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SHe
(Figs. 4and 7)

GENERAL:

See (960PH1A 1960TA1C 1961AH1A 1961BA1E 1962IN02 1962IN1A 1963BO1K
1963MO1F 1963VL1A 1964GR1J1964WALE 1965BO1C 1965L01G.

Ground state : J = 0 (1958C0O68.

1. He(3")5Li Qm = 3.510

The decay proceeds to the ground statd @f1 *) and is a super-allowed Gamow-Teller transi-
tion. Recently reported end points afgé; = 3.50 = 0.05 (1952WU23, 3.50 £ 0.02 (1956SC4),
3.508 4+ 0.015 (1963VI106, 3.508 + 0.004 MeV (1963J0O04 The weighted mean decay energy,
including recoil energy of 1.4 keV, leads tble’Li = 3509.8 + 3.8 keV (1963J0O0) Half lives
are listed in Tables.2 With a half life of 802 msec and/;- (max) = 3508.4 keV, ft = 802
(1965BA20Q.

The electron-neutrino correlation has the fdiii¢) = 1+ «a(v/c) cos § with « = —0.39+0.05
(1958HE46 1959AL10, o = —0.35310:02% (1961RI03, o = —0.319 + 0.028 (1963VI06, o =
—0.3343 4+ 0.0030 (1963JO1} in good agreement with the expected vatue= —% for pure
axial vector interaction. An upper limit to the possible trdyution of tensor interaction is 0.4%
(1963J0O1). See alsol958CS881959AL1E 1959UB1A 1961KO1H 1961YUO01 1963CA1H
1963DA04 1963KI1D, 1964DE1G 1965LO1H.

2. (a)3H(t, nyHe Qum = 10.374 B, = 12.302
(b) 3H(t, @)2n Qum = 11.332

At E; = 1.9 MeV, the a-spectrum observed 80° extends from 1 to 7 MeV, with peaks at
E, = 2 and 5 MeV. The same general shape is observed at other anglésra; = 0.95 to 2.1
MeV. These peaks are attributed to a two-stage processvingolormation and breakup dHe
in the P% and F% states and are superposed on the three-body spectrumopmne@dt Structure
observed near the end point may indicate a correlation legtvilee two neutrons1@58JA06.
Alpha spectra observed at= 90°, £, = 0.2 to 1.0 MeV, likewise exhibit a structure indicating
appreciable contribution GHe, ; ; a peak ascribed te + n? is reported {961GO1§.

At E; = 1.48 MeV, the neutron spectrum shows a continuum from 0 to 12 Met¥ wibroad
peak at 11.3 MeV, corresponding to formatior’be in the ground statel 57BA10.

The cross section for neutron production rises monotagit@am 0.1 to 2.2 MeV (951AG30Q
1957JA37 1958JA06. The total cross section rises monotonically from 10 miat= 60 keV
to 82 mb at 1.14 MeV1962G0O1Q. At £, = 1.90 MeV, the total cross section for production
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Table 6.1: Energy levels éHe

E. (MeV+tkeV)| J&T | I'(keV) | Decay Reactions
g.s. 071 6~ 11,5,7,8,9,10, 11,12
1.797 + 25 (2)* | 113420 n |9,10,11,12
(~15) (17,27) 9

of a-particles isl06 + 5 mb (1958JA0§. The zero-energy cross section factra 300 keV - b
(1964PA1A. See alsol964BA2B).

3. 3H(t, t)*H E, = 12.302

Differential scattering cross sections have been measairdt = 1.58 to 2.01 MeV by
(1956HO1). At E; = 1.90 MeV, 6 = 30°, o(0) = 286 mb/sr &-5%) (1958AL05. A phase
shift analysis shows onl§5 hard-sphere scattering, with= 2.35 fm (1955FR1G.

4. *He(t, pfHe Qm = —7.512

Not reported.

5. SLi(n, p)°He Qm = —2.727

See’Li and (1960VA1D).

6. SLi(t, *Hef’'He Qm = —3.491

Not reported.

7. 5Li(v, pY’He Qm = —9.980

See (1954T116 andLi.



Table 6.2: Half life offHe ®

712 (Msec)| Reference | 7/, (Msec)| Reference
850 50 | (1946S00% | 799 + 3 (1954KL39
870 +60 | (1947CA15 | 850+ 30 | (1955RU06
820+ 60 | (1948KN13 | 852+16 | (1956VEL(
823413 | (1949H023 | 830+20 | (1958HE4§
860 +30 | (1952SH43 | 797+3* | (1962BI19
840 +30 | (1952VE1A | 862+ 17 | (1962MA39
830 +£30 | (1953BA09 | 830+20 | (1963VIOH

2 |t is suggested that the longer half lives found in the oldeasure-
ments may be due to impurities962B114. We adopt here the mean
of all cited values, weighted by the square of stated errdgg: + 3
msec.

