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He
(Not illustrated)

9He is predicted to be particle unstable: its calculated mass excess > 40.17 MeV (1970WA1G,
1972WA07), = 43.54 MeV (1972TH13). Particle instability with respect to #He +n, "He +2n and
SHe + 3n implies atomic mass excesses greater than 39.7, 42.25 and 41.812 MeV, respectively. See
also (1968CE1A). “He has not been observed in a pion experiment [°Be(r—, 77)?He] (1965G110)
nor in the spontaneous fission of2>2Cf (1967CO1K).

9Li
(Figs. 15 and 18)

GENERAL:
Model calculations: (1966BA26).

Soecial reactions: (19650013, 1966GA15, 1966KL1C, 1967AU1B, 1967CALJ, 196/HALO,
1968DO1C, 1972V006, 1973KO1D, 1973MU12, 1973WI15).

Other topics: (1972CA37, 1972PN1A, 1973JU2A).
Ground state properties. (1966BA26, 1969JA1M).

Mass of °Li: From the Q-value of 1*O("Li, °0)°Li, the atomic mass excess of °Li is 24.9654 &
0.005 MeV (1969NE1E; prelim. results). (1971WALE) adopt 24.966 + 0.005 MeV. We use the
latter value.

1. °Li(3)°Be Qm = 13.618

The half-life of °Li is 172 4+ 3 msec [see (1966L.A04)], 176 + 1 msec (1965D013), 177 & 3
msec (1970CHO7, 1970CH1T). We adopt 71, = 176 & 2 msec. See also (1968B032). ?Li decays
to Be*(0, 2.43, 2.78): see ’Be and Table 9.7 (1970CH07, 1970CH1T). See also (1963AL18,
1969MA11). Log ft values are listed in Table 9.7: the allowed nature of the transitions to *Be*(0,
2.43,2.78) with J™ = 27, 57 and () is evidence for J™ = 2 for °Li(0) (1970CHO07).

E3-(max) have been measured by (1963AL18, 1963NE07, 1969KL08). Delayed neutrons are
observed due to the decay of the neutron unbound states ?Be*(2.43, 2.78): see ?Be. See also
(1966BA1A, 1966BA26, 1970DA21, 1971LI11H, 1971WI18, 1972WI128, 1972WI11C, 1973HA49,

19737014, 1973WI11; theor.).

Qo = —2.397 4 0.020 (1964M104).
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Table 9.1: Energy levels of °Li

E, (MeV +keV) | J*; T T/ OF I'c . (keV) | Decay Reactions
g.s. ()3 | mp=176+t2msec | 5~ [1,23,4,8,9
2.691+5 (37) (v) |2
4.31 + 30 I'=2504+30 2
5.38 4+ 60 600 4+ 100 2
6.41 £+ 20 < 100 2

Proton groups are observed to excited states at £, = 2.691 4+ 0.005 MeV (1964M104), 4.31 +
0.03, 5.38 & 0.06 and 6.41 & 0.02 MeV (1971Y004) [I'.,, = 250 =% 30, 600 £ 100, < 100 keV,
respectively]. Angular distributions are reported at £y = 11.3 MeV (1964M104; ty) and 15 MeV
(1971Y004; to, 1, t;). The angular distributions to °Li(0) are consistent with J™ = %_ and the
relative magnitude of the cross section to °Li*(2.69) is consistent with J™ = %_: see (1964M104,
1971Y004). See also (1968HO1F; theor.) and (1969MA11, 1970CHO7).

3. ?Be(n, p)°Li Qm = —12.836

See (1967ME11).

4. °Be(d, 2p)°Li Qm = —15.060

See (1951GA30).

5. Be(t, *He)°Li Qm = —13.599
Not reported.

6. () "'B(v, 2p)°Li Qm = —30.876

(b) 1B(p, 3p)°Li Qm = —30.876

See (1966LA04).



7. 1B(n, *He)°Li Qm = —23.158

Not reported.

8. 12C(v, 3p)°Li Qm = —46.834

See (1966LA04).

9. 180("Li, 60)Li Qm = —6.103

See “Mass of °Li” in the GENERAL section here (1969NE1E). See also (1970CH07).



%Be
(Figs. 16 and 18)

GENERAL.: (See also (1966LA04).)

Shell modedl: (1961KO1A, 1965C025, 1965GR18, 1965VO1A, 1966AD06, 1966BA26, 1966HA1S,
1966MA1P, 1966WI1E, 196/C0O32, 1967/ST1C, 1968G001, 1969BO1V, 1969B0O19, 1969B0O33,
1969GUO03, 1969VALC, 197/0CO1H, 1971C028, 197/1GR02, 197/1NO02, 1972LE1L, 19/3HAA49,
1973KU03).

Aplhaand cluster models: (1965NE1B, 1966HI1A, 1967 TALC, 1968KU1B, 1969BA1J, 1969NE1C,
1970BA1Q, 1971LEIN, 1971NOO02, 1972AB19, 1972CH1N, 197/2HI16, 1972IK1A, 1972LEIL,
1973KU03, 19730K1B).

Collective and deformed models: (1965VO1A, 1966EL08, 1967BO1K, 1967B0O34, 1973KU13,
1973SL02).

Soecial levels: (1966AD06, 1966BA26, 1966EL08, 1967C0O32, 1967ST1C, 1968B0O19, 1968G001,
1969BO1V, 1969B033, 1969GU03, 1969HALG, 1970PE18, 19/0TO1E, 1971C0O28, 1971GR02,
1971L130, 1971NO02, 1972BE1E, 1972CHI1N).

Electromagnetic transitions: (1965C025, 1966BA26, 1966EL08, 1967/KU1E, 1968KU1D,
1969HALG, 1969VALC, 1971GR02, 1972AB19, 1972NA05, 1973HA49, 1973SL02).

Astrophysical questions: (1968HALC, 1970BA1M, 1972CL1A, 1972KO1E, 1973AU1H, 1973LA19,
1973RA37, 1973RELG, 1974AU1A).

Soecial reactions: (1968HALC, 1968Y101, 1969AR13, 1969GA18, 1969YI11A, 1971AR02,
1972Vv006, 1973K0O1D, 1973KU03, 1973LA19, 1973WI15).

Muon capture: (1968BA2G, 1969WU1A, 1970FA15, 1971DE2D, 1972BU29, 1973MU11).

Pion capture and reactions: (1967MELF, 1967MI11B, 1968BA2G, 1968ER1A, 1968NO1A,
1968WI11B, 1969BU1C, 1969CA1B, 1969CH1C, 1969K0O1F, 1969MO1E, 1970BA1E, 1970BE1J,
1970CALL, 1970ER1A, 197/0G028, 1971CA01, 1971CA1J, 1971FA09, 1971G014, 19/1MA1C,
1971RE1H, 1971SE02, 1972AB1H, 1972BE34, 19/2BU1P, 1972HU1A, 1972MA1H, 1972SA10,
1972SE1F, 1973BAZR, 1973BA2V, 1973DI1H, 1973GA20, 197/3HS1A, 1973HS1B, 1973JA1K,
1973NY04, 19730S01, 1973PE1E, 1973SQ01, 1973UL1D).

Kaon reactions: (197/3BAL1Y).

Other topics: (1965C025, 1965VO1A, 1966CH1B, 1966DO1C, 1966HA18, 1966HE1C, 1966WI1E,
1967BA12,1967/CAl17,1967/CH1H, 196/MO1H, 1968KO1H, 1968G001, 1969GU03, 1969LE1G,
1970CO1H, 1970GR33, 1970KA1K, 1970PA1D, 1970PE18, 1970SA05, 1971DA13, 197/1ER1C,
1972AN05, 1972CA37, 1972CH1P, 1972FR09, 197/2HAS7, 1972LELL, 1972PN1A, 19/2RA1),
19/72TA31, 1972TU1B, 19/3BA1Y, 19/3BE1N, 19/3CL09, 19/3JU2A, 19/3K0O1J, 197/3KU03,
1973MAA48, 1973RALE).



Table 9.2: Energy levels of °Be

By | . Decay Reactions
(MeV + keV) (keV)
g.s. stable 2, 3,4,9, 10, 11, 12,
14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37,
39, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49
1.680 =+ 15 210 + 25 7, N 4, 10, 11, 12, 15, 19,
20, 21, 23, 25, 26, 31,
36, 37, 42, 44
2.4294 + 1.3 1.03£0.18 | ~v,na |4, 10, 11, 12, 14, 15,
19, 20, 21, 23, 24, 25,
26, 31, 34, 36, 37, 41,
42, 44
2.78 120 1080 + 110 n 4,10, 14
3.058 + 12 292 + 15 7, N 4, 10, 12, 15, 19, 20,
21, 23, 25, 26, 31, 36,
37,41,42, 44
4.704 + 25 743 £ 55 7N 4, 10, 19, 21, 23, 25,
42
6.76 = 60 2000 = 200 7N 10, 19, 20, 21, 23, 25,
26
7.94 £ 80 ~ 1000 v 19,21
11.283 424 T=— | B575+£50 7, N 10, 19, 21, 26, 37
11.81 £ 20 T=4% | 400+30 7N 10, 12,15, 41
13.79 £ 30 T=41%| 590+60 v 10, 12,19, 41
14.396 £ 5 37,31 033£006| ~,na |10,19, 21,25, 37 41
14.4 + 300 ~ 800 21,37
15.10 £ 50 v 12,19,41
15.96 + 30 . ~ 300 ¥ 19, 41
16.671 + 8 41+4 v 10, 19, 21, 37
16.977 £ 2 53 <047 v.np,d |[4,5619
17.300 £ 12 (5)~ 195 v np,d o567 19




Table 9.2: Energy levels of °Be (continued)

E, Jo T Iem Decay Reactions
(MeV + keV) (keV)

17.498 £ 15 3, 2)* 47 v,npd a|b67 1921
18.02 + 50 v,npd |56 19
18.58 4+ 40 vp, da |56 19
19.10 + 30 300 £100 | v,n,p,d,t |1,6,15,21
19.51 £ 50 ~v,n,p,d | 619

(20.47 £ 40) v, p,d |615
20.74 + 30 ~ 1000 v, p, t 1, 15,19

(21.50 £ 50) v, N 15, 19
(22.4 £ 700) broad 21
(23.9 & 100) v, N 15

& See also Table 9.6.

