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HHe
(Not illustrated)

'He has not been observed: see (1980AJ01) and (1983ANZQ).

11Li
(Figs. 1 and 4)

GENERAL

The mass excess of 1Li is 40.94 4 0.08 MeV (1975THO08). [(A.H. Wapstra, private communi-
cation) suggests 40.91 £ 0.11 MeV.] Using the value reported by (1975THO08) ''Li is bound with
respect to ?Li+2n by 156 =80 keV and with respect to '°Li+n by 966 4-260 keV [see (1984AJ01)
for the masses of °Li and '°Li]. Systematics suggest J™ = 1~ for ''Liy..

See also (1979AZ03, 1980AZ01, 1980B031, 1981BO1X, 1982B0O1Y, 19820G02), (1981HA2C),
(1979B022, 1980MA1Z, 1981AV02, 1982KA1D, 1982NG01, 1983ANZQ, 1984VAOQ6; theor.)
and (1980AJ01).

1. 1ULi(37)!'Be Qum = 20.77

The half-life of 'Liis 8.5 £0.2 msec (1974R031), 8.83 4 0.12 msec (1981BJ01). (1981BJ01)
recommend 8.7 + 0.1 msec. The decay is complex: see Table 11.2. See also (1983RO1H).

Table 11.1: Energy Levels of ''Li

Ey (MeV) | J© T | 112 (msec) | Decay | Reaction
g.s. (3 );2| 8701 | B 1

1Be
(Figs. 1 and 4)

GENERAL: (See also (1980AJ01).)
Model calculations: (1981RA06, 1981SE06, 1983MI1E, 1984VAQG).
Electromagnetic transitions: (1980MI11G).

Complex reactionsinvolving ''Be: (1979B022, 1980WI1L, 1983EN04, 1983WI1A, 1984GRO08,
1984HI1A).



Hypernuclei: (1979BU1C, 1982IK1A, 1982KA1D, 1982K011, 1983FE07, 1983KO1D, 1983MI1E).
Other topics: (1981SE06, 1982NGO1).
Ground-state properties of !Be: (1981AV02, 1982NG01, 1983ANZQ).

Table 11.2: The 3~ decay of ''Li

Decay to 'Be | Branching ratio | Log ft 3-delayed Refs.

(MeV) (%) neutron decay to

g.s. <2 > 6.3 (1981BJ01)

0.32# 9.2+0.7 5.59 (1981BJ01)

2.69° 10Be, .. +n (1981J0Z2V)

3.89 b 10Be*(3.37) +n (1981J0ZV)

3.96 " 10Be*(3.37) +n (1981J0ZV)

10.59 > 2.9+ 0.6 { " Bewa 30 0p11 A1)
Cgs. + 0+

~ 18.5 4 0.5 >d 0.3+ 0.05 8Be*(3.0) +3n | (1981LA11)

2 The ~-ray from the decay of ''B*(2.12) is observed (1980DE39).

b Pr= (854 1)%, Po, = (4.1 £0.4)%, P, = (1.9 £ 0.2)%. The fraction of 1n transitions
to excited states of 1°Be is (41 + 4)% (1981BJ01). (1980DE39) observe ~-rays from the decay of
10Be*(3.37, 5.96, 6.18). [The work on the 3~ decay of *!Li does not exclude transitions to other
states of ' Be.]

© This state appears to decay by sequential 3n transitions via 1°Be*(9.4) and °Be*(2.43) to ®Be, ..
[(2.0 £ 0.6)%)] and by n + « decay via °Be*(9.4) to ®He, 5. [(0.9 & 0.3)%] (1981LA11).

4 This state has not been reported in any other reaction. (1981LA11) report its decay by 3n
emission to *Be*(3.0).

1. 1Be(37)!'B Qm = 11.508

The decay is complex: see reaction 28 in 1B and Table 11.13. The half-life is 13.81 4-0.08 sec
(1970AL21). See also (1980AJ01).

2. 9Be(t, p)!'Be Qun = —1.167

Proton groups have been observed to the states displayed in Table 11.3. 7, for the first excited
state is 16615 fsec (1983M108), corresponding to a very large E1 transition strength of 0.36+0.03
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W.u.; E, = 320.04 £ 0.10 keV (see (1983MI08)). The J™ of 'Be*(0.32) is 1, as determined by
a study of the yield of 320 keV ~-rays as a function of time in .~ capture by '!B. The strength of
the E1 transition fixes J™ of 'Be, to be %+ or §+, using the parity information obtained from
the nature of the 3~ decay of the ground state [see reaction 28 in ''B]. !'Be*(5.24, 6.71, 8.82) are
strongly populated at £, = 20 MeV indicating that these states have a large overlap with “Be, . +
two neutrons. See (1980AJ01) for references.

Table 11.3: Energy Levels of ''Be

E, (MeV + keV) Jo T T or e (keV) Decay Reactions
0 1T8 | 1), =13.81 4+ 0.08 sec B~ 11,2,4,6
0.32004 £ 0.1 5 Tm = 166 £ 15 fsec v 124567
1.778 + 12 (5, 3)* I'=100=+20 (n 246
269420 | (3%, 8%, 2T 200 + 20 n |27
341420 | (3%, 87,20 125 + 20 (n) |26
3.887+ 15 > 1 <10 (n |2
3.956 + 15 8- 15+5 (n) |27
5.240 £ 21 45 £ 10 (n |2
(5.86) ~ 300 (n |2
6.51 =+ 50 120 + 50 (n |2
6.705 + 21 40 =+ 20 (n |2
7.03 £ 50 300 + 100 (n |2
8.816 + 32 200 = 50 (n |2
10.59 = 50 210 £ 40 (n |2

2 See also Table 11.2.

3. 19Be(n, v)''Be Qm = 0.503

See (1975AJ02).

4. ''Be(d, p)!'Be Qm = —1.722

Angular distributions of the p, and p; groups have been measured at £y = 6 MeV and 12 MeV:
I, = 0[and therefore J™ = %+ for 1'Be(0)] and 1, S = 0.7340.06 and 0.6340.15, respectively. At
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E4q = 25 MeV 1Be*(0, 0.32, 1.78) are strongly populated: S = 0.77, 0.96 and 0.50, respectively,
J™ = (2, 3)" for 'Be*(1.78) (I, = 2)]. See (1980AJ01) for references.

5. 1Li(3-)"'Be t Qm = 20.76

T Certain reactions on which no new work has been published will not be discussed in this review: see (1980AJ01).

See MLi,

6. 12C("Li, *B)'Be Qm = —28.189

At E("Li) = 82—83 MeV groups corresponding to 'Be*(0, 1.8, 3.4) are reported by (1982AL08,
1983AL20).

7. 13C(°Li, 3B)!'Be Qm = —25.885

At E(°Li) = 80 MeV, 1Be*(0.32) is strongly populated and the angular distribution to this
state has been measured. 1*Be*(2.69, 4.0) are also observed: see (1980AJ01).



llB
(Figs. 2 and 4)

GENERAL: (See also (1980AJ01).)
Shell and deformed models: (1981BO1Y, 1981RA06, 1982B001, 1983VA3L, 1984VA06).
Cluster model: (1979N106, 1980FU1G, 1983SH38).

Soecial states: (1979N106, 1980R106, 1981BO1Y, 1981RA06, 1981SE06, 1983GO1R, 1983VA3L,
1984G0O1M, 1984VAQ6).

Electromagnetic transitionsand giant resonances. (1978KR19, 1979D017, 1979N106, 1980FU1G,
1980KO1L, 1980RI106, 1981BO1Y, 1982AW02, 1982G003, 1984KU07).

Astrophysical questions: (19780R1A, 1979BJ1A, 1979RA1C, 1980CO1R, 1980D0O1C, 1980FR1G,
1980RE1B, 1981AU1D, 1981AU1G, 1981GA1C, 1981GU1D, 1982SC1E, 1983HO15, 1983SI1B).

Applied work: (1980MU1D, 1981KU1C, 1983AM1A, 1983FI1C).

Complex reactionsinvolving ' B: (1978010, 1979AL22, 1979B022, 1979GE1A, 1979SA27,
1979SA26, 1979SC1D, 1979ST1D, 1980GR10, 1980M101, 1980M0O28, 1980R106, 1980WIL1L,
1981BH02, 1981CI103, 1981ME13, 1981M0O20, 1981TA16, 1981TA22, 1982BI1C, 1982FU04,
1982JA1C, 19821 U01, 1982LY1A, 1982MO1K, 1982WU1B, 1983CH23, 1983EN04, 1983FU04,
1983HALC, 19830L1A, 1983SA06, 1983SC1L, 1983SI1A, 19835008, 1983WA1F, 1983WI1A,
1984G003, 1984GR08, 1984HI1A, 1984V0O06).

Muon and neutrino capture and reactions (See also reaction 48.): (1980SC18, 1981MU1E,
19810L01).

Pion and kaon capture and reactions (See also reactions 21, 32 and 50.): (1979AL1J, 1979AL21,
1979BA16, 1979BULC, 1979KI1G, 1979PE1D, 1979PI1C, 19797105, 1980DE11, 1980GR1G,
1980LEO2, 1980S005, 1980Z11B, 1981BE63, 1981FE2A, 1981FR17, 1981GE1B, 1981RO1L,
1981RO1R, 1981TH1B, 19817101, 1982DE1K, 1982ER04, 1983AN1F, 1983BA71, 1983FEO07,
1983GE12, 1983GE13, 1983MO1F, 1983R0O07, 1983ZE1C).

Hypernuclei: (1978SO1A, 1979BU1C, 1980IW1A, 1981ST1G, 1981WA1J, 1982DOL1L, 1982ERL1E,
1982GR1P, 1982KA1D, 1982K011, 1982RA1L, 1983CH1T, 1983D0O1B, 1983FE07, 1983SH38).

Other topics: (1979N106, 1981CA1H, 1981SE06, 1982AW02, 1982BE17, 1982DELN, 1982NG01,
1983GOL1R).

Ground-state propertiesof !B (Seealsoreactions31 and 32.): (1979AL26, 1979N106, 1979SA27,
1980BA45, 1980FU1G, 1980H0O14, 1981AV02, 1981BO1Y, 19810L01, 1981SE06, 1982BA37,
1982B0O01, 19821013, 1982NG01, 1983ANZQ, 1983BUO7, 1983M108, 1983VA31, 1984KU07,
1984MI1B).

[ = +2.688637(2) nm (1978LEZA),
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() = 40.65(26) mb [see (1980AJ01)],

B(E2; %_ — %_) =2.140.4¢%- fm* (1980FEQ7).

