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8He
(Figs. 11 and 14)

GENERAL: (See als0l(966LA04.)

Theoretical and review papers. (1969KR2(Q 1969S0081970KR1G 1970RY04 1971L0O13
1971RY1A 1971DO1K 1972PN1A 1972ST1Q.

Experimental papers: (1966DE141966P0091967CO1K 1967P0O1D1968BA48 1968BH1A
1970CA1M 1971CA471972CA38 1972V0O06 1973JU2A 1973KO1D.

Mass of ®He: The atomic mass excess e derived from the) of the 2°Mg(«a, *Hef*Mg
reaction is31.65 & 0.12 MeV. See alsol968BA49. He is then stable to decay intble + 2n by
2.1 MeV (1966CEOQ). See alsoX966BA38 1968CE1A 1972CE1A.

1. 3He(3")5Li Qm = 10.70

The half-life is122 4+ 2 msec. The decay takes place 88%'lti*(0.98) [log ft = 4.20; B.
Zimmerman, private communication] and + 1% via Li states decaying by neutron emission
(1965PO0R See also{966NEOY and (L973HA49 theor.).

2. 1B(v, 3pfHe Qm = —44.85

See (966NEO7.

3. 2°Mg(a, 22Mg)®He Qm = —45.05

This reaction has been studiedrat = 80 MeV (1966CEO).

8Li
(Figs. 11 and 14)
GENERAL: (See alsol(966LA04.)
Shell model: (1966BA26 1973HA49.

Soecial levels: (1966BA26 1970FR1G.
Electromagnetic transitions: (1966BA26 1972EV03 1973HA49.
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Table 8.1: Energy levels 6t.i

E, (MeV =+ keV) Jo T Tm OF ['e 1. (keV) Decay Reactions
g.s. 2T 1 T =842 £ 6msec| [~ |1,2,3,10,11, 14, 17, 18,
19, 20, 21, 23, 24, 25, 26,
27
0.9808 £ 0.1 1% 1 m = 12 £ 4 fsec ¥ 2,3,10,13,14,15,17, 18,
19, 21, 24, 25, 26
2.261 £+ 2 371 =31+5 v, n |3,4,10, 14,17,18,19, 2b
3.21 1;1 ~ 1000 n 5,14
5.4 (2+,37); 1 ~ 650 n |45
6.1 £ 100 ~ 900 n 4
6.530 =+ 20 < 40 (n) |4,19
7.1 £ 100 ~ 350 n 4
(9.) ~ 6000 14, 17

Soecial reactions: (1965AF1A 1966BA1R 1966KL1G 1967AU1R 1967GO1F1968GR1E
1970AZ1A 1971AG01 1971DH1A 1971KA1K, 1972V0O06 1973K0O10 1973WI15.

Pionand kaonreactions: (1967ZE1A 1968BA1M 1968BE1R1968BH1A 1969BA1L, 1970AG1B
1970BA44 1971DH1A 1971VA1E 1971VA19 1972WE201972BA1C 1973GE1K.

Astrophysical questions. (1967MI1G 1970BA1M).
Other topics: (1966TO041967DI1B 1971BA2Y, 1972AN051972GA1L, 1972PN1A1973JU2A.
Ground state properties: (1966BA26 1969PE1D1972VA36 1973EN1B 1973MA1K, 1973SU1B.

J = 2 (1973NE10;
[t = +1.65335 & 0.00035 nm (1973HALD;
1 = +1.6532 £ 0.0008 nm (1959C0681962CO08;
= +1.6530 £ 0.0008 nm (1967GU1J. See also{967SH141969FU111971SH26.

1.8Li(3)*Be Qm = 16.006

The 3-decay leads mainly ttBe*(2.9): se€’Be. Measurements of the half-life &fi include
Ti2 = 841 £ 4 msec (954KL30, 848 &+ 5 msec (960JA1Y, 844.0 £ 0.7 msec (966CL03,
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854 £8 msec ((968DA12), 838+ 6 msec (971WI0Y: 7/, = 842+ 6 msec is adopted. [For other
measurements see Table 8.219¢6LA04]. See also1968BO33. Takingr,,, = 842 msec and
Q = 16.006—2.94, log ft = 5.61 (B. Zimmerman, private communication). See alt®q6BA1A
1969BA43. The distribution of recoil momenta indicatés = 2* (see’Be).

The coefficient for the angular correlation between v, anda-particles,h = —0.88 £ 0.08
(1965GR2%, —1.0140.07 (1966EI03, in substantial agreement with= —1, expected from axial
vector coupling.

See also1970SC3¥and®Be.

2. SLi(t, p)SLi Qm = 0.801

Transitions td'Li*(0, 0.98) have been observed: sd®66LA04). See also{968CO1H.

3. "Li(n, ~)SLi Qum = 2.0327
Qo = 2032.78 + 0.15 keV (E.T. Jurney, private
communication);
Qo = 2032.8 £ 1 keV (1967RA2).

The thermal capture cross sectiontis4 + 3 mb. Neutron capture-rays are observed with
E, = 980.6 £+ 0.2, 1052.0 £ 0.2 and2032.5 £ 0.28 keV, with intensities ofl0.6 £+ 1, 10.6 + 1
and89.4 + 1 ~/100 neutrons:E, = 980.7 4+ 0.2 keV for the first excited state (E.T. Jurney,
private communication). The cross section for captureataah has been measured By, = 40
to 1000 keV: it decreases from 5fb to 5 ub over that interval. The cross section shows the
resonance corresponding®a*(2.26): I', = 0.07 + 0.03 eV (1959IM04). See also{967GU134,
(1966LA09 and (L970AU1RB astrophys. calculations).

4.7Li(n, n)"Li E, = 2.0327

The thermal cross sectionli®)7+0.04 b (1960HU1A); the coherent scattering length (thermal,
bound) is—2.1+0.1 fm (1969BA1R 1973MU14. Total cross-section measurements have recently
been reported at, = 0.010 to 1.236 MeV (968HI1B, 0.10 to 1.50 MeV 1970ME1Q, 1.12 to
2.30 MeV (1968KN1B), 2.5t0 15.0 MeV {971FO1A, 3.35,4.83,5.74 and 7.5 Me\L$68HO03
alsoo,)), 10 MeV (1967C0O0) and 0.6 to 30.0 MeV (C.A. Goulding, private communicatiand
(1973G02B). See also1968EN1A 1972PR03. Polarization measurementsiat = 4.4 MeV
are reported byl966ST09 ny). For earlier references se€966LA04). See also(966DA1B
1972LA1F and (L966AG1A 1966SE1E1967BE1R1967HOLF theor.). For angular distribution
measurements séki and (1970GA1A).



Table 8.2: Resonance parameters for
8Li*(2.26) (1970ME1Q P

E,s (keV) 261.2
E, (MeV) ¢ 2.261
I' (keV) 35+ 54
L (E:) (keV) 36.5
I, (ev)e 0.07 +0.03 ¢
72 (keV) 594

62 0.091
radius (fm) 3.30
Omax (D) 12.0f
J7 3t
Iy 1

@ See also(956TH06 1956WI104 1960HU1A.

b Energies in laboratory system except for those
labeled®.

¢ Energies in c.m. system.

4 (1960HU1A.

¢ (1959IM049.

f See also1968HI1B.

A pronounced resonance is observedkat= 261 keV with /™ = 3T, formed by p-waves
(Table8.2) (1970ME1Q. A good account of the polarization is given by the assuomptif levels
at £, = 0.25 and 3.4 MeV, withJ™ = 3% and2~, together with a broad™ = 3~ level at higher
energy (964LA19. Broad peaks are reported Bt = 4.6 and 5.8 MeV 0.1 MeV) [3Li*(6.1,
7.1)]withI" ~ 1.0 and 0.4 MeV, respectively, and there is indication of a napeak atF,, = 5.1
MeV [5Li*(6.5)] with I' < 80 keV and of a weak, broad peak At = 3.7 MeV (1971FO1A
D.G. Foster and C.A. Goulding, private communicationsg &eo reaction 5.

5. 7Li(n, n')7Li* B, = 2.0327

The excitation function for 0.48 MeV-rays shows an abrupt rise from threshold (indicating
s-wave formation and emission) and a broad maximline(1 MeV) at £, = 1.35 MeV. A good
fit is obtained with eithe/™ = 1~ or 1™ (27 not excluded)]',.;, = 1.14 MeV (1955FR10). At
higher energies a prominent peak is observel,at= 3.8 MeV (I'\,;, = 0.75 MeV) and there is
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some indication of a broad resonantg = 1.30 MeV) at £, = 5.0 MeV. Betweent,, = 6.0 and

9.0 MeV, the cross section decreases monotonically. The@smnances are interpreted as being
due to states withy™ = 2% or 3% [(Li*(5.4)] and J™ = 3% or 3~ [5Li*(6.4)] [(1972PR0O3 I',,

v% andd3 are listed for these two states under various assumpticBe)bs-section measurements
have also recently been reported for = 3.35, 4.83, 5.74 and 7.5 MeV1P68HO03 ny, ny), 10
MeV (1967C0O01ny) and 19.0 to 21.0 MeVI1972PR03~,). See alsol965DE1G 1972CO1K,
and (L966LA04 for a listing of earlier references.

6. 7Li(n, 2n)Li Qum = —7.251 B, = 2.0327

See (963AS011964ST25.

7. (@)"Li(n, p)’He Qm = —10.42 E, = 2.0327
(b) "Li(n, p)*He + 3n

At E, = 19 MeV, the upper limit for reaction (b) is 10 mi$71K023. See alsdHe and
(1973LI102.

8. 7Li(n, d)°He Qum = —7.753 B, = 2.0327

See (967VA12 19731102 and (L966LA04).

9.7Li(n, t)*He + n Qum = 2.4668 E, = 2.0327

The cross section rises to 450 mb/gt ~ 8 MeV and thereafter decreases slowly to 300
mb atF, = 15 MeV (1964ST2%. The large cross section, comparable to the geometrieyau
understood in terms of the {(-t) cluster nature ofLi (1962R0O12. Cross sections for this reaction
have recently been reported /@t = 3.35, 4.83, 5.74 and 7.5 MeV1P68HO03 and at 10 MeV
(1967CO0). See also(967VA12 1971AN1IM 1973L102 and®He, and (966JE1B.

10.7Li(d, p)Li OQm = —0.1919
Qo = —188 £ 7 keV (1967SPOYR
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Proton groups have been observedlts(0, 0.98, 2.26): seel966LA04. At E4 = 15 MeV,
no states are observed in the regios < £, < 8 MeV: a limit of 0.6 mb/sr is placed on groups
with widths < 100 keV ¢ = 10°, 14°, 25°) (1960HA19. Angular distributions of the pand
p: groups [, = 1] at £y = 12 MeV have been analyzed by DWB/A.,, = 0.87 and 0.48,
respectively fo’Li*(0, 0.98) [Sexp./Stheor. = 0.84, 1.09] 1967SC2%. For PWBA analyses, see
(1966LA049.

The first excited state decays by emittingi@+10 keV ~-ray. The transition is M11(962CH14.
The lifetime of®Li*(0.98) is 10.1 + 4.5 fsec (L971THO0J. See alsol966TH1B 1968FI1H.

11.7Li(t, d)5Li Qum = —4.2249

See (970CH1Q and!’Be. See alsol@70JA1]theor.).

12.7Li(a, *He)Li Qum = —18.546

Not reported.

13.8He(3)5Li Qm = 10.70

®He decays withr; , = 122 + 2 msec to®Li*(0.98) with an 88% branchlg ft = 4.20; B.
Zimmerman, private communication] and to neutron unstataees with a2 + 1% branch. The
allowed decay supports the assignméht= 17 to 5Li*(0.98) (1965PO0%.

14.°Be(y, pyLi Qm = —16.888

See (962CU051966DE131968AD09. See also{966LA04.

15.9Be(e, ep)Li Qm = —16.888

See (969BA1F theor.). See alstBe.

16.°Be(n, dyLi Qm = —14.664
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See (969SCO0%in '°Be.