Ground state properties: (1965C025, 1965GR18, 1965VO1A, 1966AD06, 1966BA26, 1966EL 08,
1966MA1P, 1966WI1E, 196/SH05, 196/SH14, 1968DZ1A, 1969AF1A, 1969B0O19, 1969GUOS3,
1969HE1N, 1969JA1M, 1969PE1D, 1969VA1C, 1971AU1G, 1972FRQ9, 1972LE1L, 1973MAL1K).

p = —1.1776 nm (1969FU11). See also (1971SH26);
Q = 0.06570:502 b (1973BE19). See also (1967BL09, 1969FU11, 1971SH26).

1. (a) SLi(t, n)®Be Qum = 16.024 E, = 17.6895
(b) SLi(t, p)sLi OQm = 0.801
(c) SLi(t, d)"Li Qum = 0.9930
(d) SLi(t, @)°He Qm = 15.22
(e) SLi(t, n)*He'He Qm = 16.116

The 0° differential cross section for reaction (a) increases monotonically between E; = 0.10
and 2.4 MeV (1960SE12, 1961VA43, 1962SE1A) except for a resonance at £, = 1.875 MeV
(°Be* = 18.938). The excitation function for ®Li (reaction (b)) increases monotonically for £, =
0.275 to 1.000 MeV (1972CI05). In the range £, = 2.0 to 6.8 MeV, a broad peak [ =~ 1.3 MeV]
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is observed at £y = 4.57 MeV [E, = 20.73 MeV] (1973AB10). For reactions (c) and (d) see
(1966LA04). For reaction (e) see (1966 A02, 1967BE13). See also °He, "Li and 3Li.

2. SLi(«, p)°Be Qm = —2.1251
Qo = —2.1256 =+ 0.0012 (1967BR1B).

Angular distributions of ground state protons have been measured at £, = 10.2, 11.5 and
13.5 MeV (1960MA15), 13.6 and 14.7 MeV (1962K013) and 30 MeV (1960KL03). See also
(1966LA04).

3. SLi(°Li, 3He)°Be Qm = 1.895

See (1964K102).

4. 7Li(d, v)’Be Qm = 16.6965

For £4 = 0.1 to 1.1 MeV, a resonance in the yield of capture ~-rays is observed at £y =
362 £ 3 keV (1965W001), 361 + 2 keV (19651M01), corresponding to Be*(16.977) with ', <
0.47 keV. The small width of this state and its energy correspondence with °Li*(2.69) argue for
T = % (1965W001). The angular distribution of the y-rays to Be(0) is isotropic to within 7%
(19651M01). The branching ratios to Be*(0, 1.7,2.4,2.8, 3.1, 4.7) are 100/8.54+4.3/10.6 +5.3 / —
/ <4.5/9.6 +4.8 (1965IM01), 100/11.8+0.6/3.3+0.7/13.3 £ 4.2/ — /12.9 £ 1.3 (1971SC19).
The E, and I" of °Be*(2.8, 4.7) are 2.82 and 1.7 MeV, and 4.64 and 0.95 MeV, respectively. The
character of the decay suggests (%)‘ for the second 7' = % state [°’Be*(16.98)] and is consistent
with J™ = (%)— for °Be*(2.8) (1971SC19). See also (1968SN1A).

5. (a) "Li(d, n)®Be Qum = 15.031 E, = 16.6965
(b) "Li(d, o)’He Qm = 14.23
(c) "Li(d, n)*He*He Qm = 15.1233

The yield of neutrons has been measured for 4 = 0.2 to 4.8 MeV (1952BA1A, 1957SL01,
19651M01), 0.86 to 1.33 MeV by (1969NU1C), 3 to 8 MeV by (1967KE1F: yield of neutrons to
8Be*(16.6, 17.6, 18.1), at one MeV intervals) and 5 to 19 MeV by (1973WE19). Polarization mea-
surements have been reported by (1971MO1R, 1973VO07: Eq = 0.64 MeV; ny) and (1970THO08:
E4 = 2.5103.7; ng, ny). See also (1972SE09; theor.) and (1966L.A04). Resonances in the yield of
neutrons are observed at 4 = 0.36, 0.68, 0.98 and (1.8) MeV: see Table 9.3.
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Table 9.3: Resonances in "Li + d

TLi(d, p)3Li 7Li(d, n)®Be | “Li(d, o)°He
Eres (KeV) | T (keV) | Eres (keV) | Eres (KeV) | Ey (MeV) J"
360 + 32 <2 360 4 16.976
77T+ 120 250 680 © 750 17.300 ()~ n
1031+ 15" 60 980 © 1000 f 17.498 | (3,5)*®
2000 © (1800) © 18.3
2375 4 50 © 2500 & 18.54
3220+ 50" | 400 % 100 19.20
~ 4800 ! 20.4

2 In “Li(d, 7)°Be Eres = 361 £ 2 keV (1965I1M01, 1965WO01); T, /T ~ 1.5, Ty, /T < 20
(19651M01) for °Be*(16.98).

b (1972SC1U, 1952BA1A, 1954BA46).

© (1956BE1A).

4 (19651M01).

© (1952BA1A, 1957SL01).

f(1971FR04, 1969DE31, 1963PA04).

€ (1963PA04): broad structure.

b (1972DE44). See, however, (1971FR04, 1973HE26).

1 (1973AB10).

The yield of a-particles has been measured for £4 = 0.2 to 0.3 MeV by (1964MA1F), 0.6 to
2.0 MeV by (1971FR04), 0.7 to 1.6 MeV (1969DE31) and 0.7 to 3.0 MeV by (1963PA04). The
excitation function for reaction (b) shows resonances at £y = 0.75 and 1.00 MeV (1971FR04),
0.78 and 1.08 MeV (1969DE31), as well as a broad structure at £y = 2.5 MeV (1963PA04). Also
reported are a-particles from reaction (a) associated with 8Be*(11.4, 16.6, 16.9); the a-particles
from the decay of ®Be*(11.4) seems to show resonance behavior at £4 = 0.7, 1.0 and 1.75 MeV. It
is not clear whether the a-particles corresponding to ®Be*(16.6) show resonance at £4 = 2.5 MeV
or whether the Be*(16.9) a-particles are appearing at this point (1963PA04).

A study of the By, coefficients of the angular distributions of the oy group for £4 = 0.45 to 2.0
MeV and of the o — o angular correlation coefficient, together with a re-analysis of the (d, d,) data
of (1964FO1B), lead to assignments of 2~ and (2, 3)* for “Be*(17.30, 17.50). The analysis also
requiresa (2, 2)~ state at lower excitation energy and a (2, 3) state at higher energy (1972DE44).
See also (1973Vv007) for an interpretation of results from reaction (a).

A kinematically complete study of reaction (c) at £4 = 1.0 MeV shows that the yield is dom-
inated by sequential decay via ®Be*(2.9) and °He, ;. There is evidence also for the involvement
of ?Be*(17.50) [measurement of relative yield for E; = 0.9 to 1.1 MeV]: J = % is suggested
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(1973HEZ26). See also *He, ®Be and (1966AS04, 196 7TKE1F, 1967VA11, 1968WI1E, 1973HE0S).
See also (1966NU1B, 1966PO1D, 1967/BE13, 196/WI1C, 1968DA1H, 1971DA21, 1972BR1R,
1972SUL1E, 1973DA1R).

6. "Li(d, p)SLi Qm = —0.1919 Ey, = 16.6965

The yield of p, measured for £4 = 0.29 to 0.78 MeV shows a single resonance with £4 =
360 £ 3 keV, ' < 2keV, I', /T, ~ 0.5 (19651M01, 1965WO01): see also reaction 4.

The yield of 8Li has been measured for £; = 0.4t0 4 MeV (1952BA1A, 1954BA46, 1956BE 1A,
1960KA05), for B4 = 0.62 to 1.97 MeV by (1972SC1U) and for E4 = 2.0 to 7.0 MeV by
(1973AB10): observed resonances are displayed in Table 9.3. The yield of 0.98-MeV ~-rays
[from 7Li(d, p)8Li*] rises monotonically from E; = 1.9 to 3.3 MeV (1962CH14).

The total cross section at the £y = 0.77 MeV resonance is 202 + 9 mb (1972SC1U). Earlier
values were 176 4+ 15 mb (1960KA05) and 211 + 15 mb (1966PA16). We adopt 205 + 8 mb. This
cross section is important since the “Be(p, v)®B data are normalized to it and the S-factor is of
interest in relation to the solar neutrino problem: see (1968PA1M). See also 5Li.

7. 7Li(d, d)"Li By, = 16.6965

The upper limit for the relative partial width for elastic scattering at £, = 0.36 MeV (°Be* =
16.98), I'4, /I, is 400 (19651MO01).

