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Theoretical studies for these reactions include: analyzednon-Rutherford cross sections (1991BO48);
effects of nonresonant breakup states (1991HI11); strong absorption model analysis (1994SA33);
cluster folding interaction (1991HI07); coupled channels study (1992HI02); and cluster-folding
analysis (1994RU11).

32. (a)6Li( 28Si, 28Si)6Li

(b) 6Li( 30Si, 30Si)6Li

The elastic scattering has been studied atE(6Li) = 13 to 154 MeV [see (1984AJ01)], at 27 and
34 MeV (1983VI03) and at 210 MeV (1988NAZX). For a study of the decay see (1987NI04). See
also references cited in (1988AJ01).

More recent measurements have been reported atE(6Li) = 210 MeV (inelasticσ(θ) to 28Si*(first
2+ state) (1989NA11); elasticσ(θ), optical parameters (1989NA02); and E(6Li) = 318 MeV
(σ(θ), folding model potentials (1990NAZZ, 1993NA01)). Related analyses and other theoret-
ical studies include: Pauli Principle role (1988GR32, 1991SA26); scattering matrix approach
(1990KU23); deduced model parameters (1990SA05); non-Rutherford cross section thresholds
(1991BO48); cluster-folding interactions (1991HI07); energy dependence, dispersion relation (1991TI04);
strong absorption model (1994SA33); E(6Li) = 210, 318 MeV, energy approximation (1995EM03);
microscopic description (1996CA01); microscopic potentials, density matrix formalism (1996KN02);
E(6Li) = 35, 53 MeV/A, breakup effect (1997SA57); andE(6Li) = 210, 315 MeV,S-matrix ap-
proach (1998PI02).

For reaction (b) see (1987AR13).

33. (a)6Li( 39K, 39K)6Li

(b) 6Li( 40Ca,40Ca)6Li

(c) 6Li( 44Ca,44Ca)6Li

(d) 6Li( 48Ca,48Ca)6Li

Elastic scattering has been studied forE(6Li) = 26 to 99 MeV: see (1984AJ01, 1988AJ01),
and atE(6Li) = 34 MeV (reaction (b)) by (1987VA31) and at 210 MeV (1988NAZX, 1989NA02;
reaction (b)). 6Li*(2.19) has been studied atE(40Ca) = 227 MeV (1987VA31). Reaction (d)
was studied atE(6Li) = 150 MeV (1990KAZH). For fusion measurements (reaction (b)) see
(1984BR04). For breakup measurements (reaction (b)) see (1984GR20, 1990YA09, 1992YAZW,
1993GU10, 1995AR15, 1996YA01).

For theoretical studies related to these reactions see: energy and target dependence of projec-
tile breakup (1987SA21); sequential breakup cross sections (1987VA31); role of Pauli Principle
(1988GR32); exchange effects (1988KH08, 1990DA23); imaginary part of channel-coupling po-
tentials (1990TA1I); E(6Li) = 30 MeV, deduced optical model parameters (1990SA05); clus-
ter folding interactions (1991HI07); strong absorption model (1994SA33); S-matrix approach
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(1995BE60, 1998PI02); and microscopic potentials (1996KN02). For earlier work see references
cited in (1988AJ01).

34. (a)7Li(γ, n)6Li Qm = −7.249

(b) 7Li(γ, pπ−)6Li Qm = −146.038

Transitions to6Li*(0, 2.19, 3.56) have been observed in reaction (a): see (1979AJ01, 1984AJ01).
Differential cross sections are reported forEbrem = 60 to 120 MeV for then0 + n2 groups
(1985SE17). Bremsstrahlung yield for (γ, n0) was measured forEγ = 7–9 MeV (1989KA30).
Reaction (b) at 0.9 GeV involves6Li*(2.19) (1985RE1A). See also the measurements ofEγ = 350
MeV reported by (1991GA26), and see7Li, (1985ST1A, 1986BA2G, 1986GO1M).

An analysis of7Li(γ, n) data in the giant resonance energy region is described in(1987VA05).
Cluster effects were explored in (1992VA12). Calculation with a potential two cluster model are
reported in (1997DU02).