8. 7Li(n, d)’He Qm = —7.755
SeedLi.
9. 7Li(p, 2p)’He Qum = —9.980

The summed proton spectrum &} = 155 to 450 MeV shows two peaks wit) ~ —11.6
and—25.4 MeV corresponding téHe*(0, 1.80), and an excited state wifh= 1~ or 2~ at £, ~
15 MeV: see Table5.3. Angular distributions indicate that the higher energykpearresponds
to ejection of a p-proton while the lower results from remaovfan s-proton: seel@57TY35
1958MA1B 1958TY49 1961GA09 1961PU1A 1962GA09 1962GA23 1962G0O1RP1962TI10]
1964T102 1965RI1A 1965TY1A). See alsdLi.

10.7Li(d, *HefHe Qp = —4.486

At Ey = 14.4 MeV, the ground state and the 1.80 MeV level are observed. ahggilar
distributions analyzed by pick-up theory indicate everitpdor both states 1955LE23; 0% =
0.025 and 0.008 {960MA32. See alsol960HA1Y.

11.7Lit, «)°He Qm = 9.834
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Table 6.3:He levels fronVLi(p, 2p)°’He

Q=1 r Q(1=0) r Reference
(MeV) | (MeV) | (MeV) | (MeV)

10.5+ 1.6 249+1.6 (1958TY49
102+1.6 23+ 1.5 (1962GA09
11.5+2.5 25+ 2.5 (1962GO1p
10.1£14 241+£1.5 (1961PU1A
11.8+0.3 25.5£04 (1965TY1A
11.3+05| 50 [258+06| 55 | (1964TI09

11.6 £ 0.2 25.44+0.3 mean

The energy of the first excited stateli§1 +0.01 MeV, ' < 100 keV (L954AL35 1960AL10);
1.797 £ 0.025 MeV, I' = 113 + 20 keV (1965AJ0). Evidence gas also been reported for states at
3.44+0.2 MeV (1960AL10, (6.0 £ 0.9) and for one or more states@B8 + 0.7 MeV (1956MA1R
1956MA50: see, howeverl965AJ0). The width of the proton group corresponding to the 1.8
MeV state and the absencefe* recoils implies that this state decays predominantly thie +
2n (1954AL35 1963MA1R 1965AJ0). The branching rati@, /T, is < 4 x 10~* (1964HU1A).
Angular distributions ak’; = 0.24 keV are consistent withh = 0 and 2 for the ground state and 1.8
MeV level, respectivelyl954AL39. At £, = 13 MeV, the two angular distributions are strongly
peaked forward(965AJ0). See also{956MA09 1961HO011961HO23 and'’Be.

12.°Be(n,a)’He Qm = —0.601

(1964GA1) reporta-groups to excited states Bt = 1.66 +-0.26, 3.29 +0.38 and6.05+ 0.26
MeV. See alsol963AL18 and'’Be.



5Li
(Figs. 5and 7)

GENERAL:

See (955AU1A 1955LA1G 1956ME1A 1957FR1B 1957HULG 1957LELE 1958PI1A
1959BA1M 1959BR1E 1959FE1B1959SK1A 1959UB1A 1960AN1B 1960JA1G1960KO1D
1960PH1A 1960TALG 1960WALF, 1961BA1E 1961KO1G 1961SH1B1961TA05 1961VALG
1962CO1D 1962CR09 1962DI1B 1962F008 1962GA09 1962IN02 1962IN1G 1962IN1A
1962JA061962ME1G 1962NA1R 1962SA1F1962ST1E1962WALE 1963BO1K 1963BULG
1963DA04 1963EL 10 1963HALH 1963JA1G 1963J0071963KL1A 1963KU03 1963KU1R
1963MO1F 19630L1B 1963SA1F 1963SC1,J1963SC301963VL1A 1963WALH 1964GR1,)
1964JI11A 1964MALG 1964MI16 1964NELE 19640L1A 1964SA1F 1964SH051964ST1B
1964WALE 1965BE1R 1965BE1H 1965B01G 1965DA1H 1965EL 1B 1965GO1L, 1965HALL,
1965JA041965JA1L, 1965L01G 1965LO1H 1965MA1N 1965MU1A 1965NE1G1965RA1E
1965SA1Y.

Ground state :

1= +0.82201 nm (L1965FU1G see alsoX962SC1Y).
Q = (—)0.5 mb (1958TO3%;
Q = —(0.80 + 0.08) mb (1964WHO).

