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17B
(Not illustrated)

7B has not been observed. (1966GA25) predict that it is unbound with respect to decay into
15B + 2n by 4.0 MeV. See also (19607 E03).

17C
(Not illustrated)

17C has been observed in the 5.5 GeV proton bombardment of uranium: it is particle stable
(1968PO04). (1966GA25) predict that it is bound, with respect to **C + n, by 0:6  0:4 MeV:
M Aisthen22:4 0:4 MeV. See also (1960ZE03, 1969AR13).

17N
(Figs. 6 and 9)

GENERAL:
Theory and reviews. (1961BA1C, 1962GO1B, 1966MA 12, 1970HI115).

Experimental papers. (1962001, 1965CI01, 1966P008, 1967/AU1B, 196/CA 1, 1968AR1F,
1968DO1C, 1969AR13).

1. (@ YN( )YO* ¥ 0O +n Qm = 4:536
(b) N( )70 Qum = 8:679

The half-lifeof Y'"Nis4:14  0:04 sec (1948KN1A), 4:20  0:08 sec (1961H101), 4:16  0:01
sec (1965D013), 4:17  0:02 sec (1970MELE): the mean of these valuesis4:16  0:01 sec. See
also (1959AJ76).

The decay is primarily [ 95% (1964SI06)] to neutron unstable states of 'O, principally
170*(4.55,5.38,594) [J = 32 ,3 and 3 , respectively] (1961PE1A, 1963GI04). The ratio
of the intensities of these delayed neutrons from ’O*(5.38) and 'O*(4.55) is 1.6 (1961PE1A).
There are also weak branchesto 70* (0, 0.87, 3.06): see Table 17.2 (1964SI106). The character of

the decay indicatesJ =1 for }’N(0). See also (1965MA 16, 1970BE21, 1970H115).

2. UB("Li, p)'N Qm = 81415
Qo =8:38 0:06 (1959L147).
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Table 17.1: Energy levelsof 1N 2

Exin1'N J:T o cm: Decay Reactions
(MeV  keV)

0 2.3 | 12=416 00lsec 1,2,3,4,56,9
1:3707 0:8 3 m < 0:2 psec 2,9
1:861 10 i 9
1:9080 0:8 3 m > 0:5 psec 2,9
2:5279 36 2,9
3:1342 46 m < 0:3 psec 2,9
3:220 6 m > 0:3 psec 2,9
3:661 6 2,9
3:684 12 9
3:928 12 9
4:023 12 2,9
4:215 25 2,9
4:470 10 2
5:176 15 2,9
5:195 15 2,9
5:523 11 G) 2,9
5:787 15 9
5:832 11 2,9
6:08 31 2
6:24 24 2
6:43 30 2
6:61 24 2
6:99 24 2
7:17 40 2
7:37 40 2
7:63 40 2
7:78 18 2
8:00 24 2
8:14 40 2
8:55 40 broad 2
8:93 40 broad 2
9:26 40 broad 2
9:74 40 broad 2

2 See also Table 17.4.



Proton groups have been observed to many statesin *’N: see Table 17.3 (19591147, 1965HA05,
1966M CO05). See also (1963MO1B). Angular distributions have been measured at E('Li) = 5
MeV to most of the states with Ey < 6:5 MeV (1966M CO05).

-transitions are displayed in Tables 17.3 and 17.4 (1965HA05, 1969THO1). The
mean lifetimes of 1"N*(1.37, 1.91, 3.13, 3.21) are, respectively, < 0:2, > 0:5, < 0:3 and >
2 for Y'N*(1.91) (1969THO1). See also

Observed

0:3 psec, suggesting J

Table 17.2: Betadecay of 1N 2

Decay to 1’O* (MeV) | J | Branch (%) log ft
0 S| 16 05 | 956 0:13°
0.87 "1 26 05 6:8 01
3.06 1 lo46 011| 69 O01
3.84 2 <01 > 7:4
> 3:84° 95

a8 (1964s106) and J.C. Hopkins, private communication.

b See discussion in reaction 1 and (1961PE1A).
¢ log f1t: E.K. Warburton, private communication and (1971TO08).