35. 7Li(π−, π−p)6He Qm = −9.9754

Quasielastic pion-proton backward scattering was measured at Eπ = 0.7, 0.9, 1.25 GeV
(2000AB25). Fermi momentum distributions for6Li were deduced.

36. 7Li(π+, p)6Li Qm = 133.1026

Differential cross sections have been measured atEπ+ = 75 and 175 MeV for the transitions
to 6Li*(0, 2.19): see (1984AJ01). Proton spectra measured at momentum exchange 660 MeV/c
(1989LIZO) provided evidence for anη-meson nuclear bound state.

37. (a)7Li(p, d)6Li Qm = −5.0254

(b) 7Li(p, pn)6Li Qm = −7.2499

Angular distributions of deuterons (reaction (a)) have been studied forEp = 167 to 800 MeV
[see (1979AJ01, 1984AJ01)] and at 18.6 MeV (1986GO23, 1987GO27; d0, d1, d2; see for spec-
troscopic factors), 200 and 400 MeV (1985KR13; d0, d1; d2 is weakly populated at 200 MeV)
and at 800 MeV (1984SM04; d0, d1). The ratio of the intensities of the groups to6Li*(2.19)
and6Li g.s. increases with energy. It is suggested that this can be understood in terms of a small
admixture of 1f orbital in these states (1985KR13). A DWBA analysis ofEp = 185 MeV data
leads toC2S = 0.87, 0.67, 0.24, (0.05), 0.14, respectively for6Li*(0, 2.19, 3.56, 4.31, 5.37). No
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other states were seen belowEx ≈ 20 MeV: see (1979AJ01). The tensor analyzing powerT20

was measured for the1H(7Li, d)6Li reaction atE(7Li) = 70 MeV to 6Li*(0, 2.186) (1991DA07).
Data atEp = 33.6 MeV were analyzed by (1991AB04) in a test for Cohen-Kurath wave functions.
See also the analysis of data atEp = 698 MeV by (1993AL05; η production). In reaction (b) at
Ep = 1 GeV the separation energy between≈6.5 MeV broad1p3/2 and1s1/2 groups is reported
to be18.0 ± 0.8 MeV (1985BE30, 1985DO16). See also (1983LY04, 1988BE1I, 1988GUZW).
Differential cross sections were measured atEp = 70 MeV (1988PA26) and atEp = 2.7–3.8
MeV (1988BO37; application). See also the measurements for nuclear microprobe utilization
(1995RI14).

38. 7Li(d, t)6Li Qm = −0.9927

A study atEd = 23.6 MeV of the relative cross sections of the analog reactions7Li(d, t)6Li
(to the first twoT = 1 states at 3.56 and 5.37 MeV) and7Li(d, 3He)6He (to the ground and
1.80 MeV excited states) shows that6Li*(3.56, 5.37) have high isospin purity (α2 < 0.008): this is
explained in terms of antisymmetrization effects which prevent mixing with nearbyT = 0 states:
see (1979AJ01). (1987BO39) [Ed = 30.7 MeV] deduce that the branching ratio of6Li*(4.31)
[2+] into a dinucleon [T = 1, S = 0] is (85 ± 10)%: see also reactions 21 in6He and 4 in6Be.
See also (1987GUZZ; Ed = 18 MeV; angular distributions to6Li*(0, 2.19, 3.56)) and (1984BL21,
1986AV01, 1988GUZW). See also the analysis method discussed in (1995GU22; DWBA and
dispersive theory).

39. (a)7Li( 3He,α)6Li Qm = 13.3277

(b) 7Li( 3He, dα)4He Qm = 11.8534

Angular distributions have been reported atE(3He) = 5.1 to 33.3 MeV [see (1974AJ01,
1984AJ01): the lower energy work has not been published] and more recently at E(3He) = 60
MeV (1994BUZX). Excited states observed in this reaction are displayed inTable 6.12. See
also (1968CO07) which reported observation of6Li states at 0.0,2.17 ± 0.02, 3.55 ± 0.02 and
5.34 ± 0.02 MeV. (1986AN04) have analyzed unpublished data which suggest the involvement of
several broad highly excited states of6Li. See also (1987AL23).