17.9Be(p, 2pjLi Qm = —16.888

The summed proton spectrum Bt = 156 MeV shows peaks corresponding %0i(0) and
8Li*(0.98 + 2.26) [unresolved]. In addition s-state$’] = 1, 2] are suggested d, = 9 and 16
MeV, withI'. .. ~ 6 and 8 MeV.: the latter may actually be due to continuum pro{@as7RO08.
See alsdBe and (966LA04 [(1965TY1A) has now been published ak966TY0])]. See also
(1971GR1K, (1965CO1and (1967KO1B 1968JA10 1973AS02 theor.).

18.Be(d,*He)Li Qum = —11.395

At B, = 38 MeV, differential cross sections have been obtained fof teegroups correspond-
ing to®Li*(0, 0.98, 2.26) ((966GA21 see’Be(d, tfBe).

19.°Be(t, a)5Li Qm = 2.926

At E, = 12.98 MeV, a-particle groups are observed tbi*(0, 0.98, 2.26) and to a state at
E, = 6.530 = 0.020 MeV with T'. ., < 40 keV (1965WA139. For angular distributions to these
four states, seel@68AJ0): the distribution of thex-particles to®Li*(6.53) is rather featureless
and does not involve a forward maximum, suggesting 1. A largel-transfer is consistent with
the narrow width of this unbound state968AJ0). At E, = 20 MeV these fourLi states were
also observed'Li*(6.53) was found to havé'.,, = 40 & 10 keV. No other groups corresponding
to sharp states 6L.i (I' < 100 keV) withE, < 16 MeV were observed dt= 15°, 25° and35° (F.
Ajzenberg-Selove and O. Hansen, private communicatiohg ofy angular distribution has also
been measured &, = 2.10 MeV (1970C0O04 and 0.52 to 1.31 MeV1969NA04 also«; at
E;, =0.52t0 1.67 MeV).

The mean lifetimer,,, = 14 £ 5 fsec for®Li*(0.98): E, = 980.80 + 0.10 keV (1972CO09.
See alsd?B in (1975AJ02.

20.9Be('Li, *Be)Li Qm = 0.368

See (966LE1Q and (L968TO1G theor.).

21.19Be(d, a)Li Qm = 2.372



This reaction has been observed for= 0.7 to 3.0 MeV: se€?B (1970G0111973GO09.

22.19B(n, 3HeyLi Qm = —15.755

Not reported.

23.11B(y, *He)Li Qm = —27.211

See (963NEO07.

24.1B(n, a)SLi Qm = —6.633

Angular distributions have been obtainedzat= 14.1 MeV for theay anda; groups (973B0O26.
See alsol966JA1G and!?B in (1975AJ03.

25.12C(q, 8B)SLi Qm = —41.445

At E, = 129 MeV, ®B groups are observed tai*(0, 0.98, 2.26) ((968MCO032.

26.3C('Li, 2C)’Li Om = —2.914

At E("Li) = 34 MeV angular distributions have been measured for the tiansito®Li, . +
2C, ¢, BLij g + 2Cys, BLig s + 12C; , @and®Liy o6 + 12C; , (1973SC25

27.180(Li, "O)Li Qm = —6.014

See (969NE1E.
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®Be
(Figs. 12 and 14)

GENERAL.: (See alsol(966LA09).)

Shell model: (1965C0251965V0O1A 1966BA26 1966GU061966HAL1E 1966PA151967BA1K
1967BO1C 1967HS1A 1967PA101967ST1C1967SV1A 1968BA1L, 1968FA1B 1968G001
1969AB1D 1969GU1E1969GUO0319691K1A, 1969KU1F 1969SV1A 1970BA751970BO1)
1970CO1H1970DE1F1970GU111970KO041970KR101970NO1C1970RU1A 1970TUO]L
1970W0121970Z01A1971B0221971B0291971C0281971GU201971HA1U 1971NO02
1972AB12 1972B0O381972HA05 1972LE1L 1973BO071973HA05 1973HA49 1973J01K.

Collective and deformed models: (1962MO1B 1965VO1A 1967LA09 1967PA101969AB0S
1969RU041970B0411970G01Q1971B0221971B0291971H0O191972AB1C 1972B0O38
1972HA05 1972H0561973B0O071973H0401973KO1F 1973KU13 1973PEO)

Cluster and «a-particle model: (1965IN1A 1965NE1B 1966KA1A, 1966PA15 1966WE1GC
1969AB1B 1969AB1D 19691K1A, 1969KU1C 1969KU1FE 1969ME1C 1969TA1C 1970BA75
1970YU1B 1971AB07 1971AB1B 1971FR061971KH06 1971LE1N 1971NO021972AB1C
1972AB19 1972AK1Q 1972BA59 1972FR1B 1972GR421972HA0S 1972HI16 1972HO56
1972IK1A 1972LE1L 1972VA45 1973HO401973VALN).

Secial levels: (1966BA26 1966BR1H 1966DA02 1966GU061966PA151966ST1D1967BA1N
1967HO031967HS1A1967MA1B 1967ST1C1968GO011968LA1B, 1969BA43 1969GUO03
1969HA1G 1969HALE, 1969SH1A 1970B0O1J1970KI1D, 1970PE181970RU1A 1971ANO3
1971C0O281971GU201971NO02 1972BE1E 1972HA1R 1973AS02 1973BO07 1973FE1,)
1973HO401973MA1K, 1973ST1Q1973VALN).

Electromagnetic transitions: (1965C025 1966BA2G§ 1966PA15 1966WALE 1967HS1A
1968LA1B 1969AB05 1969HAL1G 1969HA1F 1971B0221972AB12 1972B0O381972HAQ05
1972NA0S 1973AS021973B0O071973HA49 1973HALQ.

Secial reactions; (1966ME1D 1967GO1F1968CH1E1969BA1Q 1969DE1M 1969VI1G
1970RA1J1972BI1Q 1972CR1F1972HA2F, 1973J0071973KO1R.

Other topics: (1965C0251965V0O1A 1966DA02 1966GU061966HAL1E 1966PA151966TO04
1966YO1B 1967BA1K 1967BA12 1967BA1M 1967BO1G1967BO1C1967BR1E1967CAl1Y
1967DI1B 1967LA09 1967LA1G 1967PA101967SV1A 1968BA1L, 1968FA1B 1968G0O01
1968LA1B 1968NE1C1969AB0S 1969GUO031969KU1LE 1969HO1M 1969KE1B 1969NA1E
1969NA1L 1969RU04 1969SH1A 1969SV1A 1970BA75 1970BO1J1970CO1H1970HO1)
1970KO041970KR10 1970NO1C1970PE181970RU1A 1970TU011970Z01A 1971ANO3
1971DE1V, 1971GR1L 1971GR2C1971HO191971JE1B1971S0111971ZA1D0 1972AB12
1972AN03 1972EL1C 1972FR1B 1972HA05 1972HAS7 1972LELL 1972LE23 1972PN1A
1972ST1C1972VA43 1973HAO0S 1973J01K 1973JU2A 1973K0O26 1973NA26 1973RA1E
1973RO1R1973ST1Q.
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Table 8.3: Energy levels dBe

E, (MeV + keV)

JT T

Fc.m.

Deacy

Reactions

g.s.

294£30%

(6.0 == 3000)
(10.0 = 3000)
11.4 = 300

16.627 £4°

16.911 44"

17.642 + 1.5 be
18.154 £ 4 P
18.91°
19.06 420 ©
19.22

19.4
19.9

0t; 0

270

0+: 0

270

4*: 0
2T:0+1

27041

171

10

37, (1)

4*: 0

6.8+ 1.7eV

1.56 = 0.03 MeV

(9 + 4 MeV)
(1273 MeV)
~ 3.5 MeV 1

107 + 3 keV

77 £ 3 keV

10.7 £ 0.5 keV
138 + 6 keV
48 £ 20 keV
270 + 20 keV
208 +£ 30 keV

~ 650 keV
< 1 MeV

12

(&%

7P

7N, P

n, p

n,p

1,4,12,13, 14, 15, 22
23, 24, 25, 27, 30, 31
32, 33, 34, 36, 37, 38
39, 40, 42, 43, 44, 45
46, 47, 48, 49, 50, 51
52, 53, 54, 55, 56, 57
60, 62, 64

4, 13, 14, 15, 22, 23
24, 25, 27, 28, 29, 30
31, 32, 33, 36, 37, 38
39, 40, 42, 44, 45, 46
47, 48, 49, 50, 51, 52
55

4

4,29

4, 14, 22, 24, 31, 32
33, 38, 42,49, 51
2,4,13,15, 22,23, 24
28, 29, 33, 37, 38, 42
46, 49

2,4,13,15, 22,23, 24
31, 32, 33, 37, 38, 42
46, 49

13, 16, 18, 22, 23, 31
32, 33, 38,42

13, 16, 18, 22, 31, 33
38, 42

13, 16, 17, 18, 22, 31
32,42

13, 16, 18, 22, 31, 32
42
13,17, 18, 22, 31, 33
38

13,17,18
4,13, 24, 32, 33




Table 8.3: Energy levels dBe (continued)

E, (MeV + keV) Jo T e (keV) Deacy Reactions
20.1 27:0 ~ 1.1 MeV n,p,a |4,17,18, 21, 32
20.2 0t;0 < 1MeV Q@ 4

20.9 £ 200 4= 1.6 £ 0.2 MeV p 18

21.5 + 300 (3%) 1 MeV v, p,n | 16,17,31
22.0 171 4 — 5 MeV Y, P 16
22.2 27;0 ~ 0.8 MeV n,p,daoa|4,6, 7 11, 15, 18, 21

33
23.6 Y, P 16
24.0 1,27 ~ 8 MeV Y, P 16
25.2 27:0 ~ 1 MeV p,d,a | 4,7,11,21
25.5 47;0 ! 4
27.483 £ 10 0t; 2 10 + 3 keV p,da |7,11

(28.6) broad Y, P 16

& See also Tabl8.4.
b See also Tabl8.5.
¢ See also Tabl8.7.

4 We are greatly indebted to Prof. F.C. Barker for enlightgniiscussions concerning the width of

SBe*(11.4).

Ground state: (1965C0251965V0O1A 1966BA26 1966TO1B 1967BO1G1967BR1E1967LA1G
1967PA10 1968BA1L, 1968B0O191968FA1B 1969AB05 1969GUO03 1969KE1R 1969KU1RK
1970KO04 1970KR10Q 1970TU011971B0O291971GR1L1971GR2C1971RU141972AB12

1972GR421972LE1L 1973K026 1973MAL1K, 1973VALN).

Adjusted mass exces®f ®Be: 4941.87 4 0.13 keV (1972WALQG.

1.8Be — *He*He

In a-a scattering (reaction 4) th@, is found to bed2.12 4+ 0.05 keV, I'.,,, = 6.8 £ 1.7 eV
(1968BEO02). See also{966LA04) for earlier values.

f Not used inQ,, calculations in this paper.

Qm = 0.09189
Qo = 92.6 + 0.8 keV (1966RE0Y.
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2. *He(o, 7)*Be Qm = —0.09189

Radiative widths have been measured®®e*(16.6, 16.9): seel@74NA1H £, = 31 to 35
MeV).

3. (a)*He(x, n)'Be Qm = —18.9921 E, = —0.09189
(b) “He(, p)'Li Om = —17.348

For reaction (a) seel@52WA31). For reaction (b) seé.i.

4. "He(a, a)'He By, = —0.09189

Alpha- scattering reveals the ground state as a resonanceyite= 92.12 + 0.05 keV,
Fem = 6.8+ 1.7¢€V, [r = (0.97 +0.24) x 1076 sec] ((966BE05 1968BE02. Effective range
theory analysis of higher energy scattering yields widthisststent with this value but subject to
considerable uncertaintg 966 TO1H. However, (967KE1B 1967KE1H and (L967RA1B have
carried out such analyses yieldifig= 6.14 & 0.04 eV and6.4") % eV, respectively. Using a three-
level, one-channek-matrix formalism (968BA2D find ' = 5.1 + 0.4 eV for the ground state
of ®Be. R-matrix analysis of the s-wave scattering and of {Be(p, dYBe reaction indicates the
presence of a secorid state atf, ~ 6 +3 MeV,I" = 9 + 4 MeV (ap = 7 fm) (1968BA2D).
For £, = 30 to 70 MeV thel = 0 phase shift shows resonant behavioFat= 40.7 MeV, cor-
responding to &* state atf, = 20.2 MeV,T" < 1 MeV, I',/T" < 0.5. No evidence for otheb™
states is seen above, = 43 MeV (1972BA83.

