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15 Li
(Not illustrated)

15Li has not been observed. Its atomic mass excess is caldtitave 81.60 MeV: sed @81AJ0).
It is then unstable with respect to decay itfthi + n and'3Li+2n by 1.2 and 5.1 MeV, respectively.
(1985P0O1)calculate [ina@+ 1) ~! model space] that the rst four states’6f.i at 0, 0.73, 2.39
and 2.77 MeV have, respectively, = 3 ,1 , 1 and3 . See also}988POZStheor.).
15 Be
(Not illustrated)

15Be has not been observed. The calculated mass excess is 54V18éé (981AJ0). °Beis
then unstable with respectBe+ n and*Be+2n by 3.4 and 0.04 MeV, respective \L485PO 1)
calculate [ina@ + 1) ~! model space] that the rst four states'8Be at 0, 0.07, 2.32, 3.10 MeV

have, respectively] = 3", 3" 2" 1" See also(987SA15theor.).

Nlal

15 B
(Figs. 1 and 4)

Mass of'°B: Wapstra adopt®88970 22keV (1988WA1§ and private communication) and so
do we: seel986AJ0). 1°B is then stable with respect téB + n by 2.77 MeV.

Decay of*°B: 1°B decays by emission to*°C: Q (max)= 19:10 MeV. The character of
the decay is not known but measurements of the half-lifdtare 1 ms (1984DU15, 8:8 0:6 ms
(1986CU0), 104 0:3ms (1988MU0Y, 10:8 0:5 ms (1988SA03, 10:3"%:2 ms (L989LE19.
The weighted mean of these ve valuedli@3 0:2 ms. Omitting the low value froml@86CUQ0)
gives105 0:3ms, which we adopt.

Upper limits have been set on tRg, andP,,: 5% and 1.5%, respectivelyt984DU15. See
also (L989LE1H.

General (1985PO1)calculate [in aQ + 1) ~! model space] that the rst four states'8B at
0,1.53, 2.06, 2.71 MeV have, respectively,= 3 ,> ,1 andl .

Interaction cross sections at 790 MéVbf °B ions with Be, C and Al are reported by
(1988TA1Q. The interaction radius and the r.m.s. radius for the rarcldistributions in*°B
have also been derive@488TA1Q. See alsol989SA1(), (1986DU111989DES52, (1986GU1D
1988BAYZ, 1988MI1G 1989D01| 1990LO1Q and (1986AN07 1989D0O1K 1989P01K1989SI126
1990REO4theor.).



1SC
(Figs. 1 and 4)
GENERAL (See alsol(986AJ0)).
Model calculations(1988MI1J 1989P0O1K 1989WO1BE.
Electromagnetic transitiong1984VA09.
Astrophysical question§1989KA1K).

Complex reactions involvin§C: (1985P0111986AV1B, 1986BI1A 1986DU11 1986HA1R
1986HA1B 1986PO06 1987RI03 1987SA25 1987SN01 1987VI02 1988CA06 1988J0O1B
1988MI128 1988RU01 1988SA19 1989AS1B 19890G1B 1989SA101989S126 1989Y003.

Hypernuclei (1988MAL1G 1989TA17).
Other topics (1985AN28 1986AN07Y).
Ground state of°C: (1985AN28 1986AS1B 1987SA151987VA26 1988VA03 1989SA10
1989WO1H.
jgi =2:63 0:14(1988ASZY, prelim.)
gs = 1:315 0:07nm (1989RA1Y)
074 = 1758 0:03nm (1989RA1Y)

1.15C( )15N Qm =9:7717

The half-life of°C is 2449 0:005s (1979AL23. Transitions have been observedibly.s
and to the upper of the 5.3 MeV states N which has] = 1". Thelogf ! to **N*(5.30) indi-

cates an allowed transition: therefate (*°Cy.5) = %+ or §+. Weak transitions are observed to
15N*(7.30, 8.31, 8.57, 9.05)1079AL23: see Tabld5.14 The shape of th®Cy.. !  ®Ng.s tran-
sition differs appreciably from an allowed shap®84WAQ7). See alsol986AS1B 1988ASZY),

(1988WA1B and (L989BA92 1989PO1K theor.).

2.°Be(Li, p)**C Qm =9:092
Observed proton groups are displayed in Telde2
3. BC(t, p)*C Qmn =0:9127
Observed groups are displayed in Tabte3 See alsoX981AJ0).
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Fig. 1: Energy levels of°C

. For notation see Fig. 2.



Table 15.1: Energy levels éfC @

Ex (MeV keV) J:T or com: (keV) Decay Reactions

g.s. %+; 3 1= = 2:449 0:005s 1,2,3,4,6,7,9
jgj=2:63 0:14
0:7400 15 > m=3:76 0:10ns 2,3,4,7,8
g= 0703 0012

3103 4 3 em: 40 2,3,9
4:220 3 2 < 14 2,3
4:657 9 3 2,3
4:78 100 g 1740 400 6
5:833 20 G 64 8 2,6
5:866 8 : 2,3
6:358 6 G, < 20 2,3
6:417 6 Gr D 50 2,3
6:449 7 CE < 14 2,3
6:536 4 a < 14 2,3
6:626 8 ) 20 10 2,3
6:841 4 a < 14 2,3
6:881 4 (2 < 20 2,3
7.095 4 ) < 15 2,3
7:352 6 &y 20 10 2,4
7414 20 2
775 30° 2
801 30 2
811 10° 2
847 15 CREES 40 15 2
8:559 15 L B 40 15 2
9:00 30 2
(9:73  30) 2
9:789 20 G 20 15 2
10:248 20 3! 2 20 15 2
11015 25 2
11123 20 CIES 30 20 2




Table 15.1: Energy levels 6fC 2 (continued)

Ex (MeV keV) J:T or com: (keV) Decay Reactions
(11:68 30)
11:825 20 70 30

2 See also Tables5.2and15.3and reaction 8.
b Broad or unresolved states.

Table 15.2: Proton groups frofBe(’Li, p)*°C and*C(d, p}>C?

9Be(7Li, p)lSC b

14C(d , p)15C c

Ex cm: Ey om: J e

(keV) (keV) (keV) (keV)

g.s. bound g.s. bound i*o

740 bound 7441 21 bound St
3100 30 < 40 (3 31053 5k 42 ()
4223 15 | <15 3 42211 3k <14 (2" 3)
(4550 30)

4657%
4780 100' | 1740 400 g

5833 20 5810 20! 64 8 ()
5858 20
6370 15 < 20 2 k; m < 14 (2, 9*
6436 20 64281 7 50 G50
6461 20 m < 14 )
6542 15 | <20 ) 65398 5 < 14 G
6639 15 |20 10 )
6847 15 < 20 S 68449 5 <14 (£,
6894 15 | <20 (3. 3) 68824 5 CHE D)
7100 15 < 15 ) 70972 6
7354 15 |20 10| (3, % 73513 6
7414 20
7750 309 7.81 10"
8010 30




Table 15.2: Proton groups frofBe('Li, p)*°C and**C(d, p)}>C 2 (contin-

ued)
gBe(7Li, p)lsc b 14C(d, p)15C c
Ex cm: J Ex em:
(keV) (keV) (keV) (keV)
8130 309 810 10"
8491 15 |40 15| (3, %, 846 10"
8559 15 |40 15| (4!
9000 30
(9730 30)
9789 20 |20 15| (3!
10248 20 |20 15| (3,
11015 25
11123 20 |30 20| (3!
(11680 30)
11825 20 |70 30| (%!

a For references see Table 15.2 i981AJ0).

b E("Li) = 20 MeV. E, based on 740 keV for the rst excited state.

CE4=12 14MeV.

d Suggested assignments based on angular distributions @hd- 1 dependence) arlghay from .
€ Analysis of the two bound states is done using DWUCK. For tHeound states DOXY was used.
fE, =739 1keV[fromE ], n =3:77 0:llns.

9 Broad or unresolved states.

h 2=0:0075 0:0015

" Sum of theJ for these two states is 2 [based @J; + 1) dependence of cross section].

I m=3:73 0:23ns.

kK See also1985DA23.

I See text, reaction 6.Q85DA23.

™ Observed buEy not determined.

" Observed aE4 = 27 MeV.

©S=0:88
PS=0:690r0.55.g=
9 May be unresolved.

0:77 0:06.

4, 13C( , 2p)sC Qm

189013

8



See (981AJ0).

5.14C(n, )°C Qm =1:2181

<1 b(1981MUZQ).

6.14C(d, py°C Qm= 10065

At E, = 16 MeV angular distributions and, measurements are reported to a state,at
4:78 0:10MeV ( ¢m:- =1:74 0:40MeV); S = 0:5. A narrow state aE, =5:81 0:02MeV
( em: =64:3 81lkeV),S=0:02 is also observed. It is suggested that these are 1p2h aid 3p4
§+ states {985DA23 [and S.E. Darden, private communication]. For the eavlierk see Table
15.2

Table 15.3: Proton groups frolC(t, p)t°C @

Ex (MeV keV) J Ex (MeV keV) J
0 i 6:440 6
0:743 9P > 6:529 6
3100 6° : 6:622 9
4:215 9° 2 6:835 6° (£, 3)
4:657 9P 2 6:876 7
5:867 8 : 7:093 6
6:356 6 7:387 7P D
6:404 7
2 (1983TR12; E; = 18 MeV; DWBA.
b Strong group.
7.1c(tC, 2eyse Qm= 37283

Angular distributions have been studied B(*C) = 20:0 to 27.5 MeV to!°C*(0, 0.74)
(1988BI17. See also{990VO18.



8.15N( , )I5C Qm = 129:797

Radiative pion capture shows evidenceJor= §+ , T = % giant magnetic quadrupole states:
transitions are reported 8C*(0.74) as well as td°C*(6.7, 8.6, 12.0) {983STO04.

9. 180('Li, B)!5C Qm= 22624

At E("Li) = 82 MeV *C*(0, 3.1) are populatedlQ85AL1G).
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15 N
(Figs. 2 and 4)

GENERAL (See alsol(986AJ0)).

Nuclear models (1985KW02 1985PH01 1987KA09 1987KI1G 1987ME1D 1987ST05
1988W0O04 1989WO1E 1990VAOQD)

Special state1985AR1H 1985G0O1A 1985PH011985SH241987KI1G 1987ST051988KW02
19887ZH1B 19890R02

Electromagnetic transitions and giant resonangé®85BL2Q 1985GO1A1986ER1A 1987KI1G
1987ST051989ASZ2

Astrophysical question$1982BU1A 1982CA1A 1982WO1A 1985PR1D1986FR1G1987AR1G
1987AU1A 1987LE1J 1987Z11C 1988FE1A 1988KR1G 1988PI1C 1988WAL1l 1989CH1X
1989GU1Q1989GU1J1989GU1L 1989J11A 1989KA1K, 1989KE1DQ 1989ME1C 1989NO1A
1989WY1A 1989YO1H 1990HA1W, 1990RA1Q

Complex reactions involvingN: (1985AR1H 1985BE4(1985HA1N 1985P0111985SI119
1985UT01 1986AI1A, 1986CH2G 1986C0O1Q1986GR1A 1986HAL1B 1986MA13 1986 MA19
1986MEO06 1986P0O06 1986P0151986SA30 1986SC281986S0101986TO10 1986UTO1
1986VA23 1987BA3§ 1987BE1| 1987BUO07 1987FE1A 1987MI27, 1987NAO0] 19870L1A
1987RI03 1987ST01 1987VI02 1988AR1D 1988G0O11 1988JO1B 1988SA19 1988UT02
1989BA92 1989GE11 1989GRZQ 1989KI13 1989PA06 1989SA10Q 1989TE02 1989Y0O02
1990DA03 1990GL01 1990WE14

Applied work (1986AM1B, 1986C0O1Q 1986EN1A 1986HE1FR 1986LE1L, 1986NO1C
1986SA2H 1986ST1K 1987S110 1988GR1A 1988P112 1988PR1D 1988VI1A, 1989KU1R
1989TA1Y, 1989YO1H 1990AM1R

Pion capture and reactionéSee also reactions 15, 43, and 46.)9¢5LE1E 1985MA1K,
1986BA1G 1986SI11 1987KA09 1987LE1R 1988L123 1988MI1K, 1988RO1M 1988TA21
1989CH311989GE101989J0O071989LE1L, 1990ER031990ER1E19900D1A 1990TA1K)

Reactions involving other mesons and hyperdh885IA01, 1986FE1A 1989D01] 1989DO1K
Antiproton reactions(1985BA5))

Hypernuclei (1984BO1H 1985IA01, 1986AN1R 1986DA1G 1986DA1B 1986FE1A 1986GA1H
1986KO1A 1986YALF, 1987MA2A, 1987MI138 1987P0O1H1987WUO0S5 1988MO1L, 1989BA92
1989BA93 1989DO1K 1989KO1H 1989MI3Q 1989TA1Y)

Other topics (1985AN28 1985PH011985SH241986AN07 1986WI103 1987CH021988KWO02
19890R021989P01K1990MU1Q

Ground-state properties of°N: (1985AN28 1985AR11 1985BL.2Q 1985G0O1A 1986BA04
1986BA49 1986MC13 1986WI03 1986WUZX 1987DE03 1987FU06 19871C02 1987KI1G
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1987M127, 1988AR1B 1988AR1| 1988CH1T 1988DE09 1988FU04 1988KE1B 1988NI05
1988SHO71988VA03 1988WAO08 1988W004 1989CH24 1989FU051989G0OZQ1989NEO02Z
1989SA101989WO1E 1990VA1G 1990VAOQ))

Table 15.4: Energy levels ¢fN 2

Ex J ;T m Or Decay Reactions
(MeV  keV) cm: (keV)
0 33 - stable 3, 4,5, 6, 13, 14, 16, 17,

18, 19, 20, 24, 25, 26, 27,
28, 31, 32, 33, 34, 35, 39,
40, 41, 42, 43, 44, 45, 44,
47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60Q,
61, 62, 63, 64, 65, 66
m =2:58 0:14ps 4,5, 16, 17, 24, 25, 31, 32,
35, 40, 45, 46, 49, 50, 54,
59, 60, 64, 65