Table 11.4: Energy Levels of 1'B

E, (MeV + keV) Jo T Tm (fsec) @ Decay Reactions
or e, (keV)
0 $= 2 stable — 1,2,6,7,8,12,13, 14,
15, 16, 17, 21, 22, 23,
24, 25, 28, 30, 31, 32,
33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44,

45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62,
63

Tm = 0.0£04 ¥ 1,6, 7,8, 12, 13, 14,
15, 16, 17, 21, 22, 23,
28, 30, 31, 33, 34, 37,
38, 41, 46, 48, 49, 50,
51, 52, 53, 54, 55, 57,
58, 59, 60, 61, 62, 63

1.18 £ 0.04 ¥ 1,2,6,7,8,12,13, 14,
17, 21, 22, 23, 25, 27,
28, 30, 31, 33, 34, 37,
38, 41, 49, 51, 52, 53,
54, 58, 59, 60, 61, 62,
63

0.34 £0.01 0% 1,6, 7, 8, 13, 14, 21,
22, 23, 25, 28, 30, 31,
33, 34, 37, 38, 49, 50,
52, 53, 54, 58, 59, 60,
61, 63

22+ 5 ~ 1,2, 6,13, 14,17, 21
22, 23, 25, 27, 30, 34,
37, 38, 49, 52, 53, 55,
58, 59, 60, 62, 63
1.7+£0.2 y 1,2, 6,13, 14, 21, 22
23, 28, 30, 34, 38, 41,
52, 53, 55, 63

2.124693 + 0.027

N [—=

4.44489 £ 0.50

Nt

5.02031 = 0.30

[\ [eN]

6.7429 £ 1.8

N~

6.79180 £ 0.30

N[




Table 11.4: Energy Levels of B (continued)
E, (MeV + keV) JT m (fsec) ® Decay Reactions
or ... (keV)
7.28551 4 0.43 5F 0.57 £ 0.04 v 1,2,6,12, 13, 14, 21,
22, 23, 28, 30, 34, 53,
63
7.97784 & 0.42 8 0.57 £ 0.06 v 1,2,13,21,22, 28, 30,
34
8.5603 + 1.8 <37 0.70 £0.07 v 1, 12, 13, 21, 22, 30,
31, 34, 59
8.9202 % 2.0 57 [ =4.374+0.02eV v, a 1,2,12,13,17,21, 22,
25, 26, 30, 31, 34, 58,
59
9.1850 + 2.0 i 1.971% eV v, a 1,2,13,21, 22, 26, 34,
61
0.2744 £ 2 5" 4 voa o |1,213,21,22, 34,61
9.876 + 8 E 110+ 15 a 5,13, 28
10.26 £ 15 37 165 + 25 v, 2,5,13
10.33 £ 11 57 110 =+ 20 v, a 2,5,13,22, 34
10.597 £ 9 . 100 = 20 v, a 2, 5,13, 18, 20, 34
10.96 £ 50 5 4500 a 5
11.265 £ 17 9+ 110 + 20 a 5,13
11.444 4+ 19 103 £ 20 a 5,13
11.580 + 26 5t 170 + 30 n, 3,5,13,18, 20,34
11.886 £ 17 2 200 & 20 n, 3,5,13,18,20
12.0 £ 200 " ~ 1000 na |51820
12,557 + 16 HERE: 210 =+ 20 v poo |5 13,16,37
12.916 + 12 172 155 + 25 v, P |5 13,16, 34,37,58
13.137+ 40 3 426 + 40 nta |31318,19 20
13.16 gt Iy 430 n, a 18,20
14.04 + 100 ut 500 =+ 200 na 31820
14.34 + 20 5.8 254 & 18 v, p 13, 16, 37
14.565 £ 15 <30 nta |35 13, 18,19, 20,37
1532+£100 | (3,3, D)% (3 635 + 180 v, p.n, o | 16,18, 20, 34




Table 11.4: Energy Levels of B (continued)
E, (MeV + keV) JT m (fsec) ® Decay Reactions
or ... (keV)
16.437 & 20 T=3 < 30 p,da |10,13,31,34
17.33 ~ 1000 n,dta |10,19, 20
17.43 £ 50 T=3 100 £ 30 vnpdal38, 10, 13
18.0 T=3 870 4 100 13
18.37 £ 50 (5.3, 5)F 260 + 80 7, d 8
19.146 4 30 (r=+);3 115 4+ 25 13
19.7 €3 broad 7, d 8,29
21.27 + 50 T=3 300 + 30 13
237 (333 vd |8
26.5 broad ~,N 29
& From Table 11.5.
1. SLi(°Li, p)''B Qm = 12.215

Angular distributions have been measured for proton groups to states with £, < 9.3 MeV at
E(°Li) = 2.4 10 9.0 MeV: see (1980AJ01).

2. "Li(a, 7)''B

Qn = 8.665

Resonances for capture radiation are displayed in Table 11.6.

3. TLi(, n)'°B

O = —2.7898

By, = 8.665

Table 11.7 displays the thresholds and resonances observed in this reaction. (1981SE04) have
measured thick-target yields (+£6%) for £, = 4.385 to 5.1 MeV at a number of angles: a broad
resonance is observed near E, = 4.7 MeV. Thick-target yields have also been reported from
threshold to 9.00 MeV (1979BA48).
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4. "Li(o, t)®Be Qm = —2.5599 By, = 8.665

Excitation functions have been measured for £, = 14 to 25 MeV (ty) and 18 to 25 MeV/(t,):
see (1980AJ01). See also *Be in (1984AJ01).

5. TLi(a, @)7Li B, = 8.665

The elastic scattering and the scattering to “Li*(0.48) have been studied at many energies to
E, = 22.5 MeV. Recent measurements are reported by (1979ST25; «q; F, = 1.36 — 3.20 MeV)
and (1981WALP; ay; E, = 5.0 and 6.0 MeV). Observed resonances are displayed in Table 11.8
here. Additional parameters are shown in Table 11.9 of (1975AJ02). See also (1982WA23) and
(1980BAZ2K; theor.).

6. "Li(°Li, d)''B Qu = 7.189

Angular distributions have been measured for £("Li) = 3.3 t0 5.95 MeV: see (1975AJ02). See
also ¥C in (1981AJ01).

7. 7Li(°Li, 1)''B Qu = 6.196

Angular distributions have been measured at £("Li) = 2.10 to 5.75 MeV. At E("Li) = 79.6
MeV transitions are observed to several ''B states. !B, ; is particularly strongly populated. See
(1975AJ02) for references.

8. °Be(d, 7)''B Qm = 15.816

The 90° ~, differential cross section has been measured for £4 = 0.5 to 11.9 MeV: see
(1975AJ02). The behavior of the vy, 71 and 2,3 total cross sections and of the angular distri-
butions of these ~-rays indicate two resonances at £y = 1.98 4+ 0.05 and 3.12 4+ 0.05 MeV with
[ap = 225 4 50 and 320 £ 100 keV, corresponding to 1'B*(17.43, 18.37). The higher resonance
was not observable in the ~, + ~3 cross section which was not measured beyond F4 = 2.5 MeVW.
The maximum ~y, cross section observed is 10.1 + 3.5 ub at £4 =~ 0.96 MeV. Resonant behavior
is observed in the 90° ~, cross section at E4 ~ 3.4 and 9.65 MeV (1'1B*(18.6, 23.7)) in addition
to a wide structure at 4.7 MeV (1'B*(19.7)). The angular distributions of -, from !B*(18.6, 23.7)
are typical of E1 transitions. The (d, ,) reaction appears to proceed via excitation of the 7’ = 1

2
component of the giant dipole resonance in !'B.
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Table 11.7: Threshold and resonances in “Li(«, n)'°B @

E, (MeV =+ keV) E, (MeV =+ keV)
4.380 4+ 20 thresh.
[4.72] b 11.67 + 100
5.15+£70¢ 11.99 4 100
55 thresh.
7.10 de 13.15 4 100
[8.44] 14.04 £ 100
[9.21] 14.53 + 50
10.14 15.12 & 100
[11.33] (15.88 +200)
11.90 thresh.
12.56 (16.7 £ 300)
13.92 17.52 4+ 30
14.53 thresh.

@ For references see Table 11.7 in (1980AJO01).

b See also (1981SE04); broad structure.

cJm =2 or g+, I, = 300 keV formed by I,, = 0 or 1 [com-
parison with 1°B(n, a)], T, = 220 keV.

4 The ng yield shows the resonance at £, ~ 5.2 and 7.05 MeV:
no others seen in the interval 4.5 < £, < 8 MeV.

¢ The width of this resonance is large.

9. °Be(d, n)1°B Qn = 4.3620 E, = 15.816

The cross section follows the Gamow function for £4 = 70 to 110 keV. The fast-neutron and
gamma yield rise smoothly to £y = 1.8 MeV except for a possible “resonance” at £y ~ 0.94
MeV. The fast neutron yield then remains approximately constant to 3 MeV: see (1968AJ02) for
references. The excittion functions for n, — n,, and n to 1°B*(5.1, 6.57) have been measured
for E4 = 14 to 16 MeV: no strong fluctuations are observed: see (1975AJ02). Thick-target
yields for ~-rays have been measured at £y = 48 to 170 keV (1982CEQ02; also deduced astro-
physical S-factors). Thick-target yields are also reported at £y = 14.8, 18.0 and 23.0 MeV:
see (1980AJ01). Polarization measurements have been carried out at £y = 0.4 to 5.5 MeV [see
(1975AJ02, 1980AJ01)] and at E5 = 12.3 MeV (1981BRI1E, 1983LIZW; VAP; ny, ny, ny). See
also (1979GR2D; applied) and °B in (1984AJ01).

10. (a) °Be(d, p)'°Be Qm = 4.5875 E, = 15.816
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Table 11.8: Structure in "Li(a, o)7Li and "Li(a, o/)"Li 2

E, " (keV) E, ©(keV) | e (keV) | E, (MeV £ keV) | J™
1900 + 10 ¢ 130 + 30 9.875 + 10 3t
2480 + 50 150 4 40 1024450 | 37,1
2630 £30 | 80430 10.34 + 30 =1
3040 £ 104 3040 70 £ 10 10.601 + 10 =
3600 + 50 4500 10.96 + 50 5
4120£30 | 90+ 50 11.29 + 30 g
4430 + 50 4430 11.49 + 50
4600 + 50 150 + 50 11.59 + 50
5050 + 30 150 + 50 11.88 + 30
5300 + 200 |~ 1000 12.0 + 200
5500 +£100 | 60+£50 | (12.17+100)°
6100 + 30 150 + 50 12.55 + 30
6850 + 60 270 + 50 13.03 + 60
(7200 + 50) * 50450 | (13.25+50)°
7800 + 100 | 500 +200 | (13.63 = 100) ©
(8450 £ 200) 500 +£200 | (14.0 & 200)
(9450 + 200) & < 250 (14.7 + 200)
9950 +20 | 500200 | (15.00 = 20)°
(11200 £ 200) & (15.8 = 200)

h

2 (1966CU02), except where shown. See also Table 11.9 in (1975AJ02) and (1979ST25).
P TLi(er, &’)7Li: o (total).

¢ "Li(cv, )" L.

4 (1967PA19). Other values are listed in Table 11.8 of (1975AJ02).
€ "Li(c, n)1°B threshold.
f Anomaly in angular distribution.