1. (3)3HelH, 7)SLi Qu = 15.793 E, = 15.793
(b) *He(H, p)’He Qm = 11.138
(c) *HeCH, p)*He +n Qm = 12.096
(d) *He(H, n)Li Qm = 10.131
(e)*He(CH, d)*He Qm = 14.321

(f) 3HelH, 3H)3He

Capturey-rays (reaction (a)) to the first three state$ldfhave been observed fdi(*He) = 1
to 3 MeV: the differential cross section for the ground steg@sition 00°) varies from 1.4ub/sr
at F(*He) = 1.1 MeV to 8 ub/sr at 3.0 MeV. AtE(3*He) = 1.1 MeV the transitions to the 2.18 and
3.56 MeV states each have intensitied 5% that of the ground-state transitiot9G3K0O04.
Angular distributions and total cross sections for reandi(®), (c) and (e) are given b¥463KU19
for E, = 0.46 to 1.09 MeV. The total cross section has also been deterniimdd(*He) = 0.1 to
0.8 MeV (1953M06), F; = 0.15t0 0.97 MeV (1960YO0§, and atE; = 1.9 MeV (1963SMO03J.
In the rangel;, = 0.46 to 1.09 MeV, the cross section increases from 27 to 531A6§KU19. At



Table 6.4: Energy levels 6t.i

By JO T r Decay Reactions
(MeV =+ keV) (keV)
g.s. 17;0 stable| 1,4,5,6,9, 10,11, 12,13,
14, 15, 16, 17, 18, 19, 20,
21, 23, 24
2.184 + 2 3%;0 25+ 1 v,d,a | 1,4,5,8,9,10,12, 13, 14,
15,17, 18,19, 21
3.562 + 4 07; 1 <5 ~y 1,4,7, 9 12,17, 18, 19,
21
4.57 £ 34 27:0 | 350+150| d,o | 4,9,12,14,19
5.36 + 15 (1) | 320 £ 50 9,12,18,19,21
6.0 £+ 200 1*;0 dao |4
6.77) |(27);0 da |4,812
(7.8) (17);0 d,a |4,8,12
(9) (07); 0 d,ao | 4,9
(12.5) v,n |8
(14.0) + 9
(15.8) + 9

E, =1.9MeV, itis 53 mb ((963SMO03. The zero-energy cross section factigra~ 1000 keV - b
(1964BA2B 1964PA1A. See also1961BA4(.

The angular distribution of deuterons is isotropicfat = 360 keV (1953MO6), but from
0.5 to 1 MeV it shows an increasingly strong maximun®@tt. It is suggested that the reaction
proceeds via compound nucleus formation and thatl is required {963KU19.

For reaction (d), seelP63SM03. For reaction (f), seel@Q65LE0). See also 1963IN1A
1963KU1H.

2. "He(d,~)oLi O = 1.472

An upper limit for capture radiation ab; = 1.06 MeV (°Li* = 2.18 MeV) is 0.1 mb
(1954S107. A search for resonant capture radiatiortat= 3.1 MeV (SLi* = 3.56 MeV) yields
I'ya < 0.2 eV. Itis concluded that the intensity of parity non-congegwarts of the wave func-
tions, 2 < 1077 (1958WI15.



3. (a)*He(d, nyLi Qm = —4.190 B, = 1.472
(b) “He(d, pyHe Qu = —3.182
(c) *He(d, pnfHe Qu = —2.225

Neutron spectra have been measurédit &r £y = 7.9, 8.9 and 9.9 MeV, and at several angles
at the higher energy. The neutrons show forward peakinggatide of stripping via reaction (a).
The differential cross section9) plotted for £y = 4.5 to 18.6 MeV shows a monotonic rise from
0.5 to 150 mb/sri962LE12 see alsol964R0O1D). Neutron spectra ay = 18.6 MeV (6 = 0°
and180°) indicate participation of reactions (a)j and (b) (80°) (1961RY0). The proton spectra
are also forward peaked &t = 20.2 MeV (1960AR1A and 24 and 27 MeV1963ERO02}. The
proton yield over the range from 6.5 to 8.7 MeV excitatiofilingives no evidence of a 7.4 MeV,
T = 0 state (see Tablé.8) (19640HO0).

At E4 = 20.2 MeV, the (d, pn) cross section is nearly as large as that etastic scattering
atd ~ 45° (1960AR1A). Reaction (c) is presumably forbidden by isospin selectides near
threshold {955HE9(). See alsol965TO0).

4. *He(d, dfHe B, = 1.472

Elastic scattering studies have been carried outl®y9BL66 0.9 to 3.5 MeV), 953LA28
1.0 to 1.2 MeV), {955GA26 0.3 to 4.6 MeV), {947GU1A 6.5 MeV), (L951BULC 7.9 MeV),
(1964SE071964SE1G2.9to0 11.5 MeV), {9640H02 3.5 to 10 MeV), ((962ST196.0 to 13.7
MeV), (1963R0O231964R0O1D 5.7 to 14.3 MeV), {951AL26 10.3 MeV), (L954FR2213.7 and
19.0 MeV), (L960AR1A 20.2 MeV), ((964BR43 21 MeV), (L963VA14 24.9 MeV), ((963ER02
21.3t0 27.3 MeV).