(1965CA05, 1967CA1D).

3.14C( , p)PN

See (1961PE1A).

4. 5N(t, p)7N

See (1963GI104, 1964SI06).

5. 170(n, p)'N

See 8O in (1972A02).

6. 280( , p)''N

See80in (1972A002).

3 for 1'N*(1.37) and J

Qm =

Qm

Qm

Qm

9:715

0:110

7:896

15:942




Table 17.3: Levelsof *’N from B("Li, p)}’N and 80(t, )*'N

Ex (MeV keV)

(1959L147) 2 | (1965HA05) 2 | (1966MCO05) 2 | (1969THO1) P | (1960JA13) ¢ A
0 0 0¢
1:32 80 1:3707 0:8 1:374 18 1:381 12
1:851 18 1:865 12"
1:89 80 1:9080 0:8 1:.906 18 1:921 12
2:50 80¢ 2:5279 36 2:536 18 2:530 15
2:82 80
3:1342 4.6 3:132 18 3:138 12
3:27 90 3:2220 7:1 3:212 18 3:216 12
3:57 90 3:6656 6:5 3:652 25 3:650 12
3:684 12
3:86 90 3:928 12
4:.010 25 4.023 12
4:18 90 (4:215 25)F ‘
4:47 10 4:47 40 i
5:176 15
521 20 5:23 40 5:195 15
553 20 5:51 40 5521 159
5:787 15
5:83 20 5:83 40 5:833 15
6:07 50 6:09 40
6:25 30 6:23 40
6:45 40 6:41 40
6:60 30 6:62 40
6:99 30 6:99 40
(7:26  50) 7:17 40
7:37 40
(7:51  70)
7:63 40
779 20 7:73 40
8:00 30 8:00 40




Table 17.3: Levelsof 'N from B(’Li, p)’N and 8O(t, )’N (continued)

Ex (MeV keV)
(1959L147) 2 | (1965HA05) 2 | (1966MCO05) 2 | (1969THO1) P | (1960JA13) ¢ A
(8:25 30) 8:14 40
855 40°¢
8:93 40
9:26 40
9:74 40

A: A.D.W. Jones, private communication: *2O(t, )"N. See also (1968J01G, 1969JO1L).
a Measurement of proton groups from **B(”Li, p)'’N.

b Measurement of -ray from **B("Li, p)*’N.

¢ Measurement of alpha groupsfrom *80O(t, )’N.

d The proton groups to this level and the ones below are not completely resolved.

€ This state and the ones below are broad.

f This may represent a doublet.

91 =1.

hl=o.

I States observed but E, not determined.

7. 180(n, d)I'N Qm = 13718
See 0 in (1972A02).

8. 80(d, *He)''N Qm = 10:449
Not reported.

9. 80(t, )N Qm =3:872

Qo = 3:872  0:015 (1960JA13).

Alpha-particle groups corresponding to 1’N states with E, < 5:9 MeV are displayed in Table
17.3 ((1960JA13), A.D.W. Jones, private communication). Angular distributions to most of these
have been measured at E; = 12:9 MeV (1968J0O1G, 1969JO1L ): the spectroscopic strength of the
transition to 1’N*(5.52) is equal to that of the ground state: it is probably the ps-, hole state.



Table 17.4: Radiative decaysin1’N 2V

Ei (MeV) Es (MeV) Branch (%)
137 0 100
1:86 + 1:91 0 75
1.37 25
191 0 b
2.53 0 13
1.37 30
191 57
3.13 0 <14
1.91 b
3.22 0 50
3.66 1:86 + 1:91 b
3.13 b
4.02 0 10
1:86 + 1:91 40
253 50
4.22 1.37 > 40
4.47 1:86 + 1:91 100
5.20 0 <11
1:86 + 1:91 b
3.22 bic
5.52 0 20
1.37 30
1:86 + 1:91 b
5.83 0 <12
1.37 b
3:13 + 3:22 bic

8

¥ Recent work (reaction 9, A.D.W. Jones, private commu-
nication) shows a number of states in 1’N addition to the
ones listed below: see Table 17.1.
8 (1965HA05, 1969THO1).

b Transition seen but branching ratio not measured.
¢ See, however, (1969THO1).



