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™H
(Not illustrated)

A search forH in "Li(7—, 7+)"H was unsuccessful65GI1(. See also{968CE1A.

"He
(Fig. 10)

Mass of "THe: From the( of the "Li(t, *He)"He reaction, the atomic mass excessld€ is
26.11 4 0.03 MeV. "He is unbound with respect fdde + n by 0.44 + 0.03 MeV (1968ST1)
' < 0.2 MeV (1973LI102.

GENERAL:

See (960GO1B 1965B01G 1965LA1B, 1967CO1K 1970LO1E 1972CA37 1972GALL
1972PN1A 1973JU2A and (L966LA04.

1. "Li(t, *He)' He Qum = —11.18
Qo = —11.18 £0.03 (1968ST1).

The3He particles to the ground state ‘die have been observed &t = 22 MeV. The width
of the ground state i$60 + 30 keV; for a radius of 2.2 fm and, = 1, this width is 0.22 of the
Wigner limit. The angular distribution is peaked in the fand direction. No other states Gfle
were observed foF, < 2.4 MeV (1967ST041968ST1). See also{968CE1A.

2.7Li(n, p)"He Qm = —10.42

At E, = 14.8 MeV, a proton group is reported corresponding’tte,.: I' < 0.2 MeV
(1973LI109. See also1967ME11 1971K0O24 and?3Li.

3. ?Be(n,*He) He Qm = —17.20

Not reported.



TLi
(Figs. 8 and 10)

GENERAL: (See als0l(966LA04.)

Shell model: (1961KO1A 1965C0251965KU09 1965VO1A 1966BA26 1966HA18 1966WI1E
1967B0O1C1967B0221967C0O321967FA1A 1969GU031969TA1H 1969VAL1C 1970Z01A
1971C0O281972LE1L 1973HA49 1973KUO03.

Cluster model: (1965NE1B 1968HA1G 1968KU1B 1969ME1C 1969SM1A 1969VE1B
1969WI121 1970BA1Q 1972HAO0G 1972H116 1972JA23 1972KU12 1972LE1L 1973KUO3
1973KU139).

Rotational and deformed models: (1965VO1A 1966ELOS.

Secial levels: (1966BA26 1966EL08 1967B0221967C0O321967FALA 1969GUO031969HALG
1969HALF, 1970FR1G1971C0281972BB26 1973AS021973FE1,J1973MA1K).

Electromagnetictransitions: (1965C0251965KU09 1966BA26 1966EL081967B0O221968EL06
1968KU1D 1969HA1G 1969HALF 1969VA1G 1973AS021973HA49 1973HA1V, 1973SU1G.

Astrophysical questions: (1967DA1G 1967MI1A 1968HAL1G 1969BA2A 1970BA1M, 1972CL1A
1972KO1E 1972RA301973AU1H 1973LA19 1973RE1G1973SA1J1973SC1T1974AU1A).

Secial reactions; (1965GR1C 1965ZH1A 1967AU1B 1968YI101, 1969GA18 1969YI1A,
1972HA06 1972RA301972V006 1973KO10Q 1973KU03 1973LA19 19730S1C1973PFO2

Muon capture: (1965LO1B 1969WU1A 1970FA15 1971DE20 1973MU1)).

Pion capture and reactions. (1966DA1A 1966DE1G 1968B032 1968BO1T 1968KU1R
1968LO1A 1968NO1A 1968PE1B1968WI1B 1969BULG 1969K0O3Q 1969MI1Q 1969MI1G
1969MO1E 1970BA1E 1970BO1V, 1970JA231971CA01 1971CA1) 1971FA09 1971K002
1972GO1L 1972HU1A 1972SW1A1973BA2R 1973BA2V, 1973BA2G 1973DO1F1973NY04
1973PE1E1973SQO)

Kaon reactions: (1973BAL1Y).

Other topics: (1965C0251965V0O1A 1966DE1E 1966HA18 1966WI1E 1966YO1RB 1967BO1C
1967CA171967FA1A 1968EL061969GU031969HEIN 1969HO1M 1970HO1J1970Z01A
1971BA2Y,1971CH1H1971GR161971ZA1D 1972AB14 1972AN05 1972BB26 1972CA37
1972DA21 1972FR091972GA1L 1972LE1L 1972PN1A 1973BA1Y, 1973CL09 1973JU2A
1973KU03 1973MA48 1973RO1R.

Ground state properties: (1965C0251965HU131965KU09 1965M0O17 1965PR041965VO1A
1966BA26 1966CALFE 1966EL08 1966WI1E 1967B0O22 1967PA1G 1967SH05 1967SH14
1968PE1B1969GU031969PE1D1969VALC 1972FR091972LE1L 1973DO1F 1973MA1K).

= +3.2564 nm (1969FU111971SH26,
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Table 7.1: Energy levels 6t.i

E, (MeV =+ keV)
g.s.

<
.3
~

Tm OF ['e . (keV) | Decay Reactions

— stable| 1, 4, 6, 12, 13, 16, 18, 19,
20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33,
35, 36, 27, 28, 29, 40, 41,
42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54

T2 | T =105+ 5 fsec 7y 6, 12, 13, 16, 18, 19, 20,
22, 23, 24, 27, 30, 33, 35,
38, 42, 43, 45, 47, 49, 50,
51,53, 54

Nl
N[

0.477611 £ 0.012

[N

4.633 £8 T3 ['=93+8keV| ta |3, 12,18, 19, 20, 21, 22,
23, 24, 33, 35, 38, 39, 42

6.675+£54 | 373 8751100 keV t,a | 3,18,20,21,24,35

7.467 £+ 4 274 89 + 7 keV nta|2 3,7 11,12, 18, 20, 24,
33, 35, 42

9.61 + 81 703 broad ntal23,12,35
10.25+100 | 27;3 | 1.40+£0.10MeV | n,a |7,18
11.245 4 31 37,31 258+ 33keV np | 78,1833
16.8 9.3 MeV v,n | 17

p = 3.255985 (2) nm [quoted in {973CO1H;
Q = —0.058 + 0.010 b (19661S0);
@ = —0.04 b (1969FU1); see also1971SH261972BATY).

B(EZ2: %_ — %_) =8.3+0.6 % -fm?* (1972HA0G 1973HA4Y;
=7.440.1¢%-fm* (1972BA77) [see also [973HA4T)].

1. 3H(av, 7)7Li Qum = 2.4668

Excitation functions and angular distributions have betdied for £, = 0.5 to 1.9 MeV
(1959H0031961GR27. The cross section rises smoothly as expected for a diapttice process:
at £, = 1.32 MeV, ¢ = 3.58 + 0.06 ub and the corresponding reduced cross section factor
S =0.064 +£0.016 keV - b (1961GR2]J. Cross sections ofl061GR2Y are 2 to 2.5 times higher
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Table 7.2:7Li levels from?H + 4He

N J"|ly| LS | R 62 & 02, g2 ® Refs.
(MeV =+ keV) term | (fm)
4.65 + 50 71 3| 2F; | 40| 057+0.04 (1967SP1)
4.65 + 20 T 3| My | 44 0.37 (1968IV01)
6.64£100 |3 | 3 | ?F5; | 40 | 1.36£0.13 | 0.000 = 0.002 (1967SP1)
6.79 + 90 27| 3| %F5pn | 44 0.52 (19681V0J)
7.47 £ 30 2| 3| *Psp2 | 4.0 |0.011£0.001 | 0.26+0.02 (1967SP1)
9.67+100 | 27 | 3| %Dy | 40 | 0.53+0.22 2.3+£0.7 | (1967SP1D
“ %/ (5h? u).

b To 6Li*(2.19).

than those of 1959HO03. See (966LA04) for further comments andl@72BA77 1972HA0G
1972SMO032.

2. 3H(a, N)PLi Qum = —4.784 B, = 2.4668

The cross section for this reaction has been measurefl fot 11 to 18 MeV: the data show
the effect of Li*(7.47) and indicate a broad resonance nEar= 16.8 MeV ["Li*(9.6)]. The level
parameters derived from this reaction and from reactiobS® {SP1pare displayed in Tablg.2
See also1972BB26 theor.).

