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The cross section for the (n, d) reaction has been measured for En = 16.3 to 18.7 MeV
(1969SC05).

10. 9Be(n, t)7Li Qm = −10.439 Eb = 6.8118

The (n, t1) cross section has been measured for En = 13.3 to 15.0 MeV: at the lower energy it
is 7.3 ± 0.7 mb (1976DI13). At En ≈ 22.5 MeV the cross section for triton production is 44 ± 12
mb (1978QA01). See also (1973BI1B, 1975BI07, 1977DR09).

11. 9Be(n, α)6He Qm = −0.600 Eb = 6.8118]

The cross section for production of 6He shows a smooth rise to a broad maximum of 104±7 mb
at 3.0 MeV, followed by a gradual decrease to 70 mb at 4.4 MeV (1957ST95). From En = 3.9 to
8.6 MeV, the cross section decreases smoothly from 100 mb to 32 mb (1961BA53). At En = 14.4
MeV, the total cross section for the α0 transition is 11.7±1.8 mb (1967PA03). Excitation functions
have been measured for α0 and α1 for En = 12.2 to 18.0 MeV (1976SM02). See also (1974BO1E,
1974CA1J, 1976GAYV).

12. 9Be(p, π+)10Be Qm = −133.537

At Ep = 185 MeV the π+ spectrum shows groups corresponding to 10Be*(0, 3.37 ± 0.12,
6.07 ± 0.13, 7.39 ± 0.13, 9.31 ± 0.24, 11.75 ± 0.11). Angular distributions have been obtained
for the π+ corresponding to these six states (1973DA09). Angular distributions are also reported
at Ep = 200 MeV to 10Be*(0, 3.37) (1978AU07). See also reaction 3 in 10C.

13. 9Be(d, p)10Be Qm = 4.5872

Angular distributions of proton groups have been studied at many energies. Except at the lowest
energies the stripping process appears to dominate. In addition to the earlier work [Ed = 0.3 to
15 MeV: see (1974AJ01, 1966LA04)] angular distributions have been measured at Ed = 0.15 to
2.50 MeV (1974CH1L; p0, p1), 0.6 to 2.7 MeV (1974FR02; p0, p1), 0.9 to 2.5 MeV (1974BO42,
1974BO48, 1974BO45; p0, p1), 0.9 to 3.1 MeV (1975ZW01; p0, p1: average S = 2.26 and 0.18),
17.3 MeV (1974AN27; p to 10Be*(0, 3.37, 5.96, 6.26, 7.37, 7.54, 11.76); S = 0.94, 0.17, 0.54,
0.36, 0.20 for 10Be*(0, 3.37, 5.96 [2+], 7.37, 7.54)) and at Ed = 15 MeV (1976DA15). In the latter
experiment S = 2.1, 0.23 (jn = 3

2
) and 0.12 (jn = 1

2
), ≤ 1.0, 0.065 (jn = 5

2
) and 0.132 (jn = 1

2
),

for 10Be*(0, 3.37, 5.96, 6.26) (1976DA15). The angular distributions show ln = 1 transfer for
10Be*(0, 3.37, 5.958, 7.54), ln = 0 transfer for 10Be*(5.960, 6.26), l = 2 transfer for 10Be*(7.37).
10Be*(6.18, 9.27, 9.4) are also populated, as are two states at Ex = 10.57± 0.03 and 11.76± 0.02
MeV (1974AN27). 10Be*(9.27, 9.4, 11.76) have Γc.m. = 150 ± 20, 291 ± 20 and 121 ± 10 keV
(1974AN27).
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Table 10.4: Radiative transitions in 9Be(d, p)10Be a

Ex (keV) Transition ∆Jπ Mult. Branch (%) τm (psec) Γγ (meV)

3368.0 ± 0.2 b 3.37 → g.s. 2+ → 0+ E2 100 0.189 ± 0.020 g 3.48 ± 0.37

0.160 ± 0.030 h 4.11 ± 0.78

5958.3 ± 0.3 b,c 5.96 → 3.37 2+ → 2+ M1 > 90 < 0.08 h

5.96 → g.s. 2+ → 0+ E2 < 10

5959.9 ± 0.6 c,e 5.96 → g.s. 1− → 0+ E1 83+10
−6

5.96 → 3.37 1− → 2+ E1 17+6
−10

6179.3 ± 0.7 d 6.18 → 5.96 0+ → 1− E1 0.24 ± 0.02 i 1.1+0.4
−0.3

d 0.028 ± 0.012

6.18 → 3.37 0+ → 2+ E2 0.76 ± 0.02 i 0.57 ± 0.17

6.18 → g.s. 0+ → 0+ E0 0.24 ± 0.08 d (1.4 ± 0.6) × 10−3

6263.3 ± 5 d 6.26 → 5.96 2− →
1−

2+

M1

E1







≤ 1 f

6.26 → 3.37 2− → 2+ E1 99+1
−2

f

6.26 → g.s. 2− → 0+ M2 1 ± 1 f

a See also Tables 10.2 and 10.5 in (1966LA04).
b From (1966GR18): 9Be(n, γ)10Be.
c From (1966GR18, 1969RO12): see (1969AL17).
d See (1969AL17).
e (1966WA1C) and F.C. Young, private communication.
f (1969RO12).
g (1968FI09).
h (1966WA10).
i (1975WA06). See also (1969AL17).
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Attempts to understand the γ-decay of 10Be*(5.96) and its population in 9Be(n, γ)10Be led to
the discovery that it consisted of two states separated by 1.6 ± 0.5 keV. The lower of the two has
Jπ = 2+ and decays primarily by a cascade transition via 10Be*(3.37) [it is the state fed in the
9Be(n, γ) decay]; the higher state has Jπ = 1− and goes mainly by a crossover to 10Beg.s.. Angu-
lar correlations measured with the γ-ray detector located normal to the reaction plane (≡ angular
distributions) lead to ln values consistent with the assignments of 2+ and 1− for 10Be*(5.9658,
5.9660) obtained from the character of the γ-decay (1969RO12). 10Be*(6.18) decays primarily
to 10Be*(3.37). Eγ = 219.4 ± 0.3 keV for the 6.18 → 5.96 transition (1969AL17). See Table
10.4 for a listing of the information on radiative transitions obtained in this reaction (1969RO12,
1969AL17), and lifetime measurements (1966WA10, 1968FI09, 1969AL17). For (p, γ) correla-
tions through 10Be*(3.37) see (1974AJ01) and (1975HU18, 1978AL25). For polarization mea-
surements see 11B in (1975AJ02, 1980AJ01). See also (1977TE1A), (1978MC1F; applied) and
(1977RI08; theor.).

14. 9Be(t, d)10Be Qm = 0.5545

See (1974AJ01).

15. 9Be(7Li, 6Li)10Be Qm = −0.439

Angular distributions have been measured at E(7Li) = 34 MeV to 10Be*(0, 3.4): S = 2.07 and
0.42 (p1/2), 0.38 (p3/2) (1977KE09).

16. 9Be(18O, 17O)10Be Qm = −1.233

Angular distributions have been measured at E(18O) = 16 and 20 MeV (1971KN05).

17. (a) 10Be(p, p)10Be

(b) 10Be(d, d)10Be

Angular distributions of the p0 and p1 groups have been measured at Ep = 12.0 to 16.0 MeV.
The elastically scattered deuterons have been studied at Ed = 12.0 and 15.0 MeV. B(E2) for the
10Be*(3.4)

γ
→ 10Be(0) transition is 23.8 e2 · fm4 (from a comparison of the angular distributions

with DWBA predictions) (1970AU02).
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18. 10B(π−, γ)10Be Qm = 139.011

The total radiative capture branching ratio for stopped pions is (2.27±0.22)%. The γ-spectrum
is dominated by the transition to 10Be*(6.0) [Jπ = 2+] (1975BA52).

19. 10B(n, p)10Be Qm = 0.2265

See (1974AJ01).

20. 10B(p, pπ+)10Be Qm = −140.123

At Ep = 895 MeV, 10Be*(0, 3.4, 17.7) are populated (1977AS1D, 1977AS1E).

21. 10B(t, 3He)10Be Qm = −0.5373

Not reported.

22. 10B(7Li, 7Be)10Be Qm = −1.418

See (1977KO27).

23. 11B(γ, p)10Be Qm = −11.2287

Transitions to 10Be*(3.4) from upper region of the giant resonance in 11B are reported to be
about twice as intense as those from the lower region (1971PA10): see 11B in (1975AJ02). Angular
distributions of the p0 and p1 groups have been measured with Ebs = 18.5 MeV (1970SO03). The
yield of the 3.37 MeV γ-ray has been measured for Ebs = 100 to 800 MeV (1975AD04). See also
(1977BR1J).

24. 11B(n, d)10Be Qm = −9.0041

The angular distribution of the d0 group has been measured at En = 14.4 MeV (1968MI10,
1971MI12).
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25. 11B(p, 2p)10Be Qm = −11.2287

Structure is observed in the summed proton spectrum corresponding to Q = −10.9 ± 0.35,
−14.7 ± 0.4, −21.1 ± 0.4, −35 ± 1 MeV: see (1966LA04, 1966TY01) and 11B in (1975AJ02).

26. 11B(d, 3He)10Be Qm = −5.7352

Angular distributions have been measured at Ed = 11.8 and 22 MeV to 10Beg.s. [see (1974AJ01)]
and at 52 MeV to 10Be*(0, 3.37, 5.96, 9.60): S = 0.65, 2.03, 0.13, 1.19 (normalized to the theo-
retical value for the ground state); π = + for 10Be*(9.6) (1975SC41).

27. 11B(t, α)10Be Qm = 8.585

Angular distributions of α0 and α1 have been measured for Et = 1.0 to 2.1 MeV (1969SI12).
The γ-decay of 10Be*(6.18) has been studied: see Table 10.4 (1975WA06). See also (1977CI1A)
and 14C in (1981AJ01).

28. 11B(12C, 13N)10Be Qm = −9.285

See (1974AN36).

29. 11B(14N, 15O)10Be Qm = −3.932

Angular distributions of the ground state transitions have been measured at E(14N) = 41, 77
and 113 MeV (1971LI11).

30. 12C(6Li, 8B)10Be Qm = −21.442

At E(6Li) = 80 MeV, 10Be*(0, 3.37, 5.96, 7.54, (9.4), 11.8) are populated and the angu-
lar distribution to 10Beg.s. has been measured (1976WE09, 1977WE1B, 1977WE03). See also
(1974CE1A).

31. 12C(12C, 14O)10Be Qm = −20.616
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See (1972SC21, 1974AN36) and 14O in (1976AJ04).

32. 12C(18O, 20Ne)10Be Qm = −6.348

See (1974BA15, 1975CO15) and 20Ne in (1978AJ03).

33. 13C(n, α)10Be Qm = −3.836

See (1974GO1J) and 14C in (1970AJ04).

34. 13C(11B, 14N)10Be Qm = −3.678

See (1974AN36).
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10B
(Figs. 20 and 22)

GENERAL (See also (1974AJ01).):

Shell and deformed models: (1973BO1C, 1974BO29, 1974BO54, 1974BO1P, 1975DI04,
1977JA14).

Cluster and α-particle models: (1976GA34, 1977NA20, 1977OK1C).

Special levels: (1974BO29, 1974BO1P, 1974IR04, 1974NI1A, 1975DI04, 1976GA34, 1976IR1B,
1977BI1D, 1977JA14, 1977NA20).

Electromagnetic transitions: (1974BO29, 1974BO54, 1974BO1P, 1974HA1C, 1974MU13,
1977BO1V, 1977DO06, 1977KO1N, 1977OK1C, 1978KI08).

