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SHe
(Fig. 3)

GENERAL:

Spinof He: In a Stern-Gerlach experimen1,958C068§ find 1.(°*He) < 0.16 nuclear magne-
tons if J is taken as 1; it is concluded tha(°He) = 0.

Theory: See (955BA1J 1958SK1A.

1. He(3")SLi Qm = 3.536

The 3-spectrum is simple, with an end poilig(max) = 3.50£0.05 (1952WU23, 3.50+0.02
MeV (1956SC4) Recently reported half-lives afe852 4+ 0.016 sec (956VE1Q, 0.83 £+ 0.02
sec (L958HE49, 0.85 4+ 0.03 sec (955RU0H. The weighted mean of half-lives cited here and in
(1950HO80 1955AJ6) is 0.813 4+ 0.007 sec. Using.,, log ft is 2.92.

The electron-neutrino correlation is found tolb&6) = 1+ a(p/W) cos b, with v = —(0.39+
0.02), in good agreement with the value = —% for pure axial vector interactionl@58HE46
1959HELE 1959PL53. An earlier report by 1955RU09 appears to have been in error: see
(1958AL1G 1958WU6G(. See alsol955BA1J 1955LA1D, 1957LELE theor.).

2. (a)3H(t, nyHe Qum = 10.371 B, = 12.272
(b) *H(t, a)2n O = 11.328
(€) 3H(t, a)*n

At E; = 1.9 MeV, the a-spectrum, observed a0°, 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 oHe
in the B/, and R/, states and are superposed on the three-body spectrunione@t Structure
observed near the end point may indicate a correlation legtree two neutronsLQ58JA06. At
E; = 1.48 MeV, the neutron spectrum shows a continuum from 0 to 12 Met¥f wibroad peak at
11.3 MeV, corresponding to formation tfle in the ground statel 057BA10.

The cross section for neutron production rises monotagifram 0.1 to 2.2 MeV (951AG30Q
1957JA371958JA00. At Fy = 1.90 MeV, the total cross section for production@fparticles is
106 + 5 mb (L958JA0§.

3.3H(t, t)*H E, =12.272



Table 6.1: Energy levels éHe

E.in%He | J~ r Decay Reactions
(MeV) (MeV)
0 0t 7172 = 0.813 £ 0.007 sec 6~ 1,5,7,8,9,10,11, 12
1.71+0.01 | (27) <0.1 a,n, ()| 7,10, 11
(3.4) (< 0.3) 11
(6.0£0.9) 11
(9.3+0.7) a,n |11

Differential scattering cross sections have been measairdt = 1.58 to 2.01 MeV by
(1956HO1). At E; = 1.90 MeV, d(lab) = 30°, o(f) = 286 mb/sr ¢-5%) (1958AL05. A
phase-shift analysis shows that the distribution&at= 1.80 and 2.01 MeV are adequately ac-
counted for by &S phase shift corresponding to a hard sphere of radiisx 10~'* cm. There is

no evidence of p-waves or of resonance in this regi®@bbFR1(.

4. 3H(a, p)°’He

Not reported.

5. SLi(n, p)°He

See’Li.

6. SLi(t, *He)l’He

Not reported.

7.7Li(7, p)He

A ~y-emitting level atF, = 1.6 £ 0.2 MeV is reported by 1954TI1§. This evidence, based
on the colinearity of p antHe tracks in photoplates, appears to conflict with otherdatibns that
this state decays predominantly‘tee+2n (1954AL35 see, howeverlO56MA1R 1956MA50).

See’Li(t, o)°He.

Qum = —17.540
Qum = —2.753
Qm = —3.518
Qum = —10.006




8. "Li(n, d)°He Qu = —7.779

See®Li.

9. "Li(p, 2p)°He Qm = —10.006

The summed proton spectrumif = 185 MeV shows two peaks, attributed to formation of
He, ;. by removal of a p-proton frorfiLi and “He* ~ 15 MeV, formed by removal of an s-proton
(1957TY35 1958MA1B, 1958TY49.