3. 3H(a, a)*H B, = 2.4668

The elastic scattering has been studiedHgr= 3.6 to 18.2 MeV. The excitation curves show
the effects of Li*(4.63, 6.68, 7.47, 9.61). The derived level parameteestisplayed in Tabl&.2
Polarization parameters are calculaté@q7SP1019681V0]). Polarization measurements are
reported fort;, = 6.0 to 12.3 MeV (968KE03 1971AR1K and angular distributions have also
been measured fdr, = 2.13 to 2.98 MeV (1971CH43. See also{970LI0§ and (L968BR1H
1971KU22 1972BB26 1972CL1C 1972NE171973K0O1Q theor).

4. "He(a, pyLi Qum = —17.348

See (958BU3.



5. He(p, tfHe Qm = 7.511 E, = 9.978

See (971PO1A.

6. SLi(n, 7)"Li Qum = 7.2506
Qo = 7250.0 + 0.5 keV (1968SPO};
Qo = 7250.3 £ 0.9 keV (19720P0);
Qo = 7251.0 £ 1.0 keV (1967RA29;
Qo = 7250.6 + 1.5 keV (E.T. Jurney, private communication).

The total radiative capture cross section for thermal @stis38.5 + 3.0 mb (E.T. Jurney,
private communication). Two-rays with £, = 7247 + 2 and6769 + 2 keV are observed corre-
sponding to transitions t@.i*(0, 0.48) with branching ratios of1 + 3 and39 + 2%, respectively.
Gamma rays withy, = 4.63, 4.15 and 2.62 MeV corresponding to the decays of, and tine tra
sition to, ’Li*(4.63) are not observed: upper limits ar 2, 2 and 6%, retipely (1967THO0Y, 1%
(E.T. Jurney, private communication). See als®d8SPO). For astrophysical implications of this
reaction seel968FO1A.

7. 5Li(n, n)SLi E, = 7.2506

The total cross section has been measuredEipr= 4 eV to 29 MeV: see 1960HU1A
1964ST25 1966LA04. Recent measurements have been carried ot at 10 to 1236 keV
(1968HI11B, 50 to 650 keV {968FA1D), 100 to 1500 keV1972ME17, 0.7 to 30 MeV (973G0O2B
and C.A. Goulding, private communication) and 2.5 to 15 M@YA1FO1A. A pronounced reso-
nance occurs at,, = 255 keV with a peak cross section of about 11.AB{2ME17 1960HU1A
1968HI1B. See also 1968FA1D. The elastic contribution is 7.2 L961LA1A). No other
clearly defined resonance is observed although the totak@ection exhibits its a broad maxi-
mum atF, ~ 5 MeV (1954J0171960HU1A). The coherent scattering length (thermal, bound)
is 1.8 4+ 0.25i fm (1969BA1R 1973MU14.

Angular distributions are tabulated biQ70GA1A and in reaction 11 dfLi. All observations
near the 255 keV resonance are consistent with p-wave famata./™ = g_ level ["Li*(7.47)].
Table7.3gives the resonance parameters compared with tho$Bés(7.18). These states are be-
lieved to have P, character, in agreement with their largfeand6? (1959GA08 1963MCO09.

The excitation function for 3.56 MeY-rays exhibits an anomaly, also seen in the (n, p) reaction
[reaction 6]. The data are well fitted assumifig, = 3.50 and 4.60 MeV F, = 10.25+0.10 and

T E, =477.6 £ 0.5, 6770.4 & 1.5 and7246.6 = 1.5 keV, and the branching ratios aé& & 1 and39 + 1% to the
ground state and t, = 477.6 & 0.5 keV (E.T. Jurney, private communication).
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Table 7.3: Resonance parametersTdr — 7.2 MeV levels in"Li

and’Be
Reaction °Li +n °Li+p
Refs. a b ¢
E. (keV, lab) 262 | 255 1840
I'(E,) (keV, c.m.) 154 65 836
E, (keV above g.s.) 7700 7580
I (Er) (keV, c.m.) 118 | 46.8 798
radius (n, p) in fm 3.94 4.08
72, (MeV - fm) 4.85 5.02
02, 0.26 0.28
L' (E;) (keV, c.m.) 36 | 185 38
radius(«) in fm 4.39 4.39
72 (MeV - fm) 0.101 0.101
02 0.012 0.012

2 (1959GA08 see (963MC09). See alsoX965SCOY.
b (1972ME17.
€ (1963MCO09.

11.19+0.05MeV]. T’ = $ and3, I, = 1.4040.10 and0.27+0.05 MeV, respectively. Both states
haveJ™ = 7. The reduced widths for tHE = 2 state [Li*(11.19)] ared? = 2x 10~*, 2, = 0.16
[to °Li*(3.56)] and 95 = 0.09 (1969PR0O) Cross-section measurements are also reported at
E, =11t0100 keV (970AS1H, 4.8,5.7 and 7.5 MeVI1Q68HO03, 10 MeV (1967CO0) and 14
MeV (1966ME1Q. See alsol966AG1A 1971RE071973LA26 theor.).

Polarization measurements are reportedvat= 3.4 MeV (1968WO1F and at 4.4 MeV
(1966ST09. See alsoX967BE1F theor.) and {966LA04) for earlier measurements.

8. 5Li(n, p)°He Qum = —2.727 By = 7.2506

The excitation function, measured from thresholdtip = 8.9 MeV, exhibits an anomaly at
E, = 4.6 MeV: see reaction 61069PR0

See alsol966JE1B1971CU1B 1971PR091972ED01 1973BO1Y).
9. SLi(n, d)°He Qm = —2.36 By, = 7.2506

8



See (969LI1F, 1973BO1Y) and (L966LA04).

10.5Li(n, 2nyLi Qm = —5.66 By = 7.2506

See (963AS0).

11.5Li(n, a)*H Qum = 4.7839 By = 7.2506
Qo = 4.794 % 0.012 (1967DE15.

Excitation functions and angular distributions are sumeear in (L960HU1A 1964ST25
1966LA04 1970GA1A. More recent cross-section measurements are reportetlby CO1N
E, = 10.7to 102 keV), ((966BA1V: 25, 67 and 100 keV),1070FO1E 81.8 to 517 keV) [see
below for thermal measurements]. Recent angular distabstare given in9710V1A 0.10to
1.80 MeV) and in {966RO1L 0.25, 0.39 and 0.60 MeV).

The isotropic thermal cross sectio&8 +6 b (1970ME1H, 940+4 b (1970SO1A [the value
listed in L966LA04 is in error: it should have been 945 b]. Below 5 keV, the totaks section is
given byo = (149.5/, /E(eV)) 4+ 0.696 b (1970SO1A. (1970SO1A have also measured the ratio
of (n, a) cross sections fdiLi and 1°B in the rangeF, = 10 eV to 80 keV.

A resonance occurs df, = 258 keV, with 0,,,, = 2.75 b (1959BA469, 2.80 + 0.22 b
(1959GA09. The resonance is formed by p-waves, = g_, and has a large neutron width
and a smalk-width: see Tablg.3(1959GA0§. Above the resonance the cross section decreases
monotonically toF,, = 18 MeV, except for a slight bump neds, = 1.6 to 2.1 MeV (959GA08
1959MU25. See alsol970MC1A 1971MALY, 1972ZV1A 1973BOL1Y, 1974BA1K), (1966JE1B
1968GI10 1970DE1H and (1966BL1G 1966MA1L, 1968FA1D 1968SE1A 1972LA1H. For
astrophysical implications, se&964FO1A 1965BU1Q.