Several attempts have been made to observe the isospin-forbidden decay of6Li*(5.37) [2+; 1]
via 7Li( 3He,α)6Li* → d+α: the branching is< 1%. Γp/Γ = 0.35±0.10 andΓp+n/Γ = 0.65±0.10
for 6Li*(5.37): see (1979AJ01). 4He + d spectra suggest the excitation of6Li*(4.3) [Ex =
4.3±0.2 MeV, Γ = 1.6±0.3 MeV] and6Li*(5.7) [Ex = 5.65±0.2 MeV, Γ = 1.65±0.3 MeV]: see
(1984AJ01). See also (1985DA29, 1988BO1Y). A more recent measurement atE(3He) = 4, 5, 6
MeV (1995AR14) gave values for the width of of6Li*(4.31) in agreement with the adopted value
Γ = 1700 ± 200 keV and found no dependence on incident energy. Measurements of d-α coinci-
dence spectra atE(3He) = 11.5 MeV (1988AR20) and 5.0 MeV (1991AR19) gave spectroscopic
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parameters for6Li*(5.65) in agreement with adopted values (1988AJ01). At E(3He) = 120 MeV
the missing mass spectra for (3He, 2d) and (3He, pt) reflect the population of6Li*(0, 2.19) and
suggest broad structures atEx = 28.5 and 32.9 MeV (1985FR01). See also10B in (1988AJ01) and
(1983KU17, 1988BO1J).

40. (a)7Li( 6Li, 7Li) 6Li

(b) 7Li( 7Li, 8Li) 6Li Qm = −5.2171

At E(6Li) = 93 MeV a broad group (Γ ≈ 11 MeV) centered atEx = 20 MeV is reported in
addition to other peaks atEx = 17.1 ± 0.3, 18.9 ± 0.3 and21.2 ± 0.3 MeV (1987GLZW). See
(1984KO25) for reaction (b).

41. 9Be(γ, t)6Li Qm = −17.6885

Cross section measurements were made with virtual photons using electrons at 21.0–39.0 MeV
(1999SH05). A compilation and evaluation of cross section data forEγ < 30 MeV has been done
by (1999ZHZN).

42. (a)9Be(p,α)6Li Qm = 2.1254

(b) 9Be(p, 2α)2H Qm = 0.6510

(c) 9Be(p, pt)6Li Qm = −17.6885

Angular distributions ofα-particles (reaction (a)) have been measured atEp = 0.11 to 45 MeV.
[see (1974AJ01, 1979AJ01)] and atEp = 22.5, 31 and 41 MeV (1986HA27; α0, α1, α2; see for
spectroscopic factors). See also Table6.12and (1984AJ01). Recent measurements of angular dis-
tributions and analyzing power atEp = 77–321 keV are reported by (1998BR10). Measurements
at Ex = 1 GeV are reported in (2000ANZX). Calculations of the cross section and polarization
observables forEp = 40 MeV are reported in (2000GA49, 2000GA59). A study of possible rea-
sons for non-observation of certain6Li excited states in the reaction is discussed in (1999TI07).
6Li*(3.56) decays byγ-emission consistent with M1;Γα/Γ < 0.025 [forbidden by spin and parity
conservation]: see (1984AJ01). An analysis of the9Be(p,α) cross section atEp = 16–700 keV
is described in (2001BA47). AstrophysicalS-factor, analyzing powers andR-matrix parameters
were deduced. AtEp = 9 MeV the yield of reaction (b) is dominated by FSI through8Be*(0, 2.9)
and6Li*(2.19) with little or no yield from direct three-body decay: see (1979AJ01). More recent
measurements of cross sections and/or polarization observables have been reported atEp = 50
MeV (1989GU05), Ep = 25, 30 MeV (1992PE12; determined spectroscopic strengths),Ep = 40
MeV (1997FA17) [see also (1989FA1B)], Ep = 2–5 MeV (1988ABZW), Ep = 16–390 keV
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[deducedS(E)] (1997ZA06), Ep = 77–321 keV [deduced stellar reaction rates] (1998BR10),
Ep = 30–300 keV (2000ISZZ). See also application-related experiments (1990RE09, 1995RI14).
Analyses of data for this reaction have been reported forEp = 45–50 MeV [DWBA] (1996YA09,
1997YAZV) and Ep < 2 MeV [analyzed reaction rates, primordial6Li] ( 1997NO04). Reac-
tions (b) and (c) atEp = 58 MeV involve 6Li*(0, 2.19) (1985DE17). See also10B in (1988AJ01)
and (1985MA1F, 1986AN26, 1986KA26).

