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1zBe
(Fig. 8)

An activity of 7, = 11.4 + 0.5 msec, ascribed t&Be, is observed in the GeV proton irra-
diation of 1°N, 160, 180, 1F, 22Na and*"Al targets (L965PO03}. A peak in the particle-identifier
spectrum from 5.3 GeV protons on U confirms the existenc¢éR¥, but the assignment of the 11.4
msec half-life is rendered uncertain by the discovery/ bf (1966PO0Y. A calculation by Kurath
(see ref in (1965PO0Y suggestdog ft = 3.5 for the ground stateFs- (max) is then~ 11.7
MeV for the abover; . (M — A) for ?Be is then~ 25.1 MeV, which would mean that’Be
is bound with respect t&'Be + n by ~ 3.2 MeV. See also{960GO1B 1960ZE03 1961BA1G
1967AU1B.

128
(Figs. 5 and 8)

GENERAL:

See (956KU1A 1959FL41 1960TAL1C 1963RE1C 1963RU1GC 1964MA2A, 1964NA1G
1964ST1B1965UB1C 1966MA1R 1967HA1Q 1967KE1K 1967KEL1L 1967MO1R 1968HI1Q.

1= +1.003 & 0.001 nm (1967SUO}.

1. 12B(57)'12C Qm = 13.370

Measured values of the half-life are displayed in Tdl#e2 The decay is complex?B decays
to the ground state dfC and to several excited states: $&. The transition td*C, ;. and (4.4)
are allowed: hencé(*?B) = 1™.

2. SLi("Li, p)!2B Qm = 8.337

At E("Li) = 2 MeV, eleven groups of protons are reported to known stateé8qfL959M0O17.
At E("Li) = 2.6 MeV, a 1.67 MeV~y-ray is reported by(962BE24. Angular distributions of pro-
tons have been determined BPE7GA06 E(°Li) = 3.5 MeV, po, p1, P2, P3) and by (1967KI03
E('Li) = 3.78 to 5.95 MeV, p, p1, P2, P3+4, Ps). Except for p, the distributions are nearly
isotropic. See alsal@57N0O141962BE16.



Table 12.1: Energy levels 6fB

a

E.in'?B J" 7 orI (keV) Decay Reactions
(MeV + keV)
g.s. 1" T2 = 20.41+£0.06 msec| (B~ |1,2,3,56,7,8,9,12,15, 1]
22,24
0.95314 + 0.60 2t Tm = 300 4 33 fsec vy 2,3,6,8,12
1.67365 %+ 0.60 2- < 50 fsec y 2,3,6,8,12
2.6208 £ 1.2 1~ < 70 fsec 0 2,3,6,8,12
2.723+ 11 | (< 3%) vy 12,3,8,12
3.388 + 7 (< 31) <15 n~y |2868,912
3.756 £ 7 2% 37+4 n~vy |26,8,9,10,12
4303 £ 7 (1)~ 9+4 n~vy |26,8,9,10
4.540 + 20 37 110 £+ 20 n,y |2,6,8,9,10, 12
5.00 % 20 1) 60 4 20 ny |268,910
5.610 20 2 110 £ 20 n 2,6,8,10
5.730 £+ 20 3 60 + 15 n 6, 8,10
6.6 >0 140 n 6, 10
(6.76) 65 n 6, 10
7.54 >3 <14 n 6, 10
(7.66) >0 45 n 10
7.77 >0 90 n 6, 10
(7.96) >0 27 n 6, 10
8.23 > 1 65 n 10
8.40 110 n 6, 10
8.49 > 1 75 n 10
9.03 > 1 120 n 6, 10
9.95 >0 100 n 10
10.53 > 2 65 n 10
12.27 > 2 120 n 10

~I

2 And thirteen resonances fiBe(t, n)''B.



Table 12.2: Half-life of*B 2

7172 (Msec) Ref.
20.6 4 0.2 (1958VE20)
1815 (1957CO57

20.7+0.3 (1958BU1H

20.4+ 0.4 (1959FA03
18.87 + 0.50 (1959KR1B
20.31 4 0.20 (1961SCO0Y
20.15+0.2 (1962PO02"
20.80 4+ 0.15 (1962NE13

20.340.1 (1963FI09

20.2 4 0.2 (1963PE1D
20.41 +0.06 | Weighted average

& See also1955AJ6).
b See also1962MA19.
¢ Excluding (L957CO571959KR1B.

3. "Li("Li, d)12B Qm = 3.309

The gamma decay of the first four excited states has beeredtbgi (963CAQ09: besides
the 0.95 MeV state, the states at 1.67 and 2.72 MeV decay plyn@the ground statex{ 98%
and > 80%, respectively), while the 2.62 MeV state decays primarily cascades through the
0.95 or 1.67 MeV states{ 80%). 7,(2B*(0.95)) = 295 =+ 40 fsec; 7,,(}2B*(1.67)) < 50 fsec
(1967THZX). See alsd'B(d, p)'?B. See alsoX962BE24 1967WY 1B and!*C in (1970AJ0J.

4.9Be(t, n}'B Qum = 9.561 By, = 12.930

Reported resonances in the yield of neutrong at 0° are listed in Tabldd2.3(1961VA1Q.
See alsol962SE1A.

5. Be(x, p)’B Qm = —6.884

See (951MC57 1955RA41 1962WE1QG,.



Table 12.3: Resonances‘iBe(t, n}'B (1961VA1Q

E, (MeV) | E,in 2B (MeV) | I'.,, (keV) || E; (MeV) | E, in 2B (MeV) | ', (keV)
1.00 13.679 100 1.880 14.339 45
1.130 13.777 1.932 14.378 40
1.350 13.942 60 2.045 14.462 70
1.405 13.983 50 2.130 14.526 75
1.505 14.058 70 2.210 14.586 60
1.585 14.118 65 2.325 14.672 50
1.765 14.253 110
6.°Be('Li, a)12B Qm = 10.463

At E("Li) = 3.5 MeV, a-groups are seen to the ground staté’8f and to levels at 0.90, 1.61,
2.58, 3.27, 3.60, 4.22, 4.39, 4.90, 5.60, 5.80, 6.61, 7.0»,77.77, 8.05, 8.34 and 9.06 MeV.
Angular distributions have been obtained for the first fivaes for£("Li) = 3.3, 3.5 and 3.75
MeV. The total cross sections range from 1.1 to 2.3 mb. Alldaugdistributions are characterized
by backward maximal@61H0O19. See also{966RO1E.

7.9Be(!B, 20)'2B Qm = 1.799

See (963HO1B.

8. 19B(t, p)'2B Qm = 6.343

Eleven excited states 6fB have been observed by960JA1} at £, = 5.5 MeV and by
(1964MI109 at £, = 10 MeV. Widths andJ™ values derived from angular distribution analy-
ses (964MI049) are displayed in Tablé2.4 See alsoX963H0O19 and (L965SH1E 1966SH1FE
1967BALE theor.).

9. 'B(n,)1?B Qum = 3.369

The thermal neutron capture cross section4s3 mb (1962IM01). The excitation function of
[~ particles (from'?B decay) shows a resonancefat= 20 keV, withwI', ~ 0.4 eV,I' < 10 keV
(1964MO07. In the range 140 to 2325 keV, resonances are observeéd-at0.43, 1.03, 1.28 and
1.78 MeV, with radiation widths of 0.3, 0.3, 0.2 and 0.9 e\gpectively ¢50%) (1962IM07J).



Table 12.4: Parameters tB states from°B(t, p)'?B

E.in 2B (MeV) I" (keV) L? Jr 2
(1960JA17" | (1964MI04 | (1960JA1F
g.s.
0.955 0 3"
1.673
2.627 0 3"
2.73 ©) | (39
3.393 0 3"
3.754 42+ 5 45 1 |27,3,4~
4.297 <15
4514 100 = 15 50 1 127,37,4
5.00 130 +£40 ~ 40
5.612 120 £+ 20 145 0 3"
5.724 70 £+ 20 0 3"
2 (1964MI104.

b +8 keV, except for the 2.73 and 5.00 MeV states.

10.1'B(n, n)!'B B, = 3.369

The thermal (bound) scattering cross section for B.is+ 0.2 b (1958HU18 1961WI1A).
The scattering amplitude (bound)ds= 6.6 + 0.3 fm (1965D014, 6.53 + 0.35 fm (1966DO1).
Parameters of observed resonances.in are listed in Tablel2.5 The resonance &, = 20
keV (1966MO09 is also observed ik'B(n, 7)'2B (1964MO07. Angular distributions near the
E, = 0.43 MeV resonancé.J = 2) showcos ¢ terms, indicating interference with s-wave poten-
tial scattering. The best fit to the data is obtained With 1 formation of the resonance, either all
channel spin 1 or all channel spin 2955WI25. Polarization results can be explained by inter-
ference of s- and p-wave neutrons at this resonab@@2EL0). The £, = 1.28 MeV resonance
can be fitted with/ = 3, [ = 2 with the partial width in channel spin 2 equal to 10 times ihat
channel spin 1. Potential scatteringiat= 1.5 MeV is nearly all s-wavej, = —90° (1955WI25.

A resonance not seen in earlier work is reported1$6QIM0J) at £, = 1.027 MeV. The observed
cross section is consistent with s-wave formatiéh,= (1)~. Polarization and differential cross
section measurements have been carried out at 70 neutngiesnieom 0.075 to 2.25 MeV. Large
polarizations are observed from the resonandg,at 1.28 MeV up to 2.25 MeV. Resonance be-
havior of the interference terms indicates that the parifé>B*(4.54) and (5.00) must be opposite
(1967LA1LN).



Total cross sections frord, = 3.4 to 15.5 MeV have been studied bi961FOO07: see Table
12.5 There is no evidence of sharp structure in the rah@e< F, < 17.3 MeV. Limitations of
statistical accuracy exclude observation/of 0 levels abover, = 4 MeV, and of J = 1 levels
aboveL, = 12 MeV in this work. Total cross sections frof}, = 14.1 to 18.0 MeV are reported
by (1954CO18.

See alsol963BA1F 1963KU1F 1963NE1H 1965M01J1967MA1K) and (L1963LU1Q 1966AG1A
theor.) and 1959AJ7§.

11. (8)!'B(n, d)\°Be Qu = —9.004 E, = 3.369
(b) 'B(n, t’Be Qm = —9.561
(©) 'B(n, a)5Li Qum = —6.632
(d) ''B(n, p)''Be Qm = —10.731

Reaction (a) has not been reported. At = 14.1 MeV, the cross section for reaction (b) is
15 + 5 mb (1958WY67). The cross section for reaction (c) decreases from 27 nif) at 12.6
MeV to 16 mb atF,, = 20.0 MeV (1956AR2). At E, = 14.1 MeV, the cross section i¥5 + 7
mb (1959SA04 see alsol962KA37, 1963CH201966M0O09). The cross section for reaction (d)
has been measured féf, = 14.7 to 16.9 MeV (962KA37 1966ST1]. See alsoX959AL83
1964ST25.

12.1'B(d, p)*B Qm = 1.144

Observed proton groups and gamma rays are displayed in TalieAngular distributions of
protons leading to the ground and 0.95 MeV states are of @petérest because of the lo@-
value: see studies byl953H048 1961G027 1961G0281961PU1B 1962G024 1963R0O22
1963SE1F 1963SE1G 1964FI10 1964TI03 1965BE1V, 1965FI05 1965GA02 1965L002
1965SA15 1966GA09 1966HA1Q 1967B0O17 1967MO1Q 1967SC2%. Spectroscopic factors
are listed by {965GA02 1966GA09 1967MO1Q 1967SC2%. Polarization of the recoil’B is
reported by {959CH10 1967SUO03J.

The 0.95 MeV level is formed by p-wave captutf;, = 0*, 1*, 2* or 3*. The observed
anisotropy of the/-radiation (960KO03 1963WA2Q 1965BE1\) excludes/ = 0. The mean life
of the state i9.30 4+ 0.033 psec (9680L0). So short of a life excludes pure E2 radiation and
henceJ # 3, and limits§? = E2/M1 intensity ratio to< 0.02 for J = 1 or 2 (1963WA2Q. The
observed polarization of theray also excludes = 3 (1965BE1\). Gammas correlations in the
cascadd .67 — 0.95 — g.s. fixJ = 2; the amplitude mixing ratio = E2/M1 for~ (0.95) is in
the range-0.124 — 0.00 (1968CHO0Y. The energy of the level &53.14 + 0.60 keV (1966WI01J).
The observed', = 2.2+0.25 meV and the mixing rates E2/M1 are in satisfactory agreenvéht
IPM predictions {9680L0). See also1961G0271961G0281966BE311967B0O17.

8



Table 12.5: Resonances'itB(n, n)''B #

E, I, (lab) 12g* [P 62 ¢ JT
(MeV + keV) (keV) (MeV)
0.024 <1.5 3.387
043 +10° 4045 376 | 1 0.036 | 2+h
1.027+ 111 10+4 4310 O (1)~
1.28+20° 140 + 20 4.54 2 0.28 3= h
1.78 £20° 65 £+ 20 5.00 1 0.012 | 1¢
(2) 0.056
2.45+20° 120 4+ 40 5.61 1 0.017 2°
2 0.053
2.58 +£20° 60 £ 20 5.73 1 0.008 | 3¢
2 0.025
3.5¢ 140 (c.m.) 6.6 >0
(3.70) 65 (c.m.) (6.76) >0
4.55 <14 (c.m.) 7.54 >3
(4.68) 45 (c.m.) (7.66) >0
4.80 90 (c.m.) 7.77 >0
(5.01) 27 (c.m.) (7.96) >0
5.31 65 (c.m.) 8.23 > 1
5.49 110 (c.m.) 8.40
5.59 75 (c.m.) 8.49 > 1
6.18 120 (c.m.) 9.03 > 1
7.18 100 (c.m.) 9.95 >0
7.82 65 (c.m.) |10.53 > 2
9.72 120 (c.m.) | 12.27 > 2
2 (1964ST25. b (1951B0451955WI25 1964ST25.

©(1951BO4Y; R = 4.5 fm.

4 (1964M0O07 1966M0O09.

€ (1951B0O451958HU181964ST2%.

f(19621M0)).

¢ This resonance and all the higher energy ones have beervetdsr (L 961F00).
h (1955W125 1966MO09.

! The parity appears to be even: s@8q7LALN).



Table 12.6:%B levels from!'B(d, p)'*B

12g* It Jre Gamma decay T &
(MeV =+ keV) (%) (fsec)
0 1 1t —
0.95314+0.60* | 1 2" to g.s. 300 4+ 33
0.947+5"
0.952+3°¢
1.67365+0.60* | O 2- (3.24+0.4) — 0.95 < 50
1.674+ 11" (96.840.4) — g.s.
2.6185+3.5*? 0 1 (14 £3) — 1.67
2.6208 +1.24 (80 £3) — 0.95 <70
2.618+11" (6+1) — g.s.
2723 £ 11" | (1) | (£3T) (> 85%) — g.s.
3.383£9P 1 ](<3%) r,y<oire
3.76°
4.53¢ 2
2 (1966WI0).

b (1950BU1A 1953EL13.

© (1961JA23.

d (19680L0).

© (1953HO4$.

f (1953H0481961G0271961G0281962G0241965GA02 1966GA09.
& See (965GA02 1968CHO3.

The 1.67 MeV state is formed by s-wave capturé, = 1~ or 2=. The gamma decay is
mainly direct, with a(3.2 + 0.5)% (19680L0), 3.0 4 0.6% (1968CHO0Y branch via'?B*(0.95):
Tm < 50 fsec (L9680L0). See also{964CH04 1963WA2Q 1965GA03. Gammas correlations
lead to an assignment = 2~ (1964CH04 1965GA02 1968CHO0Y. The energy of the level is
1673.65 + 0.60 keV (1966WI101)).

The 2.62 MeV level is formed by s-wave captwé,= 1~ or2~ (1962G0241965GA03. The
level decays mainly vi&B*(0.95) (80 4 3)%. The ground-state branch(is+ 1)% (19680L0):
Tm < 70 fsec (L9680L0). See also(963WA2Q 1965GA03. Gammas correlations lead to
JT=17. E, = 2620.8 +£ 1.2 keV (19680L0), 2618.5 &+ 3.5 keV (1964CH04 1966WI0]). See
also (L965GA02.

10



The 2.72 MeV level is only weakly excited; most probahly= 1, J™ < 3T, althoughl,, =
0, 2 are not excluded1@65GA03. The decay is mainly, if not entirely>( 85%) to the g.s.
(19680L0): see alsdLi("Li, d)'?B.

The 3.39 MeV state is formed by = 1 (1953HO4§; I',/T" < 0.1 (1965GA0). See also
(1963BR16 1966BE1E 1966GO1L, 1966SC231967CH19.

13.1'B(t, d)'2B Qm = —2.888

Not reported.

14.1'B(a, *He)'2B Qum = —17.209

Not reported.

15.12C(n, p)2B Q= —12.588

See (948JE031959AL83 1967ME1) and'3C in (1970AJ04.

16.12C(t, *He)'2B Qum = —13.352

Not reported.

17.13C(y, p)'?B Qum = —17.535

See (963NE0J and'3C in (1970AJ0J.