Astrophysical questions: (1973CO1B, 1973TI1A, 1973TR1B, 1973WE1D, 1974AU1A, 1974JA11,
1974RE1A, 1975ME1E, 1975TR1A, 1976AU1B, 1976AU1C, 1976BO1E, 1976CO1B, 1976EP1A,
1976HA1F, 1976RO12, 1976SI1C, 1976SI1D, 1976VI1A, 1977AU1B, 1977DW1A, 1977HA1L,
1977KO1L, 1977MA1H, 1977PR1D, 1977SC1D, 1977SI1D, 1977ST1J, 1977WE1D, 1978AU1C,
1978DW1A).

Special reactions: (1974BA70, 1974FO22, 1974JA11, 1974LA18, 1975KU01, 1975RA21,
1976BU16, 1976CH28, 1976HI05, 1976LE1F, 1976MI13, 1976NA11, 1976OS04, 1976RA1C,
1976RO12, 1977AR06, 1977FO04, 1977KU1D, 1977SH1D, 1977ST1J, 1977YA1B, 1978BI08,
1978FA1D, 1978GE1C, 1978WE1E, 1978ZE02).

Muon capture and reactions: (1973MU1B, 1974EN10, 1977BA1P, 1977CA1E, 1977DO06,
1977MU1A, 1978DE15).

Pion capture and reactions: (1973GO41, 1974CA1G, 1974DA27, 1974DI20, 1974HU14,
1974LE12, 1974LI15, 1974TA18, 1975BA52, 1975GI1B, 1975HU1D, 1975RO1G, 1975VE05,
1976AS1B, 1976BA1R, 1974BO1U, 1976ED1A, 1976EN02, 1976GI01, 1976LI26, 1976RO14,
1976SH01, 1977AM1B, 1977BA2H, 1977BA51, 1977BA1Q, 1977BA2G, 1977BE1W, 1977DO06,
1977HO1B, 1977MA35, 1977PI1C, 1977SM06, 1977TE1A, 1977WA02, 1978BH01, 1978KI08,
1978PE1D).

Kaon capture and reactions: (1973GO41, 1975TA1C, 1976DE1D, 1978AT01, 1978HE02).

Applied topics: (1975MU1A, 1976HU05, 1976JO1A).

Other topics: (1974IR04, 1974MU13, 1975KU01, 1976IR1B, 1976MA04, 1976MI1B).

Ground state properties: (1974AD1C, 1974BO29, 1974DE1E, 1974EN10, 1974MU13, 1974SHYR,
1975BE31, 1975EP02, 1976FU06, 1977AN21, 1977MA35, 1977NA20, 1977PA25, 1978AN07,
1978ZA1D).
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Table 10.5: Energy Levels of 10B a

Ex Jπ; T τm or Γc.m. Decay Reactions

(MeV ± keV) (keV)

g.s. 3+; 0 stable 1, 4, 5, 7, 12, 14, 19, 20,
21, 22, 23, 24, 25, 26,
27, 28, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39,
42, 43, 44, 49, 50, 51,
53, 54, 58, 59

0.71832 ± 0.09 1+; 0
τm = 1.013 ± 0.015 nsec

g = +0.63 ± 0.12
γ 1, 4, 5, 7, 12, 14, 19, 20,

21, 22, 27, 28, 30, 32,
33, 40, 42, 43, 44, 49,
50, 51, 53, 58

1.74016 ± 0.17 0+; 1 < 30 fsec γ 1, 12, 14, 19, 20, 21, 22,
27, 28, 32, 40, 42, 43,
44, 49, 50, 54

2.1543 ± 0.5 1+; 0 2.30 ± 0.26 psec γ 1, 4, 12, 14, 19, 20, 22,
27, 28, 30, 32, 33, 42,
43, 44, 49, 50, 51, 53,
58, 59

3.5871 ± 0.5 2+; 0 153 ± 13 fsec γ 1, 4, 7, 14, 19, 20, 21,
22, 27, 28, 30, 32, 33,
41, 42, 44, 49, 50, 51,
53, 58, 59

4.7740 ± 0.5 3+; 0 Γ = 0.014 keV γ, α 4, 7, 12, 19, 20, 27, 28,
30, 32, 33, 42, 44, 49,
50, 59

5.1103 ± 0.6 2−; 0 1.2 γ, α 14, 19, 20, 26, 28, 44, 50

5.1639 ± 0.6 2+; 1 0.002 γ, α 1, 14, 19, 20, 28, 30, 41,
44, 49

5.180 ± 10 1+; 0 110 ± 10 γ, α 1, 3, 14, 19, 30, 50

5.9195 ± 0.6 2+; 0 6 ± 1 γ, α 1, 3, 14, 19, 20, 28, 30,
33, 44, 49, 50

6.0250 ± 0.6 4+ 0.05 ± 0.03 γ, α 1, 3, 19, 20, 26, 27, 28,
30, 32, 33, 44, 54, 59

6.1272 ± 0.7 3− 2.36 ± 0.03 α 3, 19, 20, 28, 30, 44, 50,
58

6.561 ± 1.9 (4)− 25.1 ± 1.1 α 3, 19, 20, 27, 28, 30, 32,
33, 42, 44, 49, 50
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Table 10.5: Energy Levels of 10B a (continued)

Ex Jπ; T τm or Γc.m. Decay Reactions

(MeV ± keV) (keV)

6.873 ± 5 1−; 0 + 1 120 ± 5 γ, p, d, α 1, 14, 16, 18, 19

7.002 ± 6 (1, 2)+; (0) 100 ± 10 p, d, α 3, 18, 19, 28, 30, 44, 50

7.430 ± 10 2(−); 0 + 1 100 ± 10 γ, p, d, α 1, 14, 18

7.467 ± 10 1+ 65 ± 10 p 16, 19, 44

7.477 ± 2 2−; 1 74 ± 4 γ, p 14, 16, 19, 26, 44

7.5595 ± 0.9 0+; 1 2.65 ± 0.18 γ, p 14, 16, 19, 44

(7.67 ± 30) (1+; 0) 250 ± 20 γ, p, d 14, 16, 18

7.817 ± 20 1− 260 ± 30 p 16, 44

8.07 (2−; 0) 800 ± 200 p, d 18

(8.7) (1+, 2+) (≈ 200) p 18

8.889 ± 6 3−; 1 84 ± 7 γ, n, p, α 15, 18, 26

8.893 ± 1 2+; 1 40 ± 1 γ, p, α 14, 18, 24, 26

(9.7) (T = 1) (≈ 700) n, p 15

10.84 ± 10 (2+, 3+, 4+) 300 ± 100 γ, n, p 14, 15, 26

11.52 ± 35 500 ± 100 (γ) 26

12.56 ± 30 (0+, 1+, 2+) 100 ± 30 γ, p 14

13.49 ± 5 (0+, 1+, 2+) 300 ± 50 γ, p 14, 44

14.4 ± 100 800 ± 200 γ, p 3, 44

(18.2 ± 200) (1500 ± 300) 44

18.43 2−; 1 340 γ, 3He 7

18.8 2+, 1+ < 600 γ, 3He, α 7, 11

19.3 2−; 1 190 ± 20 γ, n, 3He, α 7, 8, 11

20.2 1−; 1 350 ± 70 γ, n, t, 3He, α 7, 8, 10, 11, 24

(21.1) γ, 3He 7

23.1 broad γ, n 24

a See also Tables 10.6 and 10.9.

µ = +1.80065 ± 0.00001 nm (1978SH1E);
Q = +84.72 ± 0.56 mb (1978SH1E).

1. 6Li(α, γ)10B Qm = 4.4605
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Table 10.6: Electromagnetic transitions in 10B a

Branching ratios (%) to final states at:

Initial state Jπ ; T Γγ (total) g.s. 0.72 1.74 2.15 3.59 4.77 Γγ/Γ Refs.

(eV) 3+; 0 1+; 0 0+; 1 1+; 0 2+; 0 3+; 0

0.72 1+; 0 6.5 × 10−7 100 Table 10.9

1.74 0+; 1 > 0.02 < 0.2 100 Table 10.9, (1966SE03, 1969YO01)

2.15 1+; 0 (2.9 ± 0.3) × 10−4 21.1 ± 1.6 27.3 ± 0.9 51.6 ± 1.6 Table 10.9, (1969YO01)

3.59 2+; 0 4.5 ± 10−3 19 ± 3 67 ± 3 < 0.3 14 ± 2 Table 10.9, (1966SE03, 1968WA15,

1969GA06, 1969YO01)

4.77 3+; 0 0.033 ± 0.006 0.5 ± 0.1 > 99 (2.3 ± 0.3) × 10−3 b Table 10.7, (1966AL06)

5.11 2−; 0 64 ± 7 31 ± 7 5 ± 5 Table 10.7, (1966FO05)

5.16 2+; 1 1.5 ± 0.4 f 5 ± 1 27 ± 2 < 0.5 61 ± 2 7 ± 3 0.77 ± 0.25 c Table 10.7, (1966AL06, 1966FO05,

1967PA01, 1979SP01)

5.18 1+; 0 0.06 ± 0.03 ≈ 100 Table 10.7

5.92 2+; 0 ≤ 54 82 ± 5 18 ± 5 ≤ 0.009 Table 10.7, (1966FO05, 1969YO01)

6.03 4+ ≤ 0.5 ≈ 100 d ≤ 0.009 Table 10.7, (1969YO01)

6.13 3− ≤ 21 ≤ 0.009 (1969YO01)
e

a See also Table 10.7 in (1966LA04).
b Γα = 14 ± 3 eV.
c Γα = 0.44± 0.09 eV.
d Other branches < 3%.
e For γ-decay of higher 10B states [see Table 10.5], refer to Tables 10.7, 10.10, 10.11 and 10.12.
f See Table 10.7 here.
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Table 10.7: Levels of 10B from 6Li(α, γ)10B a

Eres Ex Jπ; T Γlab Decay to Ef Branch ωγ Γγ |M |2 g

(keV) (MeV ± keV) (keV) (%) (eV) (eV)

500 ± 25 4.761 3+; 0 0 0.5 ± 0.1

0.72 > 99 0.033 ± 0.006 c

1085 5.112 2−; 0 2 b 0 64 ± 7 0.059 ± 0.012 d (1.5) e

9 × 10−4 k

0.72 31 ± 7 0.028 ± 0.008 (1.5) e

6 × 10−4 k

1.74 5 ± 5 0.005 ± 0.005 100 ± 100 e

1175 i 5.166 2+; 1 < 0.5 b 0 5 ± 1 0.020 ± 0.004 g 0.076 ± 0.02 g

0.72 27 ± 2 0.11 ± 0.02 g 0.41 ± 0.11 g

1.74 < 0.5

2.15 61 ± 2 0.24 ± 0.03 g 0.91 ± 0.23 g

3.58 7 ± 3 0.03 ± 0.03 g 0.11 ± 0.05 g

1210 ± 35 5.187 1+; 0 340 ± 50 1.74 ≈ 100 0.06 ± 0.03

2435 5.922 2+ 10 ± 1 0 82 ± 5 0.31 ± 0.06 0.27 → 25 f,j

0.72 18 ± 5 0.07 ± 0.02 0.1 → 9 f,j

1.74 < 0.02

2605 6.025 4+ < 1.5 b 0 ≈ 100 0.57 ± 0.08 20 f

4 × 10−3 h

0.72 < 0.02 1.2 m

4019 6873 ± 5 l 1−; 0 + 1 200 ± 10 0 6 ± 2

0.72 21 ± 4

1.74 59 ± 3
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Table 10.7: Levels of 10B from 6Li(α, γ)10B a (continued)

Eres Ex Jπ; T Γlab Decay to Ef Branch ωγ Γγ |M |2 g

(keV) (MeV ± keV) (keV) (%) (eV) (eV)

2.15 14 ± 4

4963 7.440 ± 20 n 2(−); 0 + 1 150 ± 15 n

a (1957ME27, 1961SP02, 1966AL06, 1966FO05, 1966SE02, 1975AU02, 1979SP01).
b See (1958ME81) and 9Be(d, n)10B.
c Γγ/Γ = (2.3 ± 0.3) × 10−3, Γα = 14 ± 3 eV (1966AL06).
d Absolute errors only.
e M2.
f E2.
g (1979SP01).
h M1.
i Γγ = 2.9± 1.1 eV, Γα = 0.44± 0.09 eV, ωγ = 0.63± 0.13 eV; α-branch is (13± 4)% (1966AL06).
j E2/M1 = 0.01 or 10 (1957ME27).
k E1.
l (1975AU02); branching ratios calculated from 0◦ relative intensities; Γα/Γp = 1.25± 0.12.
m Implies Γα ≈ 50 keV which is not compatible with 6Li(α, α) results: see (1975AU02).
n (1975AU02). At 0◦ the branches to 10B*(0, 0.72) are equally strong (50± 12)%.

