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6n
(Not illustrated)

6n has not been observed: see (1979AJ01). See also (1984DE52) and (1987BE45; theor.).

6H
(Fig. 4)

6H has been reported in the7Li( 7Li, 8B)6H reaction atE(7Li) = 82 MeV (1984AL08, 1985AL1G)
[σ(θ) ≈ 60 nb/sr atθ = 10◦] and in the9Be(11B, 14O)6H reaction atE(11B) = 88 MeV(1986BE35)
[σ(θ) ≈ 16 nb/sr atθ ≈ 8◦]. 6H is unstable with respect to breakup into3H+3n by 2.7±0.4 MeV,
Γ = 1.8 ± 0.5 MeV (1984AL08), 2.6 ± 0.5 MeV, Γ = 1.3 ± 0.5 MeV (1986BE35). We adopt
2.7±0.3 MeV,Γ = 1.6±0.4 MeV. See also (1987BO40). The atomic mass excess of6H using the
(1988WA18) masses for3H and n, is then41.9 ± 0.3 MeV. However, there is no evidence for the
formation of6H in the6Li(π−, π+) reaction atEπ− = 220 MeV (1987SE1C, 1988SEZJ; prelim.).
The ground state of6H is calculated to haveJπ = 2−. Excited states are predicted at 1.78, 2.80 and
4.79 MeV withJπ = 1−, 0− and1+ [(0+1) ~ω model space] (1985PO10) [see also for(0+2) ~ω
calculations]. See also (1986BE44, 1987GOZN), (1983PO1D, 1984AJ01, 1986FL1A, 1987AJ1A,
1987PE1C, 1988HA44) and (1987HA40, 1987KUZI; theor.).

6He
(Figs. 1 and 4)

GENERAL: See also (1984AJ01).

Model calculations: (1983GA12, 1983LE14, 1984FI14, 1984PA08, 1984VA06, 1985EM01,
1985FI1E, 1986EM02, 1986FI07, 1986KU08, 1986KU1F, 1986VA13, 1986VO09, 1987DA1H,
1988KA1J).

Special states: (1984FI14, 1984FIZW, 1984VA06, 1985EM01, 1985FI1E, 1986EM02, 1986FI07,
1986KU08, 1986VA13, 1986VO09, 1986WI04, 1987BL18, 1987DA1G, 1987DA1H, 1987KO39,
1987KUZI, 1988DA1E).

Electromagnetic transitions: (1984VA1B, 1985FI1E, 1986FI07).

Complex reactions involving6He: (1982AL33, 1983AN13, 1983KU1B, 1983OL1A, 1984BA1H,
1984GL06, 1984KO1A, 1984LA27, 1984WE03, 1985BA1C, 1985BO1J, 1985JA18, 1985MA02,
1985MA13, 1985WO11, 1986AV1B, 1986CS1A, 1986EN1B, 1986MA1V, 1986SA30, 1986SIZS,
1986WE1C, 1987BA1I, 1987BA38, 1987BA39, 1987BO40, 1987GR11, 1987GU1L, 1987KO1Z,
1987PE1C, 1987TAZU, 1987WI09, 1987YA16, 1988AL1G, 1988LI1A, 1988ST06, 1988TA1A,
1988WO10).
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Table 6.1: Energy levels of6He

Ex Jπ; T τ1/2 or Γcm Decay Reactions

(MeV ± keV)

g.s. 0+; 1 τ1/2 = 806.7 ± 1.5 ms β− 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 20

1.797 ± 25 (2)+; 1 Γ = 113 ± 20 keV n, α 3, 4, 5, 7, 8, 10, 11, 12, 13, 14,
15, 16, 20

(13.6 ± 500) (1−, 2−); 1 broad 4, 11, 14, 16

(15.5 ± 500) 4 ± 2 MeV 5, 6, 10, 11, 15, 16

(25 ± 1000) 8 ± 2 MeV 6

(32) ≤ 2 MeV 15

(36) ≤ 2 MeV 15

Applications: (1985TA1D).

Muon and neutrino capture and reactions: (1983JU01, 1984WA1J).

Reactions involving pions, other mesons and baryon states (see also reactions 4 and 5): (1982BE1D,
1984KO16, 1984RE1C, 1984ZA1A, 1985ER06, 1985RE1B, 1986AK1A, 1986HA1L, 1987FA1H,
1987JA1C).

Hypernuclei: (1982KA1D, 1982MO1B, 1982WA1A, 1983BA1D, 1983MO1C, 1983SH1E,
1984BO1D, 1984BO1G, 1984BO1H, 1984CH1G, 1984DZ1A, 1984KE1C, 1984MI1E, 1984MO1H,
1984ZH1B, 1985BA1E, 1985GU1J, 1985IK1A, 1985MO1F, 1986BO1E, 1986DA1B, 1986PO1G,
1986PO1H, 1986WA1J, 1986ZH1B, 1987BO1L, 1987BO1O, 1987CO1S, 1987DZ1B, 1987JI1A,
1987PO1H, 1987SU1K, 1987WA36, 1987YA1M, 1988GI1B, 1988JI1A, 1988PO1H, 1988TA29).

Fig. 1: Energy levels of6He. In these diagrams, energy values are plotted verticallyin MeV, based on the ground state

as zero. Uncertain levels or transitions are indicated by dashed lines; levels which are known to be particularly broad

are cross-hatched. Values of total angular momentumJ , parity, and isobaric spinT which appear to be reasonably well

established are indicated on the levels; less certain assignments are enclosed in parentheses. For reactions in which6He

is the compound nucleus, some typical thin-target excitation functions are shown schematically, with the yield plotted

horizontally and the bombarding energy vertically. Bombarding energies are indicated in laboratory coordinates and

plotted to scale in cm coordinates. Excited states of the residual nuclei involved in these reactions have generally not

been shown; where transitions to such excited states are known to occur, a brace is sometimes used to suggest reference

to another diagram. For reactions in which the present nucleus occurs as a residual product, excitation functions have

not been shown; a vertical arrow with a number indicating some bombarding energy, usually the highest, at which

the reaction has been studied, is used instead. Further information on the levels illustrated, including a listing of the

reactions in which each has been observed, is contained in the master table, entitled “Energy levels of6He”.
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Other topics: (1983BA1L, 1984FI14, 1985AN28, 1986KO1N, 1986KU1F, 1987AJ1A, 1988DA1E).

Ground state of6He: (1983ANZQ, 1983GR26, 1983LE14, 1984FR13, 1984PA08, 1985AN28,
1985FI1E, 1985SA32, 1986KU08, 1986VO09, 1987BL18, 1987HA30, 1987HA34, 1987SA15,
1988DAZW, 1988JO1C).

The interaction nuclear radius of6He is2.18 ± 0.02 fm (1985TA18, 1985TA13) [see also for
derived nuclear matter, charge and neutron matter rms radii].

1. 6He(β−)6Li Qm = 3.507

The decay proceeds to the ground state of6Li [ Jπ = 1+] via a super-allowed Gamow-Teller
transition. The half-life is806.7 ± 1.5 msec;log ft = 2.910 ± 0.002: see (1984AJ01). See also
(1986RO27), (1985GR1A) and (1983LE14, 1984BO03, 1984PA08, 1988SA2J; theor.).

2. (a)3H(t, n)5He Qm = 10.44 Eb = 12.307

(b) 3H(t, 2n)4He Qm = 11.33216

(c) 3H(t, t)3H

The cross section for reaction (b) has recently been measured for Et = 30 to 115 keV by
(1986BR20, 1985JA16) who have also calculated the astrophysicalS-factors [the extrapolated
S(0) ≈ 180 keV·b] and discussed the earlier measurements. See also (1974AJ01, 1979AJ01)
and (1986JA1E; applied). For muon-catalyzed fusion see (1985ZI1C, 1987BR1V, 1987PO1M).
See also (1984BY1A, 1984BY1B, 1984FI1F, 1985BU1B, 1985GU1G, 1985KA1M, 1985VA1B,
1986BA73, 1986BY1A, 1987PR08, 1987WY1A, 1988RYZW; theor.).

3. 4He(t, p)6He Qm = −7.507

Angular distributions of the protons to6He*(0, 1.80) have been measured atEt = 22 and
23 MeV. [No L-values were assigned.] No other states are observed withEx ≤ 4.2 MeV: see
(1979AJ01).

4. 6Li(e, π+)6He Qm = −143.075

(1986SH14) report breaks in (e,π+) spectra atEe = 202 MeV corresponding toEx = 7, 9, 12,
13.6, 17.7 and 24.0 MeV. Using the shape of the virtual photonspectrum results in groups whose
angular distributions suggest that the states at 13.6, 17.7and 24.0 MeV are spin-dipole isovector
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states [Jπ = 1−, 2−]. For the earlier work see (1984AJ01). [Note: The states reported here at 7,
9 and 12 MeV are inconsistent with the work reported in reactions 7, 8, 14 and 15, and with the
work on the analog region in6Be].