5:270155 0:014°

Njo

g=+(0:94 0:07)
25 7fs 4,5, 10, 11,12, 16, 18, 24,
25, 26, 31, 32, 35, 40, 42,
45, 49, 50, 56, 60, 64, 65
0:211 0:012fs 4,5, 10, 11, 12, 13, 16, 18
24, 26, 31, 32, 35, 39, 40,
42, 44, 45, 46, 49, 50, 56,
57, 59, 60, 61, 63, 64, 65
18 8fs 4,5,12, 16, 17, 18, 24, 25,
26, 31, 32, 35, 40, 45, 49,
50, 60
0:61 0:05fs 4,5, 12, 16, 18, 24, 25, 26
31, 32, 35, 40, 42, 45, 49,
50, 60
124 fs 4,5,10,11, 12, 16, 17, 18,
24, 25, 26, 31, 40, 45, 48,
49, 50, 60, 64
1.7 Lifs 4,5, 18, 24, 25, 26, 31, 35,
39, 40, 42, 45, 49, 50, 56
0:7 07fs 4,5, 10, 11, 12, 16, 17, 18,
24, 25, 26, 31, 40, 42, 45,
49, 50
0:50 0:08fs 4,5, 24, 25, 31, 35, 40, 42
45, 56
1:40 0:36fs 4,5, 10, 11, 24, 25, 31, 35
40, 45, 49, 50
7% fs 4,5, 18, 24, 31, 35, 40, 49,
50
< 130fs 24,26, 31, 35, 40, 56, 60

5:2908822 0:014°

N[

6:32378 0:02°

Njw

7:15505 0:02°

N0

7:30083 0:02°

N|w

7:5671 1..0°

NI~

8:31262 0:027°

N[

85714 0:12

N|w

9:04971 0:07

N[

9:15190 0:12°

N|w

9:15490 0:03°

Njo1

9:2221 08

N[
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Table 15.4: Energy levels é¥N 2 (continued)

Ex J ;T m Or Decay Reactions
(MeV  keV) cm: (keV)
9:760 1 3 2:6 09fs 24, 40, 45
9:829 3 z 17 7fs 4,5, 10, 11, 17, 18, 24, 26
31, 40, 49, 50
9:9250 0:2 3 0:31 0:05fs 18, 24, 31, 35, 40, 45
100660 0:2°¢ g* 0:100 0:006fs 18, 35, 40, 44, 45, 49, 50
10:4497 0:3 3 < 0:5keV P 5,10, 11, 24, 28, 40
105333 0:5 g P 5, 10, 11, 18, 24, 25, 28
31,40
106932 0:3 g m=18 9fs P 5,11, 16, 28, 46
107019 0:3 3 =0 2keV P 10, 11, 17, 18, 24, 26, 28
60
10804 2 g* <1 10° P 4,5, 10, 11, 18, 24, 28, 4Q
45
11:235 5° 3 33 n 16, 31, 36, 40
11:2928 0:7 1 8 3 ,n,p 16, 18, 28, 29, 30, 31, 36
38, 49
114376 0:7 i 41:4 11 ,n,p, 6,7, 10, 11, 18, 25, 28, 29
30, 31, 36, 38, 64
11615 4 EE 405 6 ,n,p | 2829 30
11763 3 g* 40 n, p, 7,29, 30, 36, 38
11876 3 3 25 ,n,p, 7,29, 30, 36, 38, 48
11942 6 3 3:0 n, 5,16, 17, 18, 25, 26, 36
11:.965 3 3 17 n, p, 5,7, 10, 11, 29, 30, 36, 38
12095 3 g* 14 5 n, p, 7,25, 29, 30, 36, 38
12145 3 3 41 5 n, p, 7,10, 11, 29, 30, 36, 38
12327 4 g0 22 n, p 17, 18, 25, 29, 30, 36, 38
12493 4 5t 40 5 n, p, 7,18, 25, 29, 30, 36, 38
12522 8 £*. 3 58 4 P 28,45
12551 10 9 5,11, 16, 17, 25, 46
12920 4 3 56 11 n, p, 7,9,18, 29, 30, 36, 38
12940 10 g 81 p, 7,9,29,30
13004 10 a 5,10, 11, 16, 18, 25, 26
13149 10 3 n, p, 7,38
13174 7 () 3 n, p, 5,7,11, 16, 17, 18, 29, 36
38
13362 8 3 16 8 n, p, 7,9,29,30,38
13390 10 g* 56 .n,p, 7,9,28,29,30,38
13537 10 3 85 30 n,p, 7,9,29,30
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Table 15.4: Energy levels é¥N 2 (continued)

Ex J ;T m Or Decay Reactions
(MeV  keV) cm: (keV)
13608 7 50 18 4 n, p, 7,18, 36, 38
(13:612 10) (" 920 n, p, 9,29, 30
13713 10 26 8 n, p, 7,29, 38
1384 30 3 75 n, p, 5,7,9, 11, 25, 36, 38
13.9 1 930 P 28, 29
1399 30 s 98 10 n, p, 7,11, 29, 30
14090 7 G 22 6 n, p, 5,7, 10, 11, 18, 25, 36, 38
46
1410 30 3 100 n, 5,7,9,30
14162 10 30 27 6 n, 5,7, 36, 38
14:24 40 s 150 9,10
14:38 40 %* 100 9
14.4 1900 n, p, 36, 38
1455 20 200 50 n, (p), 7
14647 10 33 6 n, p, 7,36, 38
14.71 750 P 28
14:720 10 3 110 50 ,n, (p), 7,10, 11, 18, 36, 38, 45
14:86 20 48 11 n, 7,9,18
14920 10 12 3 n, 7,10, 38
15025 10 13 3 n, 7,18
1509 20 80 25 n, 7,9, 49
15288 10 26 6 n, 7,9
15373 10 87 5,10, 11, 16, 17, 18
15:38 20 75 25 n,t, 7,9, 14
1543 20 100 n, () 7,9
15.45 750 P 28
1553 20 35 n, 7,10,11, 38
1560 20 95 25 n, 7
15782 10 p, t, 7,14,18
1593 20 35 5 n,t, 7,14, 17
15944 15 21 6 n,t, 7,14
16026 10 62 12 n,pt, 7,9, 14,18, 38
16190 10 3 450 100 ,n,p,t, 10, 14, 18
1626 20 3" 150 28 ,n,t, 6,7,9, 14,17, 18
16:32 20 30 n,p,t, 7,14
16:39 20 44 11 n,p,t, 7,14,17,38
16.46 560 .p.d 21, 28

14




Table 15.4: Energy levels é¥N 2 (continued)

Ex m Or Decay Reactions
(MeV  keV) cm: (keV)
16:576 15 27 15 n, 7,38
1659 25 3 490 ,n,p,t, 14
16:677 15 it 80 20 ,n,p,dt |67 14,17, 21,23, 28, 3Q
36, 38, 43
16:85 30 5 110 50 t, 14
16.91 350 n,p, dt, 14, 21, 36, 38
(17.05) p, t 14
17.11 broad d, 23
17:15 50 250 60 1, 6,14
17:23 40 175 dt, () 23
17:37 40 250 p, d, t, 14, 21, 23, 36, 38
17:58 40 450 120 ,d, t, 14, 23, 38
17:67 40 600 80 ,n,d, 6, 20, 21, 23
17.72 10 48 10 n, (p), d, t, 18, 21, 23, 38
17.95 20 167 n, 18
1806 10 19 4 (n), d, 17,21, 23
1809 20 40 (n),p,d,t | 21,23
18.22 158 n, 36, 38
1827 20 235 60 n, p, d, 18, 21, 23, 38
1870 20 11, 18
1891 150 N 750 70 : 6
1920 35 3 130 n,d 18,21
19.5 3) 400 . p,t 14, 28, 29
1972 40 d 11,17, 18
20112 50 (T=32 16, 46
20.5 3 400 ,n,p,d | 21,28
20:96 65 3T 4 17 1740 150 , 6,18
21.82 600 ,p, d 20, 28, 43
2319 60 (T=3) . p 28, 46
23.6 broad ,n, d 20, 43
2475 150 d 18
25.5 A UEE) N, p 28, 43
(26.8) 14
37 ) 28
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a See also Tables5.5and15.12here, and Table 15.6 i1 986AJ0) [ m].

b Revisions in the values of the fundamental constants artiedfinding energy of the deuteron, as
well as a reevaluation of earlier work, leatBOOWA?22) to suggest values fdEx which differ from
the ones shown by, typically, 40 eV [lower].

¢ See also reaction 40.

4 Wide or unresolved.

hr2i%2 =2:612 0:009fm (1988DE09Y
= 0:28318884245) nm (seel989RALY)

Natural abundance(0:366 0:009% (1984DE53
N*(5.27) =+(2:35 0:18) nm (se€l989RA1Y

1. (a)°BefLi, n)**N Qn, = 14:4986 E, = 25:3319
(b) °BeLi, p)4C Qn = 15:1245
(c) °BefLi, t)12C Qm =10:4835
(d)°BefLi, )''B Qm = 14:3403

Thick target neutron yields are reportedELi) = 40 MeV (1987SC1). The vyield ofp,
andp; (reaction (b)) forE (°Li = 3:84to 6.40 MeV shows some broad structure: analysis in terms
of Ericson uctuation theory gives a value of 0:4 MeV for the average level width &, = 28
MeV in °N. The excitation functions fdr, (reaction (c)), o, 1 and ; (reaction (d)) show broad
structures foE (°Li) = 4 to 14 MeV. See976AJ04 for the references.

2. 9Be('Li, n)15N Qm = 18:0818

Fig. 2: Energy levels of°N. In these diagrams, energy values are plotted verticaliiéV, based on the ground state
as zero. Uncertain levels or transitions are indicated Ispéd lines; levels which are known to be particularly broad
are cross-hatched. Values of total angular momertuparity, and isobaric spifi which appear to be reasonably well
established are indicated on the levels; less certainrassigts are enclosed in parentheses. For reactions in wich

is the compound nucleus, some typical thin-target exoitdtiinctions are shown schematically, with the yield plbtte
horizontally and the bombarding energy vertically. Bonuag energies are indicated in laboratory coordinates and
plotted to scale in cm coordinates. Excited states of thidwaknuclei involved in these reactions have generally not
been shown; where transitions to such excited states averkinooccur, a brace is sometimes used to suggest reference
to another diagram. For reactions in which the present nsabecurs as a residual product, excitation functions have
not been shown; a vertical arrow with a number indicating esdrombarding energy, usually the highest, at which
the reaction has been studied, is used instead. Furthemiafmn on the levels illustrated, including a listing oéth
reactions in which each has been observed, is containee imaster table, entitled “Energy levels'dN”.
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Table 15.5: Radiative decaysiPN 2

E; J; E; NE Branch Mult. mixing
(MeV) (MeV) (%) ratio
5.27 3 0 : 100 0:131 0:013
5.30 & 0 L 100
6.32° 3 0 3 100 +0:132 0:004
7.16° N 5.27 ' | 100 04 0:014%:%12
7.30 & 0 I 1993 07 0:0179:9%
527 | 5| 06 01| +0:18 0150r+2:5 1.0
530 |1 ] 02 01| 031 0150r+4:6 34
6.32 |3 < 0:25
7.57¢ 4 0 1 13 06
527 | 3" | 987 10 0:028 0:012
8.31 L 0 E 79 2
527 | % | <3
530 |i"] 10 2
632 |3 | 44 10
716 | 3" | 12 06
730 || 44 o7
8.57¢ ey 0 : 33 2 0:085"%:995
527 |3 | 65 3 0:091 0:007
6.32 3 14 06
716 | 3" | 36 05
9.05' i 0 : 92 3
527 |3 | 35 1
6.32 3 45 1
730 |37 12 04
9.152 3 0 2 100 3 +0:015%99
9.155 > 0 : <2
527 |3 11 1
530 |1 10 1
6.32 |3 22 2
716 | 3| 57 3
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Table 15.5: Radiative decaysiPN 2 (continued)

E; J; E; NE Branch Mult. mixing
(MeV) (MeV) (%) ratio
9.229 : 0 L 22 5
530 |3 42 8
6.32 3 35 6
730 || 26 07
9.76" 2 0 1 | 815 28
5:27 +5:30 75 15
6.32 3 37 08
716 | 3| 23 05
757 || 50 06
9.83' I 527 |3 85
632 |3 | 22 09
716 | 3| 24 11
730 |3 37 09
757 | I"| 73 10
9.93 3 0 1776 19
5:27 +5:30 154 1.5
632 |2 | 49 12
730 | ¥ | 21 o8
10.07% g 0 I 1960 07
5:27 +5:30 40 07
10.45' 3 527 | 3" | 550 08 +0:021 0:033
632 | 3% | 313 17 059 0:13
7.16 | 52 01 +0:139:5
857 || 38 06 0.3 04
9.152 | 3 47 01 0:32°%%
10.53" > 0 : < 01
527 |3 | 387 02 0:27 0:03
6.32 3 77 01 0:028 0:004
7.16 ' 194 02 +0:0079;929
730 | ¥ | 314 05 +0:066 0:005
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Table 15.5: Radiative decaysiPN 2 (continued)

E; J; E; NE Branch Mult. mixing
(MeV) (MeV) (%) ratio
8.57 1 24 01 +0:012%:398
9.152 | 2 03 01 0:20'%:33
10.69™ e 527 | 3" | 616 03
716 | 3| 21 01 0:03 0:07
757 | 1" | 363 06 +0:118 0:008
10.70™ 3 0 1 | 526 08 +0:180%:5%
5.27 ' | 374 06 0:2479;9%
530 |i"| 08 o1 0:13 0:07
632 |3 | 38 01 +0:135 0:015
716 | 3| 04 01 0:3 03
730 |3 23 o1 0:027 0:023
8.31 ) o8 01 0:017°9,918
9.05 |1 02 o1 0:007 0:12
9152 |3 | 02 o1 0:11 0:03
9.23 1 15 01 +0:049%,0%¢
10.80" y 0 1 | 515 04 0:02 0:01
527 || 49 o1 0:63 0:04
530 | 1" | 155 02 0:55 0:02
632 |3 | 54 02 0:07 0:05
716 | 3" | 78 01 +0:14 0:03
730 | ¥ | 58 01 0:12 0:02
831 |1 | 36 01 +0:12  0:03
9.05 |i"| 03 o1
9.152 | 2 09 01
9.155 |2 42 01
11.62° | 1T =3 0 1 1907 30
527 |3 <1
530 |i"| 74 15
632 |3 | 19 15
1252 |35, 7=2% 0 : <1
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Table 15.5: Radiative decaysiPN 2 (continued)

E; J; E; NE Branch Mult. mixing
(MeV) (MeV) (%) ratio
5.27 §+ 942 06 0:02 0:04
530 |17 <1
6.32 3 58 06 0:02 0:.04
13.39° g 0 : 100

@ See also Table$5.12and 15.15 and 15.6 in1986AJ0). For references see Table 15.4 i®81AJ0).
Please note thaf@76BE1B is an unpublished Ph.D. thesis.

b Transitions td*>N*(5.27, 5.30) are< 0:1 and< 0:05%, respectively1975M029.

