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1GB
(Fig. 5)

16B is predicted to be unstable with respect to decay into °B+nby 1:0 0:4 MeV (1966GA25).

16C
(Figs. 1and 5)

GENERAL:

See (1960ZE03, 1966LE1H, 19695008, 1969SO1E, 1970SU1B; theor.) and (1965D013,
1967AU1B, 1967CA 1], 1968DO1C, 1969AR13).

Mass of 8C: From the Q-value of the *C(t, p)'°C reaction [Q, = 3:014 0:016 MeV
(1961H101)] and the (1965M A54) masses for 14C, t and p, the mass excess of 1°Cis13:695 0:016
MeV.

See (1968CE1A) and (1960GO1B, 1961BA1C).

1.16C( )N Qm = 8:010

The half-lifeof 1*Cis0:74  0:03 sec (1961H101).

2. 14C(t, p)eC Qm= 3014
Qo= 3:014 0:016 (1961HI01).

Proton groups have been observed at E¢ = 12 MeV to the ground state and to an excited state
of 1°Cat E, = 1:753 0:012 MeV. The corresponding angular distributionsshow L = 0 for 6C(0)
and indicate L = 2 for 8C*(1.75): J arethen 0* and (2*), respectively (1964M105).

Table 16.1: Energy levelsof 16C

Ex(MeV keV)|J ;T 1=2 (sec) | Decay | Reactions
0 0%;2 | 0:74 0:03 1,2
1:753 12 %) 2




16N
(Figs. 2and 5)

GENERAL:

Model calculations: (1957EL1B, 1957WI1E, 1959FA1C, 1960RA 1A, 1960SH1A, 1960TA1C,
1961BA1F, 1962TA1E, 1964FE02Z, 1964L E20, 1964ST1B, 1965GI1B, 1966C0O1G, 1966CO1H,
1966L E1H, 1966SL 1A, 1966T0O04, 1967D11B, 1969B0O37, 1969HO1U).

Reactions involving muons and pions. (1963CO1B, 1964AS1A, 1964BA1M, 1964BA1N,
1964C0O1C, 1965DEI1K, 1965GI1C, 1965JA1E, 1966K11C, 19660H1A, 1966WA 1K, 196/DEI1R,
196/DELE, 196/RA02, 196 /RH1A, 196 /RH1B, 196 /WA 1K, 1969DE1T, 1969GR1E, 1969GR1G,
1969K E12, 1969M Y 01, 1970RA32).

Other topics: (1964L11B, 1968AR1F, 19/0BA1M).

1. 8N( )0 Qum = 10:422

The half-life of ®N is7:13  0:02 sec: see Table 16.3. From the character of the beta decay
[see Table 16.24] it is concluded that *N(0) hasJ =2 . See 0.

2. TLi(**N, 5Li)!6N Qm = 0:407
See (1958AL 1D).

3. (a) °Be(’Li, )?B Qm = 10:463 Ep = 20:573
(b) °Be(’Li, éLi)®Be Qm = 0:367

Theyieldsof , and . (reaction () have been measured at E(’Li) = 3:3 MeV and 5.0 to
6.2 MeV (1969SN02). The cross section for reaction (b) rises monotonically for E(“Li) = 1:1to
4 MeV (1957N0O17, 1959N040). At 4 MeV, the cross section is 70 mb (1960NO1A). See also
(1960GE1B; theor.).

4. (8 ©°B('Li, p)**N Qm = 13:985
(b) 1B(ELI, p)!*N Qum = 9:782
(©) “B('Li, d)**N Qm = 4754

At E(Li) = 4:7 to 5.2 MeV, proton and deuteron groups are observed to a number of known
states of *N with E, < 9:5 MeV, including states at E, = 7:66, 8.10, 8.36, 8.83 and 9.47 MeV
( 50 keV). Angular distributions are a so reported (1966M C05). See aso (1963M O1B).



Table 16.2: Energy levels of 16N

Ex (MeV  keV) 0T or ¢m: (keV) Decay Reactions
0 1 1=0 = 7:13  0:02 sec 1,6, 11, 12, 13, 14, 15, 18, 21,
22,23, 24, 28, 29, 30
0:1206 0:5 0 m = 7:58 0:09 sec 4,11, 13,18, 24, 28, 30
0:2970 0:7 3 95 20 psec 4,11, 12,13, 18, 24, 28, 29, 30
0:3973 0:7 1 42 10 psec 4,11, 13,18, 24, 28, 30
3:355 5 1+ =20 5keVv n 4,11, 13,15, 18, 27, 28
3:520 5 0() 4 n | 411,13, 15, 18,28
3961 5 2,3)* 4 n 4,11, 12,13, 15, 18, 28
4:318 5 1* 20 5 n 4,11, 13, 15, 18, 28
4:389 6 68 9 n 4,11, 13,15,28
4:720 7 260 25 13,18
4:776 5 2" 61 5 n 4,11, 13,15, 18, 28
4:97 100 2 1050 200 n 14
5:049 5 (1,2 20 7 n | 11,13, 15,18, 28
5:129 7 4 (n) 11, 13, 15, 18, 28
5:150 7 4 (n) | 11,13, 15,18
5:232 5 4 11, 13,18, 28
5:306 7 2 270 30 n 13, 15, 18
5:523 6 7 4 4,13, 18, 28
5:736 6 ) 7 4 (n) | 4,12, 13, 15,18, 28
6:005 9 B) 270 30 (n) 13, 15, 28
6:168 6 7 4 13,18, 28
6:373 7 2 30 6 n 13, 15, 18, 28
6:426 7 2) 300 30 n 13, 15, 18
6:511 6 2 34 6 n 13, 15, 18
6:613 6 4 13,18
6:851 6 4 (n) |13,15,18
6:98 20 1 22 5 n 13, 15, 28
7:03 10 (0) 28 20 n 15, 18, 28
7:135 6 7 4 13,18
7:248 6 3 17 5 n 13, 15, 18
7575 7 4 4 n 13,15, 18
7:639 7 1 4 n 4,13, 15, 18, 28




Table 16.2: Energy levels of 16N (continued)

Ex (MeV  keV) J ;T or ¢m: (keV) Decay Reactions
7:678 8 7 4 n 4,13, 15, 18
7:857 8 4,5 100 15 n 13, 15, 18, 28
8:038 9 2 70 20 n 4,13, 15, 28
8:183 10 28 4,13,28
8:282 24 13,28
8:365 18 4,13,28

8:49 30 50 28
8:819 15 50 4,28
9:035 15 50 28
(9:16  30) 50 28
(9:34  30) 50 28
9:459 15 50 4,28
(9:66 40) 50 28
9:760 10 T= 15 8 11,28
9:813 10 T= 11
9:928 7 0*;2 <12 11, 27, 28

10:055 15 50 28
(10:17  30) 50 28
(10:26  30) 50 28
1161 220 nd |7
11:701 7 1,2%;2 <12 11
(11.91) 390 nd |7
12.25 290 npd}|79
12.60 180 npd}|79
12.88 155 npd}|79
(12.97) 175 nd |7

In reaction (c), the ., for *N*(0.30, 0.40) are, respectively, > 0:7 and > 0:9 psec. The two
1:0 keV. The (0:40 ¥ 0:12) transition energy is

transition energies are 297:6

0:9 and 397:8

276:2 0:8 keV (1969THO1). See aso (1964HA09).

5. 13C( , p)'N

Not reported.