5. (a)6Li(π−, γ)6He Qm = 136.062

(b) 6Li(π−, π0)6He Qm = 1.097

The excitation of6He*(0, 1.8) and possibly of (broad) states atEx = 15.6±0.5, 23.2±0.7 and
29.7±1.3 MeV has been reported: see (1979AJ01). (1986PE05) have recently studied the capture
branching ratios to6He*(0, 1.8). For reaction (b) see (1984AJ01).

6. 6Li(n, p)6He Qm = −2.725

Angular distributions of thep0 group have been reported atEn = 4.7 to 6.8 MeV, at 14 MeV
and at 59.6 MeV [see (1979AJ01, 1984AJ01)] and at 118 MeV (1987PO18; prelim.). At En =
59.6 MeV broad structures in the spectra are ascribed to states atEx = 15.5± 0.5 and25± 1 MeV
with Γ = 4 ± 1.5 and 8 ± 2 MeV (1983BR32, 1984BR03) [see for discussions of the GDR
strength]. The ground state reaction has also been studied at En = 198 MeV (1988JA01). See
also (1986ALZJ, 1986POZX, 1988MIZX), (1986AU1D, 1987BR32, 1987HE22, 1988HA12) and
(1983GM1A, 1985ER06, 1986ER1A; theor.).

7. 6Li(d, 2p)6He Qm = −4.949

At Ed = 55 MeV, 6He*(0, 1.8) [the latter weak] are populated: no other statesare observed
with Ex ≤ 25 MeV [see (1984AJ01)].

8. 6Li(t, 3He)6He Qm = −3.488

The ground-state angular distribution has been studied atEt = 17 MeV. At Et = 22 MeV only
6He*(0, 1.8) are populated forEx ≤ 8.5 MeV: see (1979AJ01). Differential cross sections for the
transition to6He*(1.8) are reported atE(6Li) = 65 MeV (1987AL23).

9. 6Li( 6Li, 6Be)6He Qm = −7.795
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Angular distributions have been studied forE(6Li) = 32 and 36 MeV for the transitions to
6Heg.s., 6Beg.s. and, in inelastic scattering of6Li [see 6Li], to the analog state6Li*(3.56): for a
discussion of these see the references quoted in (1979AJ01).

10. (a)7Li(γ, p)6He Qm = −9.975

(b) 7Li(e, ep)6He Qm = −9.975

At Eγ = 60 MeV, the proton spectrum shows two prominent peaks attributed to6He*(0 + 1.8,
18 ± 3): see (1979AJ01). Reactions (a) and (b) have been studied by (1985SE17). See also7Li,
(1984AJ01) and (1986BA2G; theor.).

11. 7Li(n, d)6He Qm = −7.750

At En = 60 MeV, the deuteron spectrum shows two prominent peaks attributed to states cen-
tered atEx = 13.6, 15.4 and 17.7 MeV (± 0.5 MeV) and a possible state or states (populated with
anlp transfer≥ 2) atEx = 23.7 MeV. DWBA analyses of thed0 andd1 groups are consistent with
lp = 1 andS(1p3/2) = 0.62 for 6Heg.s. and toS(1p3/2) = 0.37, S(1p1/2 = 0.32 for 6He*(1.8): see
(1979AJ01).

12. 7Li(p, 2p)6He Qm = −9.975

At Ep = 1 GeV the separation energy between 6–7 MeV broad1p3/2 and 1s1/2 peaks is
reported to be14.1 ± 0.7 MeV (1985BE30, 1985DO16). See also (1983GO06) and (1979AJ01).

13. 7Li(d, 3He)6He Qm = −4.481

Angular distributions of the3He ions to6He*(0, 1.8) have been measured atEd = 14.4 and
22 MeV: they have anlp = 1 character and therefore these two states haveJπ = (0–3)+. There
is no evidence for any other states of6He with Ex < 10.7 MeV: see (1979AJ01). (1987BO39)
[Ed = 30.7 MeV] deduce that the branching ratio of6He*(1.8) into a dineutron [n2: T = 1,
S = 0] and anα-particle is0.75 ± 0.10. See also (1985BO55) and (1987DA31; theor.).

14. 7Li(t, α)6He Qm = 9.839
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The energy of the first-excited state is1.797±0.025 MeV, Γ = 113±20 keV. 6He*(1.80) decays
into 4He+ 2n. The branching ratioΓγ/Γα ≤ 2 × 10−6: for Γc.m. = 113 ± 20 keV, Γγ ≤ 0.23 eV.
Angular distributions of theα0 andα1 groups have been measured atEt = 13 and 22 MeV. No
other α-groups are reported corresponding to6He states withEx < 24 MeV (region between
Ex ≈ 13 and 16 MeV was obscured by the presence of breakupα-particles): see (1979AJ01).
Angular distributions have been recently reported atEt = 0.151 and 0.272 MeV (1987AB09; α0,
α1) and atE(7Li) = 31 MeV. (1987AL23; to 6He*(0, 1.8, 13.6)).

15. 7Li( 3He, p3He)6He Qm = −9.975

At E(3He) = 120 MeV the missing mass spectra show6He*(0, 1.8) and a strong, broad peak
corresponding to6He*(16) [possibly due to unresolved states]. There is no indication of a state near
23.7 MeV but there is some evidence of structures atEx = 32.0 and 35.7 MeV, withΓ ≤ 2 MeV
(1985FR01).

16. (a)7Li( 6Li, 7Be)6He Qm = −4.369

(b) 7Li( 7Li, 8Be)6He Qm = 7.280

In reaction (a) atE(6Li) = 93 MeV a broad peak (Γ = 5.5 MeV) is reported atEx = 14 MeV.
A second structure may also be present at 15.5 MeV (1987GLZW, 1988BUZH; prelim.). 6He*(0,
1.8) are also populated (1988BUZH). For reaction (b) see8Be. See also7Be, (1984AJ01),
(1988BU1Q) and (1984BA53; theor.).

17. 9Be(n,α)6He Qm = −0.598

Angular distributions have been reported forEn = 12.2 to 18.0 MeV (α0, α1). No other states
are observed withEx ≤ 7 MeV: see (1979AJ01). For a study of possible dineutron breakup of
6He*(1.8) see (1983OT02). See also10Be and (1983SH1J).

18. 9Be(6Li, 9B)6He Qm = −4.575

See9B.

19. 10B(n, pα)6He Qm = −7.184
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Not observed: see (1984TU02).

20. 11B(7Li, 12C)6He Qm = 5.983

At E(11B) = 88 MeV the population of the ground state and the first-excited state atEx =
1.8 ± 0.3 MeV (Γ ≤ 0.2 MeV) is reported (1987BEYI). See also (1988BEYJ).
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6Li
(Figs. 2 and 4)

GENERAL: See also (1984AJ01).

Shell model: (1983LE14, 1983VA31, 1984AS07, 1984PA08, 1984REZZ, 1984VA06, 1984ZW1A,
1985ER06, 1985FI1E, 1985LO1A, 1986AV08, 1986LE21, 1987KI1C, 1988WO04).

Cluster andα-particle models: (1981PL1A, 1982WE15, 1983CA13, 1983DZ1A, 1983FO03,
1983GA12, 1983GO17, 1983SA39, 1983SM04, 1984BE37, 1984CO08, 1984DU17, 1984GL02,
1984JO1A, 1984KH05, 1984KR10, 1984KU03, 1984LA33, 1984MI1F, 1984PA08, 1984PL1A,
1984WA02, 1984WA1H, 1985BE60, 1985BO05, 1985BO11, 1985FI1E, 1985KH07, 1985KW02,
1985KW03, 1985LE08, 1985LI1F, 1985LO02, 1985ME02, 1985OS03, 1985SA1B, 1985ZH1A,
1986AV08, 1986BU07, 1986CHZX, 1986ESZY, 1986FI07, 1986GE05, 1986KR12, 1986KR1E,
1986KU08, 1986KU1F, 1986SA15, 1986SA1D, 1986SR02, 1986VA13, 1986VO09, 1987IM04,
1987KR07, 1987LE33, 1987LO16, 1987TA06, 1987ZH1E, 1988CH05, 1988CO1B, 1988FR1E,
1988KA1J, 1988KU1C, 1988US1A).

Special states: (1981PL1A, 1983BI1C, 1983RO12, 1983VA31, 1984AS07, 1984DU17, 1984FI14,
1984FIZW,1984OH01, 1984REZZ, 1984VA06, 1984WA02, 1984ZW1A, 1985AL12, 1985BA68,
1985BE60, 1985FI1E, 1985GO07, 1985KW03, 1985ME02, 1985MI10, 1985OS03, 1985PO09,
1985WI1A, 1985ZH1A, 1986AK1C, 1986BU07, 1986EL1A, 1986FI07, 1986GE05, 1986KU08,
1986SA15, 1986VA13, 1986VO09, 1987KI1C, 1987KO39, 1987KR07, 1987KUZI, 1987SV1A,
1987WA36, 1987ZH1E, 1988US1A).

