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Dear Colleague:

The next sub-set of "Energy Levels of lLight Nuclei® will
comprise A = 13, 14, 15, and will hopefully ?e completed by the
early Fall. In the meantime here is A = 13' in a preliminary
version to which we hope that you will contribute advice, criticism
and new information. Please send these to me at the address below.

Many thanks, and a Happy Spring!

’ Fay Ajzenberg-Selove
Haverford College
Haverford, Pa. 19041, USA

As of x~ December 1968.




The light nuclei observed, by particle-identification techniques,
to be emitted in the 5.5-GeV proton bombardment of uranium do not in-

13

clude "“Be. It is therefore particle unstable (Po 68b). (Ga 66c)

predict that ]3Be is unbound with respect to ‘ZBe + n by 2.70 MeV.
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General: See (Ta 601, Mo 66).

RS TR Q= 13.437

The half-1ife of 138 is 18.6 + 0.5 msec. (A determination
relative to 12B gives 17.6 + 0.4 msec.) The characteristics of the
B~ decay are shown in Table 13.2. The allowed decay *o l3(: (1727,
3/27) indicates J" = 1/2° or 3/2°; the expected decay tc ]3C (5/27) is

not observed (Ma 62d). See also (Po 65b) and (Aj 59).

2. idui,p '3 Q= 5.964
, Proton groups have been observed to five states of ]38: see Table

13.3 (Mo 59e, Ca 63d). Angular distribution measurements have béen

reported by (Wy 67a) in the range E(7Li) = 2.1 to 5.8 MeV. See also

(Be 62m), (Aj 59) and 'Yc.

3. a(e,p) 38 Q_ = -0.233
Q, = -0.233 # 0.004 MeV (Mu 60a)

At Et = Jl MeV, proton groups are observed to ten States of 13B:
see Table 13:2. Angular distributions have been analyzed for seven
of the }38 levels (Mi 6b4e). The ground state is formed by L = 0

transfer, leading to an unambiguous assignment of JT=3/2". See

also (Ja 60b, Ma 62d). See also (Ba 67hh).
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Table 13.1. Energy Levels of ]38
E, ST /2 Decay Reactions
(MeV + keV) (msec)

0 3/27;3/2 18.6 + 0.5 B 1,2,3
3.483 + 5 (1/2 » 572)* 7 2,3
3.533 + 5 (1/2,5/2,7/2)" 7 2,3
3.681 + 5 (1/2 -+ 5/2)F y 2,3
3.712 + 5 (1/2,5/2,7/2)" y 2,3
413 + 10 (1/2,5/2,7/2)" Y 2,3
4.82 +10 3
5.01 + 10 (172 ~ 5/2)* 2,3
5.38 £ 10 F=15+5 keV 2,3
6.17 + 20 3
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p.3
. Table 13.2. Beta decay of ]38 (Ma 62d)
Decay to P3¢ Branch log ft EB- (max)
(MeV) %
0 93 + 1.5 k.01 13.4 + 0.2
3.09 < 0.7 > 5.7
3.68 @ 7+ 1.5 4,53
3.85 < 0.7 > 5.5
7.47 P <15 > 4.2

The observed E7 = 3.67 + 0.02 MeV.

Decay to neutron unstable states of 13C is < 1.5% (Ma 62d);

< 0.3% (Po 65b).
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Table 13.3. Proton groups from 7Li(7Li,p)l3B and IIB(t,p)I3B
i e s Mo (e, %
(Mo 59e, Ca 63d) (Mi 6le)
E, (MeV + keV) E, (MeV + keV) L J
0 0 od 3/2°
3.483+5 1 1/2%,3/2% ,5/2%
3.50 + 50°
3.533+ 5 2 1/27,5/27,7/2"
3.681 + 5 | 1/2%,372% 5727
3.70 + 50°
3.712 + 5 2 1/2°,5/27,7/2"
4.16 + 50° 13 £10 2 1/27,5/27,7/2"
L.82 + 10
5.05 + 80 5.01 +10 1 1/25,3/2% 572"
5.5 + 100 5.38 + 10°
6.17 + 20
a . - 13
The decay is by y-emission to -8 (0).
b The decay is primarily by y-emission to the ground state: the
upper limit to the cascade via ‘38 (3.5) is 10%.
€ The decay is 75 + 10% to the ground state, 25 + 10% to ]38 (3.5) and
< 10% to 3B (3.7).
d See also (Mu 60a).
e

F=154+ 5 keV.
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General

Model calculations:  (Br 59m, Ph 60a, Ta 601, Ze 60, Ba 611, Ba 6in,
Ku 6la, Ku 6le, Ne 6lc, Ea 62, Bo 63j, Ma 63s, Pe 63a, Se 63n, Tr 63,
Am 6k, Na 6ha, St 64, Co 65i, Ma 650, Me 65b, Ne 65, We 65d, E1 66b,
Gu 66d, Ha 66f, Ma 66s, No 66, Ri 66f, Wi 66e, Ba 67jj, Co 67m, Fa 67a,

Hu 67c, Ku 67j, Po 67g, Ri 67j, Wa 67i, Fi 68, Ho 68)

Other: (Ba 62p, Li 64i, Bo 65e, He 66d, 01 66b, Ri 68i, Wi 68b)

Ground state

M = +0.702381 n.m. (Li 6kh; see also (La 58d, Co 67r, Be 641,
Be 63t))




Table 13.4.

l3c
p.2

Energy Levels of I3C

E, in 3¢ JuT I'(keV) Decay Reactions
(MeV + keV) " Tn
0 172" stable - 2,3,4,9,10,12,13,14,15,16,21,22,23, 24,25,
31,32,33,34,35,36,41,42, 43,44, 45,46, 47,
48,49,50,51,52,53,54,55,56,57,59,60,61,
62,63,64,65
3.086+3 172" 1.5+0.2 fsec 7 9,12,13,14,22,24,31,32,37,42,45,49,50, 54,
55,59,60,62
3.6841540.11  3/2 1.4#0.2 fsec 4 9,12,13,14,22,24,25,31,32,34,36,37,39,45,
49,50,51,52,54,55,59,60,62
3.854%2 52" (9.0132) psec 7 9,12,13,14,22,24,31,32,45,49,50,54,55,
59,60,62
6.864+3 5/2 6 kev n 9,14,22,24,26,31,54,55,59,60
7.492+10 <5 9,14,22,24,31,45,50,54,55,60
7.549+9 5/2° <5 9,14,22,24,31,45,50,54,55,59,60
7.677+12 3/2* 72410 n 9,14,22,24,26,31,37,45,55,60
8.25+80 3/2° 1000+200 n 26,31
8.858+14 1727 155+20 n 22,24,26,37,54,55,59,60
9.504+7 3/2° < i0 n 14,22,24,26,27,31,54,55,59,60
9.896+10 z 3/2 < 30 n 14,22,24,26,27,31,55,60
10.46 200 n 14,27
10.748+14 2 7/2 < 50 n 22,26,27,31,55
10.809+20 <30 n 22,26,27,37,55
11.000+20 (172" Zs0 n,Ct 5,22,26 %7,37,55
11.078+20 (1727) <h n,o 5,14,22,26,27,55,59
11.721430 (3/27) 125+20 n,o 26,27,37,55
11.97 (7/27) ~ 150 N, 5,14,27,54,55
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Table 13.4 (continued)

12.131430
12.42450 (1/2,7/2)"
12.81+100
13.3
13.41
13.55
13.76
14.13
14.39+100
14.63
14.95+50
15.11245 3/27;T=3/2
15.29 2 3/2
15.53450

16.02

16.16+50

16.96+50

17.37+100

17.72450

(17.99)

18.30+50

18.504+25 T=3/2
18.648+15 T=3/2
18.679+20 T=3/2
18.76+30

19.123+10 T=3/2

(19.7)

125430

~ 200

5+1 MeV

60 keV
=~ 500
s 350
= 200
260
210
380

.£5

Lso
220
" 210

230

70
s 35

n,a

n,a

n,a

n,d

l3c
p.3

5,14,22,26,27,55
5,26,27,30,59

22

38

5,14

5,26,27

5

5
4,5,22,41,51,59
5,26

5

5,14

5,14,26

LS, Y Y, DY SN, |

22
22

22

17




Table 13.4 (concluded)

19.90
20.24
20.54+10
21.30+15
21.84+20
22.28
23.0+200
23.5
26.9

27.5

~s 600

~ 200

116+10

159+15

114+20

broad
~ 1 MeV

~ 3 MeV

n,p,d
n,d,C
n,p,d
n,n,d
n,d
n,p,d
n,d
75P
n,d

n,d

17,18
17,20
17,18
17,18
17
17,29
17,26
38
17
17

13c
p.b




xR id s ":v‘r"'u.W!vWﬁv S et OO

TP

Ly <-4 § MO "

(lagiiachtary

13,
pe5
o (a) Cuiui,n e Q_ = 20.92 E, = 25.87]
®) SLi(Li,p)' % Q = 8.337
@ Si(Li,2n) Ve o = 2.204
@ Sidii,o's o =7.192
) CLi(Li, )% o = 1.99%
8) 8Lit’Li, ) %e Q, = 15.220

Differential and total cross sections have been measured for
E(7Li) = 3.8 to 6.0 MeV for the proton groups to ‘25* (0, 0.95, 1.67,
2.6 + 2.7, 3.4), the deuteron groups to Hg* (0, 2.14, 4,44, 5.02,
6.74 + 6.79, 7.30), the triton groups to '°8" (0, 0.72, 1.74) and the
a group to 9Be (0). The dominant reaction appears to be the transfer
of an G-particle. The total cross sections generally increase smoothly

wi thout 9
with energy / showing any structure (Ki 67a). See also “Be and

l08 in (La 66) and ]18 and l28 in (Aj 68). The IIC yield has been
measured for E(6Li) = 1.2 to 3.6 MeV by (No 61). See also (No 57a,

Ga 63g, Ka 63h, Ga 6hc, Be 65a).

2. idii,m '3 o = 18.619

See (o 57a, Be 62m).

3. Tui(e,amy 3c Q = 9.95
See (Ho 63c¢).

"
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b e, '3c Q_ = 10.651

At £, = 6.446 + 0.004 MeV, corresponding to the excitation of the
first T = 3/2 state in l3C (Ex = 15,114 + 0.005 MeV, T < 7 keV),
any/F ~ 2 eV for the ground state transition. Capture radiation

has also been observed to one of the three states 13C" (3.1, 3.7, 3.9)

(Mi 66).

5. Jse(a,n) i Q_ = 5.704 E. = 10.651

b
Resonances for neutron groups to the ground and first excited

*
states of lzc, for y-rays from lZC (4.4) and resonances in the total

neutron cross section are given in Table 13.5 (Aj 59, Se 63b, Gi 65,
DaGS G, Foei L.

Gr 65h, i 66d, a 68, See also 2¢ in (Aj 68) and (sm 59a, Br 591,
Ve 68). The yield of neutrons to IZC* (7.65) has been measured for
Ey = 6 to 10.1 MeV (Mi 66d). Angular distributions of ground-state
neutrons suggest two broad resonances in the region E, = 3.9 to 4.6 Mev,
probably J™ = 3/2+ and 5/2+ (Ri 57). At the threshold for formation
of the T = 3/2 state at 15.11 MeV, weak interference anomalies are
observed in the n_ and n; yieids (Mi 66).

Polarization measurements have been carried out for Ey = 1.9 to

4.5 Mev by (Li 65c: n, and n]) and for 4.5 to 5.9 MeV by (Do 66, De 67i:

Ny n]). See also (Go 62p, Go 631, Cl 65, Ts 65, Da 66k, De 66g).

6. Jselor,p) % Q_ = -6.884 E, = 10.651

b
See ]28.
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Table 13.5. Resonances in 98e01,n)lzc

£ e ® e° r g7 13¢% d Ref
44 (0 a CeMe ererences
(MeV)  (MeV)  (MeV) (keV) (MeVv)
0.52  0.52 ~55 ¢ (1729 11.01  (Ja 56a, Da 68)
0.60 0.60 <y ® 11.06  (pa 68)
1.9 1.905 1.92 130 (7/27) 11.97  (Ta 53, Be 54, Ta 55b, Bo 56d,
Gi 65, Ja 56a)
2.24 2.25 280 12.20  (Bo 56d, Gi 65)
2.58 2.6 2.58 ~ 200 (1/727) 12.44  (Ta 53, Bo 56d, Ja 56a, Gi 65,
Gr 65h)
4.00 3.98  4.00 60 13.41 (Bo 56d, Gi 59, Se 63b, Gi 65,
Gr 65h)
4,18 570 13.55 (Ri 57, Gr 65h)
4.50 4.47  4.50 ~ 350 13.76  (Bo 56d, &i 59, Se 63b, Gi 65,
Gr 65h)
5.0 5,02 5.0 ~ 200 14.13  (Bo 56d, Se 63b, Gi 65, Gr 65h)
5.40£0.16 5.3 260 14.3920.10 (Se 63b, Gr 65h, Hi 66d)
5.75  5.75 210 14,63  (Gi 59, Se 63b, Gi 65, Gr 65h,
Mi 66d)
6.20+0.05 380 14.95+0.05 (Gr 65h)
6.7) broad (15.29) (Gi 65)
7.1040.05  7.00 220 15.5340.05 (Se 63b, Gr 65h, Mi 66d)
7.75 7.8 210 16.02  (Gi 59, Se 63b, Gi 65, Gr 65h)
7.95+0.05 230 16.16+0.05 (Gr 65h, Mi 66d)
9.10+0.05 9.1 330 16.96+0.05 (Gi 65, Gr 65h, Mi 66d)
9.7 #0.10  9.70 190 17.3740.1  (Gr 65h, Mi 66d)
10.2+0,05 170 17.7240.05 (Gr 65h, Hi 66d)
(10.60) 40 (17.99)  (Gr 65h)
11.05+0.05 300 18.3040.05 (Gr 65h, Mi 66d)
11.7040.03 11.60 70 18.76+0.03 (Gr 65h, Mi 66d)




Table 13.5 (concluded)

Resonances in neutron yield.

Resonances in ny group and for 4.4 MeV y-rays.