The elastic scattering, at £q = 0.4 to 1.8 MeV, shows a marked increase in cross section for
E4 = 0.8 to 1.0 MeV [perhaps related to “Be*(17.30) and a conspicuous anomaly at £4 = 1.0
MeV, due to p-wave deuterons [?Be*(17.50)] (1964F01B) [and discussion in (1972DE44) and
in reaction 5]. The elastic scattering cross section (.., = 162°) decreases monotonically for
E4 =10.0t012.0 MeV (1971BI11). See also "Li.

8. (a) Li(d, t)°Li Qum = —0.993 E, = 16.6965
(b) "Li(d, >He)°He Qum = —4.488

The cross section for reaction (a) rises from threshold to 95 mb at £4 = 2.4 MeV and then more
slowly to ~ 165 mb at £q = 4.1 MeV (1955MAZ20). The t, yield curve (A, = 155°) decreases
monotonically for £; = 10.0 to 12.0 MeV (1971ZA07). See also °Li. For reaction (b) see °He.

9. "Li(t, n)°Be Qm = 10.4389
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Table 9.4: Excited states of °Be from "Li(*He, p)’Be #

(1968C007) (1965LY01, 1971ADO01) (1968KR02)
Ex Lem. Ey Lem. Ey Cem.
(MeV =+ keV) (keV) (MeV =+ keV) (keV) (MeV +keV) | (keV)
1.64
2.429 £+ 12 <35 2.4292 £ 1.7 <8
2.9 4250 | 1000 £ 250 P
3.031 £ 10 274 + 15 3.076 =15 | 289 422
4.57 41004 800 +£ 200 4704 £25 | 743 £55
6.7 + 100 1950 £ 250 ©
11.29 + 30 620 4 70
11.81 + 20 400 =+ 30
13.78 £ 30 590 + 60
14.396 £5 1 <5
16.671 £ 8 41 +4

@ See also Table 9.5 in (1966LA04).
b From ~-decay of °Be*(14.39).

¢ See also Table 9.5.

44.65 MeV, T’ = 900 =4 250 keV (1968CO08).
€ 2300 = 500 keV (1968C0O08).

f Based on Q.

See (1959AJ1C, 1962SE1A) and °Be.

10. (a) "Li(*He, p)’Be
(b) "Li(*He, np)®Be

Observed proton groups are listed in Table 9.4 (1968C0O07). See also Table 9.5 in (1966LA04)

Qum = 11.2027

Qum = 9.538

for a listing of the older work. Angular distributions have been measured for the protons to ?Be*(0,

17, 2.4, 3.1) at E(*He) = 0.90 to 1.10 MeV (1971ST35: not to *Be*(1.7)), 2.2 to 3.2 MeV
(1969SA04, 1972L.131) and at E(3He) = 10 MeV (1970DI12, 1970DI1F), and for the group cor-

responding to Be*(14.39) at E(*He) = 10 MeV (1971ADO01). The characteristics of the neutron
and y-decays of “Be states are displayed in Tables 9.5 and 9.6 (1965GR08, 1965LY 01, 1966CH20,

1968C008, 1968KR02, 1971AD01, 1972AD04, 1972MC1E). See also (1964MA57, 1970L11Q),
(1969BA1Z), (1968SA1G, 1968TALIN, 1970LK1A, 1971WE1L; theor.), Be and '°B.
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Table 9.5: Neutron decay of “Be states

Be state | 1, Decay (in %) to 62 2 Refs.
(MeV) 5Be(0) | ®Be*(2.9) (%)
243 | 3| 75+£1° 2.1+06 | (1966CH20)
6.44 1.2 (1970CHO7, 1970CH1T)
2.78 | 1| mainly 0.48 4 0.06 | (1970CHO7, 1970CHLT)
3.06 2 | 87+t13 81£+13 (1966CH20, 1968C008)
4.70 2| 13+4 6.0+0.4 | (1968C0O08)
6.76 | 3 <2 <6 (1968C008)
1 554+ 14 | 37410 | (1968C0O08)
1128 |1 <2 <0.1 (1968C008)
1 14+4 0.93 +0.28 | (1968C0O08)
3 4.04+1.2 | (1968C008)
1181 |1 <3 <0.1 (1968C008)
1 1244 | 0.4840.16 | (1968C008)
3 1.8+0.6 | (1968C008)
14.40 <7 (1972MC1E)
50 + 12 (1972MC1E)

2 Expressed in units of 7% /mR? = 2.47 MeV (1968C008, 19/0CH0/).
b See also (1959MA34).

11. "Li(a, d)°Be Qum = —7.1511

At E, = 30 MeV angular distributions have been measured for the deuterons corresponding to
9Be*(0, 1.7, 2.4) (1972MEOQ7). See also (1971BULK; theor.) and (1966LA04).

12. "Li(°Li, a)°Be Qum = 15.223

At E("Li) = 2.9 MeV a-particle groups are observed corresponding to °Be*(0, 1.7, 2.4, 3.1,
1194+ 0.2 [T" = 0.5 £ 0.1 MeV]) (1964MEQ7). Angular distributions of the « group have been
measured at E("Li) = 3.78 to 5.95 MeV (1967KI103). At E(°Li) = 26.0 MeV and E("Li) =
30.3 MeV the excitation of °Be*(0, 11.8, 13.8, 15.2, 17.8, 21.0) is reported (1971GI07). See
also (1967CH34, 1968DA20, 19700G1A) and (1966RO1E, 1966RO1F, 1966RO1H, 1969R0O1G;
theor.).
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Table 9.6: Parameters of °Be*(14.40) ?

Refs.
E, (MeV £ keV) | 14.396 + 5 (1965LY01)
I T 2 0
., (eV) 6.940.5 See (1973BE19)
r,/T 0.02140.004 | (1971AD01)
I (eV) 329 £ 60 (1971AD01, 1973BE19)
| RS 1.19+£0.16 (1971ADO01)
Lono/Tosis 0.30 £0.04 (1971ADO01)
| NN 6.4+ 2.0 (1972AD04)
Toyo/Th 20.4+4.6 (1972AD04)
Lo /T 31.2+938 (1972AD04)
Iy, (eV) 44 £ 15 (1972AD04, 1973BE19)
[, (€V) 141+ 35 (1972AD04, 1973BE19)
Ly, (eV) 215 £ 60 (1972AD04, 1973BE19)

2 See also Table 9.5 and reaction 4 in °B for the parameters of the analog state:
9Be*(14.66). See also (1965LY01, 1965GRO8).

13. "Li(*'B, ®Be)’Be Qm = 7.286
See (1970LK1A,; theor.).
14. °Li(57)"Be Qun = 13.618

9Li decays by 3~ emission with 74, = 176 & 2 msec to “Be*(0, 2.43, 2.78): see ?Li and Table
9.7. 9Be*(2.43, 2.78) are neutron unstable. The probability that °Li decays to these two states is
0.35. The branching ratio for the °Be*(2.43) — ®Be(0) + n decay is (6.4 & 1.2)%. “Be*(2.78)
decays mainly to ®Be(0) + n. The assignment J™ = 1~ to “Be*(2.78) derives from the allowed
nature of the °Li decay, and the large value of 93 [0.48+0.06] which is in agreement with the shell-
model prediction that the %_ state should decay mainly by p-wave neutron emission to 8Be(0): if
J™ = 37 this decay branch should be small (19/0CH07, 19/0CH1T). See also (1963AL18,
1965SC17, 1973RO2F) and (1969MA11) for a general discussion of the problems in identifying
the parameters of the low-lying states of ?Be.
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Table 9.7: Branching parameters in ?Li 3-decay (1970CHO07, 1970CH1T) 2

E, in°Be (MeV) JoT Branching ratio (%) log ft
0 371 65.0*27 5124003
2.43 551 32.0727 ¢ 5.0010 08
2.78+0.12° B 3.015% 597202

2 See also (1963AL 18, 1969MA11).
P Pem. = 1.10£0.12 MeV; 62 = 0.48 £ 0.06 (19/0CH0/).
¢ See also (1973ROZF).

15. (a) °Be(y, n)®Be Qm = —1.6651
(b) °Be(y, o)°He Qm = —2.46
(c) ?Be(y, n)*He'He Qm = —1.5732
(d) “Be(y, 2n)7Be Qum = —20.565

The photoneutron cross section has been measured from threshold to 320 MeV: see Table 9.6
in (1966L.A04). A sharp peak occurs 6 keV above threshold (1967BE49) [but see discussion in
(1968BA1C)] with o, = 1.6 mb. The cross section then decreases slowly to 1.2 mb at £, = 40
keV (1967BE49). A satisfactory fit to the cross section is obtained with a one-level approximation
of R-matrix theory (1968BA1C). Peaks in the cross section of (~y, xn) are reported corresponding
to B, = 2.43 +0.03, 3.00 4 0.03, 19.00 4 0.03, 21.50 + 0.05 and 23.9 + 0.1 MeV, and there is
some indication also of structure at £, = 9.1, 10.8, 12.8 and 14.8 MeV (197/3HU1G). See also
(1966C016, 1972TH12) and (1966L.A04) for references to earlier work.