10. 2°F(n, *He)'N Qm= 16217

Not reported.



170
(Figs. 7and 9)

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

Shell model: (1957WI1E, 1959BR1E, 1959FE1B, 1959KH1A, 1959SA 11, 1960AK 1A, 1960TA1C,
1961BA1E, 1961INE1B, 1962BH09, 1962TA1B, 1962TA1E, 1963C012, 1963HAOS, 1963KU1B,
1963PA03, 1964BR1H, 1964RI1A, 1965GI1B, 1965LE1E, 1965MA 16, 1965ZA 1B, 1966AR10,
1966BO1R, 1966BR04, 1966BR1R, 1966BR1Q, 1966DE18, 1966L A1E, 1966MA 12, 1966QU1A,
1966RI1F, 1966S005, 1966ZA1E, 196/BO1T, 1967ELO3, 1967ENO1, 1967/FEQ01, 1967/G0O04,
1967LY 02, 196/NI1D, 1967PA05, 1967PF01, 1968B10/, 1968DE13, 1968EL1C, 1968EL 1A,
1968HE1H, 1968HO1H, 1968K A1E, 1968M AZB, 1968NI1A, 1968SU1E, 1968ZU02, 1969B037,
1969CHI1R, 1969EL 1D, 1969EL 1B, 1969GI1B, 1969GU 1M, 1969K A09, 1969K U 1G, 1969M A 38,
1969PI1D, 19695A 1], 1969UL 03, 19692U1D, 19/0BOZ2B, 19/0EL 1G, 19/0GU1E, 197/0HI115,
1970WAO01).

Collectivemodel: (1959Y U1A, 1960RA 1A, 1960SH1A, 1961INE1B, 1962AR1C, 1962DA 1B,
1962MA23, 1962M A 1K, 1962M O1B, 1963CHO0Z, 1964BA 1L, 1964BR1H, 1965NE1C, 1966BR04,
1966BR1R, 1966BR1Q, 1967FE01, 196/G0O04, 196/GR1D, 1968B107, 1968EL 1C, 1968MA2ZB,
1969BAZE, 1969M A 38, 1970BA2B).

Electromagnetic transitions: (1959BA1C, 1959FA1C, 1960RA1A, 1962MA1K, 1963CHO0Z,
1964BA1L, 1965GR1H, 1965KA1D, 1966MA12, 1966QU1A, 196/KA21, 1969KH1C, 1969M A 38,
1970EL 08, 1970GO1H, 1970SI1C).

Soecial levels: (1961WI11D, 1962IN02, 1963C0O12, 1965EJ1A, 1965GI 1B, 1965L E1E, 1965NE1C,
19665005, 196/BEOZ, 196/GR1D, 196/PF01, 1967/P101, 1968MAZ2B, 1969BAZE, 1969GI 1B,
1969HA1G, 1970BA2B, 1970EL 08, 1970RY 02, 1970WA01).

Other topics: (1959FE1B, 1959KH1A, 1959SA 11, 1960GO1C, 1963WA 1E, 1964L11B, 1964NI11A,
1965HU1D, 1965ZA 1B, 1966M I 1F, 1966WA 1K, 1967EL 03, 196/GR1H, 196/KA1G, 1967LY 02,
196/NI1D, 1968K A1E, 1968NI1A, 1968SU1F, 1968SU1C, 1968SU1E, 1968WO1C, 1969DE1S6,
1969FO01G, 1969HELN, 19691W1B, 1969JA1F, 1969KA09, 1969NO03, 1969NO1E, 1969PA1G,
1969PI11D, 1969SA 1], 1969SC14, 1969SC1Q, 1970BA1M, 1970HA1T, 1970MC17, 1970SU1B).

Ground state:

= 1:89371 0:00009 nm (1967SH14);
Q =26:5 3:0mb (1964L114).

