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IOBe
(Figs. 19 and 22)

GENERAL: See {956KU1A 1957FR1B1959BA1F, 1960KU1B 1960TA1G 1961BA1E 1961TR1B
1963BU1G 1963VL1A 1963WA1M 1964FR1D1964GR1J1964VO1B 1964WA1F 1964WAL1K).

1. 1°Be(3-)!'B Qm = 0.555

The weighted mean end-point energyis56 + 0.003 MeV (1951L126. The mean half life
is (2.7 4+ 0.4) x 10°y (1949HU19: log ft = 13.65 (1951FE1A. The spectrum is of the Dtype
(1950WU1A.

2. (a)"Li(t, a)°He Qn = 9.834 E, = 17.250
(b) "Li(t, 2n)*Be Qu = 8.770
(c) "Li(t, n)°Be Qm = 10.435
(d) "Li(t, n)°He + *He Qm = 7.907

The neutron yield exhibits broad resonancegiat 0.84 and 1.70 MeV {951CRO0}, 0.71 +
0.02 MeV (1962SE1A, 0.765 and 1.735 MeV1Q61VA43, and a weak structure @&, = 0.24
MeV (1960SE1Y The width of the 0.77 MeV resonancelis) + 50 keV (1962SE1A.

Excitation functions foro, oy and a, (corresponding tdHe*(0, 1.8, 3.4) see, however,
(1965AJ0) for evidence relevant to the existence of a state at 3.4 MetHi) show a weak
maximum at 1.10 MeV, a weak minimum at 1.30 MeV and a broad mari at 1.80 MeV
(I' = 0.5 MeV). Angular distributions are complex and suggest dimgtetraction: the maximum at
E; = 1.80 MeV may result from interference effectsQ61HO23. Angular distributions ofv, and
a; at B, = 0.24 MeV suggest/ = 2+ for the 17.8 MeV statel954AL39. See also{963JA1E
and (L959AJ79.

3."Li(a, p)'°Be Qm = —2.564

Angular distributions of pat £, = 13.6 and 14.7 MeV {962K013 and 30 MeV (L960KL03
show an oscillatory character with strong peaking in thektbemisphere. The;mistributions are
smoother, but they also show backward peaks (see 8&&H{(VA29). An explanation in terms of
heavy-particle stripping is discussed BPW62HO1J. See alsol962MA59 and (L960MA15.

4.7Li("Li, a)'°Be Qm = 14.783
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Table 10.1: Energy levels dfBe

E, J" r Decay Reactions
(MeV =+ keV) (keV)

g.s. 0" T2 = (27+£04) x 10%y 6~ 11,3,4,5,11,14,17,19, 2
3.366 + 3 2t Tm = 0.15 4+ 0.03 psec ¥ 3,4,5,11,17
5.959+52 | 17,2° Tm < 0.08 psec v |4,5,6,11
6.178 £ 9 0F Tm > 0.5 psec Ty | 4,11
6.262 + 9 2" voo| 4,11
7.377+ 10 37 16 n 4,6,11
7.548 + 10 2+ 6 n 4,6,11

9.27 (47) 100 n 4,6,10

(9.4) (27) ~ 400 n 4,6,10, 17

10.7 >1 n,a |4,6,17
(17.42) nt |2
17.79 (21) 110 + 35 nta|2
18.47 ~ 500 nta|?2

24 17

[

a SeeNote added in proof section in the Introduction here.

See (964CA16.

5.%Be(n,v)'°Be

Qum = 6.815

The thermal capture cross sectiois+1.0 mb (1964ST2%. Reportedy-transitions are listed

in Table10.2(1960BA01, 1961JA191963DR03.

6. Be(n, nyBe

by, =6.815

The total cross section data is summarizedli®6d ST2%. Angular distributions are summa-
rized in (1963GO1N). The coherent scattering length (thermal, bound) is 7. {861 WI1A).

The spin dependent thermal cross sectioa %) mb (1952PA1A.

In the regionF,, = 0to 16 MeV, four resonances are reported, at 0.62, 0.81, 2d33 MeV:

see Tabld0.3


https://nucldata.tunl.duke.edu/nucldata/HTML/A=10/note.pdf

Table 10.2: Neutron capture gamma ray$’ide

E, Transition
(MeV =+ keV)

6.807 £ 7 capt.— g.s.
5.956 £ 6 5.96 — g.s.
3.441 43 capt.— 3.37
3.365 £+ 3 3.37—g.s.
2.590 + 3 5.96 — 3.37
0.855 + 3 capt.— 5.96

Intensities*

A B C
62 | 70| 65
14 2|1 <2
11 15| 11
37 | 28| 28
28 17| 21
29.4|1 16| 24

A: ((1960BA0): see ((963DR0Y).
B: (1961JA19.
C: (1963DR02.
& Gamma rays per 100 captures.

Table 10.3: Resonances‘iBe(n, nyBe

Eres ® Be* | Tepm. J7 l R 72 (keV) 62 References
(MeV £ keV) | (MeV) | (keV) (fm) | Jo=1|J.=2| %
0.625 + 10 7.377 16 3- 2 5.6 82 82 7.5 | (1951B0O451964LA09
0.815£10 7.548 6 2+ 1 5.6 0.8 53 0.28 | (1951B0O451955WI25
1964LA09
2.73 9.27 =~ 100 (47) (1951BO451959F01A
(2.85) 9.4 ~400 | (2%) | (@) (1951B0O451959F01A
4.3 10.7 >1 (1961FO0F

2 (1962PE1Dreport an additional anomaly in the cross sectiohat= 207 keV.




Polarization and differential cross sections are repdded,, = 0.2 to 2 MeV by (1961LA1A,
1962ELO1 1964LA04. Analysis of these data indicates that thg = 0.62 MeV (£, = 7.37
MeV) resonance hag™ = 37, formed byl = 2, with equal participation of channelg = 1
and 2. Interference with hard-sphere & 5.6 fm) s-wave background and with a broae- 1,

J = 3T state is observed. Below, = 0.5 MeV, the scattering cross section reflects the effect of
bound1~ and2~ states withZ, ~ —0.2 MeV, ? ~ 0.05 MeV, presumably to be identified with
10Be*(5.96, 6.26). The resonant behavior near 0.815 MeV isistent withJ™ = 2+, formed
byl = 1 (1964LA04. See alsol964GO1l). The finding that the level at, = 7.37 MeV has

J = 37 is in good accord with comparisons of reduced widths withgtesumed” = 1,7, = 0
analogue in’B at £, = 8.89 MeV, for R = 5.8 fm,

[42 + 721(°B)/72(*'Be) = 1.07 (1962AL1A).

The structure af’, = 2.73 MeV is ascribed to two levels: a broad state at about 2.85 MeV
with J = 2%, and a narrow ond, ~ 100 keV, atE, = 2.73 MeV with a tentative assignment of
J = 47 (1951B0O45 1959F01A. A weak dip near 4.3 MeV is ascribed to a level with> 1
(1961FO07.

Elastic scattering studies fér, > 14 MeV are reported byl(958NA09 1960MC04 1960PE25
1960SA25. See alsoX959AJ76. Optical model analyses have been carried outl®0HO14
1963LU10.

See alsol960WA07 19620T011962PE101963NE1H 1964CR1B.

7. (2)°Be(n, r)’Be* E, = 6.815
(b) °Be(n, 2n¥Be Qm = —1.665

Data on non-elastic cross sections are summarized ®§4ST2%. The processes involved
include (n, 2n) and (n,’}¥Be* — n + ®Be; the (n,a) process is relatively weak. The total non-
elastic cross section rises rapidly from threshol@at~ 2.5 MeV to ~ 600 mb atF, = 6 MeV,
and then falls slowly to 500 mb at 14 MeV. In the range 3.5 to &V, °Be(n, r)’Be*(2.43)
accounts for about half of the non-elastic cross secti®@9MA34 see (964ST2)): see also
‘Be. At E, = 14 MeV, ®Be*(2.9) is frequently involvedl959CH1E 196 1MY0J).