10.7Li(d, *He)’He Qm = —4.512

At Ey = 14.5 MeV, the ground state and the 1.71-MeV level are observede argular
distributions analyzed by pick-up theory indicate eventpdor both states. Peak differential
cross sections are 8.0 mb/sréat, = 17° and 2.0 mb/sr at,.,,, = 16.5° for the ground and
1.7-MeV states, respectivel§§55LE24; §> = 0.055 and 0.017 {957FR1B.

11.7Li(t, a)°He Qu = 9.807
Qo = 9.79 + 0.03 (L954AL3Y;
Qo =9.79 £ 0.14 (1956MAQ09.

The energy of the first excited statelig1 +0.01 MeV, I" < 100 keV (L954AL35 1955AL1Q.
Preliminary results may indicate a state at 3.4 MEV< 0.3 MeV (1954AL35 1955AL1Q.
(1956MA1R 1956MA50 report evidence for a state &.( + 0.9 MeV) and for one or more
states ab.3 &= 0.7 MeV (3.8-MeV tritons from?Be(d, tfBe were used). Angular distributions
at £, = 240 keV are consistent witty = 0 and 2 for the ground state and the 1.7-MeV level,
respectively {954AL38 see'’Be). At £, = 0.84 MeV, # = 90°, the cross sections for formation
of °He(0) and’He*(1.7) are 16 and 26 mb/sr, respectivelpb6MAQ9.

The absence diHe recoils corresponding to the 1.7-MeV state implies that $tate decays
predominantly intdHe + 2n (1954AL35. See also{955CU171956BA1E and (L952AJ38.

12.°Be(n,a)’He Qm = —0.628

Seel’Be.



6L
(Fig. 4)

GENERAL:

Theory: See (954MO1G 1955AD1A 1955AU1A 1955BA1J1955IR1A 1955LA1C 19550T1A
1956FE1A1956ME1A 1956NE1B1957FR1B1957LE1E 1957LY1A 1957SO1A1957TA1A
1958PI1A 1958SK1A.

1. (8)*H(He, d)j'He O = 14.319 B, = 15.790
(b) *H(*He, pyHe Qu = 11.136
(c) *H(*He, p)He+n Qu = 12.093

The relative intensitiesi + 2, 6 + 2, 51 + 2) of reactions (a), (b) and (c), do not vary for
E(®*He) = 225 to 600 keV. The deuterons are isotropic (c.m.)Eat= 360 keV. The total cross
section, reported for’(*He) = 100 to 800 keV, varies from 0.5 mb to 0.18 b, without show-
ing resonance behaviour, the main variation being accduiaieby the Coulomb barrier effect
(1953MO6). See alsoX953AL1A) and (L957JA37.

2. 3He(o, p)°Li Qm = —4.004

See (958CH3).

3. *He(d,»)OLi O = 1.471

An upper limit for capture radiation &, = 1.055 MeV (2.18-MeV state) is 0.1 mliQ54SI07.
A search for resonant capture radiationfat= 3.1 MeV (°Li* = 3.56) yieldsT'g, < 0.2 eV. It
is concluded that the intensity of parity non-conservinggpaf the wave functionsf? < 10~
(1958WI115.

4.*He(d, d}He E, = 1.471

Differential cross sections have been measuredHpr= 0.88 to 3.51 MeV (949BL69,
FE, = 1.0 to 1.2 MeV (1953LA29, F, = 0.28 to 4.62 MeV (L955GA2§, E; = 6.5 MeV
(1947GU1A, E, = 7.94 MeV (1951BU1Q, E4 = 10.3 MeV (1951AL26, E; = 13.7 and
19.0 MeV (1954FR22: see (957JA3].