12. (a)°Li(d, p)'Li OQm = 5.0260
(b) °Li(d, np)°Li QO = —2.22464
Qo = 5.024 & 0.007 (1967SPOR

Angular distribution measurements have been recentliecbout atF; = 1to 2 MeV (1966BR25%
Po, P1), 1.48 to 2.94 MeV 1968TULA po, p1), 1.5 MeV (L965RI09 py, p1, P2), 2.9 MeV
(1966RO1Jpy, p1), 4.51t0 5.5 MeV 1970P0O03py, p1) and 12 MeV (967SC29p,, p;). See also
(1969H0O391969VI109 and (L966LA04 for earlier references. The pnd the p [E, = 477 + 2
keV (1959AJ76] groups show stripping patterns with= 1. The p [EF, = 4.630 + 0.009 MeV,
[en = 93 £ 8 keV (1966LA04] angular distribution is isotropicl@60HA14. In addition the
excitation of "Li*(7.47) with £, = 7.464 + 0.010 MeV, I'.,, = 91 £ 8 keV, is also reported
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(1957BR97. See also{966LA04). Ratios of observed [see Table 7.3 in]966LA04)] are con-
sistent with assignment8P to"Li*(0, 0.48) and?*P to "Li*(7.47) (1960HA14 1960MA32). At
E4 = 12 MeV spectroscopic factors fot.i*(0, 0.48) [S = 0.90, 1.15] derived by DWBA are in
good accord with the shell model calculations 886 7C0321967SC2%. The angular correlation
between p and the 0.48 MeV-rays is isotropic1959AJ76: “Li*(0.48) hasJ™ = %

Using vector polarized deuterons wiify = 10 MeV, (1970FI07 determined the probabilities
p; for transfer of a neutron with total angular momentunThe results are in quite good agreement
with the shell-model calculations ofl§65C0O25 1967C0O32. The circular polarization of the
0.48 MeV ~-rays has been determined MOE6SCLE See alsdBe (1966AULA 1966BELE
1968BE1R1969LE23 and (L9670G1A.

A kinematically complete study of reaction (b) & = 10 MeV shows pronounced final state
interactions vudLi*(7.47) and possibly Li*(9.6) [I" = 0.5 & 0.1 MeV] (1971V0O07}. See also
Be.

13.5Li(t, d)"Li Qm = 0.9930

See (954AL35 1961HO211967BI1B.

14.5Li( o, *He) Li Qm = —13.3279

Not reported.

15. (a)°Li(°Li, pa)TLi Qum = 3.552
(b) °Li(°Be, *BeLi Qum = 5.586

See (966LA04), 12C in (1968AJ03 and'>N in (1970AJ03.

16. "Li(~y, 7)"Li

For a listing of lifetime measurements 6fi*(0.48), see Table 7.4 in1966LA04: 7, =
0.107 £ 0.005 psec.

17. (a)"Li(~y, n)Li Qum = —7.2506
(b) "Li(~, 2nyLi Qum = —12.91

10



(c) "Li(~, p)’He Qm = —9.978

(d) "Li(~y, pnyHe Qm = —11.84
(e)"Li(~, dYHe Qm = —9.61
(f) "Li(~, t)*He Qm = —2.4668

Reports on the structure of the, (n) cross section [reaction (a)] differ widely. The totabph
toneutron cross section rises sharply from 10 MeV to readtoadoplateau of about 1.5 mb from
14 to 20 MeV, decreases more slowly to about 0.5 mb at 25 MeMlsremains approximately
constant to 30 MeV. There are indications of weak structbreugh the entire region particu-
larly at £, = 7.5 and 10.5 MeV {973BR1M monoenergetic photons). See ald8%4GO1A
1958RY77 1966BR1MN). There are many reports of fine structure [see Table 7.396§LA049)
and (L965HA19 1965WA19 1966BA1W)]. See also1970HALR and (L968KA1D, 1968RA1E
1969MU1Q. The integrated cross sections from threshold to 32 Me\2ar&leV - mb and 10
MeV - mb for the total neutron yield and for reaction (b), respetdyi (1966BR1N). See also
(1971KA7Q 1973AH1A.

The cross section for the/(p) reaction (reaction (c)) shows a maximunrat 5.6 MeV with
a width of~ 4 MeV (1954T116 1962GR0$ [however a number of authors claim the existence
of many additional peaks: se&@966LA04]. The energy distribution of the photoprotons has
been measured with bremsstrahlung radiatign = 50 to 34 MeV (1970SA14 and 100 MeV
(1968MA19 and atE, = 60 MeV (1973GA1§. The polarization of the protons produced in
the interaction between high-energyrays and' Li has been studied byLp69AN2Q 1970TO0Y.
See alsd’He and (966MA17 1967DE11 1969AN1H 1969MU1G 1970AN05 1970WO10Q
1971AN04 1973D0O13 and (L970HALR.

For reaction (d) seel@67SM1A. For reaction (e) seel967DE1] 1969AN1H 1971AN04
1972AN1L). A number of peaks have been reported in thet) cross section: see Table 7.5 in
(1966LA04 and (L970SE1D. See alsoX965DA06 1966DZ07 1966MA17, 1967DE111969HULE
1970DE1Q1970SE1A. See alsoX967SH1E1973AR1L 1973CO1Nand (L968EL0G 1970RA1H
1973AS02theor.).

18. (a)'Li(e, €)"Li*
(b) "Li(e, epfHe Qm = —9.978

The electric form factor measurements far = 100 to 600 MeV are well accounted for by a
simple harmonic oscillator shell model with a quadrupoletdbution described by an undeformed
p-shell: R,,s = 2.39 £ 0.03 fm, |Q| = 42 + 2.5 mb (1967SU1A. From results obtained fat, =
24.14 t0 97.19 MeV,R, s = 2.35 £ 0.10 fm (model independent).29 + 0.04 fm (shell model)
(1969M01) 1972BUO). A study of the ratio of the electric charge scattering frtirnand from
"Li as a function of (momentum transfégjields (r2)./* /(r2)¥/* = 1.00140.008. The r.m.s. radius

of the ground-state magnetization density distribut(@ﬁ),iﬁ/2 = 2.98 +0.05 fm. From the ratio of
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Table 7.4: Levels ofLi(e, €)7Li* @

E, (MeV) | J&T Iy, (eV) Type | T, /Tw Refs.
0.48 $54 ] (28£16)x1077 | E2 18 | (1971VA20
(6.30 £0.31) x 1073 | M1 2.8 (1971VA20
4.63+£0.05 | 1753 E2° (1963BE26 1963BE53 1968HU1G 1969HU0Y
6.6+01" 571 E2 (1968HULG 1969HU0Y
75+0.08 | 571 0.6 £0.3 E2 (1963BA19 1963BE29
094+04F (1964GR1A &
11254 | 273 1.3+04 M1 0.043 | (1967AR1A

2 For a summary of3(E21) measurements, see Table 7.618§6LA04 and’Li, the “GENERAL” section.
P Do, = 8757250 keV (1968HULG 1969HU0Y.

¢ The excitation of Li*(10.5, 12.5, 14.0) is reported byl 963BA19.

4 Tem = 200 4 100 keV (1967AR1A.

¢ Purely longitudinal {968HU1G 1969HUOQY.

£0.1 — 0.5 eV, fromLi(~, n) (B.L. Berman, private communication).

& FromLi(~, n).

the transverse inelastic and elastic cross sectioh80at B(M1,7; 0.48) = 2.50 + 0.12 4. The
cross section of the longitudinal excitation’af*(0.48) has been found from the scattering through
angles ob0° to 150°, B(C2,1; 0.48)= 744 fm*. The harmonic oscillator length parameter of the
1p shell is found to be;, = 1.90 + 0.03 fm (1971VA20.

The magnetic form factor has been measureddor= 70 to 200 MeV. The ratio of the mag-
netic octupole moment to the dipole momeéntu = 2.30 4+ 0.50 fm? (1966RA29.

Inelastic scattering studies show peaks correspondifigtf0+0.48, 4.63, 6.68, 7.47, 11.25):
see ((967AR1A 1968HUL1G 1969HUQ0Y, (1966LA04 and Table7.4. See also the review by
(1972THZH. For reaction (b) seel@70WO10.

See also1970WA1LN), (1966G0O1C 1966GU1C 1968G0O1Yy and (L966MU1A 1967BO22
1967EL1B 1967KA1A 1968BO1R1968KU1D0 1968KU1B 1969HALN 1969KR16 1969KU1C
1969VI102 1969WI21 1972DR1B 1973HI103 theor.).