See alsdBe and (959MA1G 1961CA23 1961CO1E 1963DI1F 1963GO1M 1963KU1FR
1963MC1G 1963ZU1B.

8. Be(n, pyLi Qm = —12.832 E, = 6.815

At E, ~ 15.5MeV, o(n, p)= 0.7mb (1959AL83 1963AL18 1964ST2%. See alsol960BU1Q.

9. 9Be(n, tyLi Qum = —10.435 B, = 6.815
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At E, = 14 MeV, o(n, t) = 18 + 1.5 mb (1958WY67). See alsol958VA33. Measurement
of v-rays from?Be(n, tyLi*(0.48) givesco(n, t;) = 20, 10, and 30 mb af, = 13.6, 14.1 and 14.7
MeV (1960BE1$.

10.“Be(n,a)He Qm = —0.601 By = 6.815

The cross section for production@ie has been measured 6y = 0.7t0 8.6 MeV (L957ST95
1958VA33 1961BA53; see alsol964ST2%. (1957ST9%find only a smooth rise to a broad max-
imum of 10447 mb at 3.0 MeV, followed by a gradual decrease to 70 mb at 4.4.Me\ihdication
of resonance is found dt, = 2.7 MeV. From E, = 3.9 to 8.6 MeV, the cross section decreases
smoothly from 100 mb to 32 mid@61BA53. The cross section df, = 14 MeV is 10 £ 1 mb
(1953BA09. See alsol960BU1C 1963CH1C 1964GA1).

11.°Be(d, p}“Be Qm = 4.590

Parameters of levels observed in this reaction are listetables10.4 and 10.5 Angular
distributions of proton groups have been studied at manygerse see 1958ZE0] 1959AJ76
1960MA32 19611S01 1961RE04 1962SL04 1964SC1). Except at the lowest energies, the
stripping process appears to dominate: sE@59BO1C 1960BE1B 1960LU04 1960LU1B
1960NA1A 1963SM051963TA1A 1964BA1V). See alsoX964ZA1B.

The mean life of the 3.37 MeV level is15 4+ 0.03 psec (965WA1R, some ten times shorter
than the single-particle value. On the |.P.M. an effectivarge [ +(0.5+0.2)]e is required; strong
collective effects are indicated963WA03 1963WA1M): see alsol959B049 1959K0O1B. For
the 6.18 MeV levelr, > 0.5 psec, consistent with an EO transitiadtB63WAL7Y. Internal pair
correlations establish the multipolarities of the traosi$: 3.37 (E2), 5.96 (E1), and 6.18 (EO)
(1964WA05; however, (965FO1G report that/™(5.96) = 2~ from ~-v correlation studies .
The mean life ot’Be*(5.96) is< 0.08 psec (965WA1P. The absence of a ground-state transition
from °Be*(6.26) supports the assignmefit = 2~ for this level ((958ME81 1963WAL17: see
also (L959CH281959G0O7§.

The (p<) correlation through®Be*(3.37) has the formi + AP, (cos6.,), wheref,, is mea-
sured from the recoil direction. Reported valuesidiie in the range—0.2 to —0.4 (1957C0O54
1959TA0] 1959ZA01 1960G0O181961RE04 1962K014 1963AC01 1963NE09 1964ZA03.
These values are consistent with the assumption®tf,astate inL.S coupling, but not with'D..
Purejj coupling leads tod = 0, as does the collective model. Approximate agreement can be
obtained in intermediate coupling withtk = 4.5 (1962PI11A: see also1960KU1B 1961RO1K,.
Polarization of the protons has been studied By50HI1E 1960GR1]1 1960HI09 1961VAO03
1962AL1Q 1962PA121963NE091963NE161964RE041965HELB. See also{961TEO2.

t SeeNote added in proof section in the Introduction here.

7


https://nucldata.tunl.duke.edu/nucldata/HTML/A=10/note.pdf

Table 10.4: Levels of’Be from“Be(d, p)“Be¢

E.? r Jr Iy 62 (%)
(MeV + keV) | (keV) A B|C|D
0 0+ 1 [5-9[93[75| 9

3.368 + 9 2+ 1 1 |1.1]1.1|25
5.959 4 9 1,27 0 15 | 17| 12
6.178 + 9 0t P (0.5)
6.262 +9 2- 0 8 |18(3.2

7.37 ~ 25 3~ 2°| 13 | 41| 2

7.54 <10 2(+) 0.34

A: (1958ME8).
B: (1960MA32.
C: (1964SC1p

D: (1961REOJ: all PWBA.

a (1954JU23.

b (1963WA17 1964WA05 1965FO1G.

© (1964SC1p

d SeeNote added in proof section in the Introduction here.

12.°Be(t, d)}’Be

Not reported.

13.°Be(x, He)'’Be

Not reported.

14.1°B(n, p)°Be

Qum = 0.558
Qu = —13.763
Qun = 0.228

See (948EG1A 1955JA181964PA1N).

15. 19B(t, *He)'°Be

Q

m J—

0.536
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Table 10.5: Radiative transitions iBe(d, p)’Be?

Transition AJT E,P Mult. | Branch T
(keV) (%) (psec)
3.37 —g.s. |27 —-0" [3374+10| E2 100 0.154+0.03
596 —g.s. |17 — 0" [5965+10 | E1 48 £2° < 0.08

5.96 — 337 | 1= — 21 | 2584 £ 15 52+2°¢

6.18 —g.s. |0 — 0" EO (100) > 0.5
6.18 — 3.37 | 07 — 27

6.26 —g.s. | 2= — 0 <0449

6.26 — 3.37 | 27 — 27 > 99.6 ¢

2 (1963WA03 1963WA17 1964WA05 1965WA1B.

b Corrected for Doppler shift.

©(2246)/(78 £ 12) (1958MEB8), (41 +4)/(59 + 4) (1965FO1G: however, seéBe(n,y).
d See also1965F01G.

Not reported.

16. 1B(n, d)'°Be Qm = —9.004

Not reported.

17.'B(p, 2p)°Be Qm = —11.228

In the summed proton spectrum, structure is observed g@uneling toQ) = —10.9 £ 0.35,
—14.7 £ 0.4, —21.1 + 0.4, =35 £ 1 MeV (1958TY49 1962GA09 1962GA23 1962GO1R
1964T102 1965RI1A 1966TY0). See also{958MA1B, 1963BE42 1963RI1B 1964BA1Q,
and!!'B.

18.1'B(d, *He)'*Be Qm = —5.735

Not reported.



19. 1'B(t, )'°Be

See (961HO0).

20.12C("'B, '°Be)'*N

See (963SA1K.

21.13C(n, a)'"Be

See!“C.

Qum = 8.586
Om = —9.285
Qum = —3.836

10



IOB
(Figs. 20 and 22)

GENERAL: See [959BA1F 1959BR1E 1960TA1C 1961TR1B 1962IN02 1963BU1G 1963KU03
1963ME011963MO1FK 19630L1B 1963VL1A 1963WA1M 1964AM1D, 1964BA29 1964FR1D
1964GR1J1964MA1G 1964NE1E19640L1A 1964ST1B1964VA1D, 1965FA1G 1965NE1Q.

Ground State:

1 = +1.8007 nm (1965FU1G.
Q = +0.08 b (1965FU1G.

1. Li(a, 7)'°B Qum = 4.461

Six resonances are observed in the raAge= 0.5 to 2.6 MeV, corresponding t&'B*(4.76
— 6.06 MeV): see Tabld0.8 No other resonances appear 6 < 3.8 MeV (}°B*(6.74))
(1957ME27 1961SP0O»

The 4.77 MeV state decays mainly'tB*(0.7): the ground state decay4s3% (1957WAO07Y,
8% (1957MEZ27: see also Tabl&é0.7. The angular distribution of-rays indicates/ = 27, with
E2/M1= 1.8 (1957ME27, 0.64 (L957WAO07. The measuredT', = wI',T,/(T', +T,) is 0.05 eV:
'(M1) =~ 0.01 I'w, I'(E2) £ 10I'yy, consistent with thé\T" selection rule for M1 and considerable
collective enhancement for E2957ME27 1957WA07 1958ME81 1963WA17).