The total absorption cross section has been measured for £, = 10 to 155 MeV by (1972AH1B,
1973AH1A)T . The integrated cross section for £, = 16 to 29 MeV is 53 MeV - mb (1972AH1B).
(1969D009) report an integrated cross section of 156 4+ 15 MeV - mb for £, = 10 to 29 MeV
and resonant structure at £, = 11.8, (13.5), 14.8, (17.3), (19.5), 21.0, (23.0) and (25.0) MeV
(1969D009). Fine structure is reported at £, = 20.47 £ 0.04 and 20.73 £ 0.04 MeV (1964 TEO04).
See also (1965WY1A).

See (19661LA04) for a discussion of the early evidence on ?Be levels from reaction (a). See also
(1966THO03, 1967GL1B, 1968AD09, 1968KA1D, 1971KA70, 1972BU1R, 1972CR1E), (1967SH1E)
and (1965BO1B, 1965MA1H, 1967BO1K, 1967B034, 1969BO1U, 1968MAL1Y, 1968MA1X,
1968PA1H, 1969AU05, 1970SA17, 1972TA31, 1973SL02; theor.).

16. (a) °Be(v, p)SLi Qum = —16.888
(b) °Be(y, np)Li Qm = —18.921

 We are deeply indebted to E.G. Fuller for his very helpful remarks on the °Be + ~ processes.
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The yield shows structure in the energy region corresponding to the °Be levels at 17-19 MeV
(1962CL06) followed by the giant resonances at £, ~ 23 MeV (1962CL06: ¢ = 2.64 £ 0.30
mb). (1966DE13) report structure attributed to eleven states of °Be with 18.2 < E, < 32.2 MeV.
Integrated cross sections have been obtained for each of these resonances, and over different energy
intervals for protons leading to 8Li*(0 + 0.98, 2.26 + 3.21, 9.0, 17.0) (1966DE13). Angular and
energy distributions of photoprotons in various energy intervals have been studied by many groups:
see (1966LA04) and (1966V006, 1968AD0Y). See also (1965K0O1B, 1969AN1H, 1971ANO04,
1973D013), (1967SH1E, 1973CO1N) and (1968MA1X; theor.).

17. (a) “Be(y, d)7Li Qum = —16.6965
(b) °Be(y, t)°Li Qum = —17.6895

The integrated cross sections are reported to be 1.0 £ 0.5 MeV - mb (E, = 21 — 33 MeV)
for reaction (a) to "Li*(0 + 0.4) and 0.6 + 0.3 MeV - mb (E., = 25 — 33 MeV) for reaction (b)
to SLi(0). The total integrated cross section for [(v, p) + (v, pn) + (v, d) + (v, t)] is given as
33+ 3 MeV - mb by (1966DE13), who also report resonances in the (v, d) and (v, t) cross sections
corresponding to Be*(26.0 & 0.2) and °Be*(32.2 & 0.3), respectively. See also (1966L_A04) and
(1966V006, 1968BAD09, 1969AN1TH, 1971AN04, 1972AN1L) for reaction (a) and (1966VO06,
1972AN09) for reaction (b). See also (1968MA1X; theor.).

18. ?Be(y, 7)’Be

See (1967L0O1B, 1968SN1A, 1969MO1H).

19. (a) °Be(e, €)’Be

(b) °Be(e, en)®Be Qm = —1.6651
(c) °Be(e, ep)®Li Qm = —16.888
(d) °Be(e, ea)’He Qm = —2.46

(r’)1/2 = 246 £ 0.11 fm, Q = 6.5733 fm?, b = 1.5703 fm [b = oscillator parameter]
(1973BE19);
(r?)1/2 = 2.51940.012 fm, Q = 6.4 + 2.4 fm? ((1972JA10) and K. de Jager, private communica-
tion to J.C. Bergstrom);
(r?)1/2 = 2,43 4+ 0.08 fm, Q = 3 fm? (1969BE21).

See also (1966AF1A, 1967BE26, 196 7/BELP, 1973SL02). (1973LALT) report b = 1.80£0.03
fm from magnetic scattering.
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Table 9.8: Levels of ?Be from ?Be(e, €')’Be*

E, in°Be | . Transition JT | Refs.
(MeV = keV) (keV) eV)
1.78 £ 30 150 + 50 El 1 0.3+£0.12 (1968CL08)
4.540.6 (1963NG01, 1965NG1A)
2444201 < 30 M1 8- 0.13 +0.03 (1960BA47)
0.12 +0.02 (1962ED02)
0.13 +£0.015 (1968VA05)
0.089 £0.010 (1968CL08)
0.12 +0.02 “Best”
E2 (1.89 +£0.14) x 1073 (1968CL08)
3.044+201 450 £+ 150 El =+ 0.45+0.35°¢ (1968CL08)
M1 =— (8.8 +4.4) x 1072 | (1968CLO8)
4.7 £ 200 700 £ 300 E(1) 24+12° (1968CL08)
03¢ (1968VA05) b
6.4+100" | 2000 + 500 E2 - 0.109 4 0.005 (1963NGO01, 1965NG1A)
1100 £ 300 0.082 £ 0.035 (1968CL08)
8.0 4 200 M1 3.5+1.0° (1968VADS5)
9.1+ 200 M1 1.94+05° (1968VA05) b
10.2 4 200 M1 1.7+05° (1968VA05) b
11.2 4200 M1 56+ 1.1° (1968VA05) P
13.84 £50 (1973BE19)
14.388 £ 15 <70 M1 - 6.2+0.6 (1973BE19)
10.5+1.57 (1966CL01)
18+9 (1962ED02)




8T

Table 9.8: Levels of ?Be from ?Be(e, €')’Be* (continued)

E.in°Be | . Transition JT | Refs.
(MeV = keV) (keV) eV)
8£2 (1968VAD5) B
6.9+05" “Best”: see (1973BE19)
15.10 4 50 ® (1973BE19)
15.97+ 302 ~ 300 3.7+0.8¢k (1966CLO1, 1967AR1A, 1973BE19)
16.631 £ 15" <70 M2 d < It 0.30 £ 0.08 &k (1966CL01)
0.26 4-0.02 © (1973BE19)
M1 <5 20+05° (1973BE19)
16.961 £ 15" <70 M1 i 18.8 +1.8J (1966CL01)
11.5+1.4 (1973BE19)
17.28 M1 <37 73+13° (1973BE19)
17.480 + 20 ~ 100 } M2 4 | <IT 0.7£0.2 ok (1966CLO1)
0.42+0.10°¢ See (1973BE19) &
0.40 4 0.03 © (1973BE19)
18.02 4 50 @ (1973BE19)
18.62 4= 50 &P (1973BE19)
19.51 450 @ (1973BE19)
20.76 + 50 &P (1973BE19)




67

& Weak transition (1973BE19).

b See also (1968VA0S).

¢ Higher states reached by M1 transitions are reported at 21.6 £ 0.2, 22.5 + 0.2, 24.4 £+ 0.2 and 25.7 & 0.2 MeV (1968VA05).

4 Or pure spin-flip E1.

°gl'y,, whereg = (2Js + 1)/(2J; + 1).

f This value is calculated by (1973BE19): it is the weighted mean of 6.2 4+ 0.6 eV, 8.1 & 0.8 eV (an unpublished correction of (1966CL01): see
(1972THZF)) and 6.7 + 1.4 eV (an unpublished value by H.S. Caplan et al). We are grateful to Prof. J.C. Bergstrom for his comments.

& Unpublished corrected value of (1966CL01)’s result: see (19/3BE1Y).

b And G.J. Vanpraet, private communication. All values for the cross sections listed in Table 1 of (1968VA05) for states with £, > 8 MeV
should be reduced by a factor of 3.13.

1 See (1973SL02): By, = 1.79 4 0.06 for ?Be*(1.7).

J (1972THZF) list revised values for I',, = 8.1 + 0.8 and 8.6 + 0.9 eV for ®Be*(14.40, 16.96).

k See also (19/21HZF).



The elastic scattering of electrons has been studied at £, up to 700 MeV: see (1966LA04),
the references listed above, and (1965VA1G, 1966RA29, 1969BE5S0). Magnetic elastic scattering
at 6 = 180° gives indication of both M1 and M3 contributions [(1965GR18, 1966RA29): see
(1968KU1D)].

Inelastic scattering reveals a number of levels: Table 9.8 displays the parameters of these states
(1960BA47, 1962ED02, 1963NGO01, 1965NG1A, 1966CL01, 1967AR1A, 1968CL08, 1968VA05,
1973BE19, 1973SL02). See also (1966LA04) for a discussion of the earlier work.

Electron bremsstrahlung has been measured at £, = 1.0 and 2.0 MeV by (1968RE11). See also
(1966PE1E), (1968G01J) and (1965GR1E, 1965NE1B, 1966DE1K, 1966KULC, 1967KA1A,
1967ST1G, 1967WA1E, 196 7WA1F, 1968JA1D, 1968KU1B, 1969BO1V, 1969B019, 1969V102,
1970BE1G, 1970TI1C, 1971G014, 1972BL 12, 1972B001, 1972DR1B, 19730K1B; theor.).

For reaction (b) see (1970AL1M; theor.). For reaction (c) see (1968AM1A, 1968B0O46, 1970HI1F,
1970RE1E) and (1965AL1F, 1973H103; theor.). For reaction (d) see (1973JU1E).