Phase shift analyses have been carried out for the rapge 0.3 to 4.2 MeV by ((955GA7)
and for 3 to 10 MeV by 1964SEQY; see also1964MC1H. Extrapolated phase shifts based on
an optical model have been calculated b9§0GAO0g. The experimental s-wave phase shift de-
creases monotonically frofl; = 0.3 to 10 MeV: in the range 0 to 4 MeV it can be accounted for
by hard-sphere scattering with= 5 fm; if a radius of 3.5 fm is chosen, a contribution from the
ground state is required, with (g.s.)= 0.51 (1955GA74 1960GA09. The d-wave phase shifts
are split and exhibit resonance At = 2.18 (®Ds), 4.87 {D,) and 6.24 MeV {D,): see Table
6.5(1955GA74 1964SEO0Y. Single level analysis of the p-wave phase shifts inditagpossible
presence o2, 1~ and0~ levels at 6.8, 7.8 and 9 Me\M§64SEOQ7 see, however1064MC1H).
Preliminary analysis of data in the ranfig = 5.6 to 12.5 MeV shows no effect from the presump-
tive T = 1 levels atF, = 5.35, 6.63 and 8.37 MeV1963R0O23, nor from the suggestetl = 0
state at 7.4 MeV1964MC1H. At E4 = 21 to 27 MeV, increasing complexity of the angular
distributions suggest= 3 wave contributions(963ER02. See alsol964MC1H.

A (d+«) model has been constructed BP60GA0S to reproduce the phase shifts @B65GA73;
with this model, phase shifts and polarization parametave lbeen extrapolated to 14 MeV. Po-
larization parameters have also been calculated:fore= 1.07 MeV (1959GO1H 1959P0O1Q,
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Table 6.5: Levels ofLi from “He(d, d¥He
E.es (MeV) rkeV)| g | J& | Ex*(MeV) | 6P Reference
0 1t 0 0.51 1955GA74
1.070 £ 0.003 35+5 2 3" 2.184 0.80 1955GA74
4.57 £ 0.08 4.6 1.0 1955GA74
5.10 } 2 2+ 4.87 1.59 1964SEQ7
5.1—6.5 5.7 1955GA74
7.16 } 2 1t 6.24 1.59 1964SEQ7
7.95 1 2- 6.77 0.27 1964SEQ7
9.5 1 1~ 7.8 0.21 1964SEQ7
11.6 1 0~ 9 0.21 1964SEQ7
& See also1964MC1H.
b R =3.5fm.

at 2 and 3.5 MeV by 1959PH1B. A measurement ab; = 1.07 MeV is consistent with ex-
pectation {961PO0). Tensor polarization parameters fé = 4 to 7.5 MeV, measured by
(1964MC1E 1964SEL1J, are in fair agreement with calculations GBE0GA08 1964SEQY. See
also (1960DU1C 1965GR1Q1965SE1E

5. *He(He, pYLi Qm = —4.021

Differential cross sections for formation of the ground @ti8 MeV states ofLi have been
measured foly, = 27.5 to 41 MeV. Protons to the 3.56 MeV state were not observe@nsity
< £ of ground state groupl@61CHO09.

6. SHe(3~)°Li Qm = 3.510

SeeHe.

7.5Li(~, y)°Li

The width,I',, of the 3.56 MeV state is in good agreement with that expefeted the interme-
diate coupling shell model (8.7 eV): see Tablé (1959C0O671963SK03J. See alsoX961VA1G
1962B0O17 1962SEOQO2
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Table 6.6: Levels ofLi from SLi(e, €) andSLi(~, v)

E, (MeV) J" I, (eV) B(E27) ® (fm*) Reference
2.18 3+ 473 0% 1071 3243 (1960BA47
3x 1075 (1959DA04 P
3.56¢ 0* 6.2+ 0.6 (1960BA47
47409 (1963BA19 ©
9+2 (1963BE29
9.17%2 (1959C067 ¢
8.871% (1963SK03 ¢
4.52 2t 1824 1.5
5.35 24) 0.16 7T+2 (1963BA19
(7.40) (1) 6+2
(8.37) (1) 442
(9.3) | 0t/1t/2t 15/5/3 (1963BA19
(14.0) | 0t/1t/2t 24/8/5 (1963BA19
(15.8) | 0F/1t/2+ | 37.5/12.5/7.5 (1963BA19

2 (1963BE251963BESJ: E2 transition assumed; preliminary values.
> FromSLi(~, d).

¢ (1963BA19: M1 transitions assumed.

4 FromSLi(~, 7).

¢ See also1964GO1).

