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A=6

GENERAL: References to articles on general propertie$ ef 6 nuclei published since the previ-
ous review {988AJ0) are grouped into categories and listed, along with bristdptions of each
item, in the General Tables far = 6 located on our website at/(vw.tunl.duke.edu/NuclData/General
_Tables/06.shtnl

5n
(Not illustrated)

n has not been observed. S&879AJ011988AJ0) and references cited there. More recently
(1990AL40 reports a search fdin in a**C("Li, °n) activation experiment af("Li) = 82 MeV.

No evidence fofn was obtained.

The method of angular potential functions was used1880GO18§ in a calculation of the
properties of multi-neutron systems which indicated thase systems have no bound states. The
ground state energy of a six-neutron drop has been computiedaviational and Green’s function
Monte Carlo methodsl@97SMO7.

5H
(Fig. 7)

6H was reported in théLi("Li, ®B)°H reaction at&("Li) = 82 MeV (1984AL08§ 1985AL1G
[0(0) ~ 60 nb/srat) = 10°] and inthe’Be(*' B, 1“O)°H reaction atF(}'B) = 88 MeV (1986BE3)
[0(0) ~ 16 nb/sr at) ~ 8°]. °H is unstable with respect to breakup iftd+ 3n by 2.7 +0.4 MeV,
' =1840.5 MeV (1984AL09, 2.6 £ 0.5 MeV, I' = 1.3 + 0.5 MeV (1986BE3). The value
adopted in the previous reviewt§88AJ0) is 2.7 + 0.3 MeV, I' = 1.6 + 0.4 MeV. See also
(1987B0O4(). The atomic mass excess ®f using the {995AU09 masses fofH and n, is then
41.9 4+ 0.3 MeV. There is no evidence for the formation ¢ in the °Li(x—, =*) reaction at
E.- = 220 MeV as reported in990PA25. (1991SEO0¥shows that the continuum missing mass
spectra can be explained in terms of the presence of dimeuitndhe breakup products. An anal-
ysis of the proton spectra for tAki(7—, p) reaction {990AM04 showed no evidence f6H.

The ground state dfH is calculated to have™ = 2~. Excited states are predicted at 1.78,
2.80 and 4.79 MeV withy™ = 17, 0~ and1™ [(0 + 1)Aw model space]X985P0O1)[see also for
(0 + 2)hw calculations]. See also the additional references cit¢l988AJ0).
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SHe
(Figs. 4and 7)

GENERAL: References to articles on general propertiésiefpublished since the previous review
(1988AJ0) are grouped into categories and listed, along with briefcdptions of each item,
in the General Tables fdiHe located on our website atvw.tunl.duke.edu/NuclData/General
_Tables/6he.shtml

Ground State Properties:

The interaction radius dfHe, obtained from measurements of the total interactioescsec-
tion, is2.18 + 0.02 fm (1985TA13 1985TA1g. These authors have also derived nuclear matter,
charge and neutron r.m.s. radii.

SHe is considered to be a neutron-halo nucleus becausedtadtipn radius, which is deduced
from the total interaction cross section itO5TAL13 1985TAL9, is appreciably larger than that
of °Li. A Glauber calculation using proton and neutron densifism an alpha-core valence-
neutron model leads to the conclusion that the matter raslionsich larger than the charge radius,
as predicted by theoretical models of fhée ground-state wave function. These theoretical mod-
els include three-body model&§993ZH1) 1995HI19, cluster-orbital shell modelsl991SU03
1994FU03, no-core microscopic shell models9Q96NA24, and microscopic cluster models for
various effective nucleon-nucleon interactiodi943CS04 1997WUO0). See alsoX992TA19.
The point proton and point neutron radii are often companestder to enhance the effect, and are
found to differ by 0.4—0.8 fm. For other typical propertid$alo nuclei seel995HASH.

1. SHe(3")SLi Qm = 3.508

The half-life is806.7 & 1.5 ms (1984AJ0). The decay to the ground stateaf (J™ = 17)
is via a super-allowed Gamow-Teller transitidog ft = 2.910 + 0.002 (1984AJ01 1988AJ0).
A second beta-decay branch leading to an unbound final statgsting of a deuteron and an
particle was reportedl@90RI0) based on the observation of beta-delayed deuterons. ahetr
ing ratio for £y > 350 keV was measuredlf93B0O24 1993RIZY) to be (7.6 &+ 0.6) x 107°.
Calculations are presented which consider alternativaydemutes. (One considers a decay to an
unbound state dfLi which then decays inte + d. In the other routéHe breaks up into an alpha
particle plus a di-neutron which decays to a deuteron). The calculation ¥94BA1) success-
fully reproduces the deuteron spectrum shape and branddtiong. References to theoretical work
on the®He(37)5Li decay are presented in TalBe2

2. 1H(6He,6He)1H Eb =9.975

Angular distributions for elastic scattering and for 1n @&rdtransfer were measured at 25
MeV/A, and spectroscopic amplitudes were extracted 1I999WO13. An analysis of elastic
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Figure 4: Energy levels dfHe. For notation see Fig. 5.



Table 6.1: Energy levels éHe

E JT T T1/2 OF e Decay Reactions
(MeV =+ keV)
g.s. 0t; 1 712 = 806.7 £ 1.5 ms 6~ 1,5,9,10,11,12,13, 14,
15, 16, 19, 20, 21, 22,
23, 24, 25, 30, 31
1.797 £ 25 2t 12 I'=113+20keV| n,a |5,9, 10, 11, 12, 13, 15,
16, 19, 20, 21, 22, 23,
24,26, 31
56300 | (2+,17,07); 12 121+ 1.1 MeV ? 15
146 +£0.72 (17,27); 12 7.4+1.0MeV? 9,15,19,22,24
(15.5 + 500) 4+ 2 MeV 10, 11, 16, 19, 23, 24
23.3+1.0% 14.8 £ 2.3 MeV @ 11, 15,19
(32) <2 MeV 23
(36) <2 MeV 23

2 Newly adopted in this evaluation or revised from the presievaluation {988AJ0).

scattering data at 700 MeM/is described in1998AL05. See also the analysi@{OODE43J of
data atE’ = 25, 40 MeV and that ofZ000GU19 at £ = 25—70 MeV. The reaction cross section
was measured for 36 MeM/®He on hydrogen, and a value of = 409 + 22 mb was obtained
(2001DE19. Analysis within a microscopic model allowed tAele density distribution to be
explored.

The use of elastic and inelastic scattering with secondeayris to probe ground-state transition
densities of halo nuclei has been explored in a theorettodly1995BE2§. Cross sections for
E = 151 MeV were calculated by2000AV02, and density-distribution features were deduced.
See also the discussion df99EGO0.

3. (a)3H(t, ny’He Qum = 10.534 E, = 12.305
(b) 3H(t, 2n)He Qm = 11.332
(c) *H(t, H)*H

The cross section for reaction (b) was measuredHpr= 30 to 115 keV by (986BR20Q
1985JA16 who also calculated the astrophysiéafactors [the extrapolatef(0) ~ 180 keV-b]
and discussed the earlier measurements. See #8dAJ0]1 1979AJ0) and (L986JA1H. Cal-
culations have also been made within the framework of thediaannel resonating group method
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Table 6.2:5He(37)°Li — Theoretical work

Reference Description

1989D01B Meson exchange corrections to thee,  —SLi, . beta decay

1989SA20 Polarization effects of second-class currents in the tard inverse decay of nuclei
1989TEO04 Neutral current effect in nuclegi-decays

1990DA1H Two body phase space in alpha-deuteron breakup at 40 MeV

1990DAZR Beta-decay of the ground statefe in three-particler + 2n model

1990D004 Particle-hole symmetry and meson exchange correctiorefitte beta decay amplitude
1990HA29 A review of recent results on nuclear structure at the dniedi

1991DA24 Decay of the ground state of thele nucleus in the three-particte+ 2n model
1992DAZV Static electromagnetic characteristics and beta-decéyef

1992DE12 Beta-delayed deuteron emission®éfe in a potential model

1993CHO06 Gamow-Teller beta-decay rates fdr< 18 nuclei, a comprehensive analysis
1993ZH09 °He beta decay to the + d channel in a three-body model

1994BA11 Deuteron emission followinfHe beta decay

1994BB03 Evidence for halo in quenching 6He 5-decay into alpha and deuteron

1994CS01 Microscopic description of the beta delayed deuteron d@arifsom ‘He

1994SK01 Improved limits on time-reversal-violating, tensor weakiplings in®He

1994SU02 Glauber theory microscopic analysis of fragmentation agtd-olelayed particle emission
1995SU13 Study of halo structure in light nuclei with a multiclusteodel

1998GL01 Order« radiative correction t§He 3-decay recoil spectrum

1999ER02 Antisymmetrization in multicluster model & nucleon exclgareffects

(1989VA20, the microscopic multichannel resonating group meti@®{TYO0) and the gener-
ator coordinate methodl§90FU1H. For muon-catalyzed fusion se&@988MA1V, 1989BR23
1989CH2F 1990HA44. For earlier work seel@88AJ0).

4.*He(2n,v)°He Qm = 0.973

A mechanism for this reaction in astrophysical processasiggiested, and a reaction rate is
calculated {996 EFO0.

5. *He(t, pfHe Qm = —7.508

Angular distributions of the protons fiHe*(0, 1.80) have been measuredft = 22 and
23 MeV. [No L-values were assigned.] No other states are observedAyitk 4.2 MeV: see
(1979AJ0). Cross sections and angular distributions for the reagtioducts of théH(«, p)°He
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reaction were measured A, = 27.2 MeV (1992G02). A potential description ofH + *He
elastic scattering is discussed PQ3DU0Y9.

6. *He(x, 2pfHe Qm = —27.322

Total cross sections for the production®fe have been measurezDQ1AU0 at £, = 159,
280 and 620 MeV in a study of cosmic ray nucleosynthesis. &belting cross sections decrease
rapidly with energy.

7. “He(He,He)'He E, = 7.412

Differential cross sections were measuredzgtHe) = 151 MeV. DWBA analysis suggests
a spectroscopic factor of~ 1 for the di-neutron cluster. 1098TE1D 1998TE03. Measure-
ments atf.,, = 11.6 and 15.9 MeV (999RA1Y also show evidence for the 2n transfer process
in the elastic scattering. However, a couple-discretizeatinuum channel analysis discussed in
(2000RUO03 suggests a smaller 2n transfer process than commonly aslE01TEO3. See also
the analyses and calculations @p@8G01,J19990G0619990G0Y. A microscopic multicluster
model description of the elastic scattering process isugdsed in {999FUO03.

8. °He(p, pfHe E, =9.975

See reaction 2 for experimental information on thie + 'H system.

Calculations of the elastic scattering of protons frée atZ, > 100 MeV are described in
(1992GAZ27. A folding model with target densities which reproduce time.s. radii and a range
of electroweak data was used.

A calculation of the expansion of the Glauber amplitude dbed in (L999AB37 found that a
SHe matter radius constant with the analysis is 2.51 fm. &range coupled channel calculations
have been performed below tfide three-body breakup threshoRDQOTI0). A theoretical study
(2000WEO3J with four differential nuclear structure models conclddéat elastic scattering at
< 100 MeV/A does not provide good constraints on the structure ofiteeground state. First
order optical potentials were studied for 20-40 MeV scatteby (2000DE43. A microscopic
multicluster calculation of (#) ando(E) for E.,,, = 0-5 MeV is reported inZ001AR03.

9. 5Li(e, 7)°He Qm = —143.078
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(1986SH12 report breaks in (ey™) spectra at, = 202 MeV corresponding t&®, = 7, 9,
12, 13.6, 17.7 and 24.0 MeV. Using the shape of the virtuatghgpectrum results in groups
with angular distributions that suggest that the statesS84d,1.7.7 and 24.0 MeV are spin-dipole
isovector states]" = 17, 27]. See also1990SH1). For the earlier work sed984AJ0). [Note:
The states reported here at 7, 9 and 12 MeV are inconsistémtiva work reported in reactions
12, 13, 22 and 23, and with the work on the analog regidiBi.

10. (a)SLi(7~, v)°He Qm = 136.062
(b) Li(7—, 7°)°He Qm = 1.086

The excitation ofHe*(0, 1.8) and possibly of (broad) statesfat = 15.6 + 0.5, 23.2 £ 0.7
and29.7 + 1.3 MeV has been reported: seE9(79AJ0). A study of capture branching ratios to
SHe*(0, 1.8) was reported inQ86PEO}. For reaction (b) seel@84AJ0).

11.5Li(n, p)°He Qm = —2.725

Angular distributions of the ground state proton gropphave been reported &, = 4.7 to
6.8 MeV, at 14 MeV and at 59.6 MeV [se2979AJ01 1984AJ0)] and at 118 MeV {987P0O18
1988HA2C 1988WA29. At E,, = 59.6 MeV broad structures in the spectra are ascribed to states
atE, = 155+ 0.5and25+ 1 MeVwith' =4+ 1.5 and8 4+ 2 MeV (1983BR32 1984BR03}

[see for discussions of the GDR strength]. The ground stdetion has also been studied at
E, =198 MeV (1988JA0). Proton spectra were measured-at= 118 MeV by (1998HA2).

An angular distribution of the proton group correspondimgaopulation of thef, = 1.8 MeV
J™ = 2% state iHe was also reported 988WA29. See also{989WA1H. Angular distributions
were measured fgs, at £, = 280 MeV in tests of isospin symmetry in (n, p), () @nd (p, n)
reactions populating th& = 1 isospin triads inA = 6 nuclei (1990MI10Q. Cross sections for
O, = 1°=10° for £, = 60—-260 MeV were measured to obtain the energy dependence of the
Gamow-Teller strengthl@91S0Z71992S0O0%.

Several theoretical studies have been reported since ¢veops review. A dynamical multi-
cluster model was used to generate transition densitiedferand®Li (1991DA09. A micro-
scopic calculation in the framework of tlhe+ 2N model ((993SH1G reproduced energy spectra
and cross sections reliably. Predictions for the structiira second®2(*) resonance in théHe
continuum were made with@ + N + N cluster model 1997DA0J). Halo excitation offHe in
SLi(n, p)°He was studied using four-body distorted wave the®@B887ER0Y; see alsol997VAQH.

The status of experimental and theoretical research orenigaturing a two-particle halo is re-
viewed in L996DA3)).

12.6Li(d, 2p)’He Qm = —4.950



The previous reviewl©988AJ0) notes that atry; = 55 MeV, °He*(0, 1.8) [the latter weak]
are populated: no other states are observed Wjtk< 25 MeV [see (984AJ0)]. More recently
cross sections di° were measured at; = 260 MeV (19930H0) and atEy = 125.2 MeV
(1995XU02. In both studies the cross section for ftHe) showed a linear relationship with
Gamow-Teller strength from decay or (p, n) reactions.

13.6Li(t, *He)’He Qum = —3.489

The ground-state angular distribution has been studidd at 17 MeV. At £, = 22 MeV
only °He*(0, 1.8) are populated faf, < 8.5 MeV: see (979AJ0). Differential cross sections
for the transition tdHe*(1.8) are reported ab'(°Li) = 65 MeV (1987AL23. In a more recent
experiment at;, = 336 MeV reported in P000NA35, the®He ground and 1.8 MeV states were
populated. In addition, a broad asymmetric structure atduin~ 5 MeV was observed with an
angular distribution which exhibited L = 1 dominance. Another structure &t ~ 14.6 MeV
was observed with the angular distribution indicatihg = 1.

14.5Li(SLi, BefHe Qum = —7.796

Angular distributions have been studied (°Li) = 32 and 36 MeV for the transitions to
°He, ., °Be, . and, in inelastic scattering 6L.i [see °Li], to the analog statéLi*(3.56): for a
discussion of these see the references quotetbingAJO).