20. (a) ?Be(n, n)’Be
(b) °Be(n, 2n)®Be Qm = —1.6651

The neutron spectrum at £, = 3.7 MeV is consistent with the excitation of °Be*(0, 1.7, 2.4,
3.1) with subsequent neutron decay of the two higher states (1957HU14, 1958WAO05). About % of
the inelastic processes involve Be*(2.4) for E,, = 2.6 to 6.0 MeV; that level decays only 12 + 5%
via 8Be(0) + n (1959MA34). See Table 9.5. At £, = 14 MeV °Be*(6.8) appears to be excited
(1963JE05). Angular distributions have been measured at £, = 14 MeV (1958AN32, 1958NA09,
1968RO1H, 1969RO1F; ng, n,). See also 10Be, (1966LA04) and (1965B019, 1965FR1B, 1965GO1E,
1966AM1A, 1966BO1C, 1966BO1F, 1967BO1F, 1970DR1B) and (1969WA11; theor.).

21. ?Be(p, p)°Be

The elastic scattering has been studied at many energies for £, = 5 to 725 MeV: see (1966LA04).
More recent angular distribution measurements have been carried out at £, = 2.009 to 2.099
MeV (1971SI1K; py), 6.36 and 6.48 MeV (1971VA34; p;), 13.0, 14.0, 15.0, 21.35 and 30.3 MeV
(1973V002; py, Pp2), 17.0, 21.0, 25.0, 29.1 (1973MO01; py, p2 and p to *Be*(3.1)), 33.6 MeV
(1970KU1D; py), 46 MeV (1967VEOQ1, 1967SA13; po, P2 and p to °Be*(11.3, 14.4, 16.7, 17.5)),
49.75 MeV (1971MA13, 1971MA44; poy, p2 and p to ?Be*(6.4)), and 100 MeV (1966MA38,
1968LI1C; py, p2 and p to Be*(4.7, 6.8)). The elastic angular distributions show pronounced
diffraction maxima characteristic of the optical model. See (1973M0O01) for a discussion of opti-
cal model parameters. (1973V002), in coupled channels analysis, find that a quadrupole-deformed
optical model potential with a deformation parameter 5 = 1.1 [see also (1967/SA13)] provides an
improved description of the elastic data and a good fit to the p, data [to Be*(2.4)].
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The structure corresponding to °Be*(1.7) is asymmetric: the line shape peaks 25717 keV above
the threshold for ®Be 4 n (1970TU06): see also the discussions in (1960SP08, 1971JE03) and in
(1966LA04). The energy of “Be*(2.4) is given as 2433 £+ 5 (1951BR72), 2434 £ 5 (1956B018),
243244 (1955G048), 2430+5 keV (1960SP08). *Be*(3.1) has a width of 25045 keV (1960SP08):
E, = 3.03 £ 0.03 MeV (1956B018), 3.04 £ 0.05 MeV (1960SP08), J™ = 27, 2. Higher states
are observed at B, = 4.8 £ 0.2, 6.76 = 0.06 [J™ = %+, 5, %+ (but see below), I' = 1.2 0.2
MeV], 7.94 4+ 0.08 (I ~ 1 MeV), 11.3 £ 0.2 MeV (I' = 1 MeV), 14.4 + 0.3 (I =~ 1 MeV),
16.7 £ 0.3, 17.4 £ 0.3, 19.0 £ 0.4, 21.1 £ 0.5 and 22.4 + 0.7 MeV [the five highest states are
all broad] (1956BE14, 1965HAL7). See also Table 9.8 in (1966LA04). (1965JA1A) reports for
9Be*(2.4, 6.8) B(E2T1) = 49 £ 6 and 24 & 4 fm* and I'(E2]) = 0.0025 and 0.10 eV, respectively.
The strong population of Be*(2.4, 6.8) in this reaction is consitent with the assumption that they
have J© = g_ and g_, respectively, and are members of the ground state X' = g_ band: see
discussion in (1966L.A04). See also (1966 MA38).

See also (1965HU10, 1971HU1A, 1971SC1N) and (1968GL1A, 1968NE1B, 1968NE1A, 1968SE1B,
1969NE1A, 1969NEOS, 1969WAL11, 19/0MAO04, 19/0MAS38, 197/1BA87, 1971INO5, 1971RA36,

19725003, 1973GU08, 1973HUO05; theor.).

22. (a) ?Be(p, 2p)3Li Qm = —16.888
(b) °Be(p, pd)"Li Qum = —16.6965
(c) *Be(p, pa)’He Qm = —2.46
(d) °Be(p, pn)®Be Qm = —1.6651
(e) ?Be(p, p>*He)’He Qm = —21.181
The summed proton spectrum (reaction (a)) shows two peaks with @ = —16.4 + 0.3 and

Q = —25.4+0.5 MeV, corresponding to removal of a p-proton and an s-proton respectively, and a
third peak of uncertain assignment with Q = —32.3+0.6 MeV (probably due to unresolved states)
(1966TY01: E, = 460 MeV). See also (1966LA04), (1966WA12, 1968PE1A), (1965BELE,
1966JA1A, 1966JA09, 1967BE1Q, 1967JA1E, KO67Q, 1968JA1G, 1969KO1J; theor.) and 3Li.
For reaction (b) see (1966LA04) and (1973KO1M). Reaction (c) is characterized by a sequential
mechanism at low energies and by a quasi elastic scattering mechanism at higher energies. At
E, = 26.0, 35.0, 46.8 and 57 MeV the data are consistent with quasi free scattering of the inci-
dent protons by zero-momentum a-particle clusters in °Be: the probability of finding such clusters
at these four energies is determined to be 0.166, 0.099, 0.124 and 0.09, respectively (1968RO19,
1970QU1C, 1972QUO01). See also (1967 TA1C, 1969YA1B, 1970G012, 1973WO1E), (1969HO1K,
1971GA1J) and (1973HO30; theor.).

For reaction (d), see (1969WI1F, 1970TH1F, 1971HU1A, 1973MI1J) and (1967BE1Q); theor.).
For reaction (e) see (1969KO1G). See also (1968KO1E, 1969EDO01).

23. ?Be(d, d)’Be
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Elastic scattering has been studied at many energies in the range £4 = 7.8 to 27.7 MeV: see
(1966L.A04). Elastic angular distributions are also reported for £q = 1.1t0 2.5 MeV (1968MA1H),
4.5 to 6.0 MeV (1970P003), 5.00 to 7.00 MeV (1971DJ02), 11.8 MeV (1967F107; also d,),
12.8 MeV (1973VAO08; d;), 13.6 MeV (1968VEL1, 1968VELC, 1970VE06, 1972MA47), 14.35
MeV (1966NG1A; also d,), 15.0 MeV (1969AR1B), 15.8 MeV (1966C024; also d,) and 410
MeV (1960BU25; forward angles). For optical model parameters see discussions in (1966C024,
1967F107).

Inelastic deuteron groups have been observed to °Be*(1.7, 2.4, 3.1, 4.7, 6.8): see (1966LA04).
(1968KR02) report £, = 2431.9 + 7.0 keV and 3040 £ 15 keV [I" = 294 4+ 20 keV]. See also
(1963ST1A, 1969VEQDY, 19/0EL16, 1973ZW1A,; theor.) and !'B.

24. (a) ?Be(t, t)°Be
(b) “Be(t, nt)®Be Qm = —1.6651

The angular distribution of elastically scattered tritons has been measured at £; = 2.10 MeV
(1969HE08, 1970C004). Reaction (b) at £, = 4.2 and 4.6 MeV proceeds via ?Be*(2.4) (1967SE11).

25. 'Be(*He, 3He)’Be

Angular distributions of elastically scattered *He particles have been obtained at £(3He) = 4,
6, 8,10, 15and 18 MeV (1969PA11), 6.0 and 8.0 MeV (196 7EA01), 13.2, 20.4, 22.2 and 27.0 MeV
(1972BU30), 22.7 and 32.3 MeV (1965AR1E), and 217 MeV (1973WI107). See also (1970BA1P).
For optical model parameters see discussions in (1972BU30, 1973WI107). At E(*He) = 39.8 MeV
inelastic 2He groups are observed to °Be*(1.7, 2.4, 3.1, 4.7, 6.8, 14.4) (1968BA1E, 1969BA06).
See also (1968HO1C, 1968PA1P, 1969HO27; theor.), (1966L.A04) and reaction 28 in SLi.

26. (a) ?Be(a, o)’Be
(b) °Be(a, 2a)°He Qm = —2.46
(c) °Be(a, an)®Be Qm = —1.6651

Elastic scattering has been studied at many energies for £, = 9.5 to 48 MeV: see (1966LA04).
Recent measurements of the angular distributions of « are reported at £, = 8.76, 9.27 and 10.13
MeV (1967BR1F), 28.5 MeV (1967FU08; also oy, and partial angular distributions for «;; and «3)
and 104 MeV (1969HA14, 1970HALG, 1972DE01, 1972DE02). See (1972DEO01, 1972DEQ2) for
a discussion of optical model parameters. The structure (*He+ ) for *Be is found to be much more
probable than (°Li + t): the ratio of the spectroscopic factors is about 30 (1972DE01, 1972DE02).
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Inelastic groups have been observed to ?Be*(1.7, 2.4, 3.1, 6.8, 11.3): see (1966L.A04). The an-
gular distribution of the group corresponding to ?Be*(1.7) is consistent with J™ = %Jr (1964LU02;
E, = 18.4 MeV). The angular distributions for ., are consistent with [ = 2 (J™ = (3, 2, 1)~
(1958sU14: E, = 48 MeV) and (1967FU08: E, = 28.5 MeV). Analysis based on the rotational
model leads to a deformation coefficient 3 = 0.46 (1959BL31), 0.34 £ 0.01 (1964GR39). See
also (1966GR1E, 1966GR1F, 1968LI1E, 1970WO01B, 1972DMO01, 1972RA34).