Qm = 7:425




Table 16.3: The half-life of 16N

1 Refs. 2
(sec)
7:35 0:05 (1947BL1A)
7:38  0:05 (1954MA1B)
7:352  0:009 (1959EL41)
7:31 0:04 (1962MA38)
7:14  0:02 (1964B102)
7:16 0:04 (1965GR21)
7:10 0:03 (1966SC05)
7:13  0:04 (1970AL21)
7:13  0:02 Weighted mean of last foue values

2 See also (1961AL 05, 1965CRO1).

6. 14C(d, )N Qm = 10:471

The cross section has been measured for 1:2 < E4 < 2:6 MeV. It shows some evidence of
structure. Assuming compound nucleus formation at Eq = 2:0 MeV, and taking =5 b,
(total) 20 eV (1964NE09). See also (1959AJ76).

7. 1%C(d, n)**N Qm = 7:984 E, = 10:471

Observed resonancesin theyield of ground state neutronsare displayedin Table 16.4 (1961CH14,
1963IM01). The yield of neutrons to °N*(5.3, 6.32) has been measured by (1967LA11) for
2:9 < E4 < 3:1 MeV. See also (1964NE09) and *°N in (1970AJ04).

8. 4C(d, p)*°C Qm= 1007 Ep, = 10:471

The cross section of the -rays to °C*(0.75) rises monotonically for 2:7 < E4 < 3:4 MeV.
At Eq = 34 MeV itis 75 mb (1962CH14). Observed resonances are shown in Table 16.4
(1956D037). See also (1959AJ76) and °C in (1970AJ04).



Table 16.4: Resonancesin 1*C +d

Eq (MeV) | Resonant for | m:(keV) | Ex (MeV) Refs.

1.302 No 220 11.61 (1961CH14, 1963IM01)

1.65 No 390 11.91 (1961CH14)

2.042 No, P 290 12.25 (1956D037, 1961CH14, 1963IM01)
2442 No, P 180 12.60 (1956D037, 1961CH14)

2.75 No, P 155 12.88 (1956D037, 1961CH14, 1963IM01)
2.86 No 175 12.97 (1961CH14)
(3.10) No (175) (13.18) | (1961CH14)

2 See also (1964NEQS).

9. C(d, )“*B Qm = 0:361 E, = 10:471

See 1?B in (1968AJ02).

10. *C(t, n)'N Qm =4:213
Not reported.
11. **C(®He, p)**N Qm = 4:977

Thirteen proton groups have been observed corresponding to states of 1N with0 < E, < 5:3
MeV (1966GA08): see Table 16.5. At E(*He) = 12 MeV, four proton groups are observed
correspondingtotwo T = 1 states, andtotwo T = 2 statesat Ex = 9:93 and 11.70 MeV
withd =0%and (1 , 2"), respectively, corresponding to the fi rst two states of 1°C (1968HE03).
See also (1969BA1Z). Angular distributions of the protonsto 1®N* (0, 3.36, 3.52, 3.96) have been
measured at E (3He) = 1 to 9 MeV; 1®N(0) has odd parity; the three excited states have even parity
(1968DA 1N, 1970LI11F). See aso (1964DU1A, 1964WE1A, 1966DU1B, 1966GO1.).

12. 14C( , d)*N Qm= 13:376

AtE =46 MeV, the angular distributions of fi ve deuteron groups [see Table16.5] have been
determined: J of ¥N*(5.74) (the most strongly populated state) is (5*) (1969LU07).



Table 16.5: Excited statesin '°N from *C(*He, p)*®N and 4C( , d)!*N

Ex (MeV keV) (keV) J;T
(1966GA08) 2 | (1968HE03) 2 |  (1969LU07) P
0:121 6
0:298 6 0:307 20
0:396 7
3:348 7
3:517 7
3:958 7 3:961 20
4:313 9
4:386 9
4:768 11
5:052 9
5:137 9
5:234
5745 20 6™
7:599 30
9:760 10 15 8 T=
9:813 10 T=
9:928 7 <12 0*;2
11:701 <12 1,2%;2

a 14C(3He, p)16N_

b 14C( d)lGN.




13. N(t, p)'sN

Proton groups observed at E; = 2:2 to 2.6 MeV (1961S104) and at 12 MeV (1966HE10) are
displayed in Table 16.6. Angular distributions are reported at E; = 1:8 MeV (1964SCO09; po
ps) and a 12 MeV (1966HE10). At the latter energy they have been analyzed by PWBA: see Table

16.6. See also (1961JA14).

Qm = 4:840
Qo = 4:853  0:010 (1966HELD).

Table 16.6: Statesin *®N from *N(t, p)!*N

10

(1961S104) (1966HE10) J
Ex (MeV keV) (keV) Ex (MeV keV) (keV)

0 0 2
0:121 10 0:120 10 0
0:297 10 0:300 10 3
0:396 10 0:399 10 1
3:340 25 25 17 3:359 10 15 5 1"
3:506 25 25 3:519 10 7 4 ©)
3:956 25 25 3:957 10 7 4 |(1,23)"
4:318 25 25 4:318 10 20 5 1*
4:392 25 110 31 4:391 10 82 20

4:725 10 290 30 1
4:773 25 66 7 4:774 10 50 8 [(4,2,3"
5:059 25 25 8 5:053 10 19 6

5:130 10 7 4
5:141 25 38 12

5:150 10 7 4
5:230 25 20 8 5:226 10 7 4

5:305 10 260 30 2
5:526 25 20 8 5:520 10 7 4

5:730 10 7 4

6:009 10 270 30 3)

6:167 10 7

6:371 10 30 6

6:422 10 300 30 2)

6:512 10 34 6




Table 16.6: Statesin 1®N from *N(t, p)'®N (continued)

(1961S104) (1966HE1Q) J

Ex (MeV keV) (keV) Ex (MeV keV) (keV)
6:613 10 7 4
6:854 10 7 4
7:006 10 22 5
7:133 10 7 4
7:250 10 17 5
7:573 10 4
7:640 10 4
7:675 10 4
7:876 10 100 15
8:043 10 85 15
8:183 10 28 8
8:280 10 24 8
8:361 10 18 8

14. ®N(n, )N Qm = 2:487

The thermal crosssectionis24 8 b (1958HU18).

15. 15N(n, n)15N Ep, = 2:487

Thetotal cross section has been measured for E,, = 0:4t0 6.5 MeV: see (1959SC30, 1962S105,
1964D009, 1964DO1D, 1964F007, 1966F011). See aso (1960S103, 1960S112). Observed res-
onances are displayed in Table 16.7. See also (1964ST125). Angular distributions of elastically
scattered neutrons have been measured at a number of energiesfor E,, = 0:4 to 5 MeV (19625105,
1964D00Y, 1964D0O1D). See also (1963GO1.). See also (1964LE20, 1965BA 1N, 1967EBOZ,
1967EBO3, 1968AG1E, 1968HU1F, 1969AN1K, 1969D005, 1970PO1B).

