 33+3 gs.
4445 2 < 0.06 >10.9°
5020.1 £ 1.7 3= 0.28£0.11 | 7.94£0.14 | 5019.3+1.7 | 0.47+0.09 gs.
2893.14+0.8 | 0.093 +£0.028 | 2125
6742.7+1.88 | I~ < 0.08
6792.6 + 1.8 i 6.8+£0.8 | 591£0.05 |6790.5+1.8 | 4.5140.69 gs.
4666.3 £ 1.8 | 2.00 £0.28 2125
1772.2£0.7 | 0.28£0.06 5020
7286 (3, 5)* <0.16
7978.1+ 1.9 g+ 3.9+£05 | 558£0.05 |7974.7£1.9 | 1.7440.30 gs.
5851.8 £ 1.9 | 2.13+0.34 2125
8559 <2 < 0.06 > 7.0
8920 g < 0.02 >8.5¢°
9870 3 3.0+07F | 4.03+0.15°

& See also Table 11.12 in (1968AJ02).
b When errors are indicated the excitation energies are determined in this experiment from the measured E.,.

¢ From Table[11.3]

4 Intensity in % per 3-decay, normalized to 33 + 3% for the 2.13 MeV y-intensity.

¢ log f1t. Qo assumed to be 11.506 + 0.007 MeV.

' Assuming that the breakup of 11B*(9.87) is solely to "Li, .. If the inelasticity for the breakup of 1B*(9.87) is that
suggested by (1966CU02), then the B-branch is 15 + 3.5%, log ft = 3.33 & 0.15, and the 3 branches to the other 1'B
states have to be recalculated: see (1971AL07).
& Energy derived from E, of 1'B*(6.79) and known AE of 4th and 5th states (1970BR23) [49.9 keV].
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Table 11.17: Gamma widths ® from 'B(~, 7)*'B and ''B(e, €)!''B

E, (MeV) J7 Iy, (eV) Reaction Refs.
212" i 0.14 +£0.018 vy (1958ME79)
0.11 4 0.04 vy (1964B0O22)
0.137 £ 0.020 vy (1965K E05)
0.12 £ 0.02 vy (1968CR07)
0.23 £ 0.09 vy (1973SA21)
0.14 4 0.04 ee (1975KA02)
0.17 £ 0.034 ee (1962ED02)
0.136 £ 0.010 mean
4.45 5 0.56 £ 0.08 vy (1958RA14)
0.43 £ 0.095 vy (1959C095)
0.53 £0.21 Yy 1973SA21
0.615 £ 0.037 vy (1974LE1K)
0.73+0.07 (M1)+ 1975KAQ2
0.020 + 0.002 (E2) & 1975KA02)
0.60 & 0.09 (M1)+ e (56702
0.016 +0.002 (E2)
0.610 + 0.030 mean
5.02°¢ 3- 1.14+0.24 vy (1959C095)
2.4+0.8 ee (1966K008)
3.7+£1.5 ee (1962ED02)
1.73 4 0.14 (M1) S
< 0.0034 (E2)
2.1240.21 (1975KA02)
7.29 (3, 3)F 1.0+05 ee (1962ED02)
8.56 <5 0.73 +£0.07 (M1) ;
0.23 +0.03 (E2) 1O7RKACE
8.92 5 4.0+ 0.6 (M1) (1966SP02)
4.93 + 0.50 ee (1975KA02)

a See also Tables|11.4/and|11.5.

b See also (1963VA10,/1966KO08| 1974LELK).

¢ See also (1962ED02, 1966K008).

d See (1967SP02).
© See also (1974LE1K).
f See also (1966SP02).

29




The results are consistent with the photoabsorption cross section proceeding via T' = % at lower
energies (1973HUQ9). This is also the picture derived from the (v, dy) cross section (reaction (c)):
it peaks at ~ 19 MeV, lower than it would if 7" = % states were involved (1974DEOQ1). See also
(1968KA1D, 1969MU10, 1971KA70, 1972SL1B) and (1970HA28).

The cross section for (-, n) shows many peaks in the range £, = 12 to 28 MeV (1965HA19).
(19695006, 1970S0O03) report resonances at £, = 12.4, 13.1, 13.65, 14.75, 15.1, 15.5, 15.85,
16.2, 16.5, 16.9, 17.5, (20.2), 21.6, 23.2, (24.5), 25.5, 27.7 and 29.2 MeV in the (v, p) cross
section. [See (1970SO03) also for I', and J™ for the states below 18 MeV (mainly g+), and for
an evaluation of the structure reported by (1965HA19).] See also (1972BU1J, 1973SP02) and
(1971DU11; theor.). For reactions (d) and (e) see (1959AJ76).

39. (a) 'B(e, e)''B
(b) 'B(e, ep)!’Be Qm = —11.229

The charge-scattering radius is 1.55 fm (1959ME?24). Magnetic elastic scattering at 6 = 180°
shows strong M3 effects: the derived ratio of static M3/M1, 2.9 4 0.2 fm?, suggesting a j-j cou-
pling scheme for ''B, (1966RA29). The quadrupole contribution to the elastic form factor is
best accounted for by the undeformed shell model, @ = 3.72 (+£20%) fm?, r(rm.s.) = 2.42
fm (19661S1A, 1966ST12). The excitation of 1'B*(2.1, 4.4, 5.0, 8.6, 8.9) has been studied by
(1975KA02: E, = 52 to 90 MeV). (1973FL1A) report the excitation of 11B*(7.30, 9.27) at the
same E.. The giant resonance region, centered at ~ 18 MeV, is characterized by a lack of promi-
nent features except for a pronounced peak at £, = 13.0 £ 0.1 MeV (mixed M1-E2) and a broad
transverse group at £, = 15.5 MeV (1975KA02).

Ground state transition widths for various excited states are listed in Table[11.17 (1962ED02,
1966K008, 1966SP02, 1967SP02, 1975KA02). For reaction (b) see (1971VL01, 1972VL1A) and
19Be in (1974AJ01). See also (1968AJ02), (1971RI1E), (1968G0O1J, 1972THZF), (1968JA1D,
1969V102, 1973D001, 1973GA19, 1973R0O11,1973SP02; theor.).

40. 1'B(n, n")!'B*

Angular distributions of neutrons have been measured at £, = 7.55 MeV (1969HO1G: ny —
ny), 9.72 MeV (1970C0O12: ny — ns3, N4y 5) and 14.1 MeV (1970AL08: ng — n3, N4ys, Ng).
For branching ratios see Table [11.4 (1972NI105). See also 2B, (1968AL1E, 1970PO1E) and
(1968CA1A, 1969WA11, 1971MI12, 19710T03,/1974BI07; theor.).

41. (a) HB(p, p/)llB*
(b) “'B(p, 2p)'°Be Qm = —11.229
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Observed proton groups are displayed in Table [11.18 (1969SU03, 1971BR41, 1974KA15).
Angular distributions have been measured at £, = 12 to 21.5 MeV (1972TH1C), 30.3 MeV
(1969KA15: py — p2), 100 MeV (1970HOQ7: py — p3), 155 MeV (1968GE04: py — P3, Pats)
and 185 MeV (1969SU03: p, — p and p to 1'B*(8.56, 8.92)). For an angular correlation experi-
ment see (1970HUO1). See also (1968AJ02), (1970TH1F, 1973CA1H), (1969WA11, 1971L005,
1973KA04; theor.) and '2C. For reaction (b) see °Be in (1974AJ01). The spectroscopic factors
for the (t + ®Be) and (« + "Li) cluster structures in 1'B [as determined from a study of the '!B(p,
«)Li reaction] are ~ 0.77 and ~ 0.02, respectively (1972DEO01, 1972DE02).