8. (a)Li(~, nyLi OQm = —5.662
(b) SLi(~, pyHe O = —4.655
() SLi(~, d)'He O = —1.472
(d) SLi(~, t)*He Qm = —15.793

The total cross section for photoneutrons, measured kiftitems)= 5 to 20 MeV exhibits a
peak att, = 12.5 MeV, o = 2.8 & 0.53 mb (1959R0O62. Measurements with monochromatic
v-rays have been made féf, = 5.4 to 9.0 MeV by (964GR4() and from 10 to 32 MeV by
(1965BE4). The former work shows a smooth rise, with a possible peak 2 MeV, while
the latter yields a maximum at 12 MeV, ¢ ~ 1.6 mb and a gentle decrease to 0.6 mb at 32
MeV. See also1951TI06 1956ED15 1964SH2Y. Another peak, at, ~ 26 MeV is reported
by (1963CO1Y%: it is suggested that this peak corresponds to giant remenexcitation of the
a-particle core (see alsa963B11Q 1963C0O1D); however, {965BE47 find no evidence for this
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peak. AtFE(brems)= 17.3 MeV, 58% of the neutrons are ascribed to reaction (a), 31%)o (
A search for n-p correlations expected on the quasi-denite@del for ¢, np) yielded a negative
result (960PRO}. The integrated cross section (total neutrons) to 40 MeAbsut 40 MeV- mb
(1963CO0O1%. See alsol964ER1B.

Photoprotons have been observed withup to 90 MeV: see959AJ7¢ and (L960BA45
1962CH261962V01Q. A peak in the proton spectrum corresponding{o= 6.63 or £, = 7.94
MeV is reported by 1965SH1f. See also 960KO14 1961MA29 1964BA2C 1964ER1B
1964MA1X).

The cross section for reaction (¢)3s5 pb in the rangey, = 2.6 to 17 MeV (see 1959AJ7§)
consistent with the expected inhibition of dipole absanptby isospin selection rules. In common
with other ¢, d) reactions in light nuclei, an effective threshold figgpaars when sufficient energy
is available to release at least one particle in additiorheodeuteroni962CH26 1962V0O1G
1962V0O1D0. Resonant capture at the 2.18 MeV state is observetld9DA04: a valuel', = 30
eV is obtained. See als@a964KO1R.

For reaction (d), seelf62VO1G 1964KO1FK 1965SH1H.

9. (a)°Li(e, eyfLi
(b) SLi(e, py°’He Qm = —4.655
(c) bLi(e, d)*He Qm = —1.472

Elastic scattering has been studiedat= 187 (1955ST851956H0O93and 426 MeV (958BU17.
Several different charge distributions provide acceptdité to the observed form factors. The
maximum charge density is 0.064 protoffis\ 3, R,,s = 2.7040.15 fm (1958BU17 1959ME24
1960JA1G see also1958CA1R 1963BO1K 1963SC1)). Magnetic elastic scattering &, =
41.5 MeV, 0§ = 180°, has been studied b 963G0O04.

Inelastic spectra have been reported1I360BA47 E. = 40 MeV; 6 = 132°,160°), (1963BA19
E. = 41.5 MeV: § = 180°), (1964G015 75 MeV), (1963BI10 101.4 MeV:# = 60°) and
(1963BE25 180 MeV). Table6.6 summarizes the results. [For a review of the inelastic work t
1962, see{962BA1D.] The inelastic spectrum oflp63BI10) shows two major absorption re-
gions, from 9 to 17.5 MeV and from 17.5 to 32 MeV. Analysis afrfofactors on the assumption
of E1 transitions leads to quite different values(of) for the two regions, supporting an+ d
model. Fine structure is observed in both regions, possiblyesponding to discreti.i levels
(1963BE25 1963BI11Q 1964BI04. Form factors foLi*(2.2) and (3.6) have been studied as a
function of momentum transfer byLl963BE25 1963BE53 1964G0O1%. Interpretation in terms
of nuclear models is discussed BWWE3BES3 1964KU1G 1965DA1H. See alsol959ME1D
1959UB1A 1961PA1A 1962JA061965L01J1965RA1D).

For reactions (b) and (c), seE967KELA.

10.5Li(n, n")SLi*
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Inelastic neutron groups have been observed correspotuating 2.18 MeV state with incident
neutron energies up to 14 MeV. Differential cross sectiamesraported fromF, = 3.4 to 7.5
MeV (1963BA1V, 1963BA5(, and at 14 MeV {962WO07 1964AR25 1965ME0Y. Angular
distributions up toF, = 7.5 MeV show no obvious indication of direct interaction; &t = 14
MeV, both elastic and inelastic neutrong émd n) show sharp forward peaking. At both energies,
the excitation ofLi*(3.56) is weak (L962WO07 1963BA5(. See alsol960KO1G 1962EL1DQ
1962JA1B 1963EL1C 1964PE201965WE1B.

11.5Li(n, t)'He Qum = 4.785

(1956L137) calculate®? = 0.5 for SLi, ;. from the data of 1954FR03. See alséLi.