Electromagnetic transitions and giant resonances: (1983GM1A, 1984AS07, 1985FI1E, 1985GO23,
1985ME02, 1986AK1C, 1986ER1A, 1986FI07, 1986ME13, 1986SR02, 1986VA13, 1987KI1C,
1987KR07, 1987ZH1E).

Astrophysical questions: (1982AU1A, 1982CA1A, 1982GR1A, 1982WA1B, 1984RA1E, 1984TR1C,
1985BO1E, 1985BO1K, 1985HO1A, 1985MI1E, 1985SC1C, 1985WA1K, 1986HU1D, 1986LA27,
1986RE1C, 1987AL1C, 1987AR1J, 1987AR1C, 1987AU1A, 1987HO1M, 1987MA2C, 1987PA1F,
1987RO25, 1988RE1B).

Complex reactions involving6Li: (1983CH23, 1983GU1A, 1983GU1B, 1983KU1B, 1983MA53,
1983MU08, 1983NA08, 1983OL1A, 1983SA39, 1983ST1A, 1984BA1H, 1984BE1E, 1984CO08,
1984EC01, 1984EV1A, 1984GO03, 1984GR08, 1984HI1A, 1984KH05, 1984MO29, 1984NE1A,
1984RE14, 1984ST1B, 1984TS03, 1984UM04, 1985BO11, 1985FA02, 1985GL06, 1985GO20,
1985GU11, 1985JA18, 1985MA02, 1985MA13, 1985MO17, 1985MO24, 1985PO09, 1985ST1B,
1985WI1A, 1985WO11, 1986CH10, 1986CS1A, 1986HA1B, 1986JO1A, 1986KA1C, 1986KA1R,
1986LIZP, 1986ME06, 1986RA02, 1986SA1K, 1986SA1N, 1986SA30, 1986SAZJ, 1986SAZK,
1986SAZL, 1986SIZS, 1986SR02, 1986TA1G, 1986TA1M, 1986WE1C, 1986XU1B, 1986YA1L,
1987AR19, 1987AU1C, 1987BA38, 1987BA39, 1987BL13, 1987BL1K, 1987CH08, 1987CH26,
1987CH33, 1987CH32, 1987DE37, 1987DO13, 1987DU07, 1987FA01, 1987FA02, 1987FE1A,
1987FR1G, 1987GE1B, 1987GL05, 1987GR11, 1987HA45, 1987JA06, 1987JE03, 1987KO15,

11



Table 6.2: Energy levels of6Li

Ex (MeV ± keV) Jπ; T Γcm (MeV) Decay Reactions

g.s. 1+; 0 stable 1, 2, 3, 4, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,
36, 37, 38, 40, 41, 42,
43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54

2.186 ± 2 3+; 0 0.024 ± 0.002 γ, d,α 1, 2, 3, 6, 7, 8, 12, 13,
14, 15, 16, 18, 19, 20,
21, 24, 25, 28, 29, 30,
31, 32, 33, 35, 37, 39,
40, 41, 42, 48, 49

3.56288 ± 0.10 0+; 1 (8.2 ± 0.2) × 10−6 γ 1, 3, 11, 12, 13, 15, 16,
17, 18, 20, 29, 31, 32,
33, 35, 37, 54

4.31 ± 22 2+; 0 1.7 ± 0.2 a γ, d,α 1, 6, 12, 13, 15, 16, 24,
31, 35, 48

5.366 ± 15 2+; 1 0.540 ± 0.020 γ, n, p,α 1, 12, 15, 31, 32, 33, 35

5.65 ± 50 1+; 0 1.5 ± 0.2 d, α 6, 15, 33, 35

(15.8) 3+; 0 17.8 ± 0.8 d, α 6

21.0 2−; 1 broad t, 3He 1

21.5 0−; 1 broad t, 3He 1

(23 ± 2000) 4+; 0 12 ± 2 d, α 1, 6

25.0 ± 1000 4−; 1 ≈ 4 γ, n, t, 3He 1

26.6 ± 400 b 3−; 0 broad γ, n, d, t,3He,α 1

(31) (3+) broad d, t, 3He,α 1

a See also Tables6.4and6.5.
b See also Table6.3. For other possible states at highEx see reactions 6, 31, 33 and 38.
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1987LY04, 1987LY1D, 1987NA01, 1987PO23, 1987RO10, 1987SA21, 1987TAZU, 1987TR05,
1987VE1D, 1987WA09, 1987YA16, 1988BE09, 1988BL09, 1988CA06, 1988CEZZ, 1988FR1B,
1988FR1F, 1988GO1H, 1988KI05, 1988RU01, 1988SA19, 1988SH1E, 1988ST06, 1988TA1A,
1988TS03, 1988VA1E, 1988WO10).

Polarization of6Li (See also “Complex reactions” and “Applications”): (1984JO1A, 1984NI01,
1986CH1Q, 1986SA15, 1986TA1G, 1987FI1D, 1988FR1E).

Applications: (1983AM1A, 1983AS03, 1986AU1A, 1986CL1C, 1986EN1A, 1986FI1D, 1986MA1S,
1986SA1M, 1986ST1E, 1986SU1K, 1986ZA1C, 1987DO07).

Muon and neutrino capture and reactions: (1983GM1A, 1983GU10, 1983JU01, 1983MI14,
1984RO1B, 1984WA1J, 1987KU23, 1987SU06).

Reactions involving pions, other mesons and baryon states (See also reactions 3, 13, 29 and
30): (1982BE1D, 1982RA28, 1983AB1B, 1983AS1B, 1983BA26, 1983BA1A, 1983BA1G, 1983DZ1A,
1983FE07, 1983GE12, 1983GM1A, 1983HE17, 1983LO10, 1983PO1D, 1984ABZY, 1984BA1U,
1984BO1H, 1984BR22, 1984EF03, 1984GE1B, 1984GL02, 1984GL09, 1984JI03, 1984KO16,
1984KR10, 1984KU13, 1984MO09, 1984MO1H, 1984NA1D, 1984RE1C, 1984TR1B, 1984ZA1A,
1985BE1C, 1985CA1B, 1985DO19, 1985ER06, 1985LA20, 1985MA1G, 1985MO1F, 1985RE1B,
1985RO17, 1985ST1A, 1986AK1A, 1986AS1A, 1986BA1W, 1986CE04, 1986CH1I, 1986ER1A,
1986FI1A, 1986GE05, 1986HA1L, 1986HU1B, 1986PE05, 1986RA1J, 1986RO03, 1986SH14,
1986SZ1A, 1986WH01, 1986YO06, 1986ZO1A, 1987BE2A, 1987BO1P, 1987BU20, 1987CH10,
1987GM02, 1987GM04, 1987HA40, 1987JA1C, 1987LE1E, 1987LE1B, 1987MA1I, 1987NA04,
1987PO1H, 1987RA1I, 1987SE1C, 1987WE1A, 1987YO01, 1988BA1F, 1988BA1G, 1988FR1E,
1988GA1A, 1988GIZT, 1988GIZU, 1988KA1J, 1988ROZZ).

Reactions involving antiprotons: (1984GU06, 1985DU05, 1985LE1B, 1986DU10, 1986KO1E,
1987AS06, 1987GR1I, 1987PO05).

Hypernuclei: (1982KA1D, 1982MO1B, 1983FE07, 1983MA1F, 1983MO1C, 1983PO1D,
1983SH38, 1984BO1H, 1984HA1D, 1984MA1G, 1984MO09, 1985MO1F, 1986BA1W, 1986ER1A,
1986HU1B, 1986MA1C, 1986SZ1A, 1987PO1H, 1988BA1F, 1988BA1G, 1988GA1A, 1988HA44).

Other topics: (1983BI1C, 1983FO03, 1983RO12, 1984FI14, 1984NA19, 1984OH01, 1985AN28,
1985GO07, 1985GO23, 1985MI10, 1985PO09, 1986KO1N, 1986KU1F, 1986MA1X, 1987AJ1A,
1987SV1A, 1988HA1K).

Ground-state properties of6Li: (1983ANZQ, 1983FO03, 1983GR26, 1983KU06, 1983LE14,
1983VA31, 1984BE37, 1984BR25, 1984DU17, 1984GE05, 1984GL02, 1984KO1H, 1984KU03,
1984KU06, 1984MI1A, 1984MI1F, 1984MIZM, 1984NI01, 1984OH01, 1984PA08, 1985AL12,
1985AN28, 1985BE60, 1985BO05, 1985CL1A, 1985FI1E, 1985HA18, 1985KH07, 1985LO1A,
1985ME02, 1985SA32, 1985SH1A, 1985WI1A, 1985ZH1A, 1985ZI05, 1986ESZY, 1986GL1A,
1986KO1U, 1986KU08, 1986LA27, 1986LE21, 1986ME13, 1986OS07, 1986RO03, 1986SY1A,
1986VO09, 1987HA34, 1987KI1C, 1987KR07, 1987LE1C, 1987LO16, 1987SV1A, 1988CH05,
1988CO1B, 1988POZS, 1988VA03, 1988WO04).
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µ = +0.8220467(6) nm,+0.8220560(4) nm: see (1978LEZA),
Q = −0.83 mb (1984SU09).