The summed a-spectra from reaction (b) show a peak corresponding to quasi-elastic scattering
leaving °He in the ground state. The angular distribution peaks at the angle corresponding to a
zero-momentum a-cluster. The probability of formation of such clusters is 7713% (1969P111,
1970PI11D: E, = 55 MeV). See also (1965YA02, 1968YA02, 1969D002, 1969D003) and "He.
The reaction cross section has been measured at £, = 42.8 and 49.2 MeV by (1971GU15).

See also (1965H11B, 1965KU1B, 1966HI1A, 1967ME1C, 1968BA1H, 1968 TA1K, 1969BA1J,
1970M112, 1972AV04, 1972H116; theor.) and (1971GAL)).

A study of continuum neutrons at £, = 4.9 to 6.4 MeV (reaction (c)) indicates that se-
quential decay takes place via °Be*(1.7, 2.4, 3.0) (19720B01). See also (1971GE09, 1973GE1J,
1973WEO03).

27. (a) ?Be(°Li, 5Li)’Be
(b) °Be("Li, "Li)°Be

Elastic angular distributions have been measured at E(°Li) = 24 MeV (1968DA20) and
E(Li) = 24 MeV (1972WE08). See also (1970LK1A; theor.) for reaction (b).

28. 'Be(*2C, 2C)’Be

Elastic scattering angular distributions have been obtained at £(*2C) = 12, 15, 18 and 21 MeV.
The neutron spectroscopic factor for “Be is 0.84 (1970BA49).

29. °Be(*N, “N)Be

Elastic angular distributions have been measured at E(**N) = 25 MeV (19660E1A) and 27.3
MeV (1959HA28). See also (1966L.A04), (1969BR1D) and (1965B037).

30. (a) ?Be(*0, 160)’Be
(b) °Be(*50, '#0)°Be
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Elastic angular distributions have been reported at £(160) = 15, 18, 21.5 and 25 MeV (1970BA49)
and 30 MeV (1969KR03), and at E(**0) = 12.1, 16 and 20 MeV (1971KNO5).

31. 1°Be(d, t)°Be Qm = —0.5544

Forward angular distributions have been obtained at £4 = 15.0 MeV for the tritions to Be*(0,
1.7, 2.4, 3.1). The ground state transition is well fitted by / = 1. The transition to ?Be*(1.7)
[[" =~ 165 + 25 keV] is consistent with J™ = %J’, that to “Be*(2.4) is quite well fitted with [ = 3
[J™ = g_], and that to °Be*(3.1) [I" = 280 + 25 keV] is consistent with [ = 2. No other narrow
states are seen up to £, = 5.5 MeV (1970AU02).

32. 19B(v, p)°Be Qm = —6.5853
See 19B.
33. 1°B(e, ep)’Be Qm = —6.5853

See (1969BA1F; theor.) and °B.

34. 19B(n, d)°Be Qm = —4.3607

A good fit to the angular distributions of the deuterons to ?Be*(0, 2.4) has been obtained at
E, = 14.4 MeV, using DWBA.. The spectroscopic factors are in close agreement with shell-model
predictions (1965VA05). See also (1966G0O1D), (1966WE1B, 1971MI112), (1966LA04) and ''B
in (1975AJ02).

35. 19B(p, 2p)Be Qum = —6.5853

The summed proton spectrum at £, = 460 MeV yields ) = —6.7£0.5, —=11.9£0.5, —17.1+
0.6 (@ll 7 #0)and Q@ = —30.5 £+ 0.6 MeV (I = 0) (1966TY01). See also (1965BE1E, 1966JA1A,
1966JA09, 1967JA1E, 1967KO1B, 1968JA1G; theor.), 1B and (1966LA04).

36. 19B(d, 3He)°Be Qm = —1.0016
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Angular distributions of the 3He groups corresponding to °Be*(0, 2.4) have been measured
at By = 11.8 MeV (1966BA21, 1967FI07: S, = 0.76 and 0.66, respectively) and at 28
MeV [(1971IN1C); (1968GA13: ground state only)]. The data are very similar, as predicted,
to those obtained in the mirror reaction: see reaction 12 in °B. See also (1965SY02, 1971WA1K,
1972WA1M).

37. 10B(t, a)°Be Qum = 13.229

At E, = 12.9 MeV « groups are observed to the ground state of °Be and to excited states at
E,=1.754+0.03,2.43,3.0240.04 [I' = 320 + 60 keV], 11.27 4+ 0.04 [’ = 530 + 70 keV], (14.4)
[[" ~ 800 keV], 14.39 and 16.67 MeV. The T' = % state "Be*(14.39) is very weakly populated
[~ 5% of intensity of a,]. The angular distribution of the «s group shows sharp forward and
backward peaking. The «q group is not peaked in the backward direction (1968AJ01). A study at
E;, =1.0t0 3.2 MeV finds £ = 1.750 £+ 0.025 MeV, I" = 220 + 8 keV. The angular distribution
of the corresponding a-group has been determined at £, = 2.5 MeV (1971GE09).

38. 19B(4N, 150)Be Qm = 0.707

The ground state angular distribution has been measured at £(**N) = 27.5 MeV (1962NEO01).

39. 19B(10, '"F)*Be Qm = —5.985

See (19680K06).

40. 1B(n, t)°Be Qum = —9.5591

The angular distribution of the ground state group has been measured at £, = 14.4 MeV
(1970M114).

41. (a) 1'B(p, *He)’Be Qm = —10.3229
(b) "'B(p, pd)’Be Qm = —15.8167
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At E, = 45 MeV angular distributions are reported for the *He ions corresponding to ?Be*(0,
2.4,11.8,13.8,14.39 [T = 2],15.96-£0.04 [T = 1]). In addition one or more states may be located

at °Be*(15.13). It is suggested that °Be*(11.8, 13.8, 15.96) are the J™ = 37; T" = £ analogs to
9B*(12.06, 14.01, 16.02) (1971HA10). Angular distributions are also reported at £, = 40 MeV
(1971KA21; ap, a). The intensity of the group to Be*(3.1) is ~ 1% of the ground state group

(1971KAZ21). For reaction (b) see (1964BA1C).

42. (a) "'B(d, a)°Be Qm = 8.0309
(b) ''B(d, na)*He'He Qm = 6.4577

Qo = 8.0297 £ 0.0028 (19670D01). See also (1964MA57, 1967SP09).

Alpha groups are reported corresponding to °Be*(0, 1.7, 2.4, 3.1). The width of °Be*(1.7):
Fem = 224 4+ 25 keV (1958KA31, 1966PU02). The energy of “Be*(2.4) is 2422 + 5 keV
(1951VA08), 2431 + 6 keV (1954EL10), 2424 + 5 keV (1956B0O18). The g+ state is at £, =
3.02 +0.03 MeV (1955LE36), 3.05 4+ 0.03 MeV (1956B018): I'.,, = 257 4+ 25 keV (1958KA31,
1966PU02).

Angular distributions are reported at £y = 0.39 to 0.7 MeV (1965SA15; oy, a3), 0.8 to 2.5
MeV (1968C031; ayp, ap) and at 12.6 MeV (1966DR04; «r, an). See also (1966MELE; theor.).

The ratio of the ~v-decay width to the total width, T, /T, of “Be*(2.4) is (1.16 & 0.14) x 10~
Since I, is known from (e, €’) [see Table 9.8], I' = 1.03 £ 0.18 keV. For °Be*(1.7), I, /T <
2.4 x 1075 (1966PU02).

Reaction (b), at £y = 10.4 and 12.0 MeV, proceeds via ?Be*(2.4) and to some extent via
9Be*(3.1, 4.7) and possibly some higher excited states. The dominant decay of °Be*(2.4) is to
°He(0) + o while ?Be*(3.1, 4.7) decay to ?Be(0) + n (1971RE19). It should be noted, however,
that the peaks corresponding to °Be*(3.1) have a FWHM of ~ 1 MeV, which may imply that
9Be*(2.8) is involved (1971RE19). See also ®Be, 3C in (1976AJ04) and (19661 A04).

43. 1B(160, 18F)°Be Qum = —8.290

See (19680K06).

44. (a) 12C(n, o)’Be Qm = —5.7016
(b) 2C(n, na)*He*He Qm = —7.2748
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Angular distributions of the aq group have been measured at £, = 14.1 MeV (1969HS02,
1969K102), 13.9 and 15.6 MeV (1968BR21), and 14.8 to 18.8 MeV (1971SA31). (1968BR21,
1969HS02) also report the population of °Be*(1.7, 2.4, 3.1). Reaction (b) at £, = 13 to 18
MeV involves "Be*(2.4) (1966MO05). See also (1965M009, 1966MI11D, 1968BE1J, 1969KA1D,
1969L01D, 1971DO1K, 1971FA04), (1966CI1A, 1966LA04), (1967EL1D, 1968CH1J; theor.),
12C in (1975AJ02), and 3C in (1976 AJ04).

45. 2C(«, "Be)’Be Qm = —24.694

Angular distributions have been obtained for the transitions to “Be*(0, 0.43)+°Be(0) (1972RU03;
42 MeV). See also (1971LE33).

46. 3C(v, a)’Be Qm = —10.6480

See 13C in (1976AJ04).

47. 13C(p, pa)°Be Qm = —10.6480

See (1971BRO7).

48. 13C(d, SLi)°Be Qm = —9.174

A partial angular distribution involving the transition to 5Li(0) + “Be(0) has been measured at
Eq = 14.6 MeV (1966DE09).