12. (a)SLi(p, p)°Li

(b) 5Li(p, 2py°’He Qm = —4.655
(c) SLi(p, pd)*He Qm = —1.472
(d) SLi(p, *He)'He Qm = 4.021

Elastic scattering has been studiedat= 31 MeV by (1963DEO), at 40 MeV by (960CH18B,
and at 155 MeV by1964TA02). At the latter energy, the polarization at high momentuamsr
fers,q > 1.7 fm~! is strikingly different forSLi and “Li (1964TA0J. Optical model analysis is
discussed byl963DE011963JA1Q. See alsol960SA2§. Polarization of the scattered protons
has been studied byt 962R0O201963HW01 1964MAL1Y).

Inelastic groups corresponding to sevéidlstates are observed: see Tabl& Angular dis-
tributions have been determined b, = 4 to 9 MeV (1963HA49, 31 MeV (1963DE0), 39.8
MeV (1959CH1B see alsoX963JA10), 155 MeV (964JA03 and 185 MeV [965HALY). The
distributions atZ, = 155 to 185 MeV indicate dominant E2 transitions®d*(2.2, 4.6, 5.4) and
M1 to °Li*(3.6) (1964JA03 1965HALY). At E, = 149 MeV, a 3.56 MeV~-ray is observed with
a cross section df.7 + 0.3 mb (1961CL09. See also{957LE1E 1959SY1A.

Reaction (b) has been studiedf = 155 MeV (1961GA09 1962GA09 1962GA23, 185
MeV (1962T101, 1964T1029 and 460 MeV (965TY1A). The spectra of summed proton energies
(Ep1 + Ep2) show two peaks, witl)) = —4.8 and@) = —22.4 MeV. As a function of angle of
emissiord; = —6,, the higher energy peak exhibits a maximum at the angle sjporeding to zero
momentum of the target protof,(+ 6, ~ 90°), while the lower has a minimum at this point. The
higher peak is thus interpreted as a quasi-free scatterimg &n/ = 1 proton®Li — °He, s + p
and the lower corresponding td & 0 proton, leavingHe* in a positive parity configuration with
an excitation of about6 — 17 MeV (see’He* = 16.70 MeV).

Calculations of expected momentum distributions withamasiwave functions are discussed by
(1962BE1J1962BE1K 1962DI1A 1962IN1A 1962IN1G 1962SA1F 1963BE42 1963EL1G
1963J0071963RI1B 1964L11D, 1965JA041965JA1J1965JA1M 1965MC1F 1965RI1A 1965WI1G.
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Table 6.7: Levels ofLi from (p, p), (d, d), °Be(p,«), “Li(d, t)

Reaction E, (MeV) [em. (keV) Reference
SLi(p, p')SLi* 2.188 25.4 (1957BR12
SLi(d, d')SLi* 2.186 24.5 (1957BR12
‘Be(p, «)’Li 2.192 29 (1957BR12
‘Be(p,)°Li | 2.19£0.02 <35 (1963GR29Y

Li(d, t)SLi (2.18) <27 (1957BR12
mean 2.188 4+ 0.006 26.3 (1957BR12
SLi(p, p')SLi* 3.559 <5 (1957BR12
‘Be(p, «)®Li 3.561 (1957BR12
‘Be(p,)°Li | 3.5540.02 <35 (1963GR29Y
mean 3.560 =+ 0.006 <5 (1957BR12
9Be(p,a)fLi | 4.40+0.12 350 + 150 (1963GR29
SLi(p, p/)°Li* 4.4+0.2 ~ 600 (1965HA1Y
‘Be(p,)°Li | 5.3240.06 280 + 60 (1963GR29Y
SLi(p, p’)SLi* 54+0.2 ~ 1000 (1965HA1Y
SLi(p, p')°Li* ~ 6.5 (1965HA1Y
SLi(p, p’)SLi* ~ 7.5 (1965HA1Y
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As compared with the analogous caséldf there appears to be a difficulty here in accounting for
the small width of the observed angular distribution.

At £, = 155 MeV, the angular correlation of outgoing protons and derter(reaction (c))
give evidence for a substructutki = *He + d in a relativel = 0 state with a probability of
20 to 31% (963RUQ0Y. See also1962RU04 1963RI1B 1963SALE 1963TA1D 1964BA1R
1964DE1F 1964SA1H 1965DE1Q 1965JA1D).

For reaction (d) seel@63RU051963TE1B and’Be. (1956L137) givess? for the ground state
of 5Li = 0.30 (E, = 15 MeV), 0.45 (18.5 MeV).

13.5Li(d, d')SLi*

Deuteron groups have been observed corresponding to thedyspate and the 2.18 MeV level
(1957BR12 E4 = 7.0 and 7.5 MeV): see Table.7. The 3.56 MeV state is not observediat =
7.5 MeV, 6 = 60°, consistent with itd" = 1 character. The shape of the angular distribution of
the deuterons to the 2.18 MeV statg;(= 14.7 MeV) does not fit simple direct interaction theory
(1960HA14 see also 1956HA9Q 1964HA0S 1965J00). See also 19565021 1956S033
1960EL09.