16. 15N(n, p)15C Qm= 8:990 Ep, = 2:487

11



Table 16.7: Resonances in 1°*N(n, n)’°*N

Eres 2 lab Ex J Refs.
(MeV  keV) (keV) (MeV)
0:93 20 30 10 3.36 1" (1964F007, 1964D009)
1:11 20 20 10 3.53 (0™) (1964F007)
1:57 20 10 3.96 1) (1964F007)
1:94 20 15 4.30 " (1962S105, 1964F007, 1964D009)
2:04 20 65 10 4.40 1 (1962SI105, 1964F007)
2:45 20 90 15 4.78 27(1M) (1962S105)
(2.55) (1200) (4.88) 1) (1962SI105)
2:65 100 | 1100 200 4.97 2 (1962SI105)
2:74 30 50 15 5.05 1,2 (1962S105)
2:82 30 40 513 [ (3 ,4 ,5 ) | (1962S105)
2:98 30 200 30 5.28 (2, 3) (1956BA 1A, 1959SC30, 1962SI05)

(3:48 25) (30 (5.75) ©) (1966F011, 1964D0O1D)
373 25 broad 5.98 1,2 (1966F011)

(4:00 25) (75) (6.23) (0) (1966FO11, 1964DO1D)
4:14 25 50 20 6.37 2 (1966F011, 1964D0O1D)
(4:2 25) (broad) (6.9) 3 (1966FO011)

4:27 25 60 20 6.49 2 (1966F011, 1964D0O1D)

(4:62 25) (6.81) (1966F011)

4:78 25 30 10 6.96 1 (1966FO011)

4:86 25 30 20 7.04 ©) (1966FO011)

505 25 25 10 7.22 3 (1966FO011)
542 25 20 7.56 4 (1966F011)
550 25 25 7.64 1 (1966F0O11)

(5:55 25) (7.69) (1966FO011)
572 25 150 50 7.85 4,5 (1966FO011)
5:89 25 40 20 8.00 2 (1966F011)

(6:25 25) (8.34) (1966F011)

2 See also (196451 25).

12



AtE, =14:8MeV, =16 4mb (1966PR1A).

17. 5N(n, )?B Qm= 7:623 Ep = 2:487

See (1948JE03, 1964GA1A).

18. 15N(d, p)**N Qm = 0:262
Qo = 0:270  0:010 (1966HE1L0);
Qo = 0:267  0:008 (1963SP1B).

Levels derived from observed proton groups and -rays are listed in Table 16.8 (1957FR56,
1957WAO01, 1957WI11B, 1963GI 11, 1966HE10). Gammatransitions are shown in the inset of Fig.
2 (1963Gl11).

Thehalf-lifeof 5N*(0.12) = 6:7 0:5 sec(1957FR56),5:43 0:22 sec(19597118), 7:58
0:09 sec (1967BE14), together with the stripping results, leadstoJ =0 for *N*(0.12): thisis
confi rmed also by the measured  which is consistent with that for an E2 transition (1963GI11).
The stripping pattern leadstoJ = 0 or 1 for ®N*(0.40). However, since it decays to both
1N*(0,0.12)[J =2 ,0 , respectively], J = 1 isindicated: see (1956ZI1A, 1957WAO01,
1957WI1B). The assignmentJ = 3 for *N*(0.30) is strongly favored by the (p- ) angular
correlation (1957FR56).

Seealso (1961AL 05, 1961JA 23, 19611 010, 1961SE01, 1964MA57, 1967CH19, 1968BO1V).

19. 15N(t, d)**N Qm= 3771
Not reported.

20. °N( , 3He)'*N Qm = 18:091
Not reported.

21. ’N(*'B, 1°B)SN Qm = 8:969
See (1969BR1D).

22.1°C( )*N Qm = 8:010
Seel®C.

13



Table 16.8: Levelsof 1N from N(d, p)!°*N and 8O(d, )N

Ex (MeV keV) J ¢
(1957WAO01, 1963GI11) @ | (1966HEL0) 2 | (1966HEL0) ®f | (1970BO08) °
0 0 0 2
0:1201 0:5¢ 0:125 10 0:119 15 0
0:2962 1:.0¢ 0:299 10 0:301 15 3
0:3973 1:.0¢ 0:398 10 0:400 15 1
3:365 10 3:358 15 (1%)
(3:53 30) 3:523 10 3:524 15 9
3:98 20 3:964 10 3:.964 15 (2,3)*
4:325 10 4:324 15 (1%)
4:383 15
4:715 10
4:80 50°¢ 4:780 10 4:787 15 9
(4:90 10)
(5:01 50)
5:032 10 5:065 15
5:128 10
5:139 15
5:150 10
5:25 50°¢ 5:231 10 5:240 15
5:310 10
5:523 10 5:528 15 9
5:739 10 5:740 15 g
6:01 15X
6:170 10 6:168 15 h
(6:28 10)
6:376 10 6:37 15K
6:431 10
6:514 10 6:512 15 h
6:609 10 6:620 15 h
(6:79 10)
6:847 10 6:852 15 h

14




Table 16.8: Levelsof N(d, p)!®N and 2O(d, )N (continued)

Ex (MeV keV)

(1957WA01, 1963GI11) @ | (1966HE10) 2 | (1966HE10) ®f | (1970BO08) P

7:034 10 7:.01 15X
7:135 10 7:141 15 h

7:250 10 7:247 15 h

7:577 10 7:596 15 h

7:638 10 7:64 15X
7:676 10 7:683 15
7:840 10 7:88 15k
8:06 15X
8:18 15X
8:286 15 h

8:374 15 h

8:49 30'
8:819 151
9:035 15
(9:16 30)
(9:34  30)
9:459 15
(9:66  40)
9:794 151
9:90 30
10:055 157
(10:17  30)
(10:26  30)

15




a 15N(d, p)lGN.

b 180(d, )16N.

¢J assignment from angular distribution analyses and gamma decay (1956Z11A, 1957WAO01, 1970BO08).
d From -decay studies (1963GI11). (1957FR56, 195/WI1B) found Ex = 120 1,294 5and392 3
keV.

€ om: =230 40and290 50 keV, respectively (1957WAO01).

f See also (1970BO0E).

9 Angular distribution reportedin 180(d, )®NatEq = 10:0 11:2MeV but L not determined (19/0BO0S).
h Alphagroup seen but E not determined.

I for thislevel and the oneslisted below 40 50 keV (1970BO0S).

J These levels appear to be correlated with thresholds for neutron emission to excited states of °N
(1970BO08, 1970BO0Y).

K T.1. Bonner, private communication.

23. 150(n, p)eN Qm= 9:639

At E, = 14:4 MeV, the angular distribution of the neutrons to the (unresolved) fi rst four
states of N has been measured by (1964PA11). See also (1959PR73, 1961KA06, 1963AL 18,
1964AL 22, 1964B102, 1965GR21, 1966SC05, 1966SC1G).

24, 150(t, *He) SN Qm= 10:403

At E; = 22 MeV, *He groups have been observed to the fi rst four states of 1N: E, = 0, 0.121,
0.305 and 0.395 MeV ( 15 keV) (F. Ajzenberg-Selove and O. Hansen, private communication).

25. 70(d, *He)'*N Qm= 8:288
Not reported.

26. 18O(n, t)16N Qm= 13:346
Not reported.

27. 8O(p, *He)'sN Qm= 14:110

16



At E, = 43:7 MeV, the angular distribution of the *He nuclei corresponding to a state at
Ex = 9:9 MeV fixesL = 0 and therefore J = 0% for 1N*(9.9): it is presumably the T = 2
analog of the ground state of 1°C. Some lower-lying T = 1 states were also observed (1964CE05).
See also (1969GA 1F).

28.80(d, )N Qm = 4:244
Qo = 4:249  0:015 (1966HE1LQ);
Qo = 4:244  0:004 (1967SP09).