Resonances in total cross section.

Not corrected for effects of Coulomb barrier penetration.

wy = 3.79 and 0.88 eV, respectively (Da 68).

13c
p.8
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7. “Be(c,d)''s q = -8.028 E, = 10.65]
See IIB.

8. (a) ZBe(x,q) Be E, = 10.651
) Jse (@,0'n) Sse Q_ = -1.665
(c) 9Be(a,n)34He Q, = -1.570

A number of excitation functions have been measured for elastically
scattered alpha particles (reaction a) for Ey = L to 20 MeV: these show
considerable resonance structure with the variations being most prominent
below 10 MeV but persisting up to 20 MeV. Angular distributions were
analyzed by the optical model (Ta 65b). See aiso J8e in (La 66) and
(Fu 67i). For reactions (b) and (c), see (Aj 52¢) and 88e in (La 66).
See also (lg 63).

3. Jse(’Li, ) 3¢ g = 8.183
At E(7Li) = 3.2 MeV, triton groups are observed te the first eight
states of ]3C (not all resolved). No triton groups are observed to the

previously reported states at 5.5]1 and 6.10 MeV (Ca 6lk4a).

See (Gr 65s) and (E1 66).

1. (a) "%8(t,p)'% Q = 6.343 E, = 23.878
) "8, a)''s Q = 5.199
() 1%(t,0)%e Q= 13.227
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The p_ and P yields from reaction (a), the do yield from reaction (b)

and the e, yield from reaction (c) have been determined for Et = 0.8 to

2.0 MeV. There is no evidence of resonance behavior (Ho 63k).

12. "Y%8(a,p) 3¢ Q_ = 4.063
Q, = %.0634 + 0.0024 (0d 67)

Proton groups have been observed to the first four states of IBC:
see (Aj 59) and (Ed62). Angular distributions of ground state protons
have been measured at E, = 4.9 to 8.1 MeV (Vo 57), 12.1 to 16.0 MeV
(Iv 67a), 22 MeV (Ya 63a), 25.9 MeV (Te 63), 27.5 and 33.1 MeV (Ya 61)
and at 30.4 MeV (Hu 59). See also (Ni 65a).

A study of gamma rays from this reaction and from ‘zc(d,p)]3c shows
three lines with E7 = 0,1695 + 0.0004, 3.844 + 9.015 and 3.69 + 0.02 MeV.
The lifetime of ‘3C* (3.85) is (9.0 f%:g) psec (Ri 68h). See also
(Di 59). The 3.69-MeV line shows approximately the maximum possible

3 [See also Table 13.16.]
sec)./ The 170-keV line is due to the

Doppler shift (1t <3 x 107!
cascade transition between the 3.84 and 3.68-MeV states; the internal
conversion coefficient is consistent with El, although M1 cannot be
excluded. The probability of this cascade decay of the 3.8L-MeV state
is 0.24 + 0.05 {Ma 56f). The cascade decay via the 3.09 MeV state

has a strength relative to all other decays of (9.3 # 2.0) x 10-3.

This branching ratio is of the order expected for an E2 transition of

single-particle (proton) strength (Pl 60a). The angular distributions
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and p-y correlations for the 3.8-MeV radiation indicate J7 = 5/2+ for
the 3.84-MeV state. If the 170-keV line is due to an El transition,
the J of the 3.68-MeV state is then 3/2° (J" = 1/27, 3/2" follows
from 12C(d,p)lBC); the angular distribution of the 3.68-MeV radiation
is consistent with M1 (St Ghc): F7 = 0,40 to 0.75 eV (Ka 60g). The
3.68-MeV state also decays via the 3.09-MeV state with a probability

of (6.5 + 1.0) x 1073 (Ka 60g). See also (El 60).

13. 1% 8Li,3he) 3¢ Q= 8.085
The first four states of ]30 have been observed at E(6Li) = 4,89

MeV (Mc 66a). See also (Ca 65e).

. O(Li,e) 3¢ n, = 21.410

At E(7Li) = 5,20 MeV, angular distributions have been measured
for the Q-particles to 13C* (0, 3.1, 3.7 + 3.9, 6.9). Alpha groups
have also been observed to '3C* (7.5 + 7.7, 9.5, 9.9, 10.5, 11.1, 12,

13.5, 16.1) (Mc 66a). See also (Mi 63b, Mo 63j, Ca 65e).

5. (@ (Mo o =13
) %8 ('%F,4a) 3¢ Q = -2.257

For reaction (a) see (Co 66k); for reaction (b} see (Ho 630).

6. 'a(d,n '3 o = 18.679
See (Su 61, Su 63, Su 65).
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17. e(d,m % Q_ = 13.732 E, = 18.679

The yield of neutrons has been measured for Ed = 0.2 to 11 MeV:
observed resonant structure is displayed in Table 13.6 (Al 65h). See
also (Aj 59, Ne 59, C1 65d, Si 65, Hu 66). The yield of 15.1 MeV
y-rays shows 4 resonances for Eqy = 1.5 to 5.5 MeV: see Table 13.6
(Ka 58a, Ku 64i). See also (Ki 63, Le 67g). Polarization of the
neutrons has been studied at E; = 1.4 to 1.9 (Ma 66z: ng? nl),
2 {Mi 67a: Ny My Mys Mg, n7), 2.8 (Ch 64f: Ny? n]), 2.8 to 4.0 (Me 67f:
L n]), 3.0 (Br 66dd: no), and 12.3 MeV (Sm 6ha: Ry n]). See also

(8r 591) and IZC.

18. 'g(d,p)'% Q= 1.144 E, = 18.679

It is reported that the thin-target yield rises smoothly from
Eqy= 0.3 to 3.1 MeV with no evidence of resonances (Hu Lgj, Ka 58a,
Ro 63j, Sa 65g). However (Br 64k) reports a strong resonance at
Ed = 2.3 MeV in the Po? Py and Py yield. Analysis of yield curves of
0.95 and 1.67 MeV y-rays (Ch 68b) also suggest a broad resorance at
Eq ~ 2.1 MeV. See also (Se 63i). The polarization of ]28 recoils
has been studied for Ed = 0.9 to 3.2 MeV: resonznces in the recoil
polarization are observed at B ™ t.5, 2.1 and 3.0 MeV (see Table 13.6)
(Pf 67a). Sce also (Be 67d). See also !28 and (Ti 6ka, Bo 67p,

Ti 67a).
19. ‘'a(d,d)''s E. = 18.679

See ‘]B and (Ne 63h).
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Table 13.6. Resonant Structure in ‘]B + d
Resonant Structure in Yield of
a a a b d

n, " n, n3 7]5.1 p (0 Pcm Ex
(MeV + keV) (keV) (MeV)

102 ]9'7
1.45 I.Sf ~ 600 19.96
1.6 1.8° 1.83 =~ 200 20. 24
2.2° 2.180 + 10 2.25F 16 + 10 20.54
3.080 + 15 3.0 159 + 15 21.30
3.6 3.71 + 20 14 + 21 21.84
4,23 4,1 4.1 4.4 broad 22.28
(5.2) (23.1)

9.6 9.6 9.6 9.6 26.9
10.4 10.4 10.4 27.5

(A1 65h, DI 67b).

(Ka 58a, Ku 64i).

Yield of p_, Py and p, (Br 64k).

Yield of ¢ and @, (Du 6hc); I' . 200 keV.
o 2 cm

addition to a sharper structure at 1.2 MeV.

Resonances in polarization of ]28 recoils (Pf 67a).

(A1 65h) report a resonance at 1.8 MeV while (Di 67b) report one at 2.2 MeV, in




[ el

20

13
p. 14

20, 'B(d,0)%e Q = 8.028 - 18.679

By
The excitation function for ¢ particles to the ground state increases

monotonically for Eq = 0.39 to 1.05 MeV {Ro 63j, Sa 65g); that for the
9

o particles to Be (2.43) increases monotonically for E

4= 0.39 to 0.70
MeV (Sa 65g). At Eq = 1.83 MeV, a pronounced resonance is observed in
the 0 and @, yield: Lo ~ 200 keV (Du blc). Some gross structure is
observed in these two yields for Ey = 1.2 to 3.2 MeV (Br 64k). See

also (Dr 66e) and JBe in (La 66).

21. Ma(e,n '3 q = 12.h22
See ]46.
22. M8(he,p) 3¢ Q= 13.185

Q, = 13.1854 + 0.0040 (0d 67); see also (Ma 6hii)
Levels derived from reported proton groups are listed in Table 13.7.

The proton groups thought to correspond to 13C levels at Ex = 5.51 and
6.10 MeY (Mo 58f) come instead from the proton decay of IBN* (9.48,
10.37) fed in the reaction ]]B(3He,n)]3N (Ch 66j). Ssee also (Ga 63).
At E(3He) = 8 to 12 MeV, proton groups are observed to the first five

T = 3/2 states of ]3C: see Table 13.7 (He 65d, He 66b). The angular
distribution of the protons to the first T = 3/2 state at E, = 15.106
MeV are consistent with J™ = 3/2" (the known character of ]38 (g.s.))

(He 65d). Preliminary results for the "isospin forbidden" neutron
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decay of 3¢ (15.10) to '2C (0, 4.4) are I /T = 0.041 + 0.015 and r /T =
Cow juaAc "B(’Uz,n)DN.nO ]

0.23 + 0.03 (Ad 67d): thhe—ioewinlafon=cfmhrroresymmetry. Other

angular distributions have been mzasured at E(3He) = 4.5 MeV (Ho 57b;

Py P (p2 + p3)), and 8.6, 9.6 and 10.3 MeV (Ma 63g; po). See also

(Al 59b, C1 63a).

23. g, '3 o = -5.168
Differential cross sections of deuterons corresponding to I3C (0)

have been measured at Ey = 23 and 25 MeV (A1 68a). See also (Ze 68).

2. VaLig'3c o = 17.207
Angular distributions have been measured at E(eLi) = 4.72'Mev
13

to the °“C ground state and to '3C* (3.1, 3.8 (unres.), 6.9, 7.5 (unres.)).

The 13C states at 8.85, 9.51 and 9.90 MeV have also been observed

(Mc 66a). See also (Mo 63j, Ca 65e).

25. '2c(n,7) 3¢ o = 4.947
Q_ = 4.94603 + 0.00015 (sp 68)
Q, = 4.94647 + 0.00017 (Pr 67d)
Q, = 4.947 * 0.001 (Ja 65k)
The thermal capture cross section is 3.4 + 0.3 mb (St 64i). Re-

ported y-transitions are listed in Table 13.8. See also (Ma 63c). Fo&11

2/
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Table 13.7. Levels of '3¢ from ''8(3he,p) 3¢
Ex ch References
(MeV + keV) (keV)

0 (Mo 58f, Bi 55, Ga 63)
3.09 (Mo 58fF, Bi 55, Ga 63)
3.68 <5 (Mo 58f, Bi 55, Ga 63)
3.86 <5 (Mo 58f, Ga 63)

6.871 + 12 <10 (Yo 59a, Ga 63)
7.500 + 12 <5 (Yo 59a, Ga 63)
7.554 + 12 <5 (Yo 59a, Ga 63)
7.694 + 14 75 + 15 (Yo 59a, Ga 63)
8.869 + 36 175 + 50 (Yo 59a)
9.509 + 12 <10 (Yo 59a)
2.896 + 12 <10 (Yo 59a)
10.9 + 150 (Ga 57)
1.1+ 150 (6a 57)
12.08 + 100 (6a 57)
12.81 + 100 (6a 57)
15.106 + 10° s (He 65d)
18.504 + 25° (He 66b)
18.648 + 15° ~ 30-40 (He 66b)
18.679 + 20° (He 66b)
19.123 + 10° ~ 30-40 (He 66b)

a

It is suggested that these states have T = 3/2 (He 65d, He 66b).




Table 13.8. Neutron capture gamma rays in ‘

E7
(MeV + keV)

Transition

Intensities a

B

c

13c
B

4.9458 + 0.6
4.94546 + 0.17 °
4,948 + 8 ©
4.950 + 15

4.946

3.68428 + 0,14
3.68394 + 0.17 °
3.68 + 50

3.68 + 20

3.680

1.26176 + 0.07
1.26192 + 0.06 °
1.260 + 15

1.27

Capto -4 g.s.

Capto -t 3-68

Gamma rays per 100 captures.

(Pr 67d).
A: (Sp 68)

(=]

O

: (Gr 583).

o

: (Ja 61n).

E, = 4.946 + 1 (Ja 65K).

68 + 1

32 4 1

32 + 1

70

30

75

25

25

69

31

30

: (Ba 53d); intensities of 3.1 and 3.9 MeV 7-rays < 10 and < 6, respectively.
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2. 'Zc(n,n) % E, = 4947

The total cross section data up to 164 MeV is summarized in (St 64i).
Angular distributions are summarized in (Go 63h). See also (Ga 66j,

La 67q). The coherent scattering length (thermal, bound) is 6.6 Fm
(Wi 61h). See also (Da 66k).

In the region En = 0 to 20 MeV a number of resonances have been
reported: see Table 13.9 (Ts 60, La 61, Fo 6lb, Li 66, Ha 64p, Ha 651,
Da 68j), and (Aj 59) for a listing of the earlier references. Table
13.10 lists recent cross section measurements: see also IZC in (Aj 68),
(St 64i) and (Ha 59e, De 66g).

Polarization measurements have been carried out with En up to 24
MeV: see Table 13.11 for recent references and (Aj 59) for earlier ones.
See (Ha 63m, Da 66k, Ro 66w) for a general discussion of lZC + n
polarization.

See also (Ma 59g, Pr 59a, Pe 60, Sa 601, Ku 631, An 65c, De 65r,

Fr 65b, Ch 671, Ma 67e) and (Ke 59a, Wi 59c, Ho 60b, Mi 60g, To 60e,
BI 62c, Ca 62h, Ka 62f, Ed 63b, Ka 63f, Lu 63e, Mc 63b, Cr 64d, SI 65,
Co 66g, Ja 66f, Le 660, Se 66d, Pi b7a, Re 67b, Ro 67, Sc 67h, Ta 67c,
Ch 68e, Ko 68e, Ti 68).