42. 1B(d, d)!'B

The elastic scattering has been studied at £y = 5.5 MeV (1971HIZF) and 11.8 MeV (1967F107).
See also (1968VE11, 1968VELC, 1970VE06, 1971TALE) and (1969VEQ9, 1970EL16; theor.).

43. 1B(t, 1)''B

The elastic scattering has been studied at £, = 1.8 and 2.1 MeV (1969HEO08, 1969S112).

44. (a) 'B(®*He, 3He)!'B
(b) 1'B(®*He, °He)®Be Qm = 4.570

The elastic scattering has been studied at F(3He) = 8, 10, 12, 15 and 18 MeV (1969PA11,
1969M115), 14 MeV (1970NU02) and 18.3, 20.6 and 27.2 MeV (1972BU30), and 74 MeV (1974AS06:
also 1'B*(4.45)). A coupled channel analysis of the 74 MeV results suggests a quadrupole defor-
mation 3, = +0.43 or —0.50 for 1B (1974AS06). At E(*He) = 29.8 MeV a number of !'B
states are populated, including suggested 7" = 3 states [see Table[11.19] with £, = 12.51 + 0.05,
12.98 £ 0.09 and 14.40 &+ 0.05 MeV, with I'.,, = 260 = 50, 390 £ 120 and 220 =+ 50 keV, re-
spectively. There is a weak indication also of a state at £, = 14.51 MeV (1971WAZ21). See also
(1969AD1C, 1970BA1P, 1970DUOQ7). For reaction (b) see (1972Y002).

45. (@) ''B(o, a)''B
(b) 1B(a, 20)7Li Qm = —8.666

Angular distributions have been reported at £, = 28.3 MeV (1965KO1A: ay — as, qyys,
o), 28.4 and 29.0 MeV (1968KA24: o) and 28.5 MeV (1967NA0B: ap — s, aurs, o, ig). FOr
reaction (b) see (1969FU09).
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Table 11.18: States of !'B from 'B(p, p’)!'B* and 3C(d, a)!'B

(19695U03) 4 | (1971BR41) ® | (1974KA15)® | (1970BR23) P (1969SU03)
E, (keV) BM1)1¢ | BE2)!
0 0 0
2130 + 30 21247405 | 21254+ 1.4 0.55 ¢ 34408
4450 + 30 44453 444524+ 0.5 | 44445+1.6 |0.71+0.12| 169°
5030 & 50 5020.0 © 5021.14£0.6 | 50202+1.9 |0.674+0.12| 1.4+£0.7
6700 + 60 6743.4 6743.0 = 0.7 | 6745.82 + 3.4 100+ 15
6792.6 £ 1.6 6795 + 3.0
7285.6 & 1.5
7978.0 £ 1.7
8520 £ 70 | 8559.4+1.9 0.27+£0.06 | 4.1+0.8
8910 £ 60 | 8920.2£2.0 0.86+£0.14 | 1.0+05
9185.0 & 2.0
9274.4 4 2.0
10450 £ 150
11650 & 150
12850 & 100
15200 + 150
16400 £ 150

a 1lB(pl p/)llB*_

b 13C(d, Oz)llB.

¢ Values in this column normalized to this value.

4 See also (1965HALY).

¢ See discussion of validity of these numbers in (1969SU03).

f Other experiments show that the 2.12 — 0 transition is 100 % M1.
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46. 'B(SLi, SLi)"'B

The elastic scattering has been measured at E(°Li) = 28 MeV (1972BA52) and analyzed by
the optical model.

47. "B(°Be, °Be)''B

See (1970LK1A; theor.).

48 (a) HB(lOB, 1OB)1lB
(b) HB(HB, llB)llB

See (1975HI11D), and (1967GU1A) for reaction (b).

49 HB(IQC, 12c)1lB

The elastic scattering has been studied at E(*!B) = 28 MeV (1969007, 1969V010), at
E(*?C) = 15, 17, 20 and 24 MeV (1974B0O15), and at E(*?C) = 87 MeV (1971LI11). The
population of 1'B*(2.12, 4.45, 6.79) and of 12C*(0, 4.43) has also been reported: see (1969V007).
See also (1974DA1P) and (DE63Y, 1970AN1D; theor.).

50 11 B(MN, 14N)1IB

The elastic scattering has been investigated at F(**N) = 41, 77 and 113 MeV (1971LI11).

51. 11 B(IGO, 160)115

The elastic scattering has been studied at £(*0) = 14.5 to 27.5 MeV (19680K1B) and 27,
30, 32.5, 35 and 60 MeV (1969Vv010, 1972SC03, 1974KO1P). See also (1969BR1D, 1971BO1V)
and (1970SC1G, 1974DE17; theor.).

52. 11C(3+)1'B Qum = 1.982
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Table 11.19: Possible 7' = 2 states in ''B *

Reaction E, (MeV +keV) | T'cm (keV) Refs.
10Be(p, 7)''B 12.56 + 30 230+ 65 | (1970G004)
11B(3He, 3He)!' B* 12.51 + 50 260 £50 | (1971WA21)
12.56 £+ 30 240 4 50 “best”
10Be(p, 7)''B 12.91 + 20 235 +27 | (1970G004)
1B(®He, *He)!'B* 12.98 4 90 390 + 120 | (1971WA21)
13C(p, *He)''B 12.94 4+ 50 350 +£ 50 | (1968C026)
13C(p, He)''B 12.91 + 30 260 =50 | (1974BE20)
12.91 4+ 20 240 £+ 30 “best”
10Be(p, 7)''B 14.33 + 20 255 +36 | (1970G004)
1B(®He, *He)!'B* 14.40 4 50 220+ 50 | (1971WA21)
14.33 £+ 20 250 £ 40 “best”
19Be(p, 7)''B 15.32 + 100 635 + 180 | (1970G004)

& These states have also been seen in other reactions: see Table [11.3. The
parameters shown in that table reflect all the pertinent data. See also Table [11.22
for T = £ states in ''C.

See 1C.

53. 12C(v, p)!'B Qm = —15.9572

The fraction of transitions to the ground and to excited states of ''B [and to ''C states reached
in the (v, n) reaction] has been measured at £, = 24.5, 27, 33 and 42 MeV: the ground state is pre-
dominantly populated. The population of analog states in the (-, n) and (-, p) reactions are similar:
see 1C (1970MEL7). See also the discussions in (1973DI1C, 1973SP03, 1974DI117) and in 2C.
Angular distributions of the p,_, and the pa-3.445 groups have been measured by (1974FI17: E., =
60, 80, 100 MeV). See also (1968FR12) and (1970MU1D, 1971BI01, 1973MS01, 1973MS02;
theor.).

54. 12C(e, ep)''B Qm = —15.9572

At £, = 497 MeV the excitation of 1'B*(0, 2.1, 5.) has been observed by Auriol et al. (see
(1972RA1E)). See also (1967AM1A), 12C and (1968BO1D,/1968CI1B, 1968WA1D, 1969BA1F,
1972BE59, 1974HA14; theor.).
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55. 12C(n, d)!'B Qm = —13.7325

Angular distributions have been measured at £, = 56 MeV for the deuterons to 1'B*(0, 2.12,
4.45 4+ 5.02) (1974KI1A).