43. 9Be(d,5He)6Li Qm = −0.897

See5He.

44. 9Be(t, 6He)6Li Qm = −5.3830

Angular distributions of6Heg.s.+
6Li g.s. and6Heg.s.+

6Li*(3.56) [both ions listed were detected]
have been measured atEt = 21.5 and 23.5 MeV. In the latter case the final state is composed of
two isobaric analog states: angular distributions are symmetric about90◦ cm, within the overall
experimental errors. In the reaction leading to the ground states of6He and6Li differences from
symmetry of as much as 40% are observed at forward angles. Angular distributions involving
6Heg.s. + 6Li*(2.19) and 6Li g.s. + 6He*(1.8) have also been measured. This reaction appears to
proceed predominantly by means of the direct pickup of a triton or 3He from 9Be. Differential
cross sections are also reported atEt = 17 MeV: see (1984AJ01) for references.

45. 9Be(3He, 6Li) 6Li Qm = −1.8938

Angular distributions of6Li ions have been obtained atE(3He) = 6 to 10 MeV: see (1974AJ01).
A study of the continuum suggests the population of6Li states atEx = 8–12,≈ 21 and 21.5 MeV:
see (1984AJ01). More recently, measurements atE(3He) = 60 MeV of differential cross sections
have been reported (1990MA1O, 1990MAZG, 1995MA57). Spectroscopic factors were deduced.
Angular distributions atE(3He) = 60 MeV for transition to the6Li ground state and to6Li*( 3+,
2.185;2+, 5.37;1+, 5.65) were measured (1996RU13) and analyzed by coupled-channels methods.

46. 10B(n, 5He)6Li Qm = −5.258

Differential cross sections are reported atEn = 14.4 MeV involving 6Li*(2.19) and 5Heg.s.

(1984TU02).
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47. 10B(d, 6Li) 6Li Qm = −2.9861

Angular distributions involving6Li*(0, 2.19) have been studied atEd = 13.6 MeV (1983DO10)
and at 19.5 MeV [see (1974AJ01)]. See also (1984SH1E).

48. 10B(3He, 7Be)6Li Qm = −2.8738

Angular distributions involving6Li*(0, 2.19) have been measured atE(3He) = 30 MeV: see
(1974AJ01).

49. 10B(α, 8Be)6Li Qm = −4.5522

At Eα = 72.5 MeV only 6Li*(0, 2.19) are observed: the latter is excited much more strongly
than is the ground state [Sα for the ground state is 0.4 that for6Li*(2.19)]. The angular distributions
for both transitions are flat: see (1979AJ01). See also (1984AJ01). A more recent measurement
of differential cross sections atEα = 27.2 MeV is reported in (1995FA21). Spectroscopic factors
were deduced.

50. 11B(d, 7Li) 6Li Qm = −7.1903

See (1984AJ01).

51. 11B(3He, 8Be)6Li Qm = 4.5712

Angular distributions are reported atE(3He) = 71.8 MeV involving several states in8Be
(1986JA02, 1986JA14).