Forty-three -particle groups have been observed at Eq 12 MeV, corresponding to states
of 1N with E, < 10:3 MeV: see Table 16.8 (1966HE10, 1970B0O08, 1970BO09). ®N*(8.82,
9.8, 10.06) may be related to nearly bound virtual states of a 2s,-, neutron with N*(6.32, 7.30,
7.57) (1970BO08, 1970BO09). ., for 6N*(0.4) = 42 10 psec; jMj? for the M1 transition to
16N*(0.1) is0.0350 W.u. (1969N109). See also (19611010, 1964AM 1A, 1964MA57) and 2°F in
(1972A302).

29. 180(5Li, 8Be)15N Qum = 2:677

m for 8N*(0.3) = 95 20 psec; jMj? = 0:0126 W.u. (1969N109).

30. °F(n, )N Qm = 1524

Angular distributionshave been reported for E, = 4:7 to 14.4 MeV: see (1966BH05, 1966K N0,
1968AN1F, 1968REQ7). See also (1959K060, 1960BO1B, 1965HA 1G), (1959AJ76) and °F in
(1972A302).

17



160
(Figs. 3and 5)

GENERAL: (See also (1959A.76).)

Shell model: (1957WI1E, 1959BR1E, 1959FE1A, 1959PA 1A, 1960TA1E, 1960TA1C, 1961BA1E,
1961TR1B, 1962BA1F, 1962GI102, 1962NA1A, 1962S5A1A, 1962TALE, 1962UL 02, 1962V 102,
1963AB1A, 1963BR1B, 1963BU1C, 1963C0O12, 1963KU1B, 1964BA1Q, 1964DI1B, 1964EI1A,
1964ER1A, 1964GA1D, 1964GI1B, 1964GI1C, 1964KA1C, 1964L E20, 1964MA 1K, 1964M I 1E,
1964RI1A, 1964V0O1B, 1965BA08, 1965CH1D, 1965EI1A, 1965FA1C, 1965GI 1B, 1965K EOG,
1965NA1B, 1965SP1B, 1965VO1A, 1965Y O1C, 1965ZA 1B, 1966AB1C, 1966BA2F, 1966BE1K,
1966BE1L, 1966BH1B, 1966B0O10, 1966BO1F, 1966BR04, 1966BR1R, 1966BR1H, 1966CEQG,
1966CO1G, 1966CO1H, 1966DA1F, 1966FE05, 1966GUO6, 1966HA31, 1966JA1H, 1966K E1C,
1966K R0OZ, 1966LE1L, 1966L E1IM, 1966M E1J, 1966RI1F, 1966SE05, 1966SH1G, 19665005,
1966ST08, 1966SV 1A, 1966WI1E, 1966WO002, 1966Y O1B, 1967/AM1G, 1967/AR02, 196/BA1K,
1967BA31, 196/BAZ2D, 196/BE0Z, 196/BE1V, 196/BL 1M, 196/BO1G, 196/BR1E, 196/BR1],
1967ENO1, 196/FEO01, 196/FE1D, 1967/GI1B, 1967KE1G, 1967K11B, 1967KR1C, 1967LA1L,
196/MO1J, 196/MUO0Z, 196/MUO0O1, 196/PA10, 1967PA05, 196/PHO2, 196/P11B, 196/RI1B,
196/SA1G, 196/SH1H, 196/ST06, 196/ST1L, 1967SV 1A, 196/VA1G, 196/WO1D, 1968AG1E,
1968BA1L, 1968BL 01, 1968DE13, 1968G001, 1968GU1C, 1968HA 11, 1968HE1H, 1968KL 1D,
1968LA1B, 1968MA01, 1968MA?ZB, 1968MU1E, 1968PA1T, 1968PE1D, 1968RO1G, 1968TA 1R,
1968TA1G, 1968VA 1L, 1968VA 1N, 1968WA04, 1968WO1A, 1968WO1C, 1968YA1E, 19682U02,
1969AB05, 1969AB0O7/, 1969AF02, 1969AG03, 1969BA2Q, 1969BU11, 1969DA1H, 1969DA 1.,
1969DE1U, 1969EL 05, 1969FU05, 1969GU1E, 1969HU1G, 1969JA10, 1969K A 1A, 1969KE1B,
1969K L0Z, 1969LA1G, 1969L 006, 1969MA38, 1969PEOG, 1969PE10, 1969PEL], 1969PU04,
1969RE1LC, 1969SA1F, 1969SA 1A, 1969SE04, 1969SU1F, 1969SV 1A, 1969UL 02, 1969UL 03,
1970AR21, 197/0BE26, 197/0DE24, 19/0EL1G, 1970GI11, 197/0G0O26, 19/0GU11, 19/0K0O04,
19/0KR1D, 197/0M A28, 19/0MC1J, 19/0M E1G, 1970NE13, 19/00N1A, 19/0PE1A, 19/0PELC,
1970SV1A, 1970TA1A, 1970TE1A, 1970UL 1A, 1970VA16, 1970W0O12).

Collective model: (1961SA1C, 1962BA1H, 1963BR0O7, 1963DA1C, 1964B0O29, 1964BR1H,
1964SC1G, 1965B0O1], 1965BR1J, 1965FU10, 1965KE0G, 1965UB1A, 1965VO1A, 1966BR04,
1966BR1R, 1966BR1Q, 1966CEO06, 1966HA 1K, 1966L E1J, 1966ST08, 1967/BR1E, 196/BR1],
196/CE1A, 196/FEQ1, 196/G0O23, 196 /KR1E, 196/MA1H, 1967/PA1M, 1968HO1G, 1968PE1D,
1969AB05, 1969AB07, 1969CU07, 1969DA 1], 1969KA05, 1969K L 1E, 1969SE1C, 1969UL 02,
1970DE24, 1970TUO01).

Cluster and -particlemodel: (1958DA1A, 1960RO1C, 1960SH1A, 1961H109, 1962MA1H,
1962SA1A, 1963BU1C, 1963DA1C, 1963MA1D, 1963MA1E, 1964MA1L, 1964MA1G, 1965BE1H,
1965IN1A, 1965K U1E, 1965NE1C, 1965NE1B, 1966BR1W, 1966BR1U, 1966BR1H, 1966K A 1A,
196/TA1C, 1968BE1W, 1968FO1D, 1968PI 1A, 1969AB1B, 1969BAZE, 1969CH1K, 1969TA1F,
1970BA2B, 1970BR35, 19/0MC1D, 1970NO1B, 19700N1A, 1971NOO03).

Astrophysical questions: (1959CA 1B, 1966ST1G, 1969BA 71).
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Giant resonance (Seealsoreactions48 and 49.): (1960SA1F, 1961BR1B, 1961FA 1A, 1961SA1C,
1962BA1E, 1962BA1H, 1963BA1H, 1964BI1E, 1964E11A, 1964GA1D, 1964 E1B, 1964MI 1E,
1964M11G, 1964VI1A, 1965DA 1D, 1965FU1C, 1965NE1C, 1965SP1B, 1965SP1C, 1965UB1A,
1965Y O1C, 1966BA2F, 1966BL 1D, 1966DI11D, 1966K L 04, 1966L E1J, 1966M E1., 1966RA1D,
1966WA 1K, 196/BEQ02, 196/BE1V, 1967/BUO5, 196/GI 1B, 196/HI1B, 196/ME1G, 196/MU1D,
1967UB1A, 1967Y 004, 1967Y O1F, 1968BA 1., 1968DA 1M, 1968FR1E, 1968GI 1F, 1968M A 2B,
1969FU05, 1969KE12, 1969K L 02, 1969PE0G, 1969SA 12, 1969SE1C, 1969SH1C, 1969UBO01,
1970FR1E).