18.13C(d, *He)'?B Om = —12.041

Not reported.

19.13C(t, )'2B Qm = 2.280

11



Not reported.

20.1C(n, 2B

Not reported.

21.C(p,*He)"*B

Not reported.

22.11C(d, 0)'2B

See (950HU721956D04).

23.N(n, *He)"’B

Not reported.

24.BN(n, a)'2B

See (948JEO}

Qm = —17.229
Qm = —17.993
Qum = 0.361
Qm = —17.366
Qm = —7.623

12



12C
(Figs. 6 and 8)

GENERAL:

Shell model : (1956KU1A 1956PE1A 1957KU58 1960ME1G 1960TA1C 1960WE1C
1961BA1E 1961TR1B 1963NA04 1963VI1A 1964AM1D, 1964CL1A 1964GI1B 1964GI1C
1964NE1E 1965BA2E 1965C0251965FA1C 1965NE1C 1966GI1A 1966HAL1E 1966VALD,
1966Y0O1B 1967C0O321967EV1C 1967KU1N 1968HI1H).

Collective model : (1959BA1F, 1959BR1E 1961CL10Q 1962CL131962GO1R1962WA17
1963G01Q1964BR1H 1964VO1B 1965ST221965UB1B 1965UB1A 1965VO1A 1966BO1X
1966DA1F 1966DR1E1966KR02 196 7BA2N 1967BO1G1967B0O041967BR1E1967KR1G
1967LA09 1967LA1G 1967PA101967RI1B 1967RO1G 1967SA1K 1967SO1A 1967S0O07
1967BA1K 1967BA12 1967BA2D, 1968MI1E 1968SO1B.

Cluster model : (1956GL1B 1956PE1A 1959PI1B 1960BI1E 1960IN1B 1960SH1A
1966HE1C1962MA1H 1963MA1D, 1963MALE 1964GR1M 1964MA1G 1965BA2D 1965BE1H
1965FA1C 1965IN1A 1965KULE 1965NE1B 1965SH1]11966DA1J1966DU10 1966HALR
1966HE1C 1966KA1A, 1966BR1U 1967NO1C 1967TAL1C 1967U101 1968GO0).

Special levels : (1959BA1D, 1960BA3§ 1960WELG 1960ZE1B 1961YO1A 1962BA1G
1963DU1G 1963SE171964LI1B, 1964NA1G 1964PA1H 1966BR2E 1966MEOQ5 1966MO08
1967RO1).

E1 giant resonance : (1960SA1FE 1962NI1D, 1962V101, 1963MI1B, 1963PE041964GI1C
1964MI1E 1966DR1F1966LE1J1967BA2N 1967DA1H 1967DR10 1967KE1L 1967ME1G
1967MU1F, 1967Y004 1968KA1M).

Special reactions : (1961BE1E1961JA1H1964AF1A 1964DU1D 1964PA1H 1964RE1B
1965KR1A 1965MA1X, 1966DE1G1966DU1D 1966PH1C1967AU1R 1967KA1C 1967ZI1A).

Transition probabilities : (1956EL1G 1957KU58 1962KU1D, 1962WA17 1963BO1D0
1963KI1D, 1963KU03 1963MALE 1964CL10Q 1965GR1H1965ST221967HS1A 1967KU1N.

Muon capture : (1965FO1F1965UB1A 1966FR1J1967BA78 1968BA2G.

Other topics : (1959CA1B 1964RA1A 1966BA42 1966BO1R 1966WI1E 1966YO1C
1967BL1D 1967EL1E 1967NE1G.

1. (2)°Li(°Li, a)*Be O = 20.808 B, = 28.177
(b) SLi(°Li, n)''C Qu = 9.457
(c) SLi(°Li, p)"'B Qum = 12.220

13



(d) SLi(SLi, d)'°B
(e)6Li(5Li, na)"Be
(f) SLi(°Li, pa)’Li
(g) SLi(6Li, 5Li)5Li

Q. = 2.989
Qn = 1.912
Qu = 3.556

Table 12.7: Energy levels 6fC

E. in'2C J* T r Decay Reactions
(MeV = keV) (keV)
0 0™; 0 — stable 3,4,6, 15,16, 17, 18, 19, 23, 24,
25, 26, 27, 28, 29, 36, 38, 39, 4D,
42,43, 44, 45, 46, 47, 48, 49, 50,
51,52, 53, 54, 55, 56, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 6D,
70,72,73,74,75,76,77,78
4.4392 + 0.3 270 11.7 £ 0.5 meV ot 6, 15, 16, 17, 19, 23, 24, 25, 28,
29, 36, 38, 39, 40, 43, 44, 47, 48,
49, 51, 53, 54, 55, 60, 61, 63, 65,
66, 68
7.653 + 3 0™; 0 9.7+3.3eV ¥, T, Q 6, 15, 17, 23, 24, 28, 36, 38, 39,
40, 43, 44,51, 54, 55, 61, 65
9.638 =5 3;0 34 £+ 5 keV v, & 6, 15, 17, 19, 23, 24, 36, 38, 39,
40, 44, 47, 55, 61, 65
10.3 £300 | (0%); 0 3000 % 700 6, 24, 28, 38, 51
10.844 + 16 1-;0 320 + 20 6, 15, 23, 24, 38, 39, 55, 61, 65
11.828 £ 16 2-;0 274 + 20 15, 17, 23, 24, 38, 39, 44
12.713 £6 170 Y0, V1, & 15, 17, 23, 24, 39, 44, 51, 53, 6[1
13.352£17 | (27);0 400 + 50 a 15, 23, 24, 61
14.083 £ 15 47);0 258 £15 15, 23, 39, 44, 47, 61,
14.71 £ 10 <15 24
15.109 & 4 11 3944 1.5eV Yo M1 2, 6, 15, 17, 23, 30, 36, 39, 51,
53, 55, 61
16.106 = 1 2+; 1 6 + 0.6 keV Yo, V1, Y3, @0, O1, P 15, 19, 23, 29, 36, 39, 61
16.577+£20 | 27 (1) 300 N1, a1, P 15, 19, 21, 30, 53
17.23 1-:1 1150 Yoy Y1, a0y a1, P | 19, 21, 23, 29
17.77 0+; (1) 100 0, a1, P 19, 21
(18.1) (1) 500 Yo, @ P 34, 36, 39
18.36 (3-:0) 310 vy a0 anLp | 19,21

14



Table 12.7: Energy levels 6fC (continued)

E.in'2C J. T e m. Decay Reactions

(MeV =+ keV) (keV)

18.39 0" 42 D 21

18.71 (:1) 100 a0, P 19

18.84 271 100 Y1, P, N 19, 20, 21

19.2 (1: 1) 1100 Yos 71, a0, a1, Py N | 19, 20, 21, 30, 36

19.2 2 1) 500 36, 39

19.39 (2+: 0) (1100) vy a0 anLp | 19,21

(19.42) 45 p 21

(19.69) 180 p, N 20

19.88 a0 p 21

20.24 150 p, n 20,21

20.47 180 Y1, a1, P 19, 39

20.64 (3:1) 200 y1, g, Py N 15, 19, 20, 21

20.99 270 p, n 20, 39

21.49 430 Y0, P, N 19, 20, 39

22.1 Yoy Y1, a0, PN | 19, 20, 30, 39

22.6 (1-:1) 3200 Yo, P 19, 29, 30, 31, 36, 39

22.64 330 p, n 20

23.04 60 p, n 20

23.52 350 p, n 20, 30, 39

23.6 Y0, Y1, @0, P, N 19, 20

23.89 170 p, n 20

(24.2) p, N 20

24.44 80 p, n 15, 20

24.93 900 p, n 20

25.25 (:;2) 115 Y1, P, N 19, 20

25.4 (1-:1) ~ 6500 Yor Y1 19, 29, 30

25.96 400 p, N, d,a 9,12, 20, 39

26.9 270 ~1, Py N 19, 20

27.45 Y0, P, N, d 10, 19, 30

28.0 350 Y0, P1, P, N,>He | 5,19

28.45 S 19

28.9 Y0, P, a, N 19, 29, 30, 34

15




Table 12.7: Energy levels 6fC (continued)

E.in'2C J. T e m. Decay Reactions
(MeV =+ keV) (keV)
32.4 Yo, N 31
34.4 1-;1) ~ 4000 Y0s Y1y P 19, 30, 36

Elastic scattering, studied fd#(°Li) = 3.2 to 7.0 MeV follows the Mott formula at low ener-
gies, but deviates at energigs4.0 MeV. Angular distributions can be accounted for by thaiBl
cut-off model, but the parameters are not sharply defia®a@§P103.

For E(°Li) = 1.2 to 2.8 MeV, population ratios ofBe*(0.43), "Li*(0.48) and 1°B*(0.72)
remain approximately constant. Simple tunneling or conmgawicleus models are not compatible
with the data and a direct interaction through long-range isuggestedl©62MC13. Absolute
reaction cross sections ai(°Li) = 2.1 MeV are in reasonable agreement with estimates based
on barrier penetration. A strong preference deemission suggests that the favored mechanism
involves interacting clustersl963HUO0J. A conspicuous feature of the-spectrum involves a
transition through highly excited states&8e, possibly those at, = 22.2 and 22.9 MeV with
largeSLi + d parentagel963KA2Q 1964MA26. Angular distributions ofy, and«; indicate
stripping (L964MA26 2.0 to 4.4 MeV). Noticeable fluctuations of protons angulstributions
and of0° «a-yields in the rangeZ(°Li) = 2.4 to 9.0 MeV (L966KI09, and 2.2 to 14.5 MeV
(1967AL1H, indicate compound nucleus effects. See al¥62DE1F 1963BA1Q 1963C0O35
1963LE19 1964CA1G 1964GA1E 1965N01A, ®Be and!°B in (1966LA04), and!'B and!!C
here.

2. SLi("Li, n)'2C Qum = 20.924

At E("Li) = 2.6 MeV, population of thé?C states at 15.11 and 4.44 MeV is reporte@g2BE 2.
See also1957N0O171963KA1B.

3. SLi(11B, an)'2C Qum = 12.260

See (963HO1B.

4.7Li("Li, 2n)!2C Qum = 13.672

See (962BE161962BE23.
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5. (3)°Be(He, )12C Qum = 26.282 E, = 26.282

(b) °Be(He, n}'C Qm = 7.562
(c) °BelHe, p)}'B Qm = 10.325
(d) °BelHe, d}°’B Qm = 1.094
(e)BelHe, tyB Qm = —1.087
(f) °Be(He, )Be Qum = 18.913

(9) °Be(He,*He)yBe

The yield of capture-rays to the ground and 4.4 MeV states (reaction (a)) has ineasured
for E(3He) = 2 to 4.5 MeV. The cross section increases monotonically; &tMeV, o (7o) is
~ 4 ub. A strong 17.6 MeVy-ray is ascribed to reaction (fL1964BL129. Evidence for decays via
higher states ofC is not conclusivel(963BL05 1964BL1J.

Excitation functions for neutrons (reaction (b)) have béetermined by{963DU12 1.2t0 2.7
MeV; ny, Ny, Ny, Nz, Ny 5; @ = 0° and81.5°), (1965D106 1.3 to 4.9 MeV; i, ny; 6 = 0°, 90° and
160°), (1965TO06 3.5t0 5.8 MeV; g, Ny, No 3, Ny 5, NG, N7, Ng; 0 = 5° and90°) and (L9680OK1D
3.5t0 9.9 MeV, i, n;). See alsol959MA1D, 1962SE1A 1966MA1R 1967HA2Q. No sharp
structure is observed but there is some suggestion fromlandistribution data and excitation
functions at forward angles for a broad structure~ 350 keV) at E(*He) ~ 2 MeV: E, =
27.8 MeV (1963DU12 1965D106. Comparison with{He, p) shows reasonable similarity at low
energies, but strong differences f6¢*He) > 2.5 MeV (1965D106 1965TO0§. For E(*He) = 3.5
to 5.8 MeV the reaction proceeds predominantly by direatradtion (965TO0§. The total
cross section fot! C production shows a broad maximum,= 113 mb, atE(*He) = 4.3 MeV
(1966HA21 3.2 to 10 MeV). See alsdl@65BR42 1967HA2(Q. Angular distributions of the
polarization of neutrons t&C*(0, 2.0,4.3 + 4.8) have been measured at nitiée energies from
2.1t0 3.9 MeV by (967TH1H. See alsd'C.

Excitation functions and angular distributions for pradqreaction (c)) have been measured
for E(*He) = 1.0 to 2 MeV (1967C0O03 90°; p, to py), 1.8 to 4.9 MeV (959WO53 total
and differential cross sections; pnd p), 3 to 5 MeV (959WO053 p, and g) and 5.7 to 10.2
MeV (1960HI108 10°, py to py; 90°, Py, P1). From E(*He) = 5.7 to 10 MeV the majority of
angular distributions are essentially independent ofggnahowing pronounced forward peaking,
consistent with a predominantly direct process. The etoitaurves show only a slow and smooth
increase 1960HI09. See alsd'B.

Excitation functions for ground-state tritons (reacti@))(for £(*He) = 2.4 to 4.1 MeV
(0 = 20°, 40°, 55° and90°) show a smooth rise with energy in the region explore@260TAO0S.

At 0 = 20° the cross section then shows a broad maximunt@He) ~ 4.5 MeV. Follow-
ing this maximum, the cross section decreaseB(te) ~ 7.5 MeV and then rises slowly to 9
MeV. Angular distributions of ground-state tritons havebeneasured at 1 MeV intervals between
E(*He) = 5.0 and 9.0 MeV (967EA0). NearE(3*He) = 10 MeV, excitation functions for tritons
and deuterons show no detailed structure; angular disimiteishow characteristic direct interac-
tion features. DWBA fits for tritons are less satisfactorgrilthose for deuteron§967CR0J. See
also (L960HI108.
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The elastic scattering excitation function (reaction {@$ been measured4it for £(*He) =
4.0 to 9.0 MeV: it decreases monotonically over this energyae@ 967EAQ). For reaction (f),
see (1964BL12 and®Be in (L966LA04).

6. °Be(x, n)'2C Qm = 5.704

Neutron groups corresponding téC levels at 0, 4.4, 7.7, 9.6, (10.1) and (10.8) MeV are
reported: seel®@60AJ041962NI102. Observation of the-decay of the 15.1 MeV level is reported
by (1954RA35 1957WA04 1957WA1H. Angular distributions have been studied hp$9SM98
1.9t0 2.7 MeV, i, ny), (1960RED2 2 to 5.6 MeV, n, ny, ny), (1960GA14 3.35 and 5.10 MeV,
n;), (1963ME11 5.3 MeV; ny), (1960AJ04 5.6 and 5.8 MeV;, i ny, ny), (1961GA03 5.5, 5.8
and 6.0 MeV; g, n, np), (1967VELD 6to 10 MeV, iy, ny, ny), (1962KJ021962KJ041962N102
9.8t0 14.2 MeV; g, ny, N, Ng14), (1962DE1G 1963DE27 1965DELFE 12.9 to 23 MeV, p, n;)
and (L1963K0O03 17.5t0 22.1 MeV;, g, ny, n3).

Doppler shift measurements on the transitié@*(4.4 — g.s.) yield a mean life,, = 50 6
fsec (961DE38); 5773 fsec,[', = (11.575,) meV (L966WA1Q; < 48+10 fsec (L967CA0J: see
Tablel2.8 The internal pair conversion coefficient indicates an B&gition (954MI68: the pair
angular correlation permits M1 or E2 and favors the latt&5@HAO07 1956GO1K 1956G0O73
1958AR1B. Angular distributions of nand n — ~ correlations strongly indicate a direct inter-
action mechanism even &i, = 3.3 and 5.5 MeV (960GA14 1962KJ0). Gamma ray angular
distributions have been studied B965TA28 1959SM98 1963SE0). See alsd?C.

The 7.65 MeV state decays predominantly itBe+ « (see reactions 15 and 28). The 7.7 MeV
nuclear pairs have been observed;T' = (6.6 £2.2) x 107¢ (1959AL97, 1960AJ04 1960AL04
1961GA03. See also1959AJ79 for a survey of the earlier work.

See alsoX959HE1B 1959L11D, 1959NA1B 1961DEO081961EL1A 1962BR141962EL1C
1962G01J1962HU1D 1962ST121963AN1B 1964SA1J1965CL1B 1967EL1DQ 1967VAL).

7.9Be('Li, *H)'2C

Not observed: seelP64CA05.

8. 19B(d, 7)'2C Qum = 25.188

At Eq = 0.95 MeV, the upper limit to the capture cross sectiof.isub (1955SA1B.

9. 19B(d, n)''C Qm = 6.468 B, = 25.188

The thin-target excitation function in the forward directiin the rangeZy = 0.3 to 4.6 MeV
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Table 12.8: Electromagnetic decay'é€ levels?