Table 6.2: Energy levels 6t.i

E.inSLi JT: T r Decay Reactions
(MeV) (keV)
0 17;0 stable | 4,6,11,12,13, 14, 15, 16,
17, 18, 19, 20, 22, 23
2.184 +0.003 3T;0 21 a, d 4,11, 12, 13, 14, 18, 19,
20, 22,24
3.560 4 0.006 0t; 1 <5 ol 12, 18, 20, 22
4.52 £+ 0.08 270 ~ 600 a,d 4,12,13, 14,19, 20
5.35 & 0.07 (1) | < 100 20
554+0.4 17:0 ~ 1000 o, d 4,20
6.63 + 0.08 (1) | <200 20
7.40 £ 0.10 1) | ~500 |a,d,p,n| 13,1920
(8.37 4 0.08) () | (< 200) 20
(9.3+0.2) (~ 500) 20

At £y = 1.07 MeV, a strong resonance is observed (see Taleattributed to d-wave forma-
tion of aJ = 3" state. The best fit is obtained with the p-wave phase shittqedl to zero. If an
interaction radius of? = 3.5 x 10~!3 cm is used, the s-wave phase shift requires a contribution
from the ground state, whose width is thus determined #f be 0.51; for aradiusk = 5.0x 10713
cm, hard-sphere scattering alone sufficE356GA7J.

The anomaly in the region 3.5 to 4.5 MeV requires two levéls; 1T and2™ (see Tableé.3)
formed by d-waves. Again the p-wave phase shift differs ftoehard sphere value, suggesting
an odd parity state at higher energy. There is no indicatfdhe3.56-MeVCLi level, consistent
with its assumed/ = 0%, T' = 1 character. The three states found here are presumed to be
the components of &D term; their spacings indicate a coupling rather close ®/ihS limit
(1955GA74 see (953IN1A)).

5. (a)*He(d, pyHe Qm = —3.184 B, = 1471
(b) *He(d, nyLi O = —4.023
(c) “He(d, pn)¥He Qm = —2.226

Ground-state protons from reaction (a) and ground-staieroes from (b) have been studied
by (1957WAOQ0L E4 = 14.8 MeV) and by ((956BO1F 1956B043 E4 = 13.5 MeV), respectively;
see’He, °Li. The cross section for (a) &5 + 5 mb/sr atf = 18° (c.m.) andl5 4 5 mb/sr at24°
(c.m.) 957WAO0).



Table 6.3: Levels ofLi from “He(d, dfHe (L1955GA74 *

Eles r Ey la | J” E\ P 62
(MeV) (keV) | (MeV) (MeV)
0 0|17 | —2.26 0.51
1.070+0.003 | 35+5 | 2.183 | 2 |37 2.333 0.80
4.57 4+ 0.08 900 4.52 2| 2" 7.05 1.0
5.1—6.5 1000 [49—-58 |2 |17 |55-97]02-1.0

2 Interaction radius= 3.5 x 10~% cm.
b Measured fronfLi ground state.

Cross sections for production of low-energy neutrons haenlmeasured in the rangg = 3
to 6 MeV by (1955HE90. It is argued that reaction (c) probably involves prodocif the'S state
of the deuteron and hence is isobaric spin forbidden in teegut case: the low energy neutrons
are therefore attributed to reaction (Apb5HE9(). See also{951AL26 1951BU1G 1957JA3]7.

6. SHe(3~)Li Qum = 3.536
SeeHe.
7.5Li(y, nyLi Qum = —5.494

The cross section 3+0.2 mb atE, = 6.2 MeV (1956ED1) and0.5+0.2 mb for £, = 14.8
to 17.6 MeV (L951TI0§. See alsol957BA1H 1957FO1A 1958BE1C 1958PR661958RY 7.

8. SLi(~, py’He Qm = —4.655

This reaction has been observed with photoplategfgmax) = 30 to 80 MeV. The angular
distribution is of the formu + bsin? 6(1 + cos #)? (1956KL19. For 17.5-MeV bremsstrahlung, no
n-p correlation is observed; this result argues againdtia { d) model forLi (1958PR6J. See
also (L955TI1A 1958RY77.