Electromagnetictransitions: (1959FA 1B, 1959FA1C, 1962BE36, 19628112, 1962B119, 1962M O1A,
1963BO1D, 1963MA1E, 1963PE04, 1964BR1H, 1965CH1D, 1965C025, 1965EI1A, 1965FU10,
1965GR1H, 1965MA1E, 1965R0O1L, 19655122, 1966BE1J, 1966GR1J, 1966HA31, 1966RO1F,
1967BA2A, 1967/BL 1M, 1967/G0O23, 1967/KU1E, 196/7Y 003, 1968CA08, 1968JA 10, 1968M UO3,
1968YA1E, 1969AB05, 1969DA 1], 1969HA1F, 1969SE1C, 1969WA1C, 1969WI11G, 197/0GE12).

Soecial levels: (1959EGILC, 1960EV 1A, 1961BA1F, 1961KA06, 1961TR1B, 1961YO1A,
1962BA1C, 1962BE36, 1962BI112, 1962BI119, 19621K01, 1962NA1A, 1962V102, 1963HAO0S5,
1963VI1A, 1964BR1H, 1964CA 1D, 1964GA1C, 1964M116, 1964NA 1A, 1964NA1B, 1964SC1G,
1965B0O1], 1965GR1G, 1965HU1C, 1965J01B, 1965L E1C, 1965NA 1B, 1966BA42, 1966BEIL,
1966BO1K, 1966BO1L, 1966C0O04, 1966DE18, 1966HA 1K, 1966HU13, 1966K A0Y, 1966L EO4,
1966L E1H, 1966M EO5, 1966SE05, 1966S005, 19661004, 1966WA 1], 196 /AM 1G, 196/B0O0Y,
196/DE1Q, 1967KU1J, 196 /MA1], 1968BL01, 1968BO1W, 1968HA 06, 1968HA11, 1968JA1C,
1968MUO03, 1969BU11, 1969GA 10, 1969GO1K, 1969HA1G, 1969HA1X, 1969HE1Z, 1969JA1Q,
1969K RO1, 1969PEO06, 1969PE10, 1969RO1F, 1969S01G, 1969ST1d, 19/0AR21, 19/0D01.,
1970GA1L, 1970GA1M, 1970ZA01).

Soecial reactions; (1960IN1B, 1961BA1D, LE6G3K, 1963SH1B, 1964CH1D, 1964CL 1A, 1964ER1A,
1964MC1C, 1965SH11, 1966L EIM, 196/AU1B, 196/CR1F, 196/DEI1R, 196/FO1D, 196/GO1A,
1967H106, 1967PR1D, 1967RI1C, 1968GR1C, 1968WO0O1B, 1969DA 14, 1969M Y 01, 1969RE1E,
1969TU01, 1970CO1H, 1970RA32).

Muon capture: (1963CO1B, 1964BA1M, 1964BA 1N, 1964CO1C, 1964FO1C, 1965DEI1K,
1965GI1C, 1965JA1E, 1965UB1A, 1966K11C, 19660H1A, 1966WA 1K, 196/BA 78, 196/BA1Y,
196/BA31, 196/BU1F, 196/DA1D, 196/DEI1R, 196/DE1E, 196/FO1C, 196/HI1B, 196/MO1K,
196/RA02Z, 1967/RH1A, 196/RH1B, 196/WA 1K, 1968BA2G, 1968FR1E, 1968FU1B, 1968RH1A,
1968WA1L, 1969BU1H, 1969DELT, 1969GR1E, 1969GR1G, 1969K A1R, 1969VA 1A, 1969WU1A,
1970CA1H, 1970CA1J, 1970FR1E, 1970GR1H, 1970PL1A).

Pion capture and reactions: (1966LE1K, 1967DEI1R, 196/FO1A, 1967/KO1D, 196/MELF,
196/M11B, 196/MU1D, 1968BA2G, 1968BA1M, 1968BA48, 1968GU1H, 1968K A1F, 1968KO1C,
1968NO1A, 1968RH1A, 1968TA1C, 1968WI1B, 1968ZU1A, 1969BA 1L, 1969BU1C, 1969CHI1L,
1969CHI1C, 1969ER1C, 1969FU1G, 1969GU1L, 1969KA1V, 1969K E12, 1969K 017, 1969M O1E,
1969M Y 01, 1969WEOQS5, 19/0BA 2], 1970BA44, 19/0BE1], 1970CA 1], 197/0CH25, 19/0CH1W,
19/0E11C, 19/0EL1E, 197/0HA46, 19/0HO12, 19/0KA 1], 19/0K01Q, 19/0MA18, 19/0TA1C,
1970WE1D).
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Other topics: (1959ED1A, 1959G084, 1960JA 1F, 1961RO1D, 1961SW1A, 1962IN1A, 1962 A1D,
1962Y U0Z, 1963BR1D, 1963EV01, 1963HO1E, 1963J010, 1964BA 1L, 1964BR1K, 1964FL 1A,
1964L11B, 1964NA1A, 1964R0O1B, 1964VA 1D, 1964VO1A, 1964ZU02, 1965HU1D, 1965MA 1N,
1965M A 36, 1965MA 1M, 1965N11A, 1965R0O1K, 196551 1C, 1966BR1F, 1966ED1B, 1966GI 1A,
1966K A09, 1966K O1E, 1966K O1F, 1966M A 1U, 1966M11F, 1966RO1Q, 1966SI 1D, 1966SU1D,
1966UL 1A, 1966ZH1A, 1967AM 1F, 1967BL 1N, 1967BR1K , 1967DI1B, 1967EL 1F, 1967GRIE,
1967GR1G, 1967HU1B, 1967K A1D, 1967KU13, 1967MA1B, 1967M C09, 1967NI1C, 1967RO1G,
1967RO1H, 1967SC1G, 1967SC16, 1967SH1B, 1968BE1W, 1968CH1F, 1968EL 1E, 1968FA 1B,
1968GR1J, 1968GU1C, 1968IR1A, 1968IS1A, 1968KO1M, 1968KO1N, 1968L E1F, 1968M COS5,
1968M11E, 1968M 01K, 1968NE1C, 1968PA 1U, 1968PA 1W, 1968SH08, 1968ST1Q, 1968SU1E,
1968TO1J, 1968WA 1K, 1968WI11B, 1969AG03, 1969BAZN, 1969BE1Y, 1969BL 1F, 1969FA0E,
1969F11A, 1969GI 1B, 1969GR27, 1969GR1H, 1969HA1W, 1969HO1V, 1969I1R1A, 1969K A1Q,
1969K H1B, 1969K O1Q, 1969K 014, 1969K 020, 1969L E1L, 1969M CO7, 1969M E1H, 1969M 114,
1969NA1E, 19690501, 1969PA14, 1969RA21, 1969RU04, 1969SI1D, 19695008, 1969ST 15,
1970BA2E, 1970BE1Q, 1970BE26, 1970BE1U, 1970BO2A, 1970BR02, 1970DA 12, 1970DI1H,
1970D01., 1970GM 02, 1970K A30, 1970K A 1K, 1970K11F, 1970MC1K, 1970ME1G, 1970MO18,
1970NEQ9, 1970SC1J, 1970SI02, 1970SP1C, 1970ST1D, 1970SU1B, 1970VO01).

Mass measurement: 15.994 9121 ( 12) amu (1968M A45).