Level Width Reaction Refs.
4.44 I, =125+25meV 2C(e, e) | (1956HE83
112412 12C(e, ) | (1964CR1)
10.6 £ 1.1 2C(e, e) | (1967CRO}).
122408 2C(e, e) | (1967AR1A
13+1.5 %Be(w, n) | (1961DE39
11513, ‘Be(a, n) | (1966WALQ
10.1+2 12C(v,7) | (1958RA1)
11.7 £ 0.5 meV mean
7.65 I, =55+ 30 peV 12C(e, e) | (1956FR2Y
65+7 12C(e, e) | (1964CR1})
73+ 13 12C(e, e) | (1965GU0J
62+ 6 12C(e, e) | (1967CRO)
64 + 4 peVv mean
[T =(6.642.2) x 1076 Be(, n) | (1960AJ041960AL04
I/ =(33+09) x 107" 0B(*He, p)| (1961AL23
(3.5+£1.2) B(3He, p) | (1964HA23
(2.8 4£0.3) UN(, o) | (1963SE23
(29+0.3) x 1071 mean
D =T./(,T) = (9.7+3.3) eV
r,=r{,I)=(28+£1.0)meV
9.64 I, = 0.36 = 0.04 meV 12C(e, e) | (1964CR1)
0.31 +0.04 12C(e, e) | (1967CRO}.
0.34 + 0.03 meV mean
12.71 I/, =0.025£0.007 10B(3He, p) | (1958M099 1959AL99
/T = 0.027 4+ 0.007 12C(p, p) | (1962WA3)
15.11° I, =>545+93eV 12C(y,~) | (1957HA13
59.2 £9.7 2C(y,v) | (1959GA09
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Table 12.8: Electromagnetic decay'é€ levels® (continued)

Level Width Reaction Refs.
40.2 +£5.2 2C(v,7) | (1963SC2)
54 +6 2C(v,v) | (1961BU1B
50.5+ 7.1 12C(v,v) | (1960HA1H
3745 12C(v,7) | (1967KU11)
4018 12C(e, e) | (1959BA36 1960BA47
39+4 12C(e, e) | (1962ED0O2
34.4+3 12C(e, e) | (1964GU0Y
36.0+ 3 12C(e, e) | (1967PEQY
394+ 1.5eV mean
I, /T < 0.05 10B(3He, p) | (1965AL1B)
/T =115+0.3 2C(p, p) | (1962WA3)

2 See alsd'B(p, 7)'2C and'2C + ~.
b See also Tabl@é2.15

shows some indication of a broad resonance rear= 0.9 MeV. Above £, = 2.4 MeV, the
cross section increases rapidly to 210 mb/sr at 3.8 MeV, hed temains constant to 4.6 MeV
(1954BU0G 1955MAT76. The0° excitation function for ground state neutrons shows nccire

for £4 = 3.2t0 9.0 MeV. The angular distributions all show a sharp pealiiad20° and a smaller
contribution in the background direction. DWBA producestisactory fit to these distributions,
but the parameters vary with enerdy@67DI0J). Cross-section ratios have been obtaineH at

1 to 5 MeV for the neutrons and protons to the second, thirdithouand fifth excited states of
the!'B and!'C mirror nuclei ((967SC1K. Polarization measurements have been carried out for
Eq = 2.51t04.0 MeV (L967ME1N. See also{955SA1B and!'C.

10.°B(d, p)''B Qm = 9.231 E, = 25.188

Absolute yields and angular distributions are reporteddoious proton groups byl052EN19
1954BU0G 1954PA28 1956 MAG9 1956VA17, 1959CR1A 1960CR1A 1960HAO08 1964BR1A
1965LE1R 1967P0OO0) for £y = 0.14 to 12 MeV. Although the excitation functions show sev-
eral broad peaks, no clear resonances can be identifiedt enassumed that many overlapping
resonances are involvetiq56MAG69 except possibly aby = 2.3 MeV (E, = 27.1 MeV) where
the effect of a broad resonance influences the cross sedttbe p, and g groups (to''B*(2.14,
5.03)) 1964BR1A. Studies of plane wave, distorted wave and Coulomb wave Bpproxima-
tion angular distributions are reported BPE7PO01 see also1966MO1H 1967MO1N. There
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are no significant fluctuations in the yield of protons fgr = 5 to 12 MeV (L1965LE1B 0 = 50°
and 150°). See also1965BA3). Yields of gamma rays have been measured 1I8p56SA1B.
Cross section ratios for the (d, n) and (d, p) reactions toanstates have been measured by
(1967SC1K [see reaction 9].

Polarization measurements have been madelbgqHILE 6.9 MeV, py), (1964BEO8 10
MeV; po, P1,» P2 + P3), (1962TA13 1964PALE 11 to 13.8 MeV, p), (1960TA27 11.4 MeV;
Po), (1963BO1J 21 MeV; py). The circular polarization of 2.12 and 4.44 MeVrays has been
investigated at/; = 0.45 MeV (1960ER1A 19617102 19627101, 1963ER1A. See alsd'B.

11.1°B(d, d)\°B B, = 25.188

See'’B and (L965LE1B 1967DI01 1967PO0)

12.19B(d, )Be Qum = 17.819 B, = 25.188

Excitation curves and angular distributions are reportadof, and o, groups (to®Be*(0,
2.9)) by (1956MA69 1960BE15 1961LE1(Q 1963PU02 1964AL1Q 1964BR1A 1966L018
1967L01) for E4 = 0.4 to 3.3 MeV. Broad maxima are observed in both excitation esiabove
E4 = 1 MeV. Preliminary data afy; = 0.98 MeV indicate the formation of a level if*C at
26.00 & 0.01 MeV which decays vidBe*(2.9) and*Be, ;. (1967PE1B.

13.1°B(d, °Li)SLi Qm = —2.989

This reaction has been studied b = 8 to 13.5 MeV. A DWBA calculation withl, = 2
a-transfer gives a qualitative account of the angular digtron (1964GE10).

14.1°B(t, n)2C Qm = 18.931

Not reported.

15.19B(3He, p)2C Qm = 19.695
Qo = 19.6945 = 0.0036 (19670D0).
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Table 12.9:%C states from°B(®*He, p)?C

E.? r r,/r Gamma branching to Alpha decay to Paritys | J™; T
(MeV =+ keV) (keV) 12C, . 12C*(4.43) 8Be, . | ®Be*(2.9)
4.43
7.655 4+ 6 3x 10744 yes natural 0t
9.645 + 6 36+6" yes natural
10.849 4+ 25 320+£30" strong no natural
11.8414+25 | 245+30P no yes unnatural
12.713 4+ 6 0.025 + 0.01 0.20 +0.07f no yes unnatural| 1+
13.29 + 30 430+ 100° no yes unnatural| >1°¢
290 £70°
14.083 £ 15 2524+ 15" yes yes natural (27)¢
320+ 50°
15.108 £ 6 > 0.95 8 0.97¢ | 0.034+0.005%f | (I',/T < 0.05)8 171
16.108 £ 6 weak strong natural (27)
16.57 yes yes natural
~ 20.6 ~ 200
~ 24.5 ~ 50

2 (1962BR1(: excitation energies based ¢)y = 19.693 MeV and Poa = 5.3056 MeV: see also1958M099 1959AL 96

1967CO1¥.

b (1962BR10).

¢ (1966WA19.

4 (1961AL23: the cascade decay (via 4.44) %3 4+ 0.9) x 10~* of the total decay. This is 50 times stronger than the direct
g.s. decay (via pairsl;.q/T' = (3.5 £ 1.2) x 10~* (1964HA23: see Tablel2.8

© (1959AL99.

f (1960AL14.

¢ (1965AL1B).

Proton groups observed b$958M099 1959AL96 1962BR10 1967CO1l are displayed in
Table12.9 Angular distributions of many of these groups have beersorea for(*He) = 2.0 to
3.0 MeV (1965BH1A), 3.7 MeV (1962BR10, 10.1 MeV (L962AL07) and 14 MeV (967CO1¥.
The following comments on individual levels derive largédym the!°B(®*He, p)He!*He!He stud-
ies of (1964ET021965AL1B, 1966WA19: see Tabld2.9

12C*(7.65, 9.6) are observed to decay*®e,  , confirming natural parityr = (—1)” for both
states {966WA16. Pair emission from¥?C*(7.66) has been measurdd; /T" = (6.6+2.2) x 10~°
[see Tablel2.§ as has the cascade througe*(4.4): T, /T = (3.3£0.9) x 10~* (1961AL23. By
observation of?C recoils, a valué',.q /T = (3.54+1.2) x 10~*is found by (964HA23: compare
to “N(d, a)'2C.

12C*(10.8) decays to bothBe*(0, 2.9), indicating natural parity.1066WA1Q searched for
12C*(10.1) with inconclusive results: see alsS®62BR10).
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12C*(11.83, 12.71, 13.35) decaytBe*(2.9) but not to the g.s., indicating unnatural parityist
result is inconsistant with the assignméht) to 12C*(11.83): see {964BR25. For2C*(12.71)
[,/Ty = (3£ 1)% (1958M099, (2 + 1)% (1959AL96: the cascade throudAC*(4.4) is (20 +
7)% relative to the ground-state transiticlO60AL14): see Tablel2.9 The alpha breakup of
12C*(12.71) shows a triple-peakedparticle spectrum, characteristic of the breakup dfa= 1"
state (967BH1B.

12C*(14.08) decays both t&Be*(0, 2.9); the branching ratib(«y)/T" is 0.1-0.4. Protom-
correlations requird > 2 (1966WA19.

12C*(15.11: J™ = 1%; T = 1) decays byy-emission t0'?C, ; 97% and t0'?C*(4.4) (3.1 &
0.6)% (1959AL96), (4+1)% (1960AL14; T,/ < 0.2 (1960MI1B), < 0.05 (1965AL1B), < 0.10
(1966WA16, respectively. The strong inhibition of the transitior’®e*(2.9) is cited as evidence
for a high isospin purityX965AL1B): see, however1058KA3J).

12C*(16.11, 16.57) show decay to botBe*(0, 2.9). The consequent assignment of natural
parity is consistent with/™ = 27 for the former but not with the accepted = 2~ for the latter
[see reaction 19]. Fot?C*(16.11) observed values @f,,/T" are0.05 — 0.12; the decay tBa
occurs rarely, if at all (966WA18 see, however,'B(p, a)®Be: (1965DE1R).

The giant resonance excitation region has been searchéel/&s with a resolution of 20
keV at E(*He) = 14 MeV. Two peaks have been observed corresponding@s ~ 20.6 and 24.5
MeV, with I" ~ 200 and 50 keV, respectively. Angular distributions show fordvenaxima. peaks
which could be associated with structure seen in photditisation experiments are not observed
(1967CO1F. See also1959JO1E1961AL1Q 1961WO08 1962KU02 1965SI05 1966BA0Y)
and®3N.

16.1°B(a, d)2C Qm = 1.341
Qo = 1.3406 =+ 0.0015 (1965BR28.

At F, = 21.2, 23.0 and 25.0 MeV angular distributions of the deuteronsesponding to
12C*(0, 4.4) have been measureiP67AL16.
See alsol959HE1G 19600N0]1 1965JA031965N11B and'N.

17.19B(5Li, a)'2C Qm = 23.716

At E(°Li).... = 3.05 MeV, angular distributions have been obtaineddgra;, a, andas. The
a-particles t0o'2C*(11.83) and (12.71) have also been obsernitb6MC0Y. At E(°Li) = 3.8
MeV, the population of thd” = 15.11 MeV state is about + 2% of theT = 0 state at 12.71 MeV.
It is pointed out that in this reaction the distance of closggproach is 15 fm and the dominant
potential would be the Coulomb potential. It is thereforé meccessary to invoke a largé= 0
mixing in the 15.11 MeV state to explain the observation efib MeV~ rays (L964CA19.

See also1963MI02 1963MO1B 1965GA1H 1966BR1G 1967SEOR
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Table 12.10: Resonances'iB(p, v)!2C and!'B(p, «)*Be

Peak E, Cem. a(v0) () o(ag) o(aq) | Iy,
number (MeV) (keV) (ub) (ub) (mb) (mb) (eV) (eV)

1 0.163?* 6.4% 5.5 152 res. res. 0.2240.09" | 6.8+1.1
2 0.675 300 | non-res.| 48f non-res. 600! <04 8.0
3 1.388 1150 [27] ¢ 3 3.3 ~ 180 44 5
4 1.98 100 non-res.| non-res. 9.0 (25) < 0.5 < 0.5
5 2.62 310 weak? res. 32.4+4.8 | 270 £40 <15 3.2
6 2.66 42 non-res.| non-res. | non-res. | non-res. < 0.5 < 0.5
7 3.01 100 non-res.| non-res. 3.4
8 3.12 100 weak [20] ¢ non-res. | non-res. (0.4) 2.0
9 3.5 1100 [20] © res. 5.2 res. 25 10

10 3.75 (1200) | non-res. res. 74+1.1 | 300+40 <3 3

11 4.93 180 non-res. res. non-res. | 170 + 40

12 5.11 275 non-res.| [35]°¢ 6.0£0.9 non-res.

13 6.0 res. non-res.

14 6.7 res. [35] ¢ res.

15 7.2 3200 120 non-res. (res.) > 2500 ©

16 8.3 res. res. res.

17 10.15 115 non-res. res.

18 10.3 ~ 6500 [60] © 83

19 11.76 non-res.| 454 res.

20 12.55 214 non-res.

21 13.09 194 384

22 [13.6] non-res.| 259

23 14.19 164 non-res.

24 20.1 ~ 4000 ~9 ~ 20
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Table 12.10: Resonances'iB(p, v)'2C and!'!B(p, a)®*Be (continued)

Peak | I T, I, 12C* JT T Refs.
number (keV) (keV) (keV) (MeV)
1 0.290 +£0.045 | 6.3+ 0.5 | 0.069 +£0.015 | 16.11 271 (1953HU29 1961SE1)
2 < 0.27 150 150 16.58 | 27;(1) | (1953BE611953HU29
1965SE0p
3 10 140 1000 17.23 17;1 (1953HU29 1963SY01
1965SEO0p
4 4.6 11.4 76 17.77 | 0*;(1) | (1955H0O481963SY0]
1965SE0p
5 65 177 68 18.36 | (37;0) | (1955BA22 1963SY0]
1965SEOQOp
6 <1 <5 33 18.39 0~ (1965SEOH
7 <10 18.71 | nr. % (1) | (L965SEOp
8 <02 <15 97 18.82 | 2+;(1) | (1955BA22 1965SEO0
9 50 200 300 19.2 (17;1) | (1955BA22 1965SEO0p
10 20 450 450 19.40 | (27;0) | (1963SY011965SEOp
11 20.47 (1955BA22 1963SY01
1964AL20
12 20.64 | (37;1) | (1955BA22 1963SY01
1964AL2Q 1964BL1D
13 215 (1964AL20
14 22.1 (1963BE181964AL20)
15 22.6 (17;1) | (1961GO131963BE18
1964AL2Q 1964BL1D
16 23.6 (1963BE181964AL2Q
1964BL1D
17 25.26 | (I'=2) | (1964AL20
18 25.5 (1961G0O131963BE18
1964AL2Q 1967FE0}
19 26.9 (1963BE181964AL2Q

1964BL1D 1967FEO%

25




Table 12.10: Resonances'iB(p, v)'2C and!'!B(p, a)®*Be (continued)

Peak | I Lo, I, 12C* JT T Refs.
number (keV) (keV) (keV) (MeV)
20 27.45 (1967FEO04
21 28.0 (1964AL2Q 1967FE0)
22 28.45 (1967FE0%
23 28.9 (1967FE0%
24 34.4 (17;1) (1963REQY

2163.1 £ 0.2keV,I" = 6.0 + 0.6 keV: see text.
b 19% branch td2C*(9.63) (1961CA13.

¢ Estimated from graphl@64AL20).

d4m x o (90°).

¢ Assuming a single resonancE961GO13.

f (1953BE611953HU29.

¢ n.r. = natural parity.

18.10B("Li, an)2C Qm = 16.463

See (964CA19.

19. (a)'B(p, 7)'2C Qum = 15.957
(b) 1'B(p, a)*Be Qum = 8.588 E, = 15.957

In the rangeF, = 0 to 25 MeV, twenty-three resonances are reported. Theiackenistics are
displayed in Tabld2.1Q Cross sections of astrophysical interest are discuss€tty FO1B.

The £, = 0.16 MeV resonance'tC* = 16.11 MeV) is well established as thé™ = 27;

T = 1 analogue of the first excited states'déB and!'*N: see (959AJ79. The resonant energy
is 163.1 + 0.2 keV; I'l,, = 6.5 £ 0.6 keV [see ((955AJ6)]. The gamma decay of the 16.11
MeV state takes place t3C*(0, 4.4, 9.6): seel(959AJ76 1961CA13 1961SE1) The decay
to 12C*(9.6) is via a6.45 + 0.05 MeV ~-ray whose angular distribution, together with the known
a-decay properties 0fC*(9.6), leads toJ™ = 3~. The intensity of the transition is 1% of the
decay ((961CA13. See alsol961GR0O71965CV1A 1966SO1B.