52. 12C(p, 7Be)6Li Qm = −22.5668

Angular distributions involving7Be*(0, 0.43) have been measured atEp = 40.3 MeV (1985DE05).
For the earlier work atEp = 30.6 to 56.8 MeV see (1974AJ01, 1979AJ01). See also references
cited in (1988AJ01).
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53. 12C(d, 8Be)6Li Qm = −5.8922

Angular distributions involving states in8Be have been studied atEd = 19.5 and 51.8 MeV [see
(1974AJ01)] and at 50 MeV (1985GO1G, 1989GO07, 1989GO26), 54.2 MeV (1984UM04) and
78 MeV (1986JA14), as well as atEd = 18 and 22 MeV (1987TA07) and 51.7 MeV (1986YA12).
See also (1984NE1A, 1987GO1S) and the DWBA calculations atEd = 50 MeV (1988KA46) and
Ed = 15 MeV (1988RA27).

54. 12C(3He, 9B)6Li Qm = −11.5708

Angular distributions have been obtained atE(3He) = 28 to 40.7 MeV [see (1974AJ01)] and
atE(3He) = 33 MeV (1989SI02), E(3He) = 33.4 MeV (1986CL1B; alsoAy), E(3He) = 60 MeV
(1990MAZG, 1993MA48), E(3He) = 30–60 MeV (1995MA57). See also (1989GL1D) and see
9B in (1988AJ01).

55. (a)12C(α, 10B)6Li Qm = −23.7122

(b) 12C(α, dα)10B Qm = −25.1865

Angular distributions (reaction (a)) atEα = 42 MeV involve 6Li*(0, 2.19): see (1974AJ01).
Differential cross sections were measured atEα = 90 MeV and cluster spectroscopic ampli-
tudes were deduced (1991GL03). At Eα = 65 MeV reaction (b) goes via6Li*(2.19, 4.31): see
(1984AJ01). See also10B in (1988AJ01) and (1987GA20).

56. (a)12C(6Li, α)14N Qm = 8.7980

(b) 12C(6Li, αd)12C Qm = −1.4743

An analysis involving excited states of6Li and 14N was applied to cross section and analyzing
power data atE(6Li) = 33 MeV by (2000MA43).

Measurements of triple differential cross sections for elastic breakup of 156 MeV6Li (reaction
(b)) were reported in (1989HE28, 89HE17, 89RE1G). A diffraction dissociation model analysis
was used. See also reaction 70. Partial cross sections for the 6Li + 12C reaction were measured for
E(6Li) = 3.11–12.07 MeV by (1998MU12).

57. 12C(10B, 16O)6Li Qm = 2.7015

48



See16O in (1986AJ04).

58. 12C(11B, 6Li) 17O Qm = −4.609

Measurements of angular distributions atE(11B) = 25, 35, 40 MeV have been reported by
(1996JA12). Transfer mechanisms were studied.

59. 12C(12C, 12C)6Li 6Li Qm = −28.1726

The fragmentation of12C into two 6Li ions has been observed atE(12C) = 2.1 GeV/A
(1986LIZP).

60. 12C(14N, 20Ne)6Li Qm = −4.1810

Angular distributions of reaction products were measured for E(14N) = 50 MeV, and multi-
nucleon transfer mechanisms were studied (1992ARZX). See also the analysis forE(14N) = 54
MeV (1987GO12), and see20Ne in (1987AJ02, 1998TI06).

61. 13C(p, 8Be)6Li Qm = −8.6140

See (1974AJ01).

62. 13C(t, 6Li) 10Be Qm = −8.6181

Measurements of differential cross sections and analyzingpowers were reported by (1989SI02).
Spectroscopic factors were extracted.

63. 13C(3He, 6Li) 10B Qm = −8.0809

Differential cross sections atE(3He) = 60 MeV have been reported (1990MAZG, 1995MA57).
Cluster pick-up mechanisms were studied.
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64. 16O(d, 12C)6Li Qm = −5.6876

Angular distributions and polarization observables involving 6Li ions and several12C states
are reported atEd = 22 MeV (1987TA07) and 51.7 MeV (1986YA12) and atEd = 54.2 MeV
(1984UM04). See also (1984NE1A), and12C in (1990AJ01) for polarization studies.

65. 16O(3He, 6Li) 13N Qm = −9.2376

Measurements and analyses of differential cross sections at E(3He) = 30–60 MeV have been
reported (1995MA57).