¢ Transitions ta*®N*(0, 5.30, 6.32) arec 0:1, < 4 and< 0:5%.

d Transitions t0°°N*(5.30, 6.32) are< 4 and< 0:6%.

€ Transitions t0'°N*(5.30, 7.30, 7.57) arg 12, < 0:7 and< 3%.

f Transitions ta*®N*(7.16, 7.57, 8.31) arg 10, < 2 and< 0:5%.

9 Transitions ta*°N*(7.16, 7.57, 8.31) arg 1, < 20and< 5%.

h Transitions t*°N*(7.30, 8.31, 8.57) ar& 2, < 1and< 2%.

' Transitions ta*®N*(0, 5.30) are< 4 and< 15%.

I Transitions tat>N*(7.16, 7.57, 8.31, 8.57) are each1%.

K For upper limits for transitions to other states see Tablé 5(1981AJ0).

! Transitions td*>N*(0, 5.30, 9.83) ar&c 12, < 2 and< 0:1%. See alsol990G025.

M See also1990G025.

" is+ becauseif were the and ofthel(:80! 5:30MeV transition would lead to an unacceptably
high M2 value (33 W.u.) (P.M. Endt, private communicatiofie alsol990G0O25.

© See footnotd in Table 15.4 {981AJ0).

P, =3:0 09eV, , ,/ =1:70 0:5eV; =0:00 0:04(M2/E1);B(E1)=(1:2 0:4)10 3¢ fm?.
Transitions t0"°N*(5.27, 5.30) are< 8% and to'°N*(6.32, 7.16, 7.30) arg 5%.

See (1985MC1C applied).

3. °Be(2C, 5Li) *°N Qm= 28395

See (988GO1H E (*2C) = 65 MeV; prelim.).

4. B (5Li, p)5N Qm = 18:7462
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Table 15.6: ResonancesB( , ¢)*®N?

E Ex cm: ‘]
(MeV) (MeV) (keV) (eV)

7.20 1627 0:04 | 240 30 11 N
7.70 1664 0:04 | 250 30 11 3
8.40° 17:15 0:05 250 60 2 CHED
9.11° 17:67 0:05 600 80 7 g
10.80° 1891 0:15 | 750 70 )
14.00° 2125 0:15 | 1740 150 34 1t

aFor references and other information see Table 15.798§AJ0).
b TheseE may be 100 keV too high.
¢ There is indication of M1/E2 transitions interfering witietpredominant E1 transitions.

At E(SLi) = 4:9 MeV, thirty proton groups are observed corresponding® states with
Ex < 16:8 MeV. Angular distributions have been measured for the prgi@ups corresponding
to 1°5N*(5:27 + 5:30, 6.32,7:16 + 7:30, 7.57, 8.31, 8.579:05 + 9:15): see (976AJ03.

5. 10B(7Lj, d)!5N Qm = 13:7207

At E(“Li) = 24 MeV angular distributions have been studied to many of'tihestates with
Ex < 155MeV: see ((981AJ0).

6. 1B( , )N Qm = 10:9916

The 90 differential cross section fory production has been measured tor = 5:74 to
18.0 MeV: see 1981AJ01 1986AJ0). For the observed resonances see Tdbl& See also
(1988WAZY; prelim.).

7. (@MB( , n)*N
(b) *B( , p)C

Qm = 0:1583
Qm = 0:7842

Ep, =10:9916

Reported resonances are displayed in Tdblg. Nine resonances have been observed in the
total cross section for reaction (a) in the rarige = 0:55to 2.40 MeV (L988WAZY; prelim.)
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[astrophysical reaction rates will be derived]. For thiakget neutron yields foE = 1:0t0 9.8
MeV, see the review inl989HEODJ. See alsol987EL1RB applied).

The total cross section for reaction (b) has been measurdtl fg 0:9to 1.7 MeV: resonance
information is deduced byi@87TUOQ). At higher energies (to 25 MeV) thm excitation functions
show broad features: seE981AJ0).

Table 15.7: ResonancestB + @

E om: Particle J E.
(MeV keV) (keV) out (MeV)
0.606" N ! 11.436
0107 20°¢ n,p 11.78
1:20 10° n,p 11.87
1:32  10¢ n, p 11.96
1:50 10°¢ n, p ") 12.09
1:57 10°¢ 41 5 n,p 3) 12.14
2:056 10 34 5 No, Po N 12.499
2:610 13 56 11 No, Po, 3 12.905
2:66 30 81 Po, > 12.94
2:942 10 7 3 No, Po 13.149
2:984 10 7 3 No, Po 13.180
3239 15 16 8 No, P, 3 13.366
331 30 61 p, g 13.42
346 30 85 30 No, 3 13.53
3560 10 18 4 No, P ) 13.602
357 30 94 y 13.61
3712 10 26 8 No 13.713
(3:78 30) 70 ") (13.76)
389 30 70 N, ") 13.84
409 30 100 Ny 13.99
4232 10 22 6 No 14.094
4:24 30 100 N, g 14.10
4:324 10 27 6 No 14.162
443 40 150 N 14.24
4:62 40 100 . 14.38
485 20 200 50 No 14.55
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Table 15.7: Resonances’B +

a (continued)

E om: Particle J Ex
(MeV keV) (keV) out (MeV)
4:986 10 33 6 No 14.647
511 30 110 50 No 14.74
528 20 48 11 No, 14.86
5358 10 12 3 No 14.920
5501 10 13 3 No 15.025
559 20 80 25 No, 15.09
5:860 10 22 6 No, 15.288
598 20 75 25 N, ( 15.38
6:06 20 100 No, ( 15.43
6:19 20 35 No 15.53
6:29 20 95 25 Ny 15.60
(6:65 40) () (15.87)
6:73 20 35 10 No, N2 15.93
6:755 15 21 6 Ny 15.944
6:83 20 60 20 Ny 16.00
6:884 15 62 12 No, 16.039
(6:98 40) () (16.11)
7:18 20 100 No, 16.26
7.27 20 30 No 16.32
7.37 20 44 11 Ny 16.39
7.616 15 27 15 No, (N3) 16.576
7754 15 60 10 No, (N2) 16.677
a For references see Table 15.7 1981AJ0).
b (1988WAZY: prelim.): < 0:2keV.
€ (1987TU0Y;J = %( ) 8 1,57 8 [seealso for partial widths].
8. (@)1B( , d)*3C Qm = 51677 Ep = 10:9916
(b) 1B( , t)t2C Qm = 3:8568
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The yield ofdy has been measured f&r = 13:5 to 25 MeV. The excitation functions for
to andt; (to 25 MeV) show strong uncorrelated structures: $€5¥6AJ04 1981AJ0). See also
(1989VAO0D).

9.11B( , )UB E, = 10:9916

Observed resonances are shown in Tdhlg.

10. 1B(°Li, d)!*N Qm = 9:5166

At E(°Li) = 34 MeV angular distributions are reported to the states ®ith< E, < 163
MeV: this reaction appears to be less selective than reatfio The most strongly populated states
are'>N*(9.2, 10.5, 10.7, 13.1, 14.8, 15.5). Sé®81AJ0). See also{990AZZ2).

11. 1B(7Li, t) 15N Qm = 8:5238

At E("Li) = 24 and 34 MeV, angular distributions to states WitB < E , < 15:6 MeV have
been measured®N*(9.8, 10.5, 10.7, 15.4, 15.5) are particularly strongbpplated at 34 MeV.
J = §+, 2,4, 2, &, 8, L are suggested fdfN*(10.69, 12.56, 13.03, 13.19, 13.84, 14.11,
15.37). Only*®N*(15.52) appears to have a large cluster component canepg to''B +
See (981AJ0). For a study of the -decay, seel@81AJ0). At E (“Li) = 34, 40, 45 and 55 MeV
states aE, = 13:88, 17.10, 18.67, 18.81, 19.70, 19.93 and 22.86 MeV are reghtwtbe strongly

populated {990AZZZ prelim.). See alsol©@90DA03.

12.11B(°Be, n)N Qm = 9:4181

Gamma-ray cross sections involvifgN*(5.3, 6.32, 7.16, 7.30, 7.57, 8.57) are reported at
Ecm: =1:92 2.30 and 2.46 MeV1986CUO02). See (984DA17) for cross sections and-factors.

13.11B(160, 12C)15N Qm = 3:8297

Angular distributions have been measurel 860) = 27 to 60 MeV involving the two proton-
hole states of°N[**N*(0, 6.32);J = Z , 2 ]and*C*(0, 4.4, 9.6): seel976AJ03. See also
(1989KA1LN theor.).
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14. (a)!2C(t, )N Qm = 14:8484

(b) 2C(t, n}**N Qm = 4:0151 Ep, = 14:8484
(c) 2C(t, p*C Qm =4:6410

(d) *2C(t, t)*?C

(e)2C(t, )''B Qum = 3:8568

The 90 excitation function for ¢ in the range 1.0 to 6.5 MeV [se@{81AJ01 1986AJ0)]
shows one very strong resonance (at pdak, 0:5 b/sr) corresponding t’N*(16.7) as well as
two other strong (unresolved and/or broad) resonancEs at 3:3 and 6 MeV: Tablel5.8shows
the derived parameters. Taldlé.8also displays the structures observed in reactioris (b). At
E. = 17 MeV the polarization and analyzing power for the transitio*Cy. (reaction (c)) are
shown to be the same, as required by the conservation oypahé VAP for the elastic scattering
(reaction (d)) has been measuredtat= 9 and 11 MeV: seel(985AJ0). See (981AJ0) for the
earlier work. See alsd.P85SA31 1990HA4E theor.).

15.12C(He, *)1N Qm= 1247387

Individual states have not been resolved in this reactione dross section over the bound
states of°N is< 0:03nb atE - =5 MeV and0:8 0:2nbatE - 60MeV [E(®He) = 170:2
and 236.3 MeV, respectively]l 988HO15. For the earlier work se€.984BI0§ 1986SC23.

16.12C( , p)**N Qm= 49656

Angular distributions have been measured at many energids f= 13:4 to 96.8 MeV: see
(1976AJ04 1981AJ01 1986AJ0). See alsol987MIZY, 1988BRZY, E = 48 MeV; prelim.),
(1987BI1C E =218 MeV;, prelim.) and (989BR1).

17.12C(Li, 3He)'SN Qm= 09471

Observed®He groups are displayed in Table 15.9 8981AJ0). Comparisons of the angular
distributions obtained in this reaction B{°Li) = 60:1 MeV and in the §Li, t) reaction shows
analog correspondence for the following pairs of levél27 5:24, 7.16 6:86, 7.57 7:28,
857 828 1080 1048 1315(u) 1284, 1549(u) 1505 rst listed is E, in *®*N-second
in °*Q]. [Ex are nominal; u= unresolved.] For -decay measurements see Tabie5 See also
(1990AZZ2).
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Table 15.8: Resonances#C +t 2

E: Particles J (keV) Ex
(MeV  keV) out (MeV)
0.66 0 15.38
1.11 Po, to, 1 15.74
1.21 to 15.82
1:30 20 |n, ¢ 15.89
1:39 20 |n,to, o 15.96
1.46 Po 16.02
1.54 n, o 1 16.08
1:64 40 | on, o $* 1 450 100| 16.16
1.78 0 16.27
185 20 | n,po, o 1 16.33
1:98 20 | n,po 16.43
205 30 | po, to, o 16.49
2:18 25 0, N, Po, to, o, | 3 490 16.59
1
2.30 o,NPo, 0 1 |3 |130 15 | 1669 001
239 30 |nto o 1 16.76
250 30 0 1 16.85
2.60 0 16.93
2.75 Po 17.05
2.82 o to, 0 1 3 17.10
2:89 50 0 17.16
3.14 1 17.36
3.30 0 3" 1450 120|17:49 0:09
6 0 19.6
15.0 to 26.8

a For references see Tables 15.81976AJ04 1981AJ0) and 15.9 in {986AJ0).
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Table 15.9: States dfN from >C("Li, )

Ex (MeV keV) Ex (MeV keV) Ex (MeV keV)
(1973TS022 | (1980ZE02® | (1973TS022 | (1980ZE02P | (1973TS022 | (1980ZE03}°
0 10.808 15.021 15.024
5.295 5.284 11.274 15.373 15.379
6.332 6.323 11.430 11.456 15.782 15.778
7.163 7.157 11.951 11.936 16.026 16.032
7.310 7.299 12.3207 12.328 16.190 16.210
7.566 7.574 12.559% ¢ 12.551 17.735
8.320 12.923 17.949°
8.5802 8.574 13.004% 13.001 18.272
9.1632 9.159 13.173% 13.178 18.698°
9.8282 9.809 13.614 1927 40
9.932 9.921 14.087 14.097 1968 5004
10.072 10.075 14.720 14.693 2093 50 d
10.524 10.518 14.874 2475 150 ¢

10.7007 10.714

@ E(’Li) = 35 MeV;, angular distributions have been measured for thestabelled by this footnot€E,  10keV.

b E ("Li) = 48 MeV; angular distributions have been measured for thestakelled by this footnoté€E,  20keV unless
otherwise shown.

¢ (1973TS02 suggest that this state is not the= % state at 12.52 MeV.

4 Wide or unresolved.

18.12C(7Li, )'SN Qum = 12:3806

Observed -groups are shown in TablE5.9 Angular distributions have been measured to
E(Li) = 48 MeV. Comparison of spectra from this reactidb((Li) = 34:9 MeV) with those
from*3C(eLi, ) (reaction 26) lead to con gurations of (for 1°N*(10.7, 12.57, 13.20, 15.42) and
suggest thatPN*(12.57, 13.20) have lowel than'*N*(10.7, 15.5), probably 1. N*(13.02)

is shown to be p(d)in aggreement witd = 171 : see (981AJ0).

15N*(9.155) [J = 3] decays t0°N*(5.30) [J = "] by an E2 transition; therefore its parity is
positive. It has a large triton cluster parentage. This istn® of 1°N*(9.152): see {981AJ0).