19. (a)"Li(n, n’)"Li*
(b) "Li(n, nt)*He Qum = —2.4668

Angular distributions have recently been measurefd,at 1.12 to 2.30 MeV (L968KN1B ny,
n;), 3.35 and 4.83 MeV1968HO03 ny), 5.74 and 7.50 MeV1968HO03 ny + n;) and 14 MeV
(1966RE1B Ny + ny, ny). See (966LA04 for a listing of earlier references antiq70GA1A). At
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E, = 14 MeV no states other thafLi*(0, 0.48, 4.63) are populated 968HA1): see, however,
(1954AL24 1966RE1B. See alsol966HU1RB 1967C0O0) and (L969WA1Z theor.). See also
8Li. For reaction (b) seel@72AN1Q and’He.

20."Li(p, p)"Li*

Angular distributions are reported &, = 1.0 to 2.0 MeV (966BA1Q py, p1), 24.4 MeV
(1967CR1E py, p1, p2), 33.6 MeV (L970KU1D py), 49.8 MeV (L971MA13 1971MA44 py,
p:, P2), 100 MeV (L966MA38 1968LI1C py + p1, P2), 144 MeV (972JA07 py), 152 MeV
(1966RO1G py), 155 MeV (L968GE04 py, p1, p2) and 185 MeV (967J01Ep,). (1967CR1E
report that the pgroup is strongly excited and that the angular distribuisooonsistent with the
predictions of the collective model for dn= 2 transition. Earlier measurements are reported in
(1966LA09.

Inelastic proton groups have been observed corresponaliiig*(0.48, 4.63, 6.68, 7.47): see
(1952AJ38. At E, = 185 MeV proton groups are observed to these states+ 4.62 £ 0.04,
6.55 £+ 0.20, 7.5 + 0.2 MeV: (1967JO1K as well as to states &, = 5.5 + 0.3 MeV (I' = 0.4
MeV) (1965HAL17 not seen by1967JO1F) and9.6 + 0.2 MeV (1965HA1Y, 9.4 + 0.2 MeV
(1967JO1F. The width of 'Li*(6.7) is ~ 1 MeV (1965HA17. At E, = 50 MeV (1968MA02
report ten states 6Li with F, < 13.6 MeV.

Tm(0.48) = 0.106 £ 0.014 psec (966PA11 Doppler shift measurement), a value consistent
with intermediate coupling with LS coupling predominatifag X' < 3.6): see also Table 7.4 in
(1966LA04. Analysis of the 155 MeV data yield3(E2[) = 10.5 & 2, 28 4 6 and4.5 & 2.3 fm*
for 7Li*(0.48, 4.63, 6.68)I'(E2|) = 0.43, 0.025 and 0.02@eV (1965JA1A.

A comparison ofr, for “Li(p, p’)"Li*(0.48) andLi(p, n)’Be*(0.43) has been carried out for
E, = 23 to 52 MeV: the spin-flip, isospin-flip part of the effectiveténaction is approximately
independent of energy while the pure central part appeatetoease with increasing energy
(1967LO07. See alsol966MALN, 1968GL1A 1968NE1B 1969MALR 1969NE1A 1969T102
1969WAL1] 1970KI1E 1973KA04 theor.).

21. (a)"Li(p, 2p)°’He Qm = —9.978
(b) "Li(p, pn)°Li Qm = —7.2506
(c) "Li(p, pdy’He Qm = —9.61
(d) "Li(p, pa)*H O = —2.4668
(e) "Li(p, a)*He Qm = 17.348
(f) "Li(p, 2d)'He Qu = —6.500

For reaction (a) seéHe. See alsolQ66LA04, (1973C0O2B and (L965BE1E 1966JA1A
1967EL1C 1967JALE 1968JA1G 1969K0O1J theor.). For reaction (b) sed470TH1H. For
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reaction (c) see reaction 20 #hi and (1973CO2B 1973KO1M. The momentum distribution
of the a-particles in reaction (d) has the shape expected for thekowut of anL. = 1 a-cluster
from “Li (1970JA1}. The reaction proceeds sequentially Vid*(4.63) (1967J01G1970JA1Y
and via’Li*(6.68) (1970JA1}. See alsoX969HO1K 1971GA1)1973C0O2B, (1972RA1B and
(1972JA23 theor.). For reaction (e) sé®e. For reaction (f) seel@72FU07 1973C0O2B and
reaction 20 irfLi.

22.7Li(d, d')7Li*

Angular distributions have been measuredzat= 11.8 MeV (1968LUO0Z d,, d;), 12 MeV
(1971BI1% dy), 14.7 MeV (L969MA13 do, di, dy) and 28 MeV (962SL02 d,, d»). See also
(1970EL16 theor.) and 1966LA04.

23.7Li(*He, *He)TLi*

Angular distributions are reported B(*He) = 8.7 and 9.7 MeV (969MA1] elastic), 11 MeV
(1970SC23elastic), 21, 24 and 27 Me\ML966VALB, 1967BL1E to “Li*(0, 0.48, 4.63)) and 25.2
MeV (1968BR1G to "Li*(0, 0.48, 4.63). See alsd.67CO1).

24. (a)"Li(a, o/)7Li*
(b) "Li(a, 20)?H O = —2.4668

Angular distributions (reaction (a)) are reportedtat = 3.6 MeV (1972BO07 «ay, a1), 12.0
to 18.0 MeV (970BI1B 1971BI12 «p), 25 MeV (1969DO1H oy + a1, as) and 29.4 MeV
(1968MA25 1969MAL1L3 ay, a1, as). See also{972BE14.

Reaction (b) has been studiediat = 23.6 MeV (1968BE1Q, 25 MeV (1969D0021969D003
1969D01H, 29.4 MeV (L968MA25, 50 MeV (1970LA14 1973LA1Q), 55 MeV (1968P104
1969P111 1970PI10), 64.3 MeV (L970JA1} and 104 MeV {969VE1B. 7Li*(4.63) is strongly
involved in the sequential decay: sd®68MA25 1969DO1H 1970JA171970LA19. The pop-
ulation of "Li*(7.48) is reported by {970LA14), and (1968MA25 suggests thalLi*(6.68) is also
involved in the sequential decay. At, = 55 MeV, the effective number af clusters Nog = 475%
(1969PI11). See alsol969BA2Q, (1969HO1K 1971GA1Jand (L968BA1H 1972AV04 theor.).
See also1966LA04.

25. TLi("Li, TLi)Li
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The elastic angular distribution has been studiedd@iLi) = 4.0 to 6.5 MeV (L966PI103.

26.7Li(1°B, 1°B)"Li

See (969RO1G and'’B.

27. (a)7Li('2C, 12C)'Li
(b) "Li(3C, 3CY'Li

The elastic scattering has been studiedéiLi) = 20 MeV (1969BE9() [on **C] and at 34
[*3C] and 36 [2C] MeV (1973SC2. See alsd?C in (1975AJ02 and3C in (1976AJ03. The
inelastic scattering angular distributions involvifig; ,s + '*C, . and’Lij , + '2C; ,; have been
measured ab/("Li) = 36 MeV (1973SC2%

28.7Li(190, SOY'Li

See (969BE9Q19710R02.

29.7Li(?Ne, Ne)7Li*

See (966LA04.

30. "Be(e)Li Qum = 0.862
Qo = 0.851 & 0.012 (1973MU19.

The decay proceeds to the ground and 0.48 MeV states. Thehingrratio to”Li*(0.48) is
10.32+£0.16% (1962TA1Y), 10.440.3% (1972S70%, 10.4240.18% (1973PO1). [See also Table
7.8 in (1966LA04]. The weighted mean value of the half-life’i8.44 + 0.09 days (949SE20
1953KR16 1956B0O36 1970J0O2). Both transitions are superallowed. Lgg = 3.30 and 3.54
for the decays tALi*(0, 0.48) respectively.

The energy of they-ray is477.57 + 0.05 keV (1967BL03, 477.4 + 0.2 keV (1965R0O09,

477.5934+0.012keV (1971HE2Q[E, = 477.611+0.012 keV]. A measurement of the bremsstrahlung

¥ G. Fox and B. Zimmerman, private communication.
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spectrum td'Li*(0.48) measured in coincidence with the 478 ke\May, leads to a transition en-
ergy of395 + 25 keV (1971LA03, 388 + 8 keV (1972PEO} See also{973MU19.