Seeaso (1959FA1C, 1960RA 1A, 1962BE1D, 1963BE36, 1964ST 1B, 1965IC1A, 1966MA1V,
1966MA1Y, 1966M | 1F, 196/CO1D, 196/GO1A, 196/GR1D, 196/SHO5, 1968BE1X, 1968LE1L,
1968RO1E, 1969CH1R, 1969FU11, 1969PE1D, 1969SI 1E, 1970EL 08, 1970S102, 1970SI1C).
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Table 17.5: Energy levelsof 'O

E,int’O J ;T mOr cm: (KeV) Decay Reactions
(MeV  keV)
0 2L 1,2,56,8,9 10, 12,
14, 19, 20, 22, 29, 30,
31, 32, 33, 34, 36, 37,
38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48
0:87081 0:22 - m =258:6  2:6 psec 1,256,809, 10, 14,
19, 20, 22, 29, 31, 32,
34, 41, 42, 43, 44, 45,
46, 47, 48
3:055 2:5 : m = 120%80 fsec 5,6, 8,09, 12, 14, 22,
29, 31, 34, 41, 42, 45,
46
3:841 3 2 m 25fsec 5,6, 8,9, 12, 14, 19,
20, 29, 31, 37, 41, 42,
45, 46
4:554 6 3 =40 5 n 5, 6, 8,9, 14, 19, 20,
23, 29, 37, 41, 42, 46
5:083 10 & 95 5 n 8,9, 14, 19, 23, 29, 41,
42
5217 5 LR <8 6,8, 9, 14, 19, 20, 29,
37,41, 46
5:377 3 3 28 7 n 6, 14, 19, 23, 29, 41,
42, 46
5:696 3 I 3.4 n 6,8, 9, 14, 19, 20, 23,
29, 37,41, 46
5:731 3 ™ <1 n 5, 6, 8, 9, 14, 23, 29,
46
5:867 3 & 6.6 n 6,8, 9, 14, 19, 23, 29,
46
5:935 3 : 23 10 n 5,8, 9, 14, 19, 23, 29,
46
6:356 %* 135 n |56,14,19,23
6:859 <1 n 5,6, 8,9, 14, 19, 23,

11
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Table 17.5: Energy levels of 1"O (continued)

E,int’O J ;T mOr cm: (KeV) Decay Reactions
(MeV  keV)
6:970 3 <1 n 8,9,14, 19, 23,46
7:166  2:4 : 27 1 n, 57,89, 14, 19, 23,
28
.
7.29 : 500 n 23
7:378 24 3 05 n, 5,6,7,8,9,14, 20, 23,
28, 46
7:379 3 : 11 n 5,6, 8, 9, 14, 19, 23,
28
(7.53) ) 600 n 23
7:569 7 I 4 n, 5,6,7,8,9,14, 19, 28
7.67 3 400 n 19, 23
7:684 5 I 18 n, 5,7,8,9,23,28
+
(7.69) : 3 n 8,9, 23,28
7751 14 &) 6,8, 19, 20, 21, 37, 46
7:947 20 L 79 10 n, 7,23,28
8:090 9 & 71 8 n, 7,19, 20, 23,28
8:213 9 : 71 5 n, 7,19, 20, 23, 28,29
8:347 5 L 9 3 n, 7,23,28,29
8:402 5 - 4 3 n, 7,23,28
8:467 5 - 7 3 n, 5,7,8,9,20,23,28
8:502 5 2 5 3 n, 7,8,9,19,23,28
(8:568 10) n 23
8:703 8 : 50 3 n, 6,7,8,9,19,23 28
8:87 20 I 6 n, 7,8,9,19,20,23
8:90 15 g* 101 3 n, 6,7,8,9,19,20,28
8:961 4 I 21 n, 6, 7,89, 19, 20, 23,
28
9:14 30 G) 6,19, 20, 21
9:16 15 3 4 3 n, 7,28
9.18 I 3 7
9.19 - 55 1 n, 7,23,28
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Table 17.5: Energy levels of 1"O (continued)