56. 12C(p, 2p)!'B Qm = —15.9572

Gross structure is seen in the summed proton spectrum with @) = —15.6 +0.6 and —34.3 +0.8
MeV (1965RI1A, 1966TY01), —15.0 = 0.5 and —35.5 + 1.0 MeV (1971LAL16), corresponding to
1B, ;. and an excited state with J™ = {r at F, ~ 19.5 MeV (ejection of p- and s-protons, respec-
tively). High resolution experiments show groups corresponding to 1'B*(0, 2.12, 4.45, 5.02, 6.79)
(1965PU02, 1967PU01, 1974ST1R). See also (1969EPO1, 1971HA61, 1971HO03,1972PU1A),
(1968AJ02, 1969RU1A, 1973JA01), (1967KO1B, 1969MC13,1970KA01,/1971YO1E, 1972K013,
1972L11J, 1972ST33,1973GU18, 1973GU1D; theor.) and 2C.

57. 12C(d, ®He)''B Qm = —10.4634

Angular distributions of *He ions have been measured at £q = 20, 24, 28 MeV (1971IN1C;
unpublished: to *'B*(0, 2.12, 4.45, 5.02, 6.74 + 6.79, 7.29, 7.98)), 28 MeV (1968GA13: to g.s.),
28 and 50 MeV (1968DUO01: 'B*(0, 6.74)), 28.5 MeV (1966DE1C: to g.s.), 52 MeV (1968H101:
to ''B*(0, 2.12, 4.45, 5.02, 6.74 + 6.79, 7.29)) and 80 MeV (1974AS04: to 'B*(0, 4.45)). A
coupled channels Born approximation analysis gives good agreement with the angular distribu-
tions: a positive (35 is suggested by the results (1974AS04): see, however, (1974KU17). See also
(1969KA1A, 1973WALE, 1974DI1A) and (1969TA1D, 1973ST16,1974ST18; theor.).

58. 12C(t, a)''B Qm = 3.8574

Angular distributions of the «a-particles to 'B*(0, 2.12) have been measured at £, = 1
to 2 MeV (1962GU01), 1.11 to 3.40 MeV (1969ETO01), 10.1 MeV (1962PU01) and 13 MeV
(1965AJ01; also as, ag). Electromagnetic transitions have been studied by (1968BE30): see Table
11.4 (1968BE30) confirm .J =2 for *'B*(5.02). See also (1969AR1B) and (1969NALC; theor.).

59. 12C(1°B, ''C)1'B Qm = —7.266
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This reaction has been studied at £(*°B) = 100 MeV: B, is much more strongly excited
than 'B*(2.12) (1973YO1D, 1973YO1C). The ratios of the yields ''B, ; /''C, s and ''B*(2.12)/'!C*(2.00)
have been studied at 100 MeV. They differ from 1 by a few percent at certain angles: the deviations
are more pronounced for the first excited states (1974HALV).

60. 12C('2C, 13N)!'B Qm = —14.014

The angular distribution involving the ground state transitions has been measured at £(!2C) =
114 MeV (1974AN36). See also (1967WI104, 1969BR1G).

61. 12C("*N, 150)1'B Qm = —8.665

See (1966PO1B, 1967B106,/1967VO1A, 1974AN36). See also (1969BR1D, 1973SC1J) and
150 in (1976AJ04).

62. 12C(19F, Ne)!'B Om = —3.112

At E(*F) = 40, 60 and 68.8 MeV angular distributions involving **Ne, s + ''B, ., 2°Nej ¢ +
1B, and ?°Ne, s + B3 ;, (F = 68.8 MeV only) have been measured by (1972SC03). See also
(1969VO1D, 1970VO1F) and (1972B021; theor.).

63. 13C(n, t)"'B Qm = —12.4214
Not reported.
64. 13C(p, *He)''B Qm = —13.1852

At E, = 50.5 MeV, in addition to 'B*(0, 2.12, 4.45, 5.02, 6.74, 8.92), a state is observed at
E, = 12.94 £ 0.05 MeV, I = 350 & 50 keV. Comparison of the angular distributions of the 3He
and of the tritons [in the analog reaction] at £, = 43.7 and 50.5 MeV lead to the assignments
JT = {; T = % for this state and for 1!C*(12.50): the strong proton and the weak «-decay
are consistent with this assignment (1968C0O26). The T' = % state is also observed at £, = 40
MeV by (1974BE20): E, = 12.91 + 0.03 MeV, I = 260 =+ 50 keV. "'B*(12.55, 14.33) reported
by (1970G004) in the °Be(p, v)''B reaction are not observed by (1974BE20): see Table/11.19.
Angular distributions have been measured to 'B*(0, 2.12, 4.45, 5.02) at F, = 26.9 to 43.1 MeV
(1975M101) and at 43.7 and 49.6 MeV (1968FL02). See also (1969SC1F).
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65. 13C(d, a)!'B Qm = 5.1686

Observed proton groups are displayed in Table[11.18 (1970BR23). Angular distributions are
reported at £y = 0.41 to 0.81 MeV (1971PU0L: ay, o), 1.0 to 2.7 MeV (1970LILE: ay, aq),
1.4 MeV (1966KL1A: ), 3.3 t0 4.2 MeV (1963MA24: o), 6.8 MeV (1968DE26: ay — a),
11.7 MeV (1969CU08: oy — «a3) and 12.1, 13.3 and 14.1 MeV (1970KL04: oy — «3). See also
(1968AJ02), (1967SP09, 1968C0O04,/1971LI11K) and '°N.

66. 13C(70, 19F)!'B Qum = —4.864

See (1974CH1Q).

67. 1C(p, a)''B Qum = —0.7837

Angular distributions of the ooy — a3 groups have been measured at £/, = 18 MeV (1962BR34).

68. (a) “N(n, )''B Qm = —0.1574
(b) N(n, 2a)7Li Qm = —8.823

Angular distributions for the g and «; groups have been measured at £, = 4.9 MeV (1973KI11G),
14.1 MeV (1968BA30 [also a5 3], 1968HS03 [also as, a3, ayy 5], 1968MALL, 1973B0O26), 14.8 to
18.8 MeV (1971SA31) and 14.9 MeV (1968LE11). See also (1969DI11B, 1970DI1A, 1974TU1A).
The angular distribution of the 2.12 MeV ~-ray (£, = 2118 £ 5 keV) is isotropic; that for the 4.4
MeV ~-ray shows a weak anisotropy. Both ~-rays are Doppler broadened: 7, < 100 fsec [see
Table[11.5] (1972NY02). See also (1971NY03) and '°N in (1976AJ04).

At £, = 14.1 and 15.7 MeV various states of !B with 8.9 < F, < 14.5 MeV appear to be
involved in the sequential decay to Li. Angular correlation results are consistent with J™ = g and
2 for 1'B*(9.19, 9.28), respectively (1971SC16).

69. °N(cv, 3Be)''B Qum = —11.083

At E, = 72.5 MeV, the excitation of 1'B*(0, 2.12, 4.45, 5.02, 6.74) is reported (1974WO1D).

70. YF(12C, 2°Ne)!'B Qum = —3.112
See (1971BO1V).
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llc
(Figs. 3and 4)

GENERAL.: (See also (1968AJ02).)
Shell model: (1972LE1L,[1973HA49,/1973SA30, 1974ME19).

Cluster and collective model: (1972LE1L).

Soecial levels: (1969HALG, 1969HALF,[1972MS01,1973SA30, 19741R04).

Electromagnetic transitions: (1967WA1C, 1969HALG, 1969HALF, 1969WAI1C, 1973HA49,
1973SA30, 1974ME19).