15.5Li("Li, "BefHe Qm = —4.370

Measurements of differential cross section&étli) = 82 MeV are reported in{992GLZX,
1993GLZZ 1994SAZ2 and atE("Li) = 78 MeV in (1993SA35 1994RUZJ. The®He levels
atF, = 0J" = 0" andE, = 1.80 J™ = 2" were identified. A maximum at, ~ 6 MeV
is interpreted as consistent with a soft-dipole responpe@®d in neutron-halo nuclei. A study
(1996JA11 1999AN13 at £("Li) = 350 MeV utilized magnetic analysis to observe transitions
to the J™ = 0T ground state, and thé™ = 2" state atFl, = 1.8 MeV, as well as pronounced
resonances at~ 5.6 MeV, =~ 14.6 MeV and ~ 23.3 MeV (1996JA1). See Tabl&.3 In
experiments aty = 65 MeV/A with this reaction, isovector spin-flip and spin non-fliparances
were deducedl©@98NAZRE 1998NAZR. See also the more recent measurements described in
(2000NA29 and RO01NA1S.

A theoretical study ofHe structure with an extended microscopic three-clustestehis de-
scribed in (999AR09.
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Table 6.3: Levels ifiHe fromSLi("Li, "Bef’He?

Ey JT r do /d2P G*°
(MeV) (MeV) (mb/sr)
g.s. 0F 0.72 £0.08 0.46 £ 0.05
1.92+0.17 2% 0.25+0.04 0.40 £0.10
5.6 +0.3 (2t,17,07%) dl 121411 4.56 +0.48 0.39 +£0.04
14.6 £0.7 (1, 2)~ 744+1.0 2.11£0.23 0.43 £0.06
23.3£1.0 14.8 +£2.3 1.75+0.19 0.47 £0.07

2 (1996JA1). E("Li) = 350 MeV.

PG = 4.5°.

¢ Averaged spin-flip signatur&s = Yinc/ Yingles-

4 (1999AN13 and J. Janecke, private communication.

16. (a)"Li(~, p)’He
(b) "Li(e, epfHe

Qm = —9.975
Qm = —9.975

At E, = 60 MeV, the proton spectrum shows two prominent peaks atethuo *He*(0 +
1.8, 18 £+ 3): see ((979AJ0). Reactions (a) and (b) have been studied BYy86SE1). See
alsoLi, (1984AJ0) and (L986BA2Q. An analysis of the available experimental data’an
photodisintegration at energies up & = 50 MeV is presented in1990VAZM, 1990VA19.
See also the discussion of reactions involving scatteringotarized electrons from polarized
targets {993CAL1). In more recent work a broad excited state was obse2@d1BO3§ in ‘He
with energy £, = 5 £ 1 MeV and width[' = 3 + 1 MeV. In experiments with reaction (b)
momentum distributions from transitions to tHee ground and first excited states were measured
by (1999LA13 2000LA17). The deduced spectroscopic factor for both reactiofs$is+ 0.05 in
agreement with variational Monte Carlo calculations.

17.7Li(7—, *He)n Qum = 128.812

The results of measurements of inclusive spectra mademwitmesons with momentum 90
MeV/c are presented inLR93AMO09. The yield of one-neutron emission was found toYbe-=
(1.1 £0.2) x 1073 per stopped .

18.7Li(7~, 7 p)°He Qm = —9.975
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Pion and proton spectra were measured at 0.7, 0.9, 1.25¢G8V(2000AB25. Fermi-
momentum distributions were deduced.

19.7Li(n, d)’He Qm = —7.751

At £, = 60 MeV, the deuteron spectrum shows two prominent peaks ait#wibto states cen-
tered atF, = 13.6, 15.4 and 17.7 MeV£0.5 MeV) and a possible state or states (populated with
anl, transfer > 2) at £, = 23.7 MeV. DWBA analyses of thel, andd; groups are consistent
with I, = 1 andS(1ps/,) = 0.62 for °He, . and toS(1,,,,) = 0.37, S(1,, ,) = 0.32 for *He*(1.8)
(1977BR17: see (979AJ0). Measurements of the cross section as a function of enemgy f
E, = 10-30 MeV were reported inlO89CO22. See also the measurementdat= 14.1 MeV
(1989SHZS.

20.7Li(p, 2p)°He Qm = —9.975

From measurements &i, = 1 GeV (1985BE3( 1985D016, the separation energy between
6—7 MeV broadlp;/, andls, , peaks is reported to bet.1 4+ 0.7 MeV. See also{983GO0¢ and
(1979AJ0). Differential cross section measurement&gt= 70 MeV are reported in988PA26
1998SH332001SHO03. Contributions from 1p and 1s nucleons’ld were distinguished. Proton
spectra measurements o, = 1 GeV were reported by2000MI17 2001MI07). Effective pro-
ton polarizations were deduced. See also the review of erpatal and theoretical nucleon and
cluster knockout reactions in light nuclei presentedliag7VD1A).

21.7Li(d, *He)f’He Qm = —4.482

As summarized in the previous review988AJ0), angular distributions of théHe ions to
®He*(0, 1.8) have been measuredfat = 14.4 and 22 MeV: they have ah = 1 character and
therefore these two states haye = (0-3)". There is no evidence for any other state$ldé
with E, < 10.7 MeV: see (L979AJ0). (1987B0O39 [E4 = 30.7 MeV] deduce that the branching
ratio of *He*(1.8) into a dineutrons{?: 7' = 1, S = (] and ana-patrticle is0.75 £ 0.10. See
also (L985B0O59 and (L987DA3). More recently, the energy spectrum of neutrons from the
fHe excited state ab, = 1.8 MeV populated in this reaction was measuredzat= 23 MeV
(1994B0O46.

22.7Li(t, a)°He Qm = 9.838
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As summarized inX988AJ0), the energy of the first-excited statelig97 4+ 0.025 MeV,
I' = 113 + 20 keV. °He*(1.80) decays int6He + 2n. The branching ratid,/T", < 2 x 107¢:
for I'c,, = 113 £ 20 keV, I', < 0.23 eV. Angular distributions of the,, anda; groups have been
measured ak, = 13 and 22 MeV. No otheti-groups are reported correspondin§ite states with
E, < 24 MeV (region betweer’, ~ 13 and 16 MeV was obscured by the presence of breakup
a-particles): seel©79AJ0). Angular distributions were reported &t = 0.151 and 0.272 MeV
(1987AB09 ay, a;) and atE("Li) = 31 MeV (1987AL23 to ‘He*(0, 1.8, 13.6)).

In more recent work, differential cross sections were messatF; = 38 MeV (1992CL0J.
DWBA calculations are presented and spectroscopic faaterdeduced.

The resonance theory of threshold phenomena was used t@arhiferential cross sections
for "Li(t, «)°He*(1.8) ford < 90° at £, = 80-500 keV in a study of’Be levels (991LA1D).

23.7Li(*He, p'He)l’He Qm = —9.975

At E(3He) = 120 MeV the missing mass spectra shéde*(0, 1.8) and a strong, broad peak
corresponding téHe*(16) [possibly due to unresolved states]. There is natébn of a state near
23.7 MeV but there is some evidence of structureB,at= 32.0 and 35.7 MeV, with’ < 2 MeV
(1985FRO}.

24. (a)"Li(°Li, "Be)’He Qm = —4.370
(b) Li("Li, *Be)’He QO = 7.280

In reaction (a) at£'(°Li) = 93 MeV a broad peakI{ = 5.5 MeV) was reported af, =
14 MeV. A second structure may also be present at 15.5 M&3TGLZW, 1988BUZH. He*(0,
1.8) are also populated $88BUZH. For reaction (b) se&Be in (1988AJ0). See also'Be,
(1984AJ0) and (1988BU1Q 1984BA53, and seeX996S0O1Ywhich involves®Be excited states.
Measurements of differential cross section&étLi) = 22 MeV were reported in988BO18.

25.°Be(y, *He)f’He Qm = —21.178

Measurements of ground-state cross sections and angstiabdiions are reported it 999SHO0%.
See (999ZHZN for a compilation and evaluation of cross section dataffpr< 30 MeV.

26.°Be(n,a)He Qm = —0.600
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Angular distributions have been reported foy = 12.2 to 18.0 MeV ¢, a1). No other states
are observed witlt, < 7 MeV: see ((979AJ0). For a study of possible dineutron breakup of
SHe*(1.8) see {9830T03. An analysis of the alpha and neutron spectra observedsmehction
for £, ~ 14 MeV is presented in1988FE0). See alsd’Be in (1988AJ0) and (L983SH1).

27.°Be(*He,Hey'Be E, = 19.069

Elastic scattering measurements #6f°He) = 8.8-9.3 MeV were reported inl@91SMO).
The data are well reproduced with calculations u$inigor “Li optical model parameters. See also
Be in (1988AJ0).

28.9Be(Li, ?B)°He Qm = —4.576

Differential cross sections were measuredvéiLi) = 34, 62 MeV, and spectroscopic factors
were deducedl©85C0O0Y. Vector and tensor analyzing powers were measured foctilebeof
the®He nuclei a¥.,, = 14°-80° at £(°Li) = 32 MeV (1993RE0J. See’B in (1988AJ0).

29.°Be('Li, °He)’B Qm = —3.390

This reaction has been used as a sourcéHaf beams for elastic scattering experiments at
E(°He) = 8.8-9.3 MeV (1991SM0) and atE(°He) = 10.2 MeV (1995WAO0J).

30.°Be(Be, °He)!?C Qm = 5.101

Angular distributions were measuredi&f’Be) = 40 MeV (1992C0O05%. See€’Be in (1988AJ0)
and*2C in (1990AJ0).

31.1'B("Li, 12C)°He Qum = 5.982

At E(*'B) = 88 MeV the population of the ground state and the first-excitatesat ), =
1.8+ 0.3 MeV (I' < 0.2 MeV) is reported {987BEY|). See alsol988BEYJ).

32.12C(u*, ®He)X

14



Measurements of the energy dependendé at 100, 190 GeV were reported b Q00HA33.

33.12C(°He, n)X

Peripheral fragmentation 6He at 240 MeVA was studied{997CH241997CH471998AL10
in a kinematically complete experiment. It was found that-meutron stripping toHe is the dom-
inant mechanism. A continuation of the analysis descring@000AL04) indicates excitation of
the °He first2* state and associates it with E1 dipole oscillation. See @I863FE0). Model
calculations are discussed (h9O8BE09 1998GA37.

34.12C(°He, )X

Measurements at 240 MeX/are described inO98AL1Q 1998AN02 1999AU01 2000AL04.
Fragmentation cross sections’éfe were analyzed in the Glauber theory to investigate th@imp
tance of neutron correlatiorl994SU02Y. Fragmentation reaction data and beta-delayed particle
emission data are reproduced successfully. Detailedtatei¢s described with a multicluster
model and halo-like structure is discussedif45SU13. See alsol998BE09 1998GA37.

35.12C(°He, ®He)2C E, = 18.376

Elastic and quasielastic scatteringbie on'>C was studied ab'(*He) = 10.2 MeV (1995WAO0J).
See also(995PE1[). Measurements of cross sections were made at 41.6 MEW96AL1D).
The results were successfully analyzed within a 4-bedy {1+ n + '2C) eikonal scattering model.

Potential parameters were deduced and differential cemtioas were calculated féHe scat-
tering at 50 and 100 MeW (1993GO0®. The possibility of studying the structure of the neutron
halo in°He elastic rainbow scattering is discussed. See dl869S102 1992CL04 1993FE02
1995GA24. Calculations of cross sections At= 20—-60 MeV/A were reported inZ000BO43.
Proton, neutron and matter r.m.s. distributions were adcutated.

36.203Pp(He, 2m)X

Measurements and analyses of a three-body breakup expeat®10 MeVA are described in
(1999AU01 2000AL04. Two-neutron interferometry measurements at 50 Me¥re discussed
in (2000MA12.
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5Li
(Figs. 5and 7)

GENERAL: References to articles on general propertiésigfublished since the previous review
(1988AJ0) are grouped into categories and listed, along with briefcdptions of each item,
in the General Tables fdiLi located on our website atwvw.tunl.duke.edu/NuclData/General
_Tables/6li.shtml

Ground State Properties:

1 = +0.8220473(6) nm,+0.8220567(3) nm: see {989RA17,
Q = —0.818(17) mb (L998CEO.

The interaction nuclear radius &fi is 2.09 4+ 0.02 fm (1985TA1§. These authors have also
derived nuclear matter, charge and neutron r.m.s. radii.

Quadrupole momentThe tiny quadrupole moment ét.i poses a difficult task for theoretical
calculations. Except for a phenomenologicB®§5ME03, a microscopic clusterl@86ME1J,
and a Greens-Function Monte-Carl®@7PUO03 calculation, the models fail even to predict the
sign. See the discussion of three-body modelslBOBSC3). In (1991UNO03, this failure of
the three-body models is blamed on the missing antisymnagion of the valence nucleons with
the nucleons in the alpha-core. Another microscopic ciugtieulation (992CS0J considers the
findings of (L986ME13 to be due to a fortuitous choice of the model space.

Asymptotic D/S ratid : The ratio of the D- and S-state asymptotic normalizationstants, re-
ferred to in the literature ag, has been used widely to quantify the properties of the Besta
wave function. There is general agreement in the- 2—4 systems between theoretical calcu-
lations and empirical determinations of the normalizattonstants. Seel@88WE20 1990E101
1990LE24. The S-statex + d normalization constant fofLi appears to be well determined
(1993BL09 1999GEO02, but both the magnitude and signmpére uncertain.

In a two-bodya +d model it was foundX984NI0J) that in order to reproduce the experimental
quadrupole momen®, the wave functions must have< 0. However, three-bodyo + n + p)
models consistently result in predictionspf> 0 (1990LE24 1995KU0Y. Recent microscopic
six-body calculations using realistic NN potentials poegi= —0.07 (1996FO04.

The asymptotic D/S ratio has been probed empirically byyshgpscattering processes, transfer
reactions, andLi breakup. These determinations usually rely on an undeglgssumption as to
the scattering or reaction mechanism. The S- and D-state@syic normalization constants were
determined in a study of d-scattering {978B043 from which»n was found to be-0.005+0.014.
SeveralSLi + Ni elastic scattering studied $84NI103, 1995DE06 1995RU12 have described
polarization observables with ~ —0.01, while an investigation of the breakup ®Ei on 'H
suggests; > 0 (1992PU03. A study of theSLi(d, «)*He reaction {990SA47 found thatn

1 We are very grateful to K.D. Veal and C.R. Brune for providthgse comments on the asymptotic D/S ratio for
6Li.
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should lie in the range-0.010 to —0.015. Recently, a phase-shift analysis‘df + *He scattering
determined; = —0.02540.006+0.010 (L999GE02 while an analysis of(_i, d) transfer reactions
resulted in a near zero valuept= +0.0003 + 0.0009 (1998VEO03J.

Based on these theoretical and empirical results, we cdachat both the magnitude and sign
of ny for the®Li — o +d wave function are not well determined. See alk@98VE03 1999GE0Y.

Isotopic abundance7.5 4+ 0.2)% (1984DES3. See alsol987LA1J 1988LA10Q.

For estimates of the parity-violating-decay width ofLi*(3.56) [0*; T" = 1] see ((983R0O12
1984BU01 1986BUOQ7}.

1. 'H(Li, °Li)'H

Differential cross sections were measuredrat= 0.7 GeV/A by (2000DOZY, 2001EGO.
Matter distribution radii and halo features@fi*(3.56) were deduced.

2. 2H(a, 7°)0Li Qm = —133.503

Measurements of cross sectionggt= 418, 420 MeV are reported by?000AN15 2000AN31).
Halo features ofLi* were deduced.