27. (a) ‘Zc(n,nt) ‘2" E, = 4947
®) '2c(n,n)3 He Q = -7.27h

From threshold to En = 9.8 MeV, ten resonances are observed in the
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Table 13.9. Resonances in lzc(n,n)lzc

E,.q r. 13¢* PR 02 References °
(MeV # keV) (keV) (MeV)
3.09 0.20+0.02  Se 631
2.077 + 3 6 6.866 2 s5/2" Pi 63, La 61, Da 68]
2.95 7.67 IV
3.58 * 80 1000 + 200 8.25 2 3/2+ 0.35 Fo 61b, Li 66, Ts 60
4.26 + 30 180 + 50 8.88 1 1/2° 0.03 Fo 61b, Li 66, Ts 60
4.94 + 10 s 10 9.50 Fo 6ib, Ts 60
5.37 30 9.90 23/2 Fo 61b°
6.29 65 10.75 27/2 Fo 61b°
6.5° 10.9 , Fo 61b
. 6.59° 11.03 Fo 61b°
6.7° n.i Fo 61b
(7.4) (250) (11.8) (25/2) Fo 61b
7.75 (200) 12.10 (27/2) Fo 61b°
(8.1) (150) (12.4) Fo 61b
9.3 370 13.5 Fo 61b
1.1 450 15.2 (23/2) Fo 61b
121 230 16.1 Fo 61b
19.6 + 0.2 .~ 1000 23.0 Ha 6lp, Ha 651

See (Aj 59) for earlier references; see also (St 64i).

These three structures may be part of the same resonance (Fo 61b).

€ | am indebted to J. C. Davis and H. H. Barschall for sending me these revised values

based on a change in the calibration of the analyzing magnet used by (Fo 61b).
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Table 13.10. ]28 + n Total Cross Section Measurementsa

En (MeV) References E, (MeV) References
0.003 —~ 10 eV (Wa 60a) 3.3 - 5.0 (Ts 60)
1.44 ev (Ra 65) 3.4 416 (Fo 61b)
0.003 - 0.66 (se 631) 5.6 (Br 60b)
0.0! ~ 0.50 (Mo 66f) 7.0 o 14.3 (Ma 6lhgg)
0.15 - 0.2 (8i 59) 15 - 120 (80 61a)
0.18 - 0.70 (Wi 61a) 17 - 21 (Ha 64p, Ha 651)
0.2 - 1540 (La 66n) 17.8,20.6,25.3,28.3,29.1 (Pe 60f)
2.61 ~ 2.83 . (so 65)
3.10 - 15 (61 63a)

see (Aj 59) and (St 64i) for earlier references.
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Table 13.11.

l3c
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12C(n,n)lzc Polarization Studies®

E, (MeV) Neutron groups References
0.4 o 2.4 n, (E1 62)
0.5 - 2.0 n, (La 674)
0.8, 1.2 o (Ce 63e)
1.0 - 2.2 n, (As 64b, As 66b, As 67b)
2 o4 o (Bu 59d)
2.4, 2.7 o (sa 6bb)
2.8 Ny (ly 62)
2.8 4 4.7 n, (We 65)
3.2 n, (st 59)
3-5 no (Ot 62)
b n, (Go 64h)
k.4 ., 8,5 ", (Ke 65¢)
4.7 Ny N (Br 65a, Zo 67)
15.85 ngs M (Ma 67s, Ma 68r, Me 68g)
24 o (Wo 62a)

See (Aj 59) for earlier references.

See also (Du 60).

27
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yield of 4.4 MeV 7-rays: see Table 13.12 (Ha 59n). Cross sections
have also been measured for various of the inelastic transitions for

E = 5.5 to 4.1 MeV by (Pe 64h, Wi 65c, Ha 59e, Be 60g, Cl 64b, Bo 63e,
St 6l4g, Si 59b). See (Aj 59) for a listing of the earlier references.
See also (Ga 59d) and 'Zc.

For reaction (b), see IZC and (Aj 59).

22, '%¢(n,2n) e Q = -18.720 E, = 4947
Sze (Br 61d, Br 52e, As 58).

29. (a) 'Zc(n,p)'%8 Q = -12.588 E, = 4947
®) Zc(n,np) '8 Q = -15.957

The cross section for reaction (a) has been measured from threshold
to En = 22 MeV (Kr 59a, Ri 68d). It exhibits a strong resonance with
a peak cross section of 19 mb at Ex a2 22 MeV in ]3C and another weaker
resonance corresponding to EX ~ 20.5 MeV (Ri 68d). See also (Al 59a,
Le 63i, Je 66a).

For reaction (b) see (Au 62b).

30, '%¢(n,a)%e Q= -5.704 £, = 4947

The cross section for the transition to 9Be (0) shows a broad
structure at E_ ~ 8 MeV (Da 63b). _ See also (Ch 63d, Al 63e, Hu Gbe,
Ko 67p) and I8e in (La 66).
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Table 13.12. Resonances in IZC(n,n"yh.h) 2(2 (Ha 5Sn)

E, r_ £, in '°C
{MeV) (kev) (MeV)
4,96 < 80 9.52
5.42 < 80 9.95
5.98 200 10.46
6.35 120 10.79
6.57 < 80 11.01
6.65 < 80 11.08
7.50 260 11.87
7.81 180 12.15
8.14 220 12,46
9.31 500 13.54

29




13c

(L
,
|

31. (a) IZC(d,p)IBC Q, = 2.722

IZC

®) "2c(d,np) Q = -2.225

Q = 2.725 # 0.005 (Lo 61d)
Q, = 2.7223 * 0.00061 (0d 67)

Measurements on the proton groups are summarized in Table 13.13.
In addition to a number of relatively sharp states, the proton spectrum
exhibits a conspicuous broad structure attributed to a I3C level at
E, = 8.4 Mev, I = 1.1 + 0.3 MeV. [It seems probable that this level

is to be identified with the D level of similar width observed in

3/2
IZC(n,n)]zc at E = 8.25 MeV: see Table 13.9.]

! Angular distributions have been studied at many energies, and
analyzed by PWBA and DWBA. A listing of the early work is given in

(Aj 59). Recent experiments are listed in Table 13.14. See also

. (Ga 65i).
? CTK’EQiL stripping description of the direct reaction interaction
: part of the reaction almost certainly will require the use of spin
dependent potentials. There is pronounced compound nucleus formation
even up to E = 11 MeV (Ev 63a, Sc 671).

Observed gamma rays are listed in Table 13.15. The cascade decay
of the 3.85 MeV state (via ‘3C* (3.68)) occurs in 37 + 4% of the decays;

the direct transition occurs in 62 + 4% of the events (Go 66a). The

+0.030)
2

mixing ratio for the transition 3.68 —~ 0 9{(E2/M1) = --(0.096__0 021
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Table 13.13. Levels of I3C from ‘Zc(d,p)l3c
B3¢% (eV + keV)
(st 51, va 51a) (sp 5he) (Do 56¢c, Ja 61m) (Mc 55¢) £ JT Sn(%)f
0 0 0 19 127,327 2.69
3.086 + 6 3.090 + 10 3.083 + 6 3.09° o it i
3.686 + 11 3.684 + 10 [3.681 + 3] 3.68° 19 2,327 07
3.855 +7  [3.851 # 3] B AR Vo MV MY
6.877  (0,2)% (s5/2%)
7.470 + 20
7.533 + 20
7.641 + 20°
8.4 + 300°
9.500 + 20
9.897 + 20
10.759 + 20
a

Energies given for identification only.

r

70 + 15 keV,

-
[}

1.1 + 0.3 MeV.

See (Aj 59) for early references.

(Mc 55c¢).

PWBA and DWBA analyses: Ey = 8 and 12 MeV (el 66¢) .
9 3.7 + 0.3 (Ha 6le), 3.5 (Sc 6le); see also (Ka 66b).

15.7 (Sc 6he).
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Table 13.14. '2¢(d,p) 3¢ Angular Distribution Studies®
Ed Distributions of
(MeV) proton qroups References
0.7 = 1.7 Ps {wi 65k)
0.9 - 1.75 Py Py (Po 67e, K1 66)
1.2 ~ 4.5 Po (Ga 66b)
1.7, 2.7, 3.1, 4.0 Pos Py2 Pyr B3 (Fi 65)
2.1 - 2.9 P1s Py Py (Ka 66b)
2.1 = 3.1 Po (se 59)
2.8 - 3.7 Py Py (Ge 63)
L P (Se 60b)
4.7 - 13.3 Py (za 60)
6.6 Py’ Py (zh 62)
7 -1 Po? P (Ev 63a)
8, 12 Po» P12 Pys Pg (G1 66¢)
9.2 - 13.9 Po’ Py (na 66af)
10.2, 12.4, 14.8 Py Py (Ha 6ie, Ha 59b)
1, 13 Po? P17 Py P3 (Sc 669)
11.8 Po? P (Sc 64e)
12 Po’ Py (sc 671)
12,1, 13.3 Pys Pys Py (Za 60)
13.3 Pq (Ma 66ss)
4.9 - 19.6 Po? Py» Pys Py (Mo 60b)
4.5 Po? Pyr Pg (Ka 68c)
25.9 Pys P (va 63i)
27.7 Py? Py (s1 62a)

a 14

See (Aj 59) for earlier references. See also  'N.
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Table 13.15. Gamma Radiation frem lzc(d,p)]3c

a
E

Y
(MeV + keV)

b
E

7
(MeV + keV)

3.86 + 20
3.844 + 15
3.863 + 15

0.1695 + 0.4 ©

(3.76 + 20)
(3.69 + 20) ©

(3.687 + 15) ©

(3.097 + 5) €
(3.110 + 12) ©

(3.84 + 30)

3.78 + 30
3.675 + 15

3.082 + 7

Uncorrected for Doppler shift.

Corrected for Doppler shift.

13c
p.27
References
(Be 55a)
(Ma 56f)
(Go 61q)

(Ma 56f; see also Ch 60a)

(Be 55a)
(Ma 56f)
(Go 61q)

(Th 52)
(Go 61q)

Doppler shift correction is not required for the 3.86~-MeV radiation, but is

required for the 3.09 and 3.68-MeV radiation (Ma 56f, Th 52).

Value obtained by subtraction:

3.844-0,170 (Ma 56F).

From the proton groups AE = 170 + 3 keV (Sp She) and 170 + 1.5 keV (Do 56c).

T e e ————
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while for the transition 3.85 - 0, X(E3/M2) = +(0.12 + 0.03). Angular
correlation measurements at Ey = 2.8 to 3.7 MeV show P(EZ)/Py.f % for
3¢ (3.68) and r(e3)/r, S 2% for 13" (3.85) (F1 62). see also (Ka 66t
Pr 66e, Ti 67a). The lifetime of '3¢° (3.09) is < 10 fsec (Ri 68h),
< 15 fsec (Al 68) [see also (Me 67b) 1; T for IBC* (3.68) < 26 fsec
(Ri 68h); T for IBC* (3.85) = 7.5 fg psec (i 62b): see also Table
13.16

A study with polarized deuterons at Ed = 7 and 10 MeV is reported
by (Yu 68a: Py’ p]). For other polarization measurements see lL*N,
(Aj 59) and (Go 61m). For reaction (b), see (Pi 63a, Bo 68e).

See also (Ar 58a, Lo 59, Al 60h, Ba 60t, Go 61k, Pu 61, St 61d,
Al 62a, Gr 62d, Ne 63d, Ne 63e, Se 63j, va 63k, Ri 64, He 65c, Zi 65,
Be 66k, Go 66f, Go 66g, Wa 67i, Fo 68) and (Am 59, Bo 59d, Ho 59e,
Be 60h, Bu 60e, Lu 60, Ne 60, Gi 61, Ro 6la, Jo 62c, Gl 63d, Sm 63a,
Ta 63, Va 6he, Za 64d, Ba 65a3a, St 65a, Ho 66i, Pe 66d, Le 67k, Mo 67e,
Be 68h, Ed 68a).

2
32. l”c(t,d)l3c Q = -1.311
At Et = 12 MeV, DWBA fits have been made of the angular distri-
butions of the deuterons to ]3C (0, 3.09, 3.68, 3.85) (Gl 66¢c). See

also (Ba 61c, Mu 60a).

12¢ Che, 2p) 3¢ Q = -2.771

See (Do 65b, Fo 67c, He 67e).

33.



ey

AR remma

13c
p.29

3. '2c(a,3he) e o = -15.631

3

At Ea = 66 MeV, angular distributions of the “He particles to

'3C (0, 3.7) have been analyzed by DWBA (Sy 67).

35. (a) '2c(''s, %) "3¢ Q= -6.509
w) "2ec'HN, By 3¢ Q = -5.506
() '2c("%, "% 3¢ Q= -5.483

For reaction (a) see (Sa 631, Po 67a). For reaction (b), see

(Ga 65g, Bi 67). For reaction (c), see (Ga 68b).

6. g7y 3¢ o = 13.437
13

Table 13.2 (ia 62d).

1 1
37. Pclm e

By means of nuclear resonant scattering of bremsstrahlung, T of
12 * *
2¢¥ (3.09) = 1.5 + 0.2 fsec (Ro 68a): 7 of '2¢" (3.68) = 1.4 £ 0.2

fsec (Sw 68b).

8. (% Q = -h.947

The cross section appears to exhibit structure at ~ 7.8, 8.9,
10.9 and 11.6 MeV (Be 65i) and at 13.3 + 1 (I =5 + 1 MeV) and at
a~ 22 MeV (I =~ 7 MeV) (Co 57b).  For analyses of the work done on this
reaction, see (Ha 63e, Me 65b). See also (Ed 60, Gr 64j) and (Fu 59,
Fr 60b, Ba 611, Fr 64c, Sh 64m).

35

B8 B-decafs to the ground and 3.68-MeV states of ]3C: see IJB and

———— T et
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39. 3¢c(r,p)'% Q= -17.535

(De 64i) report structure at 57 = 18.5, 20.0, 23.5, 26.0 and 29.0
MeV. The main part of the cross section is in the 23.5 MeV peak
which has T' ~ 3 MeV. A broad maximum near 25.5 MeV has been reported

by (Co 57b, Co 56f). See also (Me 65b) and (Ne 62f, Ko 6kc).