49. 150(a, 11C)°Be Qm = —15.387

The angular distribution involving the transition to ! C(0) +°Be(0) has been measured at E,, =
42 MeV (1972RUO03).
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B
(Figs. 17 and 18)
GENERAL: (See also (1966L.A04).)
Model calculations: (1966BA26, 1966EL.08, 1967/ST1C, 1971C028, 1972LE1L, 1973HA49).

Soecial levels: (1966BA26, 1966EL08, 1967BA59, 1967ST1C, 1969HALG, 1970TO1E, 1971C0O28,
1971L130, 1972BE1E).

Astrophysical questions: (197/0BA1M).

Other topics: (1967CA17,1967CH1H, 1970SA05, 1972AN05, 1972HA57, 1972CA37,1972LELL,
1972PN1A, 1973JU2A).

Ground stateproperties: (1966BA26, 1966EL08, 1969HELN, 1969JA1M, 1969LE1D, 1969PE1D,
197/1AU1G, 1972LELL).

1. (a) °Li(*He, n)®B Qm = —1.975 Ey, = 16.604
(b) °Li(®He, p)®Be Qm = 16.788
(c) SLi(®He, d)"Be Qm = 0.1126
(d) SLi(*He, 1)°Be Qv = —4.306

(e) SLi(®*He, He)°Li

The total cross section for reaction (a) has been measured from threshold to E(*He) = 3.5
MeV: it increases monotonically reaching the value 4.3 mb at 3.5 MeV (1973MCZW). No structure
is observed in the n, excitation curve for E(*He) = 4.0 to 5.7 MeV (1967VA24). The yield of *B
has also been measured for E(3*He) = 8.9 to 26.5 MeV (1973MAZ24). See also (1966FA1A) and
8B.

The excitation functions for protons leading to ®Be*(0, 2.9) [po, p:] have been measured for
E(®He) = 0.9to 17 MeV (reaction (b)). Resonances are reported at E(*He) = 1.6 MeV (I = 0.25
MeV) [1.68 MeV: (1969V105). J™ = 2~ or 2"]and 3.0 MeV (I = 1.5 MeV) (19565C01). Above
5 MeV, the p, yield at 0° increases monotonically with energy to E(*He) = 17 MeV (1965FL03).
Polarization measurements are reported at £(*He) = 1.4 to 2.0 MeV (1966S11C, 1971SI1J; p,,
p1). See also (1970GA1G) and ®Be.

The yields of 0.43 and 0.48 MeV ~-rays (reaction (c)), measured for E(*He) = 0.5 to 1.3 MeV,
are reported to show the excitation of °B*(17.20 + 0.02) with I' = 110 & 30 keV, J™ = 1 ¥, 3%,
T = 1 (1970AL25). See also "Be.

Excitation functions for ground state tritons (reaction (d)) have been measured for E(*He) = 10
to 16 MeV (1969NU1A) and 23.3 to 25.4 MeV (1972GI07). See also °Be. Differential cross
sections have been measured at several angles for the *He groups to °Li*(0, 2.19) (reaction (e)) for

E(®*He) = 23.3t0 25.4 MeV (1972GI107). See also SLi.
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Table 9.9: Energy levels of °B

E, (MeV =+ keV) Jo T e, (keV) Decay Reactions
g.s. . 054+021 | po |234,6,7,8,9 10,
11, 12, 13, 14, 15, 16,
17
(1.6) ~ 700 (p. o) |13
2.361 £ 5 2= 1 8145 o 2,4,6,7,8,11,12, 13,
15, 16
2.788 + 30 20" 5 550 =+ 40 p 4,6,11,13, 16
(4.8 £100) 1000 =+ 200 4,9
6.97 £ 60 I 2000 =+ 200 p 4,6,9,11, 15,16
11.75 + 100 (2753 800 =+ 50 p 9,11,13
12.06 + 60 D3 800 + 200 p 4,9,15
14.01 +£ 70 D3 390 £ 110 4,15
14.659 £+ 5 3=, 3 0.2670% wp 4,715
14.7 4200 (3753 1350 £ 200 11
15.29 + 40 1 15
15.58 + 40 1 15
16.024 £ 25 ;(3) 180 + 16 4,15
17.190 £ 25 120+40 |p,d,3He | 1,4,5,15
17.637 £ 10 71+8 |p,d3He|1,4,515
(18.6) 1000 pHe [1,11
2. °Li(a, n)°B m = —3.975

Angular distributions at £, = 8.0, 10.0, 12.0 and 14.0 MeV all display strong forward peaking
(1963ME08). At E, = 14.4 MeV, neutron groups are observed to °Be*(0, 2.4): the upper limit
of the cross section to a state at ~ 1.7 MeV is 100 ub/sr or < 0.1 of the ground state group
(1964BA29). See also °B.

3. SLi(Li, 1)°B

Angular distributions of the t, group have been measured for £(°Li) = 4.0 to 5.5 MeV and at
7.35 and 9.0 MeV. No evidence was observed for a group corresponding to °B*(1.6) (1966K109).

Qum = 0.809
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4. (a) "Li(*He, n)°B Qum = 9.353
(b) "Li(*He, np)®Be Qm = 9.538

For E(3He) to 12.5 MeV this reaction populates ?B*(0, 2.4, 2.8, (7.0)) (1963DU12) and levels
at 12.06 +0.06 [0.8 = 0.2], 14.01 +0.07 [0.39 £ 0.11], 14.670 + 0.016 [< 0.045], 16.024 + 0.025
[0.180 4+ 0.016], 17.19 and 17.63 MeV [widths in brackets] (1964DI1A, 1965D103). (1967BA59)
report (Q = (—5306 + 5) keV and therefore F, = 14.659 + 0.005 MeV (based on Q).

9B*(14.66) is the first 7" = 2 state in B (1965D103). It »-decays to “B*(0, 2.4, 2.8) with
branching ratios which appear to be similar to those for the analog state in °Be: see Table 9.6.
Assuming that the T, for both 7' = 2 states in “Be, B are the same, the total I' for °B*(14.66)
is then ~ 80% of that for °Be*(14.40): 26015, eV (1971AD01) [corrected for revised value of
I" of ?Be*(14.40)]. The ratio I',,, /Ty, < 1.5, T, /Ty, = 13.9 £ 2.1 [I',,, is the width for decay
of ?B*(14.66) to the ground state of ®Be; I';, is that for decay to ®Be*(2.9)]. Assuming I, for
9B*(14.66) = 6.9 + 0.5 eV [the value for the analog state in °Be: see Table 9.6], I',, < 10 eV,
[y, = 96 & 20 eV (1972AD04). See also (1971AD1C).

Angular distributions have been reported for E£(3He) = 1.56 to 5.27 MeV (DI66; ny) and 3.1
MeV (1970GUO08; ny). (1970GU08) find that a structure in the neutron spectrum which might
correspond to ?B*(1.5) is really due to sequential decay of “Be*(11.8) to ®Be(0). They also report
a B state with B, = 4.8 0.1 MeV, I = 1.0 £ 0.2 MeV. See also (1970LI11Q), (1969BA1Z) and
1OB.

5. "Be(d, p)®Be Qm = 16.676 By, = 16.491

For E4 = 0.75 to 1.70 MeV, resonances in the yields of protons are observed at £y =
0.900 + 0.025 MeV (py, p2.4) and 1.475 + 0.010 MeV (p,.4 only) with T, = 120 £ 40 and 71 + 8
keV, respectively [’B* = 17.19 and 17.64 MeV] (1960KA17). See (1972PA1C) for astrophysical
considerations.

6. °Be(p, n)°B Qm = —1.8498

A high resolution experiment at £, = 20 MeV shows the population of ?B*(0, 2.4) and is
consistent with the excitation of °B*(2.8) [I' ~ 0.3 MeV] and ?B*(7.0) [I" > 1 MeV]. No other
states are excited for £, < 7.1 MeV (1970AN07). (1972AR22) report E, = 3.09 £ 0.10 MeV.
Additional states have been reported by a number of groups: see (1966LA04) for earlier references
and (1967SL04, 1970CL01). The width of the ground state is 540 4+ 210 eV (1964TEO1).

Angular distributions have been measured at £, = 3.5 to 10.9 MeV (1965WA04), 6.8 MeV
(1967DR08), 8to 14 MeV (1960SA03), 18.5 MeV (1964AN1B) and 30.3 and 49.3 MeV (1970CL01).
See also (1967BO1D, 1969JU1A, 1969VE02, 1970WI1B, 1971BE46, 1971CALF, 1972CALQ,
1973WA28), (1966LA04) and (1966PA1H, 1968TH1H; theor.).
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7. 9Be(®He, 1)°B Qm = —1.0860

Angular distributions have been reported at £(*He) = 3.0 to 3.8 MeV (19690R01; t;), 5.0 to
9.0 MeV (1967EA01; ty), 5.7 MeV (1959H169; t), 10 MeV (1967CR04; ty, ty4), 20 to 27.8 MeV
(19690P1A, 19700P1B; ty, to4) and 25 MeV (1960WE04; ty, t2.4). At E(*He) = 39.8 MeV “Be(0)
is very stongly excited and °B*(2.4, 14.7) are also observed. There is some indication that other
known “B states are also populated (1969BA06). See also 12C in (1975AJ02) and (1970CAZ28).

8. °Be(°Li, ‘He)’B Qm = —4.577

At E(°Li) = 30.8 and 31.8 MeV the ground state of °B is strongly excited. B*(2.4) is also
observed (1970CH19, 1971CH1B). A partial angular distribution for the ground state transition is
reported at the higher energy by (1971CH1B).