9.6Li(~, d)'He O = —1.471



The cross section i, 5 b in the rangeE, = 2.6 to 17 MeV (1952GL1A 1952TI1A
1953JE1A 1954TI25 1955TI1A). Electric dipole absorption is forbidden by isobaric spat
lection rules {953GE1B; the relative weakness of both electric and magnetic actesn may be
made plausible on a simpléHe + d) model for’Li (1953JE1A see alsol954VA1A, 1955DA1A
1955DA1G 1958PR6Y).

10.5Li(~, t)*He Qm = —15.790

The cross section is 10 ub atE, = 17.6 MeV (1954TI25.

11. (a)’Li(e, €)SLi
(b) SLi(e, pyHe O = —4.655
() SLi(e, d)*He Qm = —1.471

Elastic scattering of 187-MeV electrons yields an r.m.gliugof2.78 x 10~ cm +2%: for
the uniform model R, = 1.98 x 1073 cm (1955ST851956H093. At £, = 426 MeV, the data
are fitted by an r.m.s. radius @f.2+0.2) x 1073 cm. Inelastic scattering has been observed to the
2.18-MeV state and to higher staté957H0O10 1957HO1R. See also{957EH1A 1957ME1B,.
Reactions (b) and (c) have been observed and angular distnis measured &, = 500 MeV
(1957KE1A.

12.5Li(p, p')SLi*

At E, = 7.0 to 7.5 MeV, and three angles, proton groups are observedspmnding to the
ground state, to a state at 2.188 MdV/ {,, = 25 keV) and to a state at 3.559 MeV « 5 keV):
(see Table.4). No other sharp leveld' (< 100 keV) are seen below, = 5 MeV: the intensity
limit of groups corresponding to such states is 3% of thensitg of the group corresponding to the
2.18-MeV state. A group of 1 MeV breadth would have escaped detection unless its inyensi
were~ 3 times that of the 2.18-MeV state groupd67BR1). At £, = 14.8 and 19.0 MeV, the
angular distributions of the protons to the 2.18-MeV statakpat~ 40°. The protons from the
3.56-MeV state appear weakly, if at all, on the side of theadrgroup from the 4.5-MeV level
(I' = 1.8 MeV) (1956SH1B. For a theoretical discussion of the data SE®5(LE1B. See also
(1952AJ381952FR1B 1958CH26.

13.5Li(d, d')oLi*



Table 6.4: Levels ofLi from SLi(p, p’)°Li, °Li(d, d')5Li,

TLi(d, t)°Li and °Be(p,a)°Li (1957BR12

Reaction E, (MeV) [, (keV)
SLi(p, p')SLi 2.188 25.4
SLi(p, p')°Li 3.559 <5
SLi(d, d')SLi 2.186 24.5
Li(d, t)5Li (2.18) < 27
‘Be(p,a)SLi 2.192 29
‘Be(p,a)SLi 3.561

Mean: 2.188 £ 0.006 24
3.560 4+ 0.006 <5

At £, = 7.0 and 7.5 MeV ¢ = 60° and90°), deuteron groups are observed corresponding
to the ground state and to a level at 2.186 Mda\{,( = 24 keV: see Table&.4). At Fy =
7.5 MeV, 6 = 60°, an upper limit of 0.9% of the intensity of the 2.18-MeV groigpgiven for
a group corresponding to the 3.56-MeV state. The fact that2th8-MeV state was observed
in this experiment but that the 3.56-MeV state was not is ist&st with the assignmenis =
0 andT = 1, respectively, for these states. No other sharp groups Rijth< 5 MeV were
observed: their intensity limits are 1% of the intensity loé¢ 2.18-MeV state. A 1-MeV broad
group would have escaped detection unless its intensity wértimes that of the 2.18-MeV state
group (L957BR13). At E4 = 15 MeV, the angular distribution of the deuterons to the 2.18wM
state has been measured hp$6HA9(). Comparison is made with predictions based on nuclear
and electric interactiond 56HA9Q.