& Observed at § = 60°.

h For possible higher structures see (1971B112, 1973KE13).
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(b) °Be(d, )"Li Qum = 7.152
(c) ?Be(d, t)*Be Qum = 4.5918

Measurements of proton yields have been carried out at £ up to 6.0 MeV for p, and p; [see
(1975AJ02, 1980AJ01)] and at E5 = 29 to 170 keV (1981CEO04; thick target yield; o(¢) at 150°;
deduction of astrophysical S(6, E)) and at E5 = 1.4 to 2.5 MeV (1980DE45; p,, p1). The p, and
p; yields show a resonance at £y = 750 4 15 keV [!1B*(16.43), I' ~ 40 keV] and the p; yield
resonates at 1.85 MeV [''B*(17.33), I'..,. =~ 1.0 MeV] and 2.3 MeV [''B*(17.70), sharp]. See
also (1975AJ02) and (1980DE45) for other possible structures. Polarization of the protons have
been measured at £y = 1 to 21 MeV [see (1975AJ02, 1980AJ01)] and at £5 = 1.4 to 2.5 MeV
(1980DE45; VAP; py, p1) and 2.0 to 2.8 MeV (1984AN1R; po, p1). See also °Be in (1984AJ01)
and (1984DE1W; theor.).

The yeild of «-particles (reaction (b)) has been measured for £q = 0.3 to 14.43 MeV [see
(1975AJ02, 1980AJ01)], at E5 = 1.4 to 2.4 MeV (1980DE42, 1980DE43, 1980DE44; yields of
ap, a7 and VAP) and 2.0 to 2.8 MeV (1984AN1R; «y, a). The 0.75 MeV resonance, observed in
reaction (a), is weakly populated in the « yield. See also “Li in (1984AJ01).

The cross section for reaction (c) has been measured for £y = 0.15 to 19 MeV: see (1968AJ02,
1975AJ02, 1980AJ01). Polarization measurements are reported at £7 = 12 and 15 MeV [see
(1980AJ01)] and at E5 = 2.0t0 2.8 MeV (1984AN1R; t;). There is no clear evidence of resonance
structure. See also *Be in (1984AJ01).

11. °Be(d, d)’Be E, = 15.816

Excitation functions for elastically scattered deuterons have been measured for £y = 0.4t0 7.0
MeV and for 12.17 to 14.43 MeV (also d,, d;) [see (1975AJ02, 1980AJ01)] and at £5 = 2.0 to
2.8 MeV (1982DE1P; also VAP). Polarization measurements have also been reported at £5 = 6.3
to 15 MeV [see (1975AJ02, 1980AJ01)]. See also ?Be in (1984AJ01).

12. 9Be(t, n)!'B Qm = 9.559

Angular distributions have been measured at £, = 1.1 to 1.7 MeV (ng, ny, Ng, Ng, Ng, Ng): See
(1980AJ01).

13. Be(*He, p)!'B Qm = 10.323

Proton groups have been observed to a number of !B states: see Table 11.9. Angular distri-
butions have been obtained at a number of energies in the range F(*He) = 1.0 to 14 MeV [see
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Table 11.9: Energy levels of 1B from °Be(*He, p)!''B

E.® (MeV +keV) | E,P (MeV £keV) | Tem. P (keV) L
0 0
2.1243 £0.9 0
4.4434 + 1.8 0
5.0187 £2.3 0
6.7411 £ 3.0
6.7909 + 3.1 1
7.285 + 10
7.975 £ 10
8.553 & 10 0
8.909 + 10 8.934 + 15 042
9.175 £ 10 9.183 £ 15 (1)+3
9.264 + 10 9.265 + 15 10+ 10 1+3
9.86 + 20 9.887 £ 15 104 + 15 1
10.265 + 25 168 + 25 2
10.337 420 123 £ 20 042
10.580 4 20 122 + 20 1+3
11.254 + 20 110 420 3
11.437 420 103 420 (0+2)
11.588 4+ 30 180 + 30 1+3
11.889 420 204 + 20 0+2
12.563 +20 © 202 + 25 1
12.920 +20 © 155 4+ 25 2
13.137 4 40 426 =+ 40 1+3
=14.401 261 + 25 1+3
14.565 + 15 <30 (1)
16.437 4 20 ©© <30
= 17.69 ©° 91 £ 25 (0+2)
18.0+£100%¢ | 8704100 | (1+3)
19.146 4 30 ©° 115425 3
21.27 £50°¢ 300 + 30 (1+3)

& See Table 11.9 in (1980AJ01) for references and Table 11.16 here.
b E(3He) = 38 MeV (1982ZW02); DWBA analysis.

¢T = 3 state.

4 This state may have mixed isospin (T = 1 + T = 3).
© Not observed in ?Be(c, d)''B (1982ZW02).
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(1980AJ01)], at E(®*He) = 13.0 to 14.2 MeV (1983P013; py), at E(3ﬁe) = 33 MeV (1983LE17;
Po — P3) and at E(*He) = 38 MeV (1982ZW02). It is suggested that the T' = % strength is
strongly fragmented (1982Z2W02). See also (1983BI1P, 1983ZW1A).

At E(®*He) = 13.6 MeV (1982HA06) find equal values for the polarization in this reaction,
and the analyzing power in the '*B(p, *He) reaction, showing no violation of time-reversal invari-
ance. This is confirmed by (1983R022) at E(3ﬁe) = 33 MeV. See also (1981SL03, 1984P002),
(1968AJ02) and 2C.

14. 9Be(a, d)1'B Qm = —8.031

Angular distributions have been measured at a number of energies in the range £, = 23.4 to
28.3 MeV [see (1980AJ01)] and at 30.1 MeV (1983VA1H; dy — d3). The predominant L-transfers
are L = 0, 2; 0; 0 for 1'B*(0, 2.12, 5.02). The angular distribution to *'B*(4.44) is flat at £, = 27
MeV. At E, = 48 MeV, 'B*(16.44, 17.69, 18.0, 19.15) are not excited suggesting that these states
are rather pure 7' = % states (1982ZW02): see Table 11.9. See also (1983ZW1A).

15. 9Be(°Li, )'B Qu = 14.341

Angualr distributions have been determined for seven a-groups at £(°Li) = 3 to 4 MeV, and
at 24 MeV to 'B*(0, 2.12) and to a number of unresolved levels with £, < 13.2 MeV: see
(1968AJ02, 1975AJ02). For the breakup reactions see (1975AJ02). See also (19810S1H).

16. 1°Be(p, 7)!'B Qm = 11.229

The yield of ~, has been measured at 90° for £, = 0.6 to 6.3 MeV. Observed resonances
are displayed in Table 11.10. T = % assignments are made for the states at £, = 12.56, 12.91,
14.33 and 15.32 MeV whose energies match those of the first four states of ''Be [compare with
the T = 2 states reported in “Be(*He, p)''B — Table 11.9]. See also Table 11.16. Several known
T = % states in 1*B are not observed in this reaction: see Table 11.4 (1970G004, 1973G009).

17. 1°B(n, 7)"'B Qu = 11.454

The thermal capture cross section is 0.5 £+ 0.2 b (1981MUZQ). For a listing of the observed
capture ~-rays see Table 11.12 in (1975AJ02). See also (1980AJ01).
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Table 11.10: Levels of !B from the °Be(p, v,)''B reaction (1970G004)

E, B, Lo, (J+3) r,® T, /T, J7
(MeV £ keV) | (MeV) (keV) (I'p/IH, 2 (eV)
Q%)
(1.054+40) " | (12.18) | 230 £ 90 3.173%
1.46 + 30 1256 | 230+ 65 1077 1057 1 0.254+0.08 | 17(27)
1.85 + 20 1291 | 235427 20+ 9 2049 | <0.06 -
341420 | 1433 | 255436 | 2049 [145+43| <01 | 27@E0)
4.5+ 100 15.32 | 635+ 180 | 53t3id

& Values reported in (1970G0O04) are here shown multiplied by 1.7: see (1973G009). See also Table 11.16.
b May be due to 1°B*(0.7) + n threshold: see also Table 11.10 in (1980AJ01).

¢ In the (e, e’) work of (1975KA02) a strong group is observed at £, = 13.0 + 0.1 MeV. If it corresponds to the
excitation of 1'B*(12.91) with J™ = 17, T = 3, Ty, = 35+ 7 eV (1975KA02).
4 Assumes that oo = 4mdo/dQ(90°).

18. (a) 1°B(n, n)'°B E, =11.454
(b) IOB(I’], n/)lOB*

The scattering amplitude (bound) a = —0.2 £ 0.4 fm, o(free) = 2.23 £+ 0.06 b (1983KO17).
The total scattering cross section is constant at 2.23 +0.06 b for £, = 0.7 to 10 keV and then rises
to2.97bat £, = 127 keV.

Total cross-section measurements in the range £, = 10 to 500 keV show a broad maximum
near F, = 0.23 MeV, also observed in the (n, «) cross section. At higher energies the total cross
section shows broad maximaat £, = 1.9, 2.8 and 4.3 MeV: see Table 11.11. Intherange £, = 5.5
to 16 MeV oy is constant at 1.5 b. See also (1983DA22).

Polarization measurements (0.075 to 2.2 MeV and 2.63 MeV) and measurements of differential
cross sections (0.075 to 4.4 MeV) have been analyzed using R-matrix calculations: the results
are shown in Table 11.12. They are consistent with results from '°B(n, n’y) and "Li(«, n). See
(1980AJ01) for references.

Elastic and inelastic cross sections have also been reported at £, = 4 to 14.1 MeV: see
(1980AJ01). The yield of 0.7 MeV ~-rays has been studied from threshold to £, = 5.2 MeV:
observed resonances are displayed in Table 11.11. Inelastic scattering cross sections for formation
of various !B states have been measured at a number of energies in the range F, = 1.45 to 14.8
MeV: see (1975AJ02). See also '°B in (1984AJ01), (1979CZ1A) and (1979GL1D; theor.).

19. (@) 1°B(n, p)'°Be Qum = 0.2255 E, = 11.454
(b) 1°B(n, d)’Be QO = —4.3620
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Table 11.11: Resonances in 1B +n @

10B(n, n'~)1'B 10B(n, a)"Li Yield of 11B* (MeV)
Eies (MeV) | T' (keV) | E.s (MeV) | T (keV)
0.23 T¢, QU 11.66
0.53b 140 ap, 11.94
1.93 260 1.86 570 | o¢, ag, aq, t, 0’ 13.2
(2.6) broad 2.79 530 o, 0o, g, NV 14.0
3.31 370 3.43 <120 ag, t, n’ 14.57
4.1 4.1 800 oy, (g, a1, N 15.2
4.73 n’ 15.75
5.7 broad oo, t 16.6
6.4 broad o, t 17.3

& See also Table 11.12. For references see Table 11.12 in (1980AJ01).
b See footnote © in Table 11.12.

Table 11.12: R-matrix analysis of resonant states in *°B +n 2

E, (MeV) | E, (MeV) JT Iy I, | Lo, | Tem (keV)
(c.m., MeV)

10.60 ® o 0| 012000300070 | 220
0.17 11.61 5F 0| 0004 |0.29 |0.0 300
0.37 11.79® ™ 0| 0770 |0001|0.113| 884
053¢ 11.94 57 1| 0031 |0.080|0090 | 201
1.83 13.12 e 1| 0100 |0.275|0.050 | 425
1.88 13.16 57,17 12| 0080 |0200|0.150| 430
2.82 14.02 4t 12| 0800 |0.045|0010| 855
4.2 153 | (4,3, D)*|2| 0500 |0.100|0.100| 700

& Analysis based on polarization and differential cross-section measurements of the elastic scat-
tering, and on results from °B(n, ag) and (n, a;). The analysis used a two-level, four-channel
R-matrix formalism with a non-diagonal background R-matrix: see (1973HAG64). This analysis
does not include ''B*(14.53) because the resonance is weak, narrow and almost entirely in the
a-channel (1973C0O05). See also Table 11.11.

b See also (1979BE18).