E,int’O J ;T mOr cm: (KeV) Decay Reactions
(MeV  keV)
9.45 g 140 n 23
9.50 2 15 n, 5,7,19,28
9:705 5 ~ 16 n, 6,7, 19, 23
9.78 & 45 n, 7,19, 20, 23
0.88 g 12 1 n, 6,7,19, 20, 23, 28
9.95 o 107 n, 7,28
10.13 3 138 n, 7
10:157 7 I 42 n, 7,19,23,28
10.24 g* 122 n, 7,28
10.32 G 1) n, 7
10:422 10 14 3 n, 7
10.49 (A 75 30 n, 7
10:549 6 <, 47 15 n, 7,19,23,24,28
10.70 ) 25 6,7
10:769 10 ¢r 1) 80 20 n, 7,24, 28
10:909 7 s 57 15 n, 7,19,23,24,28
11:026 10 T=1 45 10 n, 7,19,24,28
11:082 6 (3) ;3 <20 6, 19, 24, 41, 43
11:225 10 100 30 n, 5,7,19, 28
11.51 3 190 n() |19 23, 24,28
11:615 10 120 30 n, 7,19, 24,28
11:748 10 40 25 n, 7,28
11:813 15 12 3 n, 6,7,28
11.97 3 270 n 23
12:002 15 n, 6,7, 24,28
12:11 20 150 50 n, 6,7, 24
12:271 15 100 30 n, 6,7,28
12:38 20 % 130 n, 7,23
12:417 15 n, 7
12:471 5 O n 6, 24, 43
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Table 17.5: Energy levels of 1"O (continued)

E,int’O J ;T mOr cm: (KeV) Decay Reactions
(MeV  keV)
12:592 15 75 30 n, 7,23
12:666 15 75 n, 7,23,24
12:81 25 n, 7
12:92 20 > 150 n, 7
12:950 12 6, 24, 43
12:994 8 T=3 n, 6,7,43
13:073 15 16 4 n, 7
13:481 15 120 n, 7
13:606 15 250 100 n, 7,23
13:640 5 ()3 6, 43
14:219 8 T=3% 29, 43
14:282 12 T=3 6, 29, 43
14.62 ( 9 340 n 6, 23
14.80 T=3 6
14.99 ) 150 n, d, 17, 23
15:101 8 T=3 p, d, 16, 17, 43
15.6 200 p, d, 16, 17
20.5 € n,3He | 11,23
21.1 n,3He |11
21.7 € 3He, 11
22.1 ¢.2.1) n 3He, |11
23.0 ) SHe |11
1. 7Li(**N, YO Qm = 16:154

The angular distribution of the -particles corresponding to ’O* (0, 0.87) (unresolved) has
been measured at E (}4N) = 27:6 MeV (1964WA1B).

2. 9Be(*60, 8Be)1’0 Qum = 2:477
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Thelifetimeof 10*(0.87), m,iS253 6 psec(1969N109): seeTable17.7. At E(**0) = 15 and
18 MeV, the transitions to 7O* (0, 0.87) have been studied (1970BA1.). The excitation curve for
the one-neutron transfer to 1 O* (0.87) has been measured for E(**0) = 6 t0 22 MeV (1970BA55).
See also (1968KN1A).

3. (8) ©B("Li, p)*sN Qm = 13:985 Ep, = 27:767
(b) ©°B("Li, d)**N Qm = 13:723
(©) °B("Li, )N Qm = 9:146
(d) °B("Li, )BC Qum = 21:410

Cross sections to various of the fi nal states have been measured at E(Li) = 5:20 MeV
(1966M CO5). See also (1963MO1B).

4. (8) “B(Li, p)**N Qum = 9:782 Ep = 23:564
(b) 1B(5Li, d)1°N Qum = 9:520
(©) “B(Li, )N Qum = 4:942
(d) “B(Li, )1C Qum = 17:207

Cross sections to various of the fi nal states have been measured at ECLI) = 4:72 MeV
(1966M CO05). See aso (1963MO1B).

5. 2C(5Li, p)i’0 Qn = 7:607

Angular distributions have been reported at E(°Li) = 3 MeV (1963BA0S; p, Pz, Pa), 3.4t04.0
MeV (1962BL13; pg ¥ ps), 4510 5.5 MeV (1966HEO0S; py ¥ pa), 5.6 to 6.6 MeV (1970J008;
Po ¥ p3), 9.0to 14.0 MeV (1970J009; po ¥ ps) and 20 MeV (1968MELC; p to 'O*(8.47)).
Neither the direct reaction model nor the statistical compound nucleus model alone is adequate
to describe the data (1970J0O09). Proton groups to various states of 7O with E,  15:8 MeV
have been identifi ed by 1966HE0S, 1968ME10, 1970J0O0S). See aso (1960SHO5, 1967D201),
(1967CA1D), (1968GA 1., 1969GI1B; theor.) and *8F in (1972AJ02).