The d-wave phase shift becomes appreciabléfor- 2.5 MeV and passes through resonance
atE, = 6 MeV (E, = 3.18 MeV, T"' = 1.5 MeV, J™ = 27) (1963TO02. See Tabl&.4. Analyses
by many-levelR-matrix theory of then-scattering, of théBe(p, dfBe reaction and of théLi
and®B -decays lead to approximately correct values for #heandI’ of 8Be*(2.9) and suggest
a secon@* state atF, ~ 8.5 MeV, I' ~ 10.5 MeV (1969BA43 a, = 6.75 fm), £, = 12.05°7
MeV, I = 1473 MeV (1969CL10 a, = 6.0 + 0.5 fm). Five2* levels are observed from tlie= 2
phase shifts measured frof, = 30 to 70 MeV:®Be*(16.6, 16.9) withl', = I, and states with
E, =20.2,22.2 and 25.2 MeV. The latter has a sma|l(1972BA83. See also reaction 11.

Thel = 4 shift rises fromE, ~ 11 MeV and indicates a broa#i” level atE, = 11.4 £+ 0.3
MeV (1959BR7). See also1973CH1W. A rapid rise ofd, at £, = 40 MeV corresponds to a
4% state at 19.9 MeV with',/T" =~ 0.96; ' < 1 MeV and thereford’, < 1 MeV, which is< 5%
of the Wigner limit. A broad!™ state is also observed nef@; = 51.3 MeV (E, = 25.5 MeV) but
there is no evidence for a previously reported staté.at 27.5 MeV (1972BA83.

Over the range”, = 30 to 70 MeV a gradual increase i is observed(972BA83. Some
indications of a6* state atf, ~ 28 MeV and of an8* state at~ 57 MeV have been reported
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Table 8.4: Parameters ¢Be*(2.9)?

E, (MeV) | ', (MeV) Reaction Refs.
2.834+0.20 | 1.75 £ 0.30 | SLi(®*He, p),'°B(d, ) | (1969NU0)
1.240.3 SLi( o, d) (1969BA19
31401 |1.75+0.1 "Li(d, n) (1964J00%
3.104+0.09 | 1.74 £ 0.08 “Li(d, n) (1971R0O0%
2.90 + 0.06 | 1.53 & 0.04 "Be(d, p) (1960KA17)
1.5+0.1 Be(p, d) (1969SU02
2.904+0.04 | 1.35£0.15 9BelHe, ) (1963D0O0Y
1.48 4+ 0.07 11B(p, ) (1971KA2])

2.94+0.03 | 1.56 +0.03 mean

& See also Table 8.9 i1 966LA04 and reaction 321(973SO0R

by (1965DA1A), with T'.,,,, ~ 20 and~ 73 MeV, respectively. The elastic scattering has been
studied att, = 140 MeV by (1972FR1R. For a listing of the older work see Tal8e7 [(do/dS2)],
Table 8.8 [parameters of Be states fromtHe(x, «)] and Table8.9 [parameters ofBe*(2.9)] in
(1966LA04. See also1972FR1). For studies of inelastic scattering afparticles from*He
see (969GRO06 1971HA4]) and the review in 1973FI09. See also X965SL1A 1967ST30
1968CO1N.

The bremsstrahlung cross section has been measufed-at9.35 MeV and forE, = 11.4 to
13.5 MeV: no significant enhancement is found at the finaéstaergy corresponding i8e*(2.9)
(1972FR021973FR17J. The cross section has also been measurefl for 12.1to 18.7 MeV by
(1972PE1R

See alsol965PR1A1965TA1D 1966AB1A 1966AL1G 1966EN1A 1966HI1A 19660K1A
1967AB1A 1967AL1E 1967BE1N 1967CH1H 1967KE1G 1967KE1Q 1967PA1E1968BA1H
1968HA1G 1968HALG 1968KE1E 1968PA1L, 1968SA1F1968SH1G1968TALL, 1968TK1A
1969AF1B 1969BA1W, 1969BAL1Y, 1969D0O031969KE1N 1969KE091969RE121969SA10
1968TH1C 1969TR1C1970CH1R1970CH1R 1970EF011970FE1C1970KH1G 1970KU15
1970LO1F 1970PI1B 1971BR30 1971KU1Q 1971KU22 1971LE23 1971MU1H 1971NE1C
1971PI1E 1971RE1F 1972DE29 1972GI1G 1972G016 1972GR1R 1972HI116 1972KA1K,
1972ME2319720K02 1973GR1M 1973HA57 1973PE081973RA27 1973YU1A theor.).

5. 6Li(d, v)*Be Qun = 22.282

Not observed: 1953SA1A 1954SI07.
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6. (a)SLi(d, n)"Be Qum = 3.382 E, = 22.282
(b) 5Li(d, n)*He + 3He Qm = 1.795

The yield curve has been measuredfr= 0.06 t0 5.5 MeV [see {966LA04 and (L966SC2¥,
and atE; = 12to 17 MeV (1970GA07 population of Be*(0 + 0.43)). A broad s-wave resonance
is indicated atty = 0.41 MeV, I' = 0.45 MeV (1952BA1A 1956NE13. Polarization measure-
ments are reported &4 = 0.27to 0.60 MeV (L966MI106 n;) and 2.5 to 3.7 MeV1970THO8§ n,,

n;). The distributions observed by 470THO0§ are quite constant over the range 2.5 to 3.7 MeV,
indicating that the predominant reaction mechanism isctligee alséBe.

Comparisons of the populations @e*(0, 0.43) and ofLi*(0, 0.48) have been made at many
energies, up td’y; = 7.2 MeV. The n/p ratios are closely equal for analog states,isterg with
charge symmetryl©57WI124 1963BI1B 1963CR0§. See also{966AULA).

7. (Q)5Li(d, p)'Li Qum = 5.026 B, = 22.282
(b) SLi(d, p)*He + 3H Qm = 2.559

Excitation functions have been measuredfigr= 30 keV to 5.4 MeV [see 1966LA04 and
(1966L018 1968BE1R 1969BL14]. A broad maximum neafy = 1.0 MeV is interpreted as
indicating a level atvy = 0.4 MeV (1950WHO03. In the rangel’y = 1 to 5 MeV there is evidence
for both direct interaction and compound nucleus formafici63BI1B 1963MEQ9 1964PA06:
at back angles the (d, pdata show evidence of thg; = 3.7 MeV resonance [se&.i(d, a)*He].
An anomaly is observed in the/p, intensity ratio atF; = 6.945 MeV, corresponding to the
J™ = 07; T = 2 analog of the ground state 8fe: £, = 27.483 £+ 0.010 MeV, " = 10 &+ 3
kev,I',, < I, I'y, < I'q (1969BL19. The parameters of this state have been calculated by
(1969BA34.

Polarization measurements have been madg at 0.6 and 0.96 MeV {969NA1J1972SE09
Po, P1) and atEy = 2.1 to 10.9 MeV (1968DU09 1968FI107 1970FI07 po, p1)- The latter report
pronounced differences in the angular distributions ofitor analyzing power of the twig = 1
transitions td'Li*(0, 0.48). See alsol(972FI1E 1973FI1Q. For reaction (b) sed Q66FR0§. See
also’Li and (L1966AU1A 1966BR25.

8. SLi(d, d)°Li B, = 22.282

The yield of elastically scattered deuterons has been medfu £y, = 2t0 4.8 MeV (L964PA0H,
4.0 to 6.5 MeV (966BR1), and 6.33 to 7.14 MeV1O69BL14: no resonances are reported. At
E4 = 12.0 MeV, 0., = 95°, the differential cross section for elastic scattering. 2 4+ 0.20 mb/sr
(1971BI1)). See alsdéLi and (1972FI1E 1973FI1Q.
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9. 6Li(d, t)°Li Qm = 0.59 B, = 22.282

The cross section for tritium production rises rapidly t®@ 18b at 1 MeV, then more slowly to
290 mb near 4 MeV. There is evidence of deviation from isotrogar 0.4 MeV {955MA20). See
also’Li.

10.5Li(d, *Hef’He Qm = 0.90 B, = 22.282
See’He.

11. (a)SLi(d, o)*He Qum = 22.374 B, = 22.282
(b) 5Li(d, ap)*H O = 2.559
(c) oLi(d, an)*He Qum = 1.795
(d) Li(d, 2d)‘He Qum = —1.4737

Cross sections and angular distributions (reaction (a9 Heeen measured fdty = 0.03
to 12 MeV: see 1966LA04 and (L969LE22 FE, = 40 to 130 keV), (966LO18 0.2 to 2
MeV), (1968BE1P 0.3 to 1.0 MeV), (965RO1E 1969DE3] 1969HU17 0.35 to 1.50 MeV),
(1966BR25 1.0 to 2.0 MeV), (964AN1A 1.0 to 2.5 MeV), {967CL068 3 to 12 MeV) and
(1969BL14 6.33 to 7.14 MeV). Polarization measurements are rep@ittéd = 0.40, 0.60, 0.80,
0.96 MeV (1971NE121972SEQY 0.7 to 2.2 MeV (967PL02, 2.1 to 10.9 MeV {968DU07,
4.3, 6.3, 8.0, 10.1 and 11.8 Me\1{68BU13 and atE(°Li) = 0.6 MeV (1970HO1). See also
(1967BU1B 1972KO18.

Maxima are observed df; = 0.8 MeV, 'y, =~ 0.8 MeV andEy = 3.75 MeV, I'y, =~ 1.4
MeV (1963ME09 1964PA0§. Analysis of these and other data upfi9 = 12 MeV indicate &7,
0™, (67), 2%, 47 sequence of states: see Table 8.10L®6ELA0S (1965FR021967CLOG. See,
however, reaction 4.

The assignment of ™ = 2% to ®Be*(22.2) is consistent with the polarization information
(1971NE121972SEQY, but thed* state may actually be virtual with respecfto+d (1972SEQ0Y)
[®Be*(20.3): see reaction 4 anti{72BA83]. At E4 = 6.945 MeV, thea-yield shows an anomaly
corresponding t8Be*(27.48), the/™ = 0*; T = 2 analog of théHe ground statel969BL19.
See also reaction 7 antiq69BA36 theor.).

See alsol966LE1Q, (1971PL1Gand (1967 TS1A1968CO1L, 1968KO1G 1969CH1)1970FI11
theor.). For reactions (b), (c) and (d), sé872HA34 and (L973FI104.

12. (a)°Li(t, n)®Be Qm = 16.024
(b) SLi(t, n)*He*He Qm = 16.116
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For reaction (b) se€l@66LA02 1967BE131967BI1D. See also{966LA09.

13. (a)°Li(*He, pyBe Qm = 16.788
(b) SLi(®*He, pyHe'He Qm = 16.880

Proton groups are observed®®e*(0, 2.9, 16.63, 16.91, 17.64): se966LA04) and Tables
8.4and8.5. The excitation ofBe*(18.15, 19.0, 19.4, 19.9) is also reported b9{1GI0F. Angu-
lar distributions have been measuredvétHe) = 1.4 to 1.8 MeV (L969VI05 py, p;) and 5, 6, 7,
9, 10, 13 and 17 MeV1(965FL03 py, p1; PWBAE analysis). A gradual change is observed from
a dominant back angle maximum to a dominant forward maximil@%FL03. Measurements
of the energies of all the particles emitted in this reaction and reactions 23, 38 and 42 show that
the apparent width 6fBe*(2.9) does not depend on the relative velocity of the spectator particle:
E,=283+020MeV,I' =1.75 4+ 0.30 MeV (1969NUO0O). See also Tabl8.4.