14.5Li( o, a)CLi

Angular distributions of elastic and inelastic scatter{tg the 2.18 MeV state) have been
studied atF, = 10.0 and 12.5 MeV {963BL20Q, at 24 MeV (964GR39% and at 31.5 MeV
(1956WA29. At E, = 31.5 MeV, a group is also observed to the 4.57 MeV state but noteo th
T =1, 3.56 MeV level (956WA29 see also1964GR39). See alsol962TEL1D 1963TE1B.

15. SLi(5Li, SLi")oLi*

Angular distributions{. ,,, = 12° to 40°) to the ground and 2.18 MeV states have been mea-
sured atE(°Li) = 63 MeV: they show diffraction-type structure. No evidenceué excitation of
the 3.56 MeVTI = 1 state is seenlQ64GAO).

16.7Li(v, n)Li Qum = —7.253
See’Li.
17.7Li(p, d)SLi Qum = —5.028
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At E, = 17.5 MeV, angular distributions of deuteron groups correspogdd°Li(g.s.), (2.18)
and (3.56), analyzed by Butler theory gike = 1 for all these states. The ratios of observed
reduced widths (sefLi) are consistent with predictions of the shell model witlrg, or nearly
pure, LS coupling (L956RE04 1959BE84 1960MA3). See also1961CL09. The bearing of
this reaction and its inverse on tests of invariance undes teversal is discussed lyOGE9HE1Q.
See also1964SHO].

18.7Li(d, t)°Li Qm = —0.995

At E4 ~ 15 MeV, the angular distributions of the tritons indicdte= 1 (even parity) for the
first three states dfLi (1955LE24 1957FR1B 1959HA29 1960HA14: reported reduced widths
are listed in Table 7.7.1060HA19 report a board asymmetric bumpt ~ 5.4 MeV, I" =~ 600
keV; no sharp states are reported 4ot < E, < 8.5 MeV with ¢ > 0.3 mb/sr (Eq = 14.9 MeV,

6 = 14°, 25°). See alsoX956S0211956S0O331959KU1G 1959VL24 19610G1A 1961SL06
1962SL0419630G1A 1964BL1Q.

19.7Li(*He, a)OLi Qm = 13.325

Alpha particle groups have been observed wilfiHe) = 0.6 to 0.9 MeV (960AL10, 1.5
MeV (1963CA03, 0.8 to 3 MeV (L965PA03, 4 MeV (1961WO05 1963KN1Q, 0.8 to 5.1 MeV
(1963LI16 and 1.3 to 5.5 MeV1965F007. (1963LI16§ find no evidence for reported levels at
4.3 or 6.6 MeV, (965CO1f confirms the levels at 4.3 and 5.35 MeV but finds no evidencthi®
higher states reported b${60AL10. The results are summarized in Tabl&.

20.Be(y, t)°Li Qm = —17.688

See (955AJ6).

21.°Be(p,)Li Qm = 2.126
Qo = 2.1254 +0.0018 (1965BR28.

Alpha particle groups have been observed with= 7.2 to 7.5 MeV (1957BR13, 10 MeV
(1963GR2Y, 3.50 to 12.50 MeV 1963BL20, 15.6 and 18.6 MeV1962MA4Q. The results
are summarized in Table.7. Angular distributions of they, and a;; groups are reported for
E, = 6to 11.5 MeV (1963BL2Q 1963TE1B, 5.9 and 7 MeV {964YA1A) and 15.6 and 18.6
MeV (1962MA40. See alsdBe. The 3.56 MeV state is observed to decayybpdiation: £, =
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Table 6.8: States ifLi from “Li(*He, o)5Li

(1960AL10 (1963L116 (1963CA02 1965MA1B (1965CO1K
Ey r Ey r Ey Ey r
(MeV =+ keV) (keV) (MeV = keV) | (keV) (MeV = keV) (MeV =+ keV) (keV)
0 0 0 0 <30
2.19 2179 £8 < 40 2.184 + 10 2.17+20 <30
3.56 + 60 3.568 + 8 < 40 3.564 + 11 3.55 £ 20 <30
4.3 + 200 4.59 + 40 4.3+ 150 ~ 500
5.35+ 70 < 100 5.47 + 40 ~ 600 5.34 £ 30 5.35 £ 20 360 =+ 40
(5.6 £ 200) (2000)
6.63 £ 800 200
7.40 £ 100 600
(8.37 + 80) (200)
(9.3 +£200) | (= 600)

3.572 + 0.012 MeV, the internal pair spectrum is consistent with an M1 $raon (1954MA26
see alsol960G0O1y).

The y-ray angular distribution and thev(— ~) correlation are isotropic at, = 2.56 MeV,
consistent with/ = 0 for °Li*(3.56) (1956ST93. See alsol959LE1R 1962HA23 1963ED1A
1964BA1Q and'’B.