19



Table 10.8: 10B levels from 6Li(α, α)6Li

Eα (keV) Ex (MeV) Γlab (keV) Jπ; T Refs.

1210 ± 30 5.19 175 1+; 0 (1962DE10)

2440 5.93 ≈ 30 2+; 0 (1962DE10)

2606.0 ± 1.5 6.025 0.09 ± 0.04 4+ (1967ME08)

2785.5 ± 1.5 6.133 3.93 ± 0.05 3− (1967ME08)

3498.5 ± 1.6 a 6.561 41.8 ± 1.9 4−, 2− (1967ME08, 1971BA41)

4250 ± 15 a 7.012 183 ± 25 (2)+; (0) b (1971BA41)

16000 14.1 broad (1971BI12)

a There is evidence of broad structure near these states (1971BA41).
b See, however, (1973SI27) in reaction 18.

Observed resonances are displayed in Table 10.7. See also (1974AJ01), (1977BI1D) and
(1976BI10; theor.).

2. (a) 6Li(α, n)9B Qm = −3.975 Eb = 4.4605

(b) 6Li(α, p)9Be Qm = −2.1248

(c) 6Li(α, d)8Be Qm = −1.5654

The excitation functions for neutrons [from threshold to Eα = 15.5 MeV (1963ME08)] and
for deuterons [Eα = 9.5 to 11.4 MeV (1963BL20; d0); 12 to 25 MeV (1974KO24, 1974LE14,
1976LE1K; d0, d1)] do not show resonance structure. See also 9B, 9Be and 8Be.

3. 6Li(α, α)6Li Eb = 4.4605

Excitation functions of α0 and α1 have been reported for Eα ≤ 18.0 MeV and 9.5 to 12.5
MeV, respectively: see (1974AJ01). Reported anomalies are displayed in Table 10.8. Polarization
measurements are reported at E(6Li) = 21.3 and 22.8 MeV (1976EG1A, 1976KA1E). See also
6Li, (1974AJ01, 1974LO1B) and (1975CL01, 1975CL1C, 1975RE1C, 1977BA1N; theor.).

4. 6Li(6Li, d)10B Qm = 2.987
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Table 10.9: Lifetimes of 10B states a

10B state τm Reactions Refs.

0.72 1.013 ± 0.015 nsec mean of values quoted in Table 10.20 (1966LA04)

1.74 < 40 fsec 11B(3He, α) (1968DO01)

< 30 fsec A 9Be(3He, d) (1966FI01, 1968FI09)

2.15 b 2.1+0.8
−0.5 psec 11B(3He, α) (1968DO01)

2.7+0.5
−0.4 psec 9Be(d, n), 9Be(3He, d), 10B(p, p′) (1968FI09)

2.0 ± 0.6 psec 9Be(d, n) (1969AL17)

2.15 ± 0.45 psec 7Li(α, n) (1970GA01)

2.30 ± 0.26 psec mean

3.59 115 ± 40 fsec d 9Be(d, n) (1966WA10)

150 ± 15 fsec 9Be(d, n), 10B(p, p′) (1968FI09)

192+35
−29 fsec 9Be(p, γ) (1977KI1H)

170 ± 70 fsec 11B(3He, α) (1968DO01)

153 ± 13 fsec mean

5.16 c < 80 fsec 9Be(d, n) (1966WA10)

A = adopted.
a See also (1966LA04).
b See also (1966FI01).
c See also (1967PA01).
d Based on τm of 10Be*(3.37) = 180 fsec.

Angular distributions of deuteron groups have been determined at E(6Li) = 2.4 to 9.0 MeV
(d0, d1, d3) and 7.35 and 9.0 MeV (d4, d5) (1966KI09). The d2 group is also observed but its
intensity is weak. See also (1974AJ01) and 12C in (1975AJ02, 1980AJ01).

5. 6Li(7Li, t)10B Qm = 1.994

Angular distributions of the t0 and t1 groups have been measured at E(6Li) = 3.3 MeV
(1967GA06) and E(7Li) = 3.78 to 5.95 MeV (1967KI03). See also (1974AJ01) and 13C in
(1976AJ04).
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Table 10.10: Resonances in 7Li + 3He a

Eres Γc.m. Ex Jπ; T Γγ (eV) for transition to

(MeV) (keV) (MeV) g.s. 0.72 3.59 4.77 Γα (keV) Γn Γp Γt

0.92 340 18.43 2−; 1 ≥ 3 ≥ 17

1.4 < 600 18.8 2+, 1+ ≥ 20 ≥ 20 c res < 80

2.1 280 b 19.3 2−; 1 ≥ 12 ≥ 49 res < 20 res n0 (p) d

3.4 910 b 20.2 1−; 1 ≥ 350 res α2 res n0 (p) res t0

(4.7) (21.1) res

a See references listed in Table 10.10 (1974AJ01).
b (1966DI04) report Γc.m. = 190± 20 and 350± 70 keV, respectively, from the n0 yield.
c Assumes isotropy of angular distribution (1971LI20).
d (1975BO55).

6. 6Li(9Be, 5He)10B Qm = 1.99

See (1974AJ01).

7. 7Li(3He, γ)10B Qm = 17.788

Capture γ-rays have been observed for E(3He) = 0.8 to 6.0 MeV. The γ0 and γ5 yields [to
10B*(0, 4.77)] show resonances at E(3He) = 1.1 and 2.2 MeV [Eres = 0.92 and 2.1 MeV: see
(1971LI20)], the γ1 and γ4 yields [to 10B*(0.72, 3.59)] at 1.4 MeV and the γ4 yield at 3.4 MeV:
see Table 10.10. Both the 1.1 and 2.2 MeV resonances [10B*(18.4, 19.3)] appear to result from
s-wave capture; the subsequent decay is to two 3+ states [10B*(0, 4.77)]. Therefore the most
likely assignment is 2−, T = 1 for both [there appears to be no decay of these states via α0 to
6Li*(3.56) which has Jπ = 0+, T = 1: see reaction 11] (1965PA02, 1971LI20). The assignment
for 10B*(18.8) [1.4 MeV resonance] is 1+ or 2+ but there appears to be α2 decay and therefore
Jπ = 2+. 10B*(20.2) [3.4 MeV resonance] has an isotropic angular distribution of γ4 and therefore
Jπ = 0+, 1−, 2−. The γ2 group resonates at this energy which eliminates 2−, and 0+ is eliminated
on the basis of the strength of the transition which is too large for E2 (1971LI20).

8. 7Li(3He, n)9B Qm = 9.352 Eb = 17.788

The excitation curve is smooth up to E(3He) = 1.8 MeV [see (1974AJ01)] and the n0 yield
shows resonance behavior at E(3He) = 2.2 and 3.25 MeV, Γlab = 270 ± 30 and 500 ± 100 keV.
No other resonances are observed up to E(3He) = 5.5 MeV (1966DI04). See also Table 10.10.
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9. 7Li(3He, p)9Be Qm = 11.2025 Eb = 17.788

The yield of protons has been measured for E(3He) = 0.60 to 4.8 MeV [see (1974AJ01)] and
for 1.0 to 2.5 MeV (1975BO55; p0, p2): there is some indication of weak maxima at 1.1, 2.3 and
3.3 MeV. Polarization measurements are reported at E(3He) = 14 MeV by (1976IR02; p0). The
evidence for a T = 2 state at Ex ≈ 23 MeV has not been published: see (1974AJ01). See also
(1975FO19; astrophys.).

10. (a) 7Li(3He, d)8Be Qm = 11.762 Eb = 17.788

(b) 7Li(3He, t)7Be Qm = −0.880

(c) 7Li(3He, 3He)7Li

Yields of deuterons have been measured for E(3He) = 1.0 to 2.5 MeV (1975BO56, 1977BO29;
d0) and yields of tritons are reported for 2.0 to 4.2 MeV (1969OR01; t0): a broad peak is reported
at E(3He) ≈ 3.5 MeV (1969OR01). See also (1974AJ01, 1974LO1B), 8Be and 7Be. For reaction
(c) see 7Li.

11. 7Li(3He, α)6Li Qm = 13.327 Eb = 17.788

Excitation functions have been measured for E(3He) = 1.3 to 18.0 MeV: see (1974AJ01).
The α0 group (at 8◦) shows a broad maximum at ≈ 2 MeV, a minimum at 3 MeV, followed by
a step rise which flattens off between E(3He) = 4.5 and 5.5 MeV. Integrated α0 and α1 yields
rise monotonically to 4 MeV and then tend to decrease (1965FO07). Angular distributions give
evidence of the resonances at E(3He) = 1.4 and 2.1 MeV seen in 7Li(3He, γ)10B: Jπ = 2+ or 1−,
T = (1) for both [see, however, reaction 7]: Γα is small (1965PA03). The α2 yield [to 6Li*(3.56),
Jπ = 0+, T = 1] shows some structure at E(3He) = 1.4 MeV and a broad maximum at ≈ 3.3
MeV (1965FO07, 1969OR01): see Table 10.10. See also (1974LO1B) and 6Li.

12. 7Li(α, n)10B Qm = −2.790

Angular distributions have been measured for the n0 group at Eα = 4.78 to 7.85 MeV (1972VA02)
and 13.5 and 13.9 MeV (1962KJ05), and for the n1 group [to 10B*(0.7)] at Eα = 6.71 to 7.85
MeV (1972VA02). Slow-neutron threshold measurements have been reported corresponding of
the formation of 10B*(0, 0.72, (4.77), (6.42)): see (1974AJ01). The γ-decay of 10B*(2.15) in-
volves Eγ = 415.1 ± 0.5 keV (2.15 → 1.74), 1435.6 ± 1.0 keV (2.15 → 0.72) and 719.1 ± 0.6
keV (0.72 → 0). The excitation energies for the first three excited states are then 719.1 ± 0.6,
1739.7 ± 1.5 and 2154.8 ± 1.2 keV (1970GA01). For τm measurements see Table 10.9. See also
(1978LO1C).

23



Table 10.11: Resonances in 9Be(p, γ)10B a

Ep Ex Γc.m. Jπ; T Γp/Γ Γγ Refs.