Reaction (b) proceeds vi®e*(16.63, 16.91)T" = 117410 and85 4= 10 keV, respectively. In-
terference effects are observd®69V105. See alsdLi and (1967RE031968RE1Q1972THOS.

See also {964MA57 1968VI03 1970GAL1G 1971TR1B, (1967HO1Q and (L967BALE
1968HE1FE 1969TH10 1970DE411973EDO02 theor.).

14. (a)5Li(«, dy’Be Qum = —1.5656
(b) Li( o, 20)2H O = —1.4737

Deuteron groups have been observedBe*(0, 2.9,11.3 + 0.4) (1959ZE1A 1962CEO).
Angular distributions have been measuredvat= 20 and 24 MeV (973GR1N, 20.5 to 24.5
MeV and at 38 MeV [965DE1E d,), 43 MeV (1959ZE1A d,, d;) and 48 MeV ((962CE01.dy,
dy). At E, = 12 MeV (0 = 15° and20°) the deuteron spectrum does not show a “ghost” anomaly
atF, = 0.1 — 0.5 MeV (1971BE52. A study of reaction (b) shows that the peak duéBe*(2.9)
is best fitted by using’ = 1.2 + 0.3 MeV (1969BA19: see also Tabl8.4. See alsol968LA1E)
and (1971BU1K theor.). For reaction (b) sé&i. See also1966LA04.

15. (a)5Li(°Li, )*Be Qm = 20.808
(b) SLi(5Li, a)'He'He Qm = 20.900

This reaction proceeds viedBe*(0, 2.9, 16.6, 16.9, 22.5), and there is indication also that
the direct three-body break-up (reaction (b)) is possi&7(GALN 1971GA21 1972GA32
E,ax(6Li) = 13.0 MeV). The involvement of a state df, = 19.9 MeV (' = 1.3 MeV) is
suggested byl966MA4(Q. See also1971GI07. Good agreement with the shapes of the peaks
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Table 8.5:*Be states with6.6 < E, < 18.3 MeV @

E.P(MeV £keV) | [... (keV) Reaction Refs.
16.625 = 10 95 4 20 SLi(He, p) | (1961ERO}
117 + 10 SLi(3He, p) | (1969VI09
16.627 £ 5 11343 TLi(*He, d) | (1967MA12
16.627 & 15 105 4 30 9BeCHe,a) | (1961ER0)
16.635 & 15 96 4 20 9BeCHe,a) | (1963D0O0
16.623 = 10 95 4 20 0B(d,a) | (1961ERO}
00 £ 5 108(d,a) | (1971NO02
16.627 + 4 107 £ 3 mean
16.931 £ 10 85 4 20 SLi(He, p) | (1961ERO}
85+ 10 SLi(3He, p) | (1969VI09
16.901 £ 5 7743 TLi(*He, d) | (1967MA12
103 4 15 9Be(p,d) | (1967KU1Q
16.914 & 12 88 + 25 'Be@He,a) | (1961ERO0)
16.930 + 15 80 & 15 9BeCHe,a) | (1963D0O0§
16.919 = 10 85 4 20 10B(d,a) | (1961ERO}
7045 0B(d,a) | (1971NO02
16911 +4 == mean
17.642 £ 10 <20 SLi(*He, p) | (1961ERO}
17.642 £ 1.5 10.74+0.5 "Li(p, ~) Table8.6
17.636 = 10 <15 9Be(He,a) | (1961ER0)
17.641 £ 10 9BeCHe,a) | (1963D0O0§
17642+ 1.5 10.7+ 0.5 best
18.157+ 5 147 "Li(p, 7) Table8.6
18.150 £ 5°¢ 138 £ 6 19B(d,a) | (1970CA12
18.154 +4 138 £ 6 mean

@ See also Table 8.11 i1 966LA04.
b Based on listed),,,.
¢ Based onE, = 17.642 MeV.
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corresponding t6Be*(16.6, 16.9) is obtained by using a simple two-level fatawith interfer-
ence, corrected for the effect of final state Coulomb intévas, assuming’(16.6) = 90 and
['(16.9) = 70 keV: see also Tabl®.5(1971NO04. See alsol968NO031969IN0§. The ratio of
the intensities of the groups correspondingBe*(16.6, 16.9) remains constant fai(°Li) = 4.3
to 5.5 MeV:1(16.6)/1(16.9) = 1.22 £+ 0.08 (1966KI09 1966MA4(Q. Partial angular distributions
for the oy group have been measured at fourteen energieB(firi) = 4 to 24 MeV (1970FRO08.
For reaction (b) see alsa966BE23.

For a review of the older work se@966LA04). See alsol964MA26 1967AL1F, 1967CH34
1968DA2Q 1971PO01D), (1966BR1G1967CA1D, (1966BA1T, 1966EL1A 1966RO1E1966RO1E
1966RO1H 1972J01Dtheor.) and?C.

16.7Li(p, 7)*Be Qm = 17.256

Cross sections and angular distributions have been repbdm £, = 30 keV to 18 MeV.
Gamma rays are observed to the grogng) and to the broad2™, excited state at 2.9 MeV#, )
and to®Be*(16.6, 16.9) {3, 74). Resonances for both andy; occur atF, = 0.44 and 1.03 MeV,
and forv; alone at 2, 4.9, 6.0, 7.3, and possibly at 3.1 and 11.1 Me\ddiitian broad resonances
are reported at, ~ 5 MeV (y,), I' = 4 — 5 MeV, and atF, ~ 7.3 MeV (y,), ' = 8 MeV. The
E, ~ 5 MeV resonancel{, ~ 22 MeV) represents the giant dipole resonance basetBe(0)
while thev; resonances 2.3 MeV higher, is based ofBe*(2.9). They, and~, giant resonance
peaks each contain about 10% of the dipole sum stred§®6F118 1968BL1E 1970FI1B. The
main trend betweeh, = 8 and 17.5 MeV is a decreasing cross secti®37QFI18. See, however,
(1967FEQ0%. See also Tabl8.6.

Atthe £, = 0.44 MeV resonancek, = 17.64 MeV) the radiation is nearly isotropic consistent
with p-wave formation,J™ = 17, with channel spin ratio(J. = 2)lo(J. = 1) = 3.2+ 0.5
(1961ME1(Q. Radiative widths for the, and~; decay are displayed in Tab&7. The E2/M1
amplitude ratio for thd 7.6 — 2.9 transition varies over the energy of the broad final state: th
average value i§ = 0.21 £+ 0.04 (1967C0O19. See alsol967C0O29.

8Be*(16.63, 16.91) are* states with mixed” = 0, 1 isospin [seel(965MA1G 1966MA03
1968PA09 1969SWO0)], with the lower state ofLi + p parentage and the higher te + n
parentage (965SW03 1968PA09. A careful study of thev-breakup offBe*(16.63, 16.91) for
E, = 0.44 to 2.45 MeV shows that the non-resonant part of the crossoseftir production of
8Be*(16.63) is accounted for by an extranuclear directaagpprocess. Resonances for production
of ®Be*(16.63, 16.91) are observed/& = 0.44, 1.03 and 1.89 MeV®Be*(17.64, 18.15, 18.9)].
The results are consistent with the hypothesis of nearlyimaixisospin mixing for’Be*(16.63,
16.91): decay to these states is not observed from3 thetates aty, = 19 MeV, but rather from
the2~ state at 18.9 MeV excitatiod969SWO0). See also reaction 171968PA0Y find squared
T = 1 components of 40% and 60% iBe*(16.6, 16.9) and of 95% and 5% {Be*(17.6, 18.2).
Gammae angular correlation measurementsfat= 0.44 MeV show that thel7.64 — 16.63
is nearly pure MI(E2/M1) = —0.014 + 0.013 (1969SWO02. See alsol965SWO03. Radiative
widths are shown in Tabl@.7.
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Table 8.6:°Be levels from'Li(p, 7)Be

Fres Tlab 8Be* | I, J7 Res.¢ wl'y Refs.
(keV) (keV) in (eV)
44144052 122405 | 17.642 | 1 1t Y0, Y1, 73, Y4 | 9.4 | (1949F0181956BU27 1969SWO0})
1030 + 5 168 18.157 | 1 1t Y0, 71,73, Y4 | 2 | (1954KR06 1960MA33 1963RI09 1970FI1B
1890 150 £50 | 18.91 (27) Y3, V4 (1969SWO0})
2060 + 20 3104+20 | 19.06 J=1,23 " (1957NE1A 1963PE151963RI09 1967NI1A 1970FI1B
m=(-)"
(3100) (20.0) " (1970F11B
4900 21.5 " (1970FI1B
5000 ~ 4500 21.6 (0) 1) Yo (1959GE331963MI08 1963PE151966FI1B 1968BL1E
1970FI11B
6000 225 " (1963MI108 1970FI1B
7300 23.6 " (1970F11B
7500 ~ 8000 23.8 o a-,27) " (1963MI108 1963PE151966FI1B 1968BL1E 1970FI1B
(11100) (27.0) " (1970F11B
13000 broad 28.6 (1967FE02}

a See (959AJ7.

b (1964SC1Y See however reaction 18.
Y0, 71, V3, Y4 FEPresent transitions tBe*(0, 2.9, 16.6, 16.9), respectively.




Table 8.7: Electromagnetic transitions’iBe

Transition I, (eV) |M|* (W.u.)
176 — 0 16.7 0.15 (1949F0181961ME1Q 1968PA0Y
176 — 2.9 8.15+0.07 (M1) 0.12 (1961ME1Q 1968PA09
0.15 & 0.07 (E2) (1961ME10
17.6 — 16.6 0.032 £ 0.003 1.48 £ 0.15 (M1) | (1969SWO0}
0.021 = 0.004 ® 1.1 (1968PA09Y
17.6 — 16.9 0.0013 4 0.0003 0.15+0.04 (M1) | (1969SWO0)
0.0016 + 0.0004 © 0.22 (1968PA09
18.15 — 0 3.0 0.03 (1970FI1B
18.15 — 2.9 3.8 0.05 (1970FI11B
18.15 — 16.6 0.077 £ 0.019 1.04 4 0.26 (M1) | (1969SWO).
0.084 £0.018 > 1.2 (1968PA09Y
18.15 — 16.9 0.062 £ 0.007 1.51 4 0.17 (M1) | (1969SWO0}
0.041 & 0.011 > 1.1 (1968PA09
18.9 — 16.6 0.168 0.053 (E1)| (1969SW0)
18.9 — 16.9 0.099 0.045 (E1)| (1969SW0)
19.06 — 2.9 10.5 0.12 (1970FI11B

2 See also1966LA09.
b Values listed by 1968PA09 multiplied by factor 0.56: seel@69SWO0}, p. 1019.

For areview of the earlier work, seEq59AJ761966LA04). See alsol973SU1H, (1966EV1R
1966PE1D1966WAL1G 1969KA1), and (973AS02theor.).