For -decay measurements see Tallleh See also{985SA31 theor.).
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19. (a)*2C(1B, ®Be)!SN Qm = 3:6250
(b) 12C(13C, 19B) 15N Qm= 90275
(c) 2C(*80, 1B )15N Qm= 119768

For reaction (a) seel®81AJ0) and (L988MAO7). For reaction (b) seel@89VvVO1D. For
reaction (c) seel©84RA07.

20.13C(d, )N Qm = 16:1594

The90 95 yields of ¢ have been measured fBy = 1 to 10 MeV: observed resonances
are displayed in Tabl#5.1Q The -ray angular distributions are consistent with the emissib
predominantly E1 radiation except for evidence of M1/E2asiaons in the regioe, = 20 215
MeV: see (981AJ0). See alsol990HA49.

21. (a)3C(d, n}*N Qm = 5:3260 E, = 16:1594
(b) *C(d, p}*C Qm =5:9519
(c) °C(d, 2p}°B Qm= 14880

Observed resonsnces are displayed in TabldQ Polarization measurements have been car-
ried out atE, = 12:3 MeV (reaction (a)) and 13 and 56 MeV (reaction (b)): s&@86AJO0).
See also 1987AB04. For VAP measurements (reaction (c))Bf = 70 MeV to *Bys see
(1986M0O27.

22.13¢(d, dy3C E, = 16:1594

Excitation functions for elastically scattered deuterbage been measured in the rarife=
0:4t0 5.7 MeV: seel976AJ0J3. Polarization studies have been reportecHgr= 12:5to0 15 MeV
and atE, = 56 MeV: see (981AJ0] 1986AJ0).

23. (a)*C(d, ty2C Qm = 1:3109 Ep = 16:1594
(b) 13C(d, *He)'?B Qm= 12040
(c)’c(d, B Qm = 5:1677

Observed resonances are listed in TalBelQ For polarization measurementsfg = 29
MeV [reactions (a), (b)] seel@81AJ0).
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Table 15.10: ResonancesC + d2

Eq Particles lab ION*
(MeV) out (keV) (MeV)
0.37 p 16.48
0.64 n, Po, to 100 16.71
0.85 n, Po 400 16.90
1.10 0 broad 17.11
1:.24 0:04 | to, ( o) 200 17.23
1:40 0:04 | po,to, o 400 17.37
1:64 0:04 |t 200 17.58
174 004 | o,n, o 600 17.67°
1:80 0:01 | (po),to, 1 55 10 17.72
220 001 | (n), o, 1 22 4 18.06
2:23 0:02 | (n),po,t 50 18.09
2:45 0:03 | n,po, o 270 70 18.28
346 003 | n 150 19.16
51 N1, Po 50 20.6
6.65 0 700 21.92
8.8 0 broad 23.8
a See references listed in Tables 15.10{6AJ04 1981AJ0).
by =1 ord";T=1.
24.13C(He, p)°N Qm =10:6658

Observed proton groups anerays are listed in Table 15.11 af§81AJ0). Angular distribu-
tions have been reported fBr(°He) = 4:37to 20 MeV: see 1981AJ0).

25.13C( , d)!*>N Qn = 76874

At E = 34:9 MeV a ZRDWBA analysis has been made of the angular distribstiomn
5N*(5.27, 5.30, 7.16, 7.30, 7.56, 8.31, 8.57, 9.05, 9.1507010.53, 10.69, 11.43, 11.94, 12.10,
12.33, 12.49, 12.56, 13.00, 13.83, 14.08).= 0 for the group(s) td°N*(9.15, 10.69);L = 2
for 15N*(12.56); L = 3 for >N*(5.27, 7.16, 7.56). = 4 for >N*(11.94, 13.00),L = 1 for the
remaining transitionsl©84YAQ03. See also Table 15.11 af$76AJ03.
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26.13C(6Li, )5N Qm = 14:6843

Angular distributions have been measured#iLi) = 32 MeV to ®N*(0, 5.30, 6.32, 7.16,
7.30, 7.57, 8.31, 8.57, 9.15, 9.23, 9.83, 10.07, 10.70411.8.00): the results are consistent with
the previously knowd , with (odd) parity for'®N*(9.83) and with] = 2 for 1*N*(11.94): see
(1981AJ0).

27. (a)3C(1°B, 8Be)'SN Qm = 10:1328
(b) 3C(11B, °Be)*N Qum = 0:3440

For reaction (a) seel@88MAQ7). For reaction (b) seel081AJ0).

28.14C(p, )'SN Qm = 10:2074

Observed resonances are displayed in TdBld 1 the branching ratios are shown in Table
15.5 Narrow anamolies (in they yield for E, = 2:8to 30 MeV) are reported &, = 10:0, 11.0,
12.35, 13.6, 16.4 MeV. A good t to the total cross sectid (= 7:5to 19 MeV) is obtained
with the GDR split into peaks &, = 21:0 and 25.5 MeV with = 6 and 2 MeV, respectively.
The integrated E2 cross section 65 = 19:5t0 27.0 MeV is 6:8 1:4)% of the isoscalar sum
rule. The reaction thus shows no sign of a collective E2 rasoa in thatE, region. [Another
study shows no appreciable E2 strength concentratioEfor 14:3 to 23.3 MeV.] Above the
GDR region the90 , cross section decreases smoothly with energy except foral peak
which would correspond t&N*(37.0). See {981AJ0] 1986AJ0) for the references. See also
(1985CA41 1988CA26 1990G0O25astrophysics) andLQ90HA44G theor.).

29.1C(p, n}*N Qm= 0:6259 E, = 10:2074

Observed resonances are displayed in Tablé1l Cross sections have recently been measured
forE, = 0:67t0 1.20 MeV (L989KEZZ prelim.). Polarization measurements are reportét},at
160MeV (1984TA07 1987RA15 Ay; Dyn (0 ); n to M*N*(0, 2.31, 3.95, 13.72)). Forward-angle
differential cross sections have been measurds,at 200, 300, (400), 450 MeV1986AL1§
1989AL04 n; + n,) and at 492 MeV 1989RA09 n4, ny). See (986AJ0) for the earlier work.
See also1985TA23, (1986 TALE 1987TA22 1989SU1LY, (1985CA41 1988CA26 astrophysics)
and (L987BE10 1987L0O10 theor.).

30. (a)**C(p, pi*C Ep = 10:2074
(b) **C(p, )''B Qn= 07842
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Table 15.11: ResonancestftC + p 2

ce

= cm: n p J Ex
(MeV  keV) (keV) (keV) (keV) (keV) (eV) (MeV  keV)
0:261 06f < 05 (0:08 0:01) 10° (0:29 0:05)meVP 2 10:4497 0:3¢
0:352 1f 37 6meV® > 105333 0:5¢
0519 1f (0:49 0:10) 10 ° 31 05meV® N 106932 0:3¢
0527 1f 0.2 0:37 0079 g 107019 0:3¢
0:634 1f (0:22 0:10) 103 0:27 0:14N 3t 10804 2d
1162 2 79 3 2.3 5.6 < 03 0.29¢ : 11.291
1:3188 05 | 414 11 |346 09 6:8 05 <03| 42 07° i 11.4376
1:509 4 | 4049 63 | 40 02 4009 6:3 < 03| 192 04° 1=12 11.615
1:668 3 37 36.5 0.5 < 03 g 11.763
1:788 3 24.5 24.5 0.03 <03 2.2) 11.875
1884 3 21.5 21.2 0.3 < 03 . 11.965
2:025 4 14 5 12.0 1.7 0.6 > 12.096
2:077 3 47 7 30.2 16.6 2.2 3 12.145
2272 4 22 21.7 0.3 < 03 st 12.327
2:450 4 44 3 28 0.3 5.5 T=1 12.493
2:482 8 58 4 46 07 i T=12 12.523
2:908 4 70 25 9.0 15 3 12.920
293 10 81 n.r. 0.5 80 > 12.940
3.19 5.5 r 13.18
338 10 24 6 6.0 12 g 13.360
3421 10 57 20.6 35 55 | 30 09 & 13.390
357 10 124 75 8.0 40 3 13.537
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Table 15.11: ResonancesttC + p 2 (continued)

= cm: n p J Ex
(MeV  keV) (keV) (keV) (keV) (keV) (eV) (MeV  keV)
3:65 10 88 16 12.0 60 & 13.612
3.71 r 13.67
4.0 930 500 r 3 13.9
41 100 | 98 10 25 r > 14.0
4:2 100 r ©) 14.1
4:6 150 74 7 20 r ) 3 14.5
4.8 149 18 39 r (r) N 14.7
4.83 750 r 14.71
5.08 158 19 20 r g 14.95
516 130 28 3 9.0 r g 15.0
5:54 130 39 5 12 r (n 2 15.4
5.62 750 r 15.45
6:4 150 | 130 14 19 r & 16.2
6.70 560 r 16.46
6.925 90 10 r r ) 16.67
718 180 | 110 50 r 2 16.9
9 r .1 19
10.0 sharp (10007?) r T=3 19.5¢
11.0 sharp r & 20.5
12.35 r 21.72
13.65 r 22.94
16.4 r (T=2 25.5¢
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Table 15.11: ResonancesttC + p 2 (continued)

Ep cm: n p J Ex
(MeV  keV) (keV) (keV) (keV) (keV) (eV) (MeV  keV)
29 r 37
r = resonant

n.r.= non-resonant

a See Tables 15.5 il @59AJ76, 15.11 in (970AJ04 and 15.12 in {1981AJ0) for references and additional comments.

b

¢ ,.lamindebted to P.M. Endt for this correction.

d E, measured directly: sed981AJ0).

€ Analog not observed it*N(p, )'°O.

" Resonances are observedEgt= 262, 351, 520, 528 and 635 keV [L keV] (1990G0O25. See also Tabl#5.5 | am indebted to Drs. J. Gorres and M. Wiescher
for sending me these results prior to publication.

91 =840 130meV (1990G0O25.

h1 =270 40meV (1990GO25.



Observed resonances and anomalies are displayed in Taldlé For polarization measure-
ments seel981AJ01 1986AJ0). See alsol989AMOL; theor.).

31.1C(d, nySN Qum = 7:9829

Angular distributions have been measuredlgr= 1:3to 6.5 MeV: see1976AJ03.

32.14C(He, df°N Qm = 4:7139

Angular distributions have been studiedEa®He) = 23 MeV to °N*(0, 5:27 + 5:30, 6.32,
7.16, 7.30): seel@81AJ0). See alsol976AJ0J.

33.1C("Li, ®He)'sN Qum = 0:2328

See (988AL1G; E('Li) = 27 MeV, prelim.).

34, 14C(160, 15N)15N Qm= 19201
See (976AJ04 1986AJ0).
35.1N(n, )N Qm = 10:8333

The thermal cross section7€.8 1:4 mb (19901SOY. See alsol988MCZT).

Observed -rays from thermal neutron capture are displayed in TAbld2 See also Table
15.5 The90 , yield and angular distributions have been measuretfor 5:6 to 15.3 MeV.
The cross section shows two prominent dipEat 16:7 and 18.1 MeV [compare witHN(p, );
reaction 9 in*°0] and broad structures B, 17 and 19 MeV. The angular distribution data are
consistent with essentially pure E1 radiation in the redigrn= 17 to 24 MeV (1982WEOQ0). See
also (L1989WO1J and (L989GU1Jastrophys.).

36.N(n, n)*N Ep = 10:8333
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Table 15.12: Gamma radiation frotffN(n, )?

Transition E b E,P | ¢
in °N (keV) (keV)
cl o 10829.087 (46) | 10833.302 (12) | 13.65 (21)
Cl 527 5562.062 (17) 10.65 (12)
Cl 530 5533.379 (13) 19.75 (21)
Cl 632 4508.783 (14) 16.54 (17)
Cl 7:16 3677.772 (17) 14.89 (15)
C!l 7:30 3532.013 (13) 9.24 (9)
Cl 831 2520.418 (15) 5.79 (7)
C! 9.05 a
Cl 9152 1681.117 (171) 1.54 (15)
Cl 9155 1678.174 (55) 7.23 (18)
5271 0 5269.169 (12) | 5270.155 (10) | 30.03 (20)
530! 0 5297.817 (15) | 5298.822 (11) | 21.31 (18)
6:32! 0 6322.337 (14) | 6323.775(15) | 18.67 (14)
716! O 7155.051 (16)
7:16! 527 1884.879 (21) 18.66 (25)
7:16! 5:30 0.8(2)
7:30! 0 7298.914 (33) | 7300.832 (16) |  9.73(9)
730! 5:30 a
831! 0 8310.143 (29) | 8312.620 (25) |  4.22 (5)
831! 530 3013.494 (73) 0.69 (2)
831! 6:32 1988.507 (239) 0.37 (9)
857! 0 8568.920 (230) 8571.412 (120)  0.073 (4)
857! 527 3300.728 (113) 0.16 (2)
9:05! 0 9046.802 (69) | 9049.713(69) |  0.186 (5)
9:152! 0 9149.222 (47) | 9151.895 (120)  1.62 (2)
9:155! O 9154.895 (23)
9:155! 5:27 3884.184 (39) 0.57 (2)
9:155! 5:30 3855.579 (45) 0.70 (1)
9:155! 6:32 2830.809 (70) 1.75 (3)
9:155! 7:16 1999.708 (86) 3.99 (9)
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Table 15.12: Gamma radiation frolfiN(n, ) 2 (continued)
Transition E b E,P | ¢
in °N (keV) (keV)
9:2221 0 9219.022 (763) 9222.06 (76) 0.024 (5)
9:925! 0 9921.511 (166) 9925.033 (166)  0.127 (4)
10.066! O 10062.345 (197) 10065.969 (197 0.062 (4)

C = capturing state.

a See also Tables 15.13 ihg81AJ01 1986AJ0) for earlier references, comments and reports.
< 0:01% (T.J.

Kennett, private communication).1990WA29 [see footnote? in Table 15.4 recommends

different values foE andE,.
b Error inQp, not included. Adjustments due to it require the additionuadyature of th&,
error: see [986KE19.
¢ In units of photons/100 captured986KE19: errors are statistical only but these are
predominant.

The previously reported transition t8N*(9.76) has not been con rmedkt

Table 15.13: Resonances!itN + n?