The interaction nuclear radius of6Li is 2.09±0.02 fm (1985TA18) [see also for derived matter,
charge and neutron matter rms radii].

Isotopic abundance: (7.5 ± 0.2)% (1984DE53). See also (1987LA1J, 1988LA1C).
For estimates of the parity-violatingα-decay width of6Li*(3.56) [0+; T = 1] see (1983RO12,

1984BU01, 1986BU07).

1. (a)3He(3H, γ)6Li Qm = 15.7955

(b) 3He(3H, n)5Li Qm = 10.13 Eb = 15.7955

(c) 3He(3H, d)4He Qm = 14.32049

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

Captureγ-rays (reaction (a)) to the first three states of6Li [ γ0, γ1, γ2] have been observed for
E(3He) = 0.5 to 25.8 MeV, while the yields ofγ3 andγ4 have been measured forE(3He) = 12.6
to 25.8 MeV. Theγ2 excitation function does not show resonance structure. However, theγ0,
γ1, γ3 andγ4 yields do show broad maxima atE(3He) = 5.0 ± 0.4 [γ0, γ1], 20.6 ± 0.4 [γ1],
≈ 21 [γ3] and21.8±0.8 [γ4] MeV. The magnitude of the ground-state-capture cross section is well
accounted for by a direct-capture model; that for theγ1 capture indicates a non-direct contribution
aboveE(3He) = 10 MeV, interpreted as a resonance due to a state withEx = 25 ± 1 MeV,
Γcm = 4 MeV, T = 1 (because the transition is E1, to aT = 0 final state) [the E1 radiative
width |M|2 ≥ 5.2/(2J + 1) W.u.], Jπ = (2, 3, 4)−, α + p + n parentage. Theγ4 resonance is
interpreted as being due to a broad state atEx = 26.6 MeV with T = 0. Jπ = 3− is consistent with
the measured angular distribution. The ground and first excited state reduced widths for3He+ t
parentage,θ2

0 = 0.8±0.2 andθ2
1 = 0.6±0.3: see (1974AJ01). See also (1985MOZZ, 1986MOZQ,

1987MO1I; theor.).
The angular distribution and polarization of the neutrons in reaction (b) have been measured

atE(3He) = 2.70 and 3.55 MeV. The excitation function forE(3He) = 0.7 to 3.8 MeV decreases
monotonically with energy. The excitation function forn0 has been measured forE(3He) = 2
to 6 MeV and forE(3He) = 14 to 26 MeV; evidence for a broad structure atE(3He) = 20.5 ±
0.8 MeV is reported [6Li*(26.1)]: see (1979AJ01).

Angular distributions of deuterons (reaction (c)) have been measured forEt = 1.04 to 3.27 MeV
and atE(3He) = 0.29 to 32 MeV. Polarization measurements are reported forEt = 9.02 to 17.27
MeV [see (1979AJ01)], as well as atE(3 ~He) = 18.0 and 33.0 MeV (1986RA1C). See also
(1986KO1K) and (1985CA41).

Elastic scattering (reaction (d)) angular distributions have been measured atE(3He) = 5.00
to 32.3 MeV and excitation functions have been reported forE(3He) = 4.3 to 33.4 MeV: see
(1979AJ01). At the lower energies the elastic yield is structureless and decreases monotonically
with energy. Polarization measurements are reported forEt = 9.02 to 33.3 MeV. A strong change
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Fig. 2: Energy levels of6Li. For notation see Fig. 1.
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occurs in the analyzing power angular distributions atEt = 15 MeV. A phase-shift analysis [single
levelR-matrix formalism,L ≤ 4] yields P-states [0−, 2−; T = 1] at Ex ≈ 21.5 and 21.0 MeV and
F-states [3−, 4−; T = 1] at Ex ≈ 26.7 and 25.7 MeV. There is some indication also ofT = 0, 3−,
5− and3+ states atEx ≈ 25, 29.5 and 31.5 MeV whose decay is presumably primarily byd + α:
see (1979AJ01).

For other channels see (1984AJ01). See also (1984KR1B; theor.).

2. 3H(α, n)6Li Qm = −4.7823

6Li*(0, 2.19) have been populated: see (1974AJ01). See also7Li, (1983CO1E) and (1983FU11;
theor.).

3. 3He(3He,π+)6Li Qm = −123.792

Differential cross sections are reported for the transitions to6Li*(0, 2.19) for E(3He) = 350,
420, 500 and 600 MeV (1983LE26). See also (1984AJ01), (1983BR31, 1983JA13) and (1984GE05;
theor.).

4. 4He(d,γ)6Li Qm = 1.4750

No resonance has been observed corresponding to formation of 6Li*(3.56) [0+; T = 1]: the
parity-forbiddenΓα ≤ 6 × 10−7 eV (1984RO04). See also Table6.2.

The cross section for the capture cross section has been measured forEα = 3 to 25 MeV by
detecting the recoiling6Li ions: the direct capture is overwhelmingly E2 with a smallE1 contribu-
tion. The spectroscopic overlap between the6Li g.s. andα + d is 0.85± 0.04: see (1984AJ01). See
also (1982KI11), (1985CA41, 1986LA22, 1986LA27) and (1984AK01, 1985AK1B, 1986AK1C,
1986BA1R; theor.).

5. (a)4He(d, np)4He Qm = −2.22459 Eb = 1.4750

(b) 4He(d, t)3He Qm = −14.32049

Reaction (a) has been studied toEα = 165 MeV and toEd = 21.0 MeV: see (1979AJ01,
1984AJ01). Recent measurements are reported atE~d = 5.4, 6.0 and 6.8 MeV (1985LU08; VAP,
TAP), 6 to 11 MeV (1985OS02; VAP), 10.05 MeV (1983BR23; VAP, TAP) and 12.0 and 21.0 MeV
(1983IS10; VAP, TAP) and atEα = 11.3 MeV (1987BR07). It is clear that Coulomb effects need
to be taken into account to understand the data. See also (1986DO1K).
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(1986BR1N, 1986VUZZ, 1986VU1B, 1987VU1A; prelim.) have measured VAP and TAP at
E~d = 35 and 45 MeV in reaction (b). See also (1987GAZZ). For the earlier work, and for the other
breakup channels, see (1974AJ01, 1979AJ01, 1984AJ01). See also (1988PUZZ) and (1983BA42,
1985DO03, 1986KO1J, 1987KA1M, 1987KUZI, 1987MI06, 1988KA1J, theor.).

6. 4He(d, d)4He Eb = 1.4750

Elastic differential cross-section and polarization measurements have been carried out up to
Eα = 166 MeV andEd = 45 MeV: see (1974AJ01, 1979AJ01, 1984AJ01). Recent measurements
are reported atEd = 0.87 to 1.43 MeV (1984BA19, 1985BAYZ; prelim.), atE~d = 11.9 MeV
(1988EL01; TAP), 21 MeV (see1986MI1E; VAP, TAP), 24.0 and 38.2 MeV (1986GR1D; TAP;
prelim.), 31.8 to 39.0 MeV (1986KO1M; TAP; prelim.), 56 MeV (1985NI01; VAP, TAP) and at
Eα = 7.0 GeV/c (1984SA39). For a study of the inclusive inelastic scattering atEα = 7.0 GeV/c
see (1987BA13).

Phase-shift analyses, particularly that by (1983JE03) which uses all available differential cross
section, vector and tensor analyzing power measurements and L ≤ 5, in the rangeEd = 3 to
43 MeV lead to the results displayed in Table6.3. It is found that the d-wave shifts are split and
exhibit resonances atEx = 2.19 (3D3), 4.7 (3D2) and 5.65 MeV (3D1). (1983JE03) suggest very
broadG3 andG4 resonances atEd = (19.3) and 33 MeV, aD3 resonance at 22 MeV andF3 and
F2 resonances at≈ 34 and≈ 39 MeV, corresponding to states which are primarily of(d + α)
parentage.

(1985JE04) have investigated the points whereAyy = 1 and report four such points atEd =
4.30 [θcm = 120.7◦], 4.57 (58.0◦), 11.88 (55.1◦) and36.0 ± 1.0 MeV (150.1 ± 0.3◦). [For the
latter see also (1986KO1M)]. The correspondence of these polarization maxima to6Li states is
discussed by (1985JE04). For a discussion of theM-matrix see (1988EL01). For recent work on
(α + d) correlations involving6Li*(0, 2.19, 4.31 + 5.65) see (1987CH08, 1987CH33, 1987PO03)
and (1987FO08).