22.9Be(d,’He)Li

Not reported: seel@64BL10Q.

23. (a)'°B(v, a)°Li
(b) *°B(p, pa)°Li
(c) 1°B(av, 2c0)5Li
(d) 1°B(n, dnZ)
(e)1°B(d, Li)°Li

Qum = —1.056
QO = —4.461
QO = —4.461
Qum = —4.461
Qm = —5.933
O = —2.989

For reaction (a) se€B; for (b) see {964BA1Q); for (c) see {963MEO0); for (d) see (956FR18§;
for (e) see {964GEL.
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24. (a)''B(d, "Li) °Li Qum = —7.192
(b) 'B(*He, 3Be)Li Qm = 4.566

Reaction (a) has not been reported: SE¥6¢BL1Q. For reaction (b), see.p64YO0§.
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Table 6.9: Energy levels 6Be

E, (MeV) | J™ | I (keV) | Decay| Reactions
g.s. 92+6 | a,p | 3,4
(1.540.2) 2,3
(18 —=24) | (M) SHe |1
5Be

(Figs. 6 and 7)

GENERAL:
See (960TA1G 1961G01D 1964GR1J1965BO1C 1965JA1C 1965L01Q.

Mass of %Be : From theQ-values of théLi(p, n)°Be reaction Qo = —5.069 £ 0.010 MeV)
and thé’Li(*He, tfBe reaction Q, = —4.306 £ 0.006 MeV), we adopfBe-Li = 4.28724-0.005
MeV. The mass excess tBe is thenl8.376 4+ 0.005 MeV, based on?C = 0.

1. (a)®*He(He, 2p)He Qm = 12.860 E, = 11.487
(b) *HeCHe, pyLi Qu = 10.895
(c) *He(He,*He)’He

The total cross section for proton production shows a marioiacrease fo’(*He) = 100 to
800 keV (L954G0O18. The zero-energy cross section factr~ 1100 keV - b (1964PA1A. The
elastic yield (reaction (c)) does not show any structureff¢iHe) = 3 to 12 MeV: the yields at
0 = 31°, 55°, 70° and90° all decrease with increasing energy in a smooth fashion. ahlgeilar
distributions at£(*He) = 3.0, 5.9, 7.9, 9.9 and 11.9 MeV disagree with the theoreticatlipre
tions based on the resonating group structure meth®a3TO03. The90° and45° cross sections
continue to decrease smoothly upA¢*He) = 18 MeV, implying that an odd-parity partial wave
(probablyl = 3) is beginning to contribute strongly to the cross sectioa region corresponding
to 5Be* (£, > 18 MeV) ((1965BA2B and private communication). THe° differential cross
section increases by a factor of 2.6 betwég{iHe) = 12 and 18 MeV (965BA2B. This sharp
upward trend is continued tB(*He) = 25 MeV (1960GA1Q. Elastico(6) have also been ob-
tained atE'(*He) = 12, 16, 19, 22 and 25 MeV1Q65LE03, 29 MeV (1960BR19 and 30 MeV
(1960MC1B. See also1960BR27 1964AR08 1965BA1E 1965TO0).

2. *He(He, nfBe Qm = —9.091
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At E(*He) = 24.2 4 0.3 MeV, two groups are reported corresponding to the grourte sta
6Be and to an excited stateatl.5 MeV (1964BR13.

3. 5Li(p, n)°Be Qm = —5.070
Qo = —5.2 £ 0.2 MeV (1957BO1B;
Qo = —5.05 £ 0.2 MeV (1959AJ8);
Qo = —5.05 £ 0.05 MeV (1964BA16;
Qo = —5.08 + 0.04 MeV (1963GUOT;
Qo = —5.074 £ 0.013 MeV (1964HOZ2;
Qo = —5.061 £ 0.017 MeV (1963FR1E.

At £, =9 (1957BO1H, 10 (1963GUOY and 10.5 MeV {959AJ8), the ground-state neutron
group is observed: < 300 keV (1957BO1H, < 150 keV (L959AJ8), 140440 keV (1963GUO07.
The ground-state neutron threshold function indicatesgiaation of both s- and p-wave neutrons
(1964H0OZ2. The ground-state width 826 + 15 keV (1963FR1E, 95 + 28 keV (1964H0OZ3J.
(1959AJ8) report evidence for an excited statefat = 1.5 + 0.2 MeV, I' < 100 keV. However
(1964HOZ2 does not observe any but the ground-state threshold BR te 3.8 MeV.

4.Li(3He, tfBe Qm = —4.306

At E(3He) = 12 MeV (9 = 2°, 10°), a triton group is observed corresponding to the ground
state of'Be (' = 89 4 6 keV, Qy = —4.306 & 0.006 MeV). No other states dfBe are seen with
I'<1MeVuptoFE, = 2.8 MeV (1964WHO0§.
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