0. '3c(y,0)%8e Q = -10.651
See (Mi 53c, Gr 64d).

1. '3c(e,e) '3
From 2 study at Ee = 20< MeV, the ratio of the rms radius of the
13

charge distribution for “C to that of IZC is found to be 0.96 + 0.0l

(Cr 67b). See also (Ra 68a). The M! radiation width to the ground
state of ]306 (15.11) excited by 40 to 65 MeV electrons is 25 + 7 eV

(Pe 67g) in good agreement with the prediction of (Co 65i). See also

(Ka 67e).

2. e(p,pn 3¢

Angular distributions of the 3.09-MeV 7y-rays are isotropic for
Ep up to 5 MeV consistent with the assignment J = 1/2 (Ba 60f). The
elastic differentiz! cross section has been studied for Ep = 1.37 to
2.38 MeV (Ge 66), and at Ep = 32.9 MeV (Ma 68h). See aiso (Ro 6la).
The Doppler shift method leads to ljfetime limits of T < 10 fsec and

T < 26 fsec for 3¢ (3.09, 3.68) (Ri 68h): see Table 13.16.
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3. c(d,d) '3

Angular distributions of elastically scattered deuterons have been

measured at E, = 4.7, 5.0 and 5.3 MeV (Co 68h) and 15 MeV (Di 65a).

15

See also “N.

w. 3cCre, 3e)'3c
3

Angular distributions of elastically scattered “"He's have bean

studied at E(3He) = 12, 15 and 18 MeV (Ke 66b). See also (Ar 68e,
Ce 68).

b5, Be(e,a) '3

Angular distributions of scattered G-particles have been studied
at E, = 33.4 MeV (Ar 68e: ]3C* (0, 3.68, 7.5) and 40.5 MeV (Ha 66i:
3¢* (0, 3.09, 3.68 + 3.85, 7.5)). See also (Fu 59a, Fa 68).

6. (a) 3c(®ui,bLi)'3c
®) Beui, Ly 3e
Angular distributions of elastically scattered 6Li and 7Li ions

have been measured at E(Li) = 20 MeV (Be 68K).

w7, () Be('%e, 20
1 1
() c('®,"0) 3
Angular distributions of elastically scattered IZC and ]60 ions

have been studied for E = 10 to 30 MeV (Go 68i).

37
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Jable 13.16. Summarya of results on the total radiation widths

of the low-lying levels of ‘30 - l3N
I3C* I‘7 Methodb References ‘BN* r.© References
(HeV) (eV) (MeV) (eV)
3.09 0.44 + 0.05 (757) (Ro 68a)  2.37 0.45 + 0.05 (Ri 68h)
> 0.066 DS (Ri 68h) 0.67 see (Aj 59)
3.68 > 0.025 ° DS (Ri 68h) 3.51 0.53 (Yo 63a)
0.47 + 0.07 (7,7) (Sw 68b) 0.69 see (Aj 59)
3.86 (7.3 + i.6) x 107° DS (Ri 68h)  3.56 <200 x 1072 (Yo 63a)
(8.8 + 3.0) x 107° DS (si 62b)
(b.b + 0.6) x 107 DS (Al 68)

2 (Ri 68h)

b 0S = Doppler Shift.

Obtained from l26(,0,7)]3N.
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i s, neh'3c Q = 2.22]
E‘ See I3N.
d
no. Mep,a) e Q= -5.952
; At Ep = 12 MeV, the angular distribution of the deuterons to
1 3¢ (0) is PwBA-fitted with f=1: 8= 0.038 (G] 66c). At E, = 18.5
éi MeV, angular distributions have also been obtained for ]36* (3.09,
r 3.68, 3.86) (Le 63, Le 6lg).
;’ s0. Ye(d,n'3c Q= -1.919
; At Ed = 12 MeV, angular distributions of the tritons to ]3C

(0, 3.09, 3.68, 3.85) have been PWBA fitted: o2 = 4.5, 0.43 and

5.76 for the three most energetic triton groups. The group to ]30
(3.85) does not show a stripping pattern (Gl 66¢c). See also (Mo S8e,

Ku 59d).

51, '“c(3He,a)'3c Q = 12.402

Angular distributions of the alpha particles to ]3C (0) have been
determined at E(3He) =2, 6, 8, 10 (Du 64d) and 44.8 MeV (Ba 66q).
See also (Ba 67vv). At the highest energy, the differential cross
sections to ISC* (3.68) and to the T = 3/2 state at 15.11 MeV have also

been measured (Ba 66q). See also (Go 66e).

52. ]hN(n,d)]3C Qm = -5.325

Angular distributions of ground state deuterons have been determined
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at £ 14.1 to 14.7 MeV (Za 63, An 67, Fe 67d, Mi 68d). Excitation
of ]3C* (3.68) is also reported (Za 63, Fe 67d, Ca 57e).* See also

(Ha 59¢, Mo 63, Mo 64j).

53. "N(p,2p) ' 2c Q= -7.550

At EP = 460 MeV, the summed proton spectrum shows three peaks
with binding energies 7.5 + 0.5, 15.3 + 0.5 and 19.8 + 0.6 Mev ('3¢" =
0, 7.8 and 12.3 MeV) corresponding to the ejection of Pi/2 protons in
the case of the ground state and P3/2 protons in the case of the two

excited states. There is also some indication of other structure

(Ty 66). At Ep = 19 MeV, the reaction proceeds at least in part by
14

a two-step process involving an excited state of N at ~. 11.2 MeV

(De 651, De 65m). See also (Cl 6lc, Cl 63c, Ma 62s) and (Ba 62j,
Ba 620, El 63a, Ba 65s).

sk, '(d,3he) 3¢ Q = -2.056

At Ed = 52 MeV, angular distributions have been measured for the

3He particles to '3C° (0, 3.09, 3.68, 6.87, 7.5, 8.85, 9.51, 11.9 +

6.15) and analyzed by DWBA: J™ = 5/27, 1/27, 3/2° and 3/27, respectively,

are assigned to I3C* (7.5, 8.85, 9.51, 11.9) (Hi 68c). As expected,

3

angular distributions of “He's and of tritons (from ‘QN(d,t)I3N) to

analogue states are identically the same: this has been shown for the

3

ground state “He and triton groups (De 66h: E, = 28.5 MeV) and for

d
the groups to ]3C* (8.9 + 9.5) and ]3N* (9.2) (Hi 68c: Ey = 52 MeV).

See also (Ba 68p).

* Gamma rays with energies of 3.686 + 0.003 and 3.853 + 0.003 MeV are
reported by (Be 69b).
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55. 1l‘N(t,oz)'B'c Q, = 12.264
Observed particle groups at Et = 2.6 MeV are displayed in Table
13.17 (Si 62b). See also (Sc 64b) and ]60.
s6. "N, ) e o = -7.546
This sequential reaction has been studied at E, = 22.9 MeV (Be 67kk).
57. IQN(IQN,ISO)]3C Qm = -0,257
See (Ga 66a).
58. 'N(n,t) 3¢ Q, = -9.903
Not reported.
59. ISN(p,3He)]3c Q = -10.667

At Ep = 43,7 Mev, 3He groups have been observed to eleven states
of ]3C: see Table 13.17 (F! 68, Ce 66): see Table 13.13. Angular
3

distributions of the “He particles to these states are generally

found to be in agreement with DWBA predictions, using intermediate
coupling wave functions to obtain the two-nucleon structure factors

(F1 68). Detailed comparisons are made with the results of the mirror
reaction ISN(p,t)'3N: the (p,t) transitions are generally stronger
than%xpected relative to the mirror (p,3He) transitions.  This may
arise from interference effect terms due to a spin-orbit interaction

in the optical potential, or to interference terms hetween direct-

reaction and core-excitation (F1 68a, F1 58).




Table 13.17.

13
p-36

Energy levels of ]3C from ll“N(t,Ot)]?'C (Si 62a)

and from ISN(p,3He)I3C (F1 68),

o a 60 o W

(Ce 66).

From N(t,a)l3c (si 62a).
15 3413
From “N(p,”He) “C (F1 68)

Observed but Ex not decermined.

E, in P . E, in 3¢ b e
eV + keV) cm (MeV + keV)

0 0 1/2°
3.09° 3.08 + 20 1/2*
3.68° 3.68° 3/2°
3.85°
6.87° 6.97° 5/2"
7.5° 7.55 + 20 5/2°
7.68°

8.860 + 20 145 + 20 8.86 + 60 172"
9.509¢ 9.52 + 30 (3/27)
9.897¢
10.736 + 20 < 30
10.809 + 20 < 30
11.000 + 20 < 30
11.078 + 20 < 30 11.09 + 50 (1/27)
11.721 + 30 125 + 20 11.80 + 30 (3/27)
12.131 + 30 125 + 30
12.40 + 50 7/2"
15.103 + 45° 3/2"
14

Ex values of other levels given in terms of Ex of these two levels.
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Table 13.18. 13C states frem l5N(d,Ot)]3C
(Ma 51) (Ja 61m) (Wa 57)
(MeV + keV) (MeV + keV). (MeV + keV)®
0 0 0
3.083 + 5 3.100 + 20 3.09
3.677 + 5 3.695 + 10 3.68
3.85
6.87
7.47, 7.53, 7.64 °
8.80 + 40
9.5
- 9.9

Level energies

8.80 MeV.

Not resolved.

*
for identification purposes only except for I3(: =
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60. lsN(d,oz)”c Q = 7.687
Q = 7.675 + 0.009 (Lo 61f)
Observed alpha particle groups are displayed in Table 13.18
(Ma 51, Ja 61m, Wa 57). Angular distributions of a-particles have
been measured at E = 1.0 to 1.2 HeV (st 66q: ao), 20.9 MeV (Pr 68a:

e al) and 21 MeV (Fi 59: ao). See also (Ma 65k, Lo 61b).

61, nie, b3 Q= -14.688
At Ea = 42 MeV, the argular distribution of the 6Li particles to

]36 (0) has been measured (Mi 68e).

62. '%o(n,a) 3¢ Q= -2.215

At E_ = 14.1 to 14.9 MeV angular distributions of alpha particles
have been measured: see (Ci 61, Mc 66f, Le 68j: ao), (Hs 67a: o,
@, a, + a3), (Ma 68j: a, 0 + 0, +a) . See also (Aj 59, Ro 62b,
Da 63b, Mo 63, Se 63d, Ma 64m, Mo 64j, Ch 65b, Ci 66a, Fa 66, Si 67e).

63. To(a,%Li)'3¢ Q= -4.885
See (De 66a).

6b. 180(d,7Li) 3¢ Q= -5.678
See (Cr 63a, De 67).

65. 2Ne(n,20) '3 Q = -6.944

See (Pe 66f).

ats

Two y-rays with energies of 3.685 + 0.003 and 3.855 + 0.003 MeV are
reported by (Be 69b).
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Model calculations: (Am 64, Ba 59n, Ba 63h, Bo 63j, Bo 6ko, Bo 65i,
Br 67d, El 66b, Fa 67a, Fi 68, Go 68, Ha 66f, Ho 68, Hu 57d, Hu 67c,
In 62, Ku 6la, Ku 6le, Ku 67j, La 55b, Ma 650, Me 65b, Ne 6ic, Ne 67b,
No 66, Ph 60a, Po 67g, Se 63n, St 64, Ta 601, Ta 62f, Tr 63, Wa 67i,
We 65d).

Other: (Au 67a, Ep 67b, Ba 68y, Ba 6811, Vo 68).

Ground State: \y = (-) 0.32212 + 0.00035 n.m. (Be 641; see also (Po 6la,
Li 64h).)

o Baeh '3 Q = 2.221

Measured values of the half life are displayed in Table 13.20.
The positon spectrum shows no deviation from the allowed shape; it is
concluded that the Fierz coefficient in the Fermi interaction is
< 11% (pa 58e, Da 57b, Da 68i). Log ft = 3.664L
based on Qm and T2 = 9.961 min. The positon polarization has
been studied by (Ha 57g, Bo 57h). The results indicate that the positons
are completely polarized and hence that Fermi transitions as well as G-T
transitions exhibit the maximum effect of parity non-conservation. See

also (Aj 59) and (Ga 65h, Mi 66j, Am 67a).




A By

p.2
Table 13.19. Energy Levels of 13N
Ex in ]3N JNT I'(keV) Decay Reactions
(MeV + keV) °" Ny2
0 2T =991 BT 1,3,9,10,11,12,19,20,21,22,23,24,25,26,
0.005 iin. 27,28,29,30,31,32,33,34,35,36,37
2.3660+1.0 1/72% 3541 keV 7,p 10,12,15,19,20,27,29,30,3!
3.509+2 3/2° 6345 75P 10,12,15,19,20,21,22,23,26,27,29,30,31,
33,36
3.54746 572" 74 p 10,15,19,20,21,22,23,27,29,36
6.382+10 5/2F 1 p 10,15,27,31,33,36
6.898+10 372" 11545 p 15,321
7.166+8 72" 9+0.5 p 15,27,31
7.387+6 5/2° 7545 P 15,27,28,29,30,31,33,36
7.9 3/2° e 1500 p 15
8.92+30 172" 23¢ P 15,27,29,30,33
9.52+20 3/2° 30 p 11,15,27,30
10.35+20 5/2° 30 p 11,15
10.36 7/2" 76 p 15
10.78+40 172" 27,33
(11.44) p 15
11.65 80 p 15
11.87430 3/2° 130 p 15,27,29,30,33
12.08 140 p 15
13.5 s 500 p 15
4.1 ~ 500 p, (7) 12,15
4.7 ~ 500 p 15
15.066+5 3/27;71=3/2  1.1340.3 7,p,0 11,12,15,18,27,33

15.7 ~ 500 P 15




o i

Table 13.19 (concluded)

15.98+50

16.3

17.2

18.2

18,4146 T=3/2
18.5

18.7

18.974 -;T=3/2
15.3

(19.8)

20.9 (572)
21.69

21.99

22.6 (5/2)°
22.7

23.3

23.83

2h.4

(24.8)

(25.2) (372)°
25.7 z 3/2
26.1 z7/2
26.87

27.9

31.9

a 500
=~ 500
~ 500
sz 500

a 50
s~ 500
~ 500

s 15
~ 500
a2 500

a 1500

=~ 1000

Loo
350+50
~ 500
100
120
~ 1000

~ 1000

broad

15,27
15
15
15
11,15
15

1,15
15
12,15
15
15
15

12

5,15

5,15

6,8
15
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Table 13.20. The half life of '3N a

M/2

(min.) Reference
9.96 + 0.03 (Ar 58)
9.96 + 0.03 (Da 58e)
9.96 + 0.005 (Ja 60j)
9.93 + 0.05 (Ki 60)
9.96 + 0.02 (Eb 65)
10.05 + 0.05 (Bo 65a)
9.961 + 0.005 Weighted average
a

See also (Aj 55, Aj 59, Ra 61).
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2. TuicdLi,am e Q_ = 2.204 £, = 23.65]
See (No 60b).
3. J8e(®Li,2n) P Q = 3.951
See (No 57a).
b, %8 (3He,n) 'y Q= 1.563 E, = 21.638

The cross section has been measured for E(3He) =] to 6.3 MeV.