66. 19F(d, 6Li) 15N Qm = −2.5394

Differential cross sections atEd = 50 MeV were reported (1990GO14).

67. 19F(3He, 16O)6Li Qm = 4.0945

Angular distributions have been measured atE(3He) = 11 to 40.7 MeV involving6Li*(0,
3.56) and various states of16O: see (1974AJ01, 1977AJ02). Differential cross sections have been
reported forE(3He) = 66 MeV (1991MA56).

68. 58Ni(6Li, d)X

Measurement of the tensor analyzing power made atE(6Li) = 34 MeV (1978VE03) were
analyzed to obtain theD- andS-state ratio for the< dα|6Li | bound state overlap.

69. 138Ba(6Li, 9Li)

Angular distributions measured forE(6Li) = 21–32 MeV are reported by (1999MA16).

70. (a)208Pb(6Li, 6Li) 208Pb

(b) 208Pb(6Li, αd)208Pb Qm = −1.4743
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For reaction (a) differential cross sections were measuredat E(6Li) = 25–60 MeV and ana-
lyzed by the optical model (1994KE08, 1998KE03).

For reaction (b) measurements of triple differential crosssections for elastic breakup of 156
MeV 6Li were reported in (1989HE28, 1989HE17, 1989RE1G). Data were analyzed on the basis
of a diffractive disintegration approach. Breakup measurements atE(6Li) = 60 MeV were re-
ported in (1988HE16). See also reaction 56, and see the theoretical study of angular correlation of
breakup fragments in (1989BA25).

6Be
(Figs. 6 and 7)

GENERAL: References to articles on general properties of6Be published since the previous review
(1988AJ01) are grouped into categories and listed, along with brief descriptions of each item,
in the General Tables for6Be located on our website at (www.tunl.duke.edu/NuclData/General
Tables/6be.shtml).

1. (a)3He(3He,γ)6Be Qm = 11.4884

(b) 3He(3He, p)5Li Qm = 11.17 Eb = 11.49

(c) 3He(3He, 2p)4He Qm = 12.8596

(d) 3He(3He, 3He)3He

(e) 3He(3He, pd)3He Qm = −5.4935

The yield of γ-rays to 6Be*(1.7) (reaction (a)) increases smoothly from 0.4 to 9.3µb (as-
suming isotropy) for0.86 < E(3He) < 11.8 MeV (90◦). No transitions are observed to6Beg.s.

Table 6.14: Energy levels of6Be

Ex

(MeV ± keV) Jπ; T Γcm Decay Reactions

g.s. 0+; 1 92 ± 6 keV p, α 2, 3, 4

1.67 ± 50 a (2)+; 1 1.16 ± 0.06 MeV p, α 1, 2, 3, 4

23 4− broad γ, 3He 1, 3

26 2− broad 3He 1, 3

27 3− broad 3He 1

a See Table 6.8 in (1974AJ01).
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Figure 6: Energy levels of6Be. For notation see Fig. 5.
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[σ < 0.01 µb atE(3He) = 1.4 MeV]. This is understood in terms of a direct capture of3He by
3He in the singlet spin state and with zero angular momentum: the0+ → 0+ γ-transition is for-
bidden. Reaction (a) is thus of negligible astrophysical importance compared to reaction (c): see
(1979AJ01). The capture cross section fromE(3He) = 12 MeV to 27 MeV continues to increase
smoothly with energy at first and then shows a broad structurecentered atE(3He) = 23 ± 1 MeV
[Ex = 23.0 ± 0.5 MeV], Γcm ≈ 5 MeV. This appears to be a33F cluster resonance which decays
by an E1 transition to6Be*(1.7). Theγ-ray angular distributions are consistent withJπ = 3−: see
(1979AJ01). See also (1989IS1B). Thermonuclear reaction rates for this reaction calculated from
evaluated data are presented in the compilation (1999AN35).

Ay has been measured forE(3He) = 14 to 30 MeV [reaction (b)] by (1983KI10) using a
polarized target. See also5Li.