See also (1984AJ01, 1984PL1A, 1987GR08) and (1983HAYX, 1983SA39, 1983SU1B, 1984KA1E,
1984LO1C, 1984SC1A, 1984WA1H, 1985FI01, 1985FR1F, 1985HA04, 1985KA20, 1985LI1F,
1985MI1F, 1985SA1B, 1985ZH1A, 1986BO01, 1986FI07, 1986FR12, 1986KO1J, 1986MI1D,
1986MI1E, 1986SA1D, 1987HA34, 1987KU1G, 1987LE1C, 1987MI06, 1987PR08, 1987SA1C,
1988BR1E, 1988BU1G, 1988KA1J, 1988VA18; theor.).

7. (a)4He(3He, p)6Li Qm = −4.0185

(b) 4He(3He, pd)4He Qm = −5.49354

Angular distributions have been measured atE(3He) = 8 to 18 MeV andEα = 42, 71.7 and
81.4 MeV: see (1974AJ01). At Eα = 28, 63.7, 71.7 and 81.4 MeV theα-spectra show that the
sequential decay (reaction (b)) involves6Li*(2.19) and possibly5Li: see (1979AJ01).
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Table 6.3: Levels of6Li from 4He(d, d)4He a

Ed (MeV) Jπ; T Ex (MeV) Γc.m. (MeV) Γd/Γ b γ2
d

c

1.070 ± 0.003 3+; 0 2.187 0.27

4.34 ± 0.04 2+; 0 4.36 1.32 ± 0.04 0.967 0.511

5.7 ± 0.1 d 1+; 0 5.3 1.9 ± 0.1 0.74 0.34

(19.3 ± 1.3) 3+; 0 (14.3) 26.7 ± 1.0 0.34 1.69

(21.6 ± 1.1) 3+; 0 (15.8) 17.8 ± 0.8 0.76 0.77

33 ± 2 4+ 23 12 ± 2 0.15 0.14

34 ± 5 3− 24 16 ± 3 0.30 0.24

39+3
−9 2− 27 22 ± 7 0.43 0.42

a The data in this table are mostly from theS-matrix analysis of (1983JE03). The results are unique up to

Ed = 15 MeV. See also Table 6.4 in (1974AJ01), and Tables 6.3 in (1979AJ01) and (1984AJ01).
b The errors inΓd/Γ are typically 0.03.
c In units of the Wigner limitγ2

w = 2.93 MeV for a radius of 4.0 fm. I am indebted to W. Gruebler for

pointing out an error to me.
d 6.26 MeV (R-matrix analysis):Ex = 5.65 MeV.

8. (a)4He(α, d)6Li Qm = −22.3717

(b) 4He(α, pn)6Li Qm = −24.5963

(c) 4He(α, αd)2H Qm = −23.84674

Reactions (a) and (b) have been studied toEα = 158.2 MeV [see (1979AJ01, 1984AJ01)]
and at 198.4 MeV (1985WO11). The dependence of the cross section on energy shows that the
α + α process does not contribute significantly to6Li (and 7Li) synthesis aboveEα = 250 MeV
(1985WO11) [and see for additional comments on astrophysical problems]. For reaction (c) [and
excited states of4He] see (1984AJ01): 6Li*(2.19) is involved in the process.

9. 6He(β−)6Li Qm = 3.507

See6He, reaction 1.

10. (a)6Li(γ, n)5Li Qm = −5.67

(b) 6Li(γ, p)5He Qm = −4.59
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(c) 6Li(γ, d)4He Qm = −1.4750

(d) 6Li(γ, t)3He Qm = −15.7955

The (γ, n) and (γ, Xn) cross sections increase from threshold to a maximum atEγ ≈ 12 MeV
then decrease toEγ = 32 MeV: see (1984AJ01) and (1988DI02). (1984DY01) also report a
broad peak at 16 MeV. The cross section for photoproton production (reaction (b)) is generally
flat up to 90 MeV. [The previously reported hump atEγ ≈ 16 MeV is almost certainly due to
oxygen contamination: see (1984AJ01).] See also (1988CA11) and 5He. The cross section for
reaction (c) is ≤ 5 µb in the rangeEγ = 2.6 to 17 MeV consistent with the expected inhibition
of dipole absorption by isospin selection rules: see (1966LA04). The onset of quasideuteron
photodisintegration between 25 and 65 MeV is suggested by the study of (1984WA18; Ebs =
67 MeV). The90◦ differential cross section for reaction (d) decreases monotonically forEγ = 18
to 70 MeV: reaction (d) contributes≈ 1

3
of the total cross section for6Li + γ, consistent with a

3H + 3He cluster description of6Li g.s. with θ2 ≈ 0.68. The agreement with the inverse reaction,
3H(3He,γ) [see reaction 1] is good: see (1984AJ01). See also (1986LI1F).

The absorption cross section has been studied in the rangeEγ ≈ 100 to 340 MeV; it shows
a broad bump centered at≈ 125 MeV and a fairly smooth increase to a maximum at≈ 320
MeV: see (1984AJ01). For spallation studies see (1974AJ01, 1984AJ01). For pion production
see (1986GL07, 1987GL01) and (1984AJ01). See also (1987GA22, 1987LI32, 1987PI06) and
(1983BU1A, 1984BU1C, 1984IR1A, 1985LO02, 1985KO22, 1985VA1C, 1986AH03, 1986AK1B,
1986AV06, 1987BA2C, 1987BU04, 1987DU09, 1987LU1B, 1988BU1D; theor.).

11. 6Li(γ, γ)6Li

The width,Γγ , of 6Li*(3.56) = 8.1 ± 0.5 eV: see (1974AJ01) and Table 6.4 in (1979AJ01);
Ex = 3562.88 ± 0.10 keV: see (1984AJ01). See also (1987PI06).

12. (a)6Li(e, e)6Li

(b) 6Li(e, ep)5He Qm = −4.59

(c) 6Li(e, ed)4He Qm = −1.4750

The elastic scattering has been studied forEe = 85 to 600 MeV: see (1974AJ01, 1979AJ01,
1984AJ01). The results appear to require that the ground state be viewed as anα-d cluster in
which the deuteron cluster is deformed and aligned. The ground-state M1 current density has
also been calculated (1982BE11). A model-independent analysis of the elastic scattering yields
rrms = 2.51 ± 0.10 fm. See also the discussion in (1984DO20).

Table6.4 here and Table 6.4 in (1984AJ01) summarize the results obtained in the inelastic
scattering of electrons. Form factors have been measured for 6Li*(2.19, 3.56, 5.37) as well as for
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Table 6.4: Levels of6Li from 6Li(e, e′) and6Li(γ, γ′) a

Ex (MeV) Jπ; T Γγ0
(eV) Multipolarity

2.183 ± 0.009 b 3+; 0 (4.40 ± 0.34) × 10−4 E2

3.563 ± 0.010 0+; 1 8.19 ± 0.17 c M1

4.27 ± 0.04 2+; 0 (5.4 ± 2.8) × 10−3 E2

5.379 ± 17 c, d 2+; 1 0.27 ± 0.05 M1

a See Tables 6.4 in (1979AJ01, 1984AJ01) for references and for the earlier work.
b B(E2)↑= 21.8 ± 4.8 e2 · fm4.
c Weighted mean of values shown in Table 6.4 in (1979AJ01).
d Γ = 540 ± 20 keV.

the t + 3He continuum up to 4 MeV above threshold [no narrow structures corresponding to6Li
states are observed]: see (1984AJ01).

For reaction (b) see5He and (1987VA08) and (1987VA1N). Angular distributions for thed0

group in the (e,d0) reaction have been measured forEx = 10 to 28 MeV. The deduced E1 and
E2 components of the (γ, d0) cross section show no structure. The E1 strength implies non-
negligible isospin mixing in this energy region (1986TA06). At Ee = 480 MeV (reaction (c))
theα-d momentum distribution in the ground state of6Li has been studied. The results are well
accounted for by anαNN model. Theα-d probability in the ground state of6Li is 0.73 [estimated
±0.1]. The data are consistent with the expected2S character of theα-d relative wave function
(1986EN05). See also (1986EV1A). π0 production involving6Li*(2.19, 3.56, 5.37) is reported at
Ee = 500 MeV (1987NA1I; prelim.).

For the earlier work see (1979AJ01, 1984AJ01). See also (1986BA85), (1986PE05, 1987DE43)
and (1983RE15, 1983SA39, 1984CH20, 1984CO08, 1984KO16, 1984KR10, 1984KU03, 1984PA08,
1984YP01, 1984ZH1A, 1985CH01, 1985ER06, 1985KH07, 1985LO1A, 1986AK1A, 1986AZ01,
1986BE1L, 1986CHZX, 1986DO11, 1986KE1F, 1986KR12, 1986KR1E, 1986RE1D, 1986SA1D,
1987KR07, 1987LE1C, 1987LO16, 1987SA1C, 1988CH1D, 1988KU1C; theor.).