1. SLi(N, )0 Qm = 19:264

The angular distribution of the -particles corresponding to °O(0) has been measured at
E(**N) = 27:6 MeV (1964WA1B). See also reaction 37.

2. (8) °B(°Li, p)sN Qm = 18:751 E, = 30:877
(b) °B(SLi, d)“N Qm = 10:141
(©) °B(eLi, )N Qm = 5:845
(d) °B(5Li, 3He)*C Qm = 8:085
(e) °B(Li, )22C Qum = 23:716

At E(Li) = 4:9 MeV, the cross sections for reactions (a) to (€) leading to low-lying statesin
the residual nuclei are proportional to (2J¢ + 1): thisisinterpreted as indicating that the reactions
proceed via a statistical compound nucleus mechanism. For highly excited states, the cross section
is higher than would be predicted by a (2J; + 1) dependence (1966M C05). Theyield curvesfor o
and 4 (reaction (€)) measured at 0 for E(°Li) = 3:2 to 13.6 MeV show broad structures. At 90 ,
for E(6Li) = 9:7 to 13.0 MeV no structure is apparent, suggesting that the 0 yield is explainable
in terms of Ericson uctuations (1967SE08). See also (1963MO1B, 1964GA1E, 1967CA1D,
1970GI05).
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Table 16.9: Energy Levelsof 160 2

E, in1€0 J:T c:m: (KeV) Decay Reactions
(MeV  keV) or m
0 0*;0 stable 1, 3,5, 11, 12, 13, 14, 15, 16,
17, 18, 24, 25, 26, 27, 28, 35,
36, 37, 38, 39, 43, 44, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 69, 70, 71, 72,
73, 74, 75, 76, 77, 78, 79, 80,
81
6:0502 1.0 0*;0 72 7 psec 11, 12, 24, 27, 35, 36, 37, 44,
47, 55, 56, 58, 61, 66, 67, 70,
71,79, 80
6:13066 0:18 3:0 24 2 psec 3,4,11, 12, 25, 27, 35, 36, 37,
43, 44, 47, 55, 56, 57, 58, 61,
64, 66, 67, 70, 71, 74, 79, 80
6:9188 0:6 2+: 0 6:8 0:4fsec 11, 12, 25, 27, 35, 36, 37, 43,
44, 54, 55, 56, 57, 58, 61, 64,
66, 70, 71, 74, 79
7:11867 0:35 10 10:6 0:9fsec 9,11, 12, 25, 27, 35, 36, 37, 43,
44, 47, 54, 56, 57, 58, 61, 64,
66, 67, 70,71, 74
8:8717 05 2 ;0 180 16fsec 4,11,12, 25, 35, 36, 43, 44, 47,
56, 57, 61, 66, 67, 70, 74
9:597 21 10 =510 60 , 5,9, 11, 12, 35, 44, 47, 61
9:8469 2:8 2+ 0 11 , 59, 11, 12, 25, 35, 36, 43, 44,
47,55, 57,61, 70, 74, 79
10:353 4 4*:0 27 4 , 59, 11, 12, 25, 35, 36, 44, 57,
61, 67,74
10:952 3 0:0 m=8 b5fsec 35, 36, 43, 44
11:080 3 3*;0 57 19fsec 35, 36, 43, 44,57, 74
11:096 3 4*:0 =03 01 9,11, 12, 25, 35, 36, 43, 44, 57,
74
11.26 0*;0 2500 9,43,44
(11.44) 3:0 830 9
11:521 4 2*:0 74 4 , 5,11, 35, 36, 55, 61
11.63 30 1200 911
12:053 3 0*;0 1:5 05 9, 11, 35, 36, 55, 57, 61
12:441 4 1:0 97 6 . P, 5 7,9, 11, 35, 36, 39, 40, 42,
43, 44
12:528 1 20 0:5 . P, 11, 35, 36, 39, 40, 42, 43, 44,
55, 57
12:795 5 0 ;1 38 4 P 35, 39, 40, 43, 44
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Table 16.9: Energy Levelsof 60 @ (continued)

E, in1€0 J:T c:m: (KeV) Decay Reactions
(MeV  keV) or m
12:9666 0:9 21 2.0 0:2 . P, 35, 39, 40, 42, 43, 44, 55
13:.02 10 2+ 150 11 9,55
13:093 6 11 127 8 . P, 5,7,9, 11, 34, 35, 39, 40, 42,
44,55
13:129 10 30 128 11 p, 7,9, 36, 44
13:14 100 2+ 250 . P, 5,42
13:2582 25 31 21 1 . P, 57,9 11, 35, 40, 42, 43, 44,
67
13:6634 27 1*;0 64 3 p, 35, 36, 40, 42, 57
13:869 10 4+ 85 14 p, 9,11, 35,42,57
13:9782 24 2 22 2 p, 35,40, 42,61
14:00 50 0" 170 50 55
14.0 0" 4800 9
14:39 25 4*:0 30 30 11, 25, 35, 36
(14.53) 11
14:82 30 6%;0 69 30 9,11, 25, 36
14:922 6 4+ 51 7 p, 34, 35, 40, 42, 61
15:22 35 2 70 15 p, 11, 40, 42, 57, 67
15:26 50 2*: (0) 660 90 D, 11, 39, 40, 42, 55
1542 40 | @ ,3) 95 25 D, 7,9, 34, 40, 42, 67
15:792 14 (T=0) 60 11, 35, 36
16:218 13 1*;1 19 6 N, p 35, 39, 40, 41, 48, 55, 57
16:23 15 6%;0 125 50 9,611, 12, 34,35, 36
16:30 30 o( ) 240 30 n, p 41
16:407 24 2+ 45 N, p, 56,7,9 55
16:80 100 3" 100 55
16.94 2+ 280 ,%Be 10
17:142 12 11 33 5 ,n,p, 6, 7, 9, 35, 36, 39, 40, 41, 44,
48, 55, 57
17.17 2+ 200 , ®Be 10, 44
17:30 15 11 90 10 N, p, 6, 9, 39, 40, 41, 48, 55
17.55 4*) 165 (), n, 6,9, 48
17:63 15 11 59 10 (). np, 7,9, 41, 55, 57
17:755 15 o+, 2% 30 ,8Be 10, 35
17:82 40 4+ 225 n, ,°Be 6,9, 10, 35
17:86 15 1;1 101 10 n, p 41
18:018 15 4+ 0 14 (n),p, ,%Be 7,9, 10, 35, 41
18:05 15 41 26 5 , N, p, 6,9, 35, 39, 41
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Table 16.9: Energy Levelsof 60 @ (continued)