There is some evidence of broad structures (Pe 63c). See also {Za 66)

and lzN.

10 12

5. 98(3ke,p) '%c Q_ = 19.695 E_ = 21.638

b
Observed resonances in the yields of proton groups and y-rays

for E(3He) = 1.2 to 12 MeV are displayed in Table 13.21 (Sc 56f,

Ku 64i, Pa 66g). For polarization measurements see (Si 65a, Si 67a)

and (Mi 661). See also ‘ZC.

6. }OB(BHe,d)”C Q = 3.199 E, = 21.638

b
Excitation functions for the ground state group have been

measured for E(3He) = 3.5 to 10 MeV: a resonance is reported at

E(3He) ~ 5.8 MeV (Pa 65g). See also (Br 65i, Ha 67r). See also ]'C.

10

10
7. 8(3He, t) ' Oc Q = -3.62% E, = 21.638

The excitation function for IOC production has been measured from

threshold to E(3He) = 10.5 MeV. O ax (at 10.5 MeV) = 435 + 87 yub.

No detailed structure is observed (0s 64). See also (Ma 66h).
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Table (3.21. Structure in B + “He
& (Sc 56f) (Ku 64i) (Pa 66g) (. 65c)  Res in E, in 3y
5 Eres (MeV) T (keV) Eres r Eres Eres
‘ 2.0%° 500 2.2 po,(p5¥ 23.3
; 2.85 + 50 450 + 50 Tis. 23.83
. ; -
! a
: 3.7° 700 g:? pysP, 2.5
i |
(} 4.1 120 Py 24.8
| 4.6° 150 Py (p]) 25.2
|
i . c d
: 5.2 + 100 240 + 80 5.4 Por715. 1 25.7
f
5.8 a,d, 26.1
8.2° Py 27.9
/, | a See, however, (Ku &Li).
' b .
See also (Si 67a).
¢ See, however, (Ba 66p).
4 5 23/2, P al Mev (Pa 66g).
€ J=27/2 (Pa 66g).
f

P~ 1 Mev. This resonance is also seen in the do excitation curve (Pa 65g).
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8. '%(he,% Q= 12.140 E = 21.638

b
The excitation function for Q-particles to 98 (0)’measured for E(3He) =

él 2 to 10 MeV, indicates a strong resonance at E(3He) = 5.8 MeV (13N* =
% 26.1), I' ~ 1 MeV. This resonance does not appear in the excitation

2 function for alphas to 98* (2.3) measured over the same energy range.
; Minor structure !s observed in both excitation functions approximately
i every 2 MeV (Pa 65c). See also 98 and (Ta 68j).

|

j' 9. loa(a,n)BN Q = 1.060

g See (Aj 59) and (He 59c, Ka 60g, Ro 61h, Ed 62, Ni 65a, Za 66).
T 0. %cui, e B Q= 5.845

é At E(6Li) = k.9 MeV, triton groups are observed to ]3N (0, 2.4,

3 3.6 (unresolved), 6.38) (Mc 66a). See also (Ca 65e, Mo 63j).

redaiin

11

1. a(3ue,n) 3n o = 10.182

Ground state angular distributions have been measured for

g G Gy
P N

E(3He) = 2.0 to 5.3 MeV (Di 66b). Work at E(3He) = 1.2 to 2.0 MeV

has shown that previously reported states at Ex = 5.51 and 6.10 MeV

v Ot

. i 1
in the 8(3He,p) 3C reaction are instead due to the proton decay to
: 12

Mk e |

C (0) of ]3N states at Ex = 9.52 + 0.02 and 10.35 + 0.02 MeV (Ch 66j).

In a study with E(3He)

7.0 tc 13.5 MeV, neutron groups have

been observed to T = 3/2 states at E = 15.068 + 0.008 MeV (I < 15 keV),

Londan .’“!r"!‘ it

et | et e o e

Bl

il




18.44 + 0.04 MeV and 18.98 + 0.02 MeV (I = 40 + 20 keV). J" (determined

??; by DWBA) for IBN (15.07) is 3/2°. The ratio of the number of y-rays

13,

from °N  (15.07) to the number of protons from this level to 2C (0),

r, /T
7O

be 1.13 + 0.3 keV (Co 69). The isospin forbidden decay from the

Py’ has been determined to be 12 + 2%: T is then calculated to

first T = 3/2 levels in ]30 and ]3N by neutron and proton emission,

respectively, to IZC* (0, L.4k) is quite different: /04 y = 1.3
i3

for “N and 0.2 for ]3C suggesting some admixture of charge-dependent

forces (Ad 67d). This is illustrated also by the difference in the
kS

total widths of 3N (15.07) and ]3C (15.112):T = 1,13 + 0.3 keV

and 4.7 + 1.6 keV, respectively, (Co 69). See also (Br 6kh, Ti 67).

12.  (a) 12C(P,7)]3

12
(b) “c(p,7p!

N Qm = 1,944

)12r
Resonances for capture radiation are displayed in Table 13.22.

[See also Table 13.16 for a summary on the total radiation widths of

1
the low lying levels of 3C - l3N.] No resonance is nbserved at

Ep = 1.73 MeV, corresponding to ]3N* (3.56) (Se Sle, Yo 63a).

No capture radiation is observed for Ex = 5 to 10.4 MeV: the
3 upper limits to the (p,7o) cross sections are 2 mb/sr at the known
(p,p) resonances (Pa 62). At Ep = 14,2 MeV, capture radiation from

the first T = 3/2 state at Ex = 15.07 MeV is observed. Ppr/P =




- ———
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5.5 + 0.8 eV for the ground state transition which, combined with
PP/P = 0.20 + 0.025 from (Ad 67d), yields F7 = 27 +5eV. The
amplitude ratio of E2/MI = -0.095 + 0.07. For the transitions to
‘3N* (2.37) and ‘3N* (3.51 + 3.56), P7 < 4.5 and 23 + 5 eV, respectively.
The anguiar distributions of ihe y-rays determine JT = 3/2" for ]3N*
(15.07) (Di 68a). No clear structure is observed in the ground
state capture cross section for Ep = 14 to 19.5 MeV (Wa 62k).
Resonances reported by (Fi 63b) in the yields of 7 and 7, are dis-
played in Table 13.22. See also (Ta 6id).

The capture cross section at low energy is of interest in
connection with stellar energy generation: see (Aj 59) and (Ca 59,
Ca 65, Ba 66ff). re& (T

In the range Ep = 1.2 to 2.5 MeV, reaction (b) is observed,
involving a y-transition to the 2.37-MeV state. P-wave resonant
capture at Ep = 1.70 MeV, with P7 = 0.04 eV, interferes with direct
p-wave capture (Wo 54). See also (Su 59, De 59a, Co 63d, Al 6hr,
Fa 65, Ma 65y, Ed 56a).

13, '2¢(p,m) 2N o = -18.131 = 1.94k

&
The cross section for this reaction has been measured from

threshold to Ep = 50 MeV: resonant structure is observed corresponding

to E, = 21, 24 and, possibly, ~ 27 MeV (Ri 68e). See also (Va 63h,

Sp 66¢) and 12N.

S~
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Table 13.22. Resonances in ]zc(p,7°)]3N

= 1/2 dipole states (Fi 63b, Ta 6Ld).

£ I { ¢ i H
p | I"Iab | wl"7 | N IRes in |
(MeV + keV) (keV) (eV) ‘(Mev) Yield of . References
i ;
0.4568 + 0.5 l 39.5 + 1.0 0.67 2.365 7, (Hu 53, Se Sle, Fo 49b)
]
36.5 + 2.0 l | (81 68a)
! i i
36.7 + 1.0 0.45 + 0.05° :(Ri 68h)
1.698 + 5 72+9 139 3.510 7, '(Va 49, Se Sle)
67 + b 1067 ltvo 632, 81 68a)
¥ i
b a |
13 { 14 7o (Fi 63b)
14,2 (see text) 15.0 700 71, (Di 68a)
T = 3/2 state 7, + 73
b . .
20 20 7 (Fi 63b)
24,5 22.6 75 (Fi 63b)
32.5b 31.9 7 (Fi 63b)
a ur. for B3y* (3.56) < 0.006 eV (Yo 63a).
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T P PP Y

2 : it 2c(p,pn) e Q= ~18.720 E, = 1.9

Cross sections have been measured to Ep = 385 MeV: see (Au 62b, Cu 63, Ka 6!

Me 66b, An 68b) and (Aj 59). See also (Va 63h).

™ ey

| 1 12 .
| 15, (a) 'Zc(p,p) 7C E, = 1.9l
| 12 12 %
i (b) "“c(p,p") “c
S 1 1
- () %c(p,2p) '8 Q = -15.957
4:; q
f’ ? Yield curves for elastic protons, protons inelastically scattered to
E; lzcw (4.4), and for y-rays from IZC* (12.7) and (15.1) have been studied
|
i' at many energies up to Ep = 48.5 MeV: see Table 13.23 for a display of

the characteristics of the observed structure.

CEIANAS M1k

Total cross section measurements have been made at E = 16.4

e

(Po 65e), 16.2 to 28 (Ma 65r), 20 and 42 (Gi 64a), 24.5 to L46.1 (Mc 67]),
29 (Ma 6kc), 34 (Go 59f), 45 (Ca 67e), 61 (Me 60b), 142 (Ta 61n), 180

Lale R i £l

MeV (Jo 61j) and 1 GeV (lIg 67a). Non-elastic cross sections have been
| measured at Ep = 9.9 and 10.2 MeV (lg 62, Wi 63b) and at 77, 95, 113
and 133 MeV (Go 62). The (p,2p) cross section has been determined at
Ep = 120 to 150 'ieV (Au 52b) and that of the 12C(p,p')3l*He at 90 MeV
(6a 61h). See also (Wa 62k, Be 67cc, Wa 67k).

A summary showing the energies at which poiarization measurements

have been made is presented as Table 13.2L4. Reviews of the experimental

. evidence are given by (Ph 59b, Ro 62f, Da 66k, Ro 66t, Ro 66w). See




5b 13,
p.12
Table 13.23. ' N levels from '2¢(p,p) 2 and '2c(p,p?) '2c"
Eres Py Tem 4 J 02 References
(MeV + keV)  (MeV) (keV) P
0.461 + 3 2.370 31 0 1725 e.54  (Ja 53b, Mi 5h)
1.686 + 6 3.502 63 1 3/2 r.031 (Ja 53b, Ar 66a)
1736 + 6 3.547 74 2 5/2"  0.21  (Ja 53b, Ar 66a)
4,808 + 10 6.382 " 2 5/27  0.0031 (Re S6c, Me 6lb, Ba 67i)
5.370 £ 10 6.898 115 + 5 2 372" 013 A
5.65 +10  7.16 9+0.5 & 772" 0.016  (Ba 63g, Ba 63h, Ni 63b, Yo 60)
5.891 7.379 75%+5 3 5/2 ¢.069 B
6.5 7.9 ~:+1500 2 3725 0.1k c
7.54 8.90 230 1 172~ 0.02 D
8.17 9.48 30 1 3/2 0.001 D and (Sw 66)
9.13° 10.36 30 3 5/2° E
9.13° 10.36 76 3 7/2 E
(10.31)  (11.4k) (Bo 60c, Mc 61b)
10.52 11.65 80 (Ad 61a, Na 61, Bo 60c, Mc 61b)
10.74 11.85 130 (Ad 61a)
10.99 12.08 140 (Ad 61a, Bo 60, Br 59b, MHc 61b)
12,5 13.5 ~ 500 (Na 61)
13.2 14,1 ~ 500 (Na 61)
13.8 14,7 ~ 500 (Na 61, Da 6ka)
14,231 + 6 15,065 + 6 1.9+ 0.6 | 3/27;T=3/2 F
14.9 15.7 ~ 500 (da 6ba)
15.2 16.0 2 500 (Na 61, Da 6ha, Ku 67f)
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Table 13.23 (continued)

15.6 16.3 ~ 500 (Da 64a)

16.5 17.7 ~ 500 (Da 64a)

17.6 18.2 ~ 500 (Da 6ha, Ku 67f)

17.854 + 6 18.414 = 50 T=3/2 (Ku 67f, Le 68)

17.9 18.5 ~ 500 (pa 64a)

18.2 18.7 ~ 500 (da 64a)

18.461 18.974 Zis (=) ,T=3/2 (Ku 67f, Le 68)

18.8 19.3 ~ 500 (pa 64a)

(19.4) (19.8) a2 500 (0a 643a)

20.5 20.9 ~ 1500 (s/2)" (Me 63c, Ma 65r, Lo 661, Sc 67q)

21.41 21.69 . (Di 63b, Wa ble, Cr 66)

21.73 21.99 (bi 63b, Wa 6le, Cr 66)

22,4 22.6 ~ 1000 (5/2)° (Me 63c, Lo 661, Sc 67q)

24,2 24.3 < 500 (Me 63c, Lo V)

25.5 25.5 (3/2)° (sc 67g)

27.02 26.87 (Di 63b, Wa 6lie, Cr 66)

®  The resonant energies probably do not differ by more than 2 keV (Be 68t).