Astrophysical questions: (1970BA1M, 1972KO1E, 1973LA19).

Secial reactions: (1968BE1F, 1968HALC, 1968MO1C,[1968N0O07, 1969GA18, 1969HI1A,
1969YI11A, 1970KR1C, 1971AR02, 1971BA16,/1971BI122, 1971EP02,/1971IMO1H, 1973CO1V,
1973J007,1973LA19,/1973PH1B, 1973SK01, 1973VA12, 1973WEIN, 1974DI16, 1974HAG1).

Applied topics: (1974PE04).

Pion captureand pion reactions. (1968DA1G, 1968NY 1A, 1970LI1H, 1971BL02, 1972KALF,
1972NO0O1B,[1972SE13,1973AL1D, 1973AL1E, 1973AR1B, 1973CH20, 1973H0O43, 1973JA1J,
1974AMO01, 1974M111).

Other topics: (1968BU1B, 1970SH1C,/1972AB14,1972AN05, 1972CA37,1972LE1L, 1973RO1R,
19741R04).

Ground state properties: (1967CO1D, 1967SH14, 1968RO1E, 1969FU11, 1969PE1D, 1971TA1A,
19717003, 1972LE1LL, 1972VA36, 1973CO1P, 1973MA1K, 1973SA30, 1974ME19).

1= —0.964 & 0.001 nm (1969W003);
p = £0.997 nm (1968SC18);
= —0.964 £+ 0.001 nm (1973CO1P); see also (1971SH26);
Q = +0.0322 b (19685C18).
1. c(3h)1B Qum = 1.982

The half-life of 1C is 20.40 4 0.04 min (1969AW02). [The weighted mean value of previously
reported half-lives is 20.34+0.04 min: see Table 11.15 in (1968AJ02).] log ft = 3.5914+0.002 (B.
Zimmerman, private communication). Relativistic corrections to the log ft value are considered
by (1970ST04). The ratio of K-capture to positron emission is (0.23075:511)% (1967CA09). See
also (1957SC29, 1969BE09, 1970BE66, 1972CH1G, 1973HO43), (1968FI102) and (1969LE1D,
1969SU15,1970DA21, 1970K041,/1971VA1C,[1973EM1B, 1973MU1D, 1973W104, 1973WI11,

1974LE1G,/1974ME19, 1974WI1M; theor.).
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Table 11.20: Energy levels of 1C 2

E.inl1C T7orlep Decay Reactions
(MeV + keV) (keV)
g.s. 712 = 20.40 £ 0.04 min gt |1,2 4,5, 12, 14, 15, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 35,
36
2.0000 £ 0.5 - T < 0.5 psec 5 2,4,5,12, 14, 17, 21, 22, 23,
26, 28, 29, 30, 31, 32, 33
4.3188 + 1.2 8- < 0.14 psec ¥ 2,4,5,12, 14,17, 21, 23, 26,
28, 32
4.8042 4+ 1.2 - < 0.5 psec 5 2,4,12, 14,17, 21, 23, 26, 28,
32
6.3392 + 1.4 i < 0.11 psec v 2,4,12, 14,17, 21, 28
6.4782 + 1.3 - < 0.25 psec 5 2,4,5,12, 14, 17, 21, 23, 26,
28, 32
6.9048 & 1.4 5t < 69 fsec 5 2,4,12,14, 17, 23, 26, 28, 32
7.4997 £1.5 g+ < 91 fsec 5 2,4,12,14,17, 26, 28, 32
8.1045 + 1.7 8- (7) 4,12, 14,17, 26, 28
8.425 + 8 5 v 2,4,12,14, 17, 26, 28
8.655 + 8 I I << 9keV (v) |12,14,17,26
8.701 % 20 g 15+ 1 12, 14, 26
9.732 £+ 5 (2" 450 + 50 v, pa |5711,26
10.084 + 5 A ~ 230 pa |711,14,26
10.680 + 5 ot 200 =+ 30 pa |7,11,12, 26
(10.799 £ 5) pa |7,11
11.030 £ 5 T=3 300 + 60 pa | 7,11,26, 32
11.44 + 10 360 pa |7,11,26
11.954 + 7 pa |7,11
(12.16 £40) | (T =3 270 = 50 p 4,8,22
12.4 = 1—2MeV vp |5
12.50 £ 30 i3 490 + 40 po | 4,82232
12.65 + 20 (I 360 p, *He, a | 7, 8,10, 11
(13.01) P |3
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Table 11.20: Energy levels of ''C # (continued)

E.in''C JT T Torlep, Decay Reactions
(MeV + keV) (keV)
13.33 £60 270 £ 80 32
13.4 1100 £ 100 p, @ 7,11
13.90£20 | (T'=2) 200 + 100 p 4,8,22,32
14.07 £ 20 135 £ 50 n,p 6,7, 32
14.76 4 40 ~ 450 n, p, *He | 6, 8, 10
15.35 £ 50 T=— broad v,np |56,8
15.59 £ 50 ~ 450 n, p 6, 8
16.7 = 800 = 100 vp |5
(18.2) 7P 5
2 See also Table/11.21]
2. (a) SLi(°Li, n)!'C Qum = 9.453
(b) "Li(°Li, 2n)}'C Qum = 2.203
(¢) "Li("Li, 3n)"'C Qm = —5.048

At E(°Li) = 4.1 MeV (reaction (a)) angular distributions have been obtained for the neutrons to
11C*(2.00, 4.32, 4.80, 6.34 + 6.48, 6.90, 7.50). In addition, n- coincidences via !C*(8.43) [and a
8.43 MeV ~-ray] are reported. 'C*(8.10) was not observed (1967BA53). See also (1969GU1D).
The lifetimes, 7,,, for 11C*(4.32, 6.90, 7.50) are < 140, < 69 and < 91 fsec, respectively. The
upper limits for 7,,, of 1C*(6.34, 6.48) [which were unresolved] are 0.5 psec. The ground state
transition from *C*(7.50) has E., = 7505 + 8 keV (1969THO1). For reaction (b) see (1968AJ02).
For reaction (c) see (1974CEO06).

3. "Be(a, 7)''C Qun = 7.545
See (1972PALC, 1975F019).
4. °Be(*He, n)!1C Qm = 7.558

Reported neutron groups are listed in Table 11.16 of (1968AJ02). Angular distributions have
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Table 11.21: Gamma decay of ' C levels

E; Jr T P E; Branch? | Mult. # | Branch® Xe¢
(MeV) (psec) (MeV) (%) (%)
200 | 3~ <05 0 100
432 | 37 <0.5 0 100 M1 100 +0.17+0.03 &
<0.141 ] 200 <2 <2
480 | 3~ <05 0 83+4 M1 86+2F ©
2.00 17+4 14+2f e
634 | 17| <oa11 0 | 65£3 | E1 | 68%3
200 | 35+3 32+34
4.32 <7
4.80 <4 <3
648 | 1~ <0.25 0 89 + 2 E2 88+2 | —0.0140.06
2.00 <2 <4
432 | 11+2 12+2
4.80 <2
690 | 57 <0.16 0 89+3 El 91 +2 0.02 £ 0.03
<0.07" ] 200 <2 <1
432 | 11+3 45+1
4.80 <3 45+1
6.34 <5
6.48 <5
750 | 2T | <05 0 | 36+2 | El1 | 37+3 | —0.04+0.04
<0.09" | 200 | 64+2 El 63+8 0+0.03
4.32 <3 <1
4.80 <3 <1
6.34 <3
6.48 <3
6.90 <4
973" | (37) 0 65+ 15
2.00 3
432 | 12+2
6.48 20
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2 From °Be(®He, n)!'C and '°B(d, n)''C (19650L03): includes earlier measurements, except for
11C*(9.73): see footnote 1.

b (1966WA10).