€ (1978SC31) report Eres = 495 £ 5 keV, I' = 140 + 15 keV, opmax [in (N, a17)] = 94 + 6 mb.
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(c) 1°B(n, t)*He*He Qm = 0.3217

The cross section for reaction (c) has been measured for £, = 1.4 t0 8.2 MeV: see (1968AJ02)
and Table 11.11. See also (1980AJ01).

20. 19B(n, a)Li Qu = 2.790 B, = 11.454

The “recommended” value of the thermal isotropic absorption cross section is 3837 + 9 b
(1981MUZQ). The ap/ay branching for thermal neutrons is (6.733 £+ 0.008)% (1967DEL15),
(6.699 £ 0.012)% (1979ST03). At E, = 2 and 24 keV the values are (7.05 + 0.16)% and
(7.13 4+ 0.15)%, respectively (1979ST03).

The cross section for this reaction has been measured for £, = 1.0 to 14.8 MeV [see (1975AJ02,
1980AJ01)] and at 0.025 eV to 25 keV (1980BO1V), 0.5 eV to 10 keV (1979CAL1C, 1980CALR)
and 98 to 2200 keV (1979V104). Evaluations of the cross-section data are presented by (1978L132,
1981IN1B, 1982HAL1Y). For observed resonances see Tables 11.11 and 11.12.

Parity violation has been studied using polarized thermal neutrons: a small left-right asymme-
try had been reported in the (i, o) reaction (1981VEO08, 1979BO1E). However, (1984VE1A) find
a, <8 x 107%and < 1.5 x 1079, respectively for the transitions to "Li*(0, 0.48). See also "Li in
(1984AJ01), (1979BO1Q, 1980CZ1A) and (1977WA1B).

21. OB(p, 7")1'B Qm = —128.895

Angular distributions have been obtained at £, = 168 to 186 MeV [see (1980AJ01)] and at
154.5 MeV (1981SJ02; to "'B*(0, 2.12, 4.44; also A,), 320, 410, 483 and 605 MeV (1980D102,
1981COL1L; to 1'B*(0, 2.12)) and 800 MeV (1982NA1K, 1981NA1C; to 1'B*(0, 2.12, 4.44, 5.02,
6.74 + 6.79, 7.29)). At E, = 200 MeV the relative yields to ''B*(0, 2.12, 4.44, 5.02, 6.74 + 6.79,
7.29, 8.0, 8.56, 8.92, 9.19 + 9.28) have been measured: they are similar to the relative yields
in the (d, p) reaction except that 1'B*(8.93, 9.19 + 9.27) are much less strongly excited in the
(p, ™) reaction (1980S005). (1979MA38, 1979MA39) have measured the cross section for 7+
production near threshold. See also (1979ME2A, 1980AJ01, 1981AU1C, 1982C01J, 1982HO1C,
1982LE1L, 1982WA1G).

22. 9B(d, p)!'B Qm = 9.230

Reported proton groups are displayed in Table 11.14 of (1980AJ01). Angular distributions
have been studied at many energies in the range £4 = 0.17 to 28 MeV [see (1968AJ02, 1975AJ02,
1980AJ01)]. See also (1983HA1Q). The lowest five levels are formed by [, = 1 except for
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1B*(2.12) which appears to involve a spin-flip process. They are presumed to comprise the set
37 1757 37 17 expected as the lowest p” levels (a/ K = 4.0). 'B*(9.19,9.27) [J™ = 17, 2™

2 '2 12 12 12 2 12
show strong /,, = 0 stripping and are ascribed to capture of a 2s neutron by 1°B: see (1968AJ02)

for a listing of all the relevant references. Studies of p~y correlations are discussed in reaction 14 of
(1968AJ02) and displayed in Table 11.5 of this paper. See also '2C and (1978CO1D, 1980BO1T,
1981CE04) and (1982G005; theor.).

23. 0B(t, d)!'B Qm = 5.197
At B, = 5.5 MeV deuteron groups are observed to 'B*(0, 2.12, 4.44, 5.02, 6.74, 6.79, 7.29).

All the angular distributions appear to be characteristic of [, = 1: see (1968AJ02). See also
(1980BO1T).

24, 19B(a, *He)''B Qum = —9.124
Angular distributions have been measured at £, = 56 MeV for the ground-state transitions in

this, and in the analog («, t) reactions: the average ratio of the (a, 3He) to the (a, t) differential
cross sections is 1.2 + 0.1: see (1975AJ02).

25. 19B("Li, SLi)!'B Qm = 4.204
At E("Li) = 24 MeV angular distributions are reported to ''B*(0, 6.74, 8.92). ''B*(4.44,

5.02) are also populated. The (“Li, °He) reaction [see reaction 15 in *'C] has also been studied:
see (1980AJ01).

26. 1°B(°Be, *Be)!'B Qu = 9.789

The total reaction cross section for °Be + 1°B has been studied for £(1°B) = 2.2 to 10.4 MeV:
at low energies there is evidence for this neutron transfer reaction with the excitation of ''B*(8.92,
9.19) (1979CHZ22).

27. 0B(13C, 12C)1'B Qum = 6.508

Total cross-section measurements involving ' B*(4.44, 6.74) have been carried out for E(**C) =
4.2 10 13.3 MeV: see (1980AJ01) and (1983DA20).

28. 11Be(57)!!B Qm = 11.508
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Be decays to many states of !'B: see Table 11.13 for the observed 3~ and ~-transitions
(1982M108). 1'B*(9.88) decays via a-emission to "Li*(0, 0.48) with branching ratios (87.4 =+
1.2)% and (12.6 £+ 1.2)%, respectively (1981AL03). A study of the Sv angular correlation in
the first-forbidden decay of ''Be to the 5 state 'B*(2.12) has been performed: the 5-transition
is dominated by rank-0 matrix elements and is of interest as a test of meson-exchange effects
(1982WA18). See also (1980RI06; theor.).

29. (a) "'B(y, n)'’B Qum = —11.454
(b) 1'B(v, p)’Be Qm = —11.229
(c) 1'B(v, d)’Be Qm = —15.816
(d) 1'B(y, t)®Be Qm = —11.224

The giant dipole resonance is shown to consist mainly of 7" = 1 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)). Absolute measurements of the *!B(~, all n) cross section have been
carried out from threshold to 35 MeV: the cross section exhibits a main peak at £, = 25 to 28
MeV and weak shoulders at 13 and 16 MeV. The integrated cross section to 35 MeV is 69.1 + 0.8
MeV - mb: see (1980AJ01). (1979KA35) report the transition to 1°B*(1.74). For other structures
reported in the (-, n) and (v, p) cross sections see (1975AJ02). The (v, dy) cross section peaks at
~ 19 MeV, lower than it would if 7" = % states were involved. The yield of 3.37 MeV ~-rays (from
10Be*(3.37), reaction (b)) has been measured for £y, = 100 to 800 MeV.

For reaction (d) see (1983IS1D). See (1980AJ01) for references and for other photonuclear
processes. See also (1980DU21, 1982DU1A, 1982G003, 1983GOLT; theor.).

30. 1'B(v, 7)!'B

Widths of excited states are shown in Table 11.14. See also (1980M0O14) and (1980AJ01).

31. (a) "'B(e, &)1 B*
(b) 'B(e, ep)'’Be Qu = —11.229

Magnetic elastic scattering at 6 = 180° shows strong M3 effects: the derived ratio of static
M3/M1, 2.9 + 0.2 fm?, suggests a jj-coupling scheme for ''B, . The quadrupole contribution to
the elastic form factor is best accounted for by the undeformed shell model, @ = 3.72 (+20%)
fm2, r(rms) = 2.42 fm. [From muonic X-rays (r?)1/2 = 247 4 0.04 fm.] See (1980AJ01)
for references. 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). The giant-resonance region, centered at ~ 18 MeV, is characterized by a
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Table 11.14: Gamma widths from 'B(v, v)!'B and '!B(e, e)!'B ?

Ey (MeV) | J" Iy, (eV) Reaction References
2.12 - 0.137 £ 0.020 Y, (KE65A)
0.12 4 0.02 Y (CR68B)
0.11 4 0.02 ¥, (KU78G)
0.118 +0.013 Y (MO8OL)
0.120 £ 0.009 mean
4.44P o 0.58 £ 0.04 v,y (KU78G)
0.55 £ 0.02 Y (MO8OL)
0.60 & 0.09 (M1) e e (SP67A)
+0.016 + 0.002 (E2)
0.56 £+ 0.02 mean
5.02 3= 1.8040.13 v,y (KU78G)
1.64 4+ 0.07 ¥, (MOS8OL)
1.73 £0.14 (M1) e e (SP67A)
< 0.0034 (E2)
1.68 + 0.06 mean
6.74 P o 0.021 £ 0.005 Y, (MO8OL)
6.79 1 0.26 + 0.03 v,y (MO8OL)
7.29 ot 1.17 & 0.26 5, (KU78G)
0.99 £ 0.07 Y (MOS8OL)
1.00 # 0.07 mean
7.98 3t 0.53 & 0.07 v, (MO8OL)
856° | <3 0.53 4+ 0.05 Y (MOS8OL)
8.92"b o 4.20 £ 0.52 v,y (KU78G)
4.16 +0.23 ¥, (MOS8OL)
4.0 £ 0.6 (M1) e e (SP66B)
4.15 4 0.20 mean

& See also Table 11.5 here, and Table 11.16 in (1980AJ01).

b See also (1979PO1B).
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lack of prominent 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). At E, = 121, 186 and 250 MeV
form factors (and B(E\)1) are obtained for 1'B*(4.4, 6.7, 8.5, 8.9, 13.00 - 0.15) and the excitation
of 1B*(14.50 4 0.15, 16.7 4 0.2) is also reported (1979PO1B).

For I',, see Table 11.14. For reaction (b) see (1975AJ02). See also (1979RI1D), (1981RI1A)
and (1981KE17, 1982BO1H, 1982KE1C, 1983AL04; theor.).

32. UB(xt, 7T)1B

The proton matter distribution in ''B, ¢ has a radius of 2.368 +-0.021 fm, assuming that for *C
to be 2.44 fm. The result is not sensitive to the details of the optical-model calculations (1980BA45;
E.+ = 38.6 and 47.7 MeV). See also the “General” section here.

33, 1 B(n, n/)ll B*

Angular distributions have been reported for £, = 4 to 14.1 MeV [see (1980AJ01)] and at 2.6
to 8.0 MeV (1980WHO01; ny), 4.86 to 7.55 MeV (1983K003; ny, n; and, at the higher energies, n,,
ns) and at 8 to 14 MeV (1983DA22). See also '?B, and (1979GL1D, 1983KO1F; theor.).