6. 12C(’Li, d)I’0 Qum = 2:579

Angular distributions of the dy and d; groups have been measured at E(’Li) = 3:24 to 3.64
MeV (1967M023). At E("Li) = 20 and 24.4 MeV, deuteron groups are observed to many states
of 17O with Ex < 15 MeV, including states at E, = 8:50 and 11.85 MeV and probable T = 3
states at 11.08, 12.47, 12.99, 13.64, 14.28 and 14.80 MeV (1969BA2U, 1970COZA). See aso

(1970CA1N) and °F in (1972AJ02).
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91

Table 17.6: Resonancesin 13C( , ¢)*3C, 33C( , n)**0and160(n, )'3C

E En = cm: J Ex 2 Refs.
(MeV  keV) | (MeV) (keV) (MeV)
1:063 4 27 1 5 7170 | A
1:340 4 2 s 7.382 | (A, 1969SC04)
1:585 7 4 z 7569 | (1956RU1A, 1957WA1C, 1969SC04)
1:736 5 22 s 7.684 | (1956RU1A, 1957WA1C, 1969SC04)
2:080 20 4.0 0.03 79 10 % 7.947 (B, 1965BA32, 1967SEQ7)
2250 20 | 415 | 005 | 71 8 3 8.077 | (C, 1965BA32, 196/SE0Y)
2:420 20 | 425 | 011 | 71 5 3 8.207 | (C, 1965BA3Z, 1967SE07)
2:603 5 446 | 0.44 9 3 N 8.347 | (D, 1965BA32, 1967SE07)
2:675 5 453 | 008 | 4 3 s 8402 | (D, 1965BA32, 1967SE07)
2:760 5 459 | 097 7 3 I 8467 | (D, 1965BA32, 196/SE07)
2:805 5 462 | 0.26 5 3 s 8502 | (D, 1965BA32, 1967SE07)
3:08 15 | 485 | 006 | 50 3 3 8.71 (D, 1963DA 12, 1965BA32, 1967SE07, 1971BA0E)
(3.2) broad : 8.7 (1971BA0E)
3.305 1.00 6 z 8.884 | (1965BA32)
3:33 15 | 505 | 050 | 101 3 3t 8.90 (D, 1963DA 12, 1965BA32, 1967SE07, 1971BA0E)
342 15 | 512 | 004 | 21 3 z 8.97 (D, 1963DA12, 1965BA32, 1967SE07, 1971BA0E)
367 15 | 532 | 045 4 3 : 9.16 (1956B061, 1963DA1Z, 196 /SEQ/, 1968K E02)
3.69 1.00 3 z 9.18 (1968K E0Z)
3.72 537 | 020 | 55 1 s 9.20 (1956BO61, 1956SC1C, 1963DA 12, 1967SE07, 1968K E02)
411 568 | 085 | 15 1 3 9.50 (1956BO61, 1956SC1C, 1963DA 12, 1967SE07, 1968K E02)
(4.3) broad 3 (9.6) (1971BA0E)
4.40 070 | 16 1 I 9.72 (1956BO61, 1956SC1C, 1967SE07, 1968K E0Z, 1971BA0E)
5.92 (1963DA12)
4.42 0.90 61 3 9.74 (1968K EOZ, 1971BA0E)
458 608 | 018 | 12 1 %+ 9.86 (1963DA 12, 196/SEQ/, 1968K E0Z, 19/1BA0E)
4.70 6.22 | 0.78 107 st 9.95 (1963DA12, 1968K E0Z, 1971BACE)
4.94 0.85 138 s 10.13 (1968K E0Z)