(MeV ± keV) (MeV ± keV) (keV) (eV)

0.320 6.873± 5 120± 5 1−; 0 + 1 b 0.30 4.8 d (1956CL69, 1975AU02)

0.938± 10 7.429 140± 30 2(−); 0 + 1 b 0.7 2.4 (1964HO02, 1962EL06, 1975AU02)

(0.98) (7.47) (2+) (1962EL06)

0.992± 2 7.477 72± 4 2−; 1 ≈ 65 25.8 (1964HO02)

1.0832± 0.4 7.5595 2.65± 0.18 0+; 1 1.0 8.5 (1964HO02, 1964BO13, 1972HA63)

1.29 7.75 210± 60 2−; (1) c ≈ 0.65 8.5 (1964HO02)

2.567± 2 8.894 36± 2 2+; 1 (1953MA1A e, 1956MA55)

4.72 10.83 ≈ 500 2+, 3+, 4+ (1952HA10, 1970FI1B) e

6.7 12.6 < 200 0+, 1+, 2+ (1970FI1B) e

(7.0) (12.9) (≈ 100) (π = +) (1970FI1B) e

7.5 13.3 ≈ 300 0+, 1+, 2+ (1970FI1B) e

8.4 14.1 ≈ 250 0+, 1+, 2+ (1970FI1B) e

8.9 14.6 ≈ 150 2+, 3+, 4+ (1970FI1B) e

10.0 15.6 ≈ 400 2+, 3+, 4+ (1970FI1B) e

14.6 19.7 ≈ 500 2−, 3−, 4− (1970FI1B) e

a See Table 10.12 for decay schemes.
b See also (1969RO12).
c See, however, (1973RO24) in reaction 16.
d See, however, footnote m in Table 10.7.
e Unpublished Ph.D. thesis.

13. 7Be(t, np)4He4He Qm = 10.510

See (1975FO19; astrophsyics).

14. 9Be(p, γ)10B Qm = 6.5853

Parameters of observed resonances are listed in Tables 10.11 and 10.12. Table 10.6 summarizes
the γ-transitions from this and other reactions.

The Ep = 0.32 MeV resonance (10B* = 6.87 MeV) is ascribed to s-wave protons because of
its comparatively large proton width [see 9Be(p, p)] and because of the isotropy of the γ-radiation.
The strong transition to 10B*(1.74) requires E1 and hence Jπ = 1−, T = 0. T = 0 is also
indicated by the large deuteron width. On the other hand, the strength of E1 transitions to 10B*(0.7,
2.1) indicates T = 1. The amplitudes for the T = 0 and T = 1 parts of the wave function for
10B*(6.87) are 0.92 and 0.39, respectively (1972RE07). See also (1975AU02).
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Table 10.12: Radiative transitions in 9Be(p, γ)10B

Initial state Γγ (tot) Relative intensities to final states Refs.

(MeV) (eV) ground 0.72 1.74 2.15 3.59 5.11 5.16 5.18 5.92

3+; 0 1+; 0 0+; 1 1+; 0 2+; 0 2−; 0 2+; 1 1+; 0 2+; 1

6.87 0.35 ± 0.04 0.48 ± 0.04 0.11 ± 0.04 (1972RE07)

Ep = 0.32 4.8 b < 0.05 0.20 ± 0.02 0.53 ± 0.02 0.13 ± 0.01 < 0.01 0.04 ± 0.01 0.03 ± 0.01 < 0.01 0.035 ± 0.01 (1975AU02)

1.0 2.6 0.5 0.65 (1956CL69)

< 0.7 6.4 15 4.5 ≈ 1 < 2.9 (1959ME1A)

1−; 0 + 1 0.039 ± 0.005 0.103 ± 0.008 0.032 ± 0.010 W.u. (1972RE07)

7.43

Ep = 0.94 [2.4] < 2 1.3 [< 0.14] 0.62 0.5 [< 1] (1964HO02)

2(−); 0 + 1 0.013 0.013 0.03 |M |2E1 (1964HO02)

7.48 400 < 10 19 22 < 7 < 13 (1959ME1A)

Ep = 0.99 [25.8] 25 0.3 [< 0.14] 0.49 0 [< 1] (1964HO02)

2−; 1 0.19 0.003 0.10 |M |2E1 (1964HO02)

7.56

Ep = 1.08 < 3 100 < 8 < 8 < 4 23 (1959ME1A)

6.6 100 < 2 10 40 (1962ME1A)

[8.5] < 0.2 6.7 < 0.3 0.8 < 0.2 1.0 (1964HO02)

0+; 1 1.0 0.24 3.5 |M |2M1 (1964HO02)

7.75 a 14.6 83 (1963FU11)

Ep = 1.29 [8.5] 6.6 0.9 < 0.08 0.3 0.3 0.4 (1964HO02)

2−; 1 0.044 0.008 0.006 0.013 0.08 |M |2E1 (1964HO02)

a See, however, Table 10.14.
b See, however, Table 10.7, footnote m.
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The proton capture data near Ep = 1 MeV appears to require at least five resonant states, at
Ep = 938, (980), 992, 1083 and 1290 keV. The narrow Ep = 1083 keV level (10B* = 7.56 MeV)
is formed by p-wave protons, Jπ = 0+ [see 9Be(p, p), 9Be(p, α)]. The isotropy of the γ-rays
supports this assignment (1961TA02). The strong M1 transitions to Jπ = 1+, T = 0 levels at 0.72,
2.15 and 5.18 MeV (Table 10.12) indicate T = 1 (1959WA16). The width of 10B*(5.18) observed
in the decay is 100 ± 10 keV (1975AU02).

The exciation function for ground-state radiation shows resonance at Ep = 992 (Γ = 80 keV)
and 1290 keV (Γ = 230 keV) (1962EL06, 1964HO02). Elastic scattering studies indicate s-wave
formation and Jπ = 2− for both (1956MO90). For the lower level (Ex = 7.48 MeV) the intensity
of the g.s. capture radiation, Γγ = 25 eV (1964HO02) indicates E1 and T = 1. The angular
distribution of γ-rays, 1 + 0.1 sin2 θ, is consistent with s-wave formation with some d-wave
admixture (1953PA22) or with some contribution from a nearby p-wave resonance (1956MO90);
possibly a Jπ = 2+ level at Ep = 980 keV (1956MO90, 1962EL06: see, however, (1964HO02)).

The angular distribution of ground-state radiation at Ep = 1330 keV is isotropic and Γγ =
8.5 eV (1964HO02), supporting E1, T = 1 for this level (Ex = 7.75 MeV). See, however,
(1973RO24): reaction 15.

Transitions to 10B*(0.7) [γ1] show resonance at Ep = 992, 1290 and 938 keV, Γ = 155 keV
(1962EL06, 1964HO02). The latter is presumably also a resonance for (p, d) and (p, α). An
assignment of Jπ = 2−, T = 0 is consistent with the data, although the E1 radiation then seems
somewhat too strong for a ∆T = 0 transition (1964HO02). See also (1973RO24) in reaction 15
and (1975AU02).

A resonance for capture radiation at Ep = 2.567 ± 0.003 (Ex = 8.894 MeV) has a width of
40± 2 keV and decays mainly via 10B*(0.7) (1953MA1A): unpublished Ph.D. Thesis). It appears
from the width that this resonance corresponds to that observed in 9Be(p, α), Jπ = 2+, T = 1 and
not to the 9Be(p, n) resonance at the same energy (1956MA55). A further resonance is reported at
Ep = 4.72 ± 0.01 MeV, Γ ≈ 0.5 MeV (1952HA10).

In the range Ep = 4 to 18 MeV, the γ0 yield at 90◦ shows the resonance at Ep = 4.7 MeV
(Ex = 10.7 MeV) and shows fluctuations suggesting states at Ex ≈ 14.6, 15.6 and 19.7 MeV.
It is suggested that 10B*(19.7) decays via E1 and therefore Jπ = 2−, 3−, 4−. The other three
states presumably decay by M1 and therefore Jπ = 2+, 3+, 4+. These fluctuations appear on a
nearly constant γ0 yield with a 90◦ differential cross section ≈ 1.5 µb/sr. The average of γ1 is
≈ 2

3
of the γ0 yield. The broad giant resonance peak is centered at Ex ≈ 14.5 MeV. Fluctuations

in the γ1 yield are reported at Ex ≈ 12.6, 13.3 and 14.1 MeV. These states presumably decay by
M1 to 10B*(0.7) [Jπ

f = 1+] and therefore Jπ
i = 0+, 1+, 2+. The weak γ2 yield (to 10B*(1.74)

[Jπ = 0+; T = 1]) seems to exhibit a braod peak centered near Ex = 15 MeV (maximum 90◦

differential cross section ≈ 0.5 µb/sr) and possibly some structure near Ex = 20 MeV. The γ3

yield (to 10B*(2.15) [Jπ = 1+]) increases to ≈ 0.4 µb/sr at Ex ≈ 16 MeV and seems to remain
constant beyond that energy, with some suggestion of a fluctuation corresponding to Ex ≈ 12.9
MeV. 10B*(12.9) appears to have positive parity. Angular distributions of γ0, γ1, γ2 and γ3 are also
reported (1970FI1B); unpublished Ph.D. thesis).

The magnetic moment of 10B*(0.72) has been studied via γ − γ correlations from 10B*(7.56):
g = +0.63 ± 0.12 (1972AV01). For measurements of the mean life of 10B*(0.72), see Table 10.9.
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See also (1966YO1A, 1973SZ07, 1974SO1D).

15. (a) 9Be(p, n)9B Qm = −1.850 Eb = 6.5853

(b) 9Be(p, 2n)8B Qm = −20.428

Resonances in the neutron yield occur at Ep = 2562± 6, 4720± 10 and, possibly, at 3500 keV
with Γc.m. = 84 ± 7, ≈ 500 and ≈ 700 keV. These three resonances correspond to 10B*(8.889,
10.84, 9.7): see Table 10.13 in (1974AJ01).

The Ep = 2.56 MeV resonance is considerably braoder than that observed at the same energy
in 9Be(p, α) and 9Be(p, γ) and the two resonances are believed to be distinct (1956MA55). The
shape of the resonance and the magnitude of the cross section can be accounted for with J π = 3−

or 3+; the former assignment is in better accord with 10Be*(7.37). For Jπ = 3−, θ2
n = 0.135,

θ2
p = 0.115 (R = 4.47 fm). The Jπ = 2+ level should contribute about 10% to the cross section at

Ep = 2.56 MeV (1962AL1A).
Polarization measurements have been carried out for Ep = 2.4 to 2.9 MeV by (1976RO05) who

find that it is unlikely that both states at Ex = 8.89 MeV have even parity. (1976BY1A, 1976LI1J,
1977BY1A; abstracts) have compared the polarization and the analyzing power for Ep = 3 to 10
MeV. (1976CR1B; abstract) report measuring an excitation function for Ep = 3.6 to 5.6 MeV as
well as the angular distribution of the analyzing power at the 4.72 MeV resonance. The polarization
transfer coefficient has been studied for Ep = 3.9 to 15.1 MeV by (1976LI08): negative values of
Ky′

y (0) are reported near Ep = 7 MeV in a region where several states are known to exist in 10B;
a spin-flip mechanism may also be involved.

Differential cross sections have been measured at 0◦ at Ep = 14.7 and 19.7 MeV (1975MC18)
and 29.4, 39.2 and 50.6 MeV (1976RO10). See also (1973AT01, 1975SE1G, 1977LO10), (1976AR1F,
1976NO1E, 1976WA1B, 1976WA1C) and 9B. The 8B yield (reaction (b)) has been measured for
Ep = 22.0 to 47.5 MeV (1974DA18). See also (1978BY1B, 1978DE37; theor.).

16. (a) 9Be(p, p)9Be Eb = 6.5853

(b) 9Be(p, pn)8Be Qm = −1.6652

The elastic scattering has been studied for Ep = 0.2 to 2.7 MeV [see (1974AJ01)] and at 1.95
to 2.8 MeV (1973MA59), 2.3 to 2.7 MeV (1977KI04), 4.0 to 6.0 MeV (1974YA05, 1974YA1C;
also p1, p2) and 6.3 to 9.5 MeV (1974WI21; also p2). Below Ep = 0.7 MeV only s-waves are
present exhibiting resonance at Ep = 330 keV [10B*(6.88)], Jπ = 1−. Between Ep = 0.8 to 1.6
MeV polarization and cross-section measurements are well fitted by a phase-shift analysis, using
only the 3S1, 5S2, 5P1 and 5P2 phases. Four levels satisfy the data, 1+ and 2− states at Ex = 7.48
MeV, a sharp 0+ state at Ex = 7.56 MeV, and a 1− state at 7.82 MeV: see Table 10.13 (1956MO90,
1973RO24).
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Table 10.13: Resonances in 9Be(p, p)9Be

Eres (keV) Ex (MeV) Γc.m. (keV) Jπ Γp/Γ Refs.