For discussions of astrophysical considerations, 58@9BA1U 1969F010D1969YI1B 1971CA1RB
1972BA2M, 1972K0O1A 1973BA2Q. See alsol967GE1A1969HE1M 1973HE1N), (1972EMO0J
and (L965PR041966EL081966BA26 1968F102 1969LE1DQ 1969SU151970DA21, 1970FA14
1970K041 1973HA49 1973MU12 1973WI1% theor.).

31.Be(y, d)'Li Qm = —16.6965

See’Be and ((955AJ6).

32.9Be(n, tyLi Qm = —10.4389

See!’Be and (966LA04).

33.9Be(p,*He) Li Qm = —11.2027

At E, = 43.7 angular distributions have been obtained for thie particles corresponding
to 7Li*(0, 0.48, 4.63, 7.47). The 7.47 MeV state is strongly ¢&diwhile the mirror state in
"Be is not appreciably populated in the mirror reaction (ssction 17 in"Be). The angular
distribution indicates that the transitiontbi*(7.47) involves bothL = 0 and 2, with a somewhat
dominantZ = 0 character{966CE0%. Reanalysis of the data df§65DE0$ places the/™ = 27;

2
T = 2 level atE, = 11.28 + 0.04 MeV, I' = 260 £ 50 keV (1967MC14. See alsol969BA1Z

2

1969IN1A).

34.9Be(p, pdjLi Qm = 16.6965

See (966LA04.

35. (a)’Be(d,)"Li Qm = 7.1511
(b) °Be(d, t}He'He Qm = 4.684
Qo = 7.157 £ 0.008 (1967SPOR
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Angular distributions have been measured recentlyat= 0.3 to 1.0 MeV (L968BE1E «y,
a1), 0.9 t0 2.2 MeV (971SA27 «ay, ay), 11.4 and 12.4 MeV1966DO1A «y, o). For older
measurements se&966LA04. A study atEy = 11 MeV findsT'.,, = 93 + 25 and&80 + 20 keV,
respectively, forLi*(4.63, 7.47). No evidence was observed far*(5.5, 8.6, 9.7, 12.5) or for the
T = % state’Li*(11.25) (1966HA09. See also1964MA57, 1966JA0% and (L966MELE theor.).
In a kinematically complete study of reaction (b)&t = 26.3 MeV, "Li*(4.6, 6.5 + 7.5, 9.4)
are strongly excited. No sharpdecaying states diLi are observed with0 < E, < 25 MeV.
Parameters fofLi*(9.6) are £, = 9.36 & 0.05 MeV, ' = 0.8 - 0.2 MeV (1973SO0§ See also
Be.

36.9BefHe, ap)Li Qm = 1.657

See (967ST1D.

37.9Be(Li, 2a)7Li Qm = 5.677

See (966SA041968JA08 and!'B in (1975AJ02.

38. (@)'B(n, )’Li Qm = 2.791
(b) 1°B(n, t)'He'He Qu = 0.3237
Qo = 2.8008 & 0.0076 (1967DE15.

At £, = 14.4 MeV angular distributions have been measured for the m; and for the p
groups ((969AN25. The half-life of"Li*(0.48) is 92411 fsec (L967CA0J. See also{966LA04,
HBin (1975AJ03, (1969VALF, 1970NE031972SE1K and (L972HA04 theor.). For reaction (b)
see (967VALD.

39.19B(a, "BeYLi Qum = —16.202

See reaction 19 ifBe (1969F008.

40.1B(y, a)Li Qum = —8.666

See!'B in (1975AJ03 and (L969MU10).
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41.'B(p, p)Li Qum = —8.666

See (964BA1Q.

42. (@)"'B(a, 20)7Li Qm = —8.666
(b) 'B(a, ®BeY'Li Qum = —8.758

For reaction (a) seel@66GE12 1969FUQ09. Angular distributions have been measured in
reaction (b) atE, = 28.4 and 29.0 MeV for the transitions ttBe*(0, 2.9) and’Li*(0, 0.48)
(1968KA29. At E, = 65 MeV "Li*(0, 4.63) are strongly populated aridli*(7.47) is weakly
excited. The intensity of the group t@i*(0.48) is < 15% of the group td’Li(0) (1973WO0H.
See also {966GE1.

43. 'B(d, OLi) "Li Qu = —7.192

At E4 = 19.5 MeV, angular distributions have been measured for the transitiohs(@ and
Li*(0, 0.48) (1971GUO07. At E4 = 40 MeV the cross section for the transition%oi*(3.56) +
"Li(0) is half that for'He(O}-"Be(0) [to=10%)] in agreement with isospin conservatid®72GO 1.
See also {972GA1B.

44. 1B(1%0, 2Ne) Li Qum = —3.936

See (9680KO0§.

45.12C(d, "Be)Li Qum = —17.543

At £, = 39.8 MeV, angular distributions have been measured for the transitioAsi(@) +
"Be(0), "Li*(0.48) + "Be(0), "Li(0) + "Be*(0.43), and’Li*(0.48) + "Be*(0.43). Asymmetries
exceeding 20% are observed in the ratio of the cross sectiois(@) and "Be(0) (1971HO1K
1971Y00§. See alsoX971SI28theor.).

46.12C(*He, 3B)Li Qum = —22.899

This reaction has been studiedfHe) = 40.7 MeV (1971DE37.
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47.12C(Li, 'CYLi Qm = —11.471

At E(°Li) = 36 MeV, angular distributions have been obtained for the ftams involving
TLiy. + 1C, and’Lif 5 + 'Cy . (1973SC25

48.13C(p, "Be)'Li Qm = —20.264

At E, = 45.0 MeV angular distribution has been measured for the tramsit “Be(0)-+ "Li(0)
(1971BRO7.

49.13C(d, *Be) Li Qum = —3.589

At E4 = 14.6 MeV, angular distributions are reported for the transiiem®Be(0) and’ Li*(0,
0.48) (L967DEO03.

50.13C(Li, 12C)'Li Qm = 2.304

At E(°Li) = 34 MeV angular distributions have been measured for the tiansiinvolving
TLigs + 2Cys, "Li% 45 + 2Cys, “Ligs + 12C;,, and’Li} 5 + 2C; , (1973SC25,

51. 1N(n, 20)7Li Qum = —8.823

At E, = 14.1 MeV, "Li*(0, 0.48) are produced with about equal probabilit71SC1.

52.160(a, 13N)7Li Qum = —22.566
See (972RU03.
53.160(Li, O)'Li Qm = —8.419

At E(°Li) = 36 MeV, angular distributions have been determined for thesiteons involving
TLigs + Oy and’Lif 5 + 90, (1973SC25
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54. (a)'7O(d, 2C)'Li Qum = —2.580
(b) *O(d, *C)'Li Qum = —5.680
(©) YF(d, “N)Li OQm = —6.122

At Eq4 = 14.6 to 15.0 MeV, angular distributions have been measured ®ttridgnsitions to
12C(0) + "Li*(0, 0.48) [reaction (a)],'*C(0) + "Li*(0, 0.48) [reaction (b)] and“N(0) + "Li*(0,
0.48) [reaction (c)] 1967DEOJ.
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"Be
(Figs. 9 and 10)

GENERAL.: (See alsol(966LA04).)

Shell model: (1961KO1A 1965VO1A 1966BA26 1966HAL18 1967FAL1A 1968G0O011969TA1H
1971C0O281971N0O021972LE1L 1973HA49.

Cluster model: (1965NE1B 1968HAL1G 1971N0O021972HI116 1972KU12 1972LE1L).
Rotational and deformed models: (1965VO1A 1966ELO09.

Secial levels: (1966BA26 1966EL08 1967FALA 1969HALG 1969HALFE 1971C0O281971NO02
1972BB26 1973AS021973FE1)

Electromagnetic transitions: (1966BA26 1966EL0§ 1969HA1G 1969HALF 1973AS02
1973HA49.

Astrophysical questions: (1968BA2F 1968HA1G 1970BA1M, 1972KO1E 1972PA1G1972UL1A
1973LA19 1973RA37 1973SC1).

Soecial reactions: (1965FU1A 1966GA15 1966MI1G 1967AULB 1967FU1E 1967WI06
1967WI12Q 1968BE1F 1968DI1B 1968HU10 1968MI1D, 1968RA34 1968SH1H 1968Y10],
1969DI118 1969HI1A 1969YI11A 1970BR13 1970MALE 1971AR02 1971BA58 1971BI22
1971BR361971DMO01 1971EP021971HE241971MO1H 1971NO091971ST301972AMO04
1973ER1G1973H0O111973J0071973LA19 1973MI02 1973VO1QG.