The angular distribution of the-rays from the 5.11-MeV state can be made consistent with
J =27;T =0if M2/E1 ~ 0.01 is assumed1957ME27 1958ME8). The distributions from
E, = 5.17 MeV are consistent with™ = 2 (1957MEZ27: observations ifiBe(d, n}°B indicate
I'n~TI,=13eVandhencd =1 (1958ME81 1959WA1G 1962WAZ2J).

A study ofa-capture neaf,, = 1.18 MeV shows the formation of a broatl= 1; 7' = 0 state
(Ex = 5.18 MeV, I'.,,. = 200 £ 30 keV), and its subsequent decay via 3.44 MeVays to the
J™ = 0%, T = 1 state at 1.74 MeV. The observed width corresponds to 0.86eofingle particle
limit for s-wavea-formation (L961SP02see, however1062DE1(). See alsoX962WA2)).

For the 5.92 MeV level/™ = 2%, 3%, and4" are possible. Only™ = 4* gives a satisfactory
account of the angular distribution from the 6.03 MeV led&%7ME27.

2. (a)SLi(«, py'Be Om = —2.126 B, = 4.461
(b) °Li(, d’Be Qum = —1.567
(c) SLi( v, @)OLi
(d) SLi(, n’B Qm = —3.977
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Table 10.6: Energy levels ¢fB

Ey JT T (keV) or Decay Reactions
(MeV + keV) m (PSEC)
g.s. 3T;0 stable - 1,3,4,5, 6,11, 12, 13, 14, 15, 20, 2
22,27, 28, 30, 33,35
0.7173 £ 0.8 1%;0 1010 + 20 psec 5 1,3,4,5, 6,11, 12, 19, 20, 22, 26, 2
30, 33,35
1.740 + 2 071 0.15 £ 0.02 psec 5 1,3,6,11,12, 20, 26, 28, 30, 33, 35
215443 1*;0 1.35 £ 0.16 psec y 1,3,6,11,12, 20, 22, 28, 30, 33, 35
3.585+4 27:0 0.096 £ 0.036 psec ol 4,6,11, 12, 20, 22, 28, 30, 33
4.774+3 (27); 0 <10 v, @ 1,4,5,11,12, 20, 22, 30, 33
5.114 4+ 4 (2)7;0 1.2 v, « 1,11,12, 20, 22, 30, 33
5.166 £+ 4 271 0.003 v, a 1,11,12,20, 30
5.183£8 1*;0 120 £ 20 v, o 1,2,6,11, 20, 22,33
5.923 £4 27,0 <5 v, @ 1,2,11,12, 20, 22, 30, 33
6.029 + 4 4+ <1 v, a 1,2,11,12,18, 20, 22, 30, 33
6.133+4 <5 ! 2,11, 12,20, 22, 30
6.566 £+ 6 ~ 70 « 2,11, 12,20, 22, 30
6.884 17;0 ~ 140 v, p,da | 26,810
7.00 95+ 10 p, d,« 2,10, 20, 22
7431410 27:0 140 + 30 v, p,da | 6,10
(7.468 + 10) (27) 80 v, P 6,8, 18
7.479+ 2 27;1) 7244 ¥, p 6, 8, 20, 30
7.561+ 1 0t:1 3.3+0.3 ) 6, 8, 30
7.62 £ 50 (1:0) 220 + 50 p, d,a 8,10
777+ 30 271 210+ 60 v, Py 2,6,8
8.07 £ 100 (27;0) 800 £ 200 p, d,« 10
8.892+ 6 3(): (1) 8447 n,p 7,8,16
8.896 + 2 2t:1 36 +2 ¥, P, 6,8, 10
9.7 71 ~ 600 n, p,a 7,10
10.83 4+ 30 1 ~ 500 v, n,p,e | 6,7,10,16
(11.4) +) ~y 16, 18, 20, 28
(14) ) 5y 16, 18, 20
18.6 < 500 v, 2He 4
18.8 2+, 17;1) < 600 ~,?He,a | 4
19.3 2+, 17;1) 350 ~,n,3He,a | 4
20.1 broad n,p,He | 4
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Table 10.7: Electromagnetic transitions'fi8

Initial | I'y (total) Relative intensities to final states at: References
State (eV) g.s. 0.72 | 1.74 | 2.15| 3.59 5.18
0.72 | 6.6 x 1077 100 Table10.20
174 | 44x1073 | <2 100 (1964S1031965L004
2.15 | 4.9 x 1074 22 27 51 (1961SP041964H0O021965WA1R
3.59 | 6.9x 1073 15 65 | <3 20 (1958ME81 1964BR061964H0O02
1964S1031965WA1R
4.77 0.03 8 92 Table10.8 (1963WA17
5.11 0.07 96 4 Table10.8 (1963WA17
5.17 0.6 55 29.5 65 Tables10.8and10.19
(1963WA17
5.18 0.06 100 Table10.8
5.92 100 Table10.8
6.03 100 Table10.8
6.4 0.75¢ (1964JA03
6.88 (4.8) <3 24 56 17 4 < 11 | Table10.13
7.43 2.4 <2 13 | <0.1]0.62 0.5 <1 | Table10.134
7.47 11 (1965SPOY
7.48 25.8 25 0.3 | <0.1|0.49 0 <1 | Table10.134
7.56 8.5 <0.2 6.7 | <03]08 | <02 1.0 | Table10.13¢
7.77 8.5 6.6 09 | <0.1]03 0.3 0.4 | Table10.134
8.89 0.6 (1964GR49)
11.8*
142
18.6"°
18.8P
19.3P

» See ((962EDOY.
b See Tablel0.10
° B(E2]) = 29 fm*.
4 Partiall’, in eV (1964HO03.
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Table 10.8: Levels of’B from SLi(a, 7)'°B (1957ME27 1961SPOP

Eres E Jo T Clab E,? Branch | wIy"
(keV) (MeV) (keV) | (MeV) % (eV)
500£25¢ | 4.76 | (27);0 4.76 8

4.05 92 0.05¢| E2/M1=1.8

1085 5112 | 2-;0 2° 5.1 96 0.10 | M2/E1l~0.01
4.4 4 0.005

1175 5167 | 2%;1 | <0.5°¢ | 5.16 7 0.04 | E2/M1=0.02
4.44 29 0.15 | E2/M1=0.01
3.01 64 0.32 | E2/M1=0.01

1210 + 35 5.188 | 1*;0 |3404+50 | 3.44 | ~ 100 f
2435 5923 | 2° 20 5.9 100 E2/M1=0.01%
2605 6.025 | 47 <15°¢ | 6.0 100 E2/M1=9.0

@ Primary radiation: see Tabl.7.

bl = wlo /(T +T).

¢ (1953WI32 1954J00%

4 (1957WA07: E2/M1 = 0.64, v(g.S.)< 3%; I',/T < 4 x 10~* (1965RO0L
¢ See (1958ME8) and?Be(d, n)°B.

fT, =0.06 +0.03 (1961SPOp

€ 0.01 or 10 (957ME27.

Reported anomalies in the elastic scattering are listecabiel0.9 (1962BA03 1962DE10Q
1965SI11B. Angular distributions indicatg™ = 11 and2*, respectively for the 5.18 and 5.92
MeV states. Thé ™ assignment supports the proposal b§§1TR1B that the 5.18 MeV state is a
member of the doublet formed by two-nucleon excitation thin2s shell, whose other member is
the0™t; 7' = 1 state at 7.56 MeV.