34 11 B(p, p/)ll B*

Observed proton groups are displayed in Table 11.15. Angular distributions have been mea-
sured for £, = 6 to 185 MeV [see (1980AJ01)] and at 1 GeV (1979AL26). See also (1980FAQ7).
The analysis of the 2~ — 1 transition [''B*(0 — 2.12) at Ez = 32 MeV shows less spin-flip
than predicted by DWBA (1981C008). See also 2C, (1981H0O13) and (1979R01B, 1980KO1V;
theor.).

35. 'B(d, d)''B

The elastic scattering has been studied at £y = 5.5 MeV and 11.8 MeV: see (1980AJ01).

36. 'B(t, 1)'B

The elastic scattering has been studied at £, = 1.8 and 2.1 MeV: see (1980AJ01).
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Table 11.15: States of !B from 'B(p,

p/)llB* and ISC(d, Oz)llB a

E, (keV)® E, (keV) ©
0 0
2124.7+0.5 2125.4 + 1.4
4445.2 4+ 0.5 444454+ 1.6
5021.1 + 0.6 5020.2 £ 1.9
6743.0+0.74 6745.8 + 3.4
6792.6 + 1.6 6795 £ 3.0

7285.6 £ 1.5
7978.0+ 1.7
8559.4 + 1.9 8520 =+ 70
8920.2 +2.0 8910 =+ 60
9185.0 2.0
9274.4+2.0
10450 4 150
11650 4 150
12850 4 100
15200 4 150
16400 4 150

& For references see Table 11.17 in (1980AJ01).

b 1lB(p, p/)llB.
c 13C(d, a)HB.

4 \alues below are normalized to E, = 4445.3,
5020.0 and 6743.4 keV.
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37. 'B(*He, *He)!'B

The elastic scattering has been studied at £(*He) = 8 to 74 MeV: see (1975AJ02, 1980AJ01).
At E(®*He) = 17.5 and 40 MeV angular distributions have also been studied for the *He ions to
11B*(2.12, 4.44, 5.02, 6.74) (1977SH09). T' = 2 states observed in this reaction are displayed in
Table 11.16. There is a weak indication also of a state at £/, = 14.51 MeV: see (1975AJ02).

38. 'B(, ’)"'B

Angular distributions have been reported at £, = 24 t0 29.0 MeV [see (1975AJ02, 1980AJ01)]
and at 31.2 MeV (1981KO1U; ay).

39. (a) "'B(°Li, 5Li)!'B
(b) "'B("Li, "Li)''B

The elastic scattering has been studied at £ (°Li) = 28 MeV: see (1975AJ02). For reaction (b)
see (1983STZS).

40. (a) 'B(°Be, ?Be)!'B
(b) 11 B(IOB, 1OB)1lB
(C) HB(HB, 11 B)llB

See (1975AJ02, 1980AJ01) and (1983DU13).

41 (a) 118(12C, 12c)1lB
(b) 11 B(13C, 13C)llB

The elastic scattering has been studied at £(*'B) = 18.8 to 34.1 MeV and at £(**C) = 15 to
24 MeV and at 87 MeV [see (1980AJ01)] as well as at E(*!B) = 25, 40 and 50 MeV (1982MA20)
and 28 MeV (1983SR01). The population of 'B*(2.12, 4.44, 6.79) and of 2C*(0, 4.43) are
also reported. For yield and fusion studies see (1979FRO05, 1981MA18, 1982MA20, 1983MA53,
1984MAZZ) for reaction (a) and (1983DA20) for reaction (b). See also (1982FR1T, 1983BI1A,
1983DU13) and (1978DZ1A, 19791S07, 1979ZE1B, 1981Y005, 1982HA42; theor.).
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Table 11.16: 7' = 2 statesin ''B *

Reaction E, (MeV =+ keV) e (keV) References
‘Be(*He, p)''B 12.563 + 20 202425 | (1982ZW02)
10Be(p, 7)!'B 12.56 £ 30 230 4+ 65 (1970G0O04)
1B(®He, *He)!'B* 12.51 + 50 260+ 50 | (1971WA21)
12.557 + 16 215 £ 21 mean
9Be(*He, p)''B 12.920 + 20 155+25 | (1982ZW02)
10Be(p, 7)''B 12.91 420 235427 | (1970G0O04)
13C(p, *He)''B 12.94 4 50 350 £ 50 | (1968C0O26)
13C(p, *He)''B 12.91 430 260+ 50 | (1974BE20)
12.916 £ 12 155 £25P mean
9Be(*He, p)''B 14.40 © 261425 | (1982ZW02)
1°Be(p, 7)''B 14.33 420 255430 | (1970G0O04)
1B(®He, *He)!'B* 14.40 4 50 2204+ 50 | (1971WA21)
14.34 4+ 20 254 £ 18 mean
10Be(p, 7)''B 15.32 4100 4 635 + 180 | (1970G0O04)
‘Be(*He, p)''B 16.437 + 20 < 30 (1982ZW02)
‘Be(*He, p)''B 17.69 91+25 | (1982ZW02)
‘Be(*He, p)''B 18.0 + 100 870 + 100 | (1982ZW02)
‘Be(*He, p)''B 19.146 + 30 115+25 | (1982ZW02)
‘Be(*He, p)''B 21.27 & 50 300 £ 30 (19822W02)

& See also Table 11.18 in (1980AJ01).

b «“Beast” value.

¢ May have mixed isospin (T'
4 Not reported in “Be(*He, p)”B see Table 11.9.

=147 =3)
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42. 11 B(14N 14N)11 B

The elastic scattering has been investigated at £(**N) = 41, 77 and 133 MeV: see (1975AJ02).
For fusion cross sections see (1983DA10).

43, (a) 118(160, 160)1lB
(b) 11 B(ISO, ISO)llB

The elastic scattering in reaction (a) has been studied at £(1°0) = 14.5 to 60 MeV and at
E(MB) = 115 MeV [see (1975AJ02, 1980AJ01)] as well as at E(*'B) = 41.6 and 49.5 MeV
(1980PA01). A study of the elastic scattering in reaction (b) is reported at £(!!B) = 115 MeV
(1980PR09). See also (1983G013; theor.).

44. 'B(*Ne, Ne)''B

The elastic angular distribution has been obtained at £(1!B) = 115 MeV (1981G011).

45. (a) 118(24Mg, 24Mg)1lB
(b) 11 B(25Mg, 25Mg)llB
(C) HB(%MQ, 26Mg)llB
(d) 11 B(27A|, 27A|)1lB

The elastic scattering angular distributions have been studied at £(}'B) = 79.6 MeV (1982FU009).

46. 11 B(40Ca’ 40Ca)1lB

Angular distributions are reported at £(*!B) = 51.5 MeV to 1'B*(0, 2.12) (1980GL03, 1981HNO1).

47. 1C(B)1'B Qm = 1.982

See IC.
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48. 2C(u, nv)''B Qm = 88.921

The ~-decay of 1'B*(2.12) has been observed (1981G108).

49. (a) '*C(v, p)''B Qum = —15.956
(b) 2C(e, p)''B Qum = —15.956

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 Fi,; = 21.7 to 42 MeV: the ground state is predominantly
populated [see (1980AJ01) and (19801S1F)]. The population of analog states in the (v, n) and
(7, p) reactions are similar: see *C. Differential cross sections for populating several states of
1B have been measured at £, = 21.7 — 31 MeV (1980IS1F) and at 60, 80 and 100 MeV: see
(1980AJ01). The cross section for reaction (b) has been measured for F, = 21, 25, 35, 45 and 55
MeV. The production of !B in astrophysical sites with large densities of high-energy electrons is
discussed by (1983HO15). See also '2C, (1979K104), (1980G013), (1982SC1E; astrophys.) and
(1981B0O14, 1982L.008, 19830R03; theor.).

50. 12C(e, ep)*'B Qum = —15.956

At £, = 497 MeV 'B*(0, 2.1, 5.0) are populated: [ = 1: see (1980AJ01). See also **C and
(1979MO1G, 1980CALL, 1982BE02, 1983MO1F) and (1983KL04; theor.).

51. 2C(r T, 7 Tp)HB Qum = —15.956

At E,+ = 100 MeV [and 129.7 to 199.8 MeV (1981Z7101)] the reaction proceeds primarily to
1B, .. At E, = 200 MeV the ratios for o,, /o, for the first excited states in ''C/*'B are 1.4+0.2 for
7~ and 1/1.8 £ 0.2 for 7+. At E,+ = 60 to 300 MeV 'B*(4.44) [J™ = 5] is strongly populated,
as is the analog state in the mirror reaction. See (1980AJ01) for references. See also reaction 21 in
HeC, 12¢, (1983HUZZ, 1983MO1F) and (1982CH13; theor.). For the reaction *>C(7—, n)!'B see
(1983CE04).

52. 12C(p, 2p)"'B Qm = —15.956

At E, = 98.7 MeV well-resolved groups are observed to "'B*(0, 2.12, 4.44, 5.02, 6.79).
DWIA calculations lead to relative spectroscopic factors of 2.0, 0.37, 0.15, 1.08, 0.25 for these
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states [normalized to 2.0 for ''B,; overlap calculation]. No evidence is seen for the forma-
tion of giant resonances as the intermediate step in multistep reaction processes to 'B*(4.44,
6.74) (1979DE35). For the earlier work see (1975AJ02, 1980AJ01). See also (1983CH1B) and
(1981AMO01, 19831K03; theor.).

53. 12C(d, *He)''B Qm = —10.463

Angular distributions of *He ions have been measured for £, = 20 to 80 MeV: see (1975AJ02,
1980AJ01). reported C2S for !B, are 3.22 or 4.42 depending on the choice of parameters
(1978C0O13; E4 = 29 MeV, see also (d, t) results — reaction 24 in 11C) while (1975MA41; E4 = 52
MeV) find 2.98, 0.69, 0.31 for 'B*(0, 2.12, 5.02). For a polarization study see (1981MA14). See
also '*N in (1986AJ01) and (1982ST1A; theor.).

54. 12C(t, )''B Qm = 3.858

Angular distributions have been measured for £, = 1t03.4,10.1and 13 MeV: see (1975AJ02).

55. 12C(a, 5Li)!'B Qm = —17.92

At E, = 65 MeV, 'B*(0, 2.12, 6.74 + 6.79) are strongly populated (1978SA26).

56. 12C('2C, 13N)!'B Qm = —14.013

Angular distributions involving the ground-state transitions have been measured at £(*2C) =
93.8 MeV (1979FU04) and 114 MeV (1974AN36). For yield measurements see (1980C0O10). See
also (1981CH1R) and (1981XU1A; theor.).

57. 12C('°F, °Ne)''B Qum = —3.108

At E(*F) = 40, 60 and 68.8 MeV angular distributions involving *B*(0, 2.12) and 2°Ne*(0,
1.63) have been measured: see (1980AJ01).