17.7Li(p, n)’Be Qm = —1.64422 E, = 17.256

Recent measurements of cross sections have been made#oit .9 to 2.36 MeV (L967BE61
0y), 1.93t02.66 MeV{969LE23, 2.1t0 3.8 MeV (971BU1D), 2.4t0 6.0 MeV (972PR03n,~),
2.6t0 5.4 MeV (972EL19 ny), 3to 10 MeV (L966HALJ ny~), 3.2 t0 5.4 MeV (972EL19 ny),
23 to 52 MeV (967L0O07 n;~), and 30 and 50 MeV1Q69CL06 ny, ;). See alsol973WA39.
The shape of the neutron yield near threshold has been dthgi@ 966PA03. Polarization mea-
surements are reported A}, = 2.05 to 3.00 MeV (1973R0O35 1973R0O2E, 3.0 to 4.0 MeV
(1971HA27 ny, ny), 3.0 to 5.5 MeV (971THO7 ny, n;) and 30 and 50 MeV1969R0O2(). For a
report on the earlier yield and polarization measuremesats,(966LA04). For angular distribu-
tions, se€Be.
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Table 8.8:*Be levels fronTLi(p, n)"Be

E, (MeV) | I',, (keV) | ®Be* J" Refs.
1.88 55420 | 18.90| 2 | (1974AR1Q°®
2.25 220 19.22 3t (1957NE1A 1961BE0Y
2.6b ~ T50 195 | 1 | (1972PRO}®
3.0 ~1250 | 19.9 | (2+) |(1972PRO}®
4.9 1100 21.5 3+ | (1959Gl147 1963BO0H
5.5 broad 22.1 ¢ (1972PRO3}

2 See also1966LA09.

42 andy2 ~ 1% of the Wigner limit (972PROR

¢ The broad dip in the nyield at the same energy as the broad bump in thgigld
may be due to interference of tvd™ states {972PROR

The yield of ground state neutrongmises steeply from threshold and shows pronounced res-
onances at/, = 2.25 and 4.9 MeV (963B009§. The yield of n also rises steeply from threshold
(1964BU0§ and exhibits a broad maximum nedly = 3.2 MeV (1961BE0S5 1972PR0O3and a
broad dip att, ~ 5.5 MeV, also observed in the yield (1972PR0O3

Multi-channel scattering length approximation analysighe 2~ partial wave near thegn
threshold indicates that the state atF), = 18.9 MeV is virtual relative to the threshold and that
its widthT" = 50 + 20 keV (1974AR10. The ratio of the cross section fokri(p, v)*Be*(18.9) >
8Be*(16.6 + 16.9) [obtained by {969SWO0)] to the thermal neutron capture cross sectiBa(n,
7)®Be*(18.9) - 5Be*(16.6 + 16.9) [obtained by {973BA1)], provides a rough estimate of the
isospin impurity of*Be*(18.9): o, , /0y, , &~ 1.5 x 10~ and therefore th& = 1 isospin impurity
IS < 4% in intensity (974AR10).

The structure at’, = 2.25 MeV is ascribed to 8", 7" = (1), [ = 1 resonance witlt', ~ I',
andyr%/yg = 310 10: see966LA0Y). See alsol973R0O3%. At higher energies the broad peak in
the n yield at £, = 4.9 MeV can be fitted by/™ = 37 with ' = 1.1 MeV, 72 ~ 72 (1963BO09.
The behavior of the ncross section can be fitted by assuminig sstate atF, = 19.5 MeV and a
J =0,1, 2, positive-parity state at 19.9 MeV [presumably the20eV state reported in reaction
4]. In addition the broad dip &, ~ 5.5 MeV may be accounted for by the interference of &vo
states {972PR03}. See Table.8.

The ratio of the cross sections of the (p) reaction td’Be*(0.43) to that for the (p, {) reaction
to the analog staté.i*(0.48) has been measured féi, = 2.4 to 6.0 MeV (1972PR0} 3 to 10
MeV (1966HA1) and 23 to 52 MeV1967LO07. At the lower energies it deviates markedly from
unity and varies strongly with energg{66HAL). At the higher energies the measurements seem
to indicate that the spin-flip, isospin-flip part of the etiee interaction is essentially independent
of energy while the pure central part appears to decrease @&nergy increase$467L007. See
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also (L969CL0§.
See alsol968DA1H 1970DA26 1971JU051971SC321973AR1R 1973NE1G, (1971WA1D
and (L1970HO041970LU1A 1970RA33 theor.).

18. (a)"Li(p, p)"Li E, = 17.256
(b) "Li(p, p)LI*

Absolute differential cross sections for elastic scatigihave been reported fdf, = 0.4 to
12 MeV (1953WA27 1956MA12 1965GL03, 14.5, 20.0 and 31.5 MeV1P56KI54) and more
recently at 0.85t0 2.0 MeVIQ66BA1Q), at 1.36 MeV (969LEQg and at 6.868 MeVI971BI1]).
The yield of inelastically scattered protons (o “Li*(0.48)) and of 0.48 MeV~-rays have been
measured in the rangg, = 0.8 to 12 MeV (1951BR10 1954KR06 1954M0O04 1955HA34
1957NE1A 1965GL031966BA1Q 1972PR0O3

Polarization measurements are reported’at= 0.67 to 2.45 MeV (973BR13 p,), 2.7 to
10.6 MeV (969KI104 po, p1), 14.5 MeV (L965R0O22 py), 49.8 MeV (971MA13 1971MA44
Po, P1), 152 MeV (L966RO1C py) and 155 MeV (968GE04 py, p.). For earlier measurements
see (1966LA04. For a summary of angular distribution studies Sde

Anomalies in the elastic scattering appeafat= 0.44, 1.03, 1.88, 2.1, 2.5, 4.2 and 5.6 MeV.
Resonances &, = 1.03, 3 and 5.5 MeV and an anomaly/&} = 1.88 MeV appear in the inelastic
channel. A phase shift analysis and a review of the existiogscsection data byt §73BR13 show
that the 0.44 and 1.03 MeV resonances are due tetates which are a mixture &P, and>P,
with a mixing parameter of-25°; that the2™ state at the neutron thresholfl (= 1.88 MeV) has a
width of about 50 keV [see also reaction 17]; and thatZhe= 2.05 MeV resonance corresponds
to a3" state. The anomalous behavior of ffig, phase around’, = 2.2 MeV appears to result
from the coupling of the twa™ states [resonances At, = 2.05 and 2.25 MeV]. The'S; phase
begins to turn positive after 2.2 MeV suggestingastate att,, = 2.5 MeV (1973BR13}: see
Table8.9and (L972PR0O}

An attempt has been made to find tHe= 2 analog of the ground state &fle: no resonances
were observed in either thg pr the p yield for £, = 11.1to 11.9 MeV (968HA1H. Measure-
ments of the intensity ratios of the reactions (p) @nd (p, B) have been made by.966HAL]
1967L0O07 1972PRO0O} see reaction 17.

See also1967CA1G 1972RU1G and (L967J0O011967SA1G 1969WAL1] theor.).

19.7Li(p, d)°Li Qum = —5.026 By = 17.256

See (969KO1P theor.) and'Li.

20.7Li(p, t)°Li Qum = —4.43 E, = 17.256
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Table 8.9:%Be levels from'Li(p, po)’Li and "Li(p, p)"Li*

E, Llab Be* | J™| Ty Refs.
(MeV) (keV) (keV)
0.441 12.2b 17.642| 1 (1953CH1A 1953WA27 1973BR13
1.030 = 0.005 168 18.157| 1t | =~ 6 | (1954MO04 1955L11B 1973BR13
1.88* 55 £ 20 18.90 | 2~ (1974AR1Q 1973BR13}
2.05 ~ 400 19.05 | 3% | small | (1956MA12 1957NE1A 1973BR13
2.25 19.22 | 3% | small | (1956MA12 1957NE1A 1973BR13
2.5¢ ~ 750 194 17| res. | (1972PR031973BR13
d
4.240.2 1800 £ 200 | 20.9° |4~ | (res.)| (1965GL0OJ
5.6 broad 22.2 f res. | (1965GL031972PR0O3

2 (p, n) threshold: see reaction 17.

b 62 = 0.064.

¢ See also Tabl8.8, 712]1 andyf,1 ~ 1% of the Wigner limit (972PR0O}

4 A 27 state atl, ~ 20 MeV appears to be necessary to account for the cross sectiem3ablé.3and reaction
4 (1972PROR

¢ Reduced width is 70% of the Wigner limit965GL03J.

f May be due to tw@™ states {972PRO} See also reaction 17.

See’Li.

21.7Li(p, a)*He Qum = 17.348 E, = 17.256

The cross section follows the expressiBn'e 53/VE with B = 91.5 + 4.5 keV'/2, in the
rangek,, = 23 to 50 keV. The cross section in that interval rises from 0.@13.4 b (1967FI03.
In the rangeF;, = 131 to 561 keV, the cross section increases fromt + 0.02 to 3.7 £ 0.4
mb (1971SP05and T.A. Tombrello, private communication). The crosstisachas also been
measured foF,, = 0.04 to 0.13 MeV by (969LE23. Taking into accountBe J™ = 27 levels at
16.7, 16.9 and 20.6 MeV1P72BA4]) has made aik-matrix fit to the revised data o1071SP0Op
and has obtained a quadratic energy dependence fér-thetor: S = 0.065[1 + 1.82F — 2.51 £?]
MeV - b, over the energy rangg, = 0 to 600 keV.

Excitation functions and angular distributions have beeasared at many energies up to 18.6
MeV: see (966LA0Y for earlier references. Recently, differential crosstiom measurements
are reported byl(966MAO3 1969SWO01 E, = 0.4 to 2.45 MeV), (L969LE08 E, = 1.36 MeV)
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and (1967CRO05 E, = 41.3 and 45.2 MeV). Polarization measurements have been canicor
E, =0.8to 3MeV (1968PEO3} 2.7 to 10.6 MeV {969KI104), 3.00 to 10.04 MeV1968PL0), 5.5

to 6.7 MeV (1966B0O09, and 7.4 to 10.4 MeV1968AR09. See alsol966LA04 for a listing of
the earlier references antif66DA1B 1971PL1Q. In the ranger, = 3 to 10 MeV the asymmetry
has one broad peak in the angular distribution at all engeept near 5 MeV; the peak value is
0.98 4+ 0.04 at 6 MeV and is essentially 1.0 fdf, = 8.5 to 10 MeV (1968PL01 1969KI04) [see
Fig. 12 in (1969KI04 and Fig. 6 {968PL0) for contour maps of the asymmetry].

Broad resonances are reported to occubat= 3.0 MeV, I' ~ 1 MeV (1948HE1A and at
E,=56MeV,I' ~ 1 MeV (1961HA27 1962TE04 1964MA51). Some structure is also reported
neark, = 6.0 to 6.5 MeV, and at, = 9.0 MeV (1964MA51). The latter is also reflected in the
behavior of the A coefficient (968PL0). The experimental data on yields and on polarization
have been analyzed b¥470KU1H 1971KU10Q: the data appear to require including tiiostates
[at E =~ 19.7 and 21.8 MeV] with very smalk-particle widths, and fou2* states [atF, ~ 15.9,
20.1, 22.2 and 25 MeV]. See, however, reaction 4 dr&¥2BA83. A 4™ state near 20 MeV was
also introduced in the calculation but its contribution wagligible. The observed discrepancies
are said to be probably due to the assumption of fiue 0 for these statesl@71KU10.

See also1968CO1l, 1968CO1M 1970CO1N), (1969AUL1G 1972BA2M, 1973TR1E astro-
phys. considerations)1967B0O38 1969DA1G 1970PELD).

At E, = 9.1 MeV, a-particle spectra are discussed in terms of the first excitat of‘He
(1970LI06: see (973FI04.

22. (a)’Li(d, n)*Be Qm = 15.031
(b) Li(d, n)*He'He O = 15.1233

At E; = 2 MeV, recoil proton spectra show only the ground state #®et(2.9). No other
groups withE, < 9 MeV appear with intensity- 10% of ny. The spectrum yield§, = 3.1+0.1,
I' = 1.75+0.1 MeV (1964JO0%[(1971RO05 reportE, = 3.1040.09, I = 1.74+0.08 MeV]. See
Table8.4. At higher deuteron energies the populatioB&*(16.6, 16.9, 17.6, 18.2, 18.9, 19.1,
19.2) is reported anij = 1 is obtained for the transitions t8e*(16.6, 17.6, 18.2): sed960DI02
1966DI1B 1967KE1A 1967KE1R. Angular distributions of thegwand n groups ta*Be*(0, 2.9)
are reported byl966JU1A E4 = 0.7 and 0.8 MeV), 1969NU1C E4 = 0.90 to 1.09 MeV),
(1966MI109 E4 = 1 MeV), and by (9700SZY E4 = 1.62 to 2.97 MeV). See alsdlP66LA04
for earlier references 1066MA1J 1966NU1B 1966PO1D 1968SA14 1970SA20 1970SA25
1970SA291973J01L.1973WE19 and the important theoretical paper BPE9IBA43.