13. (a)6Li(π±, π±)6Li

(b) 6Li(π+, π+p)5He Qm = −4.59

(c) 6Li(π+, 3He)3He Qm = 123.792

(d) 6Li(π+, π+d)4He Qm = −1.4750

Elastic angular distributions have been measured atEπ+ ≈ 50 MeV [see (1984AJ01)] and at
Eπ± = 100, 180 and 240 MeV (1986AN04; also to6Li*(2.19)). Differential cross sections are
also reported forEπ+ = 100 to 260 MeV to6Li*(0, 2.19, 3.56, 4.25). The excitation function
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for the unnatural-parity transition to6Li*(3.56) has an anomalous energy dependence (1984KI16).
For reaction (b) see (1987HU02) and for reaction (c) see (1983BA26, 1983LO10, 1985MC05,
1986MC11). For a study of reaction (d) atEπ+ = 130 MeV see (1987HU13). For the (π+, 2p)
reaction atEπ+ = 59.4 MeV to states in4He see (1986RI01). See also p. 32.

14. (a)6Li(n, n)6Li

(b) 6Li(n, nd)4He Qm = −1.4750

Angular distributions involving the groups to6Li*(0, 2.19) have been reported atEn = 1.0 to
14.6 MeV [see (1984AJ01)] and at 4.2, 5.4 and 14.2 MeV (1985CH37; n0, n1), 7.5 to 14 MeV
(1983DA22; n0), 8.9 MeV (1984FE1A; n0), 8.0 and 24 MeV (1986HAZR; n0, n1) and atE~n = 5
to 17 MeV (1986PF1A; prelim.; n0). For reaction (b) see (1985CH37, 1984AJ01). See also7Li,
(1987SC08) and (1984UD1A, 1985HO1E, 1985LI1F, 1986BE1L; theor.).

15. (a)6Li(p, p)6Li

(b) 6Li(p, 2p)5He Qm = −4.59

(c) 6Li(p, pd)4He Qm = −1.4750

(d) 6Li(p, p3H)3He Qm = −15.7955

(e) 6Li(p, pn)5Li Qm = −5.67

Proton angular distributions have been measured forEp = 0.5 to 800 MeV [p0, p1, p2, p3]
[see (1966LA04, 1974AJ01, 1984AJ01)] and atE~p = 5 to 17 MeV (1986PF1A; prelim.; p0).
Double-differential cross sections for the continuum yield [Ex = 1.5–3.5 MeV] are reported at
Ep = 65 MeV (1987TO06; prelim.). See also (1983GLZZ, 1983PO1B, 1983POZX). For a
summary of the results on excited states see Table6.5.

Reaction (b) has recently been studied at 70 MeV (1983GO06), at 50–100 MeV (1984PA1B,
1985PA1B; prelim.) and 1 GeV (1985BE30): see5He and (1984AJ01) for the earlier work. Reac-
tion (c) has been studied atEp = 9 MeV to 1 GeV [see (1974AJ01, 1979AJ01, 1984AJ01)] and
at 20 and 42 MeV (1983CA13) [report involvement of6Li*(4.31, 5.65)], at 70 MeV (1983GO06,
1985PAZL, 1985PA04) and at 119.6 and 200.2 MeV (1984WA09, 1985WA25). In the latter ex-
periments the spectroscopic factors for6Li g.s. are deduced to be 0.76 [at 119.6 MeV] and 0.84
[at 200.2 MeV] using DWIA and a bound-state Woods-Saxon2S wave function (1984WA09,
1985WA25).

Work on reaction (d) has suggested that the3He+t parentage of6Li is comparable with theα+d
parentage: see (1984AJ01). See also (1985PAZL). For reaction (e) see5Li, 6Be and (1985BE30).
The (p, 3p) reaction has been studied by (1984NA17). For antiproton studies see (1987AS06) and
p. 32. See also (1984AJ01) for the earlier work and7Be, (1983AN18, 1986SA1Q, 1987GAZM,
1987SA46, 1988MIZX), (1984LA33, 1985AL16, 1986CH1J, 1986WA11, 1987LE33) and (1982CH28,
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Table 6.5: Parameters of levels of6Li a

Ex Γc.m. Reactions

(MeV ± keV) (keV)

2.185 ± 3 20.0 ± 2.8 4He(d, d)4He

2.187 ± 3 4He(d, d)4He

2.188 ± 6 24 ± 2 c 6Li(p, p′), (d, d′), 7Li(d, t)6Li

2.203 ± 6 9Be(p,α)6Li

2.186 ± 2 24 ± 2 “best” values

3.56288 ± 0.10 (8.2 ± 0.2) × 10−3 Table6.4

4.34 ± 40 4He(d, d)6Li

4.27 ± 40 6Li(e, e′)6Li

4.40 ± 120 1490 ± 150 6Li(p, p′)6Li

4.32 ± 40 1820 ± 110 6Li(d, d′)6Li

4.3 ± 100 600 ± 100 7Li( 3He,α)6Li

4.3 ± 200 1600 ± 300 7Li( 3He,αd)4He

4.30 ± 10 850 ± 50, 480 ± 80 9Be(p,α)6Li

4.312 ± 22 1700 ± 100 “best” values

5.379 ± 17 d 540 ± 20 d 6Li(e, e′)6Li

5.33 ± 80 560+340
−100

6Li(p, p′)6Li

5.34 ± 20 560 ± 40 b 7Li( 3He,α)6Li

5.325 ± 5 270 ± 12 9Be(p,α)6Li

5.366 ± 15 540 ± 20 “best” values

5.65 ± 50 e 4He(d, d)4He

5.7 1000+600
−400 b 6Li(p, p′)6Li

5.65 ± 200 1650 ± 300 7Li( 3He,αd)4He

5.65 ± 40 900 ± 60, 1260 ± 120 9Be(p,α)6Li

5.65 ± 50 1500 ± 200 “best” values

a For references and other values see Tables 6.5 in (1979AJ01, 1984AJ01).
b See references (c) and (d) in Table 6.5 in (1979AJ01).
c And C.P. Browne, private communication.
d See Table 6.4 in (1979AJ01).
e See Table 6.3 in (1979AJ01).
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1983GO17, 1983KA1A, 1983SM04, 1984GU14, 1984KO1E, 1984KU03, 1984KU06, 1984MU01,
1985BE60, 1985DO16, 1985KA1D, 1985PA03, 1986CHZX, 1986IM1A, 1986IM01, 1986OS08,
1986VL1A, 1986ZH03, 1987FA1H, 1987HA01, 1987IM1F, 1987IM04, 1987VD01, 1987ZH1D,
1988CH06, 1988VD1A; theor.).

16. (a)6Li(d, d)6Li

(b) 6Li(d, pn)6Li Qm = −2.22459

(c) 6Li(d, 2d)4He Qm = −1.4750

(d) 6Li(d, αp)3H Qm = 2.5577

Angular distributions of deuterons have been measured atEd = 4.5 to 19.6 MeV [see (1979AJ01)]
and at 50 MeV (1988KO1C; prelim.). TheT = 1, 0+ state,6Li*(3.56) is not appreciably popu-
lated. For a summary of the results on excited states see Table6.5.

At Ed = 21 MeV reaction (b) shows spectral peaking (characteristic of1S0 for the pn system
[T = 1]) when 6Li*(3.56) is formed, in contrast with the much broader shape(characteristic of
3S1) seen when6Li*(0, 2.19) are populated. A study of reaction (c) atEd = 52 MeV shows that
the α-clustering probability,Neff = 0.12+0.12

−0.06 if a Hankel function is used. Theα-particle and
the deuteron clusters in6Li have essentially a relative orbital momentum ofl = 0. The D-state
probability of the ground state of6Li is ≈ 5% of the S-state. Quasi-free scattering is an important
process even forEd = 6 to 11 MeV. Interference effects are evident in reaction (c) proceeding
through6Li*(2.19, 4.31): this is due to the experiment being unable to determine whether the
detected particle was emitted first or second in the sequential decay. Reactions (c) and (d) studied
at Ed = 7.5 to 10.5 MeV indicate that the three-body breakup of6Li at these low energies is
dominated by sequential decay processes. See (1979AJ01) for references.

See also8Be, (1987AL23) and (1982CH28, 1983GO24, 1983LY04, 1984BL21, 1984KU15,
1985LI1C, 1986AV01; theor.).

17. 6Li(t, t)6Li

At Et = 17 MeV angular distributions have been measured for the tritons to6Li*(0, 3.56): see
(1979AJ01).