E, in1€0 J:T c:m: (KeV) Decay Reactions
(MeV  keV) or m
18:132 24 220 60 n, p, 6,41
18:18 25 2+ 390 80 n, 6
18:46 25 160 n, p 41
18.6 a,5) 140 9
18.71 o+, 2% 260 30 n,p, ,%Be 10,41
18.79 4*) 220 np, ,®Be 6,7,9,10
(18:983 15) <25 35
18:99 30 11 300 100 P 39,55
19:04 50 21 400 50 , 9,55
19:06 60 2+ 1 120 P 39, 40, 48
19.12 2+, 4%) M (n), 6,9
19:24 25 21 90 10 ,n,p 39,41
19.25 ) 23 (n), 6,9
19.34 6+ 50 ,8Be 10
(19:382  15) =+ 30 9,35
19:48 30 11 300 80 , N, p, 9, 39,41, 48,55
19.62 240 n, 6
19:80 150 () 9,57
19:90 25 (2,31 120 40 , N, p, 9, 35, 39,41
20.087 310 n, 6
20.3 1500 D, 7
(20:348 15) 30 ,n 35,48
20:36 70 2 500 100 55
20:39 25 2 150 30 , N, p, 6,9, 39,41
20:55 25 1 140 30 n, p, 9,41
20.8 (8") 600 11,12, 39
20.81 <25 n, 6
20:89 25 250 ,n,p 39,41, 48, 49
(21.0) 7) 750 0), 9,48
21:01 20 11 260 60 , N, 5, 48, 55
21:02 20 55 ().n, 6, 48
(21.1) G ) 900 9
(21.2) 6+) 450 n, 6,9, 11
21.68 55 , N, 6, 48
21.79 55 , N, p,d, 6, 29, 39, 48
22.04 60 , N, d, 6,11, 29, 39
22.07 340 n, 6,11
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Table 16.9: Energy Levelsof 60 @ (continued)

E, in1€0 J:T c:m: (KeV) Decay Reactions
(MeV  keV) or m
22.13 < 150 , N, d, 6, 11, 28, 29, 33, 48
22:26 38 11 650 , N, p,d, 28, 29, 33, 39, 41, 48, 49, 55
22.52 375 n, d, 6,11, 33
22:720 4 0*; T=2 15 6 p, d, 7,9, 27, 30, 33,70
22.75 11 60 ,n,d, 6,11, 28, 29, 31, 33,55
23.11 20 d, 9,31, 33
23:15 34 500 ., (), d, 9,33, 48, 49
23.40 <40 n, d, 6,31, 33
23.54 300 n, p, d, 9, 29, 30, 31, 33
23.75 120 n, 6
23.89 25 911
23.93 165 n, 6
(24.05) 80 n, 3He 19
24:05 100 450 ,n, 3He 18, 48
24.4 (T=1) 250 , N, p,d, SHe, 19, 28, 29, 30, 31, 33, 48, 49,
55
24:522 11 2. T =2 <50 27,55, 70
24.74 T=1 ( ),p. d, 3He, 22,30, 31, 33, 39
25:12 50 650 , N, p,d, SHe 18, 29, 30, 48, 49
25:55 50 ;1 1000 , N, p, SHe, 20, 22, 39, 48, 55
25.94 (T=1 600 200 d, 3He, 22,31, 33
(26:38  180) (,np) 39, 48, 49
26:7 250 1+ 600 200 SHe, 22,33,55
27:32 92 2*: 1) 600 ( ,n),d,3He, ,8Be | 22,23 31,48
27:6 100 | (3 :0) 500 b, 3He, 20, 21, 22
(28:1 100) | (T =1) 600 200 d, 3He, 22,33
(28:3  100) | (T =0) 3He, 2
(28:9 100) | (T =1) 600 200 3He, 2
29:7 100 | (T =1) 600 200 ( ,n),d,3He, 22,31, 48
(30:4 100) | (T =1) 600 200 3He, 9,22
312 200 | (T =1) 600 200 ( ,n p),3He, 22,48, 49, 54
(33:0 300) (,n) 48
445 @ :1) 2000 3000 55
49 ;1 2000 3000 54,55

2 See also Tables 16.12, 16.19 and 16.26.
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3. 1)B(“N, 8Be)150 Qm = 14:708

m for 80*(6.13) = 21*3 psec. The ground state E3 transition has a strength of 62 W.u.
(1969N109).

4. UB("Li, 2n)**0 Qum = 12:169

m for 160*(8.88) = 0:37  0:13 psec. The transition energy for 8:88 ¥ 6:13is2740:4 1:0
keV (1969THO1).

5.12¢( , )0 Qm = 7:161

Theyield of capture -rays has been studied for E < 23:5 MeV: see Table 16.10. The cross
sectionrisesfrom(1:1 0:4) 10 * batE =1:86MeVto(29 4) 10 2 baE = 3:11MeV.
At E = 1:6 MeV, the capture cross sectionis < 0:3 10 3 b (1970JA09). At higher energies
resonances are observed. These are displayed in Table 16.11 (1960M E02, 1964L A 16, 1965M 105,
1967SU02). Widths for -emission have been measured for several of the corresponding %0
states: see Table 16.12 (1963G031, 1964L A 16, 1966G0O18, 1967G0O08, 1967SU02). See also
(1969BRI1L) and (1967/GI1C, 1969GI1B; theor.). The asymmetries in the angular distributionsin
this reaction and in the inverse reaction 1°O( , )!2C are the same within one standard deviation:
there is no evidence for failure of time reversa invariance (1970V0O13). The relevance of this
reaction to the buildup of elements in starsis discussed by (196/S11M, 196/WI11B, 19/0101C,
1970WE1A, 1970WE1F) and in earlier papers listed in (1959AJ76).

6. 2C( , n)150 Qm = 8:507 E, = 7:161

Cross section measurements have been made from threshold to E = 24:7 MeV: see Table
16.10. Observed resonances are displayed in Table 16.11 (1963NEO5, 1968BL08, 1970BELT).
See aso0 (1962G0O1], 1963G0O1., 1965AL 1., 1965TS1A) and (1963K E1A; theor.). See also 1°0O
in (1970AJ04).

7.12C( , p)**N Qm= 4:965 Ep, = 7:161

The yield of protons corresponding to the ground state of °N has been studied for E =
7:7 t0 23 MeV: see Table 16.10. Observed resonances are displayed in Table 16.11 (1960PR13,
1964AT1A, 1964CA07, 1965M 105, 1968MO1H, 1970BELT, 1970NE1H). See also (1963KE1A;
theor.) and *°N in (1970AJ04).
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Table 16.10: Recent 2C + yield curves?

E (MeV) Yield of Refs.
1:.91 3:16 capt: (1968JA 1K, JAGIK )
2:60 3:25 capt: (1968AD1D)

2:8 83 capt: (1964LA16)

6:9 84 capt: (1965M 105, 1964M112)
8:75 23:50 capt: (1967SU02)

thresh: 19 n( +) (1963NEO5)
thresh: 227 n( ¢) (1968BL 08)
13 16 N (1970BELT)

13:7 247 150 (1969SP1B)

15 19 n( ¢) (1962CA03)

7.7 84 Po (1965M105)

9:6 17:6 Po (1964CA07)
12:4 16:0 Po (19671V 1B)

13 16 Po (1970BE1T)
13 23 Po (1968BL 08)
15:8  19:0 Po (1960PR13)
1519 26:3 Po (1965TE01)
19 23 Py + P2 (1968BL08)
19:7  22:1 Po (1963YA1C)
20 23 Po (1964AT1A)
25 438 0 (1962J009)
2:8 66 0 (1968CL04)

4 133 0 (1969M A 1U)
52 53 0 (1966L A09)
6 17 44 (1964M108)

6:5 6:6 0 (1966L A08)

6:6 85 0 (1968M O08)

7:3 84 44 (1964M112)

7:4  10:6 44 (1964LA16)

7.7 83 11 44 (1965M105)

85 105 0 1 (19700P01)
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Table 16.10: Recent 2C +  yield curves? (continued)