3. (a)*HeCH, 7)°Li Qum = 15.7947
(b) *HeCH, ny'Li Qum = 10.41 E, = 15.80
(c) *HelH, d)*He Qm = 14.32037

(d) *HeH, *H)*He

Figure 5: Energy levels dfLi. In these diagrams, energy values are plotted vertigallMeV, based on the
ground state as zero. Uncertain levels or transitions alieated by dashed lines; levels which are known
to be particularly broad are cross-hatched. Values of aotgular momentuny, parity, and isobaric spin

T which appear to be reasonably well established are indicatethe levels; less certain assignments are
enclosed in parentheses. For reactions in whidhs the compound nucleus, some typical thin-target ex-
citation functions are shown schematically, with the yigldtted horizontally and the bombarding energy
vertically. Bombarding energies are indicated in labasatmordinates and plotted to scale in cm coordi-
nates. Excited states of the residual nuclei involved isglreactions have generally not been shown; where
transitions to such excited states are known to occur, &hsasometimes used to suggest reference to an-
other diagram. For reactions in which the present nucleasrs@s a residual product, excitation functions
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Table 6.4: Energy levels 6t.i

E, (MeV + keV)?

JT T

[ (MeV) 2

Decay

Reactions

g.s.

2.186 £2

3.56288 +0.10

4312 £22°b

5.366 & 15
5.65 % 50
17.985 425 > @
24.779 £ 54> ¢
24.890 & 55 b

26.590 + 65 > ©
d

(¢}

170

3t 0

0+; 1

20

2t 1
17;0
27; 1P
37;1°P
4= 1P
27;1be

0.024 £ 0.002

(82+0.2) x 1076

1.30+0.10"

0.541 +0.020®
1.54+0.2
3.012 4+ 0.007 ®
6.754 +0.110
5.316 +0.112°
8.684 4+ 0.125 > 8

stable

v, d,

v, d,

7, Ny P
d, a
v, t, 3He
v, N, t,°He
v, N, t,%He
~,n,d, t3He

3,4,5,6,9,10, 11,12
14, 15, 16, 17, 18, 19
20, 21, 22, 23, 24, 25
26, 27, 28, 29, 30, 31
32, 33, 34, 36, 37, 38
39, 40, 42, 43, 44, 45
47, 48, 49, 50, 51, 52
53, 54, 55, 57, 59, 60
61, 64, 67

3,4,5,8,9,10,17, 18
19, 20, 21, 23, 24, 25
26, 27, 29, 30, 33, 34
36, 37, 38, 39, 42, 44
45, 46, 47, 48, 49, 55
57

3,5,12,15,17, 18, 20
21, 22, 23, 25, 34, 37
38, 39,42, 44,67

3,8,17,18, 20, 21, 29
37,39, 42,55

3,17, 20, 37, 38, 39
8, 20, 39, 42

3

3,8

3

3,8

2 See also Tablé.12

b Newly adopted in this evaluation or revised from the presieualuation {988AJO0).
¢ See remarks under reaction 3, and see Taldle
4 For possible states at high, see reactions 8, 37, 39 and 45 and Ta&b&

¢ B, = 17.985 4 25 was previously reported il@88AJ0) asF, = 21.0 MeV.
f By = 24.779 + 54 MeV was previously reported a8, = 26.6 + 0.4 MeV with 7" = 0 in (1988AJ0). See

(1990MO10).
& (1990MO1).

19



have not been shown. Further information on the levelstithiisd, including a listing of the reactions in
which each has been observed, is contained in the master ¢atitled “Energy levels dfLi".

In the previous reviewl(988AJ0), information on radiative capture 6H on *He was sum-
marized as follows: “Capture-rays (reaction (a)) to the first three stateSof[ o, 71, 72] have
been observed fobE'(*He) = 0.5 to 25.8 MeV, while the yields of; and~, have been measured
for E(*He) = 12.6 to 25.8 MeV. They, excitation function does not show resonance structure.
However, theyy, 71, 73 and~, yields do show broad maxima #&(®*He) = 5.0 + 0.4 [0, 71],
20.6 £ 0.4 [11], = 21 [ys] and21.8 £ 0.8 [y4] MeV. The magnitude of the ground-state-capture
cross section is well accounted for by a direct-capture dhkat for the~, capture indicates a
non-direct contribution abov&(®*He) = 10 MeV, interpreted as a resonance due to a state with
E, =25+1MeV, ', =4 MeV, T = 1 (because the transition is E1, td/a= 0 final state)
[the E1 radiative widthM|? > 5.2/(2J + 1) W.u.], J™ =(2, 3, 4)", a + p + n parentage. The,
resonance is interpreted as being due to a broad stdie at 26.6 MeV with 7" = 0. J™ = 3~
is consistent with the measured angular distribution. Titwengd and first excited state reduced
widths for*He + t parentagef? = 0.8 + 0.2 and#? = 0.6 + 0.3: see (974AJ0). See also
(1985M0ZZ 1986M0OZQ 1987M0O1)."

Since the previous reviewl988AJ0), a new resonance analysis988MO1| 1990HE20Q
1990M010Q 1992HE1E has been applied to tHele+*H elastic scattering in odd parity states and
to the®He(H, +) data. This analysis explains the shape of the capture seximns and angular
distributions in terms of very wide overlapping resonan&es Tablé.5. These correspond fhi
states att, = 17.985 4+ 0.025 MeV, I'.,, = 3.012 £ 0.007 MeV, J™ = 27; E, = 24.779 4+ 0.054
MeV, T'., = 6.754+0.110 MeV, J™ = 37; E, = 24.890+0.055 MeV, ', = 5.316£0.112 MeV,

JT =47, B, = 26.590 £+ 0.065 MeV, I'.,, = 8.684 £+ 0.125 MeV, J™ = 2~ (all with S = 1,

T = 1). The analysis is compatible with an almost péife—H cluster structure of the negative
parity unboundLi states withS = 1, 7' = 1. These results are supported by calculations described
in (19950H03 which utilize a complex-scaletHe + t resonating group method to calculate the
energies and widths of tH&i *He + t states. Note, however, that the calculated scatteringgoha
shifts rise only gradually with energy and stay well belgdw. Consequently the stated precision
on the extracted level parameters is a point of controveetyden the authors ol 990MO10Q
1990HE2( and one of the authors [H.M.H.] of this review. The radiatoapture reaction as a
source of’Li production in Big Bang nucleosynthesis is discussedli®9QFU1H 1990MA1Q
1997N0O0J3. See alsol995DU132.

The angular distribution and polarization of the neutranseiaction (b) have been measured
at E(*He) = 2.70 and 3.55 MeV. The excitation function f@#(*He) = 0.7 to 3.8 MeV decreases
monotonically with energy. The excitation function fog has been measured fai(*He) = 2
to 6 MeV and forE(*He) = 14 to 26 MeV; evidence for a broad structurefa®He) = 20.5 =+
0.8 MeV is reported {Li*(26.1)]: see (L979AJ0).

Angular distributions of deuterons (reaction (c)) haverb@easured foF), = 1.04t0 3.27 MeV
and atE(®*He) = 0.29 to 32 MeV. Polarization measurements are reportedfo« 9.02 to 17.27
MeV [see ((979AJ0)], as well as atE(*He) = 18.0 and 33.0 MeV {986RA1Q. See also
(1986KO1K) and (L985CA4). A microscopic calculation for reaction (c) and its inversith
special emphasis on isospin breaking in the analyzing psascribed in1990BR09. See also
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Table 6.5: Levels ofLi from 3He(H, *H)3*He and®*He(H, ~,)5Li*(2.18) #

State J5T Espe (MeV) E, (MeV) e (MeV)

3P, 27,1 2.190 £0.025 | 17.985 +0.025 | 3.012 £ 0.007
33F, 37,1 8.984 £0.054 | 24.779 £ 0.054 | 6.754 £0.110
BE, 471 9.095 + 0.055 | 24.890 £+ 0.055 | 5.316 = 0.112
3F, 27,1 10.795 £ 0.065 | 26.590 £+ 0.065 | 8.684 £+ 0.125

& From the analysis 1090HE20Q 1990MO1Q of data from (968BL1Q 1973VE09
1977VLO)D.

the calculations of}990BLZW, 1993DU02 1993FI10§.

Elastic scattering (reaction (d)) angular distributionsrevmeasured at(*He) = 5.00 to
32.3 MeV and excitation functions were reported fifHe) = 4.3 to 33.4 MeV see{979AJ0).
At the lower energies the elastic yield is structureless @exteases monotonically with energy.
Polarization measurements were reportedApr= 9.02 to 33.3 MeV. A strong change occurs in
the analyzing power angular distributionsiat = 15 MeV. See (988AJ0) for a description of
earlier analyses of these data. More recently a new reseramalysis 1990HE20 1990MO10Q
of these same data along withle(*H, +) data led to thé'Li S = 1, T = 1 states discussed
above under reaction 3(a). See Tablg A coupled-channels variational model calculation of the
3He(total) cross section fdr, = 9 MeV has been reported b {01 TH13.

For other channels se&984AJ0). See also1984KR1B. For thermonuclear reaction rates
see (L988CA24.

4. (a)*H(c, n)Li
(b) *H(ar, ad)n
(©) *H(c, t* He)n

Qun = —4.7829
QO = —6.25725
Qum = —20.57762

6Li*(0, 2.19) have been populated with reaction (a): sE¥7¢AJ0). See alséLi (1983CO1E
and (L983FU1). Cross sections foF, < 20 MeV were calculated with a resonating group
method by {991FUO02. A kinematically complete experiment on reaction (bFat= 67.2 MeV
is described inZ000GO3%. Li excited states af, = 14.5 and 16.0 MeV with widths: 1 MeV
are reported. In a similar experimed®@9GO3pat £, = 67.2 MeV on reaction (c) 4Li level at
E, =~ 20-21 MeV was reported based on the energy of the final stateseeti andHe.

5. 3He(He, 7)5Li Qum = —123.7941
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Differential cross sections were measured for the tramstitoLi*(0, 2.19) for £(*He) =
350, 420, 500 and 600 MeV1P83LE2§. See alsol984AJ0), (1983BR3]1 1983JA13 and
(1984GEO0Y. Analyses of data foiv(*He) = 295-810 MeV and microscopic reaction model
calculations are reported b$991HA2). See also the calculations dfq99Vv00).

6. “He(d,~)°Li Qum = 1.4743

The previous reviewl(988AJ0) summarized the information on this reaction as followso“N
resonance has been observed corresponding to formatfini*(8.56) [0F; T = 1]: the parity-
forbiddenl’, < 6 x 107 eV (1984R0O0%". See also {984BU01 1986BU07Y.

“The cross section for the capture cross section has beesumegbforE, = 3 to 25 MeV by
detecting the recoilin§Li ions: the direct capture is overwhelmingly E2 with a sniall contri-
bution. The spectroscopic overlap betweerfttie, anda+d is0.85+0.04: see (984AJ0). See
also (1982KI11), (1985CA411986LA22 1986LA27) and theoretical work presented itB84AKO0],
1985AK1B 1986AK1C 1986BA1R.”

Since the previous reviewl §88AJ0), measurements of the cross section at energies: 2
MeV corresponding to th&" resonance at, = 2.186 MeV in SLi have been reported 094MO17.
Values extracted for the total widithand the radiative width, confirm the adopted valu¢ §88AJ0).
An experimental search for the reactionfat, ~ 53 keV (1996CEQ02 gave an upper limit for the
S factor of2 x 20~ MeV - b at the 90% confidence level. Implications for Big Bang nasiathe-
sis ofLi are discussed. Thermonuclear reaction rates for thigti@acalculated from evaluated
data are presented in the compilatiG999AN35.

A considerable amount of theoretical work has been devottid reaction — much of it related
to its importance in astrophysics. A list of references \Vaitief descriptions is provided in Table
6.6.

7. (a)*He(d, np}He Qm = —2.224 E, =1.475
(b) *He(d, tPHe Qm = —14.320

Reaction (a) has been studiedig = 165 MeV and toEy = 21.0 MeV: see (979AJ01
1984AJ0). Measurements are also reportedrat = 5.4, 6.0 and 6.8 MeV 1985LU0§, 6 to
11 MeV (19850S0%, 10.05 MeV (983BR23 and 12.0 and 21.0 MeV1083IS1() and atE,, =
11.3 MeV (1987BR07. See alsol986DO1K.

More recently, measurements of the cross section and &esestensor analyzing power at
E4 = 7 MeV were madeX988GA14 with kinematic conditions chosen to correspond to produc-
tion of the singlet deuteron. Coulomb and nuclear field ¢ff@tthese reactions are discussed in
(1987KO1X 1988KA39. Cross sections and polarization observables from data at 12, 17
MeV are compared with three-body model predictionsliag8SU12.
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Table 6.6:*He(d,~)°Li — Theoretical work

Reference

Description

1989CRO1
1989SC25
1990CR04
1990KRZX
1990SC22
1991SC23
1991TY02
1993JA02
1993MU12
1994M0O17
1995DU12
19951G06
1995MU21
1995MU1J
1995RY01
1997NO04
1998KHO06
20001G03
2001NOO01

D-state effects in théHe(d,~)%Li reaction

The reaction rate af = 300 K for 2H(«a, )°Li and other reactions
Tensor interaction effects itHe(d, ~)bLi

Polarization observables féHe(d,~)°Li and the D state ofLi

The extended elastic model Il applied?d(c, ~)OLi

A simple expression for the cross-section factor in nudiesion
Low-energy?H(c, 7)5Li and 2°8Pb{Li, da)?°®Pb cross sections
Polarizability and E1 radiation itHe(d,~)°Li

Calculation of théLi — « + d vertex constant

Direct capture in th&* resonance otH(a, ~)SLi

Cluster model descriptions 6Ei photodisintegration

Analysis of the nuclear astrophysical reactithe(d,~)SLi
Astrophysical factor fofHe(d,~)5Li

Peripheral astrophysical radiative capture processagyays
“He(d,~)bLi capture and the isoscalar E1 multipole

Nuclear reaction rates and primordfali

Microscopic study ofH(c, v)6Li in a multicluster model

Coulomb breakup & astrophys-factor of?H(a, «) at extremely low energies
Six-body calculation of théH(«, v)%Li cross section

For reaction (b), measurements of vector and tensor amglymwer atFy = 35, 45 MeV have
been reportedl@86BR1N 1986VA23 1986VUZZ 1987VU1A). Cross sections and polarization
observables were measuredat= 32.1, 35.15, 39.6, 49.7 MeV to investigate and*He asymp-
totic normalization constantd$87VU1B and charge symmetry breakin§988VUO0]). Cross
sections and polarization observables measurdd.at= 14-33 MeV (L989BR23 were com-
pared with microscopic-model predictions in a study of Bossiolation. See alsol990BRO0)9.
The role of tensor force was explored tB8SBR1§.

For earlier work and other breakup channels, 4888AJ0).

8. “He(d, dfHe By = 1.4743

Elastic differential cross-section and polarization nueasients have been carried out up to
E, = 166 MeV andEy = 45 MeV: see (974AJ011979AJ01 1984AJ0). Measurements were
also reported ab/y = 0.87t0 1.43 MeV (L984BA19 1985BAY2), atEy = 11.9 MeV (1988ELO0),

21 MeV (1986MI1B), 24.0 and 38.2 MeV1986GR1D), 31.8 to 39.0 MeV 1986KO1M), 40 MeV
(1989DE1A, 56 MeV (1985NI0) and atF, = 7.0 GeVie (1984SA39. A compilation of data
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Table 6.7: Levels ofLi from “He(d, dfHe?

E4 (MeV) JT | Ey(MeV) Cow (MeV) | Ty/TP y3c
1.070 £ 0.003 3,0 2.187 0.27
4.34 4 0.04 2+;0 4.36 1.3240.04 | 0.967 0.511
5.7+0.14 1*;0 5.3 1.940.1 0.74 0.34
(19.3 & 1.3) 3t;0 (14.3) 26.7 £ 1.0 0.34 1.69
(21.6 & 1.1) 3,0 (15.8) 17.840.8 0.76 0.77
3342 4+ 23 12+2 0.15 0.14
3445 3" 24 16 + 3 0.30 0.24
3975 2- 27 2247 0.43 0.42

@ The data in this table are mostly from tlsematrix analysis of {983JEOR The results are unique up to
E4 = 15 MeV. See also Table 6.4 i1974AJ0), and Tables 6.3 in1079AJ0) and (L984AJ0).

b The errors iy /T are typically 0.03.