The character of the-decay at they, = 0.16 MeV resonance has been studied with coin-
cidence techniques by 961DE31 1962DE1H 1964DE1J1965DE1R. Immediately below and
above the resonance, a Dalitz plot indicates sequentialydéa®Be*(0, 2.9): in this region, the
behavior is ascribed to tails of thg, = 0.675 and 1.4 MeV resonances. &t, = 0.163 MeV, the
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Dalitz plot shows a striking increase in population neardéeter, indicative of direcia breakup.
Some part of the reaction also goes throdige, ;, and there is evidence for a final-state two-
body interaction with = 2 (1964DE1):. see, however,1065MA1X, 1965PH1A 1966CHL1L,
1966WA19. See alsol959KA12 1959KA13 1960B0O26 1962BE2] 1964DE1H 1964L.005
1964LO1E 1965KR1A 1965KR1B 1967KA09 1967LO1H. Similar studies at, = 0.675,
1.388 (L965KA1QG, 2.0, 2.65, 3.25, 3.73, 4.00, 5.08, and 5.64 Mé¥g4PH1A 1965BR18
1965PH1A indicate that sequential decays througe*(0, 2.9) dominate; directa decay is
< 5%. The latter work shows evidence for “order-of-emissionterference in the shapes of
a-groups: see alsalf65DULG 1965SW1B. See also 1958FO01D0 1966AD1E 1966S0O1B
1967LO1H 1968CH1L).

The E, = 0.67 MeV state {*C* = 16.58 MeV) has a proton width’, ~ 150 keV. Such a
width indicates s-wave protons and therefdfe= 1~ or 2~. These assignments are supported by
the near isotropy of the two resonant exit channelsand~,. The size of they; cross section
indicates2J + 1 > 5; thereforeJ™ = 2~. The reduced widtl#?(a;) ~ 0.05 and they, E1
transition hagM/|? ~ 0.01 Weisskopf units, suggestir = 1 (1957DE11 1965SEOp See also
(1959AJ76. (1962BL10Q report ay-branch to the 12.71 MeV state;, 6% of the intensity of the
4.4 MeV transition. Such a branch may also be preseftGi(17.23).

For theE, = 1.4 MeV state {?*C* = 17.23 MeV), (2J + 1) I, > 115 eV. This indicates
J™ = 17, with 7" = 1 most probable (965SEO§ J™ = 1~ is also required to account for
the interference at lower energies dg andy,: see (957DE1); see also 1959AJ76¢. Two
solutions forl', are possible; the larger (chosen for Tab210 is favored by elastic scattering
data ((965SEOR (1963SY0) find no evidence for resonancedg or «; at this energy.

J™ = 0T; T = 1is consistent with all data for the,, = 2.0 MeV resonance'tC* = 17.77
MeV) which decays via the, anda; channels 1965SEO). The resonance in the yield af
requires natural parity, and the smalwidths suggest” = 1. For J™ = 1~ or 3~ the small
~-widths would be surprising/™ = 2" would lead to a larger elastic anomaly than is observed
(1965SE06see alsoX963SY0)).

At E, = 2.62 MeV (E, = 18.36 MeV), the resonance far, again demands natural parity;
the presence of a largé, term in the angular distribution requires > 2 andl, > 2. The
assignmeny/™ = 37; T = 0 is consistent with the resonance data and with the angudartuition
of oy at theE,, = 1.98 MeV resonancel(965SE06 see also1955G0101963SY0] 1967FL1E
1968CH1L)).

The £, = 2.66 MeV resonance, distinguished from that/gt = 2.62 MeV by its width, is not
seen here: seéB(p, p).

The E, = 3.01 MeV resonance appears only in the angular distributions\forthe small
a-widths suggest” = 1 (1965SEOR

At E, = 3.12 MeV (£, = 18.82 MeV), the angular distribution of;, indicate E2 radiation,
J™ = 2%. This assignment is supported by the angular correlatidghercascade;, and by the
behavior ofo(«y); T = 1 is suggested by the smél, (1965SEOR

The structure neak, = 3.5 — 3.7 MeV (E, = 19.2 and 19.4 MeV) seems to require at least
two levels. The largé’,, requires that one bé™ = 1~; 7" = 1 and interference terms in(ay)
require the other to have even spin and even patity:= 2%; T = 0 is favored (963SY01
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1965SEOR

Levels att, = 4.93 and 5.11 MeV, seen in(+,) (1955BA2) also appear i (o, ), but notin
o(ap). Angular distributions suggest = 27 or 3~ for the latter £, = 20.64 MeV); the strength
of 7, and absence of, favorsJ™ = 37; T = 1 (1963SY0).

In the ranget < £, < 14.5 MeV, o(7y) is dominated by the giant dipole resonance at=
7.2 MeV (Ex = 22.6 MeV), I'y, = 3.2 MeV: [odE = 630 eV - b. o(y;) likewise shows a
giant resonance centered at about 10.3 M&Y £ 25.4 MeV), I'.,, = 6.5 MeV, fadE = 850
eV - b. Both excitation functions show significant fine struct(ifable12.10: see (964AL2Q
1967FE0.

FromE, = 4to 14 MeV the angular distributions of are given by (6) = 1+a, P (cos )+
as P»(cos 0) with the coefficienta, almost constant at-0.6, in approximate agreement with the
expectation from particle-hole calculations 6f = 17; 7" = 1 states by 1962VI0]). Thea,
term exhibits fluctuations foE,, = 4 to 5.5 MeV in the region of narrow resonances; from 5.5 to
14 MeV it rises smoothly from-0.03 to +0.3. A sharp resonance in(vy,) at £, = 10.15 MeV,
[odE =4eV-b, may havel' = 2 (1964AL20. See also{959GE331959G0891961G013
1963BE181964AL1J 1964BL1D 1964TAO0S 1965TA1E 1966HAL1M, 1966 ME1H 1966UBO1
1967KA05 1967KE1K 1967MAL1Y).

For15 < E, < 25 MeV, a resonance is found &, = 34.4 £ 0.5 MeV, I' =~ 4 MeV,

[ o(v0)dE = 38 eV - b (1963RE09 see, however,J068BR1M)). The resonance is ascribed to
a component of the E1 giant resonance, but the cross sestam order of magnitude less than
predicted (963REO0). (1968BR1M) report no pronounced structure o = 13 to 22 MeV.

See alsol961BL09 1963FE031963VALC 1966AR1D 1966SU1F1967TALD.

20.'B(p, n)''C Qum = —2.763 By = 15.957

Excitation functions are reported by¥955BA22 E, = 2to 5 MeV, long counter),1959G147
E, = 2.6 to 5.5 MeV,4r graphite sphere) 1064BA16 E, = 4 to 14 MeV,4r graphite sphere),
(1961LE1l E, = 4.9 to 11.4 MeV,''C activity), (1965SE06 E, = 3 to 4 MeV, ' C activity),
and (L9650V01 E, = 4 to 11.5 MeV: time-of-flight resolved groups).
The excitation functions are characterized by numeroukpésee Tabld 2.11) whose positions
appear to correspond withB(p, a)!2C and with some of the)( n) and ¢, p) structure, suggesting
that resonances, and not fluctuations, are involved. Anglig&ibutions do not change as rapidly
as might be expected from the pronounced structure in thigaérn function (9650V0). The
strength of the pronounced peaki&f = 6.03 MeV (£, = 21.49 MeV) appears to demanfl > 4
(1961LE1). See alsoX959G0891960FU1A 1961GO13.

Polarization measurements have been made-for= 7 to 11 MeV (1965WA049. See also
(1962AL18 1963VAL1C 1965VA23 1966CA1J1966SK031967CA1T) and (L959AJ79.

21. (a)''B(p, p)''B E, = 15.957
(b) "'B(p, p)!'B*
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Table 12.11: Maxima in yields df B(p, n)!'C and''B(p, p)'!B*

Peak | (1955BA22 1964BA16 ¢ | (1959GI47 4 (1961LE1) 4 (19650V0) 4
number E, Tab E, E, Tiap o E, res. in
(MeV) (keV) (MeV) (MeV) | (keV) | (mb) | (MeV) | group(s)
1
2
3 3.17 100 3.182
4 3.65 500 3.67%
5
6 4.05 200 4.10 No
7
8 4.70 150 4.70 4.62 No
9 5.10 150 5.10 5.065| 210 335 5.07 No
10 5.5 5.48 300 308 5.50 No
11 6.05 500 6.03 610 430 6.01 No, Ny
12 6.4 No
13 7.30 300 7.28 420 365 7.3 No, Ny
14 7.75 60 7.73 70 322 7.73 Ny, N
15 8.26 350 8.25 410 363 8.25 No, Ny
16 (8.30) (< 50)
17 8.67P 140 8.64 230 | 370 | 8.6 No, Mo
18 9.0
19 9.26 80 9.24 140 320 9.25 No, Ny
20 9.7 9.79 | 1000 295 9.79 No, Ny
21 10.16P 200 10.13 150 | 310 | 10.1 No, Mo
22 10.92b 400 10.91 480 282 | 10.9 No
23 11.88P 300
Peak (1955BA2) © (1963AN12 f (1965SEO0p®
number E, Tlab E, Tap E, Tab FEy
(MeV) (keV) (MeV) (keV) | (MeV) | (keV) (MeV)
1 2.0 1.98f 17.77
2 2.664 48 2.63 ~ 300 | 2.66%f 46 18.40
3 3.15 100 3.15 ~90 | 3.15%f | 100 18.86
4 3.4 500 3.5¢ broad 19.3
5 3.78 50 19.42
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Table 12.11: Maxima in yields df B(p, n)''C and'!'B(p, p)'!B* (continued)

Peak (1955BA2) © (1963AN12 f (1965SE0®

number E, Tab E, Tap E, Tab FEy
(MeV) (keV) (MeV) (keV) | (MeV) | (keV) (MeV)
6 19.69
7 4.28 100 19.88
8 4.68 200 20.24
9 5.13 200 20.60
10 20.99
11 21.49

12 21.8
13 22.64
14 23.04
15 23.52

16 (23.56)

17 23.89

18 24.2
19 24.44
20 24.93
21 25.26
22 25.96
23 26.84

2 (1965SEOR E, = 3.12 and~ 3.65 MeV.

b See also1960FU1A.

¢ Widths~ 200 keV, exceptt), = 6.4 and> 9.25 which are wider.
4 (p, n).

“(p. P).

f(p, p).
¢ See also Tabl&2.10Q

A pronounced anomaly in the elastic scattering is obsereedii, = 0.67 MeV at all angles;
the level is therefore formed by s-waves. The 0.3 to 1.0 Me\lte are well accounted for by two
resonancest), = 0.67 MeV, s-wave,J™ = 27, ' = 0.33 MeV.I',/I' = 0.5, andE, = 1.4 MeV,
J™ =17 (1957DE1). Higher energy structure in the yields of reactions (a) @)dre displayed
in Table12.11(1955BA22 1963AN12 1965SEO0). See alsoX960SA28 and Tablel2.1Q
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22.11B(p, d)'°B Qum = —9.231 B, = 15.957

See!'B.

23.11B(d, n)2C Qum = 13.732

Reported neutron groups are listed in Tab®12 Angular distributions of the neutrons to
many of the'?C states up taZ, = 17.23 MeV have been reported for energies in the range
Eq = 0.5 to 10 MeV: see 1957AM48 1958AM13 0.5 to 1.15 MeV), {955WA30 0.6 MeV),
(1955IH1B 0.69 MeV), (L954GR53 0.85 MeV), (L957BI78 0.92 MeV), (L962SA09 1.0 to
2.0 MeV), (1963KI02 1.6 to 2.7 MeV), 19617D02 1.1 to 2.8 MeV), 1965SI12 1.1 to 3.2
MeV), (1965CL02 1.5 to 4.7 MeV), (961GA04 2.7 and 5.4 MeV), 1966HU1H 1967WI1J
3.0to 5.5 MeV), (965AL17 2.4 t0 9.7 MeV), (964RO1E1966R0O1X 1966WE1B 6.3 MeV),
(1953GI05 8.1 MeV), (1956MA83 9 MeV), and (958ZE01 10 MeV). See alsol(959AJ7¢ and
(1960WA1G 1961HO10 1962LE1A 1963LA1E 1964NA02 1965S1131967DI0).

For F, less than 6 to 7 MeV, angular distributions gfand n are characterized by both forward
and backward peaks, with broad minima néat. Detailed shapes are strongly dependent on
bombarding energy. The general behavior in the lower-gnengge is ascribed to heavy-particle
stripping by (9570W031958AN32 19617D03, but others{961GA04 1965AL17, 1966ST1L,
1967WI1), find reasonable agreement with DWBA, possibly also witthpound nucleus effects
(1963KI102 1965CL03. For E4 > 7 MeV, DWBA gives a quite satisfactory account gfand n
distributions, except for a single example @t 8.8 MeV: (L1965AL17). See also{968YALG.

Angular correlations of neutrons and 4.4 MeMays have been studied b¥963HUO0S 0.7
and 1 MeV), (963RI03 1964RI1D 1 and 1.2 MeV), {961ZD02 1.1 MeV), (1961GA04 2.65
and 5.35 MeV), {966RO1X 1966WE1B 6.3 MeV). Angular correlations have also been de-
termined for neutrons and 15.1 Me\rays: see 1963KlI14 2.3 and 2.6 MeV), 1960FEOQ1
1960FE13 5 and 8 MeV), 1964RO1FE E4 = 6.3 MeV). The formation of the 15.11 MeV state
involves/, = 1 with a 12 : 1 ratio between channel spins 2 and 1. The reduasdrpwidth is
approximately equal to the single-particle widif96OFE011960FE1}.

In the ranger; = 1.0 to 5.5 MeV, two slow neutron thresholds are observed@it7 + 0.004
MeV (E, = 15.109 4+ 0.005 MeV) and near 4.1 MeV (broady, = 17.2 MeV) (1955MA76. At
the lower threshold, 15.1 MeY-rays are observed?y; = 1.633 + 0.003 MeV, width less than 2
keV (1958KA3]) [E, = 15.110 + 0.003 MeV].

A study of the angular distributions and energy spectra-phrticles from the decay dfC
states shows that the 12.71 and 11.83 MeV states decay siadjyeria 8Be; the former via
8Be*(2.9), the latter 90% vidBe*(2.9) and 10% vi&Be(0). There is some evidence that the
10.84 MeV state decays primarily t8e(0). /™ = 3~ for the 9.64 MeV state is favored on the
basis of the angular distribution of theparticles to®Be(0). There is no evidence for diredt
decay of'2C levels in the rangé’, = 9 to 13 MeV, nor doed?C*(10.3) appear to participate in
this reaction {9650L0).
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Table 12.12: Neutron groups fromB(d,n)>C

E, (MeV &£ keV)? Iy 62 ¢
0 1¢ 0.11
4.38 £ 70 104 0.03
7.57 £ 110 e
9.6 £ 100 2 ¢df 0.02
10.8 £ 100 of
11.1 4100
11.74 £ 80 of
12.76 4 80 1te
13.214+50P
13.36 £ 50 ®
(14.16 4 50)
15.09 £ 301 ih
(15.52 & 30)
16.07 & 30 1h
17.23 >1h

2(1952J0101954GR531957BI178 1964RO1F.

b May represent a single level at 13.3 Me}962J01)
¢ (1956MA83: E4 = 9 MeV.

4 (1954GR53.

¢ Non-stripping distribution: seel@62SA09.
f(1962SA09.

& JT =1% (19650L0).

h (1964RO1F.

115.110 + 0.003 MeV.
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Table 12.13: Deuteron groups fronB(*He, d)*C

12C* a rb l J" (2] +1)02° | (2J +1)Sa ©
(MeV =+ keV) (keV)

0 19¢ | 0— 3T 1.00
4.44 1¢¢ | 0— 3T 0.61
7.66 1¢¢ | 0— 3F 0.035

9.629 £ 104 2bce | ) — 4~ 0.048 0.30
(10.1)

10.84 20" | 320+ 30 ob 1=, 2 0.040

11.824+20" | 300£30 | OP 1-,2° 0.073

12.70 £ 10" 1be 10— 3* 0.13 0.26

13.38 420" | 700 =100

14.71+10" <15

a Levels listed without errors were observed BP60FO0) or (1961HI0§ but the level energies
were not determined.

b (1961HI08; F(*He) = 9.84 MeV.

¢ (1960FO0); E(*He) = 5.1 MeV.

4 Based orv656 + 7 keV for next lower level {960FO0).

¢ (1967CR0¥ DWBA; E(*He) = 10 MeV.

See alsd3C, (1959AJ7¢ and (L958ED1B 1962KU02 1962NA04 1962R0O1L, 1963RO1K
1965MA1K, 1966STL1L).

24. 'B(®He, d)2C Qm = 10.463

Qo = 10.4697 £ 0.0057 (19670D0).

Observed deuteron groups are displayed in TARI43(1960FO0] 1961HI09. Excitation
functions near 10 MeV show no structure; angular distrdmgiexhibit characteristic direct inter-
action features1(967CR04. See alsol959H0011959WO1B 1961HO1K and (L967AD1F.

25.11B(a, 1)12C Qum = —3.858

Differential cross sections have been obtained for the mptegtate tritons and for the tritons
to 12C*(4.4), in the forward direction ak, = 43 MeV: single-proton transfer seems to be the

33



dominant reaction model967DE1K. The angular distributions appear to be affected by final
state spin1967SI1A.