A (Re 56c, Ad 61a, Sh 62c, Ba 63g, Ba 63h, Ni 63b, Me 6Ub, Ba 66bb,
Ba 67i, Du 67b, Be 68t; see also Bo 60c, Be 65h).

B (Br 56d, Ad 6la, Sh 62c, Ba 63g, Ba 63h, Ni 63b, Me 6b, Ba 66bb,
Sh 66j, Be 68t; see also 8o 60g).

C (Sc 56d, Bo 60c, Na 61, Sh 62c, Me 64b, Ba 66bb).

D (Ad 6la, Sh 62c, Ba 66bb; see also Bo 60c, Hc 61b),

E (Ad 61a, Sh 62c, Ba 66bb, Sw 66, Sw 67a, Be 68t; see also Bo 60c,
Mc 61b, Na 61).

F (Br 66f, Br 66r, Ku 67f, Le 67b, Te 67, Te 68).

f
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also (Aj 59).

The polarization and asymmetry in the elastic scattering of 32.9-
MeV protons are equal to + 2.5%: therefore no violation of time-reversal
invariance is observed in that part of the nuclear force which flips
the spin of proton (Gr 68h).

The following is a list of recent theoretical papers bearing on
these reactions: (De 55a, Ba 591, Ke 59a, Pu 59, Ri 59, Wi 59c, Ni 6C.,
Sa 60g, Sa 60i, Sa 61b, Ma 62t, No 62, Nc 62b, No 62c, Ro 62a, Vo 62c,
Ba 53h, Ho 631, Lo 63a, Lu 63d, Ro 63e, Sc 63d, Cr 6id, &r 64k, Iy 64,
Ta 6lta, Ve 64, Ba 65d, Be 65w, Cl 65c, Fa 65, Ha 65k, Pe 65c, Sa 65i,

Ba 66f, Ba 67i, Sa 67e, Ta 67c, We §7c, Ba 68mm, Ch 68e, Ta 68g, Ti 68).

See also (Bu 59, De 60a, Jc 6ik, Pa 62, Az 63a, Fi 6lc, Cl 65a,

Gr 65d, Va 65, Ha 66r, Ma 66ff, Re 66b, Ar 67e, Vo 67c).

16. 'Zc(p,a)' e Q = -16.495 = 1.944

Ey
The yield has been measured for Ep = 18 to 19.8 MeV: no structure

is observed (Wa 62k). Polarization measurements are reported by

(Co 60b, Ch 67j). See also ''¢ in (Aj 68).

17. 12c(p,t)mc Q, = -23.319 E, = 1.944
See (Co 67i, Me 67i) and IOC in (La 66).
18. '%¢(p,)% Q = -7.554 E, = 1.904

Resonance behavior at ED ~ 14,2 MeV corresponding to the first
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Table 13.24. Summary® of ]zc(p,p)lz Polarization Measurements

EP (MeV) 20 states References

1.2 & 2.4 g.s (Bo 65¢c)

1.5 - 3.0 g.s (Tr 67)

1.5 = 5.0 g.s (Ph 59b)

1.7 = 1.9 g.s (Ba 66z2)

2.3 - 4.3 g.s (Ev 60c)

2.4 o 3.4 g.s (Be 65¢)

2.9 g.s (Hs 66)

3.0 g.s (Ne 629)

3.8 - 4.8 g.s (Go 62d, Dr 64, Dr 64b, Dr 6lc)
L.h .10 g.s (Te 68d, Be 68t)
4.5 g.s (8o 64i)

4,6 - 5.5 g.s (Go 61p)

4,65 » 5.0 g.s (To 60)

4.6 7.2 g.s (Te 65)

b.7  11.3 ges (Mo 65e)

5.0 » 10.5 g.s (Ev 61b)

5.1 . 6.8 g.s (Wa 59d)

5.4 o 19,7 g.s (Ro 62f)

6.0 g.s (Bo 651)

6.0 ~ 6.8 g.s (Be 6l4d, Be 6lq)
6.2 g.s {C1 65b)

6.3 g.s (Ma 62u)




Table 13.24 (continued)

6.5
6.7
6.8
8.6
9.2
9.4
10.8, 12.7
1.7

12.8 ~ 13.4

14.5

16.5

16.6, 19.3
17.7

17.8

19.3

19.7

20 - 28

20.2 - 28.3

21

29, 49
32.9
38

40
43.5
50

(]
.
(7))
-
:l’:'
4

(Be 62))

(Be 6lg)

(Pa 60a)

(Ro 61f)

(Ho ‘61b)

(St 60b)

(sa 63h)

(Ro 61b)

(St 66g)

(st 62d, Ro 65m, Ro 621)
(Da 66j)

(Bo 62a)

(Br 59g)

(Ba 65i)

(Bo 62a)

(Ro 62f)

(Lo 661)

(cr 66)

(Be 66t)

(cr 63a, Cr 66¢)
(Gr 68h)

(Hw 63)

(81 66d, Fr 67d)
(Ca 66e)

(Fa 67)
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Table 13.24 (continued)

57

75, 152
80

139

140

141

143

145

150

155

173

L2k

725
2,000; 3,600

g.s., 4.4, 9.6, 14, 18.5
g.s., 4.4, 7.7, 9.6
g.S., b4.b
g.s., 4.4, 9.6, 15.1

g.s.

g.S.

See also (Az 63, Az

65, Le 66¢c).

(Ya
(Ro
(Ma
(He
(Js
(Po
(st
(Em
(sa
(Al
(Ty
(He
(Mc

(Ba

6l
134
p.-17

62b)

661)

66qq)

63a)

66c, Ja 66d, Ja 66f)
65d)

64j)

66a)

62a, Ta 65¢)
57b)

57, Hi 57b)
57¢)

65)

67ee)
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= 3/2 state at 15.07 MeV has been reported for the ab and @, groups
(Le 67b, Le 68, Te 68). See also (Ba 6lv, Ba 66bb, Va 63h, Re 66b)
and %8 in (La 66).

19. (a) lzC(d,n)]3N Q = -0.281

(b) '2c(d,pn)'2c o = -2.224

Neutron groups have been observed corresponding to excited states
of ]3N at 2.38 + 0.05 and 3.53 + 0.05 MeV (Mi 53). The angular
distributions of ng? M and n, + n, at Ed = 9 MeV are consistent with

2 3

Zp =1, 0 and 2. The dimensionless reduced widths of the ground and

3.5-MeV states are, respectively, 0.056 and 0.19 (Ca 57a; see also

Mi 53).  (Mc 58d) finds 0.09 + 0.035 for the reduced width for I3y

(0). Angular distributions have also been measured at Ey = 1.5 to
3.0 MeV (E1 59c; see also Ho 63i: no), 3.78 to 4.20 MeV (Fu 66; no)
and at 13 MeV (Ko 63c). See also IQN.

In the range Ed = 2,8 to 3.7 MeV, a single neutron threshold is
observed at Eq = 309 £ 0.02 MeV, corresponding to IBN* = 2.36 (5) *
0.02 MeV (Ma 55j).

At Ed = 4,7 to 5.5 MeV)broad proton groups are reported from the
sequential decay 'ZC +d - IL}N* - l N* +n - ]2C + n+ p via ,3N*
(3.51, 3.56) (Pi 63a). The proximity scattering associated with

this process is characterized by a mean lifetime for the intermediate

state of 0.7 x 10720 sec (La 66m, La 65b). See also (Bo 68e).
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See also (Aj 59), (Ma 60e, Ke 61b, Le 61h, Yn 61, Ya 6la, Ca 6ib,
Ga 65b, Jo 65e, Si 65e, Ho 66i, 0g 67) and (Ho 61i, Sm 63a, Tr 63a,
Sh 6hm, Ma 65q, St 661).

20, '2c(3he,a) By Q = -3.550

Angular distributions of deuterons to !3N (0) have been measured
at E(3He) = 6.0, 8.8, 9.4 and 10.1 MeV (Hi 60b), at 13.9 MeV (Pr 60),
at 21.6 and 24.7 MeV (We 6C ) and at 29 MeV (Ga 62g). At the three
highest energies, the angular distributions of the deuterons to ]3N
(2.4) and (3.5-unresolved) have also been determined. See also

(Fr 52e, Yn 61, Ec 66ba, Ha 66n, Fo 67b, Ha 67s, Ho 67]).

21, IZ(:(a,t)]3N Q, = -17.870
Angular distributions have been measured at Ey = L3 MeV (De 67d:

to) and 56 MeV (Sy 67: t See also (Yn 61, Tr 63a, Sh 6hm).

o T2+ 3"

22. c('° %8e) ' N Q= -h.64
At E( 8) = 105 MeV, the ground state of By and 13NF (3.5-

unresolved) are observed {Sa 65d). See also (Gr 63h, Gr 65s).

23, '2¢(Ms, 1%e) 3y Q= -9.285
1., _ 13 13 %
At E( 'B) = 116 MeV, the ground state of °N and °N  (3.5-unresolved)

are observed (Sa 65d, Po 67a). See also (Da 65f, Gr 65s).

. 12¢(12, %13 Q_ = ~17.764
see (Ch 62).
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25, 12¢(My,B3cy "3y Q = -5.606
See (Bi 67).
26. 3c(p,n) 3N g = -3.003

Eihresh, = 3+2353 + 0.0015 (Be 61f)
Ethresh. = 3.2371 + 0.0016 (Be 61f: see Bo 6lb)
Ethresh. = 3.2354 + 0.0024 (Bo 66k)

Ethresh. = 3.2357 % 0.0007 (recommended by Ma 66n)

Angular distributions of ground state neutrons have been measured
at EP = 3.1 to 5.3 MeV (Al 6le), 3.39 to 12.86 MeV (Da 61), 5.0 to
13.3 MeV (Wo 61) and 18.5 MeV (An 6ka). See also (Pa 62, St 6ud,

Va 65) and (81 59b, El 63, Ca 64b, Sa 64i, Pa 66e).

Two thresholds are observed at Ep = 3.235 and 6.965 MeV (+ 10
keV), corresponding to ]3N (0) and ‘3N* (3.464) (Ri 66¢c). The
13

neutron group corresponding to N (2.3) is verv weak compared to the
groups to ]3N (0) and IBNJ (3.5) at the energies studied (Da 61).

See also (Aj 59), (Un 66, At 68, Li 68h, Wo 68), and th.

27. I3c(3He,t)]3N Q = -2.239

At E(3He) = 39.6 MeV, angular distributions have been obtained
for the tritons corresponding to the ground state of 13N and to the
excited states at 2.37, 3.53 + 0.03 {unresolved), 6.38, 7.17, 7.39,
8.92 + 0.04, 11.85 + 0.04 and 15.07 MeV. States at Ex = 9.5, 10.78 *
0.04 and 15.98 + 0.05 MeV were also populated, the first of these weakly
(Ba 68kk). See also (Ec 66a, Ce 68).
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28. IqN(?’,n)IBN Qm = -10.553
See (Fu 63a) and ‘AN.

29. (a) "n(p,d) 3N Q= -8.329
(6) (p,pn) , = -10.553

Angular distributions have been determined at Ep = 18.5 MeV

(Be 61d: dy» dys dy o 3), 30.3 MeV (Ko 67j: dys d,, and the deuterons

to N (7.38, 8.93, 11.80)), 45 MeV (Ma 66v: d_, d|, d, , ,, and the
deuterons to ‘3N* (7.4 + 0.1, 11.8 + 0.2)) and 155.6 MeV (Ba 663g:
do, d2 + 3 and the deuterons to IBN* (7.4, 9.0, 11.9))Y. See also
(E1 64, 0g 67). For reaction (b) see (Ba 620). See also Il*N.
30. (4,0 3N o = -h.296
Angular distributions of the tritons to I3N* (o, 3.51, 7.38,
8.93 + 9.48, 11.8) have been obtained at Eq = 52 HeV and analyzed
by DWBA. The spectroscopic factors for the ]3N states [and the mirror

in the
states reached/ Il“N(d‘,?’

He)]3c reaction] are in good agreement with
theory and are additional evidence for the J7 assignments of 1/2-,
3/2°, 5/27, 1727, 3/2° and 3/2° to these states (Hi 68c). Comparisons

of (d,t) and (d,3He) angular distributions are also reported by {De 66h,
Ga 68h).

31, (a) "NCHe,) By Q_ = 10.025
®) " he, p e Q= 8.081

Q, = 1.803 + 0.010 (Yo 59a)

T e —————————
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Alpha particle groups have been observed to the ground state of
13N and to excited states at 2.358 + 0.010, 3.471 + 0.015 (Ta 60f),
6.38, 6.91, 7.166 + 0.008 and 7.388 + 0.008 MeV (C! 62d). See also
(Ga 63). Angular distributions have been studied at E(3He) = 4.5,

5.5 and 7.0 MeV (Kn 67: Os O ), 13.9 MeV (Lu 68: ¢, a

az + 3 1’

@, . 30 Oy O 7), 17.4 to 36.6 MeV (Ar 65b: o,y A, 30
@ , ¢ and the alphas to BN (11.4)), 29 MeV (Se 62e: @) and at
Lo-45 Mev (Ba 67vv). For reaction (b) see (De 67c). See also

(1 64, Bo 65i, Bo 66e, Be 67p, Og 67, Ze 68).

32. ”*N(”*N,ISN)BN Q_ = 0.282

See (Ka 68a, Na 68a).

33, PN(p, ) 3N Q = -12.906

At Ep = 43.7 MeV, angular distributions have been obtained for the
tritons corresponding to the ground state of |3N and the excited states
at 3.51 (3/27), 6.38 + 0.03 (5/2%), 7.38 (5/27), 8,93 + 0.05 (1/27),
10.78 + 0.06 (1/27), 11.88 + 0.04 (3/27) and 15.07 (3/27; T = 3/2)
MeV states [J7 values in parentheses, as determined by DWBA analyses
using intermediate-coupling wave functions to obtain the two-nucleon
structure factors] (F1 68). Detailed comparisons have been made with
the (p,3He) reaction to the mirror states in 13C (F1 68, F1 68a).