Measurements of the total cross section for reaction (c) have been carried out forE(3He) =
60 keV to 2.2 MeV [see (1979AJ01)] and for 36 to 685 keV (1987KR09). The measurements
are consistent with a non-resonant reaction mechanism, at least down toEcm = 24.5 keV. Up-
per limits for ωγ for a resonance below that energy (and withER (cm) as low as 16.2 keV)
[which might help explain the low observed flux of solar neutrinos], are given in (1987KR09).
[It should be noted that a corresponding mirror state in6He has not been observed.] The best
fit to the data is given byS(0) = 5.57 ± 0.31 MeV · b (1987KR09). See (1979AJ01) for the
earlier work. See also (1966LA04, 1974AJ01). For work on astrophysical considerations see
references cited in (1988AJ01), and see also the following work: thermonuclear reaction rates cal-
culated from evaluated data (1988CA26, 1999AN35); dynamic screening (1988CA1J); neutrino
astrophysics (1989BA2P); reaction rates (1989SC25); plasma fusion (1988PO1J); S factors, RGM
(1989VA20); cross sections, extended elastic model (1990SC15); cross sections, microscopic study
(1991TY01); phase shifts, generator coordinate method (1990KR12); astrophysicalS-factor, po-
tential model (1992WI09); cross sections, microscopic analysis (1994DE27); S factor, electron
screening effects (1989BE08); and nucleosynthesis around black holes (1989JI1A). (1985SI12)
reportα-d correlation measurements atE(3He) = 13.6 MeV, which suggest the breakup of the
diproton (2He) into2H + e+ + ν.

The elastic scattering (reaction (d)) has been studied forE(3He) = 3 to 32 MeV and at
120 MeV. The excitation function shows a smooth monotonic behavior except for an anomaly
at E(3He) = 25 MeV in the L = 3 partial wave corresponding to a broad state in6Be at
Ex ≈ 24 MeV. Polarization measurements have been carried out atE(3 ~He) = 17.9 to 32.9 MeV.
A two level R-matrix analysis of the phase shifts (L ≤ 5) suggests three broad F-wave states
at Ex ≈ 23.4, 26.2 and 26.7 MeV [Jπ = 4−, 2− and3−, respectively], in disagreement with
the captureγ-ray results described above: see (1979AJ01). Calculations using the generator co-
ordinate method have been reported for phase shifts (E(3He) < 5 MeV) (1990KR12), and for
differential cross sections and astrophysicalS factors (E(3He) = 2–6 MeV) (1994DE27). See also
(1984AJ01) and (1986FO04).

A kinematically complete experiment (reaction (e)) has been performed atE(3He) = 120 MeV:
large peaks were observed which appear to correspond to3He-d quasi-free scattering followed by
p-d FSI: see (1984AJ01).

53



The total reaction cross sectionsσR = 156.7±3.8, 250±14 and296±12 mb atE(3He) = 17.9,
21.7 and 24.0 MeV (1987BR02) [see also for partial cross sections for the breakup reactions and
for unpublished results forσR for E(3He) = 3.0 to 17.9 MeV]. See also (1984AJ01) and references
cited in (1988AJ01).

2. 4He(3He, n)6Be Qm = −9.0892

Neutron groups to6Be*(0, 1.7) have been observed atE(3He) = 19.4 to 38.61 MeV: see
Table 6.8 in (1974AJ01) for the parameters of the first-excited state. There is no evidence for other
states of6Be withEx ≤ 5 MeV, nor for a state near the3He threshold at 11.5 MeV: see (1979AJ01).

3. (a)6Li(p, n)6Be Qm = −5.070

(b) 6Li(p, pn)5Li Qm = −5.39

Neutron groups have been observed to6Be*(0, 1.7) as has the ground-state threshold. The
width of the ground state is95±28 keV. The parameters of6Be*(1.7) are displayed in Table 6.8 of
(1974AJ01). Angular distributions have been reported atEp = 8.3 to 144 MeV [see (1979AJ01,
1984AJ01)] and at 800 MeV (1986KI12). The transverse spin transfer coefficient,DNN (0◦), at
Ep = 160 MeV for the ground-state transition is−0.37 ± 0.04 in agreement with results in other
light nuclei (1984TA07). See also7Be and references cited in (1988AJ01).