26. 'B(1N, 13C)'2C Qm = 8.407
See (962NE0).
27.11B(150, 1°N)'2C Qm = 3.831

See (965B0O14 1968KAL1L).

28.12B(57)!12C Qm = 13.370

The decay is mainly to the ground state'd€; branching ratios to other states are listed in
Table12.14 The half-life is20.41 +0.06 msec (Table.2.2). Since transitions t&C(0") and(2")
are allowed,™ of ’Bis 1.

Since the decays d0fB and'?N are mirror transitions, comparison of tlié values has some
interest. According tol964KA08, ft(*2B) = 11.800 £ 70 sec, ft(*2N) = 13.060 & 90 sec; the
ratio >N/*?B is 1.11 4 0.01: see also{963FI05 1963PE101964F102 1964NA1G 1964WU01
1966BA1A). Possible explanations of the difference are discussed ®3HU10Q 1964EI11C
1965BL1F 1966MA2R 19660K1B.

Comparison of shape factors for the ground-stateansitions for'2B—2N provides a test of
the conserved vector current theory. The correction to timple Fermi shape should have the
form 1+ AFE for 2B and1 — AE for 12N whereA is determined mainly by the (experimental) M1
width of the'2C*(15.1) T = 1 level: A(theor.)= 0.52 4= 0.12% MeV~! (1958GE1G1959GE1D
1963KI1D, 1964WUO0): see alsol959FL41 1959M027 1960WE1C1961MO1C 1967HUL0.
The experimental values 0£964WU0) are A = 0.55 4 0.10 and0.52 4 0.06 for 2B and 2N,
respectively: see alsd961MA16 1962L105 1962MA22 1962MC14 1963GL04 1963LEQS
1965WU1A.

Transitions td?C*(4.4), J™ = 2*, are allowed. According tdl@63PE1)the ratioft(*2N)/ ft(**B)
= 0.92 £ 0.06. The level energy i4438.91 4+ 0.31 keV (1967CH19.

The level atF, = 7.6 MeV has special interest for helium burning processes is §i863SE17
1963SE231967FO01B. Observation of the~-spectrum yield€)(*?C*-8Be-*He) = 278 & 4 keV
(1957CO59. With Q(*Be—2"He) = 92.12 + 0.05 keV (1966BEO03, Q(2C*—3*He) = 370 + 4
keV. Using (L965MA54 masses fofBe and'He, 12C* = 7647.0 & 4.1 keV. Although the level
decays mainly byv-emission, both the gamma branch't€*(4.4) and pair emission t&C,
have been observed in various reactions. The relevant gseesnare given in Tabl2.8 (see
(1963AL15 1963SE2). The fact that thes-decay is allowed indicate$™ = 0™, 11 or 2* for
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Table 12.14: Branching iB(3)!2C

Decay to'?C* Branch (%) log ft 2 Ref.
g.s.P 97.1 4.075 + 0.002

4.43891 +0.00031¢| 1.44+04 (1958KA3))
1.7+04 (1956 TAO7
1.34+0.1 (1963PE1D

1.33£0.09 | 5.10£0.03 mean
7.647 + 0.004 1.3+04 (1957CO59
1.740.5 (1963AL15

1.5+0.3 4.14 £ 0.10 mean
10.34+0.34 0.13 £0.04 (1958C0O6H
0.07 4 0.02 (1963W109

0.08 + 0.02 4.24+0.2 mean

* Based orQ,, andr /, = 20.41 msec: seel966BALA).
b Ez-(max)= 13.381 + 0.041 (1962MA22.
© (1967CH19.
4T =3.04+0.7MeV, #2 = 1.5 (1966SC2}

Table 12.15: Parameters of the 15.1 ME€ level from!2C(y, 7)!2C

(1957HA13 | (1959GA09 | (1960HALH | (1961BU1B | (1963SC2) | (1967KU1)
I'(total) (eV) 79+ 16 64.5 +10.4 60 + 8 44.7+10.3 3945
r,(15—g.s)(eV)’ | 545+93 | 592497 | 50.5+7.12 5446 40.2 £ 5.2 37+5
I, (15 — 4.4) (eV) <55 32425 6.5+3
T, (eV) (19-25)+8 | 21+32

@ Measured’., (T, /T')1/2 = 47.0 £ 6.0 eV.
b See also Tabhles2.8and12.2Q
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12C*(7.6); observation of thex particles eliminates™ = 17, and the largé’,, requiresJ™ = 0+
(1957CO59%.

The 10.3 MeV level is observed in botfB and'?N decays. The excitation energy given by
(1966SC2Bis 10.3+0.3 MeV, ' = 3.0+£0.7 MeV. The decay is t8Be, , . With R = 5.2fm, 62 =
1.5 and 7.5 forJ™ = 0" and2*, respectively {958CO6#. It is suggested byl966MO0g that
this level is a highly deformed rotational state with = 2, related td?C*(7.66). Some fraction
of the observedv-spectrum is presumed to result from a “ghost” of the lower le¥86BA1C
1963WI105 1964BL13).

In 12N, allowed transitions are observed't€*(12.7) and (15.1)1966SC231967AL03 see
also (1963GL04 1963WI109). The 12.7 MeV level decays primarily t@e*(2.9; J™ = 27);
the absence of decay tBe, .. is in agreement with the assignmefit = 17 (1966SC2} The
ft values for boths-transitions (see Tabl&2.25 agree well with shell model calculations of
(1965C0O25%. In particular, the agreement strongly suggests a clostioalbetween?C*(12.71;
J* = 1%, T = 0) and'2C*(15.11; J = 1*; T = 1). A search for the transition from
2B to 12C*(12.71) was unsuccessful§67AL03. See also1959JA1B 1960FA02 1964SH1)
1966DU1H.

29. 12C(~, v)2C

The lifetime of the 4.4 MeV state has been determined by resonance scattering and absorption
ast, = 65 + 12 fsec ((958RA14). See Tabld 2.8

Resonance scattering and absorption by the 15.1 MeV level have been studi&bbiylA13
1959GA09 1960BU14 1960HA1H 1961BU1E 1963SC211967KU1)): partial widths are dis-
played in Tablel2.15 The scattering angular distributionlig (6) = 1 + cos? 9, indicating dipole
radiation (959GA09; the azimuthal distribution of scattered polarized radratindicates M1
(1960JA0) and the largé’(M1) indicatesl” = 1.

The ground-state-width of 12C*(16.11) is reported ab., = 7.5 + 1.9 eV (1959KE19 see,
however, (961SE1)). For 2C*(17.22), the scattering cross sectionli® + 1.0 pb, consistent
with T, given by!'B(p, 7) (1963SC2). See also{960WE1Q.

At higher energies, elastic scattering studies show the giant resonance peak kteV (see
2C(y, n)'C), do/dQ(135°) = 4 ublsr. A considerable tail is visible, extending to 40 MeV
(1959PE3} See alsol958W0531961DE221961WI1G 1962SE021967L0O1B.

30. 12C(y, n)''C Qum = —18.720

Recent review papers dealing with this reaction ale96BHALE 1965DA1D, 1965SH1G
1966BA2Y, 1966FU1C 1966 ME1H.

The total absorption, mainlyy( p) + (v, n), in the ranger, = 13 to 30 MeV is dominated by
the giant resonance peak at 23.2 MEV%:- 3.2 MeV [E, = 22.6 MeV from "B(p, 7)!2C]. This
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Table 12.16: Integrated cross sectio3§; + ~

Range inE, (MeV) | [odE (MeV - mb) | Reaction Refs.
10 - 27 120 o(tot) (1959K055
11 - 32 200 + 35 o(tot) (1960TA1H
0-30 130 + 20 o(tot) (19602109
0-27 84+ 102 o(tot) (1963BU1Q
0-35 144.0 o(tot) (1965WY02
13-80 377 + 60 o(tot) | (1960WY1A) P
0-24 22 (v, n) (1961RO1Q
0-25 29 (v, n) (1953M01B
0-25 27+5 (v, n) (1954NA02
0-25 32+3 (v, n) (1955BA63
0-25 34 (v, n) (1957CO57
0-26 294 +3 (v, n) (1966M109
0-28 39.2 (v, n) (1965MI103
20 - 27 36 (v, n) (1966L0O0%
20.5-26.5 40.5 (v, n) (1966CO0Y
0-38 56+ 3 (v, n) (1955BA63
0-37 46.2 +4 (v, n) (1966FU02
0-38 59+ 5 (v, n) (1966CO0%
35-70 30+5 (v, n) (1966FO0%
0-65 == (v, n) (1966C0O09%
0-250 80 £+ 10 (v, n) (1955BA63
0-300 90 £ 22 (v, n) (1951ST89Y
0-24 46°¢ (v, p) (1956C0O59%
20-26 43 (P, ) (1961GO13}
20-26 [58] (P, ) (1964AL20
20-29 50+ 8 (v, p) (1962D0O1A
0-24 4149 (7, p) (1961VA10
0-37 102 (v, p) (1964TA1Q
0-40 77+ 18 (v, p) (1961VA10Q
0-40 55+ 13 (P, ) (1963RE09
0-170 12245 (v,p) | (1964TA1Q
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& See, howeverO65WYO02 p. 591).
b See also1965WY03J.
¢ As corrected by1961VA10.

single peak accounts for 64% of the total strength below 2Y.Nlke total integrated cross section
to 35 MeV is 144 MeV- mb, about 80% of the classical sum rule, 8&/A MeV - mb: see Table
12.16 Other resonant structure is reportedfat = (16.5), 17.5, (19.1), 26 and 29 MeV: see
Table12.17(19602101 1963BU1G 1965WY03). See also{958MO1F 1958W053 19587118
1959BU1H 1959K055 1959KU84 1959PE211960CA09 1960TA15 1960WY 1A 1962DEO03
1962MI107,1963BU18 1963CO1D 1965MA1N 1967BR1R1967DR1B.

Shell-model calculations on the structure of the giantmesge ascribe the main effect to four
J™ = 17; T = 1 levels formed from the particle-hole configuration§§$x p§1d5 pglds and

s1 p1 of which the second contributes most of the E1 strength. c'ﬂneputed energles are 19.6,

23, 3 25.0 and 35.8 MeV [the most probable identificatiomstar = 19.2, 22.6, 25.4 and 34.4
MeV (Table12.7)] ((1964LE1D, and references therein). Calculations with a deformeadmni@l
suggest a somewhat more complicated structLl@&ZNI1D. See alsol961BA1D 1962VI0],
1963B021 1963MI1B, 1964GI1C 1964MI1E 1965DA1D 1966FU02 1966L.004 1966UBO1
1967LE1H 1967MA1B.

Observations of(y, n) show a giant resonance centered at about 22.5 Mgéak)~ 8 mb,
I' ~ 3 MeV, with a long tail slopping off to about 40 MeV. The intetgd cross section to 40
MeV is about 60 MeV: mb; integrated to 250 MeV, it is about 80 MeVhb (Table12.1§. In the
giant resonance region, the angular distribution of grestate neutrons i#/ () = 1 + 1.5sin? 0,
consistent with,, = 2 ejection (960EMO02 1964AL33 1965VEQ3 see, however1067HALB).
For E, = 28 to 145 MeV, comparison with (e indicates mainly E1 processes, with8% E2
(1958BA60Q see alsol961RO1H).

The giant resonance appears to have a fine structure (Tabl§: at least two major com-
ponents are identified &, = 22.0 and 23.5 MeV {966FU02 1966L004 see also1966C0O09
1967FI1B). A satellite atE, = 25.5 MeV is also well established: a large fraction of the de-
cay of this level (6 MeV- mb) involves excited states 6fB and ''C (1966MALT: see also
(1966C0O09 1966FU0J). Up to 28 MeV, about 83% of the neutrons leav€ in the ground
state (966FU03. Several broad levels are indicated in the rahge= 27 to 35 MeV (1966C0O09
1966F110 1966FU021967FI1E. A possible level near 52 MeV is reported BOPE6FO0). See
also (1962BO1H 1966BI1B 1966C0O0%. Considerable fine structure in the ranfje = 19 to
23 MeV s reported by(959SA06 1960GE06 1961THO3 1966C0O0Y: see also 1959C0O62
1959VA1D, 1960EMO02 1962FU11 1965MI03.

Polarization of neutrons has been studiedI364BE1E 1964HALFE 1966RA1E 196 7HALN
1967HA1B.

See also19590C071961BR28 1961PR071961R0O1C 1962MI07, 1963FU05 1965BI1G
1966KA1C 1966ME1H 1967AN11 1967AU1LF 1967FE051967GL1B 1967SM1A.

31.12C(y, p)''B Qm = —15.957
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Table 12.17: Resonance structuréi@ -+ ~ (total absorption}

B, r o (peak)| [odE Ref.
(MeV) (MeV) (mb) | (MeV - mb)
16.5 0.25 (3%) (1963BU1Q
17.6 0.4 (6%) (1963BU1Q
[17.5]P [2] (1965WY02
19.1 0.65 (6.5%) | (1963BU1Q
23 4.6 [24] (1959K055
22.5 18 (19602109
23.0 3.2 16¢ 54 (64%) | (1963BU1Q
23.2 19.8 (1965WY02
25.6 ~ 2 8 17 (20%) | (1963BU1Q
[26] [11] (1965WY02
29 [12] (19602109
[30] [7] (1965WY02

@ See also Tablé2.18
P Numbers read from graph.
¢ Corrected to 22 mb, se@465WY02.

The photoproton cross section exhibits a single broad gestnance peak centering/at =
22.5 MeV, (Table12.19. There appears to be a significant difference fofm, n) both in shape
and peak cross sectioh963HALE 1966FU1C 1966ME1H: such a difference could result from
a comparatively small isospin mixind957BA1K). Some fine structure is suggested by the work
of (1956C059 1962D0O1A 1963MU08 1963WA18 1964SH24 1964TA1Q: compare!'B(p,
7)'2C. The angular distributions near the giant resonance argistent withi/ (6) = 1+ 1.5sin?
expected on the IPM1062DO1A. For higher energies, an appreciabie # term makes its ap-
pearancel959PE221961VA1Q 1963WA19. See also{965DA1D 1967FR1E. The azimuthal
distribution observed with polarizegrays att., = 21.3 — 21.6 MeV is not inconsistent with E1
(1966KE0§. Evidence for involvement of excited states't® for £, > 30 MeV is reported by
(1959PE2}. See alsol960BA1R 1963BU1G 1963FI1B 1966MALT, 1966RA1E 1967LE1H.

At high energies E, 2 150 MeV, the cross section for photoproton production resael-
atively large & 100 pb) and the angular distributions show forward peaking. Tigé nternal
momenta thus implies may be understood on a quasi-deutertamegy in which the interaction in-
volves neutron-proton pairs in close proximity within tlaeget nucleusl©51LE1B. This picture
is strongly supported by the observation that most, if nphalh energy photoprotons are accom-
panied by neutrons with the proper kinematical relatib®54MY 1A, 1958BA1G 1958WH35;
see, howeverlO65RE1B.
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Table 12.18: Resonance structuréi@(y, n)''C?

E.® r o (peak) [ odE Refs.
(MeV) (MeV) (mb) (MeV - mb)
[22] © (1965VE03
22.0 1.0 8] 8.7 (1965BA2G 1966BA39
22.0 1.5 4.50 10.6 (1966FU02
22.1 (1962FI11GC 1966FI1D ¢
22.1 (1966CO09
22.2 [7.7] (1966L003
22.2 (1965MI103
[22.2] [6] (1966MI104)
22.5 8.3 (1955BA63
22.75 (1966CO09
23.0 [7.7] (1966L003
23.1 (1962FI1G 1966FI10)
23.2 2.0 5.75 18.1 (1966FU02
[23.4] [7.5] (1966MI104)
23.5 0.8 [11] 10.9 (1965BA2G 1966BA39
[23.5] (1965VE03
23.5 (1965MI103
23.6 (1966CO09
23.7 (1966L003
23.8 (1962FI1G 1966FI10)
(24.0) (1966FU02
(24.9) (1966L004
25.0 0.7 [9] 5.8 (1965BA2G 1966BA39)
[25.1] (1965VE03
25.4 (1966CO09
25.5 2.0 2.50 7.9 (1966FU02
25.5 (1965MI103
25.6 [5.7] (1966L00%
(26) (1966MI104)
26.0 (1966CO09
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Table 12.18: Resonance structuréig@(y, n)''C * (continued)

E.® r o (peak) [ odE Refs.

(MeV) (MeV) (mb) (MeV - mb)

(26.0) (1966L004

(26.5) (1966L003
27.1 1.5 1.50 35 (1966FU0J
27.5 (1962FI11C 1966FI1D
27.6 (1966CO09
28.3 1.5 1.50 35 (1966FU0J
29.5 (1966CO09
30.0 (1962FI11C 1966FI1D
30.5 2.0 1.95 6.1 (1966FU02
32.2 (1962FI11C 1966FI1D
32.7 (1966CO0%
35.2 ~ 3.5 ~ 1.0 ~ 5.5 (1966FU02
36.4 (1966CO09
35.0 54+1 | (1966FO0%

~ 52 (1966FO08

@ See Tablel2.16for integrated cross section: see al$§6%7CO57.

b For structure in the range 19 to 22 MeV, s&8¢2F11C 1965BA2G 1966BA34 1966C0O09
1966F110 1966FI1E 1966L004 1966MI109.