See also (Ce 66, Ce 66f).

e ——— -
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34, "800y, 6) 13N Q = -25.032
See {Bu 65f, Bu 68).

35, (a) '%0(p,a) 3N q = -5.218
&) e, ' Q, = ~7-16]
Q, = -5.206 % 0.010 (Wh 60)
Angular distributions of the ground state alpha particles have
been measured at Ep = 7.9 to 10.2 MeV (Da 64), 13.5 to 18.1 MeV
(Ma 61g) aud 38 MeV (Gs 68). See also (Va 62e, Ce 64), (Ch 57c,

Wi 6le, Ho blg) and ]7F. For reaction (b), see (Ch 67f).

36. %0 (e, L) 3w Q, = ~9.239
At E(3He) = 65.3 MeV, 6Li groups are observed to ]3N* (o, 3.6~
vnresolved, 6.4 and 7.4) (Ce 66).

37. '80(q,7Li) "3 o = -7.899
See (ba 66).

A
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130

——

(Not Illustrated)

13 16

0 has been produced in the reaction 0(3He,6He)]30 at E(3He) =

65 MeV; the mass excess of ]30 is 23.11 + 0.07 MeV (Ce 66). 130

is then bound with respect to IZN + p by 1.54 MeV.

A computation
using the three other members of the T = 3/2 quartet predicts M-A
('30) = 23.10 + 0.05 (ce 66).
13 1 . L 13 . e el
0 has also been reported in the N(p,2n) ~0 reaction initiated

by 50 MeV protons: T2 = 8.7 + 0.4 msec. 130 is a delayed proton

emi tter decaying via IBN* (8.90, 9.48) to (IZC + p). The relative
intensities are 100:24; on this scale the intensity of possible
transitions to 13N (7.42; 5/27) is < 15, log ft > 5.5 (Mc 650).

See also (Go 60p, Ba 61f, Ba 63t, VI 63, Go 64j, Ja 65c, Go 66j,

Ke 66c).
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BEGID BEMSETT, PHYS. REV. 122 (1S51) 535

BEGLF  BECKNER, DRAMBLEYT, PHILLIPS AMD EASTHOOD, PHYS. REV. 123 (1961) 210D

BE62)  CEiy HADANEC, KARBAN AMD EEZC, CZECH. Jo PEYS. 12 (1952) 660

BE62i! BERXDAITZ ET AL, PHYS. PEV. 128 (1202) 247

BEG3E  BEGHIAN, SUGINOYTN, VACHIER ALD WEGER, NUCLEAR PHYSICS 42 (1663) 1

BE631  BESSIS, LEFESVRE-LCRIOR ANT LBOSER, REVS. #ICU, PHVS. 35 [19563) 548 .

BE64D B! ET ALy PHYSe LETTe 10 (1S44) 114

BE6%4G  BEH, HABANEC, KARGIN, KEREC AND PRESPERTII: CZECH. Jo PHYS. 142 (17643
404 ,

BEGSL  BERISTEEN ET AL, PHYS. REV. 126 (1654) 027 -
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BEM ET ALy CZECH. Jde FHYS. 14D L1034) 796
BERIOLITZ, CARLSGH AHD RDRLECHK: BULLe 4Ne MIVS. SOCe 10 (19653 027
BERNSTEIN AND TERRELL, DULL. 20 PHVS. SOC. 10 (1965) 103
CEARSE BT AL, NUCLELR PUYSICS 6L {1o0Y) 545
OERTOZ2ZY ET ALy bHUCLe IMSTR. 5ETH. 33 {1965) 199
BERGOOLY, ANN. PHYS. 10 (19065) (51
BECK, ANNe. PHYS. 1 (1966} 5C3
BEILCAY'y DOSCHITZ AND VINCENY, PROC. SECOIID IHTERN. SYIPe ON POLARIZ.
PHEMN. CF MUCLECNS, KARLSRUHE (1965) P. 334 (DBASEL, BIRIHAUSCR VERLAG,
1966}
BZRLIJN ET ALy PHYS. REV. 153 (1957Y 1152
BELOSHITSKY, PHYS. LETT. 24B {1S¢7) 559
BERNAS, GRADSZTAJM. REEVES AKD SCHATZHAN, ANN. PHYS. 44 (12067) 426
BSCKERy DANRe JAHR AND RUILIANM, PROC. FROULEN SYilPe ON NLUCL. PHYS.
(18ILIST, APRIL 1S67), ROSCUY 1967: Pe 4462
BERTRAL AND TASSIEs PHYS. REV, 1606 (16083) 1029
BETHGE, FOU ALD ZURNUHLE, BULL. AMe PHYS. SGC. 13 (1968) 650
BERNSIELN AND TERRELL, PHYS. REV. 173 (1960) 937
DERCAVIST, PRIVAYE COMNUNICATION (1959)
BIGHAN, ALLEN AXD ALKOVIST, FHVS. REV. ©9 (1755} 6314
BlLPUCHl UESTONs BOUNAN ARD BEUSCOMN2 BULL. BHe PHYSe SOCe 4 (1959) 42
BIRNBAU" ARD BRONLEYy IN CINTERK. NUCLe PHYS. COMNFey GATLINBURGy 190664
ACADEX1C PRESS (1267) P. 157
BLOO, GLEMDERNING AND 10S2K0%:SKL, PHYS. REV. LETT. 3 (1959) 93
BLUNGERG ET ALy PEYS. REY. 147 (19066) 612
BLATT ET AL, BULL. AM. PHYS. SOUC. 13 (1S6GE) 173
BONNE2, KRAUS, HLRION AHO SCHIFFGRe PHYS. REGY. 102 (1955) 1348
BOCH!, MOVEY, BARMES ALD STECH, PHYS. REV, lOB (1957} 1497
OOCKELMAN, NUCLEAR PHYSICS 13 (1959) 205
BOPDELL ET AL, BULL. AM. PHYS. SOCe 5 (19060) 404
BOUESH ET ALy KUCLEAR PHVSICS 22 {1961) 640 -
BOSCHITZ,y HUCLEAR PHYSICS 30 {1S02) 448 )
BOUCHEZ,s DUCLOS ALD PERRISY, MUCLEAR PRYVSICS 43 (1963) 62C
BOYARKIMA AND ROYTER, 1ZYe AKADe NAUKX SSSR (SERe FIZe) 27 {1953) 907,
AND BULl. ACAG. SCl. USSR 27 (1563} 893
CHDELID AND UHITLIG, PHYS. HEV. 135 (1964) 0591
BOCﬁa CENJA, ILIESCU AND LPPT‘LOGUv RUCLEAR PhYSlCS 55 (1969) 6471
BOYARYINA, [ZV. AXAD. MAUN SSSR (SER. Fiz.) 28 (1¢64) 337, BULLe ACAD.
SCl. USSR 28 (1904) 255
BORHANN ET ALy NUCLEAR PUHVSICS 63 (1935%) 43§
BCNDOUX, ASFOUR, SOMYCHAR AND MACHALI. MUCLEAR PHYSICS 65 (19565) 490
COUNER AND MURXPHYs NUCLEAR FHYSILS 64 (1€65) 593
BOVARXINA AND CIOFI DEGLI ATTIe PHYS. LEIY. 16 (1965) 28
BOCAs DORSARU, CEr:JA ARD ILIESCUs REVUS OC FHYSICUE (RUITANIA) 10 [1965?
581
BOYARKINA AND CHIO™=1, YADERMAYA Fll. 3 11966, 43
BONNER, RICKARDSy EERNARD AMD PHILLIPS: NUCLEZR PHYSICS €6 (1966) 1317
BORDER AMD RITTER, PHYS. REV. 159 (1S57) 875
BCHNE ET Ale KUCLLEAR PHVSICS L1CGS (1568) 462
BROLLEY, FOULER 2AD SCHLACKSs FHTS. RCVe 08 (3952) 618
BROUNE AND LANARSH, PHYS. RCV.e 104 (1955) 1G9
CRATID AND YHTENA, TULLe 5. FIVSe S0Ze & (1S59) 17
BROZKIIANg COIGRES T1.:T. DE 11iVSe HUCLEAIRE 1'058) P. 350, DUNCODy P/ETS
-1959)
BRILL® AMD SWILily ATQUIMAY. EBLEROIVA T (ies5C) 377
BRIMI AND KERAMy HUCLEAR FiIVSICS 12 (1959) 314
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BRGED  BRALEY AND COULy PLYSe REV. 115 (1960) €06

BROYD  BRILL', VLASOV, KALIMNIN AND SOROLOV, DO’Le ARADe HAUK SSSR 136 (19561) 53
JEVP (SOVIET PHYSICS) DOZLADY 6 {198%) 24

DRGSH  BRYAMT, BEERY, FLYNH AND LELARD, KUCLEAR PHYSICS 53 (1964 97

BRG64X  BREUER, 2. PliVS. 178 (1964) 268

DR6SA  BRADDERRY AKND STEUERy BULLe A'. PHYS. SOC. 10 (1965) 20l

CR6SY  BRAILL, YADERNAYA FIZIKA 1 (1965) 55, SOVIET Je NUCLEAR PHYSICS 1
11965) 37

‘BROLFE  BRABDIM, MANSEMNe TEIIIER AND VAN BRECG, BULLe AM. PHYS. SOC. 11 (1906) 62%

BROGR  DREDIMN, HANSEM, TEMNIER AND VAN BREEs FeS.U. ISOBARIC SPIN CONF. ()9566)
Pe 472

BRGODD CRUNING ET ALy PROC. SECO!D INTERN,. SYiiP. ON POLARIZ. PHEM. OF NUCLEONS:
KARLSRUNE (1965) P. 146 IBASEL, BIRMXHAUSER VERLAG: 19566)

BUS9D  BUCHER, DEVERLY, CGOB AND HZREFORD, PHYS. REV. 115 (1959). 961

BUSOE  BURGE, MUCLEAR PHYSICS 13 {1959) S11

BUSOE  BUCK AND SATCHLER, PROCe 1iV. CONF, ON HUCL. STRUCTURE, KINGSTON (1960)

BUGSF  BUTTLAR 2HD GOLDI:ANHy Ze Fe PHYS. 167 (1665) 355

Buss BUTILAR, GOLDIIANY. HUSER AND KRAVER

CASTA  CALVERT, JAFRE AED BASLIN, FROC. I'HYS. SOC. 764 (1257) 73

CASTE  CARLSD!:, PHYS. REV. 107 (1957} 1094

CAS9 CALERCY, BULL. Alie PHYSe SOC. & (1959) 247

CAG218  CALBOREANU AND BILZATU, REV. PHYS. ACAD. REP. POPULAIRE ROUIAINE 7
11962) 433

CAG3D  CARLSON AMD MNORBECZ, PHYS. REY. 131 (1962) 1204

CAG4A  CARRLSCN, NORBECK AMD HART, BULLe. Ale FHYA. SGCe 9 (1954) 419

CAG4E  CARTER; BULL. Ait. PHYS. SCC. 9 (1954) 419

CA65 CAUGHLAN, PRIVATE CONBUNICATICN (1965)— FoenlX

CAB3E  CARLSD! ARD KCGRATH, PHYS. REV. LETT. 15 (196%) 173

CAS6E  CAHILL, RICHARDSOXN AND HADCDCK, PHYS. REVe 144 (1€64) 932

E CABTE  CARLSON ET AL, BULL. AMe. PHVS. SCC. 12 (1967) 403
CEG4 CERKY AND PEHLy BULL. Alle PHYS. SOC. 9 (196%) 679, AKD PRIVATE
COMHUNHICATION

CE6s  CERNY ET AL, PHYS. LETT. 20 (1900) 35
CE66F  CERNY, DETRAZ AKD PEHL, PHYS. REV. 152 (1966) 950
ccet CERNY AD BALLs BULL. AMe FEYS. S$CGC. 13 (19£3) 6322
CHSTC  CHLECOUSKA, BULL. ACAD, POLGIIe SCIe 5 (1)957) 883, PHYSICS ADSTRACTS 645
(1959)
CHG60.  CHASE, JOHNSON AND \W.RBURTGH, PHVS. REY. 120 {19060} 2103
Ctioc2 CHASEAN £::10 CRGSLEY, BULL. Alle PHYS. SUC. 7 (1962} 36
CNHS2D  CHATTERJSEE, NUCLEAR PHYSICS 49 (1962} 6ES
CHEAF  CURISTIAKSEN, SO;NCEM: BUSSER AMD MIEBENGALLy 43{I11)/C25, PARIS (1944)
CHE50  CHATTERJEE, NUCLEAR PHYSICS 65 (1965) 635
CHEGS.  CHRISTCISEN AND CCCREy PHYS. LETY~ 22 (1746) 503
; CHO6TF  CHADIAN ANO UACLECDy NUCLEAR PHYSICS A%4 (1967) 324
£ CH6TJ  CHANT: FISHcKk AND SCOTT, RUCLEAR FIVSICS 499 (1967) 669
: CHOTL  CHATTERJEE AND GHOSEs PHYS. REV. 161 (1957) 1181
Cr6eB  CHASE, MC DOIALL, TRUE ARD VARBURYEN
CH6EE  CHALIERS. AND SAPERSTEINs FilVS. RCY. 163 {1963) 1145
- C161 CINDRO, "SLAUS, TCHAS AND EilAl, BUCLEAR FUVSICS .22 (19611 <6

C1662  CINDRO. REYS. FOD. PHYS. 33 (1965) 391
CLGYIC  CLEGR,y FOLEY,y SALLOM AND SEGEL, MASC. PHYVS. SOC. 78 (1661) 6S1
CL62D  CLAYTGH, PLiYS: REY. 1238 (1902) 2254

CL63A.  CLENENT, PADLA {1903) P. 457

£ Ct62C  CLEGG, CERN 63-22 {1963)