58. 13C(p, *He)''B Qm = —13.184
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At E, = 50.5 MeV, in addition to ''B*(0, 2.12, 4.44, 5.02, 6.74, 8.92), a state is observed at
E, =12.9440.05 MeV, I" = 350450 keV. Comparison of the angular distributions of the *He and
of the tritons [in the analog reaction] at £}, = 43.7 and 50.5 MeV lead to the assignments J™ = %_,
T = 2 for this state and for *C*(12.50): the strong proton and the weak «-decay are consistent
with this assignment: see Table 11.16. Angular distributions have been measured at £|,,,,,, = 26.9
to 49.6 MeV, involving the states above except for 1'B*(8.92) [see (1975AJ02, 1980AJ01)] and at

E5 = 65 MeV (1982KA01; to ''B*(0, 2.12); also analyzing power). See also N in (1986AJ01).

59. 13C(d, @)''B Qum = 5.169

Observed proton groups are displayed in Table 11.15. Angular distributions are reported at
E4=0.41t014.1 MeV: see (1975AJ02).

60. 1“C(p, @)"'B Qm = —0.783

At E, = 41.9 MeV angular distributions have been studied for the groups to '*B*(0, 2.12,
4.44,6.74) (1983AR1K). See also (1968AJ02).

61. (a) “N(n, )''B Qum = —0.157
(b) “N(n, 20)7Li Qm = —8.822

Angular distributions have been measured for £, = 4.9t0 18.8 MeV [see (1975AJ02, 1980AJ01)]
and at £, = 12.2, 14.1 and 18 MeV (1978BU28; o). At F,, = 14.1 and 15.7 MeV various states
of 1B with 8.9 < E, < 14.5 MeV appear to be involved in the sequential decay to "Li. An-
gular correlation results are consistent with J = % and g for 11B*(9.19, 9.27) respectively: see
(1975AJ02).

62. 15N(a, 5Be)'B Qum = —11.082

See (1980AJ01).

63. 150(d, "Be)''B Qum = —16.037

At E4 = 80 MeV angular distributions have been measured to 'B*(0, 2.12, 4.44 + 5.02,
6.74 + 6.79 + 7.29) (19780E1A). See also (1984NE1A).
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64. 150(1°B, 'B)150 Qm = —4.210

See (19830S08; theor.).
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11C
(Figs. 3and 4)
GENERAL: (See also (1980AJ01).)
Model calculations: (1981RA06, 1983SH38).
Special states: (1981RA06).

Complex reactionsinvolving ' C: (1979B022, 1980GR10, 1980WI1K, 1980WI1L, 1981M020,
1982GE05, 1982LY 1A, 1982RA31, 1983FR1A, 19830L1A, 1983WI1A, 1984GR08, 1984HI1A).

Electromagnetic transitions: (1978KR19).

Applied work: (1979DE1H, 1982BO1N, 1982HI1H, 1982KA1R, 1982ME1C, 1982NE1D,
1982PI1H, 1982YA1C, 1983GOL1P).

Pion and kaon capture and reactions (See alsoreactions 21, 22 and 29.): (1979AL1J, 1979AN1F,
1979BU1C, 1979DR09, 1981NI103, 1981RO1L, 1981RO1R, 1981ST14, 1982AS01, 1982GL04,
1984P005).

Hypernuclei: (1981WA1J, 1982KA1D, 1982K011, 1983SH38).
Other topics: (1981ST1G, 1982DELN, 1982NG01).
Ground-state properties of ''C: (1982BA37, 1982NG01, 1983ANZQ, 1983BU07).

1= —0.964 £+ 0.001 nm (1969WO03),
@ = 34.26 mb (1978LEZA).

1. 1c(5+)"'B O, = 1.982

The half-life of 1'C is 1223.1 £ 1.2 sec. Log ft = 3.599 & 0.002. The ratio of K-capture
to positron emission is (0.23075:011)%. See (1980AJ01) for references. See also (1980RA16),
(1984BOL1C,; astrophys.), (1982KALC; applied) and (1980AF1A,; theor.).

2. SLi(°Li, n)''C Qu = 9.450

At E(°Li) = 4.1 MeV angular distributions have been obtained for the neutrons to *!C*(2.00,
4.32, 4.80, 6.34 + 6.48, 6.90, 7.50). In addition, n-y coincidences via !C*(8.42) [and an 8.42 MeV
~-ray] are reported. 11C*(8.10) was not observed. The lifetimes, 7, for 11C*(4.32, 6.90, 7.50) are
< 140, < 69 and < 91 fsec, respectively. See (1980AJ01) for references.
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Table 11.17: Energy Levels of 'C #

E.int'C (MeV £keV) | J&; T Tor e Decay Reactions
0 2 7172 = 20.39 £ 0.02 min I 1,2,3,4,5,12,13, 14,
15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 33,
34,35
2.0000 £ 0.5 5 T = 10.3 £ 0.7 fsec v 2,4,5,12,13, 14, 15,
18, 19, 22, 23, 24, 25,
27,30, 31
4.3188 + 1.2 5" < 12 fsec v 2,4,5,12,13, 15, 18,
19, 21, 22, 23, 24, 25,
30
4.8042 £ 1.2 - < 11 fsec v 2,4,12,15,18,19, 22,
23, 25,30
6.3392 + 1.4 i < 110 fsec o 2, 4,13, 25
6.4782+1.3 ‘a < 8 fsec 0} 2,4,5,12, 13,15, 18,
22,23, 25, 29, 30
6.9048 + 1.4 st < 69 fsec v 2, 4,12, 13,23, 25,30
74997+ 1.5 3t < 91 fsec v 2,4, 13,23, 25, 30
8.1045 £ 1.7 s 0.06 + 0.04 fsec 7y 3,13,19, 23,25
8.420 + 2 57 0.043 £ 0.011 fsec ® 5 2,3, 4,12, 13, 15, 23,
25
8.655 + 8 o I < 5keV (y) |12,13,15,23
8.701 =+ 20 5t 15+ 1 vp |5 12 13,15
9.20 + 50 st 500 & 100 7P |5
9.65 & 50 (37) 210 £ 50 v p,a |57,11,23
9.78 & 50 (27) 240 + 60 wp  |57,11,23
9.97 & 50 ) 120 + 20 wp |5
10.083 £+ 5 . ~ 230 v, p a |57 11,13, 23
10.679 +5 g 200 + 30 v, p, o | 5,7, 11,12, 23
11.03 + 30 T=3 300 = 60 23, 25, 30
11.44 £ 10 360 pa |11,23
(12.16 & 40) 270 £ 50 p 4,8,19
12.4 T=— 1-2 MeV wp 525
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Table 11.17: Energy Levels of 1'C # (continued)

E.int'C (MeV £keV) | J&; T Tor e Decay Reactions
12.51 £ 30 53 490 + 40 keV p 4,8,19,22,30
12.65 + 20 (I 360 p, 3He, a | 5, 10, 11

(13.01) %p |5
13.33 4 60 270 + 80 22,30

13.4 1100 100 pa |11
13.90 + 20 (T =3) 200 =+ 100 p 5,7, 19,30
14.07 & 20 135 4 50 np |630
14.76 4 40 ~ 450 n,p,*He | 4,6,7,10
15.35 £50 ™= — broad vnp |56,7,25
15.59 & 50 ~ 450 np |67

16.7 ™= — 800 + 100 %p |5

(18.2) %p |5

(23.0) 25

(28.0) 25

& See also Table 11.18.

PTem =Ta+T,=114+7eVand 15.2 + 3.8 eV for 11C*(8.10, 8.42): see reaction 3.

3. "Be(a, Y)!''C

Qun = 7.544

At the resonances at £, = 0.884 £ 0.008 and 1.376 & 0.003 MeV ['1C*(8.107, 8.420)] w~y =
0.331 £0.041 and 3.80 + 0.57 eV, I';, = 0.350 & 0.056 and 3.1 £ 1.3 eV for these two states and
I', = 6732 and 12.6 £ 3.8 eV, respectively (1984HA13).

4. °Be(*He, n)!'C

Qm = 7.558

Reported neutron groups are listed in Table 11.16 of (1968AJ02). Angular distributions have
been studied in the range E(*He) = 1.3 to 13 MeV: see (1980AJ01). The dominant L-values
are 0 for 11C*(0, 8.10), 1 for 1C*(6.34, 7.50), 2 for !C*(2.00, 4.32, 4.80, 6.48, 8.42) and 3 for
1 C*(6.90). Neutron groupsto 7' = % states have been reported at £, = 12.1740.05 [see, however,
reaction 30], 12.55 4+ 0.05 MeV and 14.7 + 0.1 MeV: see Table 11.19.
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Gamma branching ratios and multipolarities for 1'C levels up to E, = 7.5 MeV have been
studied by (19650L03): see Table 11.18. Together with evidence from reactions 12 and 23 they
lead to assignments of J™ = L7, 57, 37 1T 17 5% 3% gor 11C*(2,00, 4.32, 4.80, 6.34, 6.48,
6.90, 7.50): see (19650L03) and reaction 3 in (1968AJ02) for a summary of the evidence concern-
ing these assignments. See (1980AJ01) for references. See also '2C, (1981AN16, 1982MCZZ),

(1979WALF; applied) and (19810S1H).

Table 11.18: Gamma decay of ' C levels #

E; (MeV) | J™ Tm (fS€C) E: (MeV) | Branch
2.00 + | 10.34+0.7 fsec 0 100
4320 | 27 <12t 0 100
4.80 o <11t 0 852+ 1.4

200 | 148+1.4
634 | L7 <110 0 66.5 + 2.1
200 |335+2.1
6484 | I~ <8h 0 885+ 1.4
432 | 115+14
6.90°¢ | 3° < 69 0 91 £2
4.32 45+1
4.80 45+1
750° | 3F <91 0 36 £ 2
2.00 64 +2
810" | 27 | 0.06+0.04 0 74+ 12
2.00 26 + 5
8424 | 57 1 0.043+0.011 0 100
870k | 57 0 42 £ 10
4.32 42 +10
4.80 24+15
6.48 | 13.6 £ 4.6
9.20% | 27 0 74+ 18
4.32 6+5
6.48 20 + 10
9.658% | (37) 0 60 +5
4.32 32+10
4.80 844
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Table 11.18: Gamma decay of ''C levels # (continued)

E; (MeV) | J™ Tm (fSec) E¢ (MeV) | Branch
9.78 8k | (37) 0 76 £ 16
4.32 8+2
4.80 4+2
6.48 1244
9.97% | () 4.32 90 & 10
6.48 10+7
10.08% | I* 4.32 67 +8
6.48 13+6
1068% | 27 6.48 100

& Mostly from (19650L03) and (1968EA03): see Table 11.20 in
(1980AJ01) for other references and additional information.

b Cascade via ' C*(2.0) is < 2%.

¢ Cascade via ''C*(4.32) is < 7%; that through '1C*(4.80) is < 3%.

4 Cascades via ' C*(2.00, 4.80) are < 2%.

¢ Cascades via ''C*(2.00, 6.34, 6.48) are < 1, < 5 and < 5%,
respectively. The cascade via ' C*(4.80) is not reported by (19650L03)
[they suggest < 3%)].

f Cascades via ''C*(4.32, 4.80, 6.34, 6.48,6.90)are < 1, < 1, < 3, < 3
and < 4%.

& See also (1979AN16).