¢[] = read from figure.

4 See also(966FI1B.

Experimentally derived momentum distributions are regaly ((961CE1B1963KI03 1963KI10).
See also 1958MA1A 1959CH25 1961MA36 1961SH1C 1962CH26 1962PA08 1964JI1A.
Polarization of the photoprotons has been studiedlBg2LI113.

See alsol959PE211962FE121963B0211963FU10 1964M0O02 1964SE091966RA1G
1967MA1PB, 'B(p, 7)!2C and'?C(e, ep)'B.

32.12C(y, d)\°B Qum = —25.188

For Fy.ems = 90 MeV, the ratio of yields of deuterons to protonsi2%, for particle energies
15to 30 MeV. For higher particle energies, the ratio de@ea&ngular distributions are similar for

41



Table 12.19: Giant resonance'fC(y, p)''B @

E, (MeV) | T (MeV) | omax ® (Mb) Refs.
22.1 3.6 81+24 | (1959PE2}
22.4 13.2+1.6 | (1964SH2)
22.4 3.1 9.6 (1962D01A
22.5 12.7+2.5 | (1961VA1Q
22.5 3.1 12 (1961GO13f
[22.5] ¢ (1962HE1(
22.55 19+4¢ | (1959GE3}!
22.6 14.7¢ | (1956C0O59
22.6 3.2 11] (1964AL20) ¢

& Compare with''B(p, v)'2C.

b See Table 2.16for integrated cross sections.
¢[ ] =read from figure.

4 As corrected by1962DO1A.

¢ As corrected by1961VA10.

f From!'B(p, v)'?C.

(v, d) and §, p), with strong forward peaking. These observations aresistent either with
a quasi-deuteron mechanism or with a two-stage pickup psof®62CH26 see (962MALF
1964SH1B). According to (964SH1B the high apparent threshold foy,(d) reflects the pres-
ence of continuum states §fB with a high parentage it¥C. See alsol959CH25 1960SH1D
1963BA1K 1964KI1D, 1965K104 1967SM1A.

33.12C(v, 1)°B O = —27.369

See (968BU1D).

34.12C(y, 3) Qum = —7.274

The cross section exhibits broad peaks at about 18 MeVzaRd MeV, a pronounced min-
imum occurs at 20.5 MeV: to what extent the peaks have finetsirel is not clear}953G013
1955CA19 1955G0591955J01C1964TO1A.
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For E, < 22 MeV, transitions are mainly t8Be, and®Be*(2.9) with the g.s. transition
dominating forE, < 14 MeV. ForE, > 26.4 MeV, ®Be (T = 1) levels near 17 MeV are strongly
excited (955G059. Integrated cross sections ar&2 + 0.03 MeV - mb (1964TO1A to 20.5
MeV), 1.21 4+ 0.16 MeV - mb (1953G0O13 to 20.5 MeV),2.8 + 0.4 MeV - mb (1953GO13
20.5to 42 MeV) anck 0.2 MeV - mb (1953G013 42 to 60 MeV). Alpha energy distributions
show surprisingly strong E1 contributions beldwy ~ 17 MeV (1955G0591964TO1A. See
also (L958MA1A, 1960GA16 1961SE131964WA1J 1965R01), and (1959YO1B 1964LE1C
1965DZ1A 1965DZ1B.

35. (a)*2C(y, pa)TLi Qm = —24.621
(b) 2C(~, na)"Be Qm = —26.265

Reported integrated cross sections for reaction (a) ar%oto 40 MeV: 1.61 MeV- mb
(1962M016, 1.35 MeV- mb (1956LI09, 3.85 MeV- mb (1958MA1A); for 25 to 120 MeV:
1.940.4 MeV-mb (1962M0O1§. For production of Be (reaction (b)), the integrated cross section
to 57 MeV is6.0 + 0.4 MeV - mb (1966AR0).

36.12C(e, e)*C

Elastic scattering has been studied up to 800 MeV: momentansfersg? < 11.5 fm~2
(1959ME24 1964CR11 1966CRO07J. The form factor is well accounted for by a harmonic-well
model with R(r.m.s.)= 2.40 + 0.02 fm. Only one diffraction minimum is observedY66CRO0Y.

R = 2.42 4+ 0.04 fm (1967EN1Q, R = 2.58 fm (1967EL1B, R = 2.35 + 0.1 fm (1966AF1A
see also 1967AF02 1967AF04 1968AF1A). See alsoX960IN1A 1963G0O04 1965MU1B
1965RA1F 1967BE1R1967B0O1X 1967EL1B 1967FR1D 1968BR1N.

Sharp inelastic peaks are reported corresponding@s(4.4, 7.7, 9.6, 15.1 and 16.1 MeV)
(1956FR271956HE83 1959BA36 1959EH1A 1960BA47 1961B0321961DU09 1962ED02
1963B0361963G0O1RP1964BR1N 1964CR111964G0141965GU041966CR0O71967AR1A
1967CR011967PEOQY. Observed widths are reported in Tatk22Q Additional structure in the
rangeFE, = 16.6 to 25.5 MeV is reported byl063B0O36 1966PR1{. The variation of the form
factor F'(¢*) with momentum transfer yields unambiguous assignmenfs ef 2™, 0" and3~ for
the first three levelsiO60BA38 1964CR111967HA1U). There is some evidence of a diffraction
structure inF'(*2C*(4,4)) at high momentum transfet §66CROY. Transverse and longitudinal
scattering form factors fro¥C*(4,4) have been measured W6 7BE43.

The 15.1 MeV transition is a strong M1I™ = 1%; 7" = 1: the indicated", is somewhat
lower than the mean frodiC(y, v) (1964G0151964GU051965FO01F. The theoretical value is
sensitive to the spin-orbit coupling parameter, but a plf%rcgnmund state seems to be excluded

(1964BI1H 1964KU1Q. The 16.1 MeV level corresponds to that observed'i(p, +)'*C.
I, = 0.184 £ 0.045 eV is obtained from the electron data, d@fd= 1 is confirmed {961DU09
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Table 12.20: Widths of?C states from?C(e, e}*C®

12Cx Jo T r,, (ev) Refs.
444 | 2+,0 | (12542.5) x 1073 | (1956HE83
(1124 1.2) x 1073 | (1964CR1)
(10.6+1.1) x 1073 | (1967CRO0}
(12.2+0.8) x 1073 | (1967AR1A
7.65° | 0+;0 (5.5+£3) x 107° | (1956FR27 ¢
(6.5+0.7) x 107° | (1964CR1}.
(7.341.3) x 107° | (1965GU03
(6.2+0.6) x 1075 | (1967CRO}.
9.64 | 37,0 | (3.640.4)x10"* | (1964CR1)
(3.1+£0.4) x 10~* | (1967CRO}.
15.11° | 1*;1 40*8 (1959BA36 1960BA47
3944 (1962ED02
34.4+3 (1964GU0Y
3643 (1967PEQY
16.1 2t;1 | (184+45) x 10~® | (1963B0O361965BI1B
18.1 (1964G0O13
19.2 [ (27:1) (1963B036 1965DE1G 1966BE1Q1967BI1K,
1967DR1G
195 |[(17;1) (1963B036 1964G0141967BI1K, 1967CR02
~ 24 (1964G0O13
~ 34 (1964G0O13

@ See also Tables2.8and12.15

b pPartial width for g.s. decay via pairs.
¢ M1; see ((964G0O1), Table12.15

4 See (967CRO)L
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1964BI1H 1965BI1B 1966PR1G. See also{960IN1A 1962KU1C 1963B0O36 1964GI1A
1965IN1A 1965SE1D1967SH1L).

Inelastic excitation of the giant resonance has been stigi€. 959BA36 1960BA47 1961B0O32
1963B0O36 1963GO1RP1963LE1H 1964G014 1966PR1(. There appears to be evidence for
structure ati8.1 + 0.05, 19.5 + 0.05 (I' = 0.5 + 0.1), ~ 24 and~ 34 MeV (1964G0O14 see also
(1967CRO03). The variation ofF'(¢?) with ¢* in the range) — 0.6 fm ~2 shows good agreement
with the calculations of X964LE1D which assumes four~— particle-hole states at, = 19.6,
23.3, 25.0 and 35.8 MeV (see als®E7CRO0)). See alsoX960FALE 1965LE1DQ 1966FR1H
1966UBO1 1967BI1K). Reported integrated cross sections are 75 Me\b (1960BA47, 50
MeV-mb (1963GO1f. See alsé*C(y, n)!'C. The behavior of the 19.2 MeV level suggests ascrip-
tion to the expected giant magnetic quadrupole sfate- 2; this state is not likely to have been
seen in"'B(p, 7)'2C (1965DE1G 1965DE1K 1966BE1Q 1967BI1K, 1967CR02 1967DR1G.

A positive parity state with a large longitudinal matrix elent may also be preseritq67BI1K).

See (962BA1D 1964BA1R 1966DE1K 1966GO1C 1967WALE 1967WALH for general
discussions.

See alsol960DE1A 1963P0O1B1964Z11A 1966BO1N 1966BO1R1966GI1A 1966KA1G
1966PE1E1966SI1E1967CZ1B 19671S1A.

37. (a)*2C(e, ép)''B Qm = —15.957
(b) 12C(e, én)''C Qum = —18.720

Electron spectra in the region of large energy loss show adopeak which is ascribed to
guasi-elastic processes involving ejection of single @oics from bound shells: se&361B0O32
1963CZ1A 1966DE1K. A study of é-p coincidences for incident energies arouri® — 600
MeV reveals peaks corresponding to ejection of 1p and 1®psothe results are consistent with
observations in (p, 2p)LO61JA1L, 1964AM1G 1967AM1E). Angular distributions for the two
groups are analyzed b§967AMO03 in terms of proton momenta.

See alsd?C(y, n)''C, 2C(y, p)''B and (L961GO1R 1961RO1H 1961VA1Q 1962DO1A
1962PA081963B0361964SU1B 1966RA1G 1967DE1R1968AM1A).

38. (a)'*C(n, n)2C
(b) 12c(n’ ”)12c*
(c) 12C(n, f)*He'He'He Qm = —7.274

Elastic and inelastic scattering have been studied at maargies up to 350 MeV. The data are
summarized by{963GO1M 1964ST2%; some later references are listed in Tati?e21 At £, =
14 MeV, the elastic angular distribution shows a forward-mehHiffraction structure indicating
direct interaction. Optical model fits in the forward hentiepe are satisfactory but fail at back
angles (963LU1Q 1964CL0Y. A strong-coupling calculation has been made b§65BL09.
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Table 12.21: Summary dfC(n, n)}2C angular distribution studies

E, (MeV) 12C states Refs.
0.05 — 2.30 g.s. (1961LA1A)
0.5,0.8 g.s. (1965K018
1.0—-10 g.s. (1966FI11Q
6.0 g.s., 4.4 (1965WI17)
6.0,7.5 4.4 (1966DR1E
7.6 g.s., 4.4 (1967PELfF
14 g.s. (1966FR1$
14 4.4 (1960BE241961B0281964ST30
14 g.s.,4.4,7.7,9.6 (1963BO151963BO1M 1964SZ1A
14 9.s., 4.4,9.6 | (1964CL0OY
14 4.4,7.7,9.6,10.1 (1963RO1L)
14 4.4,7.7,9.6 (1963J01G1964J01E1966GR1L, 1966J0O1B
14.6 9.6,10.8,11.8 | (1967TU03
14.8 4.4,7.6 (1962RE1B
96 g.s. (1960SA25

2 See also(963G0O1M 1964ST2%.

polarization studies ak’, = 24 MeV are in fair agreement with optical model predictions and
yield a sign for the spin-orbit coupling in agreement witlekimodel predictionsi962W0O08
see also 1960SA1E 1965BR1B). See alsoX959GL57 1959KE1A 1959WI1C 1960H0O14
1960R0241964CR1B.

At 14 MeV the cross sections fogm, (4.4) and B (9.6) are about 800, 220 and 100 mb, re-
spectively: seel(963B0151964ST251966GR1L,1967GR1E. Angular distributions aty, = 14
MeV of neutrons corresponding téC*(4.4) show direct interaction, but DWBA optical model fits
are unsatisfactoryl@64CL05 see also1959GL57 1960PE021960R02%). (1967GR1R find
that coupled channel calculations, witC*(0, 4.44, 9.64, 10.84) taken as collective states yield
fair agreement with the experimental angular distribugiat¥,, = 14 MeV. See also{962BA15
1962BA25 1962CO1E 1963HO08 1964JO1F The angular correlation {(ny,4) has forward
neutron angles the distributions are similar to (py)pvhile a strong difference is apparent at
6, = 135° (1963BE311966BE1R. See also{961AS1B 1963M0O04 1964M0O10Q 1965LA1D).
See also 1958AN32 1958NA09 1959GA1D0 1959HA06 1959SI179 1960DE1Q 1960HEL0Q
1960PE1A1961BR081961JA191961ST22BL62C, 1962B0O061962BR111962ST181962TEQ5
1963ED1B1963GA1G 1963KO1G 1963MC1B 19630P1A1963SE1P1964AD1R 1964EN1B
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Table 12.22!2C(p, p)'2C angular distribution and correlation studfes

(a) Angular distribution of protons

E, (MeV) Angular distribution of2C* Refs.
2.4 —13 g.s.,4.4,7.7 (1966BA35 1966SW03
25-3.0 |gs. (1965BE1l)
4.7—-8.7 g.s. (and 4.4 at 8.7 MeV) (1965M015
4.7-11.0 | gss., 4.4 (1960DE1GQ

5-20 |gs.,4.4 (1962RO1%
65-16 | g.s., 4.4 (1961NA0J
6.9 4.4 (1961GO1}
9.4 —9.6 g.s. (1953BU721957GI141957GR531959GR1¢
9 g.s. (1961HO09
92,10 | 4.4 (1961MC16
12 4.4 (1957CO53
13.6 —19.6 | g.s.,4.4,7.7,9.6 (1964DA03
14-194 | gs., 4.4 (1957PE1}
14.5 g.s., 4.4 (1962ST1)
14.5, 20, 31.5 g.s. (1955K143 1956K154
17 g.s. (1956DA03
17.5-20 |12.7 (1962WA3)
19.5 15.1 (1962WA3)
17.8 g.s., 4.4 (1965BA54)
18.9 9.6 (1961BROS
18 — 30 g.S.,4.4,7.7,9.6,12.7 (1963DI104 1963DI11§
29 g.s., 4.4 (1966CR1¥
30.3 g.s. (1964RI07
30.6 g.s., 4.4,9.6 (1952BR52
31.1 g.s.,4.4,7.7,9.6,12.7,14.0,15.1,16.1 (1963DI109
40 4.4,7.7,9.6 (1964ST15
40 g.S.,4.4,7.7,9.6 (1963HW011966BL19
40 g.s. (1967FR2)
40 4.4 (1959CH1B 1966FR1G
46 4.4,7.7,9.6,10.8,11.8,12.7,14.0,15.1, 16.(1967PE051967SA13}
48 g.s.,4.4,7.7,9.6,18.4 (1965WI1H
49 g.s., 4.4 (1966CR13
49.5 g.s.,4.4,7.7 (1967FA0H
57 g.s., 4.4 (1962N0O081962YA0)
68 g.s., 4.4 (1963PO0p
95,135 | 4.4 (1957DI29
96 g.s. (1957GEO$
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Table 12.2212C(p, p)'2C angular distribution and correlation studiegontinued)

E, (MeV) Angular distribution of‘2C* Refs.
96 g.s.,4.4,9.6,20.8 (1956ST6%
100 g.s.,4.4,7.7,9.6 (1966MA39
142 g.s. (1961TA0H
143 g.s. (1964ST1H
145 g.s.,4.4,9.6,14,18.5 (1966EM01 1966JA031966JA0F
150 15.1 (1961DE1§
155 g.s.,4.4,7.7,9.6,15.1 (1957AL39 1964JA03
180 g.s. (1961J013
185 4.4,7.7,9.6,12.7,15.1,16.1,18.2,19.3 | (1964HA34 1965HALY)
185 13.9 (1967J01F
660 g.s. (1963AZ01 1963AZ1R 1963AZ1Q
725 g.s. (1965MC04
1000 g.S.,4.47.6+4+9.6 (1967FR101967PA2%
(b) Angular correlation of protons and gamma rays
E, (MeV) States involved Refs.
6.5 4.4 (1960HA21 1961AD09
8.5 4.4 (1964BA14
9.9—-14.6 | 4.4 (1963NA1D)
10—-10.8 | 4.4 (1959BR1,)1964SCOY
12-15 4.4 (1966SC1l)
39 4.4 (1960AD1A 1964AD1A
147 4.4 (1964R0O23
150 4.4,15.1 (1961DE161962SA0%
2 See alsd>N.

19640L1B 1964PE201966BR10 1966CI1A 1966FE1C1966J01B1966KA1E 1966K0O10

1966LI1F 1966MO1GC 1967BR231967CH1R 1967LE1Q and!3C.