¢ In units of the Wigner limity2 = 2.93 MeV for a radius of 4.0 fm. See.@88AJ0).

46.26 MeV (R-matrix analysis)E, = 5.65 MeV.

for energiesky; = 1-56 MeV is presented inl@87GR0§J. For a study of the inclusive inelastic
scattering a¥, = 7.0 GeV/c see ((987BA13.

Phase-shift analyses, particularly that k9$3JEO0Bwhich uses all available differential cross
section, vector and tensor analyzing power measuremedtd.ad b5, in the rangeF; = 3 to
43 MeV lead to the results displayed in TalBlg. It is found that the d-wave shifts are split and
exhibit resonances d, = 2.19 (3D3), 4.7 ¢D,) and 5.65 MeV {D;). (1983JE0®suggest very
broadG; andG, resonances dfy = (19.3) and 33 MeV, a3 resonance at 22 MeV arits and
F, resonances at 34 and~ 39 MeV, corresponding to states which are primarily(df+ «)
parentage.

(1985JE0% have investigated the points whefle, = 1 and report four such points &t; =
4.30 [0, = 120.7°], 4.57 68.0°), 11.88 65.1°) and36.0 £ 1.0 MeV (150.1 + 0.3°). [For the
latter see also1@86KO1M)]. The correspondence of these polarization maxim%_tstates is
discussed byl(985JE0J. For a discussion of th&/-matrix see {988EL0). For work on(a + d)
correlations involving’Li*(0, 2.19, 4.31 + 5.65) see (987CHO08 1987CH33 1987P0O03 and
(1987FO083.

For additional references to early work see referenced oit€L988AJ0).

A considerable body of theoretical work on thide + d channel has been done since the
previous review1988AJ0). A list of references with brief descriptions is providedTiable6.8.

9. (a)*He(He, pYLi Qm = —4.0192
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Table 6.8:*He(d, dfHe — Theoretical work

Reference

Description

1988BES58
1988KA25
1988WE?20
1989ETO05
1989FI1E
1989KR08
1990BL13
1990DA1H
1990GU23
1990HO1R
1990HU09
1990KU06
1990KU16
1990LI11
1991BL0O4
1991KR02
1991KU09
1991KU27
1992ES04
1992FU10
1992KU16
1992KU1G
1993BL09
1993FI06
1994CS01
1995DU12
1997DU15
1997KU14
1998DU03
1999C011

Polarization phenomena fiHe(d, d) at intermediate energies
Convergence features in the pseudostate theory of the.dystem
Manifestations of the D-state in light nuclei

Description of diffraction scattering on nuclei

Microscopic theory of collective resonances of light nucle

Pade approximation technique for processing scatteritay da
Analysis of higher partial waves itHe(d, d)in 3-body framework
Two body phase space ind breakup at 40 MeV

D-wave effect inn-d elastic scattering at intermediate energies
Microscopic study of clustering phenomena

A geometric model for nucleus-nucleus scattering at higirgias
Reconstruction of interaction potential from scatteriagad
Padé-approximation techniques for processing scadteiata
Further study oty elastic scattering on light nuclei

Manifestation of Pauli-forbidden states4He(d, d) at low energies
Energy-dependent phase-shift analysiétdé(d, d) at low energies
d-« scattering in a three-body model

Recoveringx + d potential from Faddeev and measured phase shifts

a-d resonances and the low-lying state$ laif

Reaction mechanisms ih = 6 with the multiconfiguration RGM
Supersymmetric potentials and the Pauli PrincipléHie(d, d)
Deuteron size effects in d-scattering

Determination ofLi — o + d vertex constant for d-phase-shifts
Study of continuous spectrum &ifi in RGM

Microscopic description of beta-delayed deuteron emissidHe
Cluster model description of photonuclear processésiin
Electromagnetic effects in light nuclei and the clustereptl
Reconstruction of analyti§ matrix from experimental d- data
Potential cluster model description of thexdnteraction

An S-matrix inversion technique applied ¢ed scattering
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(b) *He(He, pdyHe Qm = —5.49349

Angular distributions have been measuredvétHe) = S to 18 MeV andE, = 42, 71.7 and
81.4 MeV: see 1974AJ0). More recently, proton polarization was measured as atifomof
angle atf.,, = 12.6 MeV (1989GRO02. At £, = 28, 63.7, 71.7 and 81.4 MeV the-spectra show
that the sequential decay (reaction (b)) invol%ei(2.19) and possiblyLi: see (L1979AJ0). See
also the recent theoretical work df93G0O1§ and the multiconfiguration RGM calculations of
(1995FU16.

10. (a)*He(x, d)'Li OQm = —22.3722
(b) “He(x, pnYLi Qm = —24.5968
(c) “He(a, ad)?H Qum = —23.84653

Reactions (a) and (b) have been studied“to = 158.2 MeV [see (979AJ0] 1984AJ0)]
and at 198.4 MeV1985W0O1). The dependence of the cross section on energy shows that th
a + a process does not contribute significanthy’to (and "Li) synthesis abovés, = 250 MeV
(1985W01) [and see for additional comments on astrophysical progjed more recent mea-
surement of the cross section for reaction @)q1LAUOG 2001ME13 at £, = 159.3, 279.6 and
619.8 MeV found cross sections which differ significantiyrfrtabulated values commonly used in
cosmic-ray production calculations and lead to lower mriedi production ofLi. For reaction (c)
[and excited states 6He] see (984AJ0): SLi*(2.19) is involved in the process.

11.5He(3")SLi Qm = 3.508

SeeHe, reaction 1.

12. (a)°He(p, nfLi Qm = 2.7254
(b) °He(p, pfHe

The (p, n) reaction has been studied in inverse kinematic$liiHe, °Li)n experiments with
secondaryHe beams. An experiment utilizing a seconddfge beam withZ(°He) = 42 MeV/A
was reported by1995C0O05 1998CO1M 1998C0O19 1998C0O2§. TheCLi ground state and
E, = 3.56 MeV state were observed. Angular distributions were regabeind the ratio of the
cross section for the Gamow-Teller transition to the grostade and the Fermi transition to the
isobaric analog state was measured. The reaction was atfiedatF /A = 93 MeV (1996BR3().
The0° ground state cross section was measured tggbe 43 4+ 16 mb/sr. The ratio of Gamow-
Teller to Fermi strength was found to 10&7 + 6)% of that expected from p, n systematics and
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beta decay. Differential cross sections/atA = 41.6—68 MeV were measured by §97CO04
to study the effects of halo structure. Measurements oniogec(a) and (b) utilizing a secondary
‘He beam at 36 Me\ are reported byZ001DE19.

The status of theoretical and experimental research omrfieelturing a two-particle halo was
reviewed in (996DA3).

13.5Li%(0*; 1) — o + d Qm = 2.0886

A theoretical study in a microscopic three-cluster modehefparity-violatingy + d decay of
the lowes* state in°Li (£, = 3.5629 MeV) is described in1996CS03 A phase shift analysis
of *He+d was used in a determination of the vertex constant fotltig *; 0), s — « + d virtual
decay by {992BLZX, 1993BL09 1997KU149. See alsol990RY07 1991KR02 1993B0O38§.

14. (2)°Li(y, nyLi Qm = —5.389
(b) SLi(~, py’He Qm = —4.497
() SLi(~y, d)'He O = —1.4743
(d) SLi(~y, np)‘He Qm = —3.6989
(€)SLi(, t)*He Qm = —15.7947

The previous review1988AJ0) summarizes the information on these reactions as follows:
“The (v, n) and §, Xn) cross sections increase from threshold to a maximuf,at- 12 MeV
then decrease tb, = 32 MeV: see ((984AJ0) and (1988DI02). (1984DY0) also report a broad
peak at 16 MeV. The cross section for photoproton produdtieaction (b)) is generally flat up
to 90 MeV. [The previously reported hump At ~ 16 MeV is almost certainly due to oxygen
contamination: seel@84AJ0).] See also1988CA1) and®He. The cross section for reaction (c)
is < 5 pbin the rangel), = 2.6 to 17 MeV consistent with the expected inhibition of dipole
absorption by isospin selection rules: s@8q6LA04). The onset of quasideuteron photodisinte-
gration between 25 and 65 MeV is suggested by the studiya#4WA18 E. (bremsstrahlung) =
67 MeV). The90° differential cross section for reaction (e) decreases ruomcally for £, = 18
to 70 MeV: reaction (e) contributes % of the total cross section fdiLi + v, consistent with a
*H + *He cluster description dfLi, s with 6* ~ 0.68. The agreement with the inverse reaction,
3H(®*He, 7) [see reaction 3] is good: se&984AJ0). See alsoX986LI1F."

“The absorption cross section has been studied in the rahge 100 to 340 MeV; it shows
a broad bump centered at 125 MeV and a fairly smooth increase to a maximumsat320
MeV: see ((984AJ0). For spallation studies se&974AJ01 1984AJ0). For pion production see
(1986GL07 1987GL0) and (L984AJ0)."

Since the previous reviewi 88AJ0) tagged photons were used to study(~, p) atd, =
0° for E, ~ 59 and 75 MeV. Strong evidence for the photo-deuteron mectramias found.
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Table 6.9:5Li(y, X) — Theoretical work

Reference Description

1988DU04  Calculation of théLi(y, dy’) cross section ak., = 2.23 MeV
1989AR02 Quark degrees of freedom and nuclear photoabsorption
1990BU29 Possibility (?) of observing an isoscalar E1 multipolélini( v, d)
1990VA16 Cluster effects iffLi photodisintegration

1990ZH19 Manifestations of cluster structure fhi(~, d)

1991BE05 SLi — « + d break-up — astrophysical significance
1995DU12 Description of photonuclear processe$lin

Measurements made for angles betw8ehand 150° (1995DI0) showed most of the strength
occurring in three-body breakup channels. Studies at thas® energies of the (d) and ¢, t)
reaction were reported in997DI0). See alsol994RY0). Measurements diLi(~, d) atE,, ~
60 MeV indicated strict non-violation of the isospin seleatimle for E1 absorption.

The (y, pn) reaction was also studiedfa = 55-100 MeV with bremsstrahlung photons and
with linearly polarized tagged photons far, = 0.3—0.9 GeV. See alsd @90RIZX).

Linearly polarized photons were used to measure the crasi®sasymmetry irfLi(~, t)*He
upto £, =~ 70 MeV (1989BU1( and differential cross sections upf ~ 90 MeV (1993DEO07Y
1995BU09Y. Results of a measurement of the absolute total photoptisorcross section for
E., = 300-1200 MeV are presented ing{94B109.

A list of theoretical references relating thi photonuclear reactions with brief descriptions is
provided in Tables.9.

15.5Li(~, ~)SLi

The width,T",, of 6Li*(3.56) = 8.1 + 0.5 eV: see {974AJ0) and Table 6.4 inX979AJ0);
E, = 3562.88 + 0.10 keV: see {984AJ0). See also1987PI0§. The results of an absolute
measurement of the total photoabsorption cross sectiodem@ibed in 1994B10§. Photon ab-
sorption and photon scattering for light elements is disedsn terms of a collective resonance
phenomenon in1(990Z103.

16. (a)5Li(~, 7°)SLi Qm = —134.97660
(b) 6Li(~y, 7+)°He Qum = —143.0780
(c) SLi(~y, 7)°Be Qm = —143.8579

Measurements of neutral-pion photoproduction yield @ieac(a)) for £ < 10 MeV above
threshold were reported iIn989NA23. The total cross section was measured in the energy region
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from the reaction threshold tB, ~ 146.5 MeV (1989GL07j and analyzed in the impulse approxi-
mation. The cross section increases monotonically+06.50 £0.96 ub atE, = 146.5 MeV. See
also (1986GL07 1987GL0) and (L984AJ0). An analysis {991TR1G of early measurements
suggests that anomalously large measured values of the sgoson are due to target impurities.
The differential cross section at small angles at enerfies 300-450 MeV has been measured
by (1991BE1§. Total and differential cross sections were measuredinvitB MeV of threshold
with tagged photons bylQ99BE14. Differential cross sections for reaction (b) leadinghetHe
ground state have been measuretfat= 200 MeV (1991SHO02 and analyzed by DWBA. See also
the measurements 0f991GA2§. The energy distributions of electroproduced at E. ~ 200
MeV were measured and (7*) cross sections were deduced®94SH38. For reaction (c) see
(1988KA41, 1991GA26.

Theoretical studies of pion photoproduction include: apufse-approximation calculation for
(v, 7%) at E, = 300 MeV (1989TR0Y; an impulse approximation and shell model study of inelas-
tic photoproduction of pionsl@91TRO02; a DWIA Feynman-diagram production-operator-based
calculation of {, 7+) at £, = 200 MeV (1990BE49; and multicluster dynamic-model calculation
of 7* photoproduction offLi (1995ER1B; and an exclusivey, 7*) production calculation for
E, =200 MeV (1995D023.

17. (a)°Li(e, efLi

(b) °Li(e, epPHe Qm = —4.497
(c) SLi(e, ed)}He Qm = —1.4743
(d) °Li(e, etPHe Qm = —15.7947

The previous reviewl(988AJ0) summarized the information then available on electrom-sca
tering as follows: “The elastic scattering has been stuidied, = 85 to 600 MeV: seel974AJ01
1979AJ011984AJ0). The results appear to require that the ground state beediewara-d clus-
ter in which the deuteron cluster is deformed and alignede giiound-state M1 current density
has also been calculatetB@82BE1). A model-independent analysis of the elastic scatterielgly
rrms. = 2.51 +0.10 fm. See also the discussion ib984D02().”

“Table 6.10summarizes the results obtained in the inelastic scagfefielectrons. Form fac-
tors have been measured fai*(2.19, 3.56, 5.37) as well as for the-*He continuum up to 4 MeV
above threshold [no narrow structures correspondifitjitetates are observed]: seE984AJ0)".

In more recent work, nucleon spin structure functions weteaeted from measurements of deep
inelastic scattering on polarized targets h999RO13.

For reaction (b) seeHe and (987VA08 and (L987VA1N). Angular distributions for thel,
group in the (ed,) reaction have been measured for= 10 to 28 MeV. The deduced E1 and E2
components of they( dy) cross section show no structure. The E1 strength impliasregligible
isospin mixing in this energy region 986 TAOQ. Triple differential cross sections were measured
for £, = 27-49 MeV in a search for GDR evidencEBQ9HOO02. At E, = 480 MeV (reaction (c))
the o-d momentum distribution in the ground state®bf has been studied. The results are well
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Table 6.10: Levels ofLi from SLi(e, €) andSLi(~v, v') ®

E, (MeV) JoT I, (ev) Multipolarity
2.183 £ 0.009 3%;0 (4.40 +0.34) x 1074 b E2
3.56288 £ 0.00010c | 07;1 8.19+£0.174 M1
4.27 4+ 0.04 2%;0 (5.4+£2.8) x 1073 E2
5379+ 174 271 0.27 +0.05 M1

& See Tables 6.4 iM@79AJ011984AJ0) for references and for the earlier work.

b (1969E109, B(E2)]= 25.6 + 2.0 €2 - fm*. The value given in1988AJ0) was incorrect. We
are grateful to Dr. John Millener for pointing out this etror

¢ (1981RO02.

4 Weighted mean of values shown in Table 6.4i879AJ0).

¢TI =540 4+ 20 keV.

accounted for by anNN model. Then-d probability in the ground state 6Ei is 0.73 [estimated

+0.1]. The data are consistent with the expec?&ticharacter of the-d relative wave function

(1986EN0). See alsoX986EV1A. ¥ production involving’Li*(2.19, 3.56, 5.37) is reported at
E. = 500 MeV (1987NAL1).

For the earlier work seet©79AJ011984AJ0) and the references cited ihg88AJ0).