330 6.88 145 1− 0.30 (1956MO90, 1969MO29)

980± 10 7.467 65± 10 1+ a 1.0 (1973RO24, 1969MO29, 1956MO90)

980± 10 a 7.467 80± 8 2− 0.90± 0.05 (1973RO24, 1969MO29, 1956MO90,
1956DE33)

1084± 2 7.560 2.7 0+ 1.0 (1956MO90, 1969MO29)

(1200± 30) (7.66) 250± 20 (1+) 0.30± 0.10 (1969MO29)

1370± 20 7.817 265± 30 1− a 0.90± 0.05 (1973RO24, 1969MO29, 1956MO90)

(2070± 10) (8.4) 70± 10 (1−, 2−) 0.43 (1976MA64)

(2300) (8.65) ≈ 300 (1+, 2+) (1973RO24, 1973MA59) c

(2480) (8.82) (3−; 1) (1970AN1B, 1973MA59)

2560 8.89 ≥ 2; (1) e large (1956DE33, 1970AN1B, 1973MA59,
1977KI04)

(4600) b (10.7) (1972YA06, 1974YA05, 1974YA1C)

(5100) (11.2) (1972YA06, 1974YA05, 1974YA1C)

6700 d 12.6 broad (1972VO17, 1973VO02, 1974WI21)

a See, however, (1969MO29). (1969MO29) also suggest states Ex = 7.44 and 8.1 MeV with Jπ = 1− and 2+ and
Γc.m. = 130± 10 and ≈ 80 keV: see discussion in (1973RO24).
b (1974YA1C, 1974YA05) suggest resonances at Ep = 4.5 MeV (Γ = 1 MeV; p0), 4.5 MeV (Γ = 0.2 MeV; T = 0;
p0), 4.7 MeV (Γ = 0.3 MeV; 2+; T = 1; p0, p2) and 5.1 MeV (Γ = 0.3 MeV; p1). See also Table 10.14.
c (1973MA59) suggest anomalies in the p0 exciation function at Ep = 2.350, 2.430, 2.545, 2.560, 2.610 and 2.720
MeV.
d Weak resonance near Ep = 6.5 MeV in p0 (1974WI21).
e Resonance shape shows lp = 2 formation with a large Γp/Γ: the contribution from the 2+ state appears small
(1977KI04).

Pronounced minima at Ep = 2.48 and 2.55 are observed in the polarization (p0): these are
ascribed to T = 1 analogs of the 3− and 2+ states 10Be*(7.37, 7.52) (1970AN1B). A strong
anomaly is observed at Ep = 6.7 MeV: see Table 10.13. (1973VO02) find that the p0 differential
cross sections and polarization analyzing power are adequately described by a spherical optical
model potential for Ep = 13 to 30 MeV: only the volume real potential depth VR and the surface
imaginary potential depth WS need vary with energy. When coupled-channels analyses were made
(1973VO02) found that a quadrupole-deformed optical model potential with a deformation β = 1.1
gives an improved description of the (p, p0) data and good fits to data obtained for (p, p2).

Polarization measurements have been reported at Ep = 0.9 to 49.8 MeV, at 138.2 and 145 MeV,
and at 990 MeV: see (1974AJ01). Recent measurements have been carried out at Ep = 2.0 to 2.8
MeV (1976MA64, 1973MA59) and 5.8 MeV (1974VA03) and at Ep = 32 MeV (1976MO1B).
The angular distributions of the depolarization parameter, D, have been studied at Ep = 17 and
25 MeV (1974BI14, 1976BA1Q, 1976BL1B). See also (1970BE1B). Total reaction cross sec-
tions are reported at Ep = 20.1 to 46.2 MeV (1974MC19, 1975SL02). For earlier measurements
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Table 10.14: Resonances in 9Be(p, d)8Be and 9Be(p, α)6Li

Ep Ex Γc.m. Jπ; T Γp/Γ θ2
p θ2

d θ2
α Refs.

(MeV) (MeV) (keV)

0.34 6.89 1−; 0 0.30 0.34 0.15 0.055 (1956MO90, 1973SI27)

0.46 7.00 1+(2+, 3+) b 0.3 0.3 0.1 (1949TH05, 1951NE03,
1973SI27)

(0.68) (7.20) (1949TH05, 1951NE03)

0.94 7.43 140 (2−; 0) 0.7 0.04 0.02 (1956WE37, 1964HO02)

1.15 7.62 225 ± 50 (1+; 0) ≈ 0.4 ≈ 0.1 (1956WE37, 1964HO02)

1.65 8.07 800 ± 200 (2−; 0) ≈ 0.07 0.18 0.21 (1956WE37, 1964HO02)

(2.3) (8.7) (≈ 220) (1956WE37, 1965MO1K)

2.56 c 8.89 36 ± 2 2+; 1 a (1956WE37, 1973MA59,
1977KI04)

3.5 9.7 ; 1 a (1959MA20)

4.49 d 10.62 ; 1 a (1959MA20)

a Resonance for α2 to 6Li*(3.56), Jπ = 0+, T = 1.
b See, however, (1971BA41) in reaction 3.
c (1977KI04) have analyzed the (α2γ) and p0 yields with an R-matrix formalism and find the following parameters:

2.566± 0.001

2.561+10
−2

2+

3−
Γc.m. =

{

40 ± 1 keV,

100± 20 keV.

d (1974YA1C) suggest a T = 0 resonance in the α0 yield at Ep = 4.5 MeV (Γ = 0.2 MeV), a (2+; T = 1) state at 10.8 MeV
(Ep = 4.7 MeV) seen in the α2 and possibly in the α1 channels (Γ = 0.3 MeV), and a state of mixed isospin at 11.5 MeV
(Ep = 5.5 MeV, Γ = 0.5 MeV) seen in the α1 and α2 channels.

see (1974AJ01). For reaction (b) see 8Be. For spallation studies see (1976KO03, 1977AV01).
See also (1973GO41, 1974GU23, 1975CA1L, 1975SE1G, 1978FR1D), (1974LO1B, 1976SH1J),
(1974GU24, 1974GU13, 1975BA05, 1975BL10, 1975MA1H, 1976MA58, 1976RA1F, 1977KO1M,
1978BY1B, 1978FA04; theor.) and 9Be.

17. (a) 9Be(p, t)7Be Qm = −12.083 Eb = 6.5853

(b) 9Be(p, 3He)7Li Qm = −11.202

See (1976KO03, 1977AV01). See also 7Li and 7Be.
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18. (a) 9Be(p, d)8Be Qm = 0.5594 Eb = 6.5853

(b) 9Be(p, α)6Li Qm = 2.125

Knowledge of the cross sections of these two reactions at low energies is of importance for
power generation and astrophysical considerations: see (1973SI27). Absolute cross sections for
the d0 and α0 groups have been measured for Ep = 28 to 697 keV with ±5 − 6% uncertainty.
The value of Sc.m. (E = 0) for the combined cross sections is estimated to be 35+45

−15 MeV · b.
At the 0.33 MeV resonance (Jπ = 1−), σα0 = 360 ± 20 mb and σd0 = 470 ± 30 mb. The data
(inclusing angular distributions), analyzed by an R-matrix compound nucleus model, were fitted
by assuming three states at Ep(c.m.) = −20 keV (Jπ = 2+; 3+ possible) [Ex = 6.57 MeV] [see,
however, Table 10.8], 310 keV (1−) and 410 keV (1+; 2+ or 3+ possible) (1973SI27).

Measurements of exciation functions for deuterons and α-particles have been reported at a
number of energies to Ep = 15 MeV: see (1974AJ01). Recent measurements include those of
(1973MA59: 2.2 to 2.8 MeV; α0), (1977KI04: 2.50 to 2.64 MeV; α2γ), (1974YA1C: 4.0 to 6.0
MeV; d0, α0, α1, α2) and (1974WI21: 6.3 to 9.5 MeV; d0, α0). Observed resonances are displayed
in Table 10.14.

Polarization measurements have been made in the range Ep = 0.30 to 15 MeV and at 185
MeV: see (1974AJ01). A recent study is reported at Ep = 15 MeV by (1976DA15; d0, d1). See
also 6Li, 8Be, (1976KO03, 1977AV01) and (1974LO1B).

19. 9Be(d, n)10B Qm = 4.3607

Neutron groups are observed corresponding to the 10B states listed in Table 10.15. Thresholds
for slow-neutron production corresponding to 10B states with 4.7 < Ex < 6.6 MeV are displayed
in Table 10.17 of (1974AJ01). Angular distributions have been measured from Ed = 0.5 to 16
MeV [see (1959AJ76, 1966LA04, 1974AJ01)] and at 15.25 MeV (1975AZ02; n to 10B*(0, 0.7,
1.7 + 2.2, 3.6, 5.11 + 5.16, 5.92 + 6.03, 6.35 + 6.50)). Observed γ-transitions are listed in Tables
10.6 and 10.16. Reported values of τm are displayed in Table 10.9.

From all the various experiments the follwoing picture emerges: the first five states of10B have
even parity [from lp]. The ground state is known to have J = 3, by direct measurement, and
10B*(1.74) has Jπ = 0+ and is the T = 1 analog of the 10Cg.s. [from the β+ decay of 10C]. Then
looking at the branching ratios and lifetimes of the other states, the sequence for 10B*(0, 0.72,
1.74, 2.15, 3.59) is Jπ = 3+, 1+, 0+, 1+, 2+ [see discussion in (1966LA04, 1966WA10)].

At Ed = 83.7 MeV the relative neutron yield down to En = 4 MeV is bell-shaped with a peak at
about 34 MeV and a FWHM of ≈ 22 MeV (1976MA43). See also 11B in (1980AJ01), (1973SR1A,
1974KA34, 1975SR01, 1977BA2K, 1977LO10, 1977RI08, 1978LO1C) and (1975AU1C, 1976EA1A;
applications).