At £, = 14.2 MeV, reaction (c) proceeds about 50% throdg@ states which then decay via
®Be, . and®Be*(2.9). Most of the remainder of the observed events tdeepthrough?C(n,
a)’Be* — n + ®Be* and?C(n, o)’Be* (o) He* (n) a. The reaction?C(n, °He*)®Be* cannot
be excluded. Four-body break-up is not necessary to exflainesults. The--decay of the 10.8
and 11.8 MeV states, together with stripping results, ssggé = 1~ and2~ for these states
(1964BR25 see also 1966MO05). See also1959TS1A 1960VA1Q 1962BA15 1962BA25

1964SA1E 1965GR1V 1965GR1W 1966CI1A 1966FE1C1966GR1MN).

39. (8)"*C(p, p)*C
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(b) 2C(p, pny'C Qum = —18.720

(c) *C(p, 2p)'B Qu = —15.957
(d) *C(p, pd)’B Qum = —25.188
(e) *C(p, pv)°Be Qu = —7.369

Up to E, = 12 MeV, the elastic scattering exhibits resonance structsee’*N. References
to elastic and inelastic studies at higher energies aredlist Tablel2.22 Excitation functions
for both (p, p) and (p, {{4.43)) exhibit pronounced resonance-like structureBgr= 14 to 20
MeV (1957PE141961NA02 1964DA03. An optical model analysis gives a good account of the
data, but the parameters vary strongly with enef36@NO03 see also1962R0O1%). Between
18 and 30 MeV the elastic scattering and polarization amgliddributions show strong energy de-
pendence, while those for inelastic groups are much smo(tBé3DI04 1963DI116 1966CR0J.

An optical model analysis with resonances is discussed ®§4TA1B; see also1965BA1M). At
40 MeV an 11-parameter optical model fit is satisfactory fasgc differential cross sections, but
unsatisfactory for polarization data966BL19 1967FR20 see also 1965BA54, 1965FR1Y).
The same problem arises with the data at 46 M&Y6(/SA13 and 49 MeV (966CR14. For
analysis of the 140 MeV small angle results, se@66JA0§. See alsol958BE1B 1959WI1G
1962RO1E 1964CR1B 1967BE1Q 1967TA1B. At 1 MeV, the differential elastic scattering
cross section exhibits diffraction-like structure asatail with the multiple scattering of protons
by nucleons inside the nucleusd67PA2Y.

At E, = 40 MeV, angular distributions of inelastic protons corresgiog to ?C*(4.4, 7.7,
9.6) confirm the assigned parities even, even, odd, respscti Comparison of deformation
parameters for?C*(4.4) determined by (p,’p (o, o) and (e, & show considerable differ-
ences {964ST1Y: see, however,J066BA2K, 1967SA13. Angular distribution measurements
atE, = 46 MeV (1967PEO)have been analyzed by§67SA13: a large quadrupole deformation
was found (f; =~ 0.6); the inelastic scattering agrees best with deformatiobadh the real and
imaginary parts of the optical potential; the angular dhsiion for 2C*(7.6) is best described
by double quadrupole excitation ViaC*(4.4). 2C*(14) is interpreted as thé" rotational state.
The similarities of distributions corresponding't€*(10.8, 11.8) suggest that they have the same
spin (L1967SA13. Asymmetries observed with 40 MeV polarized protons'#®*(4.4) disagree
with DWBA predictions (966FR1G see also 1967SA13)). See also1960BA3§ 1963DI16
1964DA03 1965FR17 1966BL19 1967FA06 1967LE13 1967LE1G 1967PALL 1967SA1L,
1968GA1H 1968TA1B.

A number of inelastic groups have been studied’at= 155 to 185 MeV: see Tablé2.23
When treated in the impulse approximation, the cross sectiad angular distributions are closely
related to the electric transition moments. Comparisomppfj and (e,  form factors yield the
transition multipolarities indicated in TablE2.23(1964JA03 see also 1960NI02 1961BR0O8
1961P104 1962BR11 1962RO1F 1962SA1G 1963HO1D 1963NI02 1964HALL, 1965HA1L7Y,
1965HA28 1966HAS5] 1967HA1U 1967JO1l. The broad levels reported in the rane= 20
to 24 MeV are associated with the giant E1 resonah861SA1E 1962SA1G1963DE351965HALY.
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Table 12.231%C levels from'2C(p, g)*2C*

12 C* a,b

(MeV =+ keV)

Multipolarity ©

F a
(keV)

4.43 4100 4e
7.65 £ 100
9.7 + 150
10.6 £ 400
11.1 4400
12.7 4 200
13.94+ 1001
15.15 4 100
16.1 4 200
18.2 £ 300
19.3 £ 200
(20.4 4 400)
21.4 + 300
22.1 + 300
23.4 + 400

E2

E3

(M1)

M1

M2 &

El

500 — 800
500 — 800
500 — 800
500 — 800
500 — 800
500 — 800

a (1965HA17 185 MeV).
b (1963DE351964ST15. See also{956ST651959AJ76 1960GA1Q
1960LA03 1962N0O081963ME04 1966EMO).

© (1964JA03.

4 B, = 4437 + 7 keV (1962BR1J).
© By, = 4440.0 £ 0.5 keV (1967K013.

f(1967J01F J™ = (41).
¢ See also1960RI1Q.
b (1962WA3Y: I',/T' = 0.027 £ 0.007 for 12C*(12.7),1.15 & 0.3 for

12C%(15.1).
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The energy of the first excited state 4440.0 4+ 0.5 keV, from the~-ray. The character
of the Doppler broadening indicates rather little spin-figntribution to the inelastic scattering
(1967KO14 E, = 23 MeV). Protony-angular correlations provide a sensitive measure of the
spin-flip: for £, = 10 to 15 MeV a considerable contribution is observeé8q4SC071966SC1L
see also 1961AD04 1961CL10O 1961GI1C 1961G013 1962N0O04 1964BA14 1964R023
1967GI10 1967KO1N and Tablel2.27).

The following is a list of other recent theoretical and revipapers dealing with this re-
action: (959GL57 1959H095 1959MC63 1959PU1A 1960BE3]1 1960LU1B 1960MA43
1960MI1G 1960SA1CG1960SA1E1960SA1G1961D0O1C1961GI10Q 1961MC1G 1961SA1B
1962KA1E 1962MA1PR 1962NI11CG 1963BU1E 1963LO1A 1963VI1A 1964DA07 1964HO1C
1964SA1L, 1965CL1E 1966BO1R 1966GI1A 1966LI1F 1966SA1D 1967CH1R 1967VA1K)
and (L959AJ79.

See alsol960WA151961CL091961RA1B 1964SC1F1965DE141965JA1A 1966YAQY.

Reaction (b) is widely used to monitor high-energy protoarbe: seel963CU051963CU1B.
For studies of recoil spectra, se962S109 1965BE1). Possible emission of singlet deuterons
is discussed bylO66NO1A. See also{967HO1N).

In the summed proton spectrum of reaction (c), peaks arenaxbseorresponding to the ejec-
tion of p- and s-shell protons: seéB. Absolute cross sections are reported hpg5GI1H.
See also 1962AU1A 1962ST1E 1964LI1D, 1964LI1E 1965MC1FE 1965RI1A 1966BE1B
1966KO1R 1966JA1A 1967CO1V 1967EL1C 1967G0O01 1967JA1C 1967RI08 1968JA1G
1968YU1B. At E, = 57 MeV the reaction involves an excited state at 20.3 MéVG/EP1B
1968RO1).

For reaction (d) seel@63SH1A 1965BA1] 1967SULC FR68A). See also 1962AU1A
1964BA1B.

Reaction (e) has been studied ugtp= 660 MeV. Various states iff C appear to be involved.
At E, = 57 MeV, the sequential process dominatesjecay td'Be, .. is observed via’C*(21.1,
22.2, 26); comparison with other reactions suggests ") = (1%, 3%; 0), (17; 0 + 1); (7 =
natural; significanf” = 0 component) 1967EP1B. See alsoX966RO1D 1968RO1L). See also
(1959VA15 1960VA1Q 1961VAL17, 1962VA1A 1962ZH1B 1963JA07 1963VA04 1963ZH1A
1964BA29 1964KE1FK 1964SY02 1964YU1A 1965IS05 1965KU14 1965SA1K 1965YU1CG
1965ZH1A 1966JA1B 1966ZE1A 1967GA0) and (L959AJ76.

Total proton reaction cross sections are reported B9BU97 1959G0901964G1051964GR1M
1967CA1K.

40. (a)'2C(d, dy2C
(b) 2C(d, pn}*C Qm = —2.224

The angular distribution of elastically scattered deutsribas been studied at a number of en-
ergies fromE,; = 2.8 to 650 MeV: seel954FR241960BU25 1960CA24 19611G02 19611S02
1961L001 1962SL02 1963BU24 1963CA1E 1963FR1EF 1963VA23 1965DI1C 1965DU01
1966C0241966D0O1B 1966DU08 1966GA09 1966 GE031966NG011967AU05 1967DU1E
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1967FI07 1967NEQ9, 1967PL1B 1967WA1M). Inelastic groups corresponding to levels at 4.4
and 9.6 MeV are reported by 961JA021962SL021966NGO01 see also{951KE02 1954FR24
1956GR37 1956HA9Q). The angular distributions of inelastically scatterezitérons to these
two states and téd>C*(7.7) have been measured Bf = 25.9 MeV (1963VA23. A system-
atic optical model analysis yields a set of smoothly varymagameters which give a good ac-
count of the elastic angular distributions frofy = 3 to 34 MeV. For the inelastic scatter-
ing, @ = —4.4, deformation of the potential correspondingfo= 0.4 — 0.6 was required
(1966SA1Q. See also1961CI08 GO61l 1963CA1J 1963SA1G 1968HI1H, (1958MA52
1960EL09 1960FA05 1960LU1B 1961R0O1G 1962SA1J1963ST1A 1963ZA18 1964HE1H
1964HO1C1964RU1A 1964SA1K 1965CA1FE 1965TJ1A 1966BA2W, 1966JA1J1966MA2Q
1967RE1E1967RU1A theor.) and 1959AJ79.

For reaction (b), seel@63PH1A 1965LA08 1965LA1F, 1967MA1LN, 1967NO1A and!3N.

41.12C(d,5Li)*Be Qm = —5.807

Differential cross sections measured far = 14.7 MeV are analyzed by DWBA to yield,,
a measure of the compositidBe + « in the wave function of?C, ;. Subject to an uncertain
normalization,S,, is found to be close to unityl@64DA1B 1966DA1G 1966DEOD)Y.

42.12C(t, t)'2C

Angular distributions of elastically scattered tritonsy@deen determined &, = 1.0 to 1.75
MeV (1962GUO01 see also(968HE1N), at 6.4, 6.8 and 7.2 MeV1064PUO) and at 12 MeV
(1965GL04 optical model analysis; see alsStBE6GL1B).

43. (a)'*C(*He,*He)'*C
(b) 2C(*He, pd)2C Qm = —5.494

Angular distributions of elastically scatteréide particles have been determined ffHe) =
2t0 6 MeV (1966SC1}, 5.5 MeV (L961PA0J, 8.5 and 10 MeV{966SC2}, 12 MeV (1965YO1B,
12.0 to 18.6 MeV (967FO1F, 20.1 MeV (1967MA1G also '2C*(4.4)), 24.5, 25.3 and 26.8
MeV (1964SEO0¥, 25.7 MeV (L966DA1H also'2C*(4.4, 7.7)), 26.1 to 32.6 MeV1Q63PA15
also'2C*(4.4)) and29 — 30 MeV (1961AG1A 1961CA18 1962AG0] 1962CA29 1962GA17
1965BU1H 1967BA2R 1967BR1N. See alsol961F0021962WE1C 1967AR17 1967AS1B
and (L961HO1) 1964G01,) 1965FR1E 1967GR1N 1967PA1Y theor.). For reaction (b) see
(1965DO1H.
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44. (a)'?C(o, a)'?*C
(b) 2C(av, an)*'C Qm = —18.720
(c) 2C(a, 4) Qm = —7.274

Angular distributions of elastic and inelasticparticles and of 4.43 MeV-rays have been
measured at a number of energies: see TaBl@4 DWABA fits to differential cross sections
observed at 40.5 MeV fof) = —4.4 yield B(E2)| = 13 ¢* - fm*; for Q = —9.6, B(E3)| =
50 — 70 €% - fm® (1966HA19. Except for the broad 10.1 MeV state all known levels“@ with
E, < 14 MeV have been observed by966HA19. Angular distributions ofv-particles and 4.4
MeV ~-rays have been studied &f, = 22.5 (1964EI10) and at 43 MeV {959SH621962MC1).
The studies of 1962MC11 1964EI0) yield information on the polarization of théC*(4.4) as
produced in inelastic scattering. The derived polarizegtishow strong dependence on scattering
angle and are not explained by simple PWBA or adiabatic imachechanisms: DWBA gives
qualitative agreement. Similar studies involvii@*(9.6) confirm that/™ = 3~ (1963LA07. See
also (L959CA14 1962BR14 1964BULFE 1964LA07 1967VE1Q and (L959BL31 1959GL57
1960RO1E1961EI1A 1962RE1C1963DA1B 1963HO1J1964DA1D 1964GR1L,. 1965JA10
1966J0O1A 1967BO1W 1967JA1G 1967LA1K; theor.) and 1959AJ76§. The 9.6 MeV state
decays predominantly througBe, ; (1966B0O2§.

The angular distribution of alphas corresponding0*(12.7; J™ = 1%) at £, = 28.5 MeV
is not accounted for in DWBA. A spin-orbit interaction leadito spin flip appears to be involved
(1967NA0S.

For reaction (b) seel@53LI129. Angular correlations in?C(x, 2a) (reaction (c)) observed at
E, = 915 MeV give evidence for strong-clustering in'>C (1961GO17. See alsol961VA3§
1962BR141962VA25 1965YAQD.

45, (a)'2C(Li, 5Li)'2C
(b) '2C('Li, "Li)'2C

See (9640L1A; see alsol963BE1R 1966DE09 1967SI1Q.

46. (a)12C(IOB, 1OB)I2C
(b) 12C(1lB, 1lB)12C

See (9640L1A. See alsoX963SH1E for reaction (a) and1(963SA1E for reaction (b).

47. 12C(12C 12c)12C
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Table 12.24: Summary dfC(a, «)'2C angular distribution data

E, (MeV) 12C states Refs.
25-4.8 g.s. (1962J00%
79-8.1 4.4 (1964M112)
7.9-19 4.4 (1964MI108
8.8-10.1 g.s. (1967BR1K
11-19 g.s. (1964CA0}
14 g.s.,4.4 (1963JO1k
18 9.s.,4.4,7.7,9.6 (1959CO70)
18.5 7.7 (1964M108
18.7 g.s. (1962W002
20 9.s.,4.4,7.7,9.6 (1959FU62
20.3,21.9 9.s.,4.4,7.7,9.6 (1964J01%
21.2-22.7 g.s. (1962J01%
22 g.s., 4.4 (1959HU13
22.5 g.s., 4.4 (1964E10)
24 g.s. (1967AG1A
24.7 g.s. (1964BU1H
25 9.6 (1966BO28
27.2 g.s. (1966NE1D 1967NE1R
27 - 36 9.s.,4.4,7.7,9.6,12.7 (1960M103 1960MI10
28.5 g.s. (1962AG0)
28.5 g.s.,4.4,7.7,9.6,11.8, 12.7, 14.1 (196 7NAO9
31.5 g.s., 4.4, 7.7 (1956WA29
33.4 g.s., 4.4 (1967AR1}
382 9.s.,4.4,7.7,9.6 (1960AG01 1960VA03
40 g.s.,4.4,7.7,9.6 (19561G02 19571G03 1959YA0])
40.5 g.s.,4.4,7.7,9.6 (1966HA19
42 g.s.,4.4 (1959EC131962MC1)
51 g.s. (1966VI1A)
56 g.s. (1967SY1A
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At E(*2C) = 126 MeV, strong inelastic peaks corresponding16*(0, 4.4,14.0 & 0.5) have
been observed. Groups with= —9 and—19 MeV are also seen. Their interpretation is less clear.
Angular distributions suggest that the 14 MeV state.fias- 47; the large intensity indicates close
association with?C, s (1962WA24 1963GA05 1966BA2K); deformation parameters are listed
by (1966BA2K); see alsol962GA02 1962WI109. The elastic scattering has also been studied for
E... =3t013.4MeV (1961BR1j and atE. ,,, = 56.7 MeV (1962SM03. See alsoX965GR1I,
(1959AL1H 1962BE431962SE1G1963WI1Q and (L1962BU1BR 1963BA1Y).

48. 12c(14N 14N)12C

Differential cross sections have been determined for'te transition atE(**N) = 21.5
to 27.3 MeV (1960HA16 and atE, ., (**N) = 62.5 MeV (1962SM03; those to the 4.4 MeV
state have been measuredZ{t*N) = 27.3 MeV (1961HA04. See alsoX961KU1D 1961NE04
1962WI109 and (L963KU1L).