Reactions involving pions. (1968BE1H.

Other topics: (1965BO1C1965VO1A 1966DE1E1966HA18 1966YO1B 1967CA171967FAL1A
1968BE1F 1968GO011969HE1IN 1969VI1C 1970DE1R1971ZA1D 1972AB14 1972AN0S
1972BB26 1972CA371972LE1L 1972PN1A1973JU2A 1973RO1R.

Ground-state properties. (1965VO1A 1966BA26 1966EL081969PE1D1972LELL 1973MA1K).
1. "Be()"Li Qm = 0.8618

The decay is complex: séei.

2. “He(He,~)'Be Qum = 1.5864

In the rangeZ,, = 0.38 to 5.80 MeV the cross section rises frémx 1073 to 4 ub (1963PA12
1969NA29. The capture proceeds mainly by E1, with both s- and d-waweesributing above
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Table 7.5: Energy levels 6Be

E, (MeV +keV) | J©; T Torle . Decay Reactions
g.s. g_, % Ti/o = 53.44+£0.09d € 1, 2, 4,5, 10, 11, 12,
13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30,
31
042920 £0.10 | 171 Tm=102£20fsec| v 5, 10, 11, 12, 13, 14,

15, 16, 17, 18, 22, 23,
24,25, 28, 29, 30, 31

4.57 £50 U ['=175+7keV | *He,a |3, 12, 13, 14, 15, 16,
17,19

6.73 + 100 2= 1 1.2 MeV p,°He,a | 3,9, 10, 16, 17

7.21 +60 2ol 0.5 MeV p,°He,a | 3,6,9, 10, 13, 17

9.27 £ 100 U p,*He,a | 3,13

9.9 8= 1 ~ 1.8 MeV p,’He,a | 3,6

2, 10.0 3 broad p,*He,a | 3
11.01 4+ 30 203 320 £ 30 p,*He,a | 3,6, 13, 16

E, =1 MeV (1963TO0§. The branching ratia; /v, ['Be*(0.43)fBe(0)] is approximately con-
stant at 37% forE, = 0.57 to 3.2 MeV (1963PA12 1969NA29. The zero-energy intercept
of the cross-section facta¥ = 0.61 + 0.07 keV - b and (b/dE), = —(5.8 £ 0.3) x 107* b
using all of the data. If the low-energy data.{, < 0.7 MeV) is fitted using a direct capture
calculation (963TO09 the zero-energy intercept of the cross-section factor is 0.51 £ 0.05
keV - b and (b/dE)y = —(2.8 £ 0.4) x 10~* b (L969NA29. A second-order (in energy) poly-
nominal fit to the low-energy dat&(,, < 0.8 MeV) determinesS = 0.61 + 0.07 keV - b and
(dSIdE)y = —(5.8 £0.3) b (1969NA29. Recent papers discussing the astrophysical implication
of this reaction arel967TO1B 1968BA2E 1971CA1B 1972KA1B, 1973BA2C 1973TR1HE.
See also1966LA04.

3. (a)*He(He,*He)'He Ey, = 1.5864
(b) *“He(He, pfLi Qm = —4.0200

Elastic scattering studies have previously been repoaed He) = 2.5 to 30 MeV and for
E, = 11 to 41 MeV: See 1966LA04. More recent measurements have been mad#{*ie) =
1.72,2.46,2.98 MeV {971CH42, 5to 18 MeV (1967SP1}) 12.0t0 19.0 MeV{967DU1B, 17.8
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to 30.0 MeV (L970JA03, 18 to 70 MeV (1969BA2B), 19.5t0 51.1 MeV{970BR432, 27.2t0 42.8
MeV (1969SC1lpand atE, = 5.94 to 7.90 MeV (9681V01), 42 MeV (1970VI07), 43.4 to 58.2
MeV (1969CAL1B, 66 to 104 MeV (971FE021971FE031973FE1) and 140 MeV (972FR1,
1972PUL1C 1972FR1K. Differential cross sections have been calculated 1878KO1Q for
E., < 44.5 MeV using the one-channel resonating=group method, ariddimg exchange terms
and odd-even absorption. Polarization measurements lesre darried out at’(*He) = 7.8 to
13.0 MeV (969AR07 1971AR1K) and at 11.5 to 13.0 MeV1Q70MCO07, and atE, = 4.33
to 9.83 MeV (1972B0O432, 7.5 to 18.5 MeV {970HA1M 1970HALR 1972HA69, 13.0 MeV
(1971AR1K) and 98 MeV (973FE1). The ratios ofy? to the Wigner limit are, respectively,
0.312007 and0.29;04¢ for "Be*(0, 0.43) 1972B0O43.

For! < 4, only f-wave phase shifts show resonance structuretigHe) < 18 MeV, cor-
responding tdBe*(4.57, 6.73, 9.27): see Table6 (1967SP101968I1V0]). No structure corre-
sponding to'Be*(7.21) (J™ = g_) is seen in the elastic data. The s-wave phase shift is soatewh
greater than hard-sphere; the p-wave splitting agrees {@#64BA09 1967SP1) The decay
of "Be*(9.27) (J™ = g_) to 6Li(0) requires f-shell configuration admixture. An estimatf the
yield of ground state protons relative to those correspumih °Li*(2.19) yields +v2(po)/v%(p:) =
1673,% (1967SP1R At higher energiesf(*He) = 27.2 to 42.8 MeV] (L969SC1¥ report that
the s- and f-wave phase shifts fall appreciably below thdipt®ns of resonating group calcula-
tions, while (1970BR4) see some indication of broad resonant structur@He) ~ 34 MeV,
in rough qualitative agreement with such calculations. iRelastic scattering in reaction (a) see
(1971HA2]) and (L973FI0). The bremsstrahlung cross sectiodzgtHe) = 7.4 MeV is 12.6+£3.4
pbl/sk (1973FR17.

The differential reaction cross section for reaction (b3 baen determined fag(*He) = 8
to 18 MeV: resonances are observed correspondind@es(7.21, 9.27) in the pyield and to
Be*(9.27) in the p yield: see Tablg.6(1967SP1) A study of the gamma rays frofbi*(3.56)
(p2) carried out atZ(*He) = 13.8 to 18.5 MeV shows the excitation of twf" = %_ states at
Ey ~ 10.0 MeV (T = 1) and11.00 + 0.05 MeV (I' = 400 + 50 keV, 62, = 0.13 +0.02, T = ).
TheT = % resonance is evidenced mainly through interference. Tiseaéso evidence for an
extremely broad/™ = %_ structure atf, 2, 10 MeV (1967HAO07 1967HA08 see alsdLi(p,
p)°Li).

See alsol970L106 1972BI1G 1973KO1R, (1966PH1A and (L966BA26 1966RA1B 1966 TH1C
19670K1A 1968BR1H 1968LE1K 1969TA1G 1970NE1K1971FU091971KU22 1971PL06
1971TA23 1972BR1Q1972CL1C 1972NE17 theor.).

4. *He(o, n)'Be Qm = —18.9921
See’Be.
5. 5Li(p, 7)"Be Qm = 5.6064
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Table 7.6:7Be levels fron?He + “He ?