20. 9Be(3He, d)10B Qm = 1.0918
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Table 10.15: Levels of 10B from 9Be(d, n)10B a

(1965BU10) (1973PA14) (1967FI01)
10B* (MeV ± keV) lp

d Srel
e Srel

k 10B* (MeV ± keV) lp
g Srel

h

0 1 1.0 1.0 0 1 1.0

0.72 b 1 2.3 1.97 0.72 ± 10 1 2.8

1.74 b 1 1.0 f 1.42 1.74 ± 10 1 1.4 f

2.15 b 1 0.41 0.41 2.15 ± 10 1 0.5

3.59 b 1 0.45 0.10 3.58 ± 10 (1) 0.3

4.77 b (≥ 2) 0.43 4.77 ± 10 undetermined 0.07 if l = 1

0.4 if l = 2

5.11 ± 20 0 1.3 0.14 5.11 ± 12 0 1.7 i

5.16 ± 20 1 0.43 5.17 ± 14 1 0.6

5.90 ± 80 (1) 1.3 0.49 5.93 ± 10 1 0.7

6.10 ± 80 (2)







6.03 ± 12

6.14 ± 10 (2) 0.3 i,j

6.35 ± 50 (0) (0.86), 0.51

6.50 ± 50 1 6.57 ± 10 (3)

6.95 ± 30 c 0 1.8







6.89 ± 15

7.00 ± 12

(1)

(1)

7.50 ± 50 7.48 ± 15

7.60 ± 50 7.56 ± 25

(7.85 ± 50)

(8.07 ± 50)

(8.12 ± 50)

a See also Table 10.17 in (1966LA04).
b Ex not determined for the first five excited states.
c Γ ≈ 200 keV.
d Ed = 2.6 − 3.2 MeV and 7 MeV.
e Ed = 7 MeV. (1974KE06) recalculate Srel for 10B*(0, 1.74) to be 1.0 and 1.06.
f See, however, (1967TA1A).
g Ed = 3.0, 3.5, 5.5 MeV.
h Average of values shown by (1967FI01). See also (1975AZ02; Ed = 15.25 MeV).
i PWBA.
j If J = 3.
k Average of values shown by (1973PA14) at Ed = 12.0, 15.0 and 16.0 MeV. (1974KE06) have reanalyzed the results
for 10B*(0, 1.74) and find Srel(ave.) = 1.0 and 1.36.
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Table 10.16: The γ-rays observed in 9Be(d, n)10B

Transition Eγ (keV) Branching ratio d (%)

0.7 → g.s. 716.6 ± 1 a 100

1.7 → g.s. < 2

1.7 → 0.7 1022 ± 2 a 100

2.15 → g.s. 2152 ± 15 a 22

2.15 → 0.7 1433 ± 5 a 27

2.15 → 1.7 413.5 ± 1 a 51

3.59 → g.s. 3583 ± 13 b,c 19 ± 4 e

3.59 → 0.7 2872 ± 15 b,c 70 ± 7 e

3.59 → 1.74 < 1 e

3.59 → 2.16 11 ± 2 e

5.16 → g.s. 5.159 ± 16 b 5.5 ± 0.7 b

5.16 → 0.7 4461 ± 13 b,c 29.5 ± 2 b

5.16 → 2.16 3028 ± 15 b 65 ± 2 b

a (1949RA02).
b (1963WA17): Doppler corrected.
c M1 + E2 (1964WA05).
d See Table 10.6.
e (1969GA06).

Deuteron groups have been seen corresponding to a number of states of 10B: see Table 10.17.
Angular distributions have been measured at Ed = 10 to 25 MeV [see (1974AJ01)] and at E(3He) =
33.3 MeV (1976KA23) and lead to the lp and spectroscopic factors shown in Table 10.17. For τm

see Table 10.9. See also (1973CL1D, 1977RI08) and 12C in (1980AJ01).

21. 9Be(α, t)10B Qm = −13.229

Angular distributions have been studied at Eα = 27 MeV (1974KE06; t0, t1, t3), 28.3 MeV
(1965KA14; t0, t1) and Eα = 43 MeV (1967SI1A; t0, t2). The transition to 10B*(1.74) [0+; T = 1]
is suppressed by at least a factor of five compared to the transitions to the T = 0 states (1974KE06).
See also 13C in (1976AJ04).

22. 9Be(7Li, 6He)10B Qm = −3.390
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Table 10.17: Levels of 10B from 9Be(3He, d)10B

Ex (MeV ± keV) Jπ lp
e Srel

f Srel
i Sabs

j

0 3+ 1 1.0 1.0 0.68

0.717 ± 10 a 1+ 1 1.8 1.8 1.15

1.744 ± 10 a 0+ 1 2.6 g 2.6 g

2.156 ± 10 a 1+ 1 0.71 0.55

3.59 b 2+ 1 0.30

4.77 c 0.15

5.11 d

5.16 c,d

}

0.66 h

5.92 c,d 2+ 1 1.2

6.03 d

6.13 c,d 0.90 h

6.56 c,d 0.86 h

a (1960HI08).
b The Ex of this state and of the states below have not been determined.
c (1967CR04).
d (1966FO08).
e See text.
f Ed = 10 MeV (1967CR04).
g The t · T term significantly changes Srel (1968TA1A).
h (2J + 1)Srel.
i Ed = 17 MeV (1966SI02); see also (1973PA14). (1974KE06) have

recalculated Srel for 10B*(0, 1.74) and find 1.0 and 1.58.
j (1976KA23): E(3He) = 33.3 MeV; the transferred j are 3

2 and 1
2 for

10B*(0, 0.7).

At E(7Li) = 34 MeV angular distributions have been obtained for the 6He ions to the first four
states of 10B. Absolute values of the spectroscopic factors are S = 0.88, 1.38 (p1/2 or p3/2), 1.40
and 0.46 (p1/2), 0.54 (p3/2) for 10B*(0, 0.74, 1.74, 2.15) (FRDWBA analysis) (1977KE09). See
also (1974KE06).

23. 10Be(β−)10B Qm = 0.5559

See 10Be.
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24. (a) 10B(γ, n)9B Qm = −8.436

(b) 10B(γ, p)9Be Qm = −6.5853

(c) 10B(γ, d)8Be Qm = −6.0259

(d) 10B(γ, α)6Li Qm = −4.4605

Absolute measurements have been made of the 10B(γ, Tn) cross section from threshold to 35
MeV with quasimonoenergetic photons; the integrated cross section is 0.54 in units of the classical
dipole sum (60NZ/A MeV · mb). The (γ, 2n) + (γ, 2np) cross section is zero, within statistics,
for Eγ = 16 to 35 MeV (1976KN04). The giant resonance is broad with the major structure
contained in two peaks at Ex = 20.1±0.1 and 23.1±0.1 MeV (σmax ≈ 5.5 mb for each of the two
maxima) (1973HU09, 1976KN04). Using 12.5 MeV bremsstrahlung (1968SH21) report peaks in
the (γ, p) cross section corresponding to 10B states at 8.8 ± 0.1 [Jπ = 2+], 9.2 ± 0.1 [3+] and
(≈ 10.5) [π = +] MeV, with T = 1. See (1959AJ76, 1966LA04) for reactions (c) and (d). See
also (1974BU1A, 1976BE1H).

25. 10B(γ, γ)10B

See (1967LO1B).

26. (a) 10B(e, e)10B

(b) 10B(e, ep)9Be Qm = −6.5853

The quadrupole contribution to the elastic form factor is best accounted for by the undeformed
shell model, Q = 7.45 (±20%) fm2, 〈r2〉1/2 = 2.45 fm (1966ST12). The magnetic form factors
for Ee = 70 to 200 MeV have been determined for the elastic group (+ a small contribution due
to 10B*(0.7)): there is no evidence of an M3 contribution – the magnetic octupole moment <

∼ 1.6
fm2, a0 = 1.4 ± 0.2 fm (1966RA29).

Inelastic groups are displayed in Table 10.18. There is evidence for M1 transition strength
to at least one level at Ex ≈ 11 MeV (1976FA13). See also (1977YE1A). No sharp states are
observed for 15 < Ex < 20 MeV (1977YE1A). See also (1974AJ01, 1974DE1E, 1975FA1A) and
(1973GA19, 1974TA20, 1976DU05, 1978BO09; theor.). At Ee = 700 MeV the proton separation
spectra (reaction (b)) are similar to those observed in (p, 2p) except for an upward shift in the
exciation (1978NA05).

27. 10B(n, n′)10B
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Table 10.18: Radiative widths from 10B(e, e)

Ex in 10B (MeV) Jπ; T a Mult. R (fm) Γγ0 (eV) Refs.

5.11 2−; 0 M2 (6.9 ± 1.4) × 10−4 c (1976FA13) g

4.8 ± 1.1 (10.2 ± 2.2) × 10−4 d (1976FA13) g

6.014 ± 0.020 4+ E2 (4.6 ± 1.0) 0.3 ± 0.07 d,e (1976FA13)

0.122 ± 0.020 f (1966SP02)

7.477 ± 0.020 2+; 1 b M1 11.3 ± 2.0 c (1976FA13)

2.4 ± 0.4 10.1 ± 1.9 d (1976FA13)

11.0 ± 2.2 (1966SP02, 1969CH1A)

8.90 2+; 1 E2 0.5 ± 0.2 d (1976FA13) g

3−; 1 M2 (6 ± 2) × 10−3 d (1976FA13) g

10.79 M1 or E2 (1976FA13)

11.56 (M1) 11.4 ± 2.3 c (1976FA13)

a From Table 10.5.
b From (1966SP02, 1976FA13); Γ ≈ 40 keV (1966SP02); see, however, Table 10.11.
c From comparison with DWBA oscillator model; oscillator parameter, 1.88 (1976FA13).
d From DWBA corrected PWBA generalized Helm model expressions (1976FA13).
e There is some question, due to other states in this region, as to whether all of the strength is due to a transverse E2

transition to the 4+ state.
f See also (1977YE1A).
g Γγ0

is too large for an M2 transition. Unresolved contributions from other 10B states may be present [I am grateful

to P.M. Endt and L. Fagg for discussions of this matter].

Angular distributions have been studied for En = 1.5 to 14.1 MeV [see (1974AJ01)] and at
En = 4.08 to 8.03 MeV (1978KN01; elastic) and 14.1 MeV (1974HY01; to 10B*(0+0.7, 1.7+2.2,
3.59, 6.03 and groups of unresolved states at higher Ex). The breakup of 10B + n into 2α + d + n
has been studied at En = 14.4 MeV (1975AN1C). See also 11B in (1975AJ02).

28. 10B(p, p′)10B

Angular distributions have been measured for Ep = 3.0 to 49.5 MeV [see (1974AJ01)] and
at 30.3 MeV (1976DE15: to 10B states with Ex < 6.6 MeV). Table 10.19 displays the observed
results. The 4+ state at 6.03 MeV is the most strongly excited of the 10B states [see (1974AJ01)];
B(E2↑) = 26 ± 5 fm4 and Γ(E2↓) = 0.14 eV (1965JA1A).

Gamma rays have been observed with Eγ = 718.5±0.2 keV and 1021.5±0.5 keV (1966FR09:
from decay of Ex = 718.5±0.2 and 1740.0±0.6 keV) and Eγ = 720.1±2.0, 1022.0±2.0, 1435.1,
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2155.6 ± 2.0 and 2868.5 ± 2.0 keV (1969PA09: from decay of Ex = 720.4 ± 1.9, 1742.3 ± 2.3,
2155.4 ± 1.9 and 3589.7 ± 2.2 keV). See also reaction 40. (1968MA18) report δ(E2/M1) =
−(0.23+0.06

−0.05) or −(4.1+1.0
−0.7) for the 2.15 → 0.72 transition. The 1.74 → g.s. and 3.59 → 1.74

transitions have not been observed: < 0.2% and < 0.3%, respectively (1966SE03). The branching
ratio for 5.16 → 1.74 is < 0.5% and 5.16 → 3.59 is (4.5 ± 1)% [see Table 10.6] (1967PA01).
See Table 10.9 for τm measurements. See also 11C in (1980AJ01), (1977CO1G) and (1974GU13,
1977PH02; theor.).

29. (a) 10B(p, 2p)9Be Qm = −6.5863

(b) 10B(p, pn)9B Qm = −8.436

(c) 10B(p, pα)6Li Qm = −4.4605

The summed proton spectrum (reaction (a)), observed at Ep = 460 MeV, shows peaks corre-
sponding to the removal of an l 6= 0 proton at Q = −6.7±0.5, −11.9±0.5 and −17.1±0.6 MeV;
for removal of an l = 0 proton, Q = −30.5 ± 0.6 MeV (1966TY01). See also (1974AJ01). For
reaction (b) see (1977WA05) and for reaction (c) see (1974AJ01).

30. 10B(d, d′)10B

Deuteron groups have been observed corresponding to twelve states of 10B: see Table 10.19.
The very low intensity of the group to 10B*(1.74) (1974ST01) and the absence of the group to
10B*(5.16) (1962AR02) is good evidence of theor T = 1 character. Angular distributions have
been reported at Ed = 4 to 28 MeV [see (1974AJ01)] and at 6.5 to 12.0 MeV (1974ST01; d2, d3),
13.6 MeV (1975ZA08; d0) and at Ed = 15 MeV (1974BU06; d0). See also 12C in (1980AJ01) and
(1977IZ01; theor.).