49. 12c(160 160)12C

Differential cross sections have been determined for'te transition att, ,, (*°0) = 8
to 13.7 MeV (1963KU12 and atE(10) = 35 (1967GO1A 1968VO1L), 42 (L964NE0), 67
(1959MC1D and 168 MeV (964HI09: those to the 4.4 MeV state have been measured at
E(60) = 42 and 168 MeV {964HI09 1964NEO).

A DWBA analysis of the 168 MeV data is given by 966BA2K). See also 1963KU1L,
1967AB1D.

50. (a)12c(17o’ 170)12C
(b) 12c(180’ 180)12C

The elastic scattering angular distributions in both (a) @) have been measured/at= 35
MeV (1967GO1A.

51. 12N(3+)'2C Qum = 17.342

The decay is mainly to the ground state via an allowed trimmsiBranching fractions to other
states of 2C are listed in Tabld2.25 The half-life is10.97 & 0.04 msec; see Tabl#2.28 Since
transitions t0'?C, , and'?C*(4.4) are allowed,J"(**N) = 1*. See discussion dfB(5~) and
(1965WU1A. See alsoX962P0021966DULE 1967HU10.
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Table 12.25: Branching ittN(3)'2C

Decay to'?C* Branch (%) log ftf Refs.
g.s.? 94.25 4.117 4+ 0.002

4.44 2.440.2 (1963PE1D
2.24£0.25" (1963WI03

2.340.2 5.06 4+ 0.04 mean
7.65¢ 22406 (1963GL0J
3.04£0.5 (1962MA22

27+04 4.34 £ 0.06 mean
10.34 0.854 0.6 (1963GL0J
0.44 % 0.15 (1963WI109

0.46 £ 0.15 4.36 £ 0.17 mean
12.71° 0.294£0.13 3.90 £0.16 (1967AL03
15.11 (44+15)x 1073 | 3.30+0.13 | (1967AL03

2 Eg(max)= 16.384 & 0.015 MeV (1963GL04 1963PE1]

b 1.72 times'?B value.

¢ See also1963WI05.

4 (1966SC2}R

¢ See als01963GL041963WI05 1966SC23

f Based oy, = 10.97 £ 0.04 msec and o1, see ((966BA1A).

52.13C(y, n)'2C OQm = —4.947
See!3C.
53.13C(p, d)2C O = —2.722

Angular distributions of deuterons t8C*(0, 4.4) have been measured HYE6GLOL 8 and
12 MeV) and by {961BE12 17 MeV). For the ground staté? = 0.036 at £, = 8 MeV and
0.058 at 12 MeV; for the 4.4 MeV stat® = 0.051 at 12 MeV (1966GL0t PWBA). See also
(1960NEL1G 1964TE1Q. At E, = 54.9 MeV, strong deuteron groups are observed*©*(0,
4.4,12.7,15.1, 16.1) and partial angular distributionthese groups have been observed. Spec-
troscopic factors (from DWBA) indicate that the summed s$iian strengths to the four excited
states are approximately equal to th%en%utron pickup strength ii#C(p, d) (L968TALV).
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54.13C(d, t)i2C Qum = 1.311
Qo = 1.311 % 0.006 (1961 TE02 1964MA57);
Qo = 1.3109 <+ 0.0007 (19670DO0).

Angular distributions of tritons have been obtained h9F4HO48 2.2 and 3.3 MeVi,),
(1966GLOt 8 and 12 MeV; ¢ andt;), (1960MA1Q 14.8 MeV;t, t, t»). The relatived? for
the ground and first two excited states are 1 : 0.76 : 0.038{MA1Q 1966GL01 PWBA).
Assumingd? = 0.031 for 12C,, , 6% = 0.024 for 2C*(4.4) and 0.0012 fol>*C*(7.7) (1960MA32).
See also1959KU1G 19630G1A 1965DE261967DE1).

55.13C(He, )'2C Qum = 15.631

Angular distributions have been determined at many engergee {962CH02 1.6 to 3.3 MeV;
Qg, (1, ag), (1968M|1H 1.66t03.12 MeV'ao, Q, 042), (1957HO63 2 MeV; Qp, Oél), (196OBA25
1.8 MeV, ay), (1957HO62 4.5 MeV, oy, o), (1964DELE 1965DE26 8.8, 9.4, 10.3 MeViy,
aq; DWBA), (1966KEO0S 12, 15, 18 MeViag, aq, as, as, as, ag, ar, ag; DWBA), (1967BA2G
40 —45 MeV). (1966KE0§ find I = 1 or O for all the groups except; (to 12C*(9.6)) for whichl =
2. Angular correlations af-particles and 4.4 MeVj-rays have been studied&(*He) = 4.5 MeV
(1962HO13. See alsol968NO1B. The 15.1 MeV~-ray has been observed: sd®%7BR18§
1959AL96 1959BR79. See alsol9590W1A 1961HO1F1964EL1B 1965NE1B 1967BH1B.

56.“C(p, t)*C Qm = —4.641

At £, = 18.5 MeV, the angular distribution of the tritons to the grounatsthas been deter-
mined:/ = 0 (1961LE1A 1963LEO0J.

57. “N(y, d)i2C Qn = —10.272

Not reported.

58. “UN(n, 1)'2C Qm = —4.015

At E, = 14 — 15 MeV, the angular distribution of the tritons to the grounatsthas been fitted
with L = 2 (1967AN08 1967FE06 1967L106 1967RE0). See alsoX959GA14 1967BA1E
1967MO2).
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59. “N(p, pd)}2C Qm = —10.272

See (964BA1G 1967FU1A.

60. “N(p, *He)'2C Qm = —4.779

At E, = 40 MeV, angular distributions of théHe to ?C*(0, 4.4) have been determined.
They show strong forward peakin@966BR1X 1966HO1F. See alsol961CL09 1962MA1L,
1967HO1N.

61. “N(d, a)'2C Qm = 13.575
Qo = 13.579 + 0.006 (1964MA57 see also{962TE03).

Alpha groups have been observed corresponding tg@lktates up td>C*(16.11), with the
exception of'2C*(10.3) and!2C*(14.7) (see {965BR0§). See Tablel2.26for a listing of en-
ergy parameters measurements. Angular distributions beee obtained at many energies: see
(1966EU01 0.5 to 2.2 MeV;«y), (1961SJ1B 0.6 to 0.8 MeV;ay), (1965WI1% 0.8 to 1.9 MeV,
ap, 1), (1965ST020.9t0 1.2 MeViay, a1), (1960KA1H 1.4 t0 2.9 MeViay), (19611S03 1.5to
3 MeV; ay), (1965SC124 MeV; oy, a1, as, as, as, ag, ar; 1.2 MeV;ay, ag, ag, aq1), (1965BR0O8
59and 7.2 MeV'a7, Q11, Ozlg), (1964CH1C 4, 6,8 and 10 MeV'ao, a1, ag), (1962W|05 10
MeV: ag, o), (L1960HU10 10.3 to 11.4 MeViy, o), (1966DR04 11.3 and 12.6 MeViy, o),
(1961YA08 14.7 MeV:ayp, o), (1959B0O40 1959HELC 20.0 MeV:ay), (1959FI30 20.9 MeV:
g, a1, az), (L965PEL7 24 MeV; ay, aq, as, a3), (1966VILA: 28.5 MeV; ;). Integrated cross
sections for eight alpha groups have been obtaindd,at 11.8 MeV (1966JA0). At Eq = 24
MeV, «; is strongly favored ovety,, andas is favored overny. Forag, oy L = 2 is preferred
(1965PEL1Y. Angular distributions aty = 4 MeV are nearly symmetric abo@0°, suggesting a
compound nucleus process involving many overlapping ${i&I65SC1Y}.

In a test of isospin conservatiorl 965BR0§ find, at £y = 7.2 MeV, the cross section for
excitation of'2C*(15.11,J™ = 17; T = 1) = 31% of that for'2C*(12.71,J" = 1*; T = 0);
0(16.11)5(12.71) = 4%. Violation of this order can be understood as being due tdocob
mixing in the compound nucleus.

Comparison of angular distributions &fN(d, «)'?C at £y = 20 MeV and 2C(«, d)!*N at
Eq = 41.7 MeV suggest an upper limit of 3% for the time reversal nonseswing fraction of the
Hamiltonian (959B0O40Q 1959HE1C 1965PE1Y. See alsol962AL09 1966 ME1H.

At E4 = 1.8 MeV, the alpha particles to the 7.65 MeV state were obsemvedincidence with
recoiling'?C, s nuclei. IfI',,q = (I, + '), the ratiol.a/T" = (2.8 £0.3) x 10~*: see'?B(57)'*C
(1963SE2} See also1967UI10).
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Table 12.26: Alpha groups froMiN(d, o)'2C

E, (MeV + keV) I (keV) Ref.
4.438+6* (1951MA08
4.430 £ 30 (1965PE1Yy
4.447 £+ 10 (1961JA23
7.665 £ 15 (1955PA50
7.663 £ 13 (1956AH32
7.669 £ 10 (1961JA23

7.66 £ 50 (1965PE1Yy
9.642 £ 14 30£8 (1956D04)
9.616 £ 15 (1961JA23
9.620 £ 3" (1951MA08

9.64 + 50 (1965PE1Yy

10.85¢ (1965SC12
11°¢ (1965SC12
12.7£70 (1965PE1Yy
13.29¢ 355 + 50 (1965SC12
14.08°¢ (1965SC12
15.11 (1965BR0$
16.11 (1965BR0$
@ Based OrQy,.

b (1956D04) suggest that a systematic error exists in
(1951MA08’s value for this state.
¢ Nominal value;F, not determined in this experiment.
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62. 1“N(He, m)'2C Qm = 8.081

See (962BL1E and*¢0.

63. “N(a, 5Li)12C Qm = —8.800

At E, = 42 MeV, angular distributions dfLi ions corresponding to the ground and first excited
states of?C have been measuretfg4ZA1A). See also{964BR1L).

64. 19N(1°B, 3a)'2C Qum = 7.642

See (965SH1A.

65- p, (@) C ( ) — ‘9

Searches for double dipole de-excitation of the 4.4 Me\édtave been unsuccessiig 1 /I'g2
< 0.5 x 107* (1964AL19, < 1.7 x 10~* (1960MCO03. A theoretical estimate afd—2 is cited by
(1960MCO03.

Angular distributions ofyv-particles leading to the ground and 4.4 MeV states have detan-
mined forE, up to 18.6 MeV: (seel(963MI1H 1963RO011964EC031965WALN 1967NO0Y).
At the higher energies the ground-state alpha particles sharked backward peaking, in agree-
ment with the inverse reactioliC(o, p)'°N (1964EC03. See also 1963NA1G 1964HO10
1966EV1B.

66.15N(a, 7Li) 12C Qum = —12.382

Angular distributions of théLi ions to the ground and 4.4 MeV states have been determined
atE, = 42 MeV (1966MI1M).

67. (2)'°O(y, )2C Qm = —7.161
(b) °O(y, 4ev) Qm = —14.436

There is evidence for the involvement of maA¢ states: seel@65R0O051967CA1Q.
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68. (a)'0O(n, m)!'2C Qm = —7.161
(b) 1°O(p, pv)'*C Qum = —7.161
(c) *°O(e, 2a)2C Qum = —7.161

For reaction (a), sed 963M0O04 1964MO1D. In reaction (b), 4.4 MeV-rays are observed at
E, = 146 (1962FO03and 150 MeV {962R02%. See also{957CH1A 1964BA1G 1965ZH1A
1967CHO041967FU1A. In reaction (c), the angular distributions®&e nuclei (identified through
thea-decay) leading to the ground and 4.4 MeV state$Gfhave been determined faf, = 35.5
to 41.9 MeV. The angular distributions and integrated csmssgions vary strongly with energy
(1965BR13. See als01962D01B 19627U01 1965KU1B 1965ZE1B 1967PA1T 1967TAL1GC
1968YAL1Q.

69.160(d, °Li) 12C Qm = —5.689

At Eq4 = 14.6 MeV, the ground state angular distribution suggests ttrattlinteraction pre-
dominates 1964DA1B. Qualitative agreement with DWBA is reportetif66DA1Q. See also
(1963DR1B 1964BL1GC 1965SL1Q.

70.'90(He, "Be)'2C Qm = —5.574

See (967ZA1B.

71.150(19B, 1“N)*He!He!He Qm = —2.822

See (965SH101966SH1B.

72. 601N, 18F)12C Qum = —2.745

See (966GA10.

73.770(d, "Li) 12C Qum = —2.579

See (967DE03.
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74.130(d, 5Li) 12C Qm = —8.593

See (963DEO02.

75. °F(p, 20)12C Qum = 0.953

See (962F003.

76.F(d,”Be)'*C Qm = 0.299

Ground-state angular distributions have been measurég at 9 to 14.5 MeV (964DA1B
1967DE031967DE13.

77.F(He, °B)!2C Qm = 1.393

See (967DE13.

78.Ne(a, 12C)'2C O = —4.617

The a-induced fission of’Ne has been studied bg{62LA03 1962LA05 1962LA15. See
also (1963HO1H 1963TA1B.
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12N
(Figs. 7 and 8)

GENERAL: See [964NA1G 1964SH1.J1964ST1B1966KE16 1967KELL).

Mass of 12N: From a weighted average of tlig values for'°B(3He, n)*N and!2C(p, n)*N
(see reactions 2 and 3)f — A for 12N = 17.342 £ 0.005 MeV.

1. 12N(8+)12C Qum = 17.342

Measured values of the half-life are displayed in Tabk28 The decay is complexi?N
decays to the ground state'8€C and to several excited states: $&@.

2.19B(3He, n)2N Qm = 1.570
Qo = 1.561 £ 0.009 (1964KA08);
Qo = 1.568 £+ 0.020 (1966ZA0Y);
Qo = 1.570 £ 0.025 (1964FI103;
Qo = 1.574 £ 0.007 (1967AD1B;
Qo = 1.569 £ 0.005 (mean).

Observed neutron groups are displayed in Tal#e29(1957AJ71 1964KA08 1966ZA01
1967AD1B. Angular distributions have been studied#tHe) = 2.5 and 3.6 MeV {957AJ7) at
E(*He) = 2.4, 2.75 and 2.94 MeV1967AD1B, and atE(*He) = 4.0 and 5.8 MeV {966ZA0)).
See also1964BR131966SC231967AL03 and (L965SH1E1966SH1Etheor.).

3. 2C(p, n)*N Qm = —18.124
Qo = —18.122 + 0.009 (1966BR17.

At E, = 138 MeV, ¢ = 3°, neutron structure corresponding to the ground state (assilply
to the unresolved first two energy levels'di) is observed in addition to structure corresponding
to 2 N*( £, ~ 6 MeV). At large angles (t@ = 16°), the latter structure becomes relatively more
prominent. It is suggested that it corresponds to'theequivalent of th&” = 1 giant dipole state
at B, ~ 20 MeV in 2C (1963LA1F see also1962B033). See also{949AL05 1960TA1K,
1963BA1X 1963EL1Q.
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Table 12.27: Energy levels éiN

E.(MeV +keV) | J°; T 7172 Or I' (keV) Decay| Reactions
g.s. 1,1 | 72 =10.97 4+ 0.04 msec Bt 1,2,3,4
0.969 + 7 < 50 2,4,6
1.198 £9 140 4+ 40 2
1.65 £ 80 2
(2.0 & 100) 2
2.35 + 80 2
3.15 + 80 280 + 80 2
3.55 + 80 270 + 80 2
(~6) (17;1) 3
Table 12.28: Half-life of>N
71/ (MSeC) Ref.
125+1 (1949AL05 @
11.2+04 (1959FA03
11.1+0.2 (1962P002
10.95 + 0.05 (1963FI05
11.0+0.1 (1963PE1D
10.97 £ 0.04 Weighted mean

@ This value is excluded from the weighted average.
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Table 12.29: Neutron groups froB(*He, n)*N

E, (MeV + keV) e (keV)
(1957AJ7) | (1964KA08 | (1966ZA0) | (1967AD1H | (1966ZA0)
g.s. g.s. g.s. g.s. sharp
0.994 + 20 0.959 + 20 0.969 £ 10 < 50
1.06 += 80
1.22 + 30 1.24 + 30 1.191 £ 10 140 4+ 40
1.56 £+ 80 2 ¢
(1.97 4 100) b
2.35 4+ 80 2.4 4100 ¢
3.18 £ 150 3.14 + 80 280 + 80
3.46 £+ 150 3.57 + 80 270 + 80

2 There is some evidence f&tN* at 1.72 + 0.08 MeV.

P The evidence on this state is inconclusive.

¢ These groups are very weak B(*He) = 5.8 MeV, typically two orders of magnitude less
than the first two excited states.

4. 2C(He, 1N Qum = —17.361

At E(3He) = 44.6 MeV, triton groups are observed to the ground stat€lfand to the first
excited stateF, = 0.957 + 0.020 MeV (1969BA0§. See alsoX965RI10Q.

5. 1N(y, 2n)12N Qum = —30.621
See“N.
6. “N(p, t)12N Qu = —22.139

At E, = 43.7 MeV, triton groups are observed t&N(0) and to the first excited statéZ, =
0.963 4+ 0.030 MeV (1967CE1B.

120
(Not illustrated)

See (960G0O1B1965G01D 1966GO1B 1966KE1§.
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