© (1968EA03): 2C(*He, a)!1C: X = amplitude ratio of (L + 1)/L.

4 The cascade is through '1C*(2.0) and not '*C*(4.3) (1968EA03).

¢ See 12C(®He, a)!'C.

£86 + 3,14 & 3% (1966GA19); 84 + 3, 16 + 3% (1967BL22).

& 4+0.16 (—0.02, +0.06) (1966GA19); 0.13 & 0.04 (1967BL22).

h (1969THO1).

i (1961JA11): 10B(p, y)!LC.

been studied in the range E(*He) = 1.3 to 10 MeV: see (1968AJ02) for the earlier references and
(1969DE1F, 1971DE2C: E(®*He) = 4.0 MeV), (1969HO1F: 4.25 and 6.2 MeV), (1974FU11: 10.5
and 13.0 MeV). The dominant L-values from the angular distributions reported by (1974FU11)
are 0 for 11C*(0, 8.10), 1 for 'C*(6.34, 7.50), 2 for !C*(2.00, 4.32, 4.80, 6.48, 8.43) and 3 for
11C*(6.90). Neutron groups to 7' = 2 states have been reported by (1971WA21) [E, = 12.17 +
0.05 and 12.55 + 0.05 MeV] and by (1969BR30) [E, = 12.5 £ 0.1, 13.7 & 0.1 and 14.7 + 0.1
MeV]: see Table[11.22.

Gamma branching ratios and multipolarities for ''C levels up to £, = 7.5 MeV have been stud-
ied by (19650L03, 1965R007): see Table[11.21, Together with evidence from reactions 12 and
27 they lead to assignments of J™ = 17, 37, 37 177 5% and 37 respectively for 'C*(2.00,
4.32, 4.80, 6.34, 6.48, 6.90, 7.50): see (19650L03, 1965R0O07) and reaction 3 in (1968AJ02) for
a summary of the evidence concerning these assignments.

See also (1973SU07), (1968NELA, 1970EL17, 1970MA38) and '2C.

5, 10B(p, 7)!'C Qm = 8.691

A broad resonance is reported at £, = 1.15 MeV: see Table[11.23](1956CH20, 1957HU79,
1967PA19). Capture ~-rays are observed corresponding to the ground state transition and to cas-
cades via 11C*(2.00, 4.32, 6.48): see Table[11.21 (1961JA11). See also (1961D0O03).

The 90° yield of v, has been measured for £, = 2.6 to 17 MeV and angular distributions
have been obtained for £, = 2.8 to 14 MeV. The excitation function is consistent with the giant
resonance centered at £, ~ 16 MeV. In addition to weak structures at £, = 4.75 MeV and 10.5
MeV, there are three major peaks at £, = 4.1, 7.0 and 8.8 MeV (I' = 1 — 2 MeV) [E; = 124,
15.0, 16.7 MeV]. At 'C*(12.4), the ~, angular distribution is essentially isotropic: T',I". /T’ ~ 200
eV, I'y =~ 5 keV (assuming I', ~ 10 keV). The E|, = 4.1 MeV resonance is probably part of the
E1 giant resonance and is formed by s-wave capture. At the two higher resonances, the angular
distributions are characteristic of E1 giant resonances in light nuclei. The °B(p, ;) cross section
is small for £, = 2.6 to 17 MeV (1970KU09). See also (1973SU1E) and (1973HALX, 1973SP02;
theor.). The lifetimes of 1'C*(4.32, 6.49), 7, < 20 fsec (1969ROZT; abstract).
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Table 11.22: Possible 7' = 2 states in ''C *

Reaction E, (MeV) e (keV) Refs.
°Be(*He, n)!'C | 12.17 +£0.05 200+ 100 | (1971WA21)
10B(p, po)'°B** | 12.20 + 0.10 (1971WA21)
UB(3He, t)'C | 12.1540.05 290 + 50 (1971WAZ21)

12.16 £0.04 " | 270 £ 50 mean
'Be(*He, n)!'C | 12.55 +£0.05 350 £100 | (1971WA21)
‘Be(*He, n)!'C 125£0.1 (1969BR30)
0B(p, p2)'°B** | 12.45 +0.10 400 £ 100 | (1971WA21)
UB(He, )''C | 12.57 £0.07 370 + 90 (1971WA21)
13C(p, t)1C 12.47 £+ 0.06 550 % 50 (1968C026)
13C(p, t)*'C 12.48 £ 0.04 540 4 60 (1974BE20)
12.50 £ 0.03 490 + 40 mean
‘Be(*He, n)!'C 13.7£0.1 (1969BR30)
B(3He, t)''C | 13.92+0.05 260 + 50 (1971WA21) 2

* See also Table[11.17/for T = 2 states in ''B.
b See, however, reaction 31 (1974BE20).

6. 1°B(p, n)!°C Qum = —4.433 B, = 8.601

The total (p, n) cross section has been measured to £}, = 10.6 MeV: broad maxima are observed
at £, = 5.9240.02, 6.68 £0.04, 7.334+0.05 and 7.60 +0.05 MeV (see Table'11.23) (1963EAQL).
The cross section for formation of '°C, ; measured up to 12 MeV shows similar behavior to 8
MeV. At E, ~ 8 MeV, a sharp maximum is observed. The cross section for production of 3.35
MeV ~-rays (from '°C*) does not appear to show structure for £, = 8.5 to 12 MeV (1966SE03).
See also (1973ZW1A; theor.) and °C in (1974AJ01).

7. B(p, p)'°B E, = 8.601

Below E, = 0.7 MeV, the scattering can be explained in terms of pure s-wave potential scat-
tering but the possibility of a state near £}, = 0.27 MeV (£ = 8.95 MeV) cannot be excluded.
The elastic scattering then shows two conspicuous anomalies at £, = 1.50 £ 0.02 MeV and at
2.18 MeV [E, = 10.05 and 10.67 MeV] with J™ = %+ and §+: see Tables 11.23 and 11.24
(19600V1A, 19620V02: E, = 0.15 to 3.0 MeV). The elastic scattering has also been studied

43



recently by (1970BO17: E, = 3 to 10.5 MeV), and (1969WAL11L: E, = 5.0 to 13.4 MeV, optical
model analyses). (1969WAL11) report a single broad resonance at £, ~ 5 MeV, while (1970BO17)
report seven resonances in the corresponding energy interval, in addition to resonances at £}, = 3.6
and 4.4 MeV. See also (1962AN11). The depolarization parameter D has been measured for po-
larized protons with £, = 25 MeV (1974BI1F) and 50 MeV (1970BA0S5). See also (1970BE1B)
and (1973ZW1A, 1974GU13; theor.).

8. 19B(p, p')!°B* B, = 8.691

The yield of ~; [from '°B*(0.72)] rises monotonically from £, = 1.5 to 4.1 MeV (1952DA05,
1954DA20, 1957HU79, 1964BE31) and then shows resonance behavior at £, = 4.35 and 5.73
MeV (19620P03: see Table[11.23). For E, = 6 to 12 MeV, the cross section for ~; shows several
sharp maxima superposed on a broad maximum (I' ~ 2.5 MeV) at £, ~ 7.2 MeV (1966SE03).
[The cross section below E, = 10 MeV appears to be in error: see (1969WA23).] Yields of five
other ~-rays involved in the decay of °B*(1.74, 2.16, 3.59, 5.18) have also been measured by
(1966SEQ3) in the range £, = 4 to 12 MeV.