' (1979AN16). See also (1981CA06) for 7,,, of 11C*(4.32, 4.80, 6.48).

! (1984HA13).

J Branching ratio to 1'C*(4.32) is < 7% (1984HAL13).

k (1983W109).

'T, /T = 0.20 £ 0.05, < 0.06 and < 0.1 for 11C*(8.42, 8.66, 8.70),
respectively: T'yopar(cm) < 4.5, < 4.5and 15 + 1 keV (1983WI109).

™ (1981AL1C).

5. 10B(p, 7)!'C Qm = 8.690

This reaction has been investigated for £, = 0.07 to 17.0 MeV. Reported resonances are
displayed in Table 11.20. Observed capture ~-rays are displayed in Table 11.18 [see also for 7,
measurements]. Capture measurements for £, = 0.07 to 2.20 MeV are consistent with five new
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Table 11.19: T = 2 statesin ''C ®

Reaction E, (MeV) | ' (keV) Refs.
9Be(*He, n)!'C | 12.55+£0.05 | 350 £ 100 | (WA71J)
10B(p, p2)'°B* | 12.4540.10 | 400+ 100 | (WA71J)
UB(*He, )''C | 12.57 £ 0.07 | 3704+90 | (WA71J)

BCp, HtC | 12474£0.06 | 55050 | (CO680O)
BC(p, )"'C | 12.48+0.04 | 540+ 60 | (BE74B)
12,51 £0.03 | 490 % 40 mean

‘Be(®*He, n)!'C | 13.74+0.1 (BR69E)
1B(He, t)11C | 13.92+£0.05 | 260+50 | (WA7L))

* See also Table 11.16 for 7 = 3 states in ''B, and Table 11.21 in
(1980AJ01).

resonances (see Tables 11.20 and 11.18), the lowest two (at £, = 10 and 560 keV) of which are
s-wave resonances. Thermonuclear reaction rates for 7 = (0.01 — 5) x 10° °K are deduced from
the results (1983WI109; see also for spectroscopic factors).

The 90° yield of +, 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 1'C*(12.4), the ~, angular distribution is essentially isotropic: I',I",/T" & 200
eV, I', =~ 5 keV (assuming I', ~ 10 keV). The £, = 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 (1970KUO09). See also (1979RO1C; applied).

6. 1°B(p, n)i°C Qum = —4.431 E, = 8.690

The total (p, n) cross section has been measured to £, = 10.6 MeV: broad maxima are observed
at £, = 5.92 £0.02, 6.68 £ 0.04, 7.33 £ 0.05 and 7.60 £ 0.05 MeV (see Table 11.20). 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. For references see
(1980AJ01). See also 1°C in (1984AJ01) and (1979BA68).
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Table 11.20: Resonances * in 1°B + p

E.es (MeV £ keV) | E, (MeV) JT [y (keV) Decay
0.010£2" 8.699+£10 | 37 16+1° v
0.56 £ 60 P 9.20 + 50 Al 550 & 100 7y
1.05 460" 9.64+£50 | (37) | 230=£50 7, (Po, o)
1.20£50" 9.78£50 | (27) | 260=+60 7, (Po, o)
1.41450P 9.97+£50 | (£7) | 130£20 v
1.533£5 10.083 I ~ 250 Po, @,
2189+ 549 10.679 97 1220430 Po, o, 1
3.03+£10° 11.44 400 o, O
3.94 100 12.20 T=3 Ps
4.1£100 12.45 T=3| 440+100 Ps
4.1°%8 12.4 T=—| 1-2MeV Yo
4.36 + 20 12.65 (I 400 Y1, g, ay, *He
(4.75) (13.01) Yo
5.2 13.4 1200 4 100 g, a1
5.73 £ 20 13.90 ~ 500 Y1, P
5.92 + 20 14.07 broad n
6.68 & 40 14.76 ~ 500 n, p, *He
7.33 £50°% 15.35 ™= — broad Yo, N, P
7.60 + 50 15.59 ~ 500 n,p
8.8¢ 16.7 m=— [ 900+ 100 Yo
(10.5) (18.2) Yo

& See also Table 11.18 here, and Tables 11.23 and 11.24 in (1975AJ02). Table 11.23 dis-
plays some other reported resonances; Table 11.24 gives detailed parameters for 11C*(9.73,
10.08, 10.68, 12.65). For references see Table 11.22 in (1980AJ01). See also (1979AN16).

b (1983W109).

°T., /Tior = (2.6£0.15) x 10~%: see (1983WI109). T, /Tor = 0.20+0.05and < 0.06,
respectively for 11C*(8.42, 8.66): 'y, < 5 keV for both states (1983W109).

4 (1983MELG; abstract) report resonances at £, = 2.320 and 2.575 MeV in the a and
«p Yyields, in addition to this resonance observed only in the « ¢ yield. It is suggested that

the two higher states have J™ =

2

¢ See also (1979R112).

7+ and §+.

frpl, /T ~ 20 eV.
& Probably part of the E1 giant resonance.
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7. °B(p, p)'’B E, = 8.690

Below E|, = 0.7 MeV the scattering can be explained in terms of pure s-wave potential scatter-
ing but the possibility of a state near £, = 0.27 MeV (Ey = 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™ = 2" and 2": see Table 11.20. At higher energies (to
E, = 10.5 MeV) a single broad resonance is reported at £, ~ 5 MeV. The yield of p, has also
been measured at ¢ = 150° for £, = 5.4 to 7.5 MeV (1981HO13). Polarization measurements
are reported at 30.3 MeV (1976DE15, 1977PHO02): optical-model parameters are derived. The
depolarization parameter D has been measured for polarized protons with £, = 26 and 50 MeV.
For references see (1980AJ01).

8. °B(p, p')'’B E, = 8.690

The yield of ; [from B*(0.72)] rises monotonically from £, = 1.5 to 4.1 MeV and then
shows resonance behavior at £, = 4.36 and 5.73 MeV: see Table 11.20. 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. See however (1975AJ02). Yields of five other ~-rays involved in the
decay of '°B*(1.74, 2.16, 3.59, 5.18) have also been measured in the range £, = 4 to 12 MeV
[see (1975AJ02)]. The yield of 0.72 MeV ~-rays has been studied for £, = 2.0 to 4.1 MeV: no
resonances are observed (1979R112).

Excitation curves for the p;, p, and ps groups have been measured for £, = 3.5 to 5.0 MeV.
Possible resonances are observed in the p, yield [to the 7" = 1 state °B*(1.74)] corresponding
to the first 7' = % states at £, = 12.16 [see, however, reaction 30] and 12.50 MeV [see Table
11.19]: these do not occur in the yield of p; and ps. Yield curves for inelastically scattered protons
have also been measured at £, = 5.0 to 16.4 MeV (p1, p2, p3), 6.6 to 16.4 MeV (p4), 8.9 to 16.4
MeV (ps) and 10.9 to 16.4 MeV (p to 1°B*(6.03)): the principal feature for all groups, except that
to 1°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) and widths of ~ 500 keV.
For 7+ production see (1980D102, 1981CO1L, 1982LO1K). See also (1979GL1D; theor.) and '°B
in (1984AJ01).

9. 19B(p, d)°B Qm = —6.212 B, = 8.690

Polarization measurements have been carried out at £, = 49.6 MeV for the deuterons to “B*(0,
2.36): see (1975AJ02).

10. 9B(p, 3He)*Be Qm = —0.5339 B, = 8.690
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Two strong maxima are observed at £, ~ 4.5 and 6.5 MeV: see Table 11.20. See also
(1975AJ02).

11. °B(p, a)"Be Qm = 1.146 B, = 8.690

The total cross section for this reaction has been measured for £, = 60 to 180 keV: the ex-
trapolated cross section at the Gamow energy, taken to be 19.1 keV, is ~ 1072 b. The thick-target
yield for E, = 75 keV to 3 MeV has been measured by (1975PE1A): the "Be yield constitutes a
potential problem if natural boron is ussed as fuel in CTR devices.

The parameters of observed resonances are displayed in Table 11.20. The ground-state («y)
a-particles exhibit broad resonances at £, = 1.17, 1.53, 2.18, 3.0, 4.4, 5.1 and 6.3 MeV. Alpha
particles to "Be*(0.43) [«;] and 0.43 MeV ~-rays exhibit all but the 1.2 MeV resonance: see
(1975AJ02). A broad maximum dominates the region from £, = 4 MeV to about 7.5 MeV. A
recent study of the yeild of 0.43 MeV ~-rays for £, = 2.0 to 4.1 MeV suggests that the 3.0 MeV
resonance, which is asymmetric, is due to two broad states. A weak structure at £, = 2.5 MeV is
also reported (1979R112). See also "Be in (1984AJ01), (1979RA20) for the cross section at E,, =
740 MeV for "Be production, (1979RO1C; applied) and (1983LE1J, 1983SZZY:; astrophys.).

12. 19B(d, n)!'C Qu = 6.465

Table 11.21 presents the results obtained in this reaction and in the (*He, d) reaction. Informa-
tion on 7, and on the ~-decay of !'C states is displayed in Table 11.18: see (1968AJ02, 1975AJ02)
for references. See also (1981AN16), (1979LE1D; applied) and 2C.

13. B(He, d)!'C Qum = 3.196

Table 11.21 displays the information derived from this reaction and from the (d, n) reaction.
The study of the angular distributions of the deuterons to 1*C*(8.66, 8.70) shows that these levels
are the analogs, respectively, of 1'B*(9.19, 9.27) whose J™ are %Jr and §+ [the !B states were
studied in the (d, p) reaction]: I'.,, are < 9 keV and 15 & 1 keV, respectively, for 1C*(8.66,
8.70): see (1975AJ02) for references.

14. 19B(q, t)1'C Qm = —11.124

Angular distributions have been measured at £, = 25.1 and 56 MeV [see (1980AJ01)] and at
29.5 MeV (1982VALF; ty, t1). See also (1983BE1Q; theor.).
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Table 11.21: Energy levels of ''C from °B(d, n)!'C and °B(®*He, d)!'C @

B, (MeV +keV) | J™ | 1P | [© Sin® | Smea® |11 | Sspead
0 STl |1 1.12 088 | 1 | 1.09
2.0006+£09 |17 @ | @ | (0.18) (0.036)
3) <009 | (3| <040
4322410 |37 1 0.27 020 | 1 |0.17,0.19
4808 +10 |37 1 | <0.02 1) | <0.08
3)| <0.35
6.345+10 | L7 007 | 2 0.08
6476 +10 | I | 1 0.86 056 | 1 |0.73,0.79
6.903 & 10 N 2 0.06
0 < 0.04
749810 | 2F 2 | 008
8.107+10 |32 1 0.07
8.424 £ 8 T l1 0.65 0.46 1 10.73,0.79
8.655 + 8 1o o 0.84 0.45
2 0.8 0.32
. 0 0.63 033 | 2| 04
2 0.6 024 | 0 | <0.34
8.701 £ 20 51| o 0.40 0.14 0| <08
2 | <02 0.13
. 0 0.30 0.11
2 | <015 0.10
10.08
10.68 © 0, 2)

@ See Table 11.23 in (1980AJ01) for references.

b From (d, n) work summarized in Table 11.20 of (1968AJ02).