Since the previous revievt 9§88AJ0), experimental results on quasielastic response have been
reviewed (988LO1B. Measurements of the quasielastic scattering crososefti electrons on
6Li are reported at momentum transfer 0.85-2.3 fr{ll988BU25. See also the measurements at
E. = 80-680 MeV by (989L109. Cross sections foiLi(e, ep) were measured in the missing
energy region) < FE, < 30 MeV and in the range-100 < p, < 200 MeV/c of missing
momentum {989LA22. The®Li — p + (na) spectral function was measuretOg9ILALJ.
The ratio of transverse and longitudinal response funatiaa investigated in1090LA09. See
also the review{990DE1§ of proton spectral functions and momentum distributiongs, €p)
experiments and see the repat®9Q0GH1E on nuclear density dependence of electron proton
coupling inSLi(e, €p).

Reaction (c) was used990JO1Dpin a study of correlation functions fili. A measurementin
parallel kinematics to study the mechanism of‘thiée, €a)?H reaction is reported ifl@91MI119
1994ENO0J. Cross sections fdiLi(e, €t)*He (reaction (d)) af, = 523 MeV and the momentum-
transfer dependence of thE and*He knockout reaction was measured h9g8COO08.

A list of references to theoretical work related to electsoattering orfLi is provided, along
with brief descriptions, in Tablé.11

18. (a)SLi(7*, 7+)SLi
(b) SLi(7+, )
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Table 6.115Li(e, efLi — Theoretical work

Reference

Description

1987KRO7
1987LEIN
1988AL1J
1988ES01
1989ERO7
1989ES05
1989KU21
1990BE54
1990DE1V
1990KU12
1990LO14
1990LU06
1990RE1I
1990WA1J
1991LUO07
1991UNO2
19923002
19921009
1992L.0ZX
1992RYZY
19927H18
1993KU27
1993RY01
1993SC30
1994B0O04
1994WE10
1995AR10
1995D023
1995KU08
1995MA59
1998WI10
1998WI128
1999GNO1

EM properties ofLi in cluster model

Coincidence reactions and the 3-body structurélof

Second Born approximation correction®ia electron scattering
Elastic electromagnetic form factors @fi from 3-body models
Exchange and correlation effects in EM structuréldf
Inelastic(1t — 0%) EM form factor ofSLi with 3-body models
Correlation and exchange effects in EM form factors
Analysis offLi(e, €)SLi transitions to the low-lyind'Li levels
NN correlations, evidence frofiLi(e, €p)°He

Detailed study of EM structure §Li from 3-body model
Cluster-model interpretation 6t.i(e, €p)’He

Calculation of the magnetic form factor @i

Parity-invariance violation ifiLi(e, €d)*He

Occupation probabilities of shell-model orbitals

Magnetic form factor ofLi

6Li elastic form factors and antisymmetrization

Two-body correlations ifiLi through the (e, @) reaction
Multiquark configuration effect on nuclear charge form dact
Short-range correlation in the 6-bofllyi wave function

EM properties ofLi in multicluster dynamic model
Calculation of’Li(e, ed) cross section in2N model

Prohibition and suppression of multicluster states by iRairciple
6Li properties — multicluster dynamic model

Nucleon polarization in 3-body models of polarized Li

Shell model calculation of magnetic electron scattering

6Li inelastic form factors in a cluster model

Halo structure irffLi E = 3.563 01 state

Phenomenological transition amplitudes in selected [i-sbelei
Cluster structure dfLi low-lying states

Finite-size effects in quasi-elastic scattering — Ferng gedel
Quantum Monte Carlo calculations for light nuclei
Microscopic calcalculation dfLi elastic & transition form factors
Multicluster calculation ofLi(e, €) asymmetric & polarization ratios
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(c) Li(7—, 7 +)°H Qu = —27.77

(d) SLi(7*, 7*p)°He OQm = —4.497
(€)SLi(7+, pyLi Om = 134.96
(f) SLi(7—, p’H Qum = 114.2
(g) SLi(7, 2p)iHe Qm = 136.6536
(h) SLi(7—, 2p)4n Qum = 106.7933
(i) SLi(7*, 7Td)*He Qm = —1.4743
(j) SLi(7*, pdyHe Qm = 118.3006
(k) °Li(7*, 3HeyHe Qm = 123.7941
(I) 5Li(7—, He)3n OQm = 114.5113

Elastic angular distributions have been measurefl,at~ 50 MeV [see (984AJ0)] and at
E.+ = 100, 180 and 240 MeV 1986AN04 also to°Li*(2.19)). Differential cross sections are
also reported fofz,+ = 100 to 260 MeV to®Li*(0, 2.19, 3.56, 4.25). The excitation function for
the unnatural-parity transition tt.i*(3.56) has an anomalous energy depended€84KI116).

A number of experimental studies with polarized targetsehaeen reported for elastic and
inelastic ¢, (°Li) = 2.19 MeV, J™ = 3%) scattering. Measurements of polarization observables
are reported ab/.+ = 134, 164 MeV (L989TA21, 1990TALL 1991BO1R, E.+ = 160-219 MeV
(1991RI01 1994RI10§. Comparison of these data with a coupled channels modéasissed in
(1995BO1H. See also thé\-hole model analysis 0fl092JU1B and the multicluster dynamic
model analysis by1995RY1Q. Calculations of cross sections and polarization obsxegaat
E.+ = 80—-260 MeV are presented id988ER06 1988NA0G. A theoretical study in terms of a
strong absorption model is described 1998AH0§. Quantum Monte-Carlo calculations of cross
sections forE, = 100—-240 MeV are reported in2Q01LEO). Transition densities ané(E2)
transition strengths were also calculated.

Measurements of pion double-charge exchange cross séaamtions (b) and (c)) at incident
pion energiesZ, = 180, 240 MeV are reported inLO89GRO§ 1995FO1). In (1991SEO®it is
shown that continuum missing mass spectra from reactioosgia)be explained in terms of the
presence of dineutrons in the products of the breakup.

Cross section measurements for reaction (d),at= 130, 150 MeV are reported irl@87HU0I.
For a study of reaction (i) &+ = 130 MeV, see (987HU13.

Pion absorption followed by nucleon emission (reactiofs(tg (9), (h), (j), (k), (1)) has been
studied in a number of experiments. For reaction (k) S888BA26 1983L0O1(Q 1985MC05
1986MC1). Measurements have been reported for cross sectionsddiae (g) atF,+ = 30,
50, 80, 115 MeV [989R0OZY); reactions (g) and (h) angular distributionsi&t = 70, 130, 165
MeV (1989Y00Y; reactions (g) and (h) angular correlationsit = 165 MeV (1989YO07;
cross sections for reaction (g) a&t.+ = 115, 140, 165, 190, 220 MeV1089ZHZ2); angular
distributions for reaction (h) ab, = 70, 130, 165 MeV {989YO03; two-particle coincidences
for reactions (g) and (h) at low energiek991YO1Q; cross sections at,, = 50, 100, 150, 200
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MeV (1990RA05 1990RA20Q 1992RA01 1992RA1); differential and total cross sections for
reaction (g) att.+ = 100, 165 MeV (L995PA22 19961.00%; inclusive spectra ofHe produced
in reaction (I) (992AM1H, 1993AMO09; total reaction cross sections for™(, X), (7, X) at
E,. = 42-65 MeV (1996SA08. See also the earlier work on reaction (g)fat- = 59.4 MeV
(1986RI0), and see the compilation and review @902BA57 1993INOJ).

Analysis of particle emission following™* absorption orfLi (1990RA2( has produced evi-
dence for a three-nucleon absorption model. Distortedevilanpulse approximation calculations
of cross sections and analyzing powers have been m&#2KHO09 for two-nucleon pion ab-
sorption on polarizedLi targets. A model based solely on isospin was ustb8MA14) in a
calculation of ratios of pion absorption on three nucleams$ agreement with experiment suggest
a one-step process.

19. (a)bLi(n, n)SLi

(b) °Li(n, nd)*He Qm = —1.4743
(c) SLi(n, p)°He Qm = —2.7254
(d) SLi(n, d)’He O = —2.272
(e)SLi(n, t)*He Qm = 4.7829
(f) 5Li(n, «)H Qum = 4.7829

Angular distributions involving the groups fhi*(0, 2.19) have been reported &t, = 1.0
to 14.6 MeV [see 1984AJ0)], 4.2, 5.4 and 14.2 MeV10O85CH37 ny, n;), 7.5 to 14 MeV
(1983DA22 ny), 8.9 MeV (1984FE1A n,), 8.0 and 24 MeV 1986HAZR ny, n,), E, = 5 to
17 MeV (1986PF1An,), 11.5, 14.1 and 18 MeV1Q98CH33 ny, n;), and at 11.5 and 18.0 MeV
(1998IB02 ng, my).

An analysis {988HA25 of (n, n) and (n, f) data atF, = 24 MeV indicated that neutron
and proton transition densities were approximately equalx p,) in 5Li. Cross sections and
analyzing powers fo,, = 8-40 MeV were analyzedl@89HAZV) with microscopic optical
model potentials. Secondary neutron spectra induced [2MdV neutrons ofiLi were measured
by (1993X104.

An analysis of (n, f) data atF,, = 7.45—-14 MeV is discussed iNLQ9OBES5S. See also the
calculation for elastic coherent and incoherent scatgesfrthermal neutrons ofLi (1990GO2%
and the multi-cluster dynamic model calculation fai(n, n) at £, = 12 MeV (1992KA08.

Theoretical studies dLi(n, n) include multiconfiguration resonating group caétions (L988FU09
1991FUO02, folding model descriptions foF, = 25-50 MeV (1993PE1} study of antisym-
metry in NN potentials {995C0O18, study of optical model potentials for intermediate eresg
(1996CH33.

For reaction (b) seel@84AJ01 1985CH37 1993XI104 1994EL08.

A number of experiments on the (n, p) charge exchange (mea(t)) have been reported. They
include: measurements of £,) ando (0) at £, ~ 198 MeV (1987HE22}; o (0, E,) atE, ~ 118
MeV (1987PO181988HA12 1998HA29; () at E,, = 198 MeV (1988JA0); o(0) to explore
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the Gamow-Teller sum ruld@88WA29; o (), o(E,) at E,, = 280 MeV for an isospin symmetry
test (990MI10; o(0, F) at E, = 60—-260 MeV (1992SO0%, and polarization observables at
E, = 0.88 GeV (1996BB23.

For reaction (e), measurements were reported at thermélomeenergiesi9941T09 and at
E, < 10 MeV (1994DR1). For reaction (f), measurements of parity violation withdcpolarized
neutrons are described ih9q90VE16 1993VEL1A 1996VEOQ0J. A discussion of nuclear reaction
rates and primordidlLi is presented in1997N00J. See also the application-related calculation
of (1993FA0).

Theoretical work related to reactions (b), (c), (d), (e),iftludes: dynamical cluster-model
calculation (991DA0§; microscopic calculation in a 3-particle + 2N model ((993SH1G;
supermultiplet-symmetry-approximation calculationfat = 6.77 MeV (1993DUQ09; multicon-
figuration RGM calculation(995FU16; and three-body cluster model calculation$lofn, p) at
E, = 50 MeV (1997DA01, 1997ERQO}.

20. (a)SLi(p, p)°Li

(b) °Li(p, 2p)°’He Qm = —4.497
(c) SLi(p, pd)‘He Qm = —1.4743
(d) °Li(p, p*H)*He Qm = —15.7947
(e)SLi(p, pn)’Li Qm = —5.39

Proton angular distributions have been measure@fos 0.5 to 800 MeV [y, p1, p2, p3] [See
(1966LA04 1974AJ011984AJ0)] and atE, = 5to 17 MeV (L986PF1Apy).

Double-differential cross sections for the continuumdgigt, = 1.5-3.5 MeV] are reported
at £, = 65 MeV (1987TO0§. See alsoX983GLZZ 1983PO1B 1983P0OZ%. More recently
differential cross sections and/or polarization obseleshave been measuredigf = 6-10 MeV
(1989HA1Y) [optical model analysis]E, = 1.6-10 MeV (1989HA1§ [phase shift analysis];
E, = 65, 80 MeV (1989TO04 [DWIA analysis]; £, = 200 MeV (1990GL03; E, = 65 MeV
(1992NA02 [microscopic DWBA analysis]f, = 72 MeV (1994HE1) [depolarization parame-
ters]; £, < 2.2 MeV (1995SK0) [deduced resonance parameters];= 0.88 GeV (1996BB23
[polarized target]E, = 250-460 keV (997BR37, E,, = 280 MeV (1990MI10 [deduced isospin
symmetry test];E, = 14 MeV [optical model, coupled channelsk(°Li) = 62, 72, 75 MeVA,
'H(5Li, p) [neutron halo statesLlO96KUZU); E, = 1.6-2.4 GeV (999BB21 1999DE47. For a
summary of the results on excited states see Taldl2

Reaction (b) was studied at 70 MeY983G 00§, at 50—-100 MeV{984PA1B 1985PA1B and
1 GeV (1985BE3( 1988BE2B 2000MI17: see’He and ((984AJ0) for the earlier work. Reac-
tion (c) has been studied &, = 9 MeV to 1 GeV [see [974AJ01 1979AJ0]1 1984AJ0)] and
at 20 and 42 MeV1983CA13 [report involvement ofLi*(4.31, 5.65)], at 70 MeV (983G006
1985PAZL, 1985PA04 and at 119.6 and 200.2 Me\L$84WAO09 1985WA25. In the latter ex-
periments the spectroscopic factors fai, . are deduced to be 0.76 [at 119.6 MeV] and 0.84
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[at 200.2 MeV] using DWIA and a bound-state Woods-Sagshwave function {984WA09
1985WA25.

Work on reaction (d) has suggested that tHe + t parentage ofLi is comparable with the
a + d parentage: seel984AJ0). See alsol985PAZL). Reaction (e) was studied at, = 70
MeV (1988PA2J. See alsdLi, °Be and ((985BE3() 1993ST09. The (p, 3p) reaction has been
studied by {984NA17. The spectral function for pn pairs fiLi was obtained in a study of the
SLi(p, pa)pn reaction af, = 200 MeV (1990WA17. A measurement of tensor analyzing powers
in 'H(°Li, d or « or t)X with 4.5 GeV polarizedLi deuterons provided information on tléi
D state ((992PUO03. Systematic studies of electron screening effects on loargy reactions
including®Li + p are reported in992EN01 1992EN04 1995R0O3J. For antiproton studies see
(1987AS0§. See also1984AJ011988AJ0) for the earlier work.

Theoretical work on these reactions reported since thequsveview (988AJ0) is listed in
Table6.13along with brief descriptions.

21. (a)SLi(d, d)OLi

(b) SLi(d, pn)°Li Qum = —2.2246
(c) bLi(d, 2dy*He Qm = —1.4743
(d) °Li(d, ap)*H OQm = 2.5583
(e)SLi(d, an)*He Qm = 1.7946

Angular distributions of deuterons have been measure at 4.5t0 19.6 MeV [see1979AJ0)]
and at 50 MeV {988K0O1G 1996RU1(. The0*, T = 1 state °Li*(3.56) is not appreciably pop-
ulated. For a summary of the results on excited states sde Gdl2 Gaussian potentials were
derived for the description éLi + d elastic scattering byl@92DU07.

At £y = 21 MeV reaction (b) shows spectral peaking (characteristitSgffor the pn system
[T = 1]) when©Li*(3.56) is formed, in contrast with the much broader shégigaracteristic of
3S,) seen wheriLi*(0, 2.19) are populated. A study of reaction (c)/&at = 52 MeV shows that
the a-clustering probability Nog = 0.12%3 32 if a Hankel function is used. The-particle and
the deuteron clusters fiLi have essentially a relative orbital momentumiof 0. The D-state
probability of the ground state 6f.i is ~ 5% of the S-state. Quasi-free scattering is an important
process even foE; = 6 to 11 MeV. Interference effects are evident in reaction ocpeding
through®Li*(2.19, 4.31): this is due to the experiment being unalelétermine whether the
detected particle was emitted first or second in the secpletgcay. Reactions (¢) and (d) studied
at By = 7.5to 10.5 MeV indicate that the three-body breakupg’oif at these low energies is
dominated by sequential decay procesd&59AJ0] 1990YAL]). Differential cross sections for
cluster pickup by 20 Me\VA4 deuterons ofiLi were measured bylQ95MA57).