18. (a)6Li( 3He,3He)6Li

(b) 6Li( 3He, pα)4He Qm = 16.8782

Angular distributions have been measured atE(3He) = 8 to 217 MeV [see (1979AJ01, 1984AJ01)]
and at 34, 50, 60 and 72 MeV (1986BR31; elastic). For reaction (b) see5Li (1984AR17, 1987ZA07).
See also9B.
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19. (a)6Li(α, α)6Li

(b) 6Li(α, 2α)2H Qm = −1.4750

Angular distributions (reaction (a)) have been measured atEα = 1.39 to 166 MeV [see
(1974AJ01, 1979AJ01, 1984AJ01)] and atEα = 36.6 and 50.5 MeV (1986BR31). See also
(1987BU27, 1986ROZK). See also10B.

Reaction (b) has been studied atEα = 6.6 to 700 MeV: see (1974AJ01, 1979AJ01, 1984AJ01).
At the latter energy and using a width parameter of 60.6 MeV/c the effective number ofα + d
clusters for6Li g.s., neff = 0.98 ± 0.05. The results are very model dependent: see (1984AJ01).
At Eα = 27.2 MeV 6Li*(2.19) is very strongly populated (1985KO29). See also (1982CH28,
1983AV02, 1983BE51, 1983BU15, 1985BE60, 1986GA1F, 1986ZE01, 1987KO1L, 1988LE06;
theor.).

20. (a)6Li( 6Li, 6Li) 6Li

(b) 6Li( 6Li, 2d)2 4He Qm = −2.9501

(c) 6Li( 6Li, α)2 4He Qm = 20.897

Angular distributions of6Li ions have been studied forE(6Li) = 3.2 to 36 MeV [see (1974AJ01,
1979AJ01, 1984AJ01)] and atE(6Li) = 2.0 to 5.5 MeV (1983NO08) and 156 MeV (1985SA36;
6Li*(0, 2.19)), (1985MI05; elastic;6Li*(2.19, 3.56) are also populated), (1987EY01; several states
in 12C). Reaction (b) has been studied forE(6Li) = 36 to 47 MeV: enhancements in yield, due
to double spectator poles, have been observed in d-d andα-α but not inα-d double coincidence
spectra. The widths of the peaks are smaller than those predicted from the momentum distribution
of α + d clusters in6Li. 6Li*(2.19) was also populated. See references in (1984AJ01). Recent
work on reaction (b) is reported by (1984LA19: 2.4 and 4.2 MeV) and by (1985NO1A). For reac-
tion (c) see (1987LA25). See also12C in (1985AJ01), (1983CH59) and (1984CH1E, 1986KA1B,
1986SA1D, 1987AR13, 1987SA1C; theor.).

21. 6Li( 7Li, 7Li) 6Li

Angular distributions have been measured atE(7Li) = 78 MeV to 6Li*(0, 2.19) (1986GLZU;
prelim.).

22. 6Li( 9Be, 9Be)6Li

The elastic scattering has been studied atE(6Li) = 4.0, 6.0 and 24 MeV [see (1979AJ01)],
at 32 MeV (1985CO09) and at 50 MeV (1988TRZY; prelim.; also inelastic). For the interaction
cross section atE(6Li) = 790 MeV/A see (1985TA18).
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23. 6Li( 10B, 10B)6Li

The elastic scattering has been studied atE(6Li) = 5.8 and 30 MeV: see (1979AJ01).

24. (a)6Li( 12C, 12C)6Li

(b) 6Li( 13C, 13C)6Li

(c) 6Li( 14C, 14C)6Li

The elastic scattering (reaction (a)) has been studied atE(6Li) = 4.5 to 156 MeV [see (1984AJ01)]
and atE(6Li) = 19.2 MeV (1983RU09), 36 and 45 MeV [andE(12C) = 72 and 90 MeV]
(1984VI02, 1985VI03; also to6Li*(2.19, 4.31) and to various states of12C), 90 MeV (1987DE02;
also to various states of12C), 123.5 and 168.6 MeV (1988KA09; and to various states of12C),
150 MeV (1987TA21; also VAP), 156 MeV (1987EY01; and to various states in12C) and at
210 MeV (1988NA02). See also (1986SHZP, 1987PA12). At E(6Li) = 34 MeV the d-α angu-
lar correlations involve6Li*(0, 2.19) (1985CU04). See also12C in (1985AJ01, 1990AJ01). For
pion production see (1984CH16). For the interaction cross section atE(6Li) = 790 MeV/A see
(1985TA18). For VAP measurements atE(6 ~Li) = 30 MeV see (1988VAZY).

The elastic scattering (reaction (b)) has been studied forE(7Li) = 5.8 to 40 MeV: see (1984AJ01).
The elastic scattering (reaction (c)) has been measured forE(6Li) = 93 MeV (1987DE02). See
also18F and19F in (1987AJ02), (1986MCZZ, 1988MCZY), (1983BI13, 1984HA53) and (1982GU21,
1983BU15, 1983DE48, 1983OS03, 1983SH24, 1984BR08, 1984GR05, 1984MU1D, 1984SA1B,
1985CO21, 1985SH1A, 1986BE45, 1986IO01, 1986KA1B, 1986MI24, 1986SA1D, 1986SAZJ,
1986SAZK, 1986SAZL, 1987AR13, 1987KA1I, 1987SA1C, 1987SA21, 1988DEZU, 1988DE1F,
1988SA15; theor.).

25. 6Li( 16O, 16O)6Li

Elastic angular distributions have been reported atE(6Li) = 4.5 to 50.6 MeV [see (1984AJ01)],
atE(6Li) = 35.3 andE(16O) = 94.2 MeV (1984VI02) and at 50 MeV (1988TRZY; prelim.; also
inelastic). AtE(6Li) = 25.7 andE(16O) = 68.6 MeV (1985VI03, 1984VI01) report someσ(θ) to
6Li*(2.19) [and to16O*(6.13)]. See (1985VI03, 1986SC28) for studies of the breakup. The VAP
has been measured atE(6Li) = 25.7 MeV, and also using16O ions (1987VAZY; prelim.). For
fusion cross sections see (1986MA19). See also16O in (1986AJ04), (1986MO1E, 1987PA12) and
(1983BU15, 1983JO1A, 1984WI08, 1985CO21, 1985SA13, 1986SAZS; theor.).

26. (a)6Li( 24Mg, 24Mg)6Li

(b) 6Li( 25Mg, 25Mg)6Li

(c) 6Li( 26Mg, 26Mg)6Li

(d) 6Li( 27Al, 27Al) 6Li
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The elastic scattering has been studied atE(6Li) = 88 MeV, and at 36 MeV for reaction (c):
see (1984AJ01). For the interaction cross section atE(6Li) = 790 MeV/A (reaction (d)) see
(1985TA18).

27. (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 (1984PU1A, 1985PU1B, 1986GR1A) and (1978GR22, 1982BR25, 1983DE48, 1983JO1A,
1983SA39, 1983SA1D, 1984BR1B, 1984BR28, 1984KI08, 1984WI08, 1985BR14, 1985SA1D,
1986BE45, 1986GR1G, 1986KA22, 1986SA1D, 1986SAZJ, 1986SAZK, 1986SAZL, 1987GR1N,
1987SA1C, 1987SA21; theor.). For reaction (b) see (1987AR13; theor.).

28. (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), and at
E(6Li) = 34 MeV (reaction (b)) by (1987VA31) and at 210 MeV (1988NAZX; reaction (b)).
6Li*(2.19) has been studied atE(40Ca) = 227 MeV (1987VA31). For fusion measurements
(reaction (b)) see (1984BR04). For breakup measurements (reaction (b)) see (1984GR20). See
also (1986PL01) and (1983SA39, 1984GU09, 1985BL18, 1985SA1D, 1986GR1G, 1986SA1D,
1987SA21, 1986SAZJ, 1986SAZK, 1986SAZL; theor.).

29. (a)7Li(γ, n)6Li Qm = −7.250

(b) 7Li(γ, pπ−)6Li Qm = −146.036

Transitions to6Li*(0, 2.19, 3.56) have been observed in reaction (a): see (1979AJ01, 1984AJ01).
Differential cross sections are reported forEbs = 60 to 120 MeV for then0+n2 groups (1985SE17).
Reaction (b) at 0.9 GeV involves6Li*(2.19) (1985RE1A; prelim.). See also7Li, (1986GO1M) and
(1985ST1A, 1986BA2G; theor.).

30. 7Li(π+, p)6Li Qm = 133.101
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Differential cross sections have been measured atEπ+ = 75 and 175 MeV for the transitions
to 6Li*(0, 2.19): see (1984AJ01).

31. (a)7Li(p, d)6Li Qm = −5.025

(b) 7Li(p, pn)6Li Qm = −7.250

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) and
6Li g.s. increases with energy. It is suggested that this can be understood in terms of a small admix-
ture of 1f orbital in these states (1985KR13). A DWBA analysis ofEp = 185 MeV data leads to
C2S = 0.87, 0.67, 0.24, (0.05), 0.14, respectively for6Li*(0, 2.19, 3.56, 4.31, 5.37). No other
states were seen belowEx ≈ 20 MeV: see (1979AJ01). In reaction (b) atEp = 1 GeV the sepa-
ration 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; theor.).