Reaction (b) appears to proceed primarily by sequentiahyle@ *Be*(2.9, 16.6, 16.9) and
®He(0): see 1967VA1]). See alsoX966AS04 1966MI09 1967JE011972DE44 1973HE26
1973MC13. However, (969HO1) deduce the involvement of a state with = 11.4+0.05 MeV,
[ = 2.8+ 0.2 MeV. See also1973KA32. Attempts to observe n-rescattering (“proximity
scattering”) proceeding vitBe*(16.6, 16.9) have been unsuccessful: $€68VA12 1971SW10
1972BR0§. See also(969TH02 1971THO§ and the discussion itHe.
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For polarization measurements $8e. See alsal(Q65LE121967BE131967BI1D 1967FL12
1967WI1G 1969CO1F1971HU1H.

23. (a)"Li(®*He, d¥Be Qm = 11.762
(b) "Li(*He, pnyBe Qum = 9.538

Deuteron groups are observedBe*(0, 2.9, 16.6, 16.9, 17.6). The group*®e*(2.9) is well
fitted by F, = 2.82 MeV, I' = 1.27 MeV (1971PI10§. See also reaction 13969NU0). The
J™ = 17 mixed isospin state havg, = 16.627 4+ 0.005 and16.901 +0.005 MeV andl" = 113+3
and 77 + 3 keV (1967MA12: see also Tabl&.5 and (L971P10§. Angular distributions have
been measured & (*He) = 0.90 and 1.10 MeV {971ST35d,), 3 MeV (1972LI3]; dy, d;), and
at 10 MeV by (970DI12 1970DI1E d,, d;) and by ((968COO07 d to ®*Be*(16.6, 16.9)). Spin-
dependent effects in the angular distributions gadd d obtained by {963WE1H at 24.3 MeV
are discussed byl@67SI1A. The angular distribution t®Be*(16.6) is forward peaked, that for
8Be*(16.9) is roughly isotropicl(968CO07J. See also{964MA57).

The decay of variou3Be states tdBe*(0, 2.9) has been studied byq66CH2( 1968CO08
1972MC1B: see’Be and Table 9.5. See alsbtip8LI1D, 1970L11Q and (L967CO1L theor.).

24. (a)"Li(, )°Be Qum = —2.559
(b) "Li( e, at)'He Qum = —2.4668

The angular distributions of thg group have been measured at many energies up to 48 MeV:
see (966LA09. Recently, measurements have been carried odt,at= 23.2 and 25.0 MeV
(1973VALA to, t;), 30 MeV (1972MEOQT ty, t;; PWBAE and DWBA analysis) and at 50 MeV
(1970LA14 t,). The ground state dBe does decay isotropically in the c.m. system and therefore
J™ = 07 (1970LA149. Spin-dependent effects in the angular distributiongf@nd t obtained
by (1963WE1B E, = 28 MeV) are discussed bylp67SI1A. At £, = 10 MeV an anomaly
(“ghost”) is observed in th&Be excitation spectrum dt, ~ 0.5 MeV. It may be due to interference
of the(0" states’Be*(0, 6.) [see reaction 4] or to thresholds of particle arela ((971BES53.

In reaction (b), sequential decay is observefiat= 50 MeV, via®Be*(0, 2.9, 11.4, 16.6, 16.9,
19.9) 1970LA14). See alsol968BE1Q 1968MA25.

25.7Li(Li, *He)’Be Qum = 7.278

At E("Li) = 1.4, 1.7 and 1.8 MeV, the angular distributions‘fe ions leaving®Be in its
ground and 2.9 MeV states are essentially isotrop@&8ST12. See alsol966LA04).
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26. (a)"Be(n, pyLi Qm = 1.64422 E, = 18.900
(b) "Be(n,a)*He Qm = 18.992
(c) "Be(n,ya)*He Qm = 18.992

At thermal energies, the (n, p) cross sectiois + 0.9) x 10* b (1955HA34 1973MU19,
the (n,«) cross section is< 0.1 mb (1962BA1B 1963BA34 and the (n;ya) cross section is 155
mb (1963BA39. These values, and comparison of the (p, n) cross sectibrtiét of reaction (a),
support the/™ = g_ assignment fofBe(0) (1957NE1A 1963BA39. The role of these reactions

in astrophysical phenomena is discussed1868FO1A 1969BA1N. See also1959AJ7¢ and
reaction 17.

27.7Be(d, pyBe Qm = 16.676

For £4 = 0.8 to 1.7 MeV, proton groups are observing corresponding t@tband state and
8Be*(2.9): derived parameters for the latter are shown inéra (1959SP1A1960KA17. See
also (L969BA43 theor.).

28.5Li(37)*Be Qm = 16.006

8Li decays mainly to the broad 2.9 Me¥; level of *Be, which decays into twa-particles.
Both thes-spectrum and the resultingspectrum have been extensively studied. There appears
to be an increasing excess®iparticles withE,, which may reflect transitions into the tail of the
J™ = 2% level atE, = 16.67 MeV. See (959AJ76 1966LA04) for earlier references. See also
(1969KL0§ and®*B(5+).

Studies of the distribution of recoil momenta and neutriecoil correlation indicate that the
decay is overwhelmingly GT, axial vector [see reaction 1Lii} and that the ground state SE.i
hasJ™ = 27: see (966LA09).

Angular correlations have been measured for the decdyls ahd®B as a test of the conserved
vector current theory of-decay. The values of the coefficients are displayed in Taldl@ See
also (1973TR1J1973TR1K 1973TR1L). The experimental value of[§ = B(®Li) — B(®B)] is
(5.4 £ 0.4) W, consistent with CVC theorylQ66EI103.

Arecent asymmetry measurement is reportedl®y ( VA19. See alsol971VALE 1973NE10.
Measurements of the excitation spectra in the decaykiaind *B show no evidence for second
class currentsgrr| < 7 x 107 (1971WI09. See alsoX966JA1G and (L960KU05 1960WE1A
1966BA26 1966LI11C 1968KR1Q 1969BA43 1970DA21 1971LI1H 1971WI18 1971WI1C
1972EM021972H0O231972MI1M, 1972WI128 1972WI11C 1973EM1B 1973HA491973T014
1973WI11 1974WI1L; theor.).
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Table 8.10:-3 angular correlation coefficients fii, *B 2

Nuclide A/Wg B/Wjs W5 (MeV) §/WgP Refs.
SLj (5.7139) x 1073 7.0 (1960KR0J
8Li (-8.7+0.7) x 1073 | (+3.240.6) x 1073 11 (7.0 £1.2) x 1073 | (1962N0O03
8Li (-83+1.1)x 1073 | (+3.7+1.0) x 1073 7.5 (1963GR1)
8Li (=9.7+0.7) x 1073 | (+3.14+0.3) x 1073 6.6 (5.4+0.4) x 1072 | (1966EI09
8B (—8.7+£0.9) x 1073 | (=3.941.0) x 1073 11 (1962N002
8B (-11.1+£1.3) x 1073 | (-2.3+£0.3) x 1073 7.0 (1966E109

AW(0) =1+ Acosf + Bcos? .

b § = B(®Li) — B(®B).

29.5B(3+)*Be

Qum = 17.981

The decay proceeds mainly tBe*(2.9) [see Tablé.4 for its parameters]. Detailed study of
the high energy portion of the-spectrum reveals a maximum nday = 8.3 MeV, corresponding
to transitions td*Be*(16.63), for which parameter8, = 16.67 MeV, I' = 150 to 190 keV or
E, = 16.62 MeV, I' = 95 keV are derived. Using,» = 769 & 4 msec,log ft = 2.9. The low
ft value supports the identificatioff = 2+; T" = 1 for *Be*(16.63) (L964MA35. See, however,
(1965MA1Q. The energy distribution ofi-particles has also been measured b§60CL10Q.
Analysis of this data and of data froma scattering in a three levét-matrix formalism indicate
a2" state ofBe atE, = 12.0;57 MeV and ofl" = 143 MeV (ay = 6.0 + 0.5 fm) (1969CL10.

See also1969BA43

theor.).

For angular correlation measurements see reactiorl286€103 and Table8.10 See also
(1973TR1J1973TR1K 1973TR1L).

30. (a)’Be(y, n)’Be
(b) °Be(n, 2n¥Be
(c) °Be(p, pnjBe
(d) ?Be(t, tnyBe

(e)’Be(o, an)*Be

Qum = —1.6651
Qum = —1.6651
Qum = —1.6651
Qum = —1.6651
Qum = —1.6651

For reaction (a) sed P66DE071968AD09 1969GA1M and (L965BO1E 1969AU0S theor.).

See alsdBe.

Reaction (b) appears to proceed largely via excited stdtéB@ with subsequent decay to
8Be, mainly®Be*(2.9): see {966LA049, °Be and'’Be. At I, = 14 MeV the cross section at
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20° for production of dineutrons isc 2 mb/sr ((966R0O1G. See also{965G0O1C 1965GO1E
1966BO1C 1966BO1F 1966FE1C1967BO1EK 1970PR1E

For reaction (c) seelP66NO1A theor.) and’Be. For reaction (d) seel967SE1). For
reaction (e) seel@71GU151973GE1)and’Be.

31. (a)’Be(p, dyBe Qm = 0.5595
(b) °Be(p, d}He'He Qm = 0.651
Qo = 559.0 £ 1.1 keV (1966RE021967ST30;
Qo = 559.6 + 0.6 keV (19670D0); see alsol967SP0}

Angular distributions of deuteron groups have been redoateF,, = 0.11 to 0.55 MeV
(1973S127 dy), 0.30 to 0.90 MeV 1968BEIN dy), 5 to 11 MeV (972HUO3 d,) [analysis
by DWBA and BHMM (1967BU23; derived spectroscopic factors], 13.0, 14.0, 15.0 an@221.
MeV (1972VO1H d,), 17.0, 21.0, 25.0, 29.1 Me\V1O73MOO01 d,, d;), 33.6 MeV (L967KU1Q
1970KU1D deuterons té6Be*(0, 2.9, 16.95, 17.62, 18.18, 19.21); also derived spscbpic fac-
tors) [also sawWBe*(11.4); determined’. ,, (16.95) = 103 & 15 keV, ['.,.(19.21) = 208 + 30
keV], 40.8 MeV (L966MA22 deuterons t6Be*(16.63, 16.91)), 46 MeV1967VEO1 deuterons
to Be*(0, 2.9, 16.9, 17.6, 18.2, 19.1) [also reptBe*(24.5)], 100 MeV (968LEO1 deuterons
to ®Be*(0, 2.9, 16.9, 18.9)) [also sa¥Be*(11.0, 23.0, 26.0)], 155 MeVIQ69BA0S 1969TO1A
deuterons t8Be*(0, 2.9) ' = 2.0+£0.1 MeV], 11.5[ = 84+1 MeV], 16.8+0.2, 18.9+0.3) [also
saw®Be*(17.6 & 0.4, 21.5 + 0.3)] and 185 MeV (969SU02 deuterons tdBe*(0, 2.94 £ 0.08,
11.34+0.3,16.874+0.06, 17.58 +0.08, 18.10 +0.10, 19.16 £ 0.07, 22.0 +0.15, 22.9 +-0.15)) [also
report®Be*(20.0 + 0.2 (?)); Tem.(2.9) = 1.5+ 0.1 MeV; I'.,.(22.0, 22.9)> 1 MeV (the angular
distributions for these two states are not clear cut)Pp7(LSC2% have analyzed the angular dis-
tributions obtained by1(967VEO01 1968LE0) using DWBA with a local-energy approximation
and have derived spectroscopic factors. With the exceptidBe*(11.4, 22.0, 22.9) the angular
distributions are consistent with= 1. The yield of the deuterons corresponding'Be*(16.63)
is very low: [~ 5% compared tdBe*(16.91)] as expected by predictions of the cluster model
(1966MA22 E, = 40.8 MeV). See alsol967KU1(Q and reaction 21 ifiBe in (1966LA04.