Ey J™ | 1y LS R 62 b 02 02, Refs.
(MeV =+ keV) term (fm)
457+50°¢ | L7 | 3 2F7 ) 40 | 0.70+£0.04 (1967SP1p
4.566 4.4 0.34 (1968IV01)
6.734+100° | 27 | 3 2F5 40 | 1.36+0.13 | 0.0000.002 (1967SP1p
721+£60°¢ |37 | 3 4Ps 4.0 | 0.010£0.001 | 0.26 4 0.02 (1967SP1p
9.27+100 | I |3 4Dy /o 40 | 0.70+0.26 0.2970:99 1.840.5 | (1967SP1p
10.0¢ 5711 (*P3/2) (1967HA07 196 7HA09
~10.0° i (*P1)9) (1967HA07 196 7HA09
11.00+£50F | 27 | 1| (*P3/2,2Dj3)2) 0.13+0.02# (1967HAO7 1967HA09

a Compare to Table 7.10 i1 @66LA09.
P/ (5h? pa).
¢ See also(968LE1K.
4T = 1.8 MeV.
¢ Broad.
T =04+0.05MeV; T = 2.
g 02//
R

Gamma transitions are observed to the groung &nd to the 0.43 MeV+(,) states. The
yield shows no evidence of resonance &y = 0.2 to 1.0 MeV and the branching ratio remains
approximately constant &2 + 5)% to the ground state, 38% t8e*(0.43),< 4% to "Be*(4.57)
(1955BA59 1956WA03 1969J01K 1969SW1Q. At E, = 1.06 MeV a resonance in the yield
of 0.43 MeV ~y-rays is reported byl968WO1H, corresponding t@e*(6.52). See, however,
(1963MCO09. See alsol966LA1D) and (L966LA04Y.

6. (a)SLi(p, p)°Li
(b) °Li(p, 2py’He

B, = 5.6064
O = —4.59

Measurements of elastic angular distributions have récdmten reported bylO68ME25

E, = 14 to 15.8 MeV). Earlier measurements are listed I8§6LA04. Two resonances are
reported atk, = 1.84 and 5 MeV in the elastic yield’Be*(7.21, 9.9)]. The parameters of
the lower resonance are shown in TaBl8 (1963MC09. The 5 MeV resonance hds ~ 1.8
MeV and appears to also be formed by p-wave§is then3 + 2 MeV - fm. A weak rise near
E, = 8 to 9 MeV may indicate a further levelBe* ~ 13 MeV (1963HA5J. Differential cross
sections are reported by 471BI11 6.868 MeV) and by 1969LE08 1.36 MeV). See alséLi.
Polarization measurements (elastic scattering) have taered out att, = 1.21 to 3.22 MeV
(1969PEZ2Y, 14.5 MeV (L965R022, 49.8 MeV (1971MA13, 152 MeV (L966RO1Q, and 155

MeV (1968GE0J). A phase-shify analysis faF, = 0.5 to 5.6 MeV shows that onlyS, S and
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4P are involved. Thé‘P5/2 phase resonantes &}, = 1.8 MeV, and the broad resonance at 5
MeV can be reproduced equally well by eitHd?; » or *P; »: tensor polarization measurements
are necessary to distinguish between the tW8650PE2Y. See (966LA04 for earlier results. An
S-matrix analysis of the cross section of this reaction anceattions 3 and 9 has been reported
by (1966HU1G 1968LE1K).

The reaction cross section for formation @fi*(2.19) has been measured fét, = 3.6 to
9.40 MeV: a broad resonance indicates the presence of anstht&, ~ 10 MeV, I' = 1.8 MeV,
J* = (2,5)7; T = 1 (1967HA07 1967HA09. The cross section and terms of two = 2~
states afv, ~ 10 and 11 MeV: see reaction 3967HA07 1967HAQ. The total cross section for
formation of°Li*(3.56) decreases slowly with energy f@f, = 24.3 to 46.4 MeV (968AU0H.
Polarization measurements involving thegmd p. groups have been carried atif = 49.8 MeV
(1971MA449). For the total scattering cross section at 1 GeV, 4686 {IG1A.

See alsol967CA1G 19680L1B, (1971PL1G, (1966LE1E 1969WA11 1970LE021972BR20
1973LA26 theor.). For reaction (b) séti, °He and (973NA1M).

7. 5Li(p, n)°Be Qum = —5.070 B, = 5.6064

The yield of neutrons increases approximately monotolyidedm threshold toE, = 14.3
MeV (1964BA19. See also1971BU1D. For polarization measurementsiga; = 30 and 50
MeV, see (969R0O2). See alsol969CL06G 1971JU0Y, (1970RA33 theor.) and'Be.

8. SLi(p, d)°Li Qm = —3.44 Ey, = 5.6064
See’Li.
9. %Li(p, a)*He Qum = 4.0200 By, = 5.6064

Over the rangdy, = 25 to 50 keV, the cross section rises from 0.8 toy#2 in the formula
o~ E-'eB/VF B = 90 + 6 keV'/? (1967FI05. Cross section measurements foy = 62 to
188 keV show deviation from an s-wave Gamow plot absvE30 keV (1966GE1}). Using cross-
section measurements Af = 151 and 317 keV, as well as tha{66GE1) data, (971SPOY
calculateS(0) = 3.0 MeV - b. See alsol969AU1Q.

At higher energies the cross section exhibits a broad, lowirmam nearE, = 1 MeV and a
pronounced resonanceldf = 1.85 MeV (1951BA79 1956MA9]). No other structure is reported
up to £, = 5.6 MeV (1963JE031964FA03. Measurements betwedr}, = 0.4 and 3.4 MeV
show that the polarizations are generally large and pesifineE, = 1.9 MeV resonance appears
in A; and A, (1968BR1§. S-matrix analysis of the cross section of this reaction ancta€tions
3 and 6 are reported by 966HULC 1968LE1K). Angular distributions are reported &} = 151
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and 317 keV{971SPO} atE, = 0.5t0 1.82 MeV (1969J01)] 3to 45 MeV (1973SC1Y and 12,
14 and 16 MeV (973WEO07. Angular distributions at, = 8 to 18.5 MeV have been analyzed
using a finite-range multi-interaction DWBA formalism. Thealysis leads to reduced widths of
0.69 fora + d in a relative s-state, 0.04 for + d in a relative d-state and 0.44 féde + tin a
relative s-statel973WEOQ7. Yield and cross section measurements are reported3888E1P
0.3 to 1.0 MeV) and1969LEO8 E, = 1.36 MeV). See also{974G0O1V and see 966LA04
for earlier measurements.

Searches for excited states®¢fe have been unsuccessful: s@B8q80L1B FE, = 20 MeV),
(1971BR12 1972BU16 E, = 45 MeV). See also{970K025 1972BE1Y). See (971BR12
1973F104 for discussions of the excited states'bie.

See also01967SP091967VAL1H and (L969BE1M 1969BO1G 1972CL1G 1972HUO09 theor.).

10.5Li(d, n)'Be Qm = 3.3818

Two neutron groups are observed, correspondiri@ed(0, 0.43). Angular distributions of the
ny and n groups have been measuredzat= 0.24 to 3.5 MeV [see {966LA04 and (L966SC2}:
lb=1J" < g_ for both states. Afy; = 12, 15 and 17 MeV differential cross sections for the
population of Be(g.s.+ 0.43) have been measured by70GA07.

The n< correlations are isotropic, indicating® = %_ for "Be*(0.43) (L956NE1Y: E., =
428.9 + 2 keV (1952TH24. Broad maxima are observed in the ratio of low-energy tdihig
energy neutrons df; = 4.2 and 5.1 MeV [Be*(6.5, 7.2),I'.,, = 1.2 and 0.5 MeV, respectively]
(1957SL0).

11.°Li(*He, dyBe Qm = 0.1126

Angular distributions of the gdand d groups to’Be*(0, 0.43) have been measured@t= 8,
10, 14 and 18 MeV: all the distributions show ar= 1 maximum at small angles. The DWBA
analysis leads to a ratio of spectroscopic factsitgS [for “Be*(0.43)fBe(0)] = 1.55, in fair
agreement with other measurement8q8LU02J. See also{964MA57) and (L970JA1Jtheor.).

12.5Li(, t)"Be Qum = —14.2082

Angular distributions of triton groups have been reportedba = 40 MeV (19650G03
Be*(0+0.43, 4.57+ (5.0£0.3)), 43 MeV (1967DE1K "Be*(0, 0.43)) and 46 MeV{969FO1C
Be*(0, 0.43, 4.57)). See alsag§670G1A.
13.5Li(p, n)"Be Qm = —1.64422
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Eipresn, = 1880.6124+0.090 keV (1970RO07; the recommended value féky,,.,. based on this
and on other experiments i880.59 + 0.08 keV (1970RO07J. See also{966MA6Q 1966RO09
1967MA1D, 1973MA1V). The excitation energy of the first excited statel29.20 + 0.10 keV
(1972B0O03. The lifetime of'Be*(0.43),7,, = 1.92 & 0.2 msec. The ratio of this lifetime to that
of "Li*(0.48) is 1.82 + 0.20. This value, and the values of are in agreement with intermediate
coupling calculations assumirigS coupling predominate@:/ K < 3.6) (1966PA1).