In more recent work, evidence for a proportionality betweenσpn(0
◦) and Gamow-Teller tran-

sition strengths were examined (1987TA13). See also (1989RA1G). Measurements are reported
at: Ep = 60–200 MeV [DNN(0◦) (1990RA08)]; Ep = 256, 800 MeV [double differential cross sec-
tions (1993ST06)]; Ep = 186 MeV [polarization observables (1993WAZX, 1993YAZZ, 1994RA23),
quasi-free excitations (1994WA22, 1999WAZV), dipole excitations (1995YA12)]; Ep = 392 MeV
[σ(θ), Ay(θ) (1994TO08)]; Ep = 300, 400 MeV [quasi-free excitations,DNN(0◦) (1994SA43)];
Ep = 295 MeV [spin-flip strength,DNN(0◦) (1995WA16)]; Ep = 200 MeV [Ay(θ) (1995WAZW)];
Ep = 35 MeV [σ(θ) (1996ORZZ, 1998OR1B)]; andEp = 280 MeV [σ(θ), isospin-symmetry test
(1990MI10)]. For recent applications see (1998HA24, 1998WA12). Calculations with a dynamical
multicluster model are discussed in (1991DA08, 1993SH1G). See also the review of two-particle
neutron halo nuclei in (1996DA31).

In reaction (b) some evidence has been reported atEp = 47 MeV for sequential decay via
6Be*(15.5 ± 2, 24 ± 2): see (1979AJ01). See also (1988MIZX).

4. 6Li( 3He, t)6Be Qm = −4.3063

Triton groups have been observed to6Be*(0, 1.7). The width of the ground state is89± 6 keV.
The parameters of the excited state are displayed in Table 6.8 of (1974AJ01). No other excited
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states have been seen withEx < 13 MeV. There is no evidence for a state near 11.5 MeV: see
(1979AJ01). (1987BO39) have studied the decay of6Be*(1.7) atE(3He) = 38.7 MeV: they report
that the branching ratio for decay via the emission of2He [T = 1, S = 0] is 0.60 ± 0.15: see also
reactions 21 in6He and 38 in6Li and (1984BO49, 1985BO56, 1988BO1J). See also (1984AJ01),
(1987DA31; theor.) and9B in (1988AJ01).

In more recent work, kinematically complete experiments for 6Li( 3He, t)6Be*(0, 1.7)→ α +
p + p were reported in (1988BO38, 1989BO1N, 1989BO25, 1989BO42) and in (1992BO25,
1993BO38[studied decay mechanism]). Measurements of differentialcross sections atE(3He) =
93 MeV are described in (1994DOZW).

6B, 6C
(Not illustrated)

Not observed: see (1979AJ01, 1984AJ01, 1989GR06[6Li(π+, π−) at Eπ+ = 180, 240 MeV],
93PO11 [properties of exotic light nuclei]) (1998SU18).

Table 6.15: Isospin triplet components(T = 1) in A = 6 nucleia

6He 6Li 6Be

Ex (MeV) Jπ Ex (MeV) Jπ; T ∆Ex
b (MeV) Ex (MeV) Jπ ∆Ex

c (MeV)

0 0+ 3.56 0+; 1 0 0+

1.80 2+ 5.37 2+; 1 +0.01 1.67 (2)+ −0.13

5.6 (2+, 1−, 0+)

14.6 (1−, 2−) 17.99 2−; 1 −0.17 26 2− 11.4

24.78 3−; 1 27 3−

24.89 4−; 1 23 4−

26.59 2−; 1

a As taken from Tables6.1, 6.4and6.14.
b Defined asEx(7Li) − Ex(6He)− 3.56 MeV.
c Defined asEx(6Be)− Ex(6He).

55



Figure 7: Isobar diagram,A = 6. For notation see Fig. 3.
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