Eres lab n p J 15N*
(MeV keV) (keV) (keV) (keV) (keV) (MeV)
0:430 5 3.5 <3 < 0:01 3 11.235
0:4926 0:65 7.5 <3 < 10 : 11.2928
0:639 5 43 34 9 L 11.429
0:.998 5 46 45 0.8 g7 11.764
1:120 6 19 19 0.20 3 11.878
1:188 6 32 <2 <01 3 11.942
1:211 7 13 12 0.4 L 11.963
1:350 7 21 20 0.9 0.4 st 12.093
1401 8 54 41 11 1.8 s 12.140
1:595 8 22 21 02 | <01 () 12.321
1:779 10 47 37 0.5 9.0 ") 12.493

2.23 65 39 7.8 18 3 12.91

2.47 <3 r 13.14

2.52 7 r r 13.18
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Table 15.13: Resonances'itN + n2 (continued)

Eres lab n p J 15N*

(MeV keV) (keV) (keV) (keV) (keV) (MeV)
2.71 40 r g 13.36
2.74 95 r N 13.39
2.95 20 16 1.1 3.2 N 13.59
3.09 60 r r 13.72
3.21 85 r r r " 13.83
3.51 20 r r r 14.11
3.57 30 r r r 3 14.16
3:8 2000 1000 200 1000 14.4
4.09 50 r r r 14.65
4:2 300 r r r 14.8
4.38 40 r 14.92
4.60 r r 15.12
5.03 r 15.52
5.60 100 r 16.06
5.94 r 16.37
6.16 75 r 16.58
6.26 100 r r 16.67
6.55 170 r r 16.94
6.94 200 r r 17.31
7.16 r 17.51
7.34 120 r 17.68
7.48 180 r r 17.81
7.92 170 r r 18.22
8.00 120 r 18.29

I = resonant.
a See references in Tables 15.141970AJ04 1976AJ04.
The scattering amplitude (bound)= 9:37 0:03fm, e = 10:05 0:12b, ﬁff:i” (bound

nucleus)= 0:49 0:11b (1979K0O2§. Observed resonances are displayed in Tabla3 for

a discussion of the evidence leadingXo assignments sed959AJ79. Cross section curves
and a listing of references can be found 183MCZT). Recent measurements are reported at
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Table 15.14: Beta decay &fC 2

Decay to'°N* J Branch (%) log ft

(keV)

g.s. z 368 08¢ 5:99 0:03°¢
529887 0:15° i 632 0:8° 411 001
63233 0:6 3 04 10?2 7:8
73011 05 g (0:74 0:08) 10 2 6:89 0:05
83129 05 & (41 05) 10?2 5:18 0:05
85714 1.0 g (1:3 02) 10?2 5:34 0:07
90500 O:7 i (34 03) 10?2 4:05 0:04

a (1979AL23.
b (1976AL16. 5297794 0:035keV: see {981WA08.
¢ (1984WAO7.

En = 0:14, 1.3 and 2.1 MeV 1988KO1§ ), 7.67 to 13.50 MeV 1986CH2F el and inel;
prelim.). 10.96, 13.96 and 16.95 Me\485TEO01 elastic). The (n, %) cross section has been
measured foE,, = 2:5to 3.5 MeV (989STZW prelim.; applied). Analyzing powers for the
No group have been measured 5 = 10 to 17 MeV (1989LI26. See alsd“N, (1988BA55
1986LI11M) and (L988MA1H).

37.N(n, 2n)i®N Qm= 105535 E, = 10:8333

Cross sections have been measuredsipr= 10 to 37 MeV [see {988MCZT)] and atE,, =
1340to 14.87 MeV (L989KA19. See alsol989KA2B).

38. (a)N(n, p)i*C Qum = 0:6259 E, = 10:8333
(b) “N(n, d):3C Qm= 53260
(c) N(n, H)2C Qm= 40151
(d) ¥N(n, *He)2B Qm= 127436
(e)¥“*N(n, )'B Qmn = 0:1583

(1989K01), using the “white” neutron source LANSCE, have measuredrhg) cross sec-
tion from 61 meV to 34.6 keV. Their results support the roldho$ reaction as a “poison” dur-
ing s-process nucleosynthesis. [S&@8§9KO1) for a discussion of other measurements.] See
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also (1988BR17 1989KEZ2. For a display of the measured cross sections for (a) and¢e)
(1988MCZT). See also1988SUZY, E, = 5:0t0 10.6 MeV; = 11 to 30 mb; prelim.) for reac-
tion (c) and (988MA1H). For resonances in reactions (a) and (e), see TEhE3 (1986SU1%
report double-differential cross sectionskat = 27:4, 39.7 and 60.7 MeV for all ve reactions.
See also1989CH2H.

39. “N(p, *)N Qn = 129518

At E, = 200 MeV, angular distributions anf, have been measured for the transitions to
5N*(0, 6.32, 8.31) as well as for a number of unresolved ttzorss. A sharp group &, = 21:5
MeV is suggested to correspond t%a state (988AZ1D, 1987AZZZ Ph.D. thesis and abstract).

40.¥N(d, p)sN Qum = 8:6087

Proton groups (and-rays) from this reaction are displayed in Table 15.151881AJ0). The
results includee, = 7567:1  1:0 keV for °N*(7.57). Newer values, derived from measurements
of proton groups in a spectrograph, 8702 1:3,63240 1.0,715485 0:17,730080 0:09,
756325 0:19,831279 0:12 857153 0:25,905024 0:33 1006434 0:31and112355
0:5 keV (1990P105. Angular distributions have been meausredBgr= 0:32to 52 MeV and
lead tol,, J and spectroscopic factors: see Table 15.15188@AJ0). Branching ratios and
multipolarities are shown in TablEs.15 See alsoX985LI1H 1985ME1E 1987SI110 1988LI1E
1988VI1A, 1989VI1E appliactions).

41. “N(N, 1NN Qum = 0:2799

See (981AJ0) and (L988DA12 theor.).

42.15C( )15N Qm =9:7717

See reaction 1 if°C and Tablel5.14

43. (a)'SN( , n)“N Qm= 108333
(b) 5N( , 2n):N Qm= 213868
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(¢) *N( , py“C
(d) *°N(e, go)*“C
(e) 15N( ,d)13C
(f) 15N( ’ t)lZC
(@) N(, )"0

1G0:2074
102074
16:1594
148484
142322

Table 15.15: Radiative widths froMN( , 9 and®®N(e, &) 2

Ex (MeV  keV) J Mult. . (eV)
5.27 2 C3 (42 03) 10°
M2 (12 0o7) 10*
5.30 : C1 22 23
6:323 1° 3 c2 0:050 0:004
M1 1.9 04°
M1+ E2 312 0:18hide
7.16 3 C3 (0:86 0:10) 10°
7:301 1° g C1 26 10
M2 (0:3 02) 10°
El+ M2 1:.08 0:08°
7.57 . C3 (1:84 0:16) 105
8:310 4° L El 0:3 0:2°
8575 4P g El+ M2 0.3 03"
9.048 1° L El 12 02°
9:150 1° 2 c2 0:095 0:005'
M1 02 08
M1+ E2 0:47 0:12° 9
9:760 1° g c2 0:20 0:05
E2 0:21 0.07°
9:924 1° 3 M1 16 02°
10064 1° " El 6:3 0:4°
10.8 g M2 (1:8 0:8) 10 2
11.88 3 C2 0:44 0:10
M1 44 38
12.5 5 M2 (52 20) 102
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Table 15.15: Radiative widths frofAN( , 9 and®®N(e, &) 2 (continued)

Ex (MeV  keV) J Mult. L (eV)
(13.98)

14.7 s c2 1:8 02
20.10
23.25

a For references and( )" see Table 15.17 inl@81AJ0). See also Tableks.5and15.6here.
Form factors have also been measuredt9*(9.23, 11.29 [both ], 10.45 3 ], 12.1[u],
12.9[u]) 1987DE1Q [unpublished Ph.D. thesis].

b (1981M009: ( , ).

¢ See note added in proof ing75M029.

d (E2/M1)=0:137 0:005 See, however, Tablk5.5

€ Using (E2/M1) = 0:132 0:004 [see Tablel5.5§ , = 3:07 0:18 eV (M1) and
(5:34 0:44) 10 2eV (E2) (D.J. Millener, private communication.)

f (E2/M1)> 0:3.

9 Mixing ratio is very small [see Tablé5.5 and the transition is almost purely M1 (D.J.
Millener, private communication).

The total photoneutron cross section from threshold to 38 Bteows a very broad GDR which
extends from 16to 30 MeV. Maxima are observed Bt 235and 25.5 MeV (11 mb):
see (988DI02) [based on 1982JU03 monoenergetic photons)]. Howevet989BA25 report a
sharper single peak & = 25:5MeV in the (, Sn) reaction with a cross section of 16 mb.
See (989BA29 for a discussion of th&. andT. components of the GDR.

The (, ng) cross section foE, = 13 to 24 MeV shows a broad structure centereB,at 14:5
MeV and a resonance &t = 17:3 0:1 MeV. A large fraction of the photoabsorption strength
leading t0'*Nys is due to the formation of", T = 1 states in'*N which decay by d-wave
emission. The absorption is essentially pure EA33WA03. See alsol981AJ0).

The (, 2n) reaction has been studied from threshold to 38 MeV [$888DI09] and more
recently from 20 to 28 MeV byl(988MCO0). The cross section remains near zero for 3 MeV above
threshold and then rises sharply at about 24 MeV to a maxinaloewf 1.7 mb{988MCO0) [see,
however, (982JU0J]. For discussions of the results in terms of the density.oftates int*N,
see (988MCO01 1989BA25(p.511)).

For discussions of the ( p) reaction seel@81AJ0) and (L989BA25. The latter show a curve
for the total absorption cross section [f) + ( , p)] from 10 and 27 MeV dominated by a peak
(see above) & 25MeV with 23 mb.

A study atE. = 18:8, 20.8, 25.7 and 29.7 MeV (reaction (d)) shows a “pigmy” resae at
E« = 14:8 MeV, a shoulder at 15.6 MeV, a peak at 16.7 MeV [probablybut 3" is not ruled
out], and the giant dipole resonance, which exhibits a gteat of structure, centered at 22 MeV.
The data on the pigmy resonance are consistent with an admiaf 1% g (E2) or% (M1)
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toa predominantl)g (E1) state. The experiment shows thatidr< E , < 28 MeV the reaction

goes predominantly vié+ or g+ (E1) states ift°N; the T = % strength is concentrated above 18
MeV: see (981AJ0).

The cross section for fady [reaction (e)] is reported &0 for E 205to0 28.5 MeV: a reso-
nance is observed &, 21:9 MeV. The (, tg) cross section (reaction (f)) 80 decreases from
a value of 30 b/sr at 20 MeV to 5b/sr at 22 MeV and remains at out to 25 MeV. Comparison
of this cross section, and those of the other photonucleations, suggest an isospin splitting of

6 MeV with theT = % strength concentrated between 16 and 21 MeV and the% strength
between 21 and 28 Me¥°N*(21.9) is not observed. Se@481AJ0) for references. For reaction
(9) [to 1°0g.<] see (988L123 1989K02§. See alsol985GO1A 1987KI1G theor.).

44.15N( , )N

See Tabld5.15and (L981AJ0). See alsol987MO03J.

45. N(e, e}°N

The charge r.m.s. radius 6N is 2:612 0:009fm. The CO elastic scattering form factor of
5N has been measured ovgr 0:4 3:2fm ! (1988DE0Y. Inelastic groups are displayed in
Table15.15

The giant resonance is split into two main peaks,at 22 and 25.5 MeV with some structure
around 20 MeV. (C1)=(1:1 03) 1CeV (14 185MeV), ,(C2)=12:55 20eV
assuming the states responsible?reemd§ , respectively. FOE, = 18:5to 30 MeV, ,(C1)=
(1:96 0:04) 10*eVwhile , < 0:1eV forany C2 strength. Se@481AJ011986AJ0) for ref-
erences. See als@488MUZV; (e, € ); prelim.), (1986PA1G 1987DE43 1988123 1988PA1S
1989K028 1990PA1H and (L986JE1B1987D0121988FU041988G0OZM 1988SHO71989FU0%
1989WO1E 1990BL09 1990FU04 theor.).

46.5N( , BN

At E = 164 MeV angular distributions have been studied to statds,at 10:68 0:03,
1252 0:02 1404 0:03and17:19 0:03MeV:J = 2", %" (2", I")yand ", I"), respectively,
as well as to thé5Ng;s;. Additional * cross sections were measured at 120 and 260 MeV: peaks
were observed &, = 20:11 0:06and2319 0:06 MeV [both are probablyl = g states].
N*(5.27, 6.32, 7.57) were also populatetPB5SEOR. At E - = 164 MeV, elastic scattering
has been studied frofMiN: A, for =60 100 is consistent with zerdl@89TA21, 1990TALL).

See alsol990TAZS and (L988GOZM theor.).
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47.5N(n, n)°N

See!®N in (1986AJ04. See also{989FU1).

48. ®N(p, p)*°N

Angular distributions of elastically scattered protongéenheen measured &t, to 44.2 MeV:.
see (981AJ011986AJ0). For measurements ng,’o atEy = 65 MeV see ((990NA1S. See also
%0 in (1986AJ04 and (L1990DUO0% theor.).

49. (a)!5N(d, d)iSN
(b) °'N(®*He, *He)**N

Angular distributions of elastically scattered deuterbase been measuredfag =5 6
MeV. Elastic and inelastiéHe distributions have been studied f6(*He) = 11 to 39.8 MeV:
see ((976AJ04. Elastic distributions and\, have also been measuredE&®tHe) = 33 MeV
(1986DRO03.

50.15N( , )'SN

At E =40:5MeV, a number of particle groups have been observed and andjstributions
have been measured: see Table 15.171876AJ04. At E =48:7 and 54.1 MeV elastic angular
distributions have been reported BBE7AB03. See also1981AJ0) for additional information
and (L985SH1D theor.).

51. 5N(7Li, 7Li) 5N

The elastic scattering has been studieH @Li) = 28:8 MeV: see (986AJ0).

52. (a)15N(12C, 12c)15N
(b) 15N(13C, 13C)15N
(C) 15N(14C, 14C)15N
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Angular distributions of elastic scattering have been mesasatE (1°N) = 31:5t0 47 MeV [re-
action (a)] ancE (*3C) = 105 MeV [reaction (b)]: see{981AJ0] 1986AJ0) [also for yield mea-
surements]. See als@486HALF, 1989BEZQ and (L985HU04 1986BA69 1986HAL3 theor.).

53. 15N (160 160)15N

Elastic angular distributions have been measur&{#0) = 35:1and 42.6 MeV: se€l@86AJ0).
For fusion cross sections and yields se@16AJ041986AJ0) and (L985NO1C 1986HALR. See
also (L985HU04 theor.).