Calculation of Maxwellian rate parameters for reactiorg(ul) (e) are described iBQO0VOO0S.
See alsdBe and references cited ihg88AJ0).
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22.6Li(t, t)SLi

Table 6.12: Parameters of levelsbi 2

By Lem Reactions
(MeV =+ keV) (keV)
2.185+3 20.0 £2.8 ‘He(d, dfHe
2187+ 3 ‘He(d, dfHe
2.188+6 244+ 2P SLi(p, p'), (d,d"), "Li(d, t)°Li
2.203 + 6 ‘Be(p,)Li
2.186 £+ 2 24 £+ 2 “best” value
3.56288 +0.10°¢ | (8.2+£0.2) x 1073 | SLi(~, +)°Li
4.36 + 40 1320 + 40 ‘He(d, dYHe
4.27 + 40 6Li(e, ¢')OLi
1044 + 58 4 SLi(e, €)OLi
4.40 £+ 120 1490 + 150 SLi(p, p')SLi
4.32 4 40 1820 + 110 6Li(d, d')SLi
4.3 £ 100 600 £ 100 Li(®He, a)SLi
4.3 4200 1600 £ 300 Li(*He, ad)*He
4.3 1600 + 120 © Li(*He, ad)*He
4.30 £ 10 850 + 50, 480 + 80 | *Be(p,a)SLi
4.312 4 22 13004100 f “pest” value
5379+ 17¢ 540 420 & SLi(e, ¢/)OLi
546 + 36 4 6Li(e, €)OLi
5.33 + 80 5607300 SLi(p, p')SLi
5.34 £ 20 560 £40 P Li(*He, o)L
5.325+5 270 4 12 ‘Be(p,)Li
5.366 + 15 541 4+20" “best” value
5.65 4501 1900 £ 100 ‘He(d, dfHe
5.7 10007509 ) SLi(p, p')°Li
5.65 % 200 1650 £ 300 Li(®*He, ad)'He
5.65 4 40 900 + 60, 1260 + 120 | “Be(p,®)°Li
5.65 % 50 1500 = 200 “pbest” value
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& For references and other values see Tables 6 59ngAJ011984AJ01 1988AJ0).

b See (1988AJ0).

¢ (1981RO02.

4 (1979BE3$.

¢ Average of measurements fBi(*He) = 4, 5, 6 MeV (1995AR13.

f Weighted average of “best” values froh988AJ0) and values ofi320 + 40 keV (Table
6.7), 1044 + 58 keV (1979BE38, and1600 + 120 keV from (1995AR14.

¢ See Table 6.4 in1979AJ0).

h Weighted average of “best” values from988AJ0) and546 + 36 keV from (1979BE38.
I See Table 6.3 inl979AJ0).

J See references (c) and (d) in Table 6.51879AJ0).

At £, = 17 MeV angular distributions have been measured for the sitofLi*(0, 3.56): see
(1979AJ0).

23. (a)Li(*He,*He) L
(b) °Li(*He, pn)*He Qm = 16.878

Angular distributions have been measured @He) = 8t0 217 MeV [see979AJ011984AJ0)]
and at 34, 50, 60 and 72 Me\L{86BR3] elastic).

More recently, differential cross sections were measuogcelastic scattering ab(*He) =
93 MeV (1994D033, and atE(*He) = 60 MeV (1995MA57, and for inelastic scattering to
SLi*( By = 2.185 MeV, J™ = 3T) at E(*He) = 50, 60, 72 MeV (995BU2(). A microscopic-
potential analysis of data @ (*He) = 34, 50, 60, 72 MeV is described iri993S10§. Differ-
ential cross section and energy spectra were compiled aalyzaxd by (995MI16. For reaction
(b), cross sections have been measuref(@He) = 11, 13, 14 MeV (989ARZR 1989AR089;
E(*He) = 2.5 MeV (1989AR2(Q:; E(*He) = 1.6 MeV (1991AR25:; E(*He) = 1.6-9 MeV
(1992AR20; E(*He) = 8—14 MeV (1995K05); E(*He) = 2.0, 22 MeV (1992DA1K); E(*He) =
7, 9 MeV (1993AR132. A calculation of near-threshold two-fragment resonaaeglitudes and
widths for this reaction afz(*He) = 8-14 MeV was reported in1Q95K05). See also'Li
(1984AR17 1987ZA07 and seé€B in (1988AJ0).

24. (a)’Li(a, a)SLi
(b) SLi(ar, 20)°H O = —1.4743

Angular distributions (reaction (a)) have been measured at= 1.39 to 166 MeV [see
(1974AJ01 1979AJ01 1984AJ0)] and atF, = 36.6 and 50.5 MeV {986BR3). See also
(1986ROZK 1987BU27. See alsd’B in (1988AJ0).
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More recent measurements/at = 50.5 MeV of elastic and inelastitLi*( £, = 2.185 MeV,

J™ = 317) were reported byl(994BUZY, 1996BU0§. Tensor polarization for inelastic scattering
to 6Li*(2.185, 37) has been measured &f, = 80 MeV (1992K019 1993K0O33. Angular dis-
tributions for ¢, o) in the continuum region were studied/dt, = 50 MeV (1992SA0) and at
E, = 40 MeV (1994SA33}, at E, = 10 MeV/A (1996SI13 and atE,, = 119 MeV (19930K1A.
Cross sections and analyzing powers for elastic scattefipglarized®Li by “He are reported for
E(Li) = 50 MeV (1995KE10Q andE,,, = 11.1 MeV (1996GRO0$.

Studies of continuum coupling effects in inelastic scattprare described in1Q95KALY,
1995KA43 1997RU06G 2000RUO3. Folding-model potential analyses of elastic scatteang
reported in {993S109 1995SA12. Multiconfiguration resonating group methods appliedh® t
SLi+a system are discussed ihg94FU171995FU1). Other recent theoretical studies include: a
potential model descriptioi@99MA02); analysis of density distribution influencEq98GO1}); a
phase-shift-analysis determination of the asymptbti¢o S-state ratio {999GEOQ2Y; a calculation
for £, = 16.3 and 48 MeV with a modified Volkov-potentia2)00KO53; and a calculation of the
nuclear potential and polarization tensor fgy = 27.2 MeV (2000KO67. See alsoX988K032
1989LE07 19990G09.

Reaction (b) has been studiedrat = 6.6 to 700 MeV: seel974AJ011979AJ011984AJ0).

At the latter energy and using a width parameter of 60.6 Mdké effective number ofr + d
clusters fo’Li, ¢, nes = 0.98 & 0.05. The results are very model dependent: $8¢AJ0). At
E, = 27.2 MeV 5Li*(2.19) is very strongly populatedl@85K029. See also references cited in
(1988AJ0).

In more recent work, two dimensional coincidence spectzhafged particles were measured
at £, ~ 100 MeV (1992GA1§. Quasi-free scattering processes were studiefd,at= 77-119
MeV (19920K0), E, = 118 MeV (19930K1B, andFE, = 118.4 MeV (19970K0). The four-
bodySLi(, 2a)pn breakup reaction was measuredzat = 77-119 MeV (L992WA18 breakup
cross sections)y,, = 118 MeV (1988WA29 1989WA24 spectral functions of pn pair).

25. (a)SLi(SLi, 5Li)SLi
(b) SLi(°Li, 2d)*He'He Qu = —2.9487
(c) SLi(SLi, o)*He'He Qum = 20.8979

Angular distributions ofLi ions have been studied fd@#(°Li) = 3.2to 36 MeV [see {974AJ01
1979AJ01 1984AJ0)] and atE(°Li) = 2.0 to 5.5 MeV (L983N0O08 and 156 MeV {985SA36
6Li*(0, 2.19)), (1985MI05 elastic’Li*(2.19, 3.56) are also populated),487EY01 several states
in 12C). Reaction (b) has been studied #6(°Li) = 36 to 47 MeV: enhancements in yield, due
to double spectator poles, have been observed in d-dvamdbut not ina-d double coincidence
spectra. The widths of the peaks are smaller than thosegbeedrom the momentum distribution
of o+ d clusters irfLi. °Li*(2.19) was also populated. See referencesl®B@dAJ0). Other work
on reaction (b) is reported by 984LA19 2.4 and 4.2 MeV) and byl@85NO1A.

For reaction (c), the energy dependence of quasi-freetsffeere investigated in the range
E(Li) = 2.4-6.7 MeV (1987LA25 1988LA11). An analysis {996CH1Q used quasi-free data
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Table 6.135Li(p, p)°Li — Theoretical work

Reference Description

1988HA256Li proton and neutron transition densities from elastidtecing
1990ZH1RQuasi resonating group method analysi$lda{p, p)°Li
1992GA27Folding-model study of elastic scattering in halo nuclei
1993DU09Potential description of N- 5Li elastic scattering
1993K044Description offLi(p, p)°Li with microscopic effective interaction
1993PE13Folding model description dfLi(p, p)°Li at 25-50 MeV
1993SA10DWBA analysis ofLi(p, p)°Li near thea-d breakup threshold
19947H28Elastic and inelastic proton scattering 4ri nucleus at intermediate energies
1994ZH34Glauber-Sitenko diffraction theory calculation @fi(p, p)°Li
1995GA24Analysis of properties of exotic nuclei in elastic scatigri
1995KA03Folding-model analysis dfLi(p, p’)SLi at £, = 10-136 MeV
1995KA07Continuum-continuum coupling itLi(p, p)°Li at £, = 65 MeV
1995KA43Folding-model analysis dfLi(p, p’)SLi at £, = 10-136 MeV
1997DO01Fully microscopic model analyses @fi(p, p')°Li at £, = 200 MeV
1997KA24Shell model structures GLi states excited iffLi(p, p’)Li
1998DO16Microscopic analysis dfLi(p, p) at E, = 65 MeV
1998FUZPMicroscopic optical model calculation fdr, = 60—70 MeV
2000TI02 Finite-range coupled channels calculationfelie + p rxn
2000DE61Microscopic model analysis Li(p, p)°Li for E, = 25, 30, 40 MeV
2000LA40 Resonance optical model analysis fai(p, p)°Li for E, = 1-10 MeV
2000ZH40Glauber-Sitenko diffraction theory calculation b, = 0.16-1.04 GeV
2001AR05Microscopic multicluster calculation féHe + p at £, = 0-5 MeV

from reaction (c) to extract tHaLi(d, o)*He excitation function at astrophysical energies. See also
12C in (1985AJ0) and references cited i 988AJ0).

More recently, elastic scattering angular distributiomsevmeasured fab'(°Li) = 5-40 MeV
(1997P0O030ptical model analysis). Eikonal-approximation caltwalias of differential cross sec-
tions and phase shifts fdi(°Li) = 156 MeV were reported inJ992EL1A).

26. 5Li(7Li, 7Li)SLi

Angular distributions have been measured@éiLi) = 78 MeV to °Li*(0, 2.19) (1986GLZU),
and atE("Li) = 9-40 MeV (1998PO0}X

27.5Li(°Be, *Be)Li
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The elastic scattering has been studied in inverse kinematiZ(°Li) = 4.0, 6.0 and 24 MeV
[see (979AJ0)], at 32 MeV (985C0O0% and at 50 MeV [988TRZY; also inelastic). Re-
cently angular distributions for elastic and inelasticteing to°Li*(2.186, 37) were measured
(1995MUQ) at E.,, = 7, 10, 12 MeV. Excitation functions foFE,,, ~ 4—12 were also reported.
See also’Be in (1988AJ0). For the interaction cross section B(°Li) = 790 MeV/A see
(1985TA18.

28.6Li(1°B, 1°B)SLi

The elastic scattering has been studie@@Li) = 5.8 and 30 MeV: seel(979AJ0).

29. (a)°Li('2C, 2C)Li
(b) SLi(3C, 3CYLi
(c) SLi(**C, “C)PLi

The elastic and inelastic scattering (reaction (a)) has baedied atZ(°Li) = 4.5 to 156 MeV
[see (1984AJ0)] and at £(°Li) = 19.2 MeV (1983RU09, 36 and 45 MeV [andZ(*2C) = 72
and 90 MeV] (L984V102 1985VI03 also to°Li*(2.19, 4.31) and to various states 6fC), at
E(*2C) = 58.4 MeV (1987PA132, 90 MeV (1987DEO02 also to various states 6fC), 123.5 and
168.6 MeV (L988KA09 and to various states 6fC), 150 MeV (987TA21, 1988TA09, 156 MeV
(1987EY01 and to various states if1C) and at 210 MeV 1988NA0J). See also {986SHZP
1987PA12. More recently, measurements of cross sections and/dyzing power observables
have been reported &1(°Li) = 93 MeV (1989DE3%; at F.,, = 13.3 MeV ((1989HN1A 1995CA2§
and to®Li*( 3%, 2.186) and?C*(27, 4.44)); atE(SLi) = 210 MeV (1989NALIL to 12C*(2*, 4.44));
at E(°Li) = 30 MeV (1989VA04 to '2C*(2+, 4.44)); at 50 MeV {990TR02 to '2C*(2*, 4.44;
0F, 7.65;37, 9.64)); atE(°Li) = 30 MeV (1994REO0); at E(°Li) = 30, 60 MeV (1996KE09 to
12C*(21, 4.44;07, 7.65;37, 9.64)); atE.,, = 20 MeV (1996GA29toSLi*( 3", 2.18) and?C*(2+,
4.44)); atE(SLi) = 318 MeV (1993NA0D; at E(°Li) = 30 MeV (1994RE15to 2C*(27, 4.44;
37, 9.64)); and atZ(°Li) = 50 MeV (1995KE10Q. At E(°Li) = 34 MeV the d« angular cor-
relations involve®Li*(0, 2.19) (1985CU0J. See also 1988SE0QY, and se€”C in (1985AJ01
1990AJ0). An experimental study of the + d breakup inLi + 2C collision atE(°Li) = 156
MeV is reported in {989JEO). For pion production seel84CH16. For the interaction cross
section atZ(°Li) = 790 MeV/A see (985TA19. For VAP measurements a{°Li) = 30 MeV see
(1988VAZY). Fusion cross sections fa#(°Li) = 3.11-12.07 MeV are reported byt §98MU13.

The elastic scattering (reaction (b)) has been studied (tiri) = 5.8 to 40 MeV: see1984AJ0).
Measurements of differential cross sectionsigy, = 26 MeV and observations of a nuclear quasi
rainbow were reported bylp94DE43. See alsoX987CA3(Q 1988WO10). The elastic scattering
(reaction (c)) has been measured fof’Li) = 93 MeV (1987DE0). See alsd®F and'’F in
(1987AJ02 and references cited ii988AJ0).
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Several theoretical studies relating%oi + '2C have been reported. The role of the Pauli
Principle in heavy ion scattering has been studisiBBBGR32. The dispersive contribution to the
SLi + 12C real potential was estimatetifQ90KA14). Elastic cross sections fdf(°Li) = 30 MeV
were analyzed1(990SA09. A semimicroscopic analysis of inelastic scatteringzgtLi) = 156
MeV is described in1992GA17. Folding model analysis diLi + '2C scattering is discussed in
(1994NA03 1994SA101995KH03. Differential cross sections were analyzed withsamatrix
approach by1998PI02.

Other theoretical descriptions &ffi + '2C scattering are discussed itBQ4SA33 strong ab-
sorption model), 1995IS1E multiple diffraction interaction), andl@96CAO01 microscopic de-
scription).