Yield curves for inelastically scattered protons have been measured at £}, = 5.0 to 16.4 MeV
(p1, P2, P3), 6.6 to 16.4 MeV (p,), 8.9 to 16.4 MeV (ps) and 10.9 to 16.4 MeV (p to °B*(6.03)):
the principal feature for all groups, except that to '°B*(6.03), is a structure at F, ~ 7.5 MeV,
I' ~ 4 MeV. In addition narrower structures are observed, including three at £, = 5.75, 6.90
and 7.80 MeV (£0.2 MeV) with widths of ~ 500 keV (1969WA23). It had previously been
suggested by (1966SEQ3) that the formation of 7" = 1 states was relatively suppressed in this
reaction. (1969WA23) find that the isotopic spin effect disappears when a correction factor (2.f+1)
is included. Excitation curves for the p;, p, and p; groups have been measured for £, = 3.5
to 5.0 MeV. Possible resonances are observed in the p, yield [to the T = 1 state 1°B*(1.74)]
corresponding to the first 7' = 3 states at £, = 12.16 and 12.50 MeV [see Table[11.22]: these do
not occur in the yield of p; and ps (1971WAZ21).

9. 19B(p, d)°B Qum = —6.211 E, = 8.601

Polarization measurements have been carried out at £, = 49.6 MeV for the deuterons to ?B*(0,
2.36) (1971SQ02). See also B in (1974AJ01).

10. 9B(p, 3He)*Be Qum = —0.532 B, = 8.691

The ground-state yield shows slight maxima at energies similar to those in the (p, «) yield in
the range £, = 4 to 10 MeV. However, the angular distributions do not vary strongly over the
region and it is suggested that a direct interaction mechanism dominates (1963JE01). (1966SE03)
report two strong maxima at £, ~ 4.5 and 6.5 MeV. See also ®Be in (1974AJ01).
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517

Table 11.23: Resonances ® in 1B + p

Fres Ey Jr Tlab Decay Refs.
(MeV + keV) (MeV) (keV)
1.145+5 9732 | (37) | 500450 7, Po, o (1957HU79,1956CH?20, 1951BR10, 1956CR07, 1967PA19)
1.533+5 10.084 ™ ~ 250 Po, 2o, 1 | (1957HU79,/1956CR07, 1951BR10,/19620V 02,/ 1956CH20, 1956A L 23)
2.189 £ 5 10680 | 2° 220 + 30 Po, a0, 1 | (19620V02,[1964JE01, 1964BE31)
2.320+ 5 (10.799) Po, a1 1964BE31)
2.574+5 | (11.030) Po, a1 (1964BE31)
3.03+£10 11.44 400 Po, g, o | (19620P03, 1964JE01)
3592+ 7 11.954 Po, a1 (1964BE31, 1970BO17)
3.9+100 | 1220 | T =3 o (1971WA21)
414100 | 1245 | T =3 | 4404100 P2 (1971WA21)
4.1 bc 12.4 T=—]1-—2MeV Yo (1970KU09)
4.36 + 20 12.65 ) 400 p, a, a1, *He | (19620P03, 1964JE01,1966SE03, 1970B0O17)
(4.75) (13.01) Yo (1970KU09)
5.2 13.4 12004100 | po, g, 1 | (1964JE01, 19620P03,1966SE03,'1970BO17, 1969WA11)
5.73 + 20 13.90 ~ 500 p (19620P03,/1969WA 23,/1970B0O17)
5.92 + 20 14.07 broad n, Po (1963EA01, 1964JE01, 1966SE03, 1970BO17)
6.68 + 40 14.76 ~ 500 n,p, 3He | (1963EA01,/1964JE01, 1966SE03, 1969WA 23,/1970BO17)
733+50°| 15635 | 7w =— broad Y0, N, P (1963EA01, 1966SE03, 1969WA 23,(1970K U09)
7.60 £ 50 15.59 ~ 500 n, p (1963EA01, 1969WA 23, 1970BO17)
8.8¢ 16.7 T =—| 900+ 100 Yo (1970KU09, 1970BO17)
(10.5) (18.2) Yo (1970KUQ9)
2 See also Table[11.21]

b T, /T ~ 200 eV (1970KU09).
¢ Probably part of the E1 giant resonance (1970KUQ9).




Table 11.24: Level parameters 2 for 1°B(p, p)'°B and °B(p, «)"Be

E, E, J" r, | Lo, 0z | 62, | 62
(MeV) (MeV) (MeV) (MeV) (MeV)
117" 9.75 | (37) | 0.045 0.255
1.50 ¢ 10.05 %+ 0.090 0.100 0.060 0.02 | 0.26 | 0.35
218°¢ | 1067 | " | 0100 | 0.100 017 | 0.11
4.36 4 12.65 (%+) 0.20 0.15 0.05 0.02 | 0.29 | 0.08
& See also Table|11.23.
b (1956CR07, 19620V02).
¢ (19620V02).
d (1964JE01).
11. °B(p, «)"Be Qm = 1.1462 Ey, = 8.691

The total cross section for this reaction has been measured for £, = 60 to 180 keV by
(1972S5Z02): the extrapolated cross section at the Gamow energy, taken to be 19.1 keV, is ~ 10712
b.

The parameters of observed resonances are displayed in Tables 11.23/and[11.24. The ground
state (o) a-particles exhibit broad resonances at £, = 1.17, 1.53, 2.18, 3.0, 4.4, 5.1 and 6.3
MeV (see (19620V02, 1964JE01) and (1959AJ76)). Alpha particles to the 0.43 MeV "Be state
(1) and 0.43 MeV ~-rays exhibit all but the 1.2 MeV resonance (see (19620P03, 1964BE31,
1964JE01, 1966SE03) and (1959AJ76)). Weak resonances are also reported at 2.32, 2.57 and 3.59
MeV (1964BE31). A broad maximum dominates the region from £}, = 4 MeV to about 7.5 MeV
(1966SE03). See also (1968HALB), (1973ZW1A; theor.) and (1974PELC; applied).

12. 19B(d, n)''C Qm = 6.467

Angular distribution measurements have recently been reported at £4 = 0.5 to 0.8 MeV
(1969CHO04: n to 'C*(6.35 + 6.49)), 5.8 MeV (1970BO34: see Table [11.25) and 11.8 MeV
(1971MU18: ng). See also (1969JO1F). For recent angular correlation measurements see (1972TH14,
1973PA1N). A great deal of work had previously been done on this reaction: see (1959AJ76,
1968AJ02 [particularly Table [11.20]) for a discussion of the earlier work. Information on the
~-decay of 11C states has been summarized by (19650L03) and is incorporated in Table[11.21!