54. (a)N(?’Al, 27Al)1°N
(b) 15N(285i, ZSSi)lsN

Elastic distributions have been measured in the rda@éN) = 32:8 to 69.8 MeV [reaction
()] and at 44 MeV [reaction (b)]: se@981AJ011986AJ0). See also{988SN1A.

55.150( *)15N Qm = 2:7539
See®0.

56. (2)'%0( , p)*°N Qm= 121276
(b) 80(e, ep°N Qm= 121276

Over the giant resonance region*fi©, the decay takes place to the odd-parity statisis(0,
6.32) and less strongly to the even-parity stafd¢ (5.27, 5.30, 8.31, 9.05) and t6N*(9.22):
see ((970AJ04 1976AJ03. At E. = 500 MeV most of the 1p hole strength is concentrated in
the groups td°N*(0, 6.32). The 1s state shows up as a very wide asymmettictste centered
atE, 41MeV: see ((981AJ0). See alsoX990LE1R. Inthe rangeE = 101:5to 382 MeV
differential cross sections are reported for e (p1+2) andps groups at = 45 , 90 and135
(1985LEOQ7). Differential cross sections have also been measuréd at 196, 257, 312, 316
MeV for the po andpa 3 groups [the latter not at 316 MeV]L§88AD07 1985TU0J. °N*(0,
6.3, 10.8) have been populatedgat= 500 MeV (1982BE03). See also{986AJ0), (1987VOZR
1988LEZW, 1989LEZY; prelim.), (1987MA1K) and (1985CA171985G0O1B1986CH051986LU1A
1986P0141987RY03 1988CA1Q 1988DUZX 1988HO10Q1988YA08 1988L0O07 1988MCO03
1988RY03 1989RY01 1990BRZY, 1990FL1A 19900WZZ theor.).
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57.60( , n)iSN Qum = 92:7492

Gamma rays from the decay of one of the states at 5.3 MeV anul*ft*(6.3) are reported
by (1983VA1E.

58.160(n, d)iSN Qm= 99030

Angular distributions of thedy group have been reported Bt = 14 and 14.4 MeV: see
(1976AJ0J. See also988YOZX E,, = 60 MeV, prelim.) and {990MCO04 applied).

59. (@)**0( , p)*N Qm= 121276
(b) *%0(p, 2pf°N Qm= 121276

At E =240 MeV, the spectra are dominated B\N*(0,  6:5). The *= ratio has been
measured for the ground-state transitioh894KY01). At E - = 2:0 GeV/c differential cross
sections have been determined for the transitioiN(6.3) (1983KI01).

At E, = 505 MeV the summed proton spectrum shows two peaks correspptwlihe knock-
out of p1-, andps-, protons with binding energies of 12.12 and 18.44 M&WF(0, 6.32)]. Dif-
ferential cross sections and (p, 2p)/(p, pn) ratios are @ported {986MC1(). For work at 1
GeV involving the knockout of,-, protons seel985BE3(). For -ray production °N*(5.27)) at
Ep =30 40MeV see (988LEQY. See alsol985KI1A, 1986CH1)1987VD1A), (1987LA1]
1988LEO0§ astrophys.) andlO@86BO1A theor.). For earlier work sed976AJ0J.

60. 160(d, *He)'sN Qm= 6:6340

Angular distributions ofHe groups have been measuredigr= 20 to 82 MeV: see976AJ04
1981AJ0). The spectra are dominated by the transition®&*(0, 6.32). A ZRDWBA analysis
leads toC?S = 2:25and 3.25 for these two states [and to 2.37 and 3.31 for th@arsshtes in
150 studied with the (d, t) reaction] = 2 for both'*N*(9.93, 10.70): seel981AJ0). See
also (L987MOO03J for a re-analysis o€?S.

61.1%0( , p)*°N Qm= 121276

At E = 139:2 MeV the absolute spectroscopic fact@s= 5:4 and 6.9 for'>N*(0, 6.32)
(1987SA0).
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62. (a)%0(Li, "Be)'°N Qm= 6522
(b) 60(Li, 8Be)'>N Qm = 5:1268
(c) 060, 7F)15N Qm= 115274

For reaction (a) sed.P86GL1B. For reaction (b) seel@88MA07) and for (c) see(988AU03J.
For other heavy-ion reactions sé®81AJ01 1986AJ0).

63.170(p, *He)'sN Qm= 85529

At E, = 39:8 MeV angular distributions of the groups teN*(0, 6.32) have been compared
with those to the analog states!ftO reached in the (p, t) reaction: sd®76AJ04.

64.180(p, )ISN Qm = 3:9804

Angular distributions of o have been measured fay, = 0:125to0 42.2 MeV: see976AJ04
1981AJ0) and®®Fin (1987AJ03. At E,, = 40:9MeV angular distributions have also been studied
to 1°N*(0, 5:27+5:30, 6.32, 7.57, 9.15[u], 9.83[u], 10.7[u], 11.24[u], 11.42,92[u] (L987CA15
see forC2S).

For ®N*(5.27), n = 2:49 0:24ps,jgi = 0:94 0:07(1983BI10Q. See also{986CO1H,
(1988FI11C 1989NW1A 1990MI15 applied) and 1986BA89 1988CA26 astrophys.).

65. 1°F(d, 6Li) 5N Qm= 25388

Angular distributions involving®N*(0, 5.3, 6.3) have been measured in the raBge= 9:0 to
28 MeV [see [976AJ04 1981AJ0)].

66. °F(He, "Be)'SN Qm= 24265

See (976AJ04 and (L986HALE theor.).
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150
(Figs. 3and 4)
GENERAL (See alsol(986AJ0)).
Nuclear models(1987ST0%
Special states(1985SH241986LI11B, 1987ST051988AN1E 1989WU1Q
Electromagnetic transitiong1984VA0G 1987HO1L, 1987ST0%
Astrophysical questiong§1985TA1A 1987RA1D0 1989JI1A 1989ST141990RA1Q

Complex reactions involvintO: (1985F108 1985HU1G 1985P0111985S119 1986GR1A
1986ME06 1986P0061986TO10 1986UT01 1987BA38 1987BE1| 1987BU07 1987NAO0]
1987RI03 1987ST01 1988BE02 1988BES6 1988MI128 1989BA92 1989CA25 1989DR03
1989KI13 1989P0071989SA101989TA1Q 1989Y0O03I

Applied work (1985BO1R1985HA4Q 1987HI1B 1988HI1F 1988v010 1989AR1J)1989W0O1B

Pion and other mesons capture and reacti{fdse also reactions 8, 16, 17 and 2119§6LI11B,
1987LE1R 1988CH491988MI1K, 1989LE1L, 19900D1A

Hypernuclei (1984ZH1B 1986DA1G 1989BA93 1989K0O1H 1989TA1Y)
Other topics (1985AN28 1985SH241986AN07 1986WI103 1987CH021989WU1G 1990MU10Q

Ground-state properties 6fO: (L985AN28 1985AR11 1986MC131986WI03 1986WUZX,
1987FU06 1987SA15 1988AR1B 1988CH1T 1988FU04 1988NI05 1988SHO7 1988VAO3
1988WA0§ 1989CH24 1989FU05 1989NE02 1989SA10)

=0:7189(8) nm (1978LEZA). See also{989RA17.
150%(5.24). =+(0:65 0:07) nm: see {989RA17.

1.150( *)!N Qum = 2:7539

The half-life of 1°0 is 12224 0:16's: see {981AJ0); log fot = 3:637. The K/ * ra-
tiois (107 0:6) 10 % see (976AJ04. The -anisotropy has been measured h9§9SE07
1988SE1). See alsol986AJ0), (1990ST0Y, (1985BA1N 1985BA1M, 1986GR041987BA89
1987FR1C1987RI1E 1987WE1C1988BA86 1988BA1Y, 1989BA2R 1989DA1H astrophysics)
and (L988TA09 1988TO1C 1989WO1E theor.).

2. (a)*B("Li, 3n)'°0 Qm= 3494
(b) 1L'B(°Be, t2n}50 Qm= 13932
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Fig. 3: Energy levels of°O. For notation see Fig. 2.
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Table 15.16: Energy levels 10 2

E, in 1°0 J T or om: Decay Reactions
(MeV keV) (keV)
0 1.1 | 1»=12224 016s : 1,3,4,5,6,7,8,9
14, 15, 16, 17, 18
19, 20, 21, 22, 23
24, 25,27, 28
5183 1 i m=8:2 10fs 5,7,9, 14, 15, 19
20, 23, 24,25
52409 03| 3 325 0:30ps 4,5,6,7,9,14,15
18, 19, 20, 23, 24
25, 27
g=+0:248 0:026
6:1763 17| 3 < 2:5fs 5,7,9, 14, 15, 18
19, 20, 21, 22, 23
24, 25, 27
67931 17| ¥ < 28fs 5,7,9, 14, 15, 19
25
6:8594 09| 3 160 2:5fs 4,5,7,9, 14, 15
19, 20, 25, 27
72759 06| 17 0:70 0:15ps 4,5,6,7,8,14,15
18, 19, 23, 25, 27
75565 04| 17 =0:99 0:10keV P 7,9,14,15,18,19,
23,25
82840 05| ¥ 36 07 P 5,7,9,14,15,25
8:743 6 i 32 P 7,9,25
8:922 2 3 33 03 P 4,5,7,9,23,25
8:922 2 L 7.5 P 4,7,9,23,25
8:9821 1.7 (3) 39 04 ) 5,7,9,25
9:484 8 () 200 P 9,25
9:488 3 H 101 05 P 57,925
9:609 2 3 88 05 P 4,5,7,9,25
9:662 3 (£, 9) 2 1 P 4,5,7,11, 25
10.29° ) 3 1 p 5,7,11,25
10.30° N 11 2 p 5,7,11,25
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Table 15.16: Energy levels 61O @ (continued)

E, in 1°0 J T or om: Decay Reactions
(MeV keV) (keV)

10461 5 ") <2 P 4,5,6,7,9,25
10.48 3) 25 5 P 4,7,9,11, 24
(10.506) )" 140 40 P 9,11
10917 12 . 90 p 11, 25
10938 3 1 9 5 P 9,11, 25
11:025 3 : 25 2 . p 9,11,25
11151 7 <10 p 5,11, 25
11218 3 3 40 4 P 9,11,25
11565 15 < 10 p 5,11, 25
11569 15 2 20 15 . p 5911
11616 15| (3,3) 80 50 P 9,11
11719 8 <10 p 4,5,11, 25
11748 3 3 99 5 P 9,11
11:846 3 3 65 3 P 9,11
11:980 10 3 20 5 p 5,11, 25
12129 15| 3§ 200 50 p 11
12222 20 100 50 p 11
12255 13| 37;3 135 15 p 27
12295 10 5

12471 3 | 2,3 77 4 p 11

1260 10 5

12.80 250 P 9

12835 3 16 1 p 4,5,6,11
13008 3 215 3 p 11
13025 3 40 30 p,CHe) |3,11
13.45 2. 3" 1000 () 911,13
(13.49) 3" (P) 11

13.60 ey P, 13

13.70 3 p 11

13.79 3 n,p,°He, |3,11,13
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Table 15.16: Energy levels 61O @ (continued)

E, in 1°0 J T or om: Decay Reactions
(MeV keV) (keV)
13.87 150 . p 9
1403 40 | (3 .2) 160 20 n,p,°He |3
14.17 3 P, 13
1427 10 i 340 30 n,p,He, |3,4,5,10,11, 12
13
14.34 > (240) p, GHe), 3,13
14465 10 | 3" 57 100 10 n,p,°He, | 3,10, 11,13
1470 40 170 35 n,p,°He | 3,10
1495 40 400 25 n,p,®He, | 3,10,11,12,13
1505 10 | ((&") 4,5,6
15.1 2,3 1000 P 9
1545 30 70 20 p, 3He, 3
1554 10 (p,3He, ) | 3,5
1560 10 (p,3He, ) | 3,5
1565 10 4,5
1580 10 n, 3He 3,5
1590 15 | 1,2 350 3He, 3
1605 20 185 n,p,3He, |3,10,11,13
1610 20 (n), 3He, 3
1621 20 140 (n), p,3He, |3,11,12,13
1643 75 i 560 100 n, 3He, 3,10, 12
1675 50 n, 3He 3,25
1705 60 | (3, 2)";2 700 70 ,p.°He |3,9,11,13
17:46 20 5
1751 20 | % .3 640 120 ,n,%He, |3,5
1799 50 | 1,3 200 3He 3
1823 50 n,p,°He |3
1867 60 | (3, 2)";1 520 110 ,*He |3,9
1903 50 1120 300 ,n,°He |3,23
1957 80 | (3, 3)*;1 780 270 , 3He 3
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Table 15.16: Energy levels 61O @ (continued)

E, in 1°0 J T or om: Decay Reactions
(MeV keV) (keV)
1991 50 n, 3He 3
2042 70 | (3,91 970 240 ,p.°He |3,9
2156 70 | (3,1)*; 1 730 120 ,p.*He |3,9,23
238 0:1 * 500 3He |3
(26.0) £) 600 3He 3
(28.0) Q.4 2500 SHe 3
(29.0) 2500 3SHe 3

aSee also Tablé5.17
b It is possible that these two are in fact a single state: 5884AJ0J.

For reaction (a) seel@86BESJ; for reaction (b) seel©86BE3Y. For other heavy-ion reac-
tions see 1986AJ0).

3. (@)*?*C(He, )0 Qm =12:0759
(b) 2CCHe, n}*O Qm= 11466 E, = 12:0759
(c) *>C(He, p)}*N Qm =4:7789
(d) 2CCHe, d)3N Qm= 35500
(e) >’C(He, t)°N Qm= 17357
(f) 2CCHe, *He)l2C
(g) ’C(CHe, )'‘C Qm = 1:8560

Excitation functions and polarization measurements fes¢hreactions have been measured
over a wide range of energies: see Tables 15.2097QAJ04 1976AJ04 1981AJ0) and the text
below. Observed resonances are displayed in THh[&8here.