Excitation of°Li states at 2.2 4.5, and76. +0.3 MeV is observed in deuteron bombardment,
E4(max)= 13.8 MeV, of Li-loaded emulsions. Observed stars are reportegitespond to & «
decay of the first two states and decay iate p + n of the last {956SO2). At Fq = 17.5+0.25
MeV, these three states and two additional states at 5.9.80d&V are reportedl956SO33}.

14.5Li(«, o/)5Li

Angular distributions of elastic and inelastic scatterivaye been studied &, = 31.5 MeV
by (1956WA29. Inelastic groups corresponding to the 2.18 and 4.52-MnMIE are observed,;
the isobaric spin-forbidden group corresponding to th&-3/V level is< 4% as intense. The
angular distributions of the inelastic groups are well dégd by the direct interaction theory of
(1953AU1A) with R = 6.6 and5.8 x 1072 cm, respectively{956WA29.

10



15.5Li(p, *He)'He Qm = 4.022

Angular distributions observed &t, = 15 and 18.5 MeV indicate a deuteron pickup process.
An analysis based on Born approximation theory leads toedentreduced widths for the ground
state of’Li of §2 = 0.30 and 0.45 {956L137). See alsdBe.

16. (a)SLi(n, t)*He Qn = 4.787
(b) 5Li(n, d)°He Qp = —2.428

Angular distributions a¥,, = 1.5 and 2.0 MeV reported byl@54WE1) and £, = 14 MeV
by (1954FR03 are analyzed byl@55DA1A 1955DA1B 1955DA1G 1955SA1Q in terms of
pickup theory in Born approximation, using &Hg + d), two-body model fofLi. (1956LI37)
calculate?? = 0.5 from the data of {954FR03 on reaction (a). See alsai.

17.7Li(~, n)Li Qu = —7.252

See’Li and (1955TI1A 1958TI1A).

18.7Li(p, d)°Li Qm = —5.026

At E, = 17.5 MeV, angular distributions of the deuterons to the grouatesind the 2.18-MeV
level, analyzed by pickup theory, indicdte= 1 and hence even parity, < 3 for both states. The
absolute differential cross section at20° (c.m.)) for the formation of the ground statelis+ 4
mb/sr, in good agreement with the value computed from thereks cross section for the inverse
reaction. The cross section for the formation of the excstede is about half that for the ground
state. The derived reduced widti&ij are 2 = 0.05 and§? = 0.035 for 5Li(0) and °Li*(2.2),
respectively. The ratio is in good agreement with that dated from shell theory in intermediate
couplingwithl.4 < a/K < 2.1, near theL-S limit (1956RE0%. See also{957SI3§. At E, = 18
and 31.8 MeV, a deuteron group has also been observed l¢adimng3.56-MeV statel@52FR1B
1957SI136. See alsol955HI1A 1957MA04 1958EL1A.

19.7Li(d, t)°Li Qm = —0.994

11



Table 6.5: States ifLi from “Li(*He, a)°Li (1955AL1Q

E, inSLi r T
(MeV) (keV)
0
2.19 < 100

3.56 £+ 0.06 < 100

4.3£0.2

5.35 £ 0.07 < 100 (T=1)
(5.6 +0.2) (= 2000) (T =0)
6.63 £ 0.08 < 200 (T'=1)
7.40 +£0.10 ~ 600 (T'=0)
(8.37 +0.08) (< 200) (T=1)
(9.3£0.2) (= 600)