30.Li(160, 150)Li

Elastic angular distributions have been reportefl(@ti) = 4.5to 50.6 MeV [see984AJ0])],
at E(°Li) = 35.3 and E(*60) = 94.2 MeV (1984VI102 and at 50 MeV {988TRZY: also inelas-
tic). At E(°Li) = 25.7 and E(*°O) = 68.6 MeV (1984VI01, 1985VI03 report somer(6) to
6Li*(2.19) [and to 10*(6.13)]. See also1(987PA1). See (985VI03 1986SC23¥ for studies
of the breakup. Polarization observables have has beenumnegaat Z(°Li) = 25.7 MeV, and
also using!'®O ions (L987VAZY, 1989VA04. Measurements of(°Li) = 50 MeV for elas-
tic scattering and inelastic scattering't©*(2", 6.05;3~, 6.13; 2", 6.92;1-, 7.12) were re-
ported (1990TR0O). For fusion cross sections seE9B6MAL19. See alsd®O in (1986AJ02,
(1986MO1E 1987PA12 and references cited i1 988AJ0). Theoretical work on this scattering
reaction includesE(°Li) = 29.8 MeV, optical model descriptionl@90SA0Y; E(°Li) = 29.8—
30.6 MeV, Pauli Principle rulel@88GR3Y; E(°Li) = 30.6, optical model analysisl@90SAQY;
projectile effects 1991B04§; E(°Li) = 154 MeV, 3-body cluster modell@91HI07%; E(°Li) =
22.8 MeV, nonresonant breakup staté991HI19); and £(°Li) = 30 MeV, double-folding model,
role of Pauli Principle {991SA26.

31. (a)°Li(**Mg, *Mg)°Li
(b) Li(**Mg, 2’Mg)°Li
(c) 5Li(**Mg, 2Mg)SLi
(d) SLi(27Al, 27 Al)SLi

Elastic scattering for reaction (a) was studied#tLi) = 156 MeV (1995DE53. Reaction (c)
has been studied &t(°Li) = 88 MeV and 36 MeV (984AJ0) and at 44 MeV {989RUO0% polar-
ization observables), anfl(°Li) = 60 MeV (1994WA2Q polarization observables). Reaction (d)
was studied af/(°Li) = 156 MeV by (1987N104 particles and gammas from inelastic scattering).
See also the measurementdugtLi) = 790 MeV/A (1985TA1S.
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Theoretical studies for these reactions include: analpp@dRutherford cross sectiorisg91B0O49;
effects of nonresonant breakup state89q1HI11); strong absorption model analysis904SA33;
cluster folding interaction1991HI0%; coupled channels study$92HI02; and cluster-folding
analysis {994RU1).

32. (a)SLi(25Si, 2SiyLi
(b) SLi(Si, 20Si)SL |

The elastic scattering has been studieB@Li) = 13 to 154 MeV [see1984AJ0)], at 27 and
34 MeV (1983VI03 and at 210 MeVI1988NAZX). For a study of the decay seE987NI09. See
also references cited in988AJ0).

More recent measurements have been reporteat) = 210 MeV (inelastico () to 2 Si*(first
27 state) (989NA1); elastico(f), optical parametersl@89NA0D; and E(°Li) = 318 MeV
(0(#), folding model potentialsIO90NAZZ 1993NA0JD). Related analyses and other theoret-
ical studies include: Pauli Principle rol&9488GR32 1991SA2§; scattering matrix approach
(1990KU23; deduced model parameters990SA0Y; non-Rutherford cross section thresholds
(1991B0O4$; cluster-folding interactionsl@91HI07; energy dependence, dispersion relatit®(LTI09;
strong absorption model 994SA33; E(°Li) = 210, 318 MeV, energy approximatioh995EM03;
microscopic descriptiol@96 CAO0J; microscopic potentials, density matrix formalishf®96KNO02);
E(°Li) = 35, 53 MeV/A, breakup effect1997SA5%; and E(°Li) = 210, 315 MeV, S-matrix ap-
proach (998PI02.

For reaction (b) seel@87AR13.

33. (a)SLi(¥K, 39K)SLi
(b) 6Li(*°Ca,*°CayLi
(c) SLi(*Ca,**Ca)Li
(d) SLi(**Ca, S CalLi

Elastic scattering has been studied fofLi) = 26 to 99 MeV: see 1984AJ01 1988AJ0),
and atE(°Li) = 34 MeV (reaction (b)) by {987VA31]) and at 210 MeV 1988NAZX, 1989NA02
reaction (b)). °Li*(2.19) has been studied df(‘°Ca) = 227 MeV (1987VA31). Reaction (d)
was studied afZ(°Li) = 150 MeV (1990KAZH). For fusion measurements (reaction (b)) see
(1984BR04. For breakup measurements (reaction (b)) $884GR201990YA09 1992YAZW,
1993GU10Q1995AR15 1996YAQ)D.

For theoretical studies related to these reactions seegyenad target dependence of projec-
tile breakup {987SA2); sequential breakup cross sectiot8§7VA3D); role of Pauli Principle
(1988GR32; exchange effectsl@88KH0§ 1990DA23; imaginary part of channel-coupling po-
tentials ((990TAL); E(°Li) = 30 MeV, deduced optical model parametet990SA0Y; clus-
ter folding interactions 1991HI0%; strong absorption modell§94SA33; S-matrix approach
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(1995BE6Q 1998P102; and microscopic potentiald 996KNO02. For earlier work see references
cited in (L988AJ0).

34. (a)"Li(~, n)Li O = —7.249
(b) TLi(~y, pr)oLi O = —146.038

Transitions td'Li*(0, 2.19, 3.56) have been observed in reaction (a): $689AJ011984AJ0).
Differential cross sections are reported By,.,, = 60 to 120 MeV for theny + n, groups
(1985SE1). Bremsstrahlung yield fory ny) was measured foE, = 7-9 MeV (1989KA30.
Reaction (b) at 0.9 GeV involvési*(2.19) (1985RE1A. See also the measurementdf= 350
MeV reported by {991GA26, and se€Li, (1985ST1A 1986BA2G 1986GO1N).

An analysis of' Li(~y, n) data in the giant resonance energy region is describgd®B8vVVA0S.
Cluster effects were explored ing92VA129. Calculation with a potential two cluster model are
reported in {997DUO03.

35.7Li(7—, 7~ p)’He Qum = —9.9754

Quasielastic pion-proton backward scattering was medsatrd’, = 0.7, 0.9, 1.25 GeV
(2000AB25. Fermi momentum distributions f6t.i were deduced.

36.7Li(r+, p)Li Qum = 133.1026

Differential cross sections have been measurefl.at= 75 and 175 MeV for the transitions
to 5Li*(0, 2.19): see [984AJ0). Proton spectra measured at momentum exchange 660dvieV/
(1989LI1Z0) provided evidence for apmeson nuclear bound state.

37. (a)Li(p, d)°Li Om = —5.0254
(b) "Li(p, pn)°Li Qm = —7.2499

Angular distributions of deuterons (reaction (a)) havenb&tedied forE,, = 167 to 800 MeV
[see (979AJ01 1984AJ0)] and at 18.6 MeV 1986G0231987G027 dy, di, d; see for spec-
troscopic factors), 200 and 400 MeWY985KR13 dy, d;; d, is weakly populated at 200 MeV)
and at 800 MeV 1984SM04 dy, d;). The ratio of the intensities of the groups %oi*(2.19)
and®Li, . increases with energy. It is suggested that this can be stoiet in terms of a small
admixture of 1f orbital in these states985KR13. A DWBA analysis ofE,, = 185 MeV data
leads toC%S = 0.87, 0.67, 0.24, (0.05), 0.14, respectively fti*(0, 2.19, 3.56, 4.31, 5.37). No
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other states were seen beldw ~ 20 MeV: see (979AJ0). The tensor analyzing powék,
was measured for thed("Li, d)SLi reaction atFE("Li) = 70 MeV to 5Li*(0, 2.186) (1991DA0Y.
Data atE, = 33.6 MeV were analyzed byl@91AB04 in a test for Cohen-Kurath wave functions.
See also the analysis of datafgf = 698 MeV by (1993AL0S » production). In reaction (b) at
E, = 1 GeV the separation energy betweef.5 MeV broadlp;/, andls;/, groups is reported
to be18.0 + 0.8 MeV (1985BE30 1985D01§. See alsoX983LY04 1988BE1| 1988GUZW,.
Differential cross sections were measuredzgt= 70 MeV (1988PA29 and atE, = 2.7-3.8
MeV (1988B0O37 application). See also the measurements for nuclear priabe utilization
(1995RI1J.

38.7Li(d, t)°Li Qum = —0.9927

A study atE; = 23.6 MeV of the relative cross sections of the analog reactfanl, t)°Li
(to the first two7T = 1 states at 3.56 and 5.37 MeV) antdi(d, *He)’He (to the ground and
1.80 MeV excited states) shows tliat*(3.56, 5.37) have high isospin purity < 0.008): this is
explained in terms of antisymmetrization effects whichverg mixing with nearbyl” = 0 states:
see ((979AJ0). (1987B0O39 [E,; = 30.7 MeV] deduce that the branching ratio &fi*(4.31)
[27] into a dinucleonT = 1, S = 0] is (85 4 10)%: see also reactions 21 fhle and 4 in°Be.
See als01987GUZZ £, = 18 MeV, angular distributions tbLi*(0, 2.19, 3.56)) and 1984BL2],
1986AV0] 1988GUZW. See also the analysis method discussedl#9$GU22 DWBA and
dispersive theory).

39. (a)"Li(*He, @)L O = 13.3277
(b) "Li(*He, ch)*He O = 11.8534

Angular distributions have been reporteda*He) = 5.1 to 33.3 MeV [see 1974AJ01
1984AJ0): the lower energy work has not been published] and morentgcat £(*He) = 60
MeV (1994BUZX). Excited states observed in this reaction are displayethbie 6.12 See
also (1968CO07 which reported observation 6ti states at 0.02.17 + 0.02, 3.55 £ 0.02 and
5.34 + 0.02 MeV. (1986AN09 have analyzed unpublished data which suggest the invaxeof
several broad highly excited states’bf. See also {987AL23.

Several attempts have been made to observe the isospidderbdecay ofLi*(5.37) [27; 1]
via“Li(®*He,)°Li* — d+a: the branchingisc 1%. T',/T' = 0.35+0.10 andl",,,,/T" = 0.6540.10
for °Li*(5.37): see (979AJ0). “He + d spectra suggest the excitation Ufi*(4.3) [E, =
4.340.2MeV, T = 1.6+0.3 MeV] and®Li*(5.7) [ Ex = 5.65+0.2 MeV, T’ = 1.65+0.3 MeV]: see
(1984AJ0). See alsoX985DA29 1988BO1Y). A more recent measurementaf*He) = 4, 5, 6
MeV (1995AR14 gave values for the width of dLi*(4.31) in agreement with the adopted value
[' = 1700 + 200 keV and found no dependence on incident energy. Measureroédix coinci-
dence spectra @ (*He) = 11.5 MeV (1988AR2( and 5.0 MeV (991AR19 gave spectroscopic
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parameters fofLi*(5.65) in agreement with adopted valug<dg8AJ0). At E(*He) = 120 MeV
the missing mass spectra foiHg, 2d) and {He, pt) reflect the population éLi*(0, 2.19) and
suggest broad structuresiat = 28.5 and 32.9 MeV {985FR0). See alsd’B in (1988AJ0) and
(1983KU17 1988BO1).

40. (2)"Li(°Li, TLi)SLi
(b) 7Li(7Li, SLi)Li Om = —5.2171

At E(°Li) = 93 MeV a broad groupI{ ~ 11 MeV) centered af’, = 20 MeV is reported in
addition to other peaks &, = 17.1 + 0.3, 18.9 £ 0.3 and21.2 + 0.3 MeV (1987GLZW\). See
(1984K025 for reaction (b).

41.°Be(y, t)°Li Qm = —17.6885

Cross section measurements were made with virtual phoging alectrons at 21.0-39.0 MeV
(1999SHO0%. A compilation and evaluation of cross section datafor< 30 MeV has been done
by (1999ZHZN.

42. (a)’Be(p,)CLi Qm = 2.1254
(b) °Be(p, 2v)*H Qm = 0.6510
(c) °Be(p, ptyLi Qm = —17.6885

Angular distributions ofv-particles (reaction (a)) have been measurdd,at 0.11 to 45 MeV.
[see (974AJ01 1979AJ0)] and atE, = 22.5, 31 and 41 MeV [986HA27 ay, a4, ay; see for
spectroscopic factors). See also TahlE2and ((984AJ0). Recent measurements of angular dis-
tributions and analyzing power &i, = 77-321 keV are reported byl998BR1(). Measurements
at £, = 1 GeV are reported in2000ANZX). Calculations of the cross section and polarization
observables fof),, = 40 MeV are reported inZ000GA49 2000GAS9. A study of possible rea-
sons for non-observation of certdihi excited states in the reaction is discussedlifi99TI0?.
6Li*(3.56) decays byy-emission consistent with M1}, /T < 0.025 [forbidden by spin and parity
conservation]: seelP84AJ0). An analysis of théBe(p, ) cross section af/, = 16-700 keV
is described inZ001BA47). AstrophysicalS-factor, analyzing powers an-matrix parameters
were deduced. AE, = 9 MeV the yield of reaction (b) is dominated by FSI througe*(0, 2.9)
and®Li*(2.19) with little or no yield from direct three-body dag: see {979AJ0). More recent
measurements of cross sections and/or polarization cdisles/have been reportedgf = 50
MeV (1989GUO0Y, E, = 25, 30 MeV (1992PE12determined spectroscopic strengthis), = 40
MeV (1997FA17} [see also 1989FA1B], E, = 2-5 MeV (1988ABZW), £, = 16-390 keV
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[deducedS(FE)] (1997ZA00, E, = 77-321 keV [deduced stellar reaction rate$p98BR10),
E, = 30-300 keV @0001SZ2). See also application-related experimed@0RE091995RI14.
Analyses of data for this reaction have been reportedfor 45-50 MeV [DWBA] (1996 YAQ09
1997YAZV) and E, < 2 MeV [analyzed reaction rates, primordidli] (1997NO0J. Reac-
tions (b) and (c) a&, = 58 MeV involve °Li*(0, 2.19) (1985DE17}. See alsd’B in (1988AJ0)
and (L985MAZG, 1986AN26 1986KA26.

43.9Be(d,*HeLi Qm = —0.897
See’He.
44.9Be(t, SHeYLi Qm = —5.3830

Angular distributions ofHe, ; +°Li, s and®He, ; +°Li*(3.56) [both ions listed were detected]
have been measured Bt = 21.5 and 23.5 MeV. In the latter case the final state is composed of
two isobaric analog states: angular distributions are sgtrimaboutd0° cm, within the overall
experimental errors. In the reaction leading to the grodatks of°He and®Li differences from
symmetry of as much as 40% are observed at forward anglesul&ndistributions involving
®He, . + °Li*(2.19) andLi, . + ®He*(1.8) have also been measured. This reaction appears to
proceed predominantly by means of the direct pickup of artritr *He from ?Be. Differential
Cross sections are also reportedzat= 17 MeV: see (984AJ0) for references.

45.9BeHe, °Li)SLi Qm = —1.8938

Angular distributions ofLi ions have been obtained B(*He) = 6 to 10 MeV: see{974AJ0).
A study of the continuum suggests the populatioflofstates att, = 8-12,~ 21 and 21.5 MeV:
see ((984AJ0). More recently, measurementsiat*He) = 60 MeV of differential cross sections
have been reported 990MA1Q 1990MAZG, 1995MA57). Spectroscopic factors were deduced.
Angular distributions af?(*He) = 60 MeV for transition to thé€’Li ground state and téLi*( 3,
2.185;2*,5.37;11, 5.65) were measured$96RU13 and analyzed by coupled-channels methods.

46.19B(n, SHeYLi Qum = —5.258

Differential cross sections are reportedfat = 14.4 MeV involving °Li*(2.19) and°He, ..
(1984TUO03.
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47.19B(d, SLi) oLi Qm = —2.9861

Angular distributions involvingLi*(0, 2.19) have been studied &t = 13.6 MeV (1983D010
and at 19.5 MeV [se€l@74AJ0)]. See also1984SHZ).

48.19B(*He, "Be)Li Qm = —2.8738

Angular distributions involvingLi*(0, 2.19) have been measured Af*He) = 30 MeV: see
(1974AJ0).