: CL64S CLIRRE AND CRGSS: NMUCLEAR PHVSICS 53 (1944) 177
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CLIDK ANMD 20LOTYNL,y BULL. Afle PIIVS, SCCe L0 11985) 9
CLEGG, BARHAJU AND SUTNT, BULL. Ele PHV3. SCC. 20 (19
CLEGGs BARNARD £AMD SUINT, BULLe All. PHYS. SOC. 10 (19
CLEGG, NUCLCnh PHVSICS 65 (1965} 155
CLASS: PRICE AND RISSSR, NUCEEAR PHYSICS 71 (19065) 433
COUXy PENHFOLD 2D YELEGDL, PHVS. REVe 0% (19506) 554
CO0iy PHYS. REV. 106 (1637) 300
COUPER AiID HILSDI!s MUCLEAR PUVSICS 15 (1960) 373
COuZMy FOYER, SHAU AND VADDELL, PHISe REV. 130 (1963) 1505
CCHEM AND KURATH, NUCLESAR PHYSICS 732 (196%) 1
COYy BULLe. Ali. PHYS. SOC. 1) (1956) 654
COUCH,y MC INTYRE AND HIEBERT, PHYS. RGVe 152 (1966) £83
COSPERy BRUNHADERy CERRY AnD HC GRATHy PIIYSe LETT. 250 (1957) 324
COHEN AMD KURATH, MUCLEAR PLYSICS Al01 (1967) 1
COutINS, ANNe REV. NUCLe SCIe 1T (1967) 33
COTTRELL, LISLG AND MSUTONs MUCLEAR PHYSICS A109 (1968) 280
COCKE, f\DLCn‘ AND CHEVALLIER
CRAIGy DORE, GREENLEESs LILLEY AKD ROUE, PHYS. LETT. 3 (1963) 301
CRINIZR AND PALNIIERT, ANMe PiIVS. 30 (1C684) 32
CRATG ET AL, MUSIEAR PHYSICS 79 (19566) 177
CRAIG EY ALy MUCLELR PHYSICS 02 (1936) 43
CRIIELLy SUEL2LE, UURWALE A VEARDAML HUCLESP PHYSICS A103 (1967) 0¥V
CUHING, NUCLEAR PHYSICS 49 (1952) 417
D/ZNIGL AND SCHHIDTER CHR' Zo IIATURS 124 11957) 750
CAMIEL AND SCHIIDTORONR, MHUCLEAR PHYSTCS 7 (1258) 516, AND 2. MﬂTbu.
12A (155C) 750
ODAGLEY, HAEDCRLY AND SALADIMN, HUCLEAR PHYSICS 24 11961) 253
CAVISs EGHNERy UCRLEY AMD B2SSe RUCLEAR PHYSICS 48 (1963) 169
DANGLE, GZPLIGER ALD HARDIE, PHYS. REVe 133 {1964) 0647
DAEINIICK AiIID SHERR, PHVS. RECY. 133 (196%) D954
DARe PHYVSe REVe 139 {1969} bL1l1S3
DAENRICK AMD DENES, BULL. Al PHYS. SOC. 11 (19466) 30
CARRIULAT: FOLLER, DE SUIMIARSKI LND THIR]OH, PROC, SECOMD INTERN. SYilD.
Ci: POLANYIZ. PHE!NS OF RUCLED!Ss RARLSRUHE (1905) Pe 342 (DASEL, B13K*
HAUSER VERLAG: 1905)
DXROEN, FREC. SECOND INTERIL. SYUP. OM POLANIZ. PHEN. OF NUCLECNS,
KARLSRUHE (1965) Po 42D [BASELy GIRIHAUSER VERLAG, 19¢06)
CAVIDSs KRUCLESAR PHYSICS A110 {19&8) 61C
D/NIEL s REVS, 10D PHYS. 43 (19540 659
DAVIS AND BARSCRALL, PHVS. LEVF. 278 (1S5G) 636
DE TOLEDD AND VATAILDEs ANe ACAD. BRASIL. CIEICa 27 (1955) 4Tl PIIYSICS
ALSTRACTS 644 (1559)
?EIKEKO. UiRe FIZ. ZH. (USSR) 4 (1959; 524 PHVSICS ADSTRACTS 11C09
19561}
DEARNALEY AND WHITCHEAD: PRCC. TNT. CONFe O MUCLe STRUCTURE, KINGSTON
{1260)
DENISOV, KULIKO. »7:D MU CHITSKIT, ZHe EXSPe TEOR. FlZ. 46 (1964) lite,
JETP (SOVIEY PHYSICS?Y 1S (1%&4%) 1007
DETLRTEC s NUSLELS MIVSICS ¥4 (1S035) 184
Dl-TLI:l‘\.c-\g NUL'\,.. -..S Cq 7' (1(6 ’ lgn
DEGYYAREY: ATCY ..ﬂ EAZRSIYE 19 1065) 450
DELES: B CLHIC Jue RKI:KF VS e RIVe 143 (1603) 1007
Ul‘.ff n",l C'\ fu.D ] ;: e !‘\1 l"c ‘-\ unu. 4C1- ‘.I\LJ\ LA.S 80 ‘lq‘)‘l, 193
DEVRAZ ET 1Y, Pn..~ xFTT‘ 2z 119261 6323
ENES R DRETUETIE o PHYS. RSV, 174 (1S0YY 975
D('TC l"C D) ("'.."" SUL'.O fie OUY So il .o 1‘ ‘19{0‘:, bd

68) 156
05) 526
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DLLILHARD AND SICHSSEH, BULL. Aile DIYSe SUT. 12 {1907) 17

DE {IARTINI, SOLIESZ AND DUNUGHUZs CULLe Alie PHYS. SOC. 12 (1667) 500
ODIETZSCHe KUCH:IIRy PHILLIPS ARD SAl', AM. ACAL. DRASIL. CIENC. 31 {19193
DICKENSy HANER AND WADDELL, PHYS. REV. 129 [19563) 743

DITYNER ET ALy DULL. AM. PiH¥S. SOC. 10 (1505) 122

DIN AND UEIL, NUCLEAR PHYSICS 66 (1966) 509

DIy KAGARAJAN AND POLLARD, NUCLEAR PHVSICS A93 (1967) 190

DIETRICH,y SUFFERTy NERO AMND HANUA, PHYS. REVe 163 (15063) 1169

DOUGLAS ET ALy PHVSe REV. 104 (1953) 1059

DONOD7iNy REVSe NODe PHYS. 37 (1965) 501

DONDGI{UEs DE MARVINI¢ SOLTESZ AND SUKISs BULL. Alle PHYS. SOC. 11 (1966)

DRISKOy SAYCHLER ARD BASSEL, **THIRD CCMF. GN REACTIONS BETUECEN COGPLEX
MUCLEI*® (19563), D. 85

DRIGO, MAKDUCHT, MARDELLI, RUSSO?! HANDUCHI ANMD 2ANIONI, PHYS. REV. LETT.
12 (1964) 452

DRIGO ET AlLes PHYS. REV. 136 (1954) Blee2

DRIGO ET AL, NUCLEAR PHYSICS 60 (1964) 431

DRAGULMOV, KELIKOV AND TULIKOV, YADZRIAYA Flie 4 (1964) 314

DUBSELCA My JUKKER AND DBOGERSIIA, NUCLEAR PHYSICS 15 {1940) 452

BUGGAIy DUMCAN AND UEDD, BULL. Alle PHYS. SGCo 9 (1964) 553

" DUGGAMs HILLER, DULCAN AND MWEDD, BULL. Alie FidVSe SOC. 9 (1904) 574

DUVALy BARKARD ARD SUINT, MUCLEAR PHYSICS A93 (19:&7) 164
EASLEA, PHVS. LETT. 1 (1962) 163

EGREY LMD GNAY, MUCLEAR PHYSICS 61 (1985) 479

ECCLES,y LUTZ AND BCHIly BULL. AM. PHYS. SCC. 11 (1966) T35
EDCEy PHYS. REV. 119 11940} 1643

EDGEe DULL. AM. PHYS. SUC. 7 (1962) S5T1

ECVI-ILLES, PROC. PHYS. SOC. 8) (19563) 856

EDGIIGTON AND ROSE, NUCLEAR PHYSICS 89 {1966} 523

-EDUARDSy MUCLEAR PHYSICS ALGT (195688) 523

ELLYH, KAME, OFER AND WILKINGON, PHYS. REV. 116 (195S) 1490

EL NADI, PHYS. REV. 120 (1956) 1260

ELLYN AND LANE, KUCLEAR PLYSICS 31 (1¢82) 78

EL MADT, FAMIY AND ACOU-DIADID, KUCLEAR PLYSICS 42 (16853) 511
ELTOH, PLDUA (1953) Po 1053

EL-NACT AiD RIADy HUCLE.™ PHYSICS 50 (1€44) 23

ELSBATALONI» ELCNADI ABD VVSOTSIV, LUCLENR FilVSICS 82 (1966) 407
EL*GATAUDMI AXD iRES:TN, EUCLEAR PHYSICS §9 (1906) 577

ELNERSOH ET ALy MUCLEAR FHVSICS 77 (1965 305 .

EPHERRE AMD GRADSIVAS!, J. PHYSIQUE 28 (1557) 745

EVANS AND GRACE, HUCLEAR PHVSICS 15 (1949) 646

EV/HSy KUCLEAR PLVSICS 27 (1961) 41

EVANSs KUEINER AND ALEOVIST, FHVS. REY. 131 (1963) 1632
FAESSLERy NUCLEAR PHYSICS 6% (15¢5) 329

FAYARDy LANDTy MASSOT ALL LATCUSRIERE, Jo PUYSIGUE C19132 (1965)
FAIRGATRN, KUCLEAY PRYSICS ASC (1$57) 135

FAIVZE, KRIVINE LD PAPIAL, SUCLEAT PHYSICS ALOS (1858) 508
FESSENGEN AND IANSON, PLYS. REY. 158 (1€47) 948

FISCitd ALD FISUIlIN,y PPUS. REve 114 (1654} 533

FISIERe ET Ales RUCLEAR PHYSTOS 45 (1903 113

FISUER FND RLGIER: 32021)7C12C; PARIS (1544

FINVZy Allite PHYS. (FARIS) 30 (1U05F 436

FiSLER ET AL

FLEVCHERy TILLEY AHD VILLELIS0-1; LUCHEAR PIVSICS 28 (1032) 18
FLENLIGe CERIIY, i.APLES AND CLEHDEINIING: PUYS. K3V. 166 {1968) 1017
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78

FLEIINGy CERUY AND GLENOSNHEING, PHYS. REV. 165 (1968) 1153

FOULGR AND LAURITSEN, PHYS. REV. 76 194v) 214

FOSSAN, MALTER, HILSOIl AND DARSCHALLy PiIYSe REV. 123 (1961) 209

FOCHT, ZURKUMLE AND FOU, BULL. ANe PHYS. SOC. 12 (1967) 33

FRASCAs FINLy KOSHEL AND CASSDLA, BULL. AR. PHYS. SOC. 10 [1985) 1126

FORTUNE, GRAY, TROST AND FLEVCHER, BULL. AMe PHYSe SGCe 12 (1967) 35

FCRTUME, BEARSEs YHTEMA AND CHNUMA, BULL. Aile PHYS. SOCe 13 (19&3) 699

FREHLIN, PROC. PHYS. SOC. A65 (1952) 762

FRANCIS, GOLDMAN AMD GUTH, PHYS. REVe 120 (1960) 2175 .

FRANCIS, GGLDI'AN AND GUTH, CGHNGRES INTERMe DE PHYS. NUCLes PARIS {196%)

FRICKE, GROSS, !ORTON AND Z2UCKER, PHYS. REVe 156 (19&7) 1207

FuJdrl, PROG. IM THEO. PHYS. 21 (1959) 511

FULBRIGHTs LASSEN AND POULSEl, KGL. DAN. VIDe SELSKe MAT. FYS. MEDD. 31

NO. 10 (1959}

FUCHS, 2. PHYS. 171 (1963) 416

FULBAIGHT ET AL, URYB75'6 (1965)s NUCLEAR PHYSICS (1456)

FUKUNAGA s NAKABURA AMD FUJIHARA, Jo PHYS. SOC. JAPAN 23 (1967) 911

GALONSKYy HOAKs TRAUGHBERG AND JOiiESy BULL. AM. PHYS, SOC. 2 (1957) 51

GARG AND TORKI, CONGRES INT. DE PHVS. MUCLEAIRE, (1958) P. 410, DUNOD,

PARLS (1939) )

GARYIMy CHASTEL AMD VIGHTERCH, COilPTe REND. 253 (1961) 257

GARCIA, KIRK, EMNGLAND AND HOOGSON, MUCLEAR PHYSICS 38 (1962) 372

GALLHANN, ALBURGER, HILKINSOil AND HIDOUy PHVE. REVe 129 (1563) 1765

GARLIN AND FARQUEZ, Jo PHYSIQUE 24 (19062) 911

GARIN EY ALy J. PHYSIQUE 25 {196%4) 768

GAEDiE,y TOTH AMD UTILLIANSs PLVS. REV. 140 (1965) B295

GAPSHOVy YADERIAYA FIZe 2 (1955) 1002

GLRCIA, BOLTAy LGPEZ AND SEMENTs ANe REAL SOCs ESPANe FIZ. QUIM 61

(19565) 341

CLECKE, TOTH AND UILLIANSs PHYS. REVe 141 {1965) 996

GALLIARK, FIRTZ AND HODGSOM, HUCLEAR PHYSICS £82 (1965) 161

CARVEY LMD IKELSON.: PHVS. REVe LETVe 16 (1966) 197

GALATI¢ BRANDENBERGER, DUTT ALD HEIL, BULL. Aile PHYS. SOC. 11 (19106) 821

GALIRSARINT ET AL )

GACDXE,y TOTH AMD HILLIANS, BULL. AMe PHYS. SOC. 13 /{1968) £3

GAILLARD ET AL, NUCLEAR PHYSIES Al19 (1<¢8) 161

GERKEs TILLEY, FLETVCHER ALD WILLIAMNSCI, OULL. AMs PHYS. SOCe € (1703)
302

GERNEy TILLEYy FLETCHER AXND VILLIANSON, DUSLEAR PHYSICS 75 (1965) 609

GICEORS AND HMACKLINy PHYSe RZV. 114 (19395 571

GIGRS AND TOBOCHAM; PHYSe REVe 124 (1961) 1495

GILES AND BURGE, NUCLEAR PHVSICS 50 (19¢4) 327
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