Angular distributions are reported &}, = 1.9 to 2.36 MeV (967BE61 ny), 2.1 to 3.8 MeV
(1971BU1D ny), 2.6 to 5.4 MeV (972EL19 ny), 3.2 t0 5.4 MeV (972EL19 n;), at 17.5 MeV
(1972AZ0% ny, ni, ny) and at 30 and 50 MeV1Q69CLOG ny + n;). Above E, ~ 7 MeV,
neutrons corresponding t@e*(4.57) are seenl@59AJ81 1960H104 1963B0O0§. At £, = 30
to 50 MeV, neutron groups are observed to statek,at= 4.61 + 0.07, 7.21 4+ 0.06, 9.6 + 0.3,
11.3+0.2,12.3 £0.2,13.24 +0.15, 14.39 £ 0.15, 15.3 £ 0.2, 16.3 £ 0.2, 18.3 £ 0.2, 19.7+ 0.3
ande20.5 + 0.2 MeV (1965BA39. See alsol967L0O07 1969JU1A 1970BO1Y 1971DA24
1971WA1), (1966PA04 1969MA1R 1969MA1G 1968TH1H 1971TH1K theor.), (966LA04
and®Be.

14.7Li(3He, tf Be Qm = —0.8804

Angular distributions have been measuredzétHe) = 3.0 to 4.0 MeV (L9690R01 t,, t;),
8.7 and 9.7 MeV 1968MA1W t,, t;), 14 MeV (L969NU1A t,, t;) and 25.2 MeV {968BR1G
to, 11, ). The width of’'Be*(4.57),T,, = 175 &+ 7 keV (1971PI10§. See alsoX967BL1B and
(1971WE1L 1971WE1M theor.).

15. 7Li(SLi, SHe) Be Qum = —4.372

At E(5Li) = 31.8 MeV, the reaction is observed t8e*((0 + 0.43), 4.57) (971CH1B.

16.°Be(p, tfBe Qm = —12.0831

Angular distributions of tritons have been measurell at= 43.7 MeV (1965DE0§1966CE0%
1968BR23 "Be*(0, 0.43, 4.57, 6.51, 11.01)) and 46 MelO67VEOL "Be(0 + 0.43, 4.57, 6.51,
10.79)). The 11 MeV state hds, = 11.01 £0.04 MeV (1968BR23}, " = 298 +25keV, J™ = %_;
T = % [the J™; T assignments are based on the similarity of the angulatialision to that in the
(p, *He) reaction to'Li*(11.13)] (1965DE0$. See also{967MC14, (1969BA1Z 1969IN1A)
and (L967BAL1E theor.).

17.°B(p, )" Be Qm = 1.1462

27



Alpha groups corresponding t8e*(0, 0.43) have been studied by many observers: K&6/(AJ38
1959AJ79. Some reported values for the energy of the first excitete siee: 431 + 5 keV
(1950VA0D), 434.4+ 4 keV (1951BR10), 429+ 3 keV (1952CR30), 428.5+ 1.8 keV (1952TH24.

In addition the excitation ofLi*( 4.72 4 0.08, 6.27 £ 0.10, 7.21 £ 0.10, (14.6 & 0.3)) is reported

by (1955RE1§. At E, = 18.6 MeV (# = 30°) (1968PA1}) find that the intensity of a group to
"Be*(14.6) is< 2% that reported byl955RE18. Angular distributions have been measured at
E, =2.8107.0 MeV (L964JEQ). See alsd'C and (L966LA0Y).

18. 9B(3He, 5Li) "Be Qum = —2.874

At E(*He) = 30.0 MeV angular distributions have been obtained for the ttans to”Be*(0,
0.43)+ SLi*(0, 2.19): see (970DE1219720H0).

19.1°B(q, "Li)'Be Qum = —16.202

At E, = 45.6 MeV (1969FO08 have measured the angular distributions ofthieand of the
"Be ions, corresponding to the ground-state transitions diven angle the intensities of the two
ions are the same, implying that the wave functions of theguostates ofLi and "Be are very
similar (1969F0O09. See also1971RO1A 1971SI28 1973NALN theor.).

20.1'B(d, *He) Be Qum = —11.563

At E4 = 40 MeV the cross section of the ground-state reaction is twiwe-(0%) that for the
reaction td’Li*(3.56) + “Li(0), in agreement with isospin conservatidd72GO 1.

21.1'B(*He, 'Li) 'Be Qum = —7.079

See (971RO1A.

22.12C(p,5Li) "Be Qm = —22.569

At £, = 36.0, 40.7, 45.0, 50.0 and 56.8 MeV angular distributions hawnlmbtained for the
transitions td Be*(0 + 0.43) (1971BR071971H0251971HO1K.
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23.12C(d,Li) "Be Qum = —17.543

At B4 = 39.8 MeV angular distributions have been measured for the tiiansi’Li(0) +"Be(0),
Li*(0.43) + "Be(0), "Li(0) + "Be*(0.43) and’Li*(0.43) + "Be*(0.43). The ratios of théLi(0)
and“Be(0) cross sections show asymmetries exceeding 2%1HO1K 1971Y00§. See also
(1971SI28theor.).

24.12C(*He, *Be) Be Qm = —5.780

Angular distributions have been obtainedtHe) = 25.5 to 29 MeV (L1972PI11A 1973PI1D
Be*(0, 0.43)), 28 and 30 MeVIQ70DE121973KL1E "Be*(0, 0.43)+ *Be*(0, 2.9)), 35.6 MeV
(1969NE1D 1969ZE1A 1970FO1D "Be*(0, 0.43)) and 37 and 41 Me\ML967ZA1RB "Be*(0 +
0.43)). See alsoX965ENO).

25.12C(c, °Be)'Be Qm = —24.694

At £, = 42 MeV, angular distributions have been measure®&’(0, 0.43)}-°Be(0) (L1972RU03.

26.13C(p,Li)"Be Qm = —20.264

At E, = 45.0 MeV the angular distribution has been measured for theitrango "Li(0) +
"Be(0) (L971BROY.

27.150(p, 1°B)"Be Qum = —25.270

See (969HO1H.

28.150(He, 2C)'Be Qm = —5.575

Angular distributions are reported &t(*He) = 25.5 to 29 MeV (1972PI1A to "Be*(0,
0.43)), 30 MeV (970DE12 1973KL1B to '2C*(0, 4.4, 7.7, 9.6)}+ "Be*(0, 0.43)) and 41 MeV
(1967ZA1B.
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29.160(q, 13C)'Be Qm = —21.207

At E, = 42 MeV, angular distributions have been obtained for the ttiams to’Be*(0, 0.43)+
13C(0) (1972RUO03.

30. YF(d, *C)"Be Qm = —7.140

The angular distribution téBe*(0 + 0.43) + *C(0) has been measured & = 14.9 MeV
(1967DE03.

31. (8)'F(*He, >’N)"Be Qm = —2.426
(b) 2°Ne(He, °0)'Be Qum = —3.144

(1970DE12 1973KL1B) have studied, afz(*He) = 30 MeV, the angular distributions to
1°N(0) + "Be*(0, 0.43) and t3°0*(0, 6.06 + 6.13) + "Be*(0, 0.43).

B
(Fig. 10)

1. °B(3He, SHe)'B Qm = —18.55

A SHe group corresponding to the unbound ground stat& dfas been identified d&(*He) =
50 MeV: M — A ("B) = 27.94 £0.10, ' = 1.4 & 0.2 MeV. The isobaric quartet mass law
would predicthM — A = 27.76 + 0.17 MeV. "B is unbound with respect tBe + p (Q = 2.27),
LI + 2p (Q = 1.68), *He + 3p (Q = 3.65). The expected single-particle width is= 0.64
MeV: it is suggested that the two-proton and three-protarage make an appreciable contribution
to the width (967MC14. See alsol960GO1B 1968CE1A 1968ST1,J1969GA1R 1972CA37
1972CE1A.
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