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

4 E(*He) = 21 MeV; when two values are shown for Sy, 4 they are in order of descending ;.

¢TI =~ 200 keV.

45



15. 19B("Li, *He)''C Qm = —1.285

Angular distributions of “He ions have been measured at £("Li) = 3.0 to 3.8 MeV and at 24
MeV [to 1 C*(0, 4.32, 6.48)]. 11C*(2.0, 4.80, 8.42, 8.66+8.70) are also populated: see (1980AJ01)
for references.

16. 19B(“N, 13C)!'C Qm = 1.139

Elastic angular distributions have been obtianed at £(**N) = 73.9 and 93.6 MeV (1979M014).

17. 1'B(r, 7)!C Qm = —141.549

See (1976M115, 1981RO1L).

18. 1'B(p, n)!'C Qm = —2.764

Angular distributions have been measured at many energies up to 49.5 MeV [see (1980AJ01)]
and at 5.49 to 7.29 MeV (1981HO13; ny, n;). 11C*(4.32, 4.81, 6.33, 6.48) are also populated. See
also (1981AN16, 1981MU1D), '2C and (1980BA11; theor.).

19. 1B(He, t)!'C Qum = —2.001

Angular distributions of t, and t; have been measured at £(*He) = 10, 14 and 217 MeV [the
latter also for the triton groups to 'C*(4.3, 4.8, 6.48, 8.10) [see (1980AJ01)] and at £(3He) = 33
MeV (1981BAL1G). At E(*He) = 26 MeV the known states of *'C below £, = 11 MeV are
populated and triton groups are also observed to the possibly 7" = 2 states displayed in Table
11.19 as well as a state at 14.15 MeV. For references see (1980AJ01).

20. 12C(v, n)!'C Qm = —18.721

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}; = 24.5, 27, 33 and 42 MeV: the ground state is
predominantly populated. The population of analog states in the (-, n) and (-, p) reactions are sim-
ilar. And a significant decay strength is found to the positive-parity states with 6 < £, < 8 MeVW.
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In general the main contribution to the strength of the transitions to the various excited states of
1B, 11C lies in rather localized energy bands in *2C which are a few MeV wide (1970ME17). See
also reactions 24 and 25 in (1980AJ01), 2C, (1979K104, 1980GA29, 1980G013) and (1982L008;
theor.).

21. (a) 2C(r*, 7tn)liC Qm = —18.721
(b) 2C(n, 2n)!'C Qm = —18.721
(c) *C(p, pn)''C Qum = —18.721

(1978MO01) report the strong population of the g* state 11C*(4.32) (and of the analog state
in 1B) for £+ = 60 to 300 MeV. See also (1982BU20) as well as (1982HO1C) and (1980KE13;
theor.). For reactions (b) and (c) see (1980AJ01), and (1980MC1E) for reaction (c). See also 2C.

22.12C(n*, p)iiC Qm = 121.629

Angular distributions have been obtained to 'C*(0, 2.0, 4.3 + 4.8, 6.5, 8.5) by (1978AMO01;
E.+ = 49.3 MeV) and (1981AN10; E.+ = 90 and 180 MeV). At the same momentum trans-
fer this reaction and the (p, d) reaction give similar intensities to the low-lying states of 'C.
(1978AMO1) have also reported population of a 7" = % state at £y = 12.5 £ 0.3 MeV. How-
ever (1981AN10) do not observe it: they suggest the possible excitation of 11C*(13.3). See the
discussion in (1982D001). See also (1980G016) and (1982L0O1B; theor.).

23. 12C(p, d)!'C QO = —16.496

Angular distributions have been measured for £, = 19 to 800 MeV [see (1968AJ02, 1975AJ02,
1980AJ01) for references] and at F, = 52 MeV (19800H06; d to '*C*(0, 4.30, 6.48)) and at E5 =
65 MeV (1980HO18; dy, d;). Observed states of ''C are displayed in Table 11.24 of (1980AJ01).
See also >N in (1986AJ01), (19811R1A), (1980WH1A, 1982L.01B, 1982YA1A, 1983MO1F) and
(1980C006, 1980SA1K, 1980WI102, 1981JA1D, 1981LU1A, 1982SH06, 1983L.UO01; theor.).

24.12C(d, t)!'C Qm = —12.463

At Eq4 = 28 MeV the t, angular distribution has been measured and a detailed comparison
has been made with the results for the mirror reaction 2C(d, 3He)!'B. At E; = 29 MeV the t,
angular distribution leads to spectroscopic factors C'2S = 2.82 or 3.97 depending on different sets
of parameters for 'C, .. "C*(2.0, 4.32) are also populated. See also N in (1986AJ01), and
(1980AJ01) for references.
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25. (3) 2C(®He, a)''C Qm = 1.857
(b) 2C(3He, tp)!'C Qu = —17.957

Table 11.22: Levels of 1C from 2C(*He, o)!!C?

E, (MeV +keV) | [ Stel

E(*He) = 16 MeV | 24 MeV | 28 MeV | 35.6 MeV

0 1 1 1 1 1.00

1.999 + 4 1 0.10 <06 | <06 0.19
43188 +1.2 |3 0.057 (0.04) | (0.06) (0.031)

48042+1.2 |1 0.11 0.22 0.22 0.13

6.3392+1.4 |0 0.003 P <0.07 | <007 | ~02

6.4782+14 |3 0.11° 0.06 (0.06) (0.22)
6.9048 +1.4 |2 0.018 (0.15) | (0.17) (0.054)
749974+ 15 |2 0.006 © (0.07) | (0.09) (0.046)
81045+1.7 |1 0.017 b (0.035)
8.42 3 0.034 bd (0.041)

& See Table 11.18 for ~-decay work. Higher excited states are also reported: see text. See
Table 11.25 in (1980AJ01) for references and for additional information.
b At E(*He) = 18 MeV.

¢ Assuming J™ = 3.
4 Assuming J™ = 3.

Angular distributions have been measured at many energies to E(3He) = 217 MeV [see
(1968AJ02, 1975AJ02, 1980AJ01) for references] as well as at 99.4, 119.1 and 139.6 MeV (1981TA25;
ap — g, ai). Observed states are displayed in Table 11.22. In addition the excitation of states at
E,=11.2,12.4,15.3, 23 and (28) MeV has also been suggested: see (1980AJ01).

At E(3He) = 35.6 MeV (1978F013) find good fits by DWBA for strong [ = 1 transitions, and
reasonable agreement in the forward direction, as well as with S.,., for weak [ = 1 transitions.
Transitions involving [ = 0 or 2 (and 3) are weak and the agreement with theory is poor. It
is suggested that '*C*(8.10) [3 ] is predominantly a ps,» hole state coupled to 2C*(7.65) [0"]
(1978F0O13).

Alpha-gamma correlations have been studied for E£(*He) = 4.7 to 12 MeV: see, in partic-
ular, (L1968EA03). Their results are summarized in Table 11.20 and are discussed in detail in
reaction 22 of (1968AJ02). A measurement of the linear polarization of the 2.00 MeV ~-ray (to-
gether with knowledge of the 7,,) fixes J™ = 3~ for 1'C*(2.00) (1968BL09). 7, = 10.3 £0.7
fsec for 11C*(2.00) (1981AL1C). See also 2N, °0O in (1981AJ01, 1986AJ01), (1983MO1F) and
(1982KU17; theor.).
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Reaction (b) has been studied at E(*He) = 75 MeV: transitions to 1'1C*(0, 2.0, 4.3, 4.8, 6.3)
are observed by looking at p, t angular correlations (1983ST10).

26. 12C(°Li, "Li)''C QO = —11.471

The angular distributions involving “Li, s + ''C, and "Lij ,s + ' C5 , have been studied at
E(Li) = 36 MeV: see (1980AJ01).

27.12C(19B, 1B)!C Qm = —7.266

I am indebted to Dr. F.C. Barker for his comments on this reaction.

At E(*°B) = 100 MeV, angular distributions have been measured involving ''B, s + ''C,,
1B, + "Cqopo and "Cy + 'Baye. Both 12C(*°B, 'B)''C (with !'B detected in the forward
direction) and 2C(1B, 'C)!'B (with ''C detected in the forward direction) were measured. In
each case, "B, + 'Cy o and ''C, . + !By 12 Were not resolved, but the authors (1975NA15)
argue that the (*°B, ''B) case would have little contribution from 'C, s + ''B, 1> (because of the
spins of 1°B and "B, ;,), so that it essentially gives the "B, . + ''Cs.0 angular distribution, and
similarly for the other case.

28. 12C(12C, BC)llC Qm = —13.774

Angular distributions involving '*C, _have been studied at £(*C) = 114 MeV [see (1980AJ01)]
and at 93.8 MeV (1979FU04). Cross sections for production of 'C at £(2C) = 0.40, 1.05 and
2.1 GeV/nucleon are reported by (1983SM03). See also (1981CH1R).

29. BC(r+, d)!'C Qum = 118.907

At E.+ = 32 MeV angular distributions have been obtained for the deuterons to !C*(0, 6.48)
(1982D001).

30. 13C(p, t)''C Qm = —15.185
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At E, = 43.7 to 50.5 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 7' = % state at £, = 12.47 MeV [see Table 11.19]

whose J™ is determined to be %_ [it is thus the analog of *!Be*(0.32)]. The state decays primarily
by p — '°B*(1.74). Alpha decay to "Bej 4 is also observed. Angular distributions have also
been measured for £, = 26.9 to 43.1 MeV [see (1980AJ01)] and at E,, = 65 MeV (1982KA01; t,,

t;). 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 4+ 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 19 is not observed by
(1974BE20).

31. “N(p, a)''C Qu = —2.922

Angular distributions have been reported at a number of energies in the range £, = 5.00 to 44.3
MeV for the g and a; groups: see (1975AJ02, 1980AJ01). See also (1981AULD; astrophys.).

32. N(p, pt)''C Qum = —22.736

See (1978G014, 1983G010; theor.).

33. 1UN(19B, 13C)'C O = 1.139

This reaction has been studied at £(*°B) = 100 MeV: see (1980AJ01).

34. 160(p, SLi)!'C Qm = —22.183

See (1975AJ02) and (1980HO14; theor.).

35. 160(d, "Li)''C Qum = —17.157

See (1984NELA).
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llN
(Fig. 4)

The “N(*He, °He)'!N reaction has been studied at £(*He) = 70 MeV. A SHe group is observed
which corresponds to a state in 1N with an atomic mass excess of 25.23 & 0.10 MeV and ' =
740 + 100 keV. The cross section for forming this state is 0.5 ub/sr at 10°. The observed state
is interpreted as being the J™ = £~ mirror of 'Be*(0.32) because of its width; the %Jr mirror of
1Be, s would be expected to be much broader (1974BE20). The ''N state is unbound with respect

to decay into 1°C+p by 2.24 MeV. See also (1980AJ01) and (1981 WA1J, 1982AW02, 1982KAL1D,
1982NG01, 1983ANZQ); theor.).

110 11F 11 Ne
(Not illustrated)

These nuclei have not been observed: see (1980AJ01) and (1982NGO01, 1983ANZQ); theor.).
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