Table/11.25 summarizes results obtained in this reaction and in the (*He, d) reaction (1955MA76,
19630V02, 1970B0O34). See also (1967C0O30, 1973BR24) and 2C.
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Table 11.25: Energy levels of 'C from °B(d, n)!'!C and °B(*He, d)!'C

E.MeVxtkev) | J7 | 1f [18] Sqn® | Sspea® | I Sstea "
0 - 1 | 1| 112 08 | 1 1.09
20006409 | 17 | @ |@| (018 | (0.036)

3) <0.09 | (3| <040
4322+10° 3 1 0.27 0.20 1 0.17,0.19
4808 £10P 3- 1 | <0.02 (1) < 0.08

@ | <035
6.345+£10" 1 007 | 2 0.08
6.476 + 10 P - 1 0.86 0.56 1 0.73,0.79
6.903 £ 10 P 3t 1) 2 0.06
0 <0.04
7498 +10° g+ 2 0.08
8.107+10P 37k 1 0.07
8.425+8° 5- 1| 065 046 | 1| 073079
8.655 + 8 4 3t 0| o084 0.45
2 | 08 0.32
i 0| 063 033 | 2 0.41

2 | 06 024 | O <0.34
8.701 £ 209 351 0 | o0 0.40 0.14 0 <0.8

2 | <02 0.13

T 0| 030 0.11

2 | <015 0.10

10.08 "
10.68 © ©,2)

a (3He, d): (1970BR23).

b (3He, d): (1961H108).
€ (d, n): neutron threshold measurements (1955MA76); based on Q.
4 (d, n): observed by time-of-flight technique (119630V02).

¢I' = 200 keV (19630V02).
f From (d, n) work summarized in Table 11.20 of (1968AJ02).

& From (1970BO34): Sy, Obtained at Eq = 5.8 MeV, Ssy, 4 Obtained at E(*He) = 11.0 MeV
[both +30%)]. When Sq ,, and Ssy, q differ appreciably, the more reliable value is underlined.

h See (1971C007).

" From E(*He) = 21 MeV work of (1971CO07); when two values are shown for Ssy, 4, they

are in order of descending ;.
3 Value determined by (1973F002).

k See (1970FO05).
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13. 19B(t, 2n)!'C Qm = 0.209

See (1961R0O21).

14. 19B(3He, d)!'C Qm = 3.198

Angular distributions have been measured recently at Z(*He) = 1.38 MeV (1970BE1F: dy),
11.0 MeV (1970BO34: see Table[11.25), 18.0 MeV (1973F002; deuterons to 'C*(8.66, 8.70))
and 21.0 MeV (1970F005, 1971CO07: see Table11.25). Table 11.25 displays also the spectro-
scopic factors derived from this reaction and from the (d, n) reaction.

The study of the angular distributions of the deuterons to *C*(8.66, 8.70) shows that these
levels are the analogs, respectively, of 1'B*(9.19, 9.28) whose J™ are §+ and g+ [the !B states
were studied in the (d, p) reaction]: T, are < 9 keV and 15 & 1 keV, respectively, for 11C*(8.66,
8.70) (1973F002).

Singlet deuteron emission has been studied at £(*He) = 8, 10 and 11 MeV by (1970BO07).

15. 19B(q, t)!1C Qum = —11.123

Angular distributions have been measured at £, = 46 MeV (1969FO1C; abstract; for tritons
to 11C states with £, < 8.1 MeV) and at 56 MeV (1968GA1C, 1969GA11; t,).

16. 19B(5Li, "He)!'C Qum = 4.10

See (1957NO17).

17. 9B("Li, SHe)!'C Qum = —1.287

Angular distributions of ®He ions corresponding to the transition to '*C, _have been measured
at £("Li) = 3.0, 3.5 and 3.8 MeV (1968ST12). At E("Li) = 24 MeV, the population of *!C*(0,
2.00, 4.32, 4.80, 6.34 + 6.48, 6.90, 7.50, 8.10, 8.43, 8.66) is reported (1974KO1G).

18. 19B(1N, 13C)!IC Qm = 1.141

See (1968BU1B, 1969BR1D,1970GO1B) and (1968AJ02).
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19. 10B(160, N)IC Qm = —3.436

See (19680K06).

20. 19B(\9F, 180)!'C Qum = 0.699

See (1968GA03).

21. B(p, n)!'C Qum = —2.765

Neutron groups have been observed to '*C*(0, 2.008, 4.320, 4.806, 6.330, 6.481) (£20 keV)
(19650V1A). See also (1970CL01). Angular distributions of the ny group have been measured
at many energies up to £, = 18.5 MeV [see (1968AJ02)] and at 30.5 and 49.5 MeV (1970CLO1:
also n; and n, + n3). See also (1969M032, 1973G0O1V), (1969BA1N; astrophys. considerations)
and '2C.

22. UB(He, 1)''C Qm = —2.001

Angular distributions of t, and t; have been measured at £(3*He) = 10 MeV (1967CR04) and
14 MeV (1970NU02). See also (19690P1A, 19700P1B). At E(®*He) = 26 MeV the known states
of 1C below E, = 11 MeV are populated and triton groups are also observed to states, assumed
tobe T = 3, at B, = 12.15, 12.57 and 13.92 MeV [see Table 11.22] and, possibly, 14.15 MeV
(1971WAZ21). See also (1968BR23).

23. 1B(°Li, *He)!'C Qm = —5.492

At E(°Li) = 30 MeV, ®He groups are observed corresponding to 1:C*(0, 2.00, 4.32, 4.80, 6.48,
6.90) and the angular distribution to ''C,; is reported (1972LE1P).

24. 12C(y, n)''C Qum = —18.722

The fraction of transitions to the ground and to excited states of '*C [and to !B states reached
in the (v, p) reaction] has been measured at F,s = 24.5, 27, 33 and 42 MeV: the ground state is
predominantly populated. The population of analog states in the (v, n) and (v, p) reactions are
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similar. And a significant decay strength is found to the positive parity states with 6 < E, < 8
MeV. In general the main contribution to the strength of the transitions to the various excited states
of 1B, C lies in rather localized energy bands in 12C which are a few MeV wide (1970ME17).
See also the discussion in (1973DI1C, 1973SP03). See also (1969DE12, 1973GL1C, 1974SC23),
(1970MU1D,1971BI01, 1973MS01, 1973MS02; theor.) and '2C.

25. (a) 2C(e, en)!'C Qm = —18.722

(b) 2C(x T, 7N)!IC Qn = —18.722
L2C(r—, 7 n)l'C

(c) 2C(n, 2n)!'C Qm = —18.722

(d) 2C(p, pn)!'C Qm = —18.722

For reaction (a) see (1969BA1F; theor.) and *2C. For reaction (b) see (1973H043). See also
(1970LI11H) and the “Pion capture and pion reactions” section in *2C. For reaction (c) see '*C. For
reaction (d) see (1968DE22, 1968PA05, 1969P001) and '2C.

26. 12C(p, d)!'C Qm = —16.497

Angular distributions have been recently measured at £, = 55 MeV (1974SHI1N: dy, dy, da43),
100 MeV (1968LEO01, 1969L101; dy, di, day3, dsp5.6), 155.6 MeV (1969BA05: d to 1C*(0, 2.0,
4.3, 4.8, 6.7, 8.0, 11.0)), 185 MeV (1971KA56: see Table and 700 MeV (1973THI1A,
1974BA58: dy — d4, dg). The broad peak at £, = 15 + 0.7 MeV and the weak [~ 7 MeV broad]
structure at £, = 18—23 MeV reported by (1969BA05) are not observed by (1971KA56). See also
(1969SU02, 1973FA10). For a listing of earlier angular distribution measurements [E, = 19 to 60
MeV] see (1968AJ02). See also (1968TI1A, 1972RO1K, 1974KI1A) and (1968JA1D, 1969D008,
1969TO1A, 1970BA1N, 1971L028/[pion],/1971MC15,1972ST33, 1973TA27, 1974INQ7; theor.).