At Eq = 14.5 MeV, the angular distributions of the tritons analyzed bgkpip theory, indicate
I, = 1, and hence even parity, for the ground state and the 2.18-8taf¢. Peak cross sections
are 32.4 and 16.0 mb/sr ét,,, = 11° and 16°, respectively {1955LE24. The corresponding
reduced widths aré¢” = 0.11 and 0.061 {957FR1B compar€ Li(p, d)°Li). See also {953HO48
1956HA9Q 1957BR12 1958EL1A). At E4(max) = 13.8 MeV, stars are observed in Li-loaded
emulsions corresponding to excitationfi states at 2.2~ 4.5 and 7.5 MeV with subsequent
disintegrations intod 4+ d) (1956S0O2). At E4 = 17.5 MeV, the decay of additional states at 5.2,
5.9,6.7,8.3,9.5and 10.1 MeV is also reported46SO3p. A search inthe regioh, = 4.4t08.5
MeV has revealed only the 5.4-MeV level; no other level appe@ath " < 80 keV (1958HA1Q
1958HA1QG.

20."Li(*He, a)°Li Qm = 13.325

Alpha-particle groups observed &f*He) = 700 to 900 keV are listed in Tablé.5. °Li-recoils
corresponding to the 3.56-MeV state are observed, indigdkiat the state decays hyemission.
The states at 2.2, 4.3 and (5.6) MeV are presumably thosewausm ‘He(d, dfHe. The small
width of the 5.35 and (8.37)-MeV states suggests that theg a= 1 (1955AL10.

21.°Be(y, t)Li Qum = —17.687

See (955AJ6).

12



22.°Be(p,)bLi Qm = 2.125

At E, = 7.2t0 7.5 MeV ¢ = 30° and60°), alpha-particle groups are observed to the ground
state and to levels at 2.188(,, = 24 keV) and 3.560-MeV (see Tab&4). No other sharp
levels with £, < 5 MeV are seen with an intensity greater than 5% of the intgmdithe groups
to the 2.18 and 3.56-MeV state$967BR13. The 3.56-MeV state is observed to decay-hby
radiation: £, = 3.57240.012 MeV. The internal pair spectrum is consistent with an M1 $raon
(1954MA26. Both thev-ray angular distribution and the{y) correlation are isotropic &, =
2.56 MeV, consistent with/ = 0 for 5Li*(3.56) (1956ST93. Determination of the Doppler shift
establishes that the lifetime is 3 x 1071* sec (957R0O1B, < 3.3 x 10~ sec ((957LE1D
see ((958WA1Q), consistent with M1 radiation but not with E2. The facttthize ground-state
and 2.18-MeV state-particles do not show resonancefgt = 2.56 MeV is consistent with the
assumption that the first two levels have= 0: see'’B (1954MA1Q. See alsol956RA3).

23.19B(~, a)SLi O = —4.459
Seel'B.
24.19B(n, dri2q) Qum = —5.930

At £, = 12.2 to 19.5 MeV, this reaction proceeds partly through the M8/ state of°Li
(1956FR1$.

5Be
(Not illustrated)

Mass of Be: From theQ-value of thé’Li(p, n)°Be reaction {957BO1H, and using the Wap-
stra massesl@55WA1A) for 5Li, 'H and n, the mass exce&s/ — A) of ‘Be is20.3 + 0.2 MeV
(see also1955AJ6)).

1. (a)®*He(He, 2p)He Qm = 12.858 E, =104
(b) *He(He, pyLi Qm = 11.062

The total cross section shows a monotonic increas&'ftife) = 100 to 800 keV. AtE(*He) =
200 keV, it is at least 2.5:b. Below E(*He) = 350 keV, the cross section fits the simple Gamow
exponential form. At higher energies, partial waves of 2 appear to be required 954GO1§.
See alsol953AL1A).

13



2. (a)*He(x, n)°’Be Qm = —9.2
(b) “He(He, nfBe Qm = —9.2

Not observed.

3. 5Li(p, n)°Be Qm = —5.2

At £, = 9 MeV, a neutron group is observed with= —5.2 £+ 0.2 MeV, the reported ground-
state width is< 300 keV (1957BO1H.

4. °Li(*He, tfBe Qm = —4.5

Not observed.

14
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