32. 7Li(d, t)6Li Qm = −0.993

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 13 in6He and 4 in6Be. See also
(1987GUZZ; Ed = 18 MeV; angular distributions to6Li*(0, 2.19, 3.56); prelim.) and (1984BL21,
1986AV01, 1988GUZW; theor.).

33. (a)7Li( 3He,α)6Li Qm = 13.328

(b) 7Li( 3He, dα)4He Qm = 11.8527

Angular distributions have been reported atE(3He) = 5.1 to 33.3 MeV [see (1974AJ01,
1984AJ01): the lower energy work has not been published]. Excited states observed in this reac-
tion are displayed in Table6.5. No other states are reported belowEx = 10 MeV: see (1979AJ01).
(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 look at the isospin decay of 6Li*(5.37) [Jπ; T = 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
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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). At E(3He) = 120 MeV the missing mass spectra for (3He, 2d)
and (3He, pt) reflects the population of6Li*(0, 2.19) and suggests broad structures atEx = 28.5
and 32.9 MeV (1985FR01). See also10B, (1988BO1J) and (1983KU17; theor.).

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

(b) 7Li( 7Li, 8Li) 6Li Qm = −5.217

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; prelim.).
See (1984KO25) for reaction (b).

35. (a)9Be(p,α)6Li Qm = 2.126

(b) 9Be(p, 2α)2H Qm = 0.651

(c) 9Be(p, pt)6Li Qm = −17.688

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 Table6.5 and (1984AJ01). 6Li*(3.56) decays byγ-emission
consistent with M1;Γα/Γ < 0.025 [forbidden by spin and parity conservation]: see (1984AJ01).
At Ep = 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). Reactions (b) and (c) at
Ep = 58 MeV involve 6Li*(0, 2.19) (1985DE17). See also10B, (1986AN26) and (1985MAZG,
1986KA26; theor.).

36. 9Be(d,5He)6Li Qm = −9.92

See5He.

37. 9Be(t, 6He)6Li Qm = −5.381

Angular distributions of6Heg.s. + 6Li g.s. and6Heg.s. + 6Li ∗3.56 [both listed ions 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
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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.

38. 9Be(3He, 6Li) 6Li Qm = −1.892

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).

39. 10B(n, 5He)6Li Qm = −5.35

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

(1984TU02).

40. 10B(d, 6Li) 6Li Qm = −2.985

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

41. 10B(3He, 7Be)6Li Qm = −2.872

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

42. 10B(α, 8Be)6Li Qm = −4.5515

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).

43. 11B(d, 7Li) 6Li Qm = −7.189
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See (1984AJ01).

44. 11B(3He, 8Be)6Li Qm = 4.572

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

45. 12C(p, 7Be)6Li Qm = −22.566

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 (1983DE1C),
(1984RE14) and (1987KW01, 1987KW03; theor.).

46. 12C(d, 8Be)6Li Qm = −5.892

Angular distributions involving several states in8Be have been studied atEd = 19.5 and
51.8 MeV [see (1974AJ01)] and at 50 MeV (1985GO1G), 54.2 MeV (1984UM04) and 78 MeV
(1986JA14), as well as atE~d = 18 and 22 MeV (1987TA07) and 51.7 MeV (1986YA12). See also
(1984NE1A, 1987GO1S) and (1987KA1L, theor.).

47. 12C(3He, 9B)6Li Qm = −11.570

Angular distributions have been obtained atE(3He) = 28 to 40.7 MeV [see (1974AJ01)] and
atE(3 ~He) = 33.4 MeV (1986CL1B; alsoAy). See also9B.

48. (a)12C(α, 10B)6Li Qm = −23.712

(b) 12C(α, dα)10B Qm = −25.1868

Angular distributions (reaction (a)) atEα = 42 MeV involve 6Li*(0, 2.19): see (1974AJ01).
At Eα = 65 MeV reaction (b) goes via6Li*(2.19, 4.31): see (1984AJ01). See also10B and
(1987GA20).

49. 12C(10B, 16O)6Li Qm = 2.702
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See16O in (1986AJ04).

50. 12C(12C, 12C)2 6Li Qm = −28.171

The fragmentation of12C into 26Li ions has been observed atE(12C) = 2.1 GeV/A (1986LIZP).

51. 12C(14N, 20Ne)6Li Qm = −4.174

See20Ne in (1987AJ02).

52. 13C(p, 8Be)6Li Qm = −8.613

See (1974AJ01).

53. 16O(d, 12C)6Li Qm = −5.687

Angular distributions involving6Li ions and several12C states are reported atE~d = 22 MeV
(1987TA07) and 51.7 MeV (1986YA12) and atEd = 54.2 MeV (1984UM04). See also (1984NE1A),
and12C in (1990AJ01) for polarization studies.

54. 19F(3He, 16O)6Li Qm = 4.095

Angular distributions have been measured atE(3He) = 11 to 40.7 MeV involving6Li*(0, 3.56)
and various states of16O: see (1974AJ01, 1977AJ02).
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6Be
(Figs. 3 and 4)

GENERAL: See also (1984AJ01).

Model calculations: (1986KU1F, 1986VO09, 1987DA1H, 1988DA1D, 1988DA1E, 1988DA1F,
1988KA1J).

Other topics: (1983ANZQ, 1983GR26, 1983SH38, 1984BA1H, 1985AN28, 1986HU1D, 1986KO1N,
1987BA1I, 1987KUZI, 1987SA15).

1. (a)3He(3He,γ)6Be Qm = 11.489

(b) 3He(3He, p)5Li Qm = 10.89 Eb = 11.489

(c) 3He(3He, 2p)4He Qm = 12.85966

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

(e) 3He(3He, pd)3He Qm = −5.49354

The yield ofγ-rays to6Be*(1.7) (reaction (a)) increases smoothly from 0.4 to 9.3µb (assuming
isotropy) for0.86 < E(3He)< 11.8 MeV (90◦). No transitions are observed to6Be(0) [σ < 0.01 µb
atE(3He) = 1.4 MeV]. This is understood in terms of a direct capture of3He by3He in the singlet
spin state and with zero angular momentum: the0+ → 0+ γ-transition is forbidden. 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 structure centered 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 to
6Be*(1.7). Theγ-ray angular distributions are consistent withJπ = 3−: see (1979AJ01).

Table 6.6: Energy levels of6Be

Ex Jπ; T Γcm Decay Reactions

(MeV ± keV)

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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Fig. 3: Energy levels of6Be. For notation see Fig. 1.
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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 recent work on astrophysical considera-
tions see (1982BA1J, 1982KA1E, 1983FO1A, 1983VO1C, 1984BO1C, 1984DA1H, 1984HA1M,
1985CA41, 1985SC1A, 1986FI15, 1987AS05, 1987RO25, 1988BA86, 1988FO1A). (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 (4−), 26.2(2−) and 26.7 MeV(3−), in disagreement with the captureγ-ray results
described above: see (1979AJ01). 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).

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), (1986GOZL,
1986WI1A; applications) and (1983PR09, 1984HA25, 1985HA14, 1986OS1D, 1987AS05, 1988RYZW;
theor.).

2. 4He(3He, n)6Be Qm = −9.089

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 = −5.071

(b) 6Li(p, pn)5Li Qm = −5.67
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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 E~p = 160 MeV for the ground-state transition is−0.37 ± 0.04 in agreement with results in
other light nuclei (1984TA07). See also7Be, (1986SA1Q, 1987SA46, 1988HE08), (1984TAZS,
1985GO1F, 1986TA1E, 1987RA32) and (1985SH1C; theor.). In reaction (b) some evidence has
been reported atEp = 47 MeV for sequential decay via6Be*(15.5 ± 2, 24 ± 2): see (1979AJ01).
See also (1988MIZX).

4. 6Li( 3He, t)6Be Qm = −4.307

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
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 13 in6He and 32 in6Li and (1985BO56, 1984BO49, 1988BO1J). See also (1984AJ01),
(1987DA31; theor.) and9B.

6B, 6C
(Not illustrated)

Not observed: see (1979AJ01, 1984AJ01).
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Fig. 4: Isobar diagram,A = 6. The diagrams for individual isobars have been shifted vertically to eliminate the neutron-proton mass difference andthe

Coulomb energy, taken asEC = 0.60Z(Z − 1)/A1/3. Energies in square brackets represent the (approximate) nuclear energy,

EN = M(Z, A) − ZM (H) − NM (n)− EC, minus the corresponding quantity for6Li: hereM represents the atomic mass excess in MeV. Levels which

are presumed to be isospin multiplets are connected by dashed lines.
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