E (MeV) Yield of Refs.
95 19 1 (1964M108)
9:8 191 0 (1964CA07)
10:7 11:8 0 (1967KR1D)
12:.0 17:3 2 (1970MO22)
12:8 263 0 1 (19661 FO1)
13:;5 235 1 (1963LU08)
13:;5 305 0 (1963LU08)
14:4 18:8 44 (1962CA03)
14.5 0 1 (1968M O1H)
14:6 18:1 3 (1970MO22)
15 227 0 (1962J014)
16:2  19:2 2 (1964M108)
17:3  23:4 0 1 (1964J014)
18:9 30:1 0 1 (1970MO06)
20 24 0 (1968AG03, 1969AG06)
20:2 22:8 1 (1964AT1A)
27:0 355 0 1 (1961M103)
11:9 194 Be (1967CH21)
@ See also (19H9AJ/E).
= 13:575 Ep = 7:161

8. 12¢( , d)y“N

9.2¢( , )12C

at many energies in the range E

See 1N in (1970AJ04). See also (1968NO1C; theor.).
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Theyield of -particles corresponding to *2C* (0, 4.4) and of 4.4 MeV  -rays has been studied
= 2:51t0 35.5 MeV: see Table 16.10. Observed resonances are
displayed in Table 16.11 (1953HI1A, 1954BI1A, 1955RA 1B, 1961M103, 1962J009, 1962J014,
1964CA07, 1964LA16, 1964M108, 1964M112, 1965M105, 1966L A09, 1967LA 1], 1968AGO3,
1968CL 04, 1968M 008, 1968MO1H, 1969AG06, 1970HA 15, 1970NE1H, 19700P01). See also
(1961FE02, 1966B028).

E, = 7:161



8¢

Table 16.11; Resonancesin 12C +

E cm: Outgoing particles 2 x 160 J ;T Refs.
(MeV  keV) (keV) (x) (keV) (MeV)
3:322 30 550 0 (22 05) 10 9.58 1 (1953HI11A, 1962J009, 1964L A 1€, 1968CL04)
0
3:575 10 11 0 (59 06) 10 9.842 2+ (1953H11A, 1960M E02, 1962J008, 1964L A16)
0
4:241 25 195 0 10.341 4+ (1962J008)
4:260 15 27 4 0 10.355 (1964LA1E)
5:245 8 0:3 01 0 11.094 4+ (1966LA0C)
5.47 2500 0 11.26 o+ (1954BI1A)
571 830 0 11.44 3 (1968CL 04)
5:809 18 73 5 0 (0:66 0:09) 10 11.517 (1960M EO0Z, 1964L A 16)
5.96 1200 0 11.63 3 (1954BI1A)
6:518 10 1.5 05 0 12.048 0+ (1966LA0C)
7:.045 5 99 7 0 (7 1) 10 12.443 10 (1954BI 1A, 1964L A 16, 1964M 1127, 1968M OU8)
p 11
0 98 8
1 0.025
7:82 10 150 11 0 150 11 13.02 2+ (1968M OU08)
7:915 10 113 15 0 8:8 10 13.095 11 (1964LA1E, 1964M112, 1965M 105, 1968M O08)
p 100
0 45 18
1 1
7:960 10 128 11 p 1 13.129 30 (1964LA1E, 1964MI108, 1965M105, 1967LAL.,
1968M O0g)
0 90 14
1 20
4:4
7:98 100 250 0 13.14 2+ (1965M 105, 1964L A 1€)
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Table 16.11: Resonancesin 12C +  (continued)

E cm: Outgoing particles 2 x 160 J ;T Refs.
(MeV  keV) (keV) (x) (keV) (MeV)
8:130 15 26 7 0 13.257 31 (1964LA 1€, 1964MI10€, 1964M112, 1965M 105,
1968M O0g)
p 4.5
0 9 4
1 75
4:4
8.96 70 0y 4:4 13.88 4+ (1964L A 1€, 1964M10€, 19700P01)
9.1 4800 0 14.0 0+ (1968CL 04)
10.08 400 2:4,( 0) 14.72 (1964CA07, 1964L A 1€, 1964M108)
10.18 40 0y 1, 4:4 14.79 6" (1964CA07, 1964L A 1€, 1964M10€, 19700P01)
10.25 55 Po, o 14.85 (1964CA07)
11.02 100 Po, 0, 1, 44 15.42 t,3) (1964CA07, 1964M108)
(11.08) 280 Po, o 15.47 (1964CA07)
115 400 0v 1, 4:4 15.8 3 (1964CA07, 1964M108)
12.1 280 0 16.2 6" (1964CA07)
12:32 25 45 0N Po, 0, 1, 44 16.40° 2" (1964CA07, 1964M 108, 1967SU0Z, 1968BL 08)
125 730 Po, o 16.5 (1964CA07)
12.9 400 0 16.8 ") (1964CA07)
13.0 700 0 16.9 5 (1964CA07)
13.05 280 8Be 16.94 2+ (196/CH?21)
13.26 110 n (Po): o 1. 44 17.10 (1 ,2%,0%) | (1964CA07, 1964M108, 1968BL 08)
13.35 200 8Be 17.17 2+ (1967CH21)
13.50 < 100 n 17.28 (1968BL0g)
13.59 150 10 44 17.35 (1964M108)
13.86 165 n o 17.55 ") (1964CA07, 1968BL0E)
13.95 110 Po, o 17.62 (1964CA07, 1970BE1T)
14.1 8Be 17.7 0+, 2% (1967CH21)
14.21 225 n, 1, 44,°Be 17.81 4+ (1964M108, 1967CH21)




0€

Table16.11:Resonancein 12C +

(continued)

E om: Outgoingparticles? « 160 J T Refs.
(MeV  keV) | (keV) (x) (keV) (MeV)
14:483 15 14 Po, o, 1,°Be 18.018 4":0 (1968MO1H 1967CH2)

14.50 40 n, o, 1, 44 18.03 47) (1964CA07 1964MI108 1968BL0Y
1459 40 220 60 Ny 18.10 (1963NE051968BL08 1970BE1)
1470 25 390 80 n 18.18 2* (1967SU02

14.85 280 Po, ( 0)y 1, 44 18.29 (1964CA07 1964MI109

15.0 510 o0 (1, a4) 18.4 5 (1964CA07 1964MI08

15.2 8Be 18.6 o, 2* (1967CH2)

15.2 140 0o (1, 44) 18.6 (1 ,5) | (1964CA071964MI08

15.46 55 0 18.75 1) (1964CA0}

15.52 220 n,po, o, 1,%Be 18.79 (4+) (1964CA07 1964MI08 1967CH21 1968BL0Y

15.88 broad 1 a4 19.06 (1964MI108

15.96 41 n), o 19.12 (2*,4") | (1964CA07 1968BL09

16.13 23 n), o 19.25 5 ) (1964CA07 1968BL09

16.25 50 8Be 19.34 6" (1967CH2)

16.30 23 0 19.38 (4*,0%) | (1964CA0}

16.4 broad 1 19.5 (1964MI109

16.62 240 n 19.62 (1968BL09

16.73 17 0 19.70 even (1964CA0})

(17.0) 825 0 (19.9) (4") (1964CA07

17.10 140 0 1 19.98 | (2+,0*,1 ) | (1964CA07 1964MI09

17.22 310 n 20.07 (1968BL09

17.5 1500 Po 20.3 (1960PR1}

17.66 < 150 n 20.40 (1968BL0§

(17.75) 110 0 (20.47) (4+) (1964CA0}

17.90 1 20.58 (1964MI109

18.21 <25 n 20.81 (1968BLO9

18.4 750 0 21.01 7 (1964CAQ7}




	