The excitation functions for, and o, (to the 2.18 MeV state dfLi) particles (1963BL20
E, = 9.50t0 12.50 MeV), d particles (to the ground state t8e) (1963BL20 E, = 9.50t0 11.4
MeV) and neutrons1963MEQS8 from threshold.,F, = 6.623 MeV, to 15.5 MeV) do not show
resonance structure. See al$8%6WA29 1964DE1K.

3. (a)5Li(SLi, d)'°B O = 2.989
(b) SLi("Li, 1) '°B O = 1.994
(c) SLi(*Be, *He)'"B OQm = 1.933
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Table 10.9:°B levels fromSLi( o, )°Li

E, E, F D | J5T | 62 References
(MeV) | (MeV) | (MeV) | (keV)

1.21 519 | 175 [ 1+;0 | ~ (1962DE10

2.44 2.44 593 | ~30 | 2%;0|~0.05|(1962DE10Q1965SI1B
2.605| 6.03 (1965S118
2.80 6.14 (1965S11B

3.52 3.51 6.58 120 (1962BA03 1965SI11B
4.05 | 6.89 (1965S118

4.18 4.24 7.01 230 (1962BA03 1965SI11B
5.50 7.76 (1965S11B

Reactions (a) and (b) have been studied up to 6 MeV bombaetiagyy. Deuteron and triton
groups have been observed leading to the first four staté8afith intensities which depend on
the incident energy: typically the group to the 0.7 MeV siatgery strong and that to the 1.74
MeV state is very weakl©@60MO17 1961BR35 1961MO02 1964KI102). See alsol962BE24
1962BU1G 1962MC12 1963LE09 1964BL1Q. For reaction (c) seel62MC12 1963NOO02.

4. (a)"Li(*He, nyB Q. = 9.349 B, = 17.786
(b) "Li(®*He, pyBe Qm = 11.199
(c) "Li(®*He, d¥Be Qm = 11.759
(d) "Li(*He, a)SLi O = 13.325
(e)"Li(*He, 7)'°B O = 17.786

The excitation curve for reaction (a) is smooth ugigHe) = 1.8 MeV (1962SE1A1963DU132,
and shows resonance behaviof4tHe) = 2.2 and 3.25 MeV: the 2.2 MeV resonance fias 280
keV; the 3 MeV resonance is broadé®c3DI101, 1963DU12 1964DI10Q.

Capturey-rays have been observed fB(*He) = 0.8 to 3.0 MeV. The excitation functions for
the transitions to the ground and 4.77 MeV states show paak€He) = 1.1 and 2.2 MeV, those
to the 0.72 and 3.59 MeV states show a broad maximum at 1.4 Wed/observed gamma widths
are comparatively large (see Tall@.10 (1965PA03.

The yield of protons (reaction (b)) is relatively flat féi(*He) = 2.5 to 4.8 MeV, with some
indication of a weak maximum at 3.3 MeV at 20° and50° (1961W0O09. The yield of ground
statea-particles at® (reaction (d)) shows a broad maximumsat2 MeV, a minimum at 3 MeV,
followed by a steep rise which flattens off betwdg@iHe) = 4.5 and 5.5 MeV. Integrated, and
a1 yields rise monotonically to 4 MeV and then tend to decreAsgular distributions ofy; in the
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Table 10.10: Resonances’in + He

B Lem. By wI' @ for transition to r, References
(MeV) (keV) (MeV) | g.s.| 0.72| 3.59| 4.77

1.1 < 500 18.6 | 35 140 (1965PA03

1.4 < 600 18.8 100 | 100 < 80 | (1965PA021965PA03

2.2 |280—420| 19.3 | 85 200 | <20 b

3.25 | broad 20.1 (1963D101, 1964DI1Q

2 Lower limits of (2J + 1)T' in eV.
b (1963DI01 1963DU121964DI1G 1965PA02 1965PA03.

Table 10.11: Slow neutron thresholdsin
"Li(o, N)'°B

E,(threshold) (MeV) E, (MeV)
(1957BI84 | (1963ME09Y
4.379 £ 0.006 | 4.380 4+ 0.020 0

5.51 5.5 0.72
(11.90) 4.77
(14.53) 6.42

& See also1956RO0Y.
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Table 10.12: Resonances’iBe(p,v)'°B

E, Ey Lem. J5T r,/m r,? References
(MeV + keV) | (MeV) (keV) (eV)
0.330 6.88 ~ 140 170 0.30 4.8 | (1956CL69
0.938 £ 10 7.43 140 = 30 (27);0 0.7 2.4 | (1962EL0O6 1964HO02
(0.98) (7.47) (2%) (1962ELO§
0.992 & 2 7.48 2+4 27,1 | =065 |25.8 |(1964H0O02
1.0832+0.4 | 7.562| 3.25+0.33| 07;1 1.0 8.5 | (1964BO131964H0O02
1.29 775 | 210+60 | 27:(1) | ~0.65 8.5 | (1964H00}
2.567 £ 2 8.896 36 4= 2 21 (1953MA1A, 1956MA59
4.72 10.83 ~ 500 (1952HA1Q

@ See Tablel0.13for decay schemes.

rangeE(*He) = 2 to 5.5 MeV suggest that the reaction proceeds mainly by pi¢k@65FO07
se also {961W0035). Angular distributions forZ(*He) = 0.8 to 3.0 MeV give indications of the
resonances df(*He) = 1.4 and 2.2 MeV seen ifiLi(*He,~): J™ = 2T or1~; T = (1) for both:
I, is small (L965PA03.

5. "Li(av, n)'°B Qm = —2.792

Observed slow neutron thresholds are listed in TABIA1(1957BI84 1963MEQ§. At E, =
13.5and 13.9 MeV, angular distributions of the ground-statdnoes have been determinei®E2KJ0Y.
See alsol959HE1B 1962GA1L).

6. Be(p,7)''B Qm = 6.587

Parameters of observed resonances are listed in THBI#2and10.13 Table1l0.7summarizes
the~-transitions from this and other reactions.

The E, = 0.33 MeV resonance'{B*(6.88)) is ascribed to s-wave protons because of its
comparatively large proton width [séBe(p, p)] and because of the isotropy of theadiation.
The strong transition té°B*(1.74) requires E1 and henc& = 17; T = 0. T = 0 is also
indicated by the large deuteron width. On the other handstilemgth of E1 transitions t8B*(0.7,

2.1) indicate & = 1 admixture of 20% or morel@56WI16 1959ME85. A small B term in
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Table 10.13: Radiative transitionsfiBe(p,~)'°B

Initial state | I',(tot) Relative intensities to final states Remarks Ref.
(MeV) (eV) | ground| 0.72 1.74 2.15 3.59 5.18
37,0 1*;0 0t; 1 1*;0 2.0 1*;0

6.88 2.4 6 15 3 5 3.6 (1957BI75
E,=0.33 [10] 15 40 100 45 (1955CA25
4.8 1.0 2.6 0.5 0.65 (1956CL69
< 0.7 6.4 15 4.5 ~1 <29 (1959ME85H
17;0 0.006 0.025 0.009 | ~ 0.005 IM|?E1 | (1959ME85
7.43 (res) (1962EL0§
E, =094 | [24] <2 1.3 [< 0.14] 0.62 0.5 [<1] (1964H002
27;0 0.013 0.013| 0.03 |M|?E1 | (1964HO02
7.48 400 < 10 19 22 <7 <13 (1959ME85
E,=0.99 | [25.8] 25 0.3 [< 0.14] 0.49 0 [<1] (1964H0O02
271 0.19 0.003 0.10 IM|?E1 | (1964HO02
7.56 4.8 1.0 2.6 0.5 0.65 (1956CL69
E, =1.08 <3 100 <8 <8 <4 23 (1959ME85
76 9 15 (1961SPOX
6.6 100 <2 10 40 (1962ME1A
[8.5] <0.2 6.7 <0.3 0.8 < 0.2 1.0 (1964H0O02
01 1.0 0.24 3.5 |M|*M1 | (1964HO02
7.75 14.6 83% (1963FU1)
E,=1.29 | [8.5] 6.6 0.9 < 0.08 0.3 0.3 0.4 (1964H0O02
271 0.044 0.008 0.006| 0.013 0.08 | |M|?ELl | (1964H0O02

the angular distribution at resonance suggests a d-wavéxagen The angular correlation of
6.88 — 0.72 — @.S. is consistent with™ = 1~ but does not exclud2~ (1964BI19.