31. 10B(t, t)10B

Angular distributions of elastically scattered tritons have been measured at Et = 1.5 to 3.3
MeV: see (1974AJ01).

32. 10B(3He, 3He′)10B

Angular distributions of elastically scattered 3He have been measured at E(3He) = 4 to 32.5
MeV: see (1974AJ01). Angular distributions have also been measured at E(3He) = 32.5 MeV
to 10B*(0.72, 1.74, 2.15, 3.59, 4.77, 5.11 + 5.16 + 5.18, 6.03, 6.56). L = 2 gives a good fit to
the distributions of 3He ions to 10B*(0.72, 2.15, 3.59, 6.03): derived βL are shown in Table 10.19
(1968SQ01).
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Table 10.19: 10B levels from 10B(p, p′), 10B(d, d′) and 10B(3He, 3He′)

Ex (MeV ± keV) Γc.m. (keV) L βL βL

(1953BO70) a (1974KA15) b (1962AR02, 1964AR04) a (1964AR04) (1968SQ01) h (1976DE15) i (1968SQ01) h (1976DE15) i

0 0

0.717 ± 5 b 0.7183 ± 0.4 2 0.37 ± 0.04 0.67 ± 0.05

1.739 ± 5 c ≡ 1740.2 (3) (0.69 ± 0.09)

2.152 ± 5 2.1541 ± 0.5 2 0.36 ± 0.04 0.49 ± 0.04

3.583 ± 5 3.5870 ± 0.5 2 0.36 ± 0.04 0.45 ± 0.04

4.771 ± 5 4.7740 ± 0.5

5.1103 ± 0.6 3 0.45 ± 0.04

5.1639 ± 0.6 5.16 ± 10 d

5.18 ± 10 e 110 ± 10 g

5.9195 ± 0.6 5.92 ± 10 < 5 0.28 ± 0.03

6.0250 ± 0.6 6.03 ± 10 < 5 2 0.95 ± 0.04

6.1272 ± 0.7 6.13 ± 10 < 5 2 h, 3 i 0.62 ± 0.03 0.58 ± 0.03

6.55 ± 10 25 ± 5 3 i 0.59 ± 0.03 j

7.00 ± 10 95 ± 10

7.48 ± 10 f 90 ± 15

a (p, p′) and (d, d′).
b (p, p′).
c This state not observed at Ed = 7.6 MeV (1953BO70) nor at Ed = 10.0 MeV (1962AR02). Intensity of this d2 group

<
∼ 1% of d3 group for Ed = 6 to

12 MeV (1974ST01).
d Not observed in (d, d′) at Ed = 10 MeV (1962AR02).
e Not reported in (p, p′) at Ep = 10 MeV (1962AR02).
f Relative intensity in (d, d′) at Ed = 11.4 MeV < 2%.
g (1962AR01).
h (3He, 3He′): E(3He) = 32.5 MeV.
i (p, p′): Ep = 30.3 MeV.
j If Jπ = 2−; βL = 0.46± 0.04 if Jπ = 4−.
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33. (a) 10B(α, α′)10B

(b) 10B(α, 2α)6Li Qm = −4.4605

Angular distributions have been measured at Eα = 5 to 30 MeV and at 56 MeV [see (1974AJ01)]
as well as at 24 MeV (1976DE34; to 10B*(0, 0.72, 2.15, 3.59, 4.77, 5.11 + 5.18, 5.92 + 6.03)),
30, 32, 34 and 40 MeV (1976BE1M; α0) and at 50.6 MeV (1976BE1M; α0, α1, α3, α4, α5).
10B*(1.74) is not observed. Sα for 10Bg.s. = 0.29 (1976WO11).

At Eα = 24 MeV a kinematically complete study of reaction (b) is said to require 17 new states
of 10B with 8.66 < Ex < 16 MeV (1974ST13). See also 14N in (1975AJ02) and (1974DO1G).

34. (a) 10B(6Li, 6Li)10B

(b) 10B(7Li, 7Li)10B

Elastic scattering angular distributions (reaction (a)) have been studied at E(6Li) = 5.8 (1976PO02)
and 30 MeV (1977KE09). The elastic scattering in reaction (b) has been studied at E(7Li) = 24
MeV (1972WE08). See also (1974KO1G).

35. (a) 10B(10B, 10B)10B

(b) 10B(11B, 11B)10B

Elastic scattering angular distributions (reaction (a)) have been studied at E(10B) = 8, 13 and
21 MeV (1975DI08). For yields see (1975DI08, 1976HI05, 1978MA07). For reaction (b) see
(1976HI05).

36. 10B(12C, 12C)10B

Elastic scattering angular distributions have been measured at E(10B) = 18 MeV (1968VO1A,
1969VO10) and 100 MeV (1975NA15, 1977TO02). For fusion cross section measurements see
(1976ST12, 1977HI01). See also (1973BR1C) and (1978AV1A; theor.).

37. 10B(14N, 14N)10B

The elastic scattering angular distribution has been studied at E(10B) = 100 MeV (1975NA15).
For fusion cross-section measurements see (1977HI01, 1977WU1B, 1978KO1J, 1978WU1B, 1978WU1C).
See also (1978RO1D; astrophys.) and (1977MO1J; theor.).
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38. (a) 10B(16O, 16O)10B

(b) 10B(18O, 18O)10B

Elastic scattering angular distributions (reaction (a)) have been studied with E(16O) = 15.0
to 32.5 MeV [see (1968OK1B, 1968OK06, 1969KR03)] and at E(10B) = 100 MeV (1975NA15,
1977TO02). For fusion cross section measurements see (1977GO1C). The elastic scattering in
reaction (b) has been studied for E(18O) = 20, 24 and 30.5 MeV (1971KN05).

39. 10B(19F, 19F)10B

The elastic scattering has been investigated for E(19F) = 20 and 24 MeV (1971KN05).

40. 10C(β+)10B Qm = 3.651

The weighted mean of earlier values of the half-life is 19.42 ± 0.06 sec: see (1974AJ01).
Recent values are τ1/2 = 19.28 ± 0.02 sec (1974AZ01). And 19.151 ± 0.026 sec (1974RO21):
we adopt the average, τ1/2 = 19.255 ± 0.053 sec (1975HA45). The decay is to 10B*(0.7, 1.7):
see Table 10.20 for branching ratios and log ft. The “corrected” ft value for the transition to
10B*(1.7) is then 3108 ± 31 sec, based onEβ+(max) = 1910.22 ± 0.59 keV to 10B*(0.7) [see
10B(p, n)10C] (1975HA45). The excitation energies of 10B*(0.7, 1.7) are Ex = 718.32 ± 0.09
and 1740.16 ± 0.17 keV [Eγ = 718.29 ± 0.09 and 1021.78 ± 0.14 keV] (1969FR02). Based on
the decay 10Cg.s. → 10B*(1.7) and on other 0+ → 0+ decays, (1975HA45, 1977TO11) find an
effective coupling constant G′

V = (1.4128 ± 0.0005) × 10−49 erg · cm3, in agreement with the
CVC hypothesis. The Fierz interference constant bF ≤ 0.006 (1975HA45). See also (1975RA37),
(1974AS07, 1974WI02, 1975KR14, 1977AZ02, 1977RI08, 1977SZ03, 1978SZ03; theor.) and
this footnote † .

41. 11B(γ, n)10B Qm = −11.4552

The intensities of the transitions to 10B*(3.59, 5.16) [T = 0 and 1, respectively] depend on the
region of the giant dipole resonance in 11B from which the decay takes place: it is suggested that
the lower energy region consists mainly of T = 1

2
states and the higher energy region of T = 3

2

states (1971PA10). See also 11B in (1980AJ01).

† Note added in proof: Q0 = −23360.74± 0.5 keV (J.A. Nolen, private communication): this leads to an atomic
mass excess of 15699.9± 0.5 keV for 10C.
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Table 10.20: The β-decay of 10C a

Decay to 10B* Branching ratio log ft Refs.

(MeV) (%)

0.72 98.53 ± 0.02 3.047 (1972RO03)

1.74 1.465 ± 0.014 3.492 ± 0.005 (1972RO03, 1975HA45) c

1.52 ± 0.08 (1969BR13)

2.15 ≤ 8 × 10−4 b > 5.67 (1972GO1A)

a See also Table 10.21 in (1974AJ01).
b See also (1969BR13).
c See also (1974RO21).

42. 11B(p, d)10B Qm = −9.2306

Angular distributions of deuteron groups have been measured at Ep = 17.7 MeV (1977GU14;
d0, d1), 19 MeV (1963LE03; d0 → d4), 33.6 MeV (1968KU04; d0 → d5 and deuterons to states at
5.18 (unres.), 6.04 (unres.)), and 154.8 MeV (1969BA05, 1969TO1A; d0 → d4 and d to 5.1± 0.1,
11.4±0.2 and 14.1±0.2 MeV). The weak excitation of states at 6.56 and 7.5 MeV is also reported
(1968KU04), and Γc.m. of 10B*(11.4) = 1.1 ± 0.2 MeV (1969BA05). Spectroscopic factors have
been extracted by [(1963LE03): PWBA; (1968KU04): DWBA; (1969BA05); and (1969TO1A):
DWBA].

43. 11B(d, t)10B Qm = −5.1979

Angular distributions have been measured at Ed = 11.8 MeV (1969FI1A; t0 → t3; l = 1;
S = 1.88, 0.94, 1.35, 1.35, respectively). The transition to 10B*(2.15) proceeds predominantly via
a p3/2 transfer whereas a dominant p1/2 transfer occurs for the transition to 10B*(0.72) (1974VA1E;
Ed = 27.8 MeV). See also (1974AJ01) and 13C in (1980AJ01).

44. (a) 11B(3He, α)10B Qm = 9.1226

(b) 11B(3He, 2α)6Li Qm = 4.662

Reported levels are displayed in Table 10.21. Angular distributions have been measured at a
number of energies between E(3He) = 1.0 and 33 MeV: see (1974AJ01). For the decay of the
observed states see Table 10.6; for lifetime measurements see Table 10.9.
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Table 10.21: 10B levels from 11B(3He, α)10B

Ex
a (MeV ± keV) Ex (MeV ± keV) Γc.m.

b,c (keV) l d Srel
d

0 1 1.0

0.718 ± 7 1 0.22

1.744 ± 7 1 0.73

2.157 ± 6 1 0.44

3.587 ± 6 1 0.09

4.777 ± 5 1 0.09

5.114 ± 5

5.166 ± 5 1 1.81

5.923 ± 5

6.028 ± 5

6.131 ± 5

6.573 ± 8 6.566 ± 10 b 30 ± 10

7.002 ± 10 b 95 ± 10

7.475 ± 10

7.567 ± 10

7.87 ± 40 b 240 ± 50

10.85 ± 100 c 300 ± 100

11.52 ± 35 b,c 500 ± 100 c

12.56 ± 30 b,c 100 ± 30

13.49 ± 50 c 300 ± 50

14.4 ± 100 c 800 ± 200

(18.2 ± 200) c (1500 ± 300)

a (1965GO05).
b (1967PU04).
c (1976AJ01).
d (1969DE10): 33 MeV; JULIE code.
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The αα angular correlations (reaction (b)) have been measured for the transitions via 10B*(5.92,
6.03, 6.13, 6.56, 7.00). The results are consistent with Jπ = 2+ and 4+ for 10B*(5.92, 6.03) and
require Jπ = 3− for 10B*(6.13). There is substantial interference between levels of opposite parity
for the α-particles due to 10B*(6.56, 7.00): the data are fitted by Jπ = 3+ for 10B*(7.00) and
(3, 4)− for 10B*(6.56) [the 6Li(α, α) results then require Jπ = 4−] (1971YO05). See, however,
(1973SI27) in reaction 18.