The 90 vyield and the angular distributions of, measured fronk (*He) = 5:24 to 13.95
MeV show ve resonances attributed to E1 transitions frdm = { or §+, T = 1 states in
the GDR characterized by a considerable 3p4h admixtl@é@g§DE33[also for! ], 1984DEO0)Y.
Yields of 1., at90 have also been reportedE{*He) = 5:3to 16.7 MeV: the cross section is
some eight times greater than that f#¢€, o) and is similar to that for th&N(p, ()*°O reaction
over the same excitation range. Three resonances areadpsee Table 15.18 989KI09)]: itis
suggested that they are due to cluster states with a large @p¥ponent. See als@488BLZY;

prelim.;E (®*He) = 12:0to 24.6 MeV, to many states dfO).
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Table 15.17: Radiative decaysitO 2

E; J; Er | J Branch b
(MeV) (MeV) (%)
524 | 3" | 0 L 100 +0:10 0:04(E3/M2)
6.18° | 3 0 : 100 0:125 0:007(E2/M1)*
6.79¢ | ¥ | 0 L 100 0:02 0:02(M2/E1)
6.86° | 3* | 524 |57 100 +0:04 0:03(E2/M1)
728" | I" | 0 . 38 12

524 | 5" | 962 12
7569 | 1" | 0 L 35 05

518 | " | 158 06

6.18 |3 575 04

6.79 | 3" | 232 06

6.86 | 5" | (eV)
g28" | 3 | 0 % 532 0:25™ 0.24

518 | 1° 12 01 0.006

524 | 5" | 422 o5m 0.20

6.18 | 3 22 06 0.01

6.86 | 3" 12 03 0.006
g.74" | 1" | 518 | 1 64 3 0.18

6.18 |3 36 3 0.10
8922 | 3" | 0 % 9 4

5.18 | 17 39 3

6.18 |3 24 3

6.86 | 3" 28 3
8.922' | 1 0 L 50 25

518 | 3° 20 10

6.18 | 3 20 10

6.86 | 3" (10 10)
8.982 | (3 | 0 L 94 1

518 | 3" 6 1
948" | 3")| o % 100 91 20"
9.49 | 3 0 L 86 2.1
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Table 15.17: Radiative decaystO 2 (continued)

E; J; Er | J Branch b
(MeV) (MeV) (%)
5.24 | 57 6.5 0.15
6.18 |3 0.7 0.22
6.86 | 5" 3.4 0.08
7.28 | 17 5.1 0.11
9.61 | 3 0 L 79 4.0
5.24 | 57 19 1.0
6.18 | 3 2 0.1
10.46 | (37) | 5.24 |5 62 6 18 6"
6.86 | 3° < 4 <15
7.28 | 17 38 6 11 47
1048 |(3) | © 3 60 8 0:21 0:07"
524 | 3" 40 6 0:14 0:01"
6.18 | 3 < 4 < 0:.02
9.79 | 3 < 4 < 0:02
1094 | 3" | 0 % 44 8 14 4
518 |1 34 3 11 2
6.18 |3 22 8 7 2
6.79 | 37 < 8 <3
11.03% | 1 0 3 100 14 04
1122 | 3 | 0 : 74 5 55 05
518 | &° 14 5 10 02
5.24 | 57 12 5 09 02
6.79 | 3" <4 < 0:4
11.57 | 2 0 3 18 9 03 02
524 | 3" 63 9 12 01
6.18 |3 20 9 04 02
6.79 | 37 <3 < 01
11752 | §* | 524 |57 47 7 5 1
6.18 |3 53 7 5 1
11.85* | 5§ | 524 | ¥ 100 14 06
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a For references and other comments see Table 15.1®B1LAJ0).

b =multipole mixing ratio.

¢ Branches td°0*(5.18, 5.24) are< 2:5% each.

d Branches td°0*(5.18, 5.24, 6.18) are 3, < 3and< 7%, respectively.
€ Branches td°0*(0, 5.18, 6.18) are&t 10, < 4 and< 0:4%, respectively.
f Branches td°0*(5.18, 6.18) arec 4 and< 2%, respectively.

9 Branchings shown t&°0*(5.18, 6.18, 6.79) are weighted means of values shown leTh5.19
of (1981AJ0), recalculated to sum to 100% for all the transitions.

h (1987SC1H.

I See, however, the comments in reaction 141681AJ0).

I Branchings td°0*(6.18, 6.86) are< 1% each.

K Weighted mean of values shown in Table 15.1916f§1AJ0).

I Intensity< 25% of transition to'®0*(6.79).

™ Recalculated because of new transitiod¥0*(3 ") (1987SC1H.

" values assum@-values in column 2.

The yield ofng (reaction (b)) shows resonances ®©(He) < 10 MeV and little structure
above, to 30.6 MeV: sed §81AJ0) [n; andny.3.+4 Yields are also reported].

The yield of protons (reaction (c)) shows some clear resceshbelovE (*He) = 4:5MeV and
some uncorrelated structures at higher energies (tble) = 12 MeV) with the possible exception
of states aE,s = 7:8,9:2 9:6 and (10.5) MeV. FoE (*He) = 16 to 30.6 MeV no appreciable
structure is observed in the,pp; and p yields: see 1976AJ04. At E(*He) = 33 MeV A,
has been measured f&iN*(0, 2.31, 3.95): seel©86AJ0). For polarization effects in thélie,
2p) reaction a€ (*He) = 33 MeV see (986KA44). For reactions (d) and (e) se&976AJ04
1981AJ01 1986AJ0).

The elastic scattering (reaction (f)) shows some resortamttare near 3, 5 and 6 MeV and
some largely uncorrelated structures in the raB@&He) = 16:5 to 24 MeV. There is some sug-
gestion, however, of two resonancesEdéHe) = 17 and 20 MeV: seel976AJ0). Resonance-
like behavior is also reported &(°He) = 29 MeV. Polarization measurements are reported for
E(He) = 20:5to 32.6 MeV: see 1981AJ0). See also{986AJ0). The yield of -particles
displays resonance structure below 8 MeV, and broad uainatfor E (*He) = 12 to 18.6 MeV:
see (976AJ04. Polarization measurements are reported5¢itte) = 33:3 MeV for the ( and

1 groups: seel(981AJ0). For A, measurements of théHe, 'Be) and ¢He, °Li) reactions see
(1989S102 1986CL1B. For  production seel(986MI25. For a search for subthreshold K
production seel9851A07). For work at very high energies seE985AB1B 1985AD1Q. See
also (L986AJ0), (1984NA1R, (1990TO1Q applied) and 1986EV01 1986S102 theor.).

4.12C( , n)'s0 Qm= 85019

Angular distributions of tha, group have been measured tor = 18:4 to 23.1 MeV: see
(1976AJ04. AtE = 41 MeV angular distributions are reportedt®*(5.24,6:86+7:28, 9.63[u],
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10.48[u], 11.72[u], 12.85[u], 15.05[u]}>0*(8.92, 11.1, 12.3, 13.45, 13.72, 14.27, 15.65) are also
populated {9810V01[uncertainties irEy are not shown; unresolved states are a problem]). At
E =47:4MeV groups are populated at= 0 corresponding t6°Oy.s and to unresolved states
at5.2,7.3,10.0,12.5 and 15.3 MeYOB8LUO2. See alsoX988CA26 astrophys.).

Table 15.18: ResonancesfC + 3He?

E (He) Resonant for om: J E,
(MeV keV) (keV) (MeV)
1.21 Po, P2 S 13.04
1.3 Po! P3 13.1
2.15 n, P > 2 13.79
245 40 | ng,po! P3 160 20 D 14.03
275 40 | no, pu, P2, 3He, o 340 30 3 14.27
(2.87) Po, P2 240 (14.37)
2:990 10 | no, Po, P1, P2, Pa, 100 10 g, 8" 14.465
Ps, Ps, °He, o
3:28 40 Po, (P1, P2) 180 40 14.70
3:60 40 Po, P1, P2 400 25 14.95
4:20 10 Ps, Pe; 0 65 15 15.43
4:37 40 Po, P1, P2, Pa, P7, 80 25 15.57
Ps, o
4:65 50 No 15.79
478 50 | 3He, o 350 3.3 15.90
4.97 20 0 16.05
503 20 no, °He, ¢ 16.10
515 20 no, °He, ¢ 16.19
545 50 | °He, o 170 & 16.43
5:85 50 No, SHe 16.75
6:23 70 0 700 70 (%,%)* 17.05 0:06°
6:83 40 142, No, 2He, o 640 120 % % 17.53°¢
740 50 |3He 200 .3 17.99
770 50 No, Po 18.23
825 70 0 520 110 (%,%)* 1867 0:06°
870 50 1+2, Mo 1120 300 19.03°¢
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Table 15.18: Resonances'ftC + *He? (continued)

E (He) Resonant for om: J E,
(MeV keV) (keV) (MeV)
9:38 100 0 780 270 (%,%)* 1957 0:.08
9:80 50 Ny 19.91
1045 90 0» (Po) 970 240 3,4 2042 0:.07°
11:87 80 0 730 120 %%* 21:56 0:.07°
14.7 142 < 0.5MeV*® 238 01°
(17.0)¢ *He 600 £) (26.0)
(20.0)¢ 3He 2500 CED (28.0)
(21.5) 3He to2C*(15.1) 2500 (29.0)

a For references see Table 15.211976AJ04.

b (1978DE33 1984DE09[see p.290])T = %; she/ p = 0:17 0:07and0:09 0:04 for 1°0*(17.05,
18.67).

€ (1989KI09. See also fot . See also Table 15.19 iIn986AJ0); T = % if they are 3p4h cluster states.
d ,=0:06and 0:1MeV for 1°0*(26, 28).

€ Estimated by reviewer.

5. 12C(Li, 1150 Qm= 37196

States observed in this reaction are displayed in TabI29(1975B106 E (°Li) = 59:8 MeV).
Comparisons of angular distributions of the triton groupthia reaction and of théHe groups to
analog states if°N have been made: analog correspondence is establishet0fé8 ( 10.70),
(1284 1315(u)) and (1505 1549 (u)) [E, in O, Ex in *N; u = unresolved] {975BI10§.
See also1976AJ04 for the earlier work.

6. 12C(12C, °Be)°0 Qm = 142031

At E(*?C) = 187 MeV, 1 = 8 , the spectrum is dominated BY0*(12.84, 15.05) [assumed
J =1, 8" respectively].’0*(7.28) [ = 1']is populated but>0*(0, 6.79) are not ob-
served. The situation is similar &(*2C) = 114 MeV but atE (*?C) = 72 MeV ( jap = 11)
150%(0, 5.2, 7.28) are populated with comparable intensites (976AJ04.

At E(*2C) = 480 MeV the three most strongly excited states in the forwareddion are
150%(10.46, 12.83[u], 15.05[u\] = $", L , ¥ Jand forward angle () have been measured.

150%(0, 5.24, 7.3, 8.9[u], 16.7[u], 18.2[u], 21.1[u], 22.]]are also populatedlQ88KR1).
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Table 15.19: Levels 0O from *>C(6Li, t)150 2

Ex (MeV keV) L Ex (MeV keV) L
5:180 5 11:72 10 ¢
5:242 5 b 11:98 10
6:179 5 12295 10 ¢
6:790 5 1260 10
6:865 5 b 12835 10°¢ 3
7275 5 b 1355 10 ¢ d
8285 5 b 1375 10 cd
8918 5 ¢ 1427 10 ¢
8978 5 1505 10¢ 3
9485 5 1548 10
9:610 5 cd 1554 10
9:658 5 ¢ d 1560 10 ¢ d

976 5 1565 10
1027 5 1580 10
1045 5°¢ 3 17:46 20

11:145 10 1751 20
1156 10

2 (1975B10§: E (°Li) = 59:8 MeV.

b Angular distributions measured and compared with thosk@®Li, He) reaction
to analog states itPN.

¢ Angular distribution measured: analog state$’iN not known.

d Unresolved in angular distribution.

€ | <013

7.13CCHe, nfs0 Qum = 7:1296

Observed groups are displayed in Table 15.22168(0AJ0).

8.14C(p, )P0 Qn = 132115
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At E, = 183 MeV differential cross sections amy, are reported for the transitions ¥0*(0,
7.3), the two states strongly populated in the reacti®@32JA051982V105. See alsol986JA1H
and (L1986KU1J 1990KU1H theor.).

9. “N(p, )50 Qm = 7:2971

Observed resonances in the yield ofays are listed in Tabl&5.2Q0 Branching ratios are
displayed in Tabld5.17 Measurements dt lead toE, = 5183 1, 52409 04,6175 2,
6794 2, 6858 2, 82841 08, 8922 2and8978 2 keV: seel981AJ0). For , see
(1981AJ0).

(1987SC1H have studied absolute cross sectionsay angular distributions and excitation
functions forE, = 0:2to 3.6 MeV:S(0) is determined to b&:20 0:54keV b. C2S are derived
for the rst eight states of°O (1987SC1H.

The90 , yield has been measured gy, = 2:2to 19 MeV: resonances are observed over
most of the range. The { + ) yield is relatively weak. FoE, = 18 to 28 MeV the exci-
tation function for o decreases smoothly with energy: there is no evidence foctsies [see
(1981AJ0)]. See also1985CA41 1987KR04 1987WE1G 1988CA1J 1988CA26 1989BA2R
1989TH1C 1990MA1R astrophysics) andLQ90HA44G theor.).

10. 1N(p, n}40 Qm= 59255 E, = 7:2971

The excitation function has been measureddpr= 6:3to 12 MeV: see[970AJ04. Observed

resonances are displayed in Talb&22Q The cross section [obtained by measuring the 2.31 MeV

-rays from the'*O ( *) decay] is reported at 12 energies in the rakge= 7 to 22 MeV
(1981DY03. Production cross sections for the 2.31 MeVays have been measuredst= 8:9,
20, 30, 33 and 40 MeV bylO88LEO§. The ratio of the cross section’t‘tog;s; to that for the analog
state’*N*(2.31) [from the (p, P reaction] has been determined& = 35 MeV (1984TA02).
Forward-angle differential cross sectiomg)(are reported byl979MO1§ atE, = 144 MeV. See
also (L985CA41 astrophys.) andtO.

11. 1N(p, py*N Ep, = 7:2971

The yields of elastic and inelastic protons, and of 2.31 MeMys, have been studied at many
energies: seelP59AJ76 1970AJ04 1976AJ03. Observed resonances are displayed in Table
15.2Q At higher energies excitation functions have been meddorehe p, p, and p groups for
Ep = 17 to 26.5 MeV: there is no evidence for resonant behavior beipthyield shows a large
increase betweeB, = 20 and 23 MeV. Total cross sections for thg ! pg groups have been
measured aE, = 8:6, 10.6, 12.6 and 14.6 MeV [se&481AJ0)]. Total reaction cross sections
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have also been measured in the raBge= 22:9to 49.0 MeV by (985CA3§. (1988LEOQ§ report
2.31-MeV -ray production cross sectionstg = 8:9, 20, 30, 33 and 40 MeV. For measurements
atE (**N) = 516 MeV/A see ((990WE14.