27.12C(d, H)''C Qm = —12.464

At E; = 28 MeV the t, angular distribution has been measured and a detailed comparison
has been made with the results from the mirror reaction 2C(d, >He)!!B (1966DE1C, 1968GA13).
Angular distributions of the t, group have also been measured at £4 = 20.0, 24.0 and 28.0 MeV
by (1971IN1C; unpublished thesis): at the highest energy angular distributions of several triton
groups to excited states of *'C are also reported. See also (1971B0O50; theor.) and (1968AJ02).

28. 12C(*He, a)''C Qm = 1.857
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Table 11.26: Levels of ''C from '2C(p, d)''C @

E, (MeV =+ keV) Jre Stel
0 8- 100
1.9997 £ 0.5 1= 17.4
4.30 £ 50 8- < 0.06
4.80 £ 50 8- 9.7
(6.34) i < 0.03
6.49 =£ 50 - 0.6
6.92 & 50 st 0.7
7.53 450 g+ 0.4
8.13 £ 50 8- 0.7
8.43 £ 50 5- 0.08
8.67 + 80 ™45t
9.3+ 100
9.7 4 100 (29
10.1 + 200 "
10.7 + 200 ot
11.0 + 100
11.5 + 200

* (1971KA56): E, = 185 MeV.
b (1974N007).
¢ From Table|11.20

Angular distributions have been measured at many energies. Recent experiments are reported
at E(*He) = 9.5, 10.5 and 11.5 MeV (1970B034), 13.9 MeV (19680B01: ay — as3), 16, 17 and
18 MeV (1970GR08), 19.1, 27.1 and 35.7 MeV (1968AR12), 24 and 28 MeV (1973FU02), 24.0,
29.2, 34.7 and 39.6 MeV (1974YAL0: «y, a1, az), 35.6 MeV (1970F005: o and « to 1'C*(8.10,
8.43)), 42 MeV (1973SI111: oy — ), 44.8 MeV (1966BA13: o) and 217 MeV (1974GE09:
ap, (q, (g, az). See Table for a display of the results and (1968AJ02) for a summary
of the extensive earlier work. For discussions of the reaction mechanisms see, e.g. (1970B0O34,
1973FU02).

Alpha-v correlations have been studied for E(*He) = 4.7 to 12 MeV: see, in particular,
(1968EAQ03). Their results are summarized in Table and are discussed in detail in reac-
tion 22 (1968AJ02). A measurement of the linear polarization of the 2.00 MeV ~-ray (together
with knowledge of the 7,,,) fixes J* = %* for 11C*(2.00) (1968BL09). See also (1970CA28,
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Table 11.27: Levels of !'C from 2C(®He, )!'C ?

E, (MeV =+ keV) 14 Srel
E(*He) = 16 MeV ! | 24 MeV & | 28 MeV &
0 1 1 1 1
1.999 + 4P 1 0.10 <0.6 <0.6

43188 +1.2° 3 0.057 (0.04) (0.06)
4.8042+1.2°¢ 1 0.11 0.22 0.22
6.3392+1.4°¢ 0 0.003 " <0.07 <0.07
6.4782+1.3°¢ 3 0.11% 0.06 (0.06)
6.9048 1.4 ¢ 2 0.018 (0.15) (0.17)
74997 £1.5¢ 2 0.006 " (0.07) (0.09)
81045+ 1.7¢ 1 0.017 M

8.43 3° 0.034 M

& See Table[11.21/for ~-decay work (1968EA03).

b (1968EA03).
¢ (1970BR23).

d (1970B0O34). See also (1968AR12, 1970GRO8).

e (1970FO05).
f (1970GR08).
& (1973FU02).

At E(3He) = 18 MeV.

I Assuming J™ = 27,

2
i i T _ 57
Assuming J"T = 3 .

1970JA1E), (1969D008, 1972WELF, 1974DO15; theor.) and 10 in (1976AJ04).

29. 12C(°Li, "Li)1'C Qm = —11.471

At E(°Li) = 36 MeV the angular distributions involving “Liys + '*C, and "Li} ,s + 'Cj o0
have been studied by (1973SC26).

30. (a) 12C(1OB, 118)11(:
(b) 12C(12C, 13c)11C

Qun = —7.266
Qum = —13.775
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Reaction (a) has been observed at F(*°B) = 100 MeV: ''C,_is much more strongly populated
than '1C*(2.00) (1973YO1D, 1973YOI1C). See also reaction 58 in !B (1974HA1V). The angular
distribution involving the ground state transitions has been measured for reaction (b) at £(*2C) =
114 MeV (1974AN36).

31. 12C(MN, N)!C Qum = —7.888

See (1967B106, 1974AN36). See also (1967VO1A, 1969BR1D, 1973SC1J) and 5N in (1976AJ04).

32. BC(p, Hl'C Qum = —15.186

At E, = 43.7t050.5 MeV angular distributions of the tritons have been studied to '!C*(0, 2.00,
4.32, 4.80, 6.48, 6.90, 7.50) and to a ' = 2 state at £, = 12.47 MeV [see Table 11.22] whose
J™ is determined to be ;  [it is thus the mirror of !!Be*(0.32)] (1968C026, 1968FL02). The state
decays primarily by p — °B*(1.74). Alpha decay to 7Beg_s. +o.4 18 also observed (1968C0O26).
Angular distributions have also been measured for £, = 26.9 to 43.1 MeV (1975MI01: ty — t3).
At £, = 46.7 MeV the T' = % state is also observed by (1974BE20) who, in addition, report
the population of states with £, = 11.03 £ 0.03, 13.33 £+ 0.06, 13.90 + 0.04 and 14.07 4+ 0.04
MeV [I" = 300 + 60, 270 £ 80, 150 4+ 50 and 135 + 50 keV, respectively]. However, the T" = %
state at £, = 12.16 MeV reported by (1971WAZ21) in reactions 4, 8 and 22 is not observed by

(1974BEZ20). See also (1969SC1F) and (1971KA04; theor.).

33. “N(p, a)t'C Qm = —2.922

Angular distributions have been reported at £, = 4.99 to 5.55 MeV (1969WE02: ay), 6.0 to
9.0 MeV (1968SH11: ay) and 7.53, 8.03, 9.54 and 10.54 MeV (1970ME30: «ay, a7) and 20.5 to
44.3 MeV (1974P105: ayp, ). See also (1972MA21), (1968AJ02) and 50 in (1976AJ04).

34. 150(~, na)''C Qum = —25.884

See (1968AJ02).

35. 160(p, OLi)!'C Qum = —22.185
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See (1969HO1H).

36. 160(v, 9Be)''C Qum = —24.310

At E, = 42 MeV, the angular distribution involving the transition to 9Beg_s_ + “Cg.s, has been
measured (1972RU03).

11N
(Fig. 4)

The “N(®*He, ®He)!'N reaction has been studied at £(*He) = 70 MeV (1974BE20). A °He
group is observed which corresponds to a state in !N with an atomic mass excess of 25.23 £ 0.10
MeV and I = 740 + 100 keV. The cross section for forming this state is 0.5 pb/sr at 10°. The
observed state is interpreted as being the J™ = 1™ mirror of '*Be*(0.32) because of its width; the
%* mirror of 1'Be, s would be expected to be much broader (1974BE20). The ''N state is unbound
with respect to decay into °C + p by 2.31 MeV. See also (1968AJ02, 1969L0O1B, 1970WAL1G,

19741R04).

110
(Not illustrated)

This nucleus has not been observed: see (1972WAO07, 19741R04).

11 F
(Not illustrated)

This nucleus has not been observed: see (19741R04).
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