45. 11B(16O, 17O)10B Qm = −7.311

See (1968OK06).

46. 12C(γ, d)10B Qm = −25.1875

See (1973SK1A).

47. 12C(n, t)10B Qm = −18.9302

Not reported.

48. 12C(π−, 2n)10B Qm = 111.372

See (1977BA51).

49. (a) 12C(p, 3He)10B Qm = −19.6940

(b) 12C(p, pd)10B Qm = −25.1875

Angular distributions of 3He ions have been measured at Ep = 39.8 MeV (1973HO10; to
10B*(0, 0.72, 1.74, 2.15, 3.59)), 51.9 MeV (1977YA10; to 10B*(0, 0.72, 1.74, 2.15, 3.59, 4.77,
5.16, 5.92, 6.56, 7.50, 8.90)) and 185 MeV (1972DA26; to 10B*(0, 1.0, 1.7, 2.5, 3.5, 4.8, 6.0,
7.3)). See also (1974KA15). In reaction (b) (1978DE1N) report the excitation of the first four
states of 10B. See also (1977GR04: Ep = 75 MeV; spectroscopic factors). See also (1976HU1B)
and (1974ZH01, 1975BA1H; theor.).

42



50. 12C(d, α)10B Qm = −1.3408

Alpha groups have been observed to the known states of 10B below Ex = 7.1 MeV: see Table
10.23 in (1974AJ01). Angular distributions have been measured for Ed = 5.0 to 29.1 MeV [see
(1974AJ01)] and at 13.8 to 16.0 MeV (1974JO01; α2), 14 and 15 MeV (1974JO01; α0, α1, α3), at
Ed = 20.7 and 29 MeV (1977CO17; α0, α1, α3, α4, α5), and at Ed = 40 MeV (1976VA07; α0,
α1, α3, α4, α5). Single particle S-values are 1.5, 0.5, 0.1, 0.1 and 0.3 for 10B*(0, 0.72, 2.15, 3.59,
4.77) (1976VA07; ZRDWBA). A study of the ms = 0 yield at Ed = 14.5 MeV (θ = 0◦) leads to
assignments of 3+, 2− and (3+, 4−) for 10B*(4.77, 5.11, 6.56) (1975KU15).

The population of the isospin forbidden group to 10B*(1.74) [α2] has been studied with Ed up
to 30 MeV: see 14N in (1976AJ04). See also (1977TO1E, 1978IZ02; theor.).

51. 12C(α, 6Li)10B Qm = −23.714

Angular distributions have been reported at Eα = 42 MeV (1972RU03; to 10B*(0, 0.72, 2.15))
and at 46 MeV (1976MA50; to 10B*(0, 0.72, 2.15, 3.59).

52. 12C(10B, 3α)10B Qm = −7.2748

See (1965SH1A).

53. (a) 12C(11B, 13C)10B Qm = −6.5088

(b) 12C(12C, 14N)10B Qm = −14.9151

(c) 12C(14N, 16O)10B Qm = −4.4512

For reaction (a) see (1974AJ01). For reaction (b) see (1974AN36). Angular distributions
(reaction (c)) have been measured at E(14N) = 53 MeV (1976ZE04; to 10B*(0, 0.72, 2.15, 3.59))
and 78.8 MeV (1977MO1H; to 10B*(0, 0.72, 2.15)). See also 16O in (1981AJ01).

54. 13C(p, α)10B Qm = −4.0626

Angular distributions have been measured for Ep = 5.8 to 18.0 MeV (1975OB01; α0 and α2

from Ep = 7.95 MeV) and at 43.7 and 50.5 MeV (1972MA21; α2 (L = 1) and α to 10B*(6.03)
(L = 3)). See also 14N in (1976AJ04).
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55. 13C(11B, 14C)10B Q = −3.2787

See (1974AN36).

56. (a) 14N(γ, α)10B Qm = −11.6132

(b) 14N(p, pα)10B Qm = −11.6132

For reaction (a) see (1959AJ76); for reaction (b) see (1961CL09).

57. 14N(d, 6Li)10B Qm = −10.140

See (1978OE1B).

58. 14N(3He, 7Be)10B Qm = −10.027

At E(3He) = 41 MeV groups to 10B*(0, 0.72, 2.15, 3.59, 6.1) have been observed. The
transition to 10B*(1.74) is very weak (1971DE37). See also (1976RO04).

59. 14N(α, 8Be)10B Qm = −11.7051

See (1976WO11, 1974WO1C).

60. 14N(11B, 10B)15N Qm = −0.6219

See (1970GO1B).

61. 15N(11B, 16N)10B Qm = −8.964

See (1974AJ01).

62. 16O(p, 7Be)10B Qm = −25.270

See (1974AJ01).
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10C
(Figs. 21 and 22)

GENERAL (See also (1974AJ01).):

Model calculations: (1974IR04, 1976IR1B).

Special reactions (See also reaction 2 in (1974AJ01).): (1973BA81, 1974RI1A, 1975BA1Q,
1976BE1K, 1976BU16, 1977AR06).

Pion reactions (See also reactions 3 and 9 here.): (1975GI1B, 1975RE01, 1977WA02, 1977HO1B,
1978AM01).

Astrophysical questions: (1972PA1C, 1976VI1A, 1977SI1D).

Other topics: (1974IR04, 1976IR1B, 1976VO1C).

Ground state properties: (1975BE31) ‡ .

1. 10C(β+)10B Qm = 3.651

10C decays with a half-life of 19.255 ± 0.053 sec to 10B*(0.7, 1.7): the branching ratios are
(98.53 ± 0.02)% and (1.465 ± 0.014)% respectively (1972RO03): see reaction 40 in 10B in Table
10.20.

2. 7Li(7Li, 4n)10C Qm = −18.172

See (1974CE06).

3. 9Be(p, π−)10C Qm = −136.633

At Ep = 185 MeV the π− spectrum shows groups corresponding to 10C*(0, 3.36 ± 0.07,
5.28 ± 0.06, 6.63 ± 0.15). Angular distributions have been obtained for the π− corresponding
to these four states. The π+/π− intensity ratio is usually >> 1 for analog states in 10Be and
10C (1973DA09). The population of 10Be*(0, 3.35, 5.28) is also reported at Ep = 613 MeV
(1978CO15). See also (1974DI20, 1975RE01, 1976DI10, 1976NO1D; theor.).

‡ Note added in proof: Q0 = −23360.74± 0.5 keV (J.A. Nolen, private communication): this leads to an atomic
mass excess of 15699.9± 0.5 keV for 10C.
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Table 10.22: Energy levels of 10C

Ex (MeV ± keV) Jπ; T τ or Γc.m. (keV) Decay Reactions

g.s. 0+; 1 τ1/2 = 19.255 ± 0.053 sec β+ 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13

3.3508 ± 0.9 2+ τm = 155 ± 25 fsec γ 3, 5, 6, 9, 10, 12

5.22 ± 40 a Γ = 225 ± 45 keV 3, 5, 6, 10

5.38 ± 70 a 300 ± 60 3, 5, 6, 10

6.580 ± 20 (2+) 200 ± 40 3, 4, 6, 10

a One of these two states is presumably a 2+ state.

4. 9Be(3He, 2n)10C Qm = −5.566

See (1974MO23).

5. 10B(p, n)10C Qm = −4.434

Ethresh. = 4880.6 ± 0.6 keV (1974RO21); the mean of this measurement and the earlier mea-
surement of (1966FR09) leads to Q0 = −4432.84 ± 0.6 keV (1974RO21). See also (1976FR1D).

The first excited state of 10C is located at Ex = 3.3527 ± 0.0015 MeV (1969PA09; from
γ-decay). τm for 10C*(3.35) = 155 ± 25 fsec; Γγ = 4.25 ± 0.69 meV (1968FI09). Angular
distributions have been measured for the n0 and n1 groups and for the neutrons corresponding to
10C*(5.2± 0.3) at Ep = 30 and 50 MeV. The excitation of 10C*(6.5 ± 0.3, 8.3± 0.3, 8.9± 0.3) is
also reported (1970CL01). See also 11C in (1980AJ01).

6. 10B(3He, t)10C Qm = −3.670

Angular distributions have been measured at E(3He) = 14 MeV (1970NU02; t0) and 217 MeV
(1976WI05; t0, t1 and t to 10C*(5.6)). The latter have been compared with microscopic calculations
using a central + tensor interaction [Jπ = 0+, 2+, 2+] (1976WI05). The previously reported
structures at 5.28 ± 0.06 and 6.58 ± 0.06 MeV (1966MA36) are best fitted by Ex = 5.22 ± 0.04
[Γ = 225±45 keV], 5.38±0.07 [300±60 keV] and 6.580±0.020 MeV [190±35 keV] (1975SC27).
[It is not clear which of the 5.2–5.4 MeV states is the 2+ state studied by (1976WI05).] See also
(1974AJ01) and 13N in (1981AJ01).
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7. 10B(6Li, 6He)10C Qm = −7.158

See (1974AJ01).

8. 12C(γ, 2n)10C Qm = −31.846

See (1977JO02) and 12C in (1980AJ01).

9. 12C(π+, d)10C Qm = 110.728

At Eπ+ = 49.3 MeV dσ/dΩlab = 0.65±0.25 µb/sr (θ = 30◦) for the transitions to 10C*(0+3.4)
(1978AM01).

10. 12C(p, t)10C Qm = −23.364

Angular distributions have been reported at Ep = 30.0 to 54.1 MeV [see (1974AJ01)] and at
51.9 MeV (1977YA10; t to 12C*(0, 3.35, 5.28, 6.6)) and 80 MeV (1977AN1E; t to 12C*(0, 3.35,
5.3)). L = 0, 2 and 2 for 10C*(0, 3.35, 5.28 ± 0.06), and therefore Jπ = 0+, 2+ and 2+: see
(1967BE27, 1977YA10) but note that the “5.28 MeV” state is probably unresolved [see reaction 6
and 10Be]. At Ep = 51.9 MeV 10C*(0, 3.4) are strongly excited and states at Ex = 5.28, 5.55 and
6.6 MeV [L = 2 → Jπ = 2+] are weakly populated. The (p, t) angular distributions are compared
with those of the (p, 3He) reaction to analog states in 10Be (1977YA10).

The excitation energy of 10C*(3.4) is 3350.0 ± 1.0 keV (1974BE66). (1967BE27) find Ex =
6.61 ± 0.06 MeV, Γc.m. = 300 ± 50 keV. See also (1974KA15, 1977BA2L) §

11. 12C(12C, 10C)14C Qm = −18.723

See 14C in (1976AJ04).

12. 13C(3He, 6He)10C Qm = −15.241

§ Note added in proof: Q0 = −23360.74± 0.5 keV (J.A. Nolen, private communication): this leads to an atomic
mass excess of 15699.9± 0.5 keV for 10C.
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At E(3He) = 70.3 MeV the angular distributions of the 6He ions corresponding to the popula-
tion of 10C*(0, 3.35) have been measured. The group to 10C*(3.35) is much more intense than the
ground state group: multi-step processes may be important (1973KA16). (1976DE27) suggest, on
the basis of an FRDWBA analysis, that the process can be interpreted as a direct cluster transfer to
both final states. See also (1974AJ01).

13. 14N(3He, 7Li)10C Qm = −12.816

See (1971DE37).

10N, 10O
(Not illustrated)

Not observeed: see (1974IR04, 1975BE31; theor.).

10F, 10Ne
(Not illustrated)

Not observed: see (1975BE31; theor.).
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