The proton capture data nedf, = 1 MeV appears to require at least 5 resonant states, at
E, = 938, (980), 992, 1086 and 1290 keV. The narrély = 1086 keV level (°B*(7.56)) is
formed by p-wave protons]™ = 0" [see’Be(p, p) and’Be(p, a)]. The isotropy of the gamma
rays supports this assignmet®61TA0I. The strong M1 transitions td = 1*; T' = 0 levels at
0.7,2.15and 5.18 MeV (Tabl.13 indicateT = 1 (1959WA14.

The excitation function for ground-state radiation sho&sonance at, = 992 (I' = 80
keV) and 1290 keVI{ = 230 keV) (1962EL06 1964HO03. Elastic scattering studies indicate
s-wave formation and’ = 2~ for both (1956M09(. For the lower level £, = 7.48 MeV)
the intensity of the g.s. capture radiatidn, = 25 eV (1964H003 indicates E1 and” = 1. The
angular distribution ofi-rays,1 +0.1sin? 4, is consistent with s-wave formation with some d-wave
admixture (953PA22 or with some contribution from a nearby p-wave resonad@s§MO90);
possibly aJ™ = 27 level atE,, = 980 keV (1956M0O9Q 1962EL06 see, however,1064HO03).
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The angular correlation of internal pairs is consistenbwait E1/M1 mixture of 3 : 2(962EL0§.
Earlier difficulties with thel" = 1 assignment may be resolved if the (p, d) anda(presonances
are ascribed to another leval9q64HO03.

The angular distribution of ground-state radiationfat = 1330 keV is isotropic and’, =
14.6 + 1.5 eV (1963FU1), 8.5 eV (1964H0O03, supporting E17" = 1 for this level,F, = 7.75
MeV.

Transitions to'°B*(0.7) show resonance at, = 992, 1290 and 938 ke\I' = 155 keV
(1962EL06 1964H0O03. The latter is presumably also a resonance for (p, d) and)p,An
assignment off™ = 27: T = 0 is consistent with the data, although the E1 radiation tleems
somewhat too strong forAT" = 0 transition (964HO03.

A resonance for capture radiation&f = 2.567 &+ 0.003 (E, = 8.896 MeV) has a width of
40 + 2 keV and decays mainly vi®B*(0.7) (1953MA1A). It appears from the width that this
resonance corresponds to that observetBie(p, o), J = 2%; T = 1 and not to the’Be(p, n)
resonance at the same ener@936MAS9. A fourth resonance is reported Bf = 4.72 + 0.01
MeV, T ~ 0.5 MeV (1952HA10).

For the mean life of the 0.7 MeV state, see Talde2Q

See also 1959KA69 1959SI1C 1960G023 1960S104 1961RI08 1962BL1Q 1962HU0S
1963C0O1K 1964SI03.

7.°Be(p, nyB Qm = —1.851 E\, = 6.587

Resonances in neutron yield occutfgt = 2.56 and 4.6 MeV: see Tabl€0.14 There is some
indication of a broad maximum nedf, = 3.5 MeV, a peak reported at, = 4.9 MeV for n,
neutrons may reflect the effect of this lev@969MA20. A sharp break at, = 6.55 £ 0.03 MeV
is ascribed to a level ifB at 4.04 MeV (964BA16. Angular distributions in the rangg, = 2
to 11 MeV are reported byilO56MA55 1961AL07, 1963KE03 1965WA09. Polarization studies
have been made by 961CR1A 1963KE03 1965WA09.

The E, = 2.56 MeV resonance is considerably broader than that observbe aame energy
in °Be(p, o) and?Be(p,~) and the two resonances are believed to be distir@5§MA55. The
shape of the resonance and the magnitude of the cross seatidre accounted for with = 3~ or
37: the former assignment is in better accord with charge symynaed indicates correspondence
with 1°Be*(7.38). ForJ™ = 37, 62 = 0.135, 62 = 0.115 (R = 4.47 fm). The.J™ = 27 level should
contribute about 10% to the cross sectiogt= 2.56 MeV (1962AL1A). See also{963HALG
1963VA1Q.

8. ’Be(p, pyBe Ey, = 6.587

Elastic scattering has been studied iy = 0.2 to 2.6 MeV by (956DE331956M09(: see
Table10.15 Below E,, = 0.7 MeV, only s-waves are present, exhibiting resonancgat 330
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Table 10.14: Resonances’iBe(p, n)B

E.o Map By J T | Omax References
(MeV =+ keV) (keV) (MeV) (mb)
2.562 + 6 85 4 10 8.892| 3(-); (1) (1956MA55 1962AL1A)
100 + 10 160 | (1959Gl4}
3.5 ~ 700 9.7 (1956MA55 1959MA20

240 | (1959G147

4.72 £ 10 500 | 10.83 (1952HA1Q
4.68 + 30 (1955MA84)
4.6 470 | (1959G147
4.62 £ 30 (1959MA20
4.94 + 30 ~ 100 (1955MA84)
4.85 510 | (1959G47
4.82 + 60 a | (1959MA20

& Resonance fornonly: posibly due to 3.5 MeV resonance.

keV, J = 1~ or 2~: both proton and deuteron widths are large, whjés small. Further s-wave
resonances, withh = 27, appear att,, = 998 and 1330 keV and a sharp p-wave resonance,
J = 0T, occurs at 1084 keV. The behavior of p-wave phase shifteates an additional = 2™
resonance at 980 keM§56MO9(] or near 1100 keVI956DE33. The behavior at), = 2.56
MeV requires/ > 2 and a large proton width1Q56DE33. See also1959AJ76 1963AN12
1964H0O02.

The yield of p and p (to 2.43 MeV state ofBe) has been determined biQ61REO3} in the
rangeE, = 3.6t0 6.0 and 4.2to 6.0 MeV, respectively, and fgy = 5.7 to 8 MeV by (1963BL2Q.
Total cross sections and yields of thegsoup have also been determined b§§4BI119 for £, = 5
to 15 MeV: a broad maximum nedf, = 8 MeV is indicated. Total cross sections have also
been measured &, = 10.2, 142 and 180 MeV1961J0171961TA0G 1962IG1A 1963WI12
1963WI1D. See also1961JO18and (L959AJ76.

Elastic scattering of polarized protons has been studiéf at 8.5 and 11.4 MeV {961R0O05
1961RO1}; inelastic scattering has been studied:gt= 7 and 12 MeV (965FU03. See also
(1964BE031964CR1B 1965BO1L).
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Table 10.15: Resonances’iBe(p, pyBe
Eres E, Tiab J r,/r 0> References
(keV) (MeV) (keV)
330 6.88 1~ 0.30 0.5 (1956M0O9Q
(980 + 10) * | (7.47) 90 (2*) | 0.9 | 0.07 | (1956MO9(
998 7.48 150 + 50 27 0.65 0.02 (1956DE331956M090
1084 + 2 7.56 3 0+ 1.0 (1956MO9Q
(1100)> (7.58) 200 small (1956DE33
1330 7.79 400 £ 100 2” 0.65 0.05 (1956M090
1350 + 50 } 500 27 0.8 (1956DE33
2560 8.89 > 2 large (1956DE33
@ Postulated to account for p-wave structure near 1 MeV.
Table 10.16: Resonances’iBe(p, dfBe and’Be(p,)CLi
E, Ey e m. JT. T /T 02 63 | 62 References
(MeV) | (MeV) (keV)
0.33 6.88 17;0 0.30 0.5 0.4 | 0.05] (1956M0O9Q
(0.47) | (7.01) (1949THO5 1951NE03
(0.68) | (7.20) (1949THO5 1951NE03
094 | 7.43 140 @2:0)| 07 0.04 |0.02 (1956WE37 1964H002
115 | 7.62 | 225450 | (17;0)|~04 ~ 0.1 (1956WE37 1964H003
1.65 | 8.07 | 8004200 | (2;0) | ~0.07 0.18 |0.21 (1956WE37 1964H003
(23) | (8.7) | (~220) (1956WE37 1965M0O27
2.56 8.89 36 + 2 271 a (1956WE3}
3.5 9.7 1 a | (1959MA20)
4.49 | 10.63 1 a | (1959MA20)