Anomalies in the deuteron spectrum between themd the ¢ groups have been reported
at various energies [se@966LA04 and (L967FI10Q 1967HALK 1971BE521971MI1Q)]. The
shape of the deuteron spectrum rié&e*(2.9) requires, ~ 7.1 fm (1969BA43. See also reaction
4 and (968BA2D). At E, = 17 MeYV, for the transitions t6Be*(0, 2.9) the ratios of(p, d)/z(p,

d) = 11.8 and 14.1, respectivelylp67C0O091969C0O0J. See also{968NALA theor.).

Reaction (b) atZ, = 9 MeV is dominated by strong final state interactions throtiga*(0,
2.9) and®Li*(2.19) with little or no yield from a direct three-body day (1971EMO0). See
also (L967FI1D. See alsd’B and (L966CA1E 1966LA2Q 19670G1A 1967R0O07 1968TI1A
1972QU0) and (L967BA1M 1967J01D1968BO1R1970BO1K theor.).
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32. (a)’Be(d, tfBe Qm = 4.5925
(b) °Be(d, t}He'He Qm = 4.684
Qo = 4591.7 + 3.1 keV (19670D01 see also1967SP0Y).

At E4 = 11.8 MeV, angular distributions have been obtained for the ristto *Be*(0, 2.9)
(1967FI0%: S = 0.51 and 0.75, respectively (DWBA analysis). Af; = 38 MeV, angu-
lar distributions of the tritons t6Be*(16.91, 17.64, 19.0) have been compared with those of
the *He to the analog states fii. The cross-section ratios;r.¢i/00 951y = 0.45 & 0.04 and
o16.01/00¢1s) = 0.75 £ 0.04, consistent with the puré = 1 nature of*Be*(17.64) and the mixed
T nature ofBe*(16.91) [and®Be*(16.63)] (L966GA21 abstract). Angular distributions have also
been measured df; = 0.3 to 1.0 MeV (L968BE1E t,), 0.9 to 3.1 MeV (973SA1Q ty), 15.0
MeV (1969AR1B t;) and at many other energies up iy = 20 MeV: see (966LA04. The
ghost anomaly which is seen near thgtoup has been studied & = 2.5 MeV: it is interpreted
as being due to an extreme threshold effé&7(1BE52. See alsol967DE1y and ((970BO1K
1973HE1J] theor.). A kinematically complete study of reaction (b)Fat = 26.3 MeV indicates
the involvement ofBe*(0, 2.9, 11.4, 16.919.9 + 20.1). Parameters obtained f&Be*(2.9, 11.4)
are, = 3.20 £ 0.03 and11.70 + 0.07 MeV, I" = 1.72 + 0.09 and4.41 + 0.5 MeV (1973S00§.

33. (a)’Be(He, a)*Be Qm = 18.9134
(b) °Be(He, a)*He'He Qm = 19.005
(c) “BeHe, ap)Li Qm = 1.657

Angular distributions have been measured&étHe) = 3.0 MeV (1968MO05 a6.91), 3.0 and
4.0 MeV (1963D008a0, 2.9, A16.6y (¥16.95 a17,6), 18.0, 22.7,26.7,32.3 Me\Z|.965AROZ Qp, al)
and 26.7 MeV 1968AR12 16.9; (17.65 (V1815 Oélg_g). See a|501959AJ76 and a967S|1A The
parameters of the observed states are shown in T8lesd8.5(1961ER011963DO0$.

Reaction (b) has been studied Af*He) = 1.6 MeV (1970EH1A, 3.0 MeV (19665U04
1968M0O0Y and 3.0 and 4.0 MeV1072TA09Y. See also{966LA04 and (L967ST1E The
reaction proceeds by sequential decay®8a*(0, 2.9, 11.4, 16.6, 16.9, 19.9, 22.3072TA0).
The angular correlation vigBe*(16.91) is consistent withi™ = 2+ for that state 1968MO03.
J™ = 2% is also indicated fotBe*(16.63) (L966SU0J. See also{968TH1Q. For reaction (c) see
(1967ST1D. See also1964MA57, 1966CA08 1966DI1C 19670G1A 1970CA28 1971TR1B
1972RO1N, (1967HO1G and (L970BO1K 19710S051972TH04 1973R028theor.).

34. (a)?Be(Li, "Li)*Be Qm = 5.586
(b) °Be('Li, 5Li)®Be Qu = 0.368
(c) °Be(*?C, 3C)*Be Qm = 3.281
(d) °Be (0, 70)*Be Qu = 2.477
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(e)?Be(**0O, YO)Be Qm = 2.292
() °Be(°F, F)*Be O, = 4.936

At E(°Li) = 3.5 MeV the population ofBe*(2.9) is very small butBe, ;. is involved (L968JA0S.
See also1966LA04. For reaction (b) seelP66LE1(Q and (L968TOLC theor.). For reaction (c)
see ((970BA1J1970BALY). For reaction (d) selP68KN1A 1970BA1J) 1970BALY). Reaction
(e) has been studied A(**O) = 16 and 20 MeV (971KNO05. See also{968FA04. For reaction
(f) see (L968FA0J.

35. 19B(v, d’Be Qum = —6.0258

See!’B and (1959AJ79.

36. (a)'°B(n, t)’Be Qm = 0.2318
(b) 1°B(n, t)!He!He Qn = 0.3237

Angular distributions have been measuredvat= 14.4 MeV (1964VA14 t,, t;). Reaction
(b) has been studied at the same energyI®6{VA12D. See alsol971MI1H and ((967BA1E
theor.). See alst8B in (1975AJ03.

37. (a)'°B(p, *Hey’Be Qm = —0.5320
(b) *°B(p, pd)Be Qm = —6.0258

At E, = 49.5 MeV angular distribution measurements have been carriefbothe*He groups
to 8Be*(0, 2.9, 16.6, 16.9): the ratiood16.63)/do(16.91) has a mean value @f.65 + 0.05 for
0 = 15° to 30°, suggesting possibly a preferential excitation ofthe: 1 components of these two
states. The ratio of the differential cross section§xlt) [to ®B, ] to do(p, *He) [to ®Be*(16.63,
16.91)] (15° to 30°) seems to also suggest thiD{1SQO).

38. (a)'B(d, o)*Be Qm = 17.822
(b) 1°B(d, a)*He'He O = 17.9138
Qo = 17.8186 + 0.0041 (19670D0).
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Angular distributions have been reportedfat = 0.5 to 1.0 MeV (L968FRO07 ay, 1), 0.8
to 2.5 MeV (1968C0O31 ay, 1), 3.0 to 7.2 MeV (967LELC «p) and 7.5 MeV (966BR0O8 «
to ®Be*(16.63, 16.91, 17.64, 18.15)). Af; = 7.5 MeV the total cross section for formation
of ®Be*(16.63),0,(16.63), is about 1.15(16.91), consistent with the mixed isospin character
of these two stateso(18.15) is ~ 0.85 ¢(16.91), but the other nearby™ state®Be*(17.64)
haso(17.64) =~ 0.07 0¢(16.91), consistent with the nearly pufEé = 1 nature of*Be*(17.64)
(1966BR0§. These four state$Be*(16.63, 16.91, 17.64, 18.15)] have been studieddpr= 4.0
to 12.0 MeV. Interference between thie states {Be*(16.63, 16.91)] varies as a function of energy.
The cross section ratios for formationi&fe*(17.64, 18.15) vary in a way consistent with a change
in the population of the” = 1 part of the wave function over the energy range: at the higher
energies, there is very little isospin violation. At highér only the3" state atF, = 19.2 MeV
is observed, the neighboriryg state atF, = 19.06 MeV is not seen. Thg™ = 17; T' = ( state
is found to haver, = 18.146 + 0.005 MeV (based on 17.638 for th&" = 17; T' = 1 state) and
I' =138 + 6 keV (1970CA13. There is some question as to whether a two-level fit can lema
for thea groups td'Be*(16.63, 16.91). ((970CA12 and W.D. Callender, private communication)
are dubious about this, feeling that otherstates have to be brought into the calculation. Based on
a two-level fit they find the following average valuésgs s = 113 keV, I'i59 = 80 keV, AQ = 302
keV. However, {971NO0J state that the two-level fit is appropriate if the spectm @moperly
corrected for effects of final state Coulomb interactidng;s = 90 + 5 keV, I';s9 = 70 = 5 keV,
AQ =290 + 7 keV. See alsol966BR22 and (L970KI1D; theor.). For a listing of the parameters
of observed states see Tab84and8.5(1961ER011969NU01 1970CA13.

Angular correlation studied]; < 3 MeV] indicate that reaction (b) takes place mainly by a se-
quential process involvingBe*(0, 2.9, 11.4, 16.6, 16.9): se&9468L001 1970ST021971LA149
and (L1967CA13 1968AS0). (1968LO0J reportE, = 2.7+ 0.2 MeV, ' = 1.0 + 0.1 MeV, and
' = 3.0 £ 0.5 MeV for ®Be*(11.4). See alsal@67CA13 1970ST02. For a study of rescattering
effects seel(972VALL).

See also?C and (1964MA57, 1965PA1E 1966AS10 1966DI1G 1967AS1A 1967NA1]
1967PE1B 1968TH1G 1969NA17 1972RO1N, (1966BR1G and (L967BA1M 1968NA1B
1970K0O01 1970NA0G 1973R0O28theor.).

39.19B(®*He, p)®Be Qm = 12.328

At E(*He) = 2.45 and 6.00 MeV this reaction proceeds primarily by sequermtimay via
8Be*(0, 2.9) and via’Li, B and '?C states [see also the latter nucleiP66WA1H. See also
(1966WI108 1968KR02 1970BE1H, (1966LA04 1967HO1G and (L967PR1Btheor.).

40.19B(a, SLi)®Be Qm = —4.552

At E, = 46 MeV angular distributions obtained for the transition§B&*(0, 2.9) are consis-
tent with a direct interaction mechanisd®{/0ZE03J.
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41. (a)"'B(y, t)*Be Qu = —11.2242
(b) 1'B(~, t)*He'He Qum = —11.1323

See!'B in (1975AJ03.

42. (a)''B(p, )*Be Qm = 8.591
(b) "'B(p, a)*He*He Qm = 8.6824
Qo = 8.575 4+ 0.011 (1967SPOR

Angular distributions have been measuredat= 0.78 to 12.00 MeV (963SY011968WAL1G
), 1.4, 2.0 and 2.6 MeVIQ72GE19 oy, «; (not at 2.0)), 12, 20, 24 and 30 Me\L{71CA16
ap), 26.7 and 38 MeV 1969GA03 1970GU06 «y), 40 MeV (1971KA21 «g, oy and a to
¥Be*(12.5) ' = 4.0 + 0.5 MeV] and to®*Be*(16.6 + 16.9, 17.6, 18.1, 19.0)) and &, = 45
MeV (1971DE2B 1972DE011972DEO02 v, cv1). At E,, = 45 MeV the angular distributions are
typical of a direct reaction mechanism, with a rise in thekiwaard direction indicative of heavy
particle stripping {972DE01 1972DE0J. Observed parameters ftBe*(2.9) are shown in Table
8.4(1969NU01 1971KA2]). At £, = 40 MeV, 0 = 20°, do46/do169 = 2.3 = 0.4 (1971KA2]).

Reaction (b) has been studied #65 = 0.15 to 9.5 MeV. The reaction proceeds predominantly
by sequential two-body decay vi®e*(0, 2.9): see, e.g.1065BR18§ 1968CH01 1972HU0J.
See also 1967KA09 1967MA11 1968GI03 1969QUO0]1 1970C0O03 1971K022 1972MI1).
Some papers report very narrow widths in this reactiorfB&*(2.9). However, {972HU04 find
a good fit to the data witl, = 2.99 MeV, I' = 1.45 MeV when an interference term is included.
The interference effect is attributable to the identity lué threen-particles and to the ambiguity
in their order of emission1l©65BR1§.

See alsd?C in (1968AJ02 1975AJ02, (1966LA04, (1966LO1G 1967C0O29 1967EN1A
1967FL121967TR1B1968LA1C 1969LA1B, 1969TR101972DZ10Q1973PR1¢, (1969PH1B
and (1969G0131970G01,J1970G0331970G0491970KO1K 1970MC251970MC1T,1970SCO01
1972TH1M 1973DU10Q 1973G0O35theor.).