49.19B(q, *Be)Li Qm = —4.5522

At E, = 72.5 MeV only 5Li*(0, 2.19) are observed: the latter is excited much morersgly
than is the ground staté&] for the ground state is 0.4 that fétiri*(2.19)]. The angular distributions
for both transitions are flat: se@479AJ0). See alsol984AJ0). A more recent measurement
of differential cross sections &t, = 27.2 MeV is reported in {995FA2). Spectroscopic factors
were deduced.

50. 'B(d, Li) °Li Qum = —7.1903

See (984AJ0).

51.1'B(*He, ®Be)Li Qm = 4.5712

Angular distributions are reported @t(*He) = 71.8 MeV involving several states ifiBe
(1986JA021986JA13.

52.12C(p, "Be)Li Qm = —22.5668

Angular distributions involvingBe*(0, 0.43) have been measuredgt= 40.3 MeV (1985DE03.
For the earlier work at/, = 30.6 to 56.8 MeV seel974AJ0] 1979AJ0). See also references
cited in (L988AJ0).
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53.12C(d, Be)Li Qum = —5.8922

Angular distributions involving states fiBe have been studied & = 19.5 and 51.8 MeV [see
(1974AJ0)] and at 50 MeV 1985G01G 1989G0O071989G02p, 54.2 MeV (1984UM04 and
78 MeV (1986JA13, as well as at/y = 18 and 22 MeV (987TA07) and 51.7 MeV {986YA1D).
See also1984NE1A 1987GO1%and the DWBA calculations df; = 50 MeV (1988KA46 and
Eq =15 MeV (1988RA27.

54.12C(*He, °B)°Li Qum = —11.5708

Angular distributions have been obtaineditHe) = 28 to 40.7 MeV [see 1974AJ0)] and
at F(*He) = 33 MeV (1989S103, E(*He) = 33.4 MeV (1986CL1B alsoA,), E(*He) = 60 MeV
(1990MAZG, 1993MA49, E(*He) = 30-60 MeV (1995MA57). See also1989GL1D and see
9B in (1988AJ0).

55. (a)!2C(a, '°B)SLi OQm = —23.7122
(b) 12C(a, da)'°B Qm = —25.1865

Angular distributions (reaction (a)) &, = 42 MeV involve °Li*(0, 2.19): see {974AJ0).
Differential cross sections were measuredrat = 90 MeV and cluster spectroscopic ampli-
tudes were deduced991GL03. At E, = 65 MeV reaction (b) goes VilLi*(2.19, 4.31): see
(1984AJ0). See alsd’B in (1988AJ0) and (L987GA20.

56. (a)'2C(Li, a)"N Ou = 8.7980
(b) 2C(Li, ad)2C O = —1.4743

An analysis involving excited states fi and *N was applied to cross section and analyzing
power data aF/(°Li) = 33 MeV by (2000MA43.

Measurements of triple differential cross sections fosttebreakup of 156 MeVLi (reaction
(b)) were reported inlO89HE28 1989HE17 1989RE1G. A diffraction dissociation model anal-
ysis was used. See also reaction 70. Partial cross seatiothefLi + 12C reaction were measured
for E(°Li) = 3.11-12.07 MeV by (998MU12.

57.12C(1°B, 1S0)L;i Qum = 2.7015

48



See'S0 in (1986AJ0).

58.12C(!!B, 6Li) 17O Qm = —4.609

Measurements of angular distributions/at'!B) = 25, 35, 40 MeV have been reported by
(1996JA13. Transfer mechanisms were studied.

59.12C(12C, 12C)LiSLi Qum = —28.1726

The fragmentation of?C into two °Li ions has been observed &t('?2C) = 2.1 GeV/A
(1986L1ZP.

60. 12C(1N, 2NeYLi O = —4.1810

Angular distributions of reaction products were measued=(**N) = 50 MeV, and multi-
nucleon transfer mechanisms were studiB29QARZX). See also the analysis fér(**N) = 54
MeV (1987G0O12, and seé’Ne in (1987AJ021998TI09.

61.13C(p, Be)Li Qum = —8.6140

See (974AJ0).

62.13C(t, °Li) °Be Qu = —8.6181

Measurements of differential cross sections and analyzmgers were reported by 989SI103.
Spectroscopic factors were extracted.

63. 13C(He, L) 1°B Qum = —8.0809

Differential cross sections &(*He) = 60 MeV have been reported990MAZG, 1995MA57).
Cluster pick-up mechanisms were studied.
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64.150(d, 12C)°Li Qum = —5.6876

Angular distributions and polarization observables imirg °Li ions and several®’C states
are reported at; = 22 MeV (1987TAO07) and 51.7 MeV (986YA12D and atFy, = 54.2 MeV
(1984UMO09. See alsol984NE1A, and!?C in (1990AJ0) for polarization studies.

65. 150(He, 5Li) N Qum = —9.2376

Measurements and analyses of differential cross sectioA§’ble) = 30—60 MeV have been
reported {995MA57).

66. 19F(d, 5Li) 1N O = —2.5394

Differential cross sections df; = 50 MeV were reportedi990G0O14.

67. YF(CHe, SO)Li Qum = 4.0045

Angular distributions have been measured7§tHe) = 11 to 40.7 MeV involving®Li*(0,
3.56) and various states 810: see {974AJ01 1977AJ02. Differential cross sections have been
reported forE(*He) = 66 MeV (1991MA56.

68. %Ni(SLi, d)X

Measurement of the tensor analyzing power madé&(@ti) = 34 MeV (1978VE03 were
analyzed to obtain th®- andS-state ratio for the< da|SLi| bound state overlap.

69. 1¥Ba(Li, 9Li)

Angular distributions measured fér(°Li) = 21-32 MeV are reported byl99MA1H.

70. (a)2°*PbLi, 5Li)2°%Pb
(b) 205PbLi, ad)?**Pb O = —1.4743
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For reaction (a) differential cross sections were measatdt(°Li) = 25-60 MeV and ana-
lyzed by the optical modell@94KEO08 1998KE0J.

For reaction (b) measurements of triple differential cresstions for elastic breakup of 156
MeV °Li were reported in1989HE28 1989HE17 1989RE1G. Data were analyzed on the basis
of a diffractive disintegration approach. Breakup measamts atZ(°Li) = 60 MeV were re-
ported in (988HE1§. See also reaction 56, and see the theoretical study ofargprrelation of
breakup fragments inl@89BA25.

5Be
(Figs. 6 and 7)

GENERAL: References to articles on general propertié8efpublished since the previous review
(1988AJ0) are grouped into categories and listed, along with briefcdptions of each item,
in the General Tables fdiBe located on our website atvw.tunl.duke.edu/NuclData/General
_Tables/6be.shtml

1. (a)*He(He,~)Be Qn = 11.4884
(b) *He(He, pyLi Qm =11.17 E, =11.49
(c) *He(He, 2p¥He Qm = 12.8596
(d) *He(He,*He)*He
(e)*He(He, pd¥He Qm = —5.4935

The vyield of y-rays to®Be*(1.7) (reaction (a)) increases smoothly from 0.4 to B (as-
suming isotropy) fo10.86 < E(*He) < 11.8 MeV (90°). No transitions are observed t8e,

Table 6.14: Energy levels 6Be

(M eVEj}; keV) Jo T em Decay Reactions
g.s. 0t; 1 92 + 6 keV p, 2,3,4
1.67£50%2 (2)";1 1.16 £ 0.06 MeV p, 1,2,3,4
23 4- broad ~v,%He | 1,3
26 2- broad SHe | 1,3
27 3 broad SHe |1

@ See Table 6.8 in1974AJ0).
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Figure 6: Energy levels ¢fBe. For notation see Fig. 5.
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[0 < 0.01 ub at E(*He) = 1.4 MeV]. This is understood in terms of a direct capture’de by
3He in the singlet spin state and with zero angular momenthm0t — 0* ~-transition is for-
bidden. Reaction (a) is thus of negligible astrophysicgdontance compared to reaction (c): see
(1979AJ0). The capture cross section froR(*He) = 12 MeV to 27 MeV continues to increase
smoothly with energy at first and then shows a broad strucemeered af?(*He) = 23 + 1 MeV
[Ex = 23.0 £ 0.5 MeV], I, = 5 MeV. This appears to be®F cluster resonance which decays
by an E1 transition téBe*(1.7). They-ray angular distributions are consistent with= 3~: see
(1979AJ0). See alsoX9891S1B. Thermonuclear reaction rates for this reaction calealditom
evaluated data are presented in the compilati@®9AN3;.

A, has been measured féf(*He) = 14 to 30 MeV [reaction (b)] by 1983KI10 using a
polarized target. See alshi.

Measurements of the total cross section for reaction (ci theen carried out foE(*He) =
60 keV to 2.2 MeV [see 1979AJ0)] and for 36 to 685 keV 1987KR09. The measurements
are consistent with a non-resonant reaction mechanisneaat down tof,,, = 24.5 keV. Up-
per limits for wy for a resonance below that energy (and wih (cm) as low as 16.2 keV)
[which might help explain the low observed flux of solar newds], are given in 1987KR09.
[It should be noted that a corresponding mirror statéHie has not been observed.] The best
fit to the data is given bys(0) = 5.57 + 0.31 MeV - b (1987KR09. See (979AJ0) for the
earlier work. See alsolP66LA04 1974AJ0). For work on astrophysical considerations see
references cited inLO88AJ0), and see also the following work: thermonuclear reactaias cal-
culated from evaluated data988CA26 1999AN35; dynamic screeningl@88CAL); neutrino
astrophysicsi989BA2B; reaction ratesl(989SC2); plasma fusion{988P0O1)j S factors, RGM
(1989VA20; cross sections, extended elastic mod8B0OSC1Y; cross sections, microscopic study
(1991TYO0D; phase shifts, generator coordinate metht@PQKR13; astrophysical-factor, po-
tential model {992WI109; cross sections, microscopic analysi®94DE27; S factor, electron
screening effectsl@89BEO§; and nucleosynthesis around black hol&889JI1A. (1985SI11)
reporta-d correlation measurements Ef*He) = 13.6 MeV, which suggest the breakup of the
diproton ¢He) into?H + ™ + v.

The elastic scattering (reaction (d)) has been studiedFigHe) = 3 to 32 MeV and at
120 MeV. The excitation function shows a smooth monotonicaver except for an anomaly
at E(*He) = 25 MeV in the L = 3 partial wave corresponding to a broad staté’iBe at
E, ~ 24 MeV. Polarization measurements have been carried oE(?éfe) = 17.9t0 32.9 MeV.

A two level R-matrix analysis of the phase shifts (< 5) suggests three broad F-wave states
at £, ~ 23.4, 26.2 and 26.7 MeV.J™ = 4, 2= and3~, respectively], in disagreement with
the capturey-ray results described above: sé®719AJ0). Calculations using the generator co-
ordinate method have been reported for phase shift¢He) < 5 MeV) (1990KR13, and for
differential cross sections and astrophysig#ctors (£(*He) = 2—-6 MeV) (1994DE27. See also
(1984AJ0) and (L986FO04.

A kinematically complete experiment (reaction (e)) hasheerformed at/(*He) = 120 MeV:
large peaks were observed which appear to correspottdietal quasi-free scattering followed by
p-d FSI: see{984AJ0).
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The total reaction cross sectiong = 156.7+3.8, 250+ 14 and296+12 mb atE(*He) = 17.9,
21.7 and 24.0 MeV1987BR02 [see also for partial cross sections for the breakup reastand
for unpublished results fary for E(*He) = 3.0to 17.9 MeV]. See alsdl@84AJ0) and references
cited in (L988AJ0).

2.*He(He, nfBe Qm = —9.0892

Neutron groups t&Be*(0, 1.7) have been observed Af*He) = 19.4 to 38.61 MeV: see
Table 6.8 in {974AJ0) for the parameters of the first-excited state. There is iaeexce for other
states of Be with £, < 5 MeV, nor for a state near thiéle threshold at 11.5 MeV: se&q79AJ0).

3. (a)5Li(p, n)°Be Qm = —5.070
(b) SLi(p, pn)Li Om = —5.39

Neutron groups have been observedBe*(0, 1.7) as has the ground-state threshold. The
width of the ground state & + 28 keV. The parameters 6Be*(1.7) are displayed in Table 6.8 of
(1974AJ0). Angular distributions have been reportedigt= 8.3 to 144 MeV [see 1979AJ0]
1984AJ0)] and at 800 MeV {986KI12. The transverse spin transfer coefficiebtyy (0°), at
E, = 160 MeV for the ground-state transition is0.37 = 0.04 in agreement with results in other
light nuclei (1984TA07. See alsGBe and references cited it g88AJ0).

In more recent work, evidence for a proportionality betweg(0°) and Gamow-Teller tran-
sition strengths were examineti987TAL13. See alsol989RA1Q. Measurements are reported
at: £, = 60-200 MeV Dxn(0°) (1990RA09]; E,, = 256, 800 MeV [double differential cross sec-
tions (L993STOY; £, = 186 MeV [polarization observabled 993WAZX, 1993YAZZ, 1994RA2),
quasi-free excitationd©94WA22 1999WAZV), dipole excitations1995YA1D)]; E, = 392 MeV
[0(8), Ay(6) (1994TOO0Y]; E, = 300, 400 MeV [quasi-free excitation®)nn(0°) (1994SA4Y];
E, = 295 MeV [spin-flip strengthDxx (0°) (1995WA16]; E, = 200 MeV [A,(#) (1995WAZW)];
E, =35MeV [0(f) (19960RZZ 19980R1B]; and E,, = 280 MeV [o(#), isospin-symmetry test
(1990M110]. For recent applications seeq98HA24 1998WA12. Calculations with a dynamical
multicluster model are discussed (tBO1DA0G 1993SH1G. See also the review of two-particle
neutron halo nuclei inl996DA3]).

In reaction (b) some evidence has been reportefl,at= 47 MeV for sequential decay via
6Be*(15.5 £ 2, 24 £ 2): see ((979AJ0). See alsoX988MIZX).

4. 5Li(*He, tfBe Qm = —4.3063

Triton groups have been observedBe*(0, 1.7). The width of the ground statesig + 6 keV.
The parameters of the excited state are displayed in TaBlef1974AJ0). No other excited
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states have been seen with < 13 MeV. There is no evidence for a state near 11.5 MeV: see
(1979AJ0). (1987B0O39 have studied the decay tBe*(1.7) atE(*He) = 38.7 MeV: they report
that the branching ratio for decay via the emissioftdé [I" = 1, S = 0] is 0.60 & 0.15: see also
reactions 21 ifHe and 38 irfLi and (1984B049 1985B056 1988BO1). See alsoi984AJ0),
(1987DA31 theor.) and’B in (1988AJ0).

In more recent work, kinematically complete experiments’fa(He, tfBe*(0, 1.7) — o +
p + p were reported in(988B0O38 1989BO1N 1989B025 1989B0O42 and in (L992B0O25
1993B0O3gstudied decay mechanism]). Measurements of different@ds sections af(*He) =
93 MeV are described in1094DOZW.

6B, 6C
(Not illustrated)

Not observed: seel79AJ0] 1984AJ01 1989GRO[Li(7+, 7~) at £+ = 180, 240 MeV],
93PO011 [properties of exotic light nuclei)998SU18§.

Table 6.15: Isospin triplet componerf§ = 1) in A = 6 nuclei®

‘He OLi ‘Be
E, (MeV) JT E.(MeV) | J~ T | AE,® (MeV) | E, (MeV) | J* | AE, ©(MeV)
0 0F 356 | 07;1 0 0t
1.80 2F 537 | 2%;1 +0.01 1.67 | (2" —0.13
5.6 (2+,17,07)
14.6 (17,27) 1799 |27;1 —0.17 26 2- 11.4
24.78 | 37;1 27 3
2489 | 47;1 23 4
2659 | 27;1

& As taken from Table$.1, 6.4and6.14
b Defined asf("Li) — Ex(°He) — 3.56 MeV.
¢ Defined ast, (°Be) — E,(°He).
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