9. °C(5%)°B* — Be +p Qm = 16.677
— SLi+ « Qm = 14.80

Several groups of delayed protons are observed indicating the involvement of a number of °B
states: see Table 9.10 (1972ES05). It is not possible to determine ft values since some of the °B
states involved in the ?C decay may decay via °Li + o: see (1972ES05).

10. 1°B(y, n)°B Qm = —8.435
See 19B,
11. 1°B(p, d)°B Qm = —6.211

At E, = 33.6 MeV (1968KU04, 1970KU1D) and 155.6 MeV (1969BA05) deuteron groups
are observed to °B*(0, 2.4, 7.0, 11.7, 14.7). All have angular distributions characteristic of [, = 1
and therefore odd parity and J = (2, 2, I, 2): see Table 9.11. There is some evidence also for
the population of °B*(2.8, 18.4) (1968KU04, 1969BA05). Angular distributions have also been
reported at £, = 49.5 MeV (1970SQ01; dy, ds.4, di1.7). See also (1968KR02), (1966LA04) and

(1969TO1A,; theor.).
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Table 9.10: Delayed protons following the 3+ decay of °C #

Corresponding state in B (MeV)

E, (c.m.) (MeV) | .. (keV) | if decay isto ®Be,,. | if decay is to ®Be*(2.9)
3.45 £ 0.25 200 £ 100 3.26 £0.25 ¢ ¢
(4.240.3) 1000 = 200 4.0+0.3 6.9+0.3
(5.0 £ 0.2) 400 =+ 200 4.840.2 c
6.10 +0.10 400 £ 100 5.9140.10 c
9.28 +0.24 " | 1800 + 200 9.09 +0.24 11.99 +0.24

12.304£0.10% | 450 £ 100 12.11 4 0.10 ¢

2 (1972ES05). See also (1965HA09).

b Ratio of the intensities Ig 2s/112.30 = 1.2 £ 0.2.

¢ The relatively narrow width of the proton group does not permit this option.

4 By analogy with the “Li decay, this decay may involve a J™ = %7 analog of ?Be*(2.78). Such a

state in ?B has not been reported in any other reaction.

Table 9.11: Levels of *B from °B(p, d)°B

(1969BA05) @ (1968KU04) P
E;(MeV) |6, | F2,¢| Ec(MeV) | Toy(MeV) | 1, | J™4
0 1| 0.44 0 -
24+01 | 1] 060 | 2.35=£0.02 -
(2.8)¢
71+£02° 0.52 71402 1.95+02 | 1| I7
11.5+0.2 112 || 11.75+£0.1" | 0.80£0.05 | 1 | (1)~
14.9+0.31 032 | 146+028 | 1.35+£02 [(1)|(2)”
(18.4)

 (1969BA05): E, = 155.6 MeV.

b (1968KU04, 1970KU1D): E, = 33.6 MeV.

¢ Spectroscopic factor.

47 from best fit to theoretical spectroscopic factor.
°I'=24+0.2MeV.

fp=1,

& Weak group.

h'11.66 + 0.10 MeV (19/0SQ01).
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12. 19B(d, t)°B Qm = —2.178
Qo = —2.189 & 0.010 (1967SP09).

Angular distributions have been measured at £4 = 11.8 MeV (1966BA21, 1967FI07; tq,
ty.4) [S for 9B*(0, 2.4) = 0.80 and 0.64, respectively], 13.5 MeV (1964FU15; t,) and 28 MeV
[(1968GA13; ty); (1971INLC; to, ty 4 (partial)]. See also (1971WA1K, 1972WA1M) and (1966BA1X,
1971B0O50; theor.).

13. (a) 1°B(®He, «)°B Qm = 12.143
(b) 1°B(®He, ap)®Be Qm = 12.328

Alpha particle spectra show the excitation of °B*(0, 2.4, 2.8, 11.8): see (1966LA04). Mea-
surements by (1968KR02) determine £, = 2.361 + 0.005 and 2.788 + 0.030 MeV, I" = 81 + 5
and 548 + 40 keV, respectively [see Table 9.11 in (1966LA04) for other values]. There is some
evidence for a state with £/, ~ 1.6 MeV, I" = 0.7 MeV, but it is not conclusive, in agreement with
the older work [see (1960SP08, 1962BA1C)]. No evidence is found for any narrow levels in °B
with I' < 100 keV and 4 < E, < 7 MeV: the upper limit to the intensity of the corresponding a-
group is 1% of the intensity of the group to “B*(2.4) (1968KR02). Angular distributions have been
determined at £(®*He) = 5.5 MeV (1966CA02; o) and 33.7 MeV (19/1SQ03; ag, a4, (11.8).
DWBA does not seem to give a good description of the transition to °B*(11.8) (1971SQ03).

In reaction (b) study of the decays of “B*(2.4, 2.8) shows that °B*(2.4) decays < 0.5% by
proton emission to 8Be(0) [67 < 5.1 x 10~3] [it decays to 5Li(0) by a-emission] while the second
state, £, = 2.71 £+ 0.03 MeV [I' = 0.71 4+ 0.06 MeV] decays almost 100% by that channel
[62 = 0.74] (1966W108). (1966WA16E) find ' = 1.1 + 0.2 MeV for?B*(2.8) and suggest J = %
for this state [see, however, (1960SP08)]. No other excited states of °B with 3.5 < £, < 9.5
MeV decay by proton emission to ®Be(0) (1968KR02). See also (1970BE1F, 1971FO1E) and
(1968TA1M; theor.). See also ®Be, and 3N in (1976AJ04).

14. 19B(160, 170)°B Qm = —4.293

See (19680K06).

15. 1B(p, t)°B Qm = —11.409

At E, = 45 MeV angular distributions have been obtained for the triton groups to *B*(0,
2.36, 12.06, 14.01, 14.66, 16.02). In addition the spectra show some indication of the groups
corresponding to ?B*(7.0, 17.19, 17.63). New T’ = % states are reported at £, = 15.29 + 0.04 and
15.58 4 0.04 MeV (1971HA10). See also (1971KA04; theor.) and reaction 41 in °Be.
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16. (a) *C(p, ®)°B Qm = —7.551
(b) 2C(p, p)*He*He*He Qu = —7.2748

Angular distributions of ground state a-particles have been measured at £, = 14.0 to 17.2
MeV (1969K01D), 19.1 to 44 MeV (1967ACO01, 1969GA03, 1970GU06, 1971GU23), 38.5, 41.6
and 44.5 MeV [also partial back-angle measurements at £, = 30.5, 32.0, 33.0, 34.5 and 39.5 MeV]
(1966CRO05, 1967CR05, 1968LI1E) and at £, = 54.1 MeV (1972MA21). Alpha groups are also
observed to °B*(2.3, 2.9£0.2, 6.97+0.06): see (1955RE16, 1962MA40, 1964BA29, 1972MA21).
See also (1966L.A04). The angular distribution to ?B*(6.97) is consistent with J™ = %_; I~ 2
MeV (1972MA21: E, = 54.1 MeV). For reaction (b) see (1972MA62) and (1966LA04). See also
12Cin (1975AJ02) and 3N in (1976AJ04).

17. 2C(3He, 5Li)°B Qum = —11.571

Angular distributions of °Li ions have been obtained at £(*He) = 28 MeV (1971KL1E), 30.0
and 40.7 MeV (19720H01) and 35.7 MeV (1969ZE1A, 1970F0O1D).
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°C
(Figs. 17 and 18)

GENERAL.: (See also (1966L.A04).)
Model calculations: (1966BA26).
Other topics: (1966BA26, 1966MC1C, 19/2AN05, 1972CA37, 1973LA1Y).

Ground state properties, including theoretical mass predictions. (1965GO1D, 1966BA26,
1966G0O1B, 1966KE16, 1969GA1P, 1969JA1M, 1972CE1A, 1973HAT7).

Mass of °C: From the threshold energy of "Be(*He, n)?C (1971MO01) the atomic mass excess
of °C is 28.908 & 0.004 MeV. This value is in good agreement with that obtained from the -value
of 12C(3He, °He)?C [28.912 £ 0.009 MeV]. See also (1967BA5L9).

1. °C(3+)°B — ®Be + p Qm = 16.677
Slita Qm = 14.80

The half-life of °C is 126.5 4= 1.0 msec (1971HA05, 1972ES05), 126.5 £ 2 msec (1971MO01).
Several groups of delayed protons are observed indicating the involvement of a number of °B
states: see Table 9.10 (1972ES05). See also (1965HA09). See also (1966BA26, 1971WI18,
1972WI128, 1972WI1C, 1973TO14; theor.).

2. "Be(*He, n)°C Qm = —6.278

Einresh. = 8980 % 5 keV (1971MO01). See also (1967BA59).

3. 19B(p, 2n)°C Qum = —25.710

See (1965R0O1G).

4. 1B(p, 3n)°C Qm = —37.166

See (1965HA09).

5. 12C(p, d2n)°C Qm = —50.898
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Table 9.12: Energy levels of °C

E.(MeV) | J&; T 712 (Msec) | Decay | Reactions
g.s. (E7); 2 1265409 | Bt [1,2,3,4,5,6

See (1965HA09).

6. 2C(®He, He)’C Qm = —31.574

Qo = —31.578 +0.008 MeV (1970TRO05, 1970TR1F, 1971 TR03). See also (1964CE04).
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