43.B(d, m)*Be Qum = 6.3658

See (971RE19and’Be.

44.'B(*He, °Li)®Be Qm = 4.570
This reaction has been studied f6(*He) = 1.4 to 5.8 MeV. Angular distributions have been

measured ab(*He) = 5.2 MeV involving ®Be, . + ®Li,, *Be, s + °Li% 55, and®Besy + OLig
(1967Y002 1967YO1C 1968ME13.
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45. (a)''B(a, "Li)®Be Qu = —8.758
(b) 'B(a, "Li) *He'He Qum = —8.666

Angular distributions have been reportedrt = 28.4 and 29.0 MeV for*Be, . + "Li, .,
8Be, . + "Lij 45 and®Be; o + 7Li (29 MeV only) by (1968KA24) and at 42 MeV fofBe, ; + "Li, .
and®Be, s + "Li} 45 by (1968MI09. At E, = 65 MeV ®Be*(16.6+ 16.9, 20.0) are apparently also
excited (1973WO0§. See alsol966GE12 and’Li. For reaction (b) seel@69FU0Y.

46. (a)'2C(y, a)®Be Qm = —7.367
(b) 12C(e, &)*Be Qm = —7.367

For reaction (a) se€l66LA04, (1973CL1E and (L965DZ1A theor.). For reaction (b) see
(1970EN1A.

47.2C(n, m)®Be Qm = —7.367

This reaction proceeds vi®e*(0, 2.9) atF, = 13 to 18 MeV, and via states itHe, “Be and
12C (1966MO0Y. See also{966LA04 and (L971DO1K.

48.12C(p, m)*Be Qm = —T7.367

This reaction has been studied fr < £, < 160 MeV. At low energies it involve$Be(0);
at higher energie$Be*(0, 2.9) (L966RO1D 1967GA01 1969LU1BR 1970G0O12 1970KE1R
1972MAG2. It is not clear whether higher states are also involved:($880KE1B. See also
(1966LA04 and (L966JA1B 1968YALG 1972YA1B).

49.12C(d, 5Li)*Be Qm = —5.893

Angular distributions have been determined’at= 19.5 MeV (1971GUO07, 28 MeV (1972BE1T
1972BE29 ®Be(0)) and 51.8 MeV 1970EI05 both ®Be*(0, 2.9)). AtE,; = 28 MeV a struc-
ture is observed which is attributed to the proc€3(d, o)'°B — «a + SLi (1972C0O23. At
E4 = 55 MeV the population ofBe*(11.4,16.6 + 16.9) is also reportedl971MC04. See also
(1966DA1G 1970AN1B, (19670G1A 1972GA1H and (1968RO1D 1970EL1F 1971DR02
1973HE1Jtheor.). See alst’C and (L966LA04).
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50.12C(He, "Be)’Be Qm = —5.780

Angular distributions have been measured for the tramsitto’Be, ;. + ®Be, ;. and’Be€;} ,; +
*Be, .. at F(*He) = 25.5 to 29 MeV (1972PI1A 1973PI1B 1973PI10), 28 MeV (1970DE12
1973KL1B) and at 35.7 MeV1969ZE1A 1970FO1L). The transitions téBe,  ,0.43+°Be; 4 have
also been studied byl 970DE1). See also{967ZA1B 1973ST1N and (L969NE1D theor.).

51. (a)'2C(a, 20)*Be Qm = —T7.367
(b) 12C(a, *Be)’Be Qm = —T7.4587

This reaction has been studied upAQ = 104 MeV. At E, = 25 MeV it involves *Be(0)
(1966B0O2§; at E, = 28.0, 37.4, 70, 90 and 104 MeV, the reaction goes B&*(0, 2.9)
(1965YA02 1967TAL1G 1968YA02 1971BR1G 1972SH1y and at 90 MeV it may, in addi-
tion, involve the broad™ state at 11.4 MeV1970JA0§. See also{966LA04 and (L965KU1R
1967ME1G theor.).

Reaction (b) has been studied for.9 < F, < 19.4 MeV and angular distributions are re-
ported forE, = 12.70 to 16.25 MeV (967CH2) and 65 MeV (973WO06 ®Be*(0, 2.9)). See
160 in (1971AJ03.

52.12C(12C, 150)*Be Qum = —0.2051

Angular distributions have been measured &{t*C) = 11.6 to 13.4 MeV (972CO1H. At
E(*2C) = 50 to 65 MeV the population ofBe*(0, 2.9) is reported byl©@72FL1Q. See also
(1968JA1F1970JA1B 1972GR1T1973CR1A 1973SC1)l

53.12C(1N, 'SF)*Be Qum = —2.951

See (965WI1A).

54.12C(150, NeyBe Qm = —2.637

See (972GR1Q.

55.13C(p, 5Li)*Be Qm = —8.615
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Angular distributions have been measured’at= 45 MeV for the transitions t6Be*(0, 2.9)
(1971BROY.

56.13C(d, "Li)*Be Qum = —3.589

Angular distributions are reported At = 14.6 MeV for the transitions téBeg_S_ + 7Lig,s, and
*Be,s + Li s (1967DEO3.

57.13C(He, Be)’Be Qm = 8.173

Angular distributions have been obtainedZtHe) = 3.3, 5.0 and 5.8 MeV for the transition
to®Be, . + °Be, s (1968JA07 1969JA1L). See alsd®O in (1971AJ02 and (L967SA1B.

58. (a)'*N(n, "Li) ‘He'He O = —8.823
(b) **N(n, t}'He*He'He Qm = —11.290

See (967M0211971SC1pand’Li.

59. UN(1B, 6a) Qum = 0.366

See ((965SH111966SH1E.

60.1°0(y, 20)*Be Qm = —14.528

See (966LA04 and'2C in (1968AJ03.

61.0(p, p)He'He'He'He Qm = —14.436

See (961K002 1962VA1A) and'60 in (1971AJ03.

62.150(a, 12C)*Be Qum = —7.2535
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Angular distributions have been measuredat= 65 MeV involving ®Be, ; and'*C*(0, 4.4)
(1973W00§. See alsoX968PA1Y and*®O in (1971AJ02 and?**Ne in (1972AJ03.

63.150(1°B, 6a) Qum = —7.234

See (965SH1).

64. F(p,12C)*Be Qm = 0.861

See (969G0O1B1971GO1Y and?°Ne in (1972AJ03.

65. 2°Ne(x, *O)*Be Qm = —4.822

This reaction has not been observed: SE6PLALY.
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B
(Figs. 13 and 14)
GENERAL.: (See alsol(966LA04.)
Shell model: (1966BA26 1973HA49.
Special levels: (1966BA29.
Electromagnetic transitions: (1966BA26 1973HA49.
Soecial reactions. (1968BA1M, 1968BH1A 1969BA1L, 1970BA44 1972AG0).

Astrophysical questions: (1967BA1J1967SH1F1968BA2E 1968BA2F 1969F0101970BA1M
1972PA1G.

Other topics. (1966KE161966T0O041967DI1B 1969GA1G 1972AN05 1973RO1R.
Ground-state properties. (1966BA26 1972VA36 1973HA77 1973MA1LK, 1973SU1B.

1 = 1.0355 £ 0.003 nm (L973MIY2).
1.3B(5%)*Be Qum = 17.981

The 3+ decay leads mainly ttBe*(2.9). The half-life is774 £+ 5 msec (964MA35, 762 £ 5
msec (971WI09, 772 + 4 msec (973MCZW): the mean isf70 + 3 msec. See also Table
8.19 in (1966LA04: log ft = 5.64 (1966BA1A) *. There is also a branch to’8e state at
~ 16.6 MeV; log ft = 2.9 (1964MA35. See, however,1069BA43: log ft = 3.33. Mea-
surements of the excitation spectra in the decay¥.ofind B show no evidence for second-
class currentsigir| < 7 x 107 (1971WI05. See also1964FO1A 1969BA1X 1969BA1M,
1972BA2M, 1972KO1A 1973BA2Q for astrophysical applications1967BA1M, 1970DA21],
1971LI11H 1971WI1C 1971WI18 1972EMO02 1972H0231972WI128 1972WI1C 1973EM1B
1973HA49 1973T0O141974WI1L; theor.).

2.5Li(He, njB Qm = —1.975

At E(*He) = 3.5t0 5.7 MeV, time-of-flight spectra locate the first exciteatstat). 767 4-0.012
(1965FA031966FA1A), 0.783+0.010 MeV (1965MCO06 I' = 40+10 keV). Angular distributions
for the ny group have been reported B(*He) = 4.8 to 5.7 MeV. The appearance of a forward
peak indicates an = 0 transfer and hence a knockout mechanigm=(0 is forbidden for simple
diproton stripping) {967VA24). See also1963DI0). A state atF, = 2.17 £+ 0.05 MeV is
reported by {963DI02 abstract). For threshold measurements $66§LA04. See alsdB.

fand B. Zimmerman, private communication.
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Table 8.11: Energy levels 68

E, (MeV £keV) | J5, T | mporle,,. (keV) | Decay Reactions
g.s. 2,1 | =769 £4msec| [t 1,2,3,4,5,6,7
0.778 =7 I'=40+10 P |23,4,5
2.32 4+ 30 3t 1 350 £ 40 2,4,5
3. "Be(p,7)°B Qm = 0.137

Absolute cross sections have been measuredtfor= 0.165 to 10.0 MeV (L969KA1K,
1972KA1B), 0.48 to 1.93 MeV 1966PA1§ and 0.95 to 3.28 MeV1970VA2§. In the data of
(1966PA161972KA1B) a resonance &, = 724 keV reflects’B*(0.77) with ', ~ 46 keV: the
peak cross section 520 £ 0.22 ub, I'y, = 50 £ 25 meV. See alsol(969KA1K).

The low-energy cross-section factor, evaluated at the @apsak ¢, ~ 20 keV), S(0.02) =
0.031 keV - b (1973RO08. Other values ar§(0) = 0.0335 £ 0.003 keV - b, dS/dFE = —3 x 10~°
b (1972KA1B), 0.035 4+ 0.004 keV - b, dS/dE = —3 x 107> b (1968PA1M) and0.0430 < S(0) <
0.0453 keV - b (1970AU1B. See also1969KA1K, 1970VA26. The relevance of this reac-
tion to astrophysics is discussed BWE5TO02 1966PA161967FO1B 1967TO1B 1968BA1W,
1968BA2E 1968PA1M 1969BA1U 1969BA1M 1970AU1B 1970VA26 1971BA2X 1972BA2M
1972KA1B 1972PA1C 19727010 1973BA2C 1973RO081973TR1B.

4. 9B(p, t)*B Qum = —18.531

At E, = 49.5 MeV angular distributions have been measured for the sitoriB*(0, 2.32)
(1970SQO0) L = 2 andL = 0 + 2, leading toJ™ = 2+ and3™", respectively. See als8B(p,
3He)’Be. The energy of the excited state2ig9 + 0.05 MeV (1970SQ0), 2.34 + 0.04 MeV
(1968BR23: I'l,p, = 390440 keV (1967MC14. 8B*(0.78) is also observed. See ald®71KA04
theor.).

5. 1B(*He, *He)'B Qum = —16.920

At E(*He) = 50 MeV, He groups are observed to the first three staté8¢L967MC14.

6. 2C(He, "Li)®B Qum = —22.899

This reaction has been studiedafHe) = 40.7 MeV (1971DE37.
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7. 2C(a, 8Li)®B Qm = —41.445
See (968MCO03.

8C
(Not illustrated)

8C has been observed in theC(«, *He)*C reaction att, = 156 MeV: M — A = 35.30 +
0.20 MeV, I'..,. = 220™%9, keV [the differential cross section at (lab) is~ 20 nb/sr] (R.G.H.
Robertson, S. Martin, W.R. Falk, D. Ingham and A. Djaloeisvate communication):C is then
unstable with respect tB + p (Q = 0.1), Be + 2p (Q = 2.3), °Li +3p (Q = 1.8), *He + 4p
(Q = 3.7). See alsol960GO1B 1966KE16 1970WA1QG.
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