2 Resonance fatis, to 6Li*(3.56), 07; T = 1.

21




Table 10.17: Levels fron?B of °Be(d, n}°B

0B* (MeV) | J™ | I, | 6** Reference$

0 3" 11 (1952AJ221961M015
0.72 1t 1 |21 | (1952AJ221961M0O15
1.74 0t 1 |14 | (1952AJ221961M0O15
2.15 1* | 1 |0.65| (1952AJ221961MO15
3.59 2" 1 | 0.44| (1952AJ221963FE1B
477 | (29| @ (1963FE1B

511 | (27)] 0 (1963RI08

517 [ (%) ] 1 (1963RI09
(5.18) (1963FE1B

5.58 (1952AJ22

5.92 (1) (1963FE1B

6.02 (1963FE1B

6.16 (1952AJ22 1963FE1B
6.38 (1952AJ22

6.58 (1952AJ23
(6.77) (1952AJ22

& Relative valuesi952AJ221960MA32).
b See also959AJ79.

9. Be(p, tfBe

See’Be.

10. (a)’Be(p, dfBe
(b) °Be(p, «)SLi

The (p, d) and (pw) reactions have been studied in the rardge = 0.8 to 3.0 MeV by
(1949THO5 1951NE03 1956M090Q 1956 WE37, £, = 1 to 4.6 MeV by (L965M027 and for
E, = 3.5t012.5MeV by (963BL20; the (p,a») reaction, leading téLi*(3.56), has been studied
from £, = 2.3 to 5.4 MeV by (954MA26 1956MA55 1959MA20. Observed resonances are

exhibited in Tablel0.16
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Both alphas and deuterons are isotropic atfhe= 0.33 MeV resonance, confirming its s-
wave formation: proton and deuteron widths are large, wifiles small (956M0O9(). A strong
maximum foro and d appears d, = 0.93 MeV, I' = 130 = 30 keV, followed by weaker maxima
fordatE, = 1.25, 1.65 and 2.3 MeV. Alpha particles show a weak effect atEhe= 2.56 MeV,

T = 1 resonance, indicating a small isospin impuritp$6WE37. Angular distributions in the
rangeE, = 0.4 to 1.0 MeV (1951NEO3 and 0.8 to 3.0 MeV1956WE37J show strong interfer-
ence effects. Analysis of the latter data suggests cotititisi from three levels, at,, = 0.938
(27), 1.15(17) and 1.65 MeV(27) (1964HO02. There is no evidence of further structure in
the yield of @, ay or a; for £, < 12 MeV: in this range direct interaction appears to domi-
nate (961REO03 1963BL2Q 1965MO27. Polarization of g has been studied byl9§60BA26G
1961LA17 1964B0O33.

The yield of 3.56 MeV~-rays, associated with, leading toLi*(3.56) (J™ = 07; T" = 1),
shows strong resonancedat = 2.56 and 4.49 MeV and a broad risefgt = 3.5 MeV, suggesting
that these states, which are also observed in (p, n), Havd and are the analogues'8Be*(7.55,
9.26, 9.4) (959MA20). See alsol959LE27 1961BE1E 1961ST1L).

11.°Be(d, n}°B Qum = 4.363

Neutron groups are observed correspondind’B states listed in Tablé0.17 There have
been various reports of additional states: sE@60HJ01 1960JU04 1961GAL1G 1962C023
1962M012 1963K0O1j and (L959AJ7§. Thresholds for slow neutron production corresponding
to 1B states from 4.77 to 6.57 MeV are reported in Tablel8(1954B0O79. Angular distribu-
tions have been studied at many energies ($8894AJ79 for a summary of the earlier work and
(1960BA46 1961MO15 1963FE1R 1964BU14 1965SI11)). The data, analyzed by stripping
theories, show < 3 and even parity for the first five states'd8 (1952AJ221961MO15 and
for the 5.17 MeV statel962GA11 1963RI0§ while the 5.11 MeV state is well fitted by = 0
(1963RI0§.

Observedy-transitions are listed in Tabld®).7and10.19 Reported values of the mean life of
the 0.72 MeV state are given in Taldl®.2Q With an intermediate coupling parameték” = 4.75,

a mean E2 lifetime of 4 nsec is predicted: the experimentakviadicates either a lower value of
al K or some collective enhancemeh®67FR1B1957KU58 1962L.003. [Since the’C 3-decay
is allowed,J = 0", 1* for E, = 0.72 MeV; the y-transition fromFE, = 1.74 MeV established
J=1"]

The 1.74 MeV state] = 07; T = 1 analogue of’Be and!'°C, decays via the 0.72 MeV
state. The 2.15 MeV state decays relatively strongly'to= 1.74 MeV, arguing againsy = 0,

2, 3: therefore/ = 1. The E2 branch to the ground state is relatively strong coetpto IPM
predictions {957KU5§. The mean life i9.35 + 0.16 psec (965WA1B.

Correlation measurements in the cascae= 3.59 — 0.7 — g.s. exclude/ = 0 or 3 for
the 3.59 MeV statel956SH9%; a spin 1 assignment would permit a strong transitioto—=
1.74 MeV, thereforeJ = 27. The3.59 — 0.7 transition is either M1/E2= 93/7 or pure E2
(1956SH94. The n< correlation is isotropic962GA1). The large intensity relative to the
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Table 10.18: Slow neutron thresholds’Be(d, n}°B

(1954BO79
E4 (MeV) E, (MeV) I' (keV)

0.52 4.79 <10
0.92* 5.12 < 10
0.99? 5.17 < 10
1.92 5.93 < 10
2.08 6.06 < 10
2.20 6.16 <20
2.53 6.43

2.70 6.57 ~ 30

#0.921 £ 0.009 and0.989 £ 0.009 MeV (1962WA21).

Table 10.19: Gamma rays observedBe(d, n}’B

Transition E., (keV) Branching ratid' (%)
0.7 —g.s. 716.6+1% 100
1.7 —g.s. <2
1.7 — 0.7 1022+ 2% 100
2.15 —g.s. 21524+ 15*? 22
2.15— 0.7 1433 £5*2 27
2.15— 1.7 413512 51
3.59 — g.s. 3583 4 13 b 15¢
3.59 — 0.7 2872 £ 15 b 65°¢
3.59 — 2.15 20
5.17 — g.s. 5159 £ 16 ° 5.540.7P
0.17 — 0.7 4461 £ 13 e 2954 2P
5.17 — 2.15 3028 £15°P 65+ 2P

a (1949RA03.

b (1963WA17: Doppler corrected.
¢ M1 + E2 (1964WAO03.

d See Tabld0.7.

° Ratio 1 :4.42 + 0.15 (1964BRO.
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Table 10.20: Mean life of’B*(0.72)

Tm (NSEC) Reaction References

0.7+0.2 °Be(d, n}°B | (1953TH13
0.85+0.20 ibid (1956SEO03
1.18 +0.33 ibid (1961KNO02J »
0.96 + 0.10 ibid (1958DA1))
1.04 £0.02 and (p, P (1962L002
1.05+0.10 | °B(p, p)°B* | (1957BL0J
0.90 + 0.1 ibid (1958HO9F
0.94 + 0.05 ibid (1959B11Q
1.00 £ 0.03 ibid (1962GA15H

1.040.1 ibid (1961SA2)

1.013 + 0.015 mean

2 See also 1958G047 1958KN1B 1960G023 1961RI08
1962L003.

ground state transition does not fit the IPBE3WAL7). The mean life i9.096 + 0.036 psec
(1965WA1B. See alsoX959CH281959GO78§.