Polarization measurements have been carried dip & 3:0 to 159.4 MeV [see{970AJ04
1976AJ04 1986AJ0)] and atE, = 35 MeV (1990IE0% p;) and 0.8 GeV [985BL27 A; elas-
tic). See alsd*N, (1986BA2U), (1986BA8§ 1987HUO) and (L989AMO; theor.).

Table 15.20: ResonancesitN + p @

Ep lab ! Particles J Ey
(keV) (keV) (eV) out (MeV)
2781 04 | 1.06 011°| (14 1) 103=ab L 7.5565
10580 0:5 39 07 0:31 0:04% P 3 8.2840
1550 6 34 (93 20) 103=b y 8.743
1742 2° 35 03 0.16 , Po > 8.922
1742 2°¢ 8 0.06 , Po & 8.922
18064 1:5 42 04 0.52 3) 8.9821
2344 8" 205° 6:1 1:3P , Po € 0.484
2348 3 108 05 2.4 3 0.488
2479 17 94 05 3.3 3 9.609
2537 4 2 1 Po (2.2) 9.664
3209 3 1 Po € 10.291
3215 12 2 Po N 10.296
3392 5 <?2 0:029 0:010 20 6 (2") | 10.461
3410 27 5 0, 2, Po ) 10.478
3440 150 45 , Po ) 10.506
3880 15 97 Po I 10.916
o (eV)
3903 3 106 5 14 3 , Po, P1 L 10.938
3996 3 27 2 1.4 04 , Po, P1 2 11.025
4130 15 < 10 Po 11.150
4203 3 43 4 52 04 , Po g 11.218
4575 15 < 10 Po 11.565
4580 15 21 15 07 02 , Po 3 11.569
4580 150 11.57
4630 15 86 50 , Po 3 3 11.616
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Table 15.20: Resonances'itN + p 2 (continued)

Ep lab ! Particles Ex
(keV) (keV) (eV) out (MeV)
4740 15 < 10 Po 11.718
4772 3 106 5 ., Po, P1 5 11.748
4877 3 70 3 , Po, P1 3 11.846
5025 15 21 5 Po, Pr 2 11.984
5180 15 214 50 Po, Pr N 12.129
5280 20 106 50 p ¢ 12.222
5547 3 82 4 P P2 > G 12.471
5900 250 12.80
5937 3 17 1 P, © 12.835
(6100) 30 Po! P2 o 3 (12.99)
6123 3 230 30 P, © 13.008
6141 3 43 30 P, © 13.025
6600 1000 , (P2, o) (3,%* | 13.45
6640 (Po), (P2) (37) | 13.49
6760 0 57 13.60
6870 P2 3 13.70
6960 PL, P2y Par 0 3 13.79
7050 150 13.87
7370 0 2 14.17
7500 500 n, po ! P2, 14.29
3He,
7550 0 3 14.34
7700 n, P, o 14.48
7950 170 50 n 14.71
8200 n, p, ! Pe, 14.94
3He, o, 1
8400 1000 15.1
9050 n 15.74
f
9370 20 200 n, P2, P, 1 16.04
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Table 15.20: Resonances'itN + p 2 (continued)

Ep lab ! Particles J Ex
(keV) (keV) (eV) out (MeV)
9580 20 150 Po, P1, P2 16.23
I p7, ps, *He,
1
9850 50 600 100 n, *He 16.48
10300 1000 (%, %)* 16.9
10600 Ps! Po, 00 1 17.2
11900 1000 %% T 18.4
14200 2000 1,3 | 205
15800 2000 %% T 22.0

a For references se@$70AJ04 1976AJ04 1981AJ0). See also Tablé5.17here.
b (1987SC1H. See alsol987KR04 theor.).

¢ Separated b@:5 0:5keV: see, however, reaction 14 ih981AJ0).

4 Weak.

€ Strong.

f See footnoté in Table 15.23 of {981AJ0).

12. N(p, 3He)12C Qm= 47789 Ep, =7:2971

Excitation functions for the ground-state group have beeasured aE, = 7 to 11 MeV:
some resonant structure is indicated [see Tabl2J. See also1976AJ03.

13. N(p, )UC Qm= 29228 Ep = 7:2971

Excitation functions and total cross-section measuregtgnte been measured for thegroup
for E, = 3:810 45 MeV: see [976AJ04. Fairly sharp structures persist urffiy = 15 MeV: see
Table15.20here and footnoté in Table 15.23 of {981AJ0). See also1986AI104 applied) and
(1985CAA41 astrophys.).

14.¥N(d, n}**0O Qm =5:0725
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Table 15.21: Levels 0O from *N(d, n) and**N(*He, d)?

Ey in 0P Iy S J
(MeV keV)
0 1d 0.87 :
5.18 (0)¢ 0 L
5:2410 0:5°¢ 2d (0.03) N
6:180 4° 1d 0.04 3
6.79 0¢ 0:3 ey
6:8598 10° 2 0.4 N
7:2762 0:6° 24 0.42 I+
7.56 0¢ 0:4 2
8.28 0° &

a See Tables 15.27 in®70AJ04 and 15.26 in {976AJ04 for references
and additional information.

b Nominal energies if uncertainty is not indicated.

¢ From -ray measurements.

4 From both (d, n) and®He, d) work: see976AJ0J.

€ From €He, d).

Angular distributions have been studied at many energidsemangeEy = 0:9to 11.8 MeV:
see Tables 15.27 and 15.28 it970AJ04 and Table 15.26 in1976AJ03. For ,, measure-
ments seel(970AJ04. See also Tablé5.21here,'0 in (1986AJ03, (1987HI1B applied) and
(1984BL21% theor.).

15. 1N(He, d)5O Qm = 1:8035

See Table 15.28 inLl@70AJ0). See also Tabl&5.21here.

16.15N( , )0 Qm= 142322

At E = 170 MeV four-point angular distributions of the to °Ogy. have been measured
by (1988LI123 and (L989K02§: the two studies are not in good agreement. See aB80ER03
theor.).
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17.55N( *, 9150 Qm = 1:850

Angular distributions of the © to **OQ,.s have been studied & - = 32:4 and 55.5 MeV
(1985IR03, at 48 MeV (1984C0O041986LE0) and at 165 MeV1982D0O1(). Forward-angle dif-
ferential cross sections of thé to 1509;3; have also been measuredzat =20 MeV (19871R0)
and at 40.7 and 63.6 Me\L985IR03. See also{989LE1L).

18. °N(p, n)**0O Em= 35363

Angular distributions have been measureddgr= 3:95to 18.5 MeV [see981AJ011986AJ0]],
at 35 MeV (L9870R01 150%(7.56) [J = 1']), at 135 MeV (L985WA24 1°0*(0, 6.2)) and at
200 and 494 MeV 1988CIZZ prelim.; alsoAy). Forward-angle differential cross sections at
E, = 200, 300 and 400 MeV t8°0*(0, 6.2) are reported byl@87ALZW:; prelim.). The ratio of
the population of*Oy.s to that of*>0*(6.2) has been determinedg = 800 MeV (1986KI12).
150%(6.2) contains only abOLg of the expected GT strength485GO032. [| am indebted to Prof.
C.D. Goodman for his comments.] For a discussion of GT sthengee987TA13. °0*(5.2[u],
6.8[u], 7.28) have also been populaté8§70OR0). For the earlier work sed ©86AJ0). See also
160 in (1986AJ04, (1985G01Q1986VO1G 1987BE251988R0O171988WA1Q, (1986MAL1PR,
1987HI1B 1988HI1F, applied) and {989RA15 theor.).

19. 5N (3He, t}50 Qm= 27725

Angular distributions for théy, t142, ts, tass, tg andt; groups have been studied B(°He) =
16:5t0 44.6 MeV: seeX976AJ0J.

20.160( , n)s0 Qm= 156638

The spectrum of photoneutrons has been investigated at sraargies. Measurements over
the giant dipole resonance region show the predominanigttias to the] = % and% states
Ex = 0 and 6.18 MeV, consistent with the basic validity of the saaghrticle, single-hole theory
of photoexcitation in‘®0. However, the positive-parity statesit = 5:18, 5.24, 6.86 MeV are
also populated suggesting some more complicated excitind®0: see {970AJ04 1976AJ03.
Differential cross sections for th® group have been measured from threshole to= 28 MeV
[see (1976AJ09], atE = 60 to 160 MeV (alsd*O*(6.18); no appreciable strength in the 5.2 MeV
doublet) [see{986AJ0)] and at 150, 200 and 250 Me\I$89BE14. See alsa®0 in (1986AJ04

and (1987RY03 1988CA1Q 1988DUZX 1988RY03 1990BRZY, 1990FL1A theor.).
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21. (a)'%0( *, p)isO Qm = 124:687
(b)¥O( *, *n)*0O Om= 156638
(c)*0( *, °p)ts0 Qn= 10277

For reaction (a) seelf82D00). At E - = 2:0 GeV/c differential cross sections have
been determined for the transition ¥iN*(6.2) (1983KI01J) in reaction (b). For reaction (c), see
(1986GI1A.

22.160(p, pn}°0 Qm= 156638

At E, = 505 MeV the summed spectra show two peaks corresponding tp;theand p-,
knockouts }°0*(0, 6.18)] (binding energies of 15.64 and 21.82 MeV). Bintial cross sections
are also reportedl@86MC1( [see also reaction 59 itN]. For work at 1 GeV, seel@85BE30).
See also1983WA1Q and (L987HI1B applied).

23.160(p, dfS0 Qm= 134392

Angular distributions have been reported at many energieEf = 18:5 to 155.6 MeV [see
Table 15.30 in {970AJ03, (1976AJ04, (1986AJ0)]: at those energie®0*(0, 6.18) are pref-
erentially populated. AE, = 200 MeV angular distributions have been studied f6©*(0,
6.18) (L989ABO)) [also A, andC?S]. At E, = 800 MeV 0O*(0, 5.2[u], 6.18, 7.4[u], 9.0[u],
1042 0:15 1087 0:15 1221 0:151359 0:15190 02,211 0:2) [the last two states
have 0:8 MeV] have been populated §84SMO03.

For -ray production °0*(5.24)] see {988LEQ§. See alsd’F in (1986AJ04, (1989WA19
and (L987LA11, 1988LE0§ 1989GU28 astrophysics).

24.150(d, 1150 Qm= 9:4065

Angular distributions have been reported at a number ofggein the rang&y = 20 to 52
MeV [see (981AJ0) and reaction 60 if°N here] and aE, = 89 MeV (1990SA27 >O*(0,
6.18)). See als&F in (1983AJ0).

25.160(He, )50 Qm = 4:9140
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The p1—, andps=, hole state$®0*(0, 6.18) are strongly populated. Information on thesé an
other states are displayed in Table 15.251&§1AJ0). Angular distributions have been measured
at energies up t& (3He) = 217 MeV: see (981AJ0). Branching ratios and multipole mixing
ratios are displayed in Tabls.17 (1978BE73 report , of °0*(5.24)= 3:25 0:30ps,jgj =
0:260 0:028 (1983BI1(Q determinegg = +0:17 0:07. See also1986AJ0), 1°Ne in (L1983AJ0)
and (L990AB1G applied).

26.160(6Li, 7Li) %0 Qm= 8414

See (986GL1E prelim.).

27.170(p, t}°0 Qm= 113254

At E, = 39:8 MeV angular distributions off, andt; groups have been compared to those of
the3He groups to the analog states'N. At E, = 45 MeV a state, assumed to be the = 3",
T = 2 analog of**C*(0.74), is observed &, = 12:255 0:.013MeV, .. =135 15keV. The
state decays by proton emission to Thes 1, 0" state'*N*(2.31) [the population of som& = 1
states is also reported]: seE©81AJ0).

E, = 89:7 MeV angular distributions ané, measurements have been reported>®*(0,
5.24[u], 6.18, 6.86, 7.28)LO85V0O13.

28.1°F(®He, "Li) 0O Qm= 43185
See (976AJ04. See alsoX986HALE theor.).

15 F
(Fig. 4)

GENERAL (See alsol(986AJ0)).

See (989AYZU, 19890G1B and (L985AN28 1986AN07, 1988C0O15theor.). Seel986AN0Y)
for comments oA°Ne.

Mass of'°F: The atomic mass excess6F is16:77 0:13MeV. '°F is unstable with respect
to breakup intd*O + p by 1.47 MeV: seel(981AJ0).

1.12CCHe, )SF Qm= 14141
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Table 15.22: Energy levels &tF

E, in 1°F J T om: Decay | Reaction
(MeV) (MeV)

g.s. (1) 3 1.0 02 p 2
1.3 01 )3 0:24 0:03 p 2

This reaction is not observed B(*He) = 235 MeV, 4, = 20 : the differential cross section
(cm.)is 4 10 Db (1984BI09.

2. °NeCHe, 8Li) °F Qm = 2983

This reaction has been studiedB®He) = 74:5 MeV (1978BE2§ and 75.4 and 87.8 MeV
(1978KE0§. Two groups are observed: the ground statg,[ = 0:8 0:3 MeV (1978KE0§,
1.2 0:3MeV (1978BEZ26] and a relatively strongly populated state, presumed ttheeanirror
of 15C*(0.74) 0 = §+], with Ex =1:3 0:1MeV (1978KE0§, 1.2 0:2MeV (1978BE2¢ and

em: =0:5 0:2MeV (1978KE0§, 0:24 0:03MeV (1978BEZ2§. The differential cross section
for populatingt®>F*(1.3) is250 20nb/sratl0 andE (*He)= 74:5MeV (1978BE2§ and80 25
nb/sr at9 , 87.8 MeV (L978KE0§. At E(*He) = 75:4MeV, =9 , the ground state is populated
with a differential cross section & 4 nb/sr (L978KEOQ§.
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Fig. 4: Isobar diagramA = 15. The diagrams for individual isobars have been shiftedaadly to eliminate

the neutron-proton mass difference and the Coulomb entakgn a£c = 0:60Z(Z  1)/A¥™3. Energies

in square brackets represent the (approximate) nucleagyeisy = M (Z,A) ZM (H) NM (n) Ec,
minus the corresponding quantity f6iN: hereM represents the atomic mass excess in MeV. Levels which
are presumed to be isospin multiplets are connected by ddisies.
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