The 4.77 MeV state hag™ = 2%; T' = 0 [seeSLi(«, v)]. No gamma radiation is observed
in the present reactionl”,/I' < 0.05. The relative weakness of the ground-state branch and the
absence of the present level in the IPM scheme suggestsatoalexcitation based di, = 0.72
MeV (1963WA17.

Three levels exist near 5 MeV, at 5.11, 5.17 and 5.18 MeV. k®Ft, = 5.17 MeV level, the
smallT,, and largel", suggest’ = 1 (1959WA1§ [confirmed in'*B(d, d)]: T, = T, = 0.6 eV
(1963WA1Y), I',/T' = 0.7 £ 0.35 (1962WA2)), I',/T' = 1 £+ 0.2 (1963RI0§. The mean life is
< 0.08 psec (965WA1B. Angular correlations confirm the even parity assignmeiat iadicate
JT = 27 (1962GA11 1963WAL17). The 5.18 MeV level is excited only weakly, if at all, in the
present reactionlQ63FE1B 1963RI10§.

See alsol959HALK 1959LE1E 1959SI1A 1961HO10 1962LE1G 1963MOL1L, 1964BAL1Y,
1964S102 1965MA1K).

12.°Be(He, d)’B Qm = 1.094

At E(®*He) = 5.7, 8.8 and 10.2 MeV, deuteron groups are observed correspptaithe ground
state and to states at 0.72, 1.74, 2.15 and 3.58 M&BHI69 1960HI08 see Tablel0.2]).
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Table 10.21: Levels of’B from °Be(*He, d)°B (1960HI0§ ®

E. (MeV +keV)| J~ L R (fm) 62>
0 3t 1 7.0 2.6
0.717 + 10 1t 1 7.0 6.4
1.744 £ 10 0t 1 7.0 9.9
2.156 £ 10 1t 1 55 3.1
3.58 2+ 1 6.0 1.3

& See also1965CR1C1965Y01B.
b Relative reduced widthg;(*He) = 10.23 MeV.

Angular distributions of deuterons to these states hava betermined at a number of energies
up to £(*He) = 25 MeV (1959H169 1960HI108§ 1960WE0J. Deuteron groups have also been
observed ta"’B*(4.77, 5.11, 5.17, 5.92, 6.03, 6.13 and 6.57 MeV). Thermigdication of earlier
reported levels at, = 5.58 and 6.40 MeV {965CR1C1965YO1B. See alsol962WE1Q.

13.9Be(a, t)1°B Qum = —13.227

See (960G0O041960VL03 1962WE1Q.

14.°Be(!N, 3C)1°B Qum = —0.963

See (964BO1MN).

15.1Be(3)1'B Qum = 0.555
See'’Be.

16. ()'°B(y, n)’B Qm = —8.438
(b) °B(~, p)’Be Qm = —6.587
(c) 1°B(y, dy’Be Qm = —6.028
(d) 1°B(~, )SLi Qm = —4.461
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Energy levels are reported ifiB [from reaction (a)] atE, = 10.25, 10.75, 11.85, 12.25,
14.7 and 16.9 MeV, assuming that the neutron transitionsoattee ground state dB. The giant
dipole resonance appears to peak at 11 MES6QFI07. Cross sections have been measured with
monoenergetie-rays for £, = 8.9 to 10.8 MeV: the value at 8.9 MeV leadsIg = 0.6 + 0.3
eV for the £, = 8.89 MeV level(s) (L964GR40). For reactions (b), (c), (d), se&959AJ7¢ and
(1962CH261962V0O1D.

17.1°B(v, 7)''B

See (964L01Q.

18.1°B(e, e}’B

Elastic scattering a = 180° gives evidence of an M3 contributiod{65GO1K see also
(1965RA1D). At E, = 41.5 MeV (0 = 180°) evidence is reported for the M1 excitation of three
states with/™ = 2%, 3" or4* at £\, = 7.9, 11.8 and 14.0 MeV, witli’, in the range 10 to 40 eV
(1962EDO03. At E. = 55 MeV, transitions are observed #tB*(6.024:0.02 and7.48 +0.02 MeV),
the latter withl' = 40 keV, I',(M1) = 11 + 2 eV, assuming/™ = 27 (1965SP04seeFE, = 7.47,
Table10.19. See also1959ME?24 1962BA1D, 1963G0041963R0O1N). At 100 — 200 MeV,
(1965FROY find strong E2 excitation of the 6.02 MeV level.

19.10B(n, n)1°B*

See (956DA23 1960AN14 1963GL1HA.

20.°B(p, p)''B*

Excited states observed in inelastic scattering are listethble 10.22 Levels observed at
E, = 5.92, 6.03, 6.13 and 6.55 MeV correspond well with those repoitietBe(d, n}’B: no
level at £, = 6.43 MeV is seen in the present reaction. A broad levekat= 7.00 MeV may
correspond to a peak reportedBe(p, d) atF, = 0.48 MeV. TheJ = 27; T = 1, 7.48 MeV state
is seen here, but not in (d})d1964AR09. At E, = 17.9 MeV angular distributions are strongly
peaked forward. Comparison e{p, p) with E2 transition rates suggests that the strongest (p,
p) transitions correspond to states having large E2 coupbéinge ground state: the strength of
the 6.04 MeV4™* level is particularly significant962SC1», B(E2) = 29 fm* (1964JA03. At
E, = 185 MeV, the = —6.1 MeV peak is dominant. Others are observed corresponding to
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E,=0,22,3.6,5.2,7.55,11.0 and 13.0 MeV. The angular disiiobwf the) = —7.55 MeV
group is similar to that of th€) = —3.6 MeV group of°Li (1965HAL7. Inelastic cross sections
at £, = 153 MeV yield |[M|? = 11, 0.02, and 0.66 for-transitions from'°B*(2.15) to g.s., 0.7
and 1.74 {961CL09.

At E, > 3 MeV, y-rays withE,, = 710 = 15, 1023 £ 5, 1438 & 5, 2120 £ 60, 2880 =+ 10 and
3560 + 50 keV are observedl@57HU79 1957MC395. Upper limits to the transitions74 — g.s.
and3.59 — 1.74 are 2 and 3%1964SI103. See alsoX965SE1l.

21.19B(p, 2pfBe Qum = —6.587

The summed proton energy spectrum, observell,a= 150 to 460 MeV shows peaks cor-
responding to removal of ah+# 0 proton atQ) = —6.7, —11.9 and—17.1 MeV; for removal of
an! = 0 proton,@Q = —30.5 MeV (1966TY0). See also1962DI1A 1963BE42 1964BA1C
1964L11D, 1965RI1A and’Be.

22.108(d, d)1°B*

Deuteron groups have been observed corresponding to edeeénd states of’B: see Table
10.22 The absence of the groups (upper limit to intensity 1.5%%) corresponding to the 1.74
and 5.17 MeV states is good evidence of tifei= 1 character{962AR03. See alsol959TO1A
1962SL03.

23.19B(t, 1)\°B

See (963HO19.

24.19B(q, o/)'B*

See (956B0251964ST1K.

25. 19B(20Ne, 2Ne)\'B

See (961AN07.
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Table 10.221°B levels from!'°B(p, p) ?, °B(d, d) and'?2C(d, a)'’B

E.? | Relative Intensitie§ | E,° | E, 1 E 1 E, e© re
(MeV) | (p, p) (d, d) (p.P) | (d,d) | *C(d,a) | (MeV) (keV)
0 100 100 0
0.717f 4 7 0.72 | 0.72 0.72
1.739 1 < 0.15 1.74 g g
2.152 3 4 2.15 | 2.15 2.15
3.583 7 7 3.58 | 3.58 3.58
4771 4.77 | 4.77 4.77
511 | 5.11 511
5.16 g g
5.18 110+ 10"
5.92 <5
6.03 <5
6.13 <5
6.55 25+ 5
7.00 95 £ 10
7.481 90 £ 15

& See also1964JA031965HALY.
b (1953BO70: energiest5 keV. Relative intensities & = 90°, £ = 7.6 MeV.
¢ (1962AR03: energiest10 keV. E, = 10.0 MeV, 6;, = 90°, 120°.
4 (1962AR02: energiest-10 keV. E4 = 10.0 MeV, 61, = 60°, 90°.
¢ (1964AR0%: E, andE4 = 11 MeV, 0r, = 45°, 60°; energiest 10 keV.
£719 4+ 1.6 keV (1952CR30), 718 + 5 keV (1954DA20).

& Absent: intensity off, = 5.17 MeV group< 1% relative to average df = 0 levels.
b c.m. width (L962AR0).

! Relative intensity in (d, § < 2%.
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26.19C(3+)'°B Qm = 3.606

The half life is19.48 + 0.05 sec ((962EA03, 19.27 & 0.08 sec ((963BA5): Egz+(max) =
1.865 4 0.015 MeV (1963BA5). The 3T decay is to the first two excited states '6B: rel-
ative transition probabilities to the 0.72, 1.74 and 2.15WMevels are 98.4/.65 + 0.2/< 0.1
(1953SH38§: ft (from 71,2 = 19.41 sec,Q,, above) arel.0 x 10* and2.2 x 10* to the 0.72 and
1.74 MeV states, respectively{66BA1A).

27.11B(v, n)\°B Qum = —11.456

See (951SH63.

28.11B(p, d)\°B Qm = —9.231

At £, = 19 MeV, the ground state and the first four excited states haga bbserved. From
the angular distributions, analyzed by PWBA, = 1, #*> = 0.011, 0.029, 0.011 and 0.0031
(1961LE1A 1963LEOQ3. At E, = 155 MeV, deuteron groups are reported to states at 0, 2.0, 5.0,
6.9 and 11.4 MeV1963BA2F. See alsol956RE041960NE1G 1961CL09 1964SHOJ.

29.'B(d, 1)\°B Qum = —5.199

See (960VL0O5 19630G1A.

30. 'B(*He, )'°B Qm = 9.122

Reported levels are listed in Tald@®.23 No evidence is found for previously reported levels
at £, = 2.86, 5.58 and 6.40 MeV1963GA03 1965G0O0%. See alsol965R00). The apparent
absence of thé/, = 5.18 MeV group is ascribed partly to its breadth and partly to rsspmptive
two-excited nucleon charactet465GO0%. The angular distributions of alpha particles corre-
sponding to the lower states indicate strong direct inteas,! = 1 at £(*He) = 2.3 t0 5.5 MeV
(1960TA12 1965F006 see also 1965G0O0Y); the distributions ok, (£, = 1.74 MeV) vary
strongly with energy 1965F00§. Alpha-gamma coincidence studies yiéldT' < 4 x 10~* for
10B*(4.77), ~ 1 for 'B*(5.17) (1965R00). See also{961B0O331964EL1B 1964GA1B. The
Tm Of the 1.74 MeV state i8.15 + 0.02 psec (965L004.
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Table 10.231°B levels from!'B(®*He, a)'°B

E . * do/dQ2 P E ° do/dQ) 4
(MeV +keV) | (mb/sr) | (MeV + keV) | (mb/sr)
0 0.69 0 0.30
0.725 + 10 0.38 0.718 £ 7 0.09
1.741 £ 10 0.29 1.744 +£7 0.06
2.149+ 10 0.34 2.157+6 0.13
3.594 + 15 0.26 3.587+ 6 0.12
4.777T+5 0.09
5.114 + 5 0.10
5.166 £ 5 0.49
5.923+5 0.09
6.028 + 5 0.09
6.131 +5 0.09
6.573 +8 0.06
7.475 4+ 10 0.30
7.567 £ 10 0.05

2 (1960TA12: E(*He) = 5.2 MeV.
D At Onax (1960TALD.

© (1965GO03.

4 E(PCHe) = 4.96 MeV, § = 60°: see (1965GO0% for other

angles.

31.12C(n, 1)/°B

Not reported.

32. (a)'*C(p,*He)'°B
(b) **C(p, pd)’B

See (961CL09 1964BA1Q).

Qm:_

Qm:_
Qm:_

18.931

19.695
25.188
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33.12C(d, ) '°B Qm = —1.341
Qo = —1.3401 £ 0.0012 (1965BR29.

Alpha groups have been observed to all of the known statéBofip to 5.1 MeV: the inten-
sity of the a;-group to thed™; T' = 1 state at 1.74 MeV is usually sharply reducé8%7EL12
1961PE091961YA08 1962AR02 1963AL16 1963YA1B 1965BA06 1965VO1R 1966HAQ09;
but its yield varies appreciably with small energy chand8$8AL16. The identification of thex-
groups to the 5.1 MeV states indicates thatthe 1 state at 5.17 MeV is not excited &} = 10
MeV (1962AR03. See Tablel0.22 Angular distributions of theyy-, a;-, as- and ay-groups
have been determined féf; = 9.2 to 19.7 MeV (L961YAO] 1963YA1B 1965BA0§. See also
(1958CA1FE 1959HE1C 1961GA13 1963JA031963PE071964BA5).

34.12C(a, Li) 1°B Qum = —23.716

See (962ZA01 1964BR1L).

35.13C(p, a)'°B O = —4.063

At £, = 12.2 MeV, a-groups are observed to the ground state and to the first éxated
states {963PEOQY. See alsol962HALR.

36. (a)*N(y, @)'B Qum = —11.613
(b) "*N(p, ap)'’B Qum = —11.613

For reaction (a) seeLl@59AJ79; for reaction (b) seel@61CL0Y9.
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Table 10.24: Energy levels &fC

E, (MeV tkeV) | J~ I (keV) Decay| Reactions
g.s. (0%) | 712 =1941+£0.04sec| [+ |1,2,4,5
3.360 + 17 ol 2,5
5.6 £+ 100 2,5
(7.2 % 200) 5
10.2 + 200 ~ 1500 5
10C

(Figs. 21 and 22)
GENERAL: See [960TAL1C 1962IN02 1964GR1,)1964VO1B.
Massof °C: From the@-value of the'?B(p, n)'°C reaction {961TA12 Q, = —4.39340.025

MeV) and the5* end-point energyl(963BA52 Es+(max)= 1.8654+0.015 MeV), the mass excess
of 19C is15.658 & 0.013 MeV, based on?’C = 0 (1965MA54).

1.10C(53+)1°B Qm = 3.606

The decay is complex. SeéeB.

2. 19B(p, n)}’C Qm = —4.388

The ground state threshold occursfat = 4.835 £ 0.025 MeV (1961TA1). A sharp rise in
the cross section curve &}, = 8.55 MeV is attributed to a state ifC at £, = 3.38 + 0.03 MeV
(1963EAO0). This state has also been observed directly as a neutrap ¢fg = 3.34+0.2 MeV)
atE, = 17.2 MeV. Wide or unresolved states&f ~ 5.1 MeV may also be indicated §54AJ33.
The~-decay of the first excited state has been obserkgd: 3.35 + 0.02 MeV (1965SE1l. See
also (L965VA23 and!'C.

3. 9B(3He, t)°C O = —3.624

See (9640S1A.
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4. 2C(y, 2n)°C Qm = —31.801

See (9590CO07.

5. 2C(p, t)}°C Qum = —23.319

At E, = 155 MeV, triton groups are observed to the ground stat®@fand to excited states
at3.4+0.1,5.6 £0.1, (7.2 £0.2), and10.2 + 0.2 MeV. The 10.2 MeV state has a width f1.5
MeV (1965BA17. See also{960RA12 1961RA1R 1962CO17J.
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