LT

Table 17.6: Resonancesin 13C( , ¢)*3C, 13C( , n)**0and *%0(n, )'3C (continued)
E En = cm: J Ex?2 Refs.
(MeV  keV) | (MeV) (keV) (MeV)
4.995 6.41 | 015 46 z 10.176 | (1963DA1Z, 1968K E0Z, 1971BA0OE, 1970RO08)
5.08 6.59 | 0.60 122 I 10.24 (1963DA12, 196 /SEQ/, 1968K E02)
5.185 5,1 | 10321 | (1968KE0Z, 1970RO0E)
5:317 10 14 3 10.422 | (1963SP02, 1967SE07, 1968K E02)
5.40 75 30 | $%,1 | 1049 (1967SE07, 1968K E02)
5:496 10 | 6.81 47 15 | 1,97 | 10559 | (1963DA1Z, 1963SPUZ, 1968K EUZ, 19/0ROVE)
5.68 1.00 25 My | 1070 (1968K E0Z)
5:771 10 | 7.04 go 20 |1i%,2 10.769 | (1963DA1Z, 1963SPUZ, 1968K E0Z, 1970RO0E)
5:945 10 | 7.20 57 15 5 10.902 | (1963DA1Z, 1963SP0Z, 1968K E0Z, 1970RO08)
6:107 10 | 7.32 45 10 11.026 | (1963DA1Z, 19635P02, 1968K E0Z)
6:367 10 7.59 100 30 11.225 (1963DA 12, 1963SP02)
(7.79) (11.47) | (1963DA12)
6:878 10 7.90 120 30 11.615 (1963DA 12, 1963SP02)
7:051 10 | (8.06) 40 25 11.748 | (1963DA1Z, 1963SP02)
7:136 15 | 822 12 3 11.813 | (1963DA1Z, 1963SP02)
7:384 15 | 8.38 12.002 | (1963DA1Z, 1963SP02)
752 20 150 50 1211 | (19635P02)
7736 15 8.66 100 30 12.271 (1963DA 12, 1963SP02)
7:88 20 1238 | (1963SP02)
7:927 15 12417 | (19635P02)
8:156 15 75 30 12592 | (19635P02)
8:253 15 5 12.666 (1963SP02)
8:44 25 1281 | (1963SP02)
8:59 20 = 150 12.92 (1963SP02)
872 20 13.02 | (19635P02)
8:785 15 16 4 13.073 (1963SP02)
9:319 15 120 13.481 (1963SP02)
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Table 17.6: Resonancesin 13C( , ¢)*3C, 13C( , n)**0and *%0(n, )'3C (continued)

E En = cm: J Ex? Refs.
(MeV  keV) | (MeV) (keV) (MeV)
9:483 15 250 100 13.606 (1963SP02)

A: (1953J01A, 1956RU1A, 195/WA1C).
B: (1955SE1A, 1956B061, 1956RU1A, 1956SC1C, 1957WA1C).

C: (1955SE1A, 1956BE1D, 1956B061, 1956RU1A, 1956SC1C, 1957WA1C).
D: (1956BE1D, 1956B061, 1956SC1C, 195/WA1C).

a | am indebted to Dr. C.H. Johnson for a discussion of the nature of many of these states.




Table 17.7: Lifetime of 7O*(0.87) 2

m Refs.
(psec)
255 13 (1960K A10)
263 8 (1963L003)
258:7 4:2 (1964BE15)
233 27 (1965AL 14)
263 7 (1965M C10)
232 8 (1967B105)
261 7 (1969G004)
253 6 (1969N109)
258:6 2:6 mean P
2 See aso (1953TH14, 1962GA15, 1967WA1C,
1968SCLE).

b Mean does not include value of (1967B105).

7. (8 B¥c( ,n)to Qm = 2:215 E, = 6:357
(b) 13C( , )13C

The yield of neutrons (reaction (a)) increases monotonicaly for E = 0:475 to 0.700 MeV:
S(E) =[(5:48 1:77)+(12:05 3:91)E] 10°MeV b (1968DA05). The astrophysical consid-
erations are discussed by (1968DA1D). See also (1959AJ76).

Elastic scattering studies (reaction (b)) have been carried out for E = 2:0 to 3.5 MeV
(1965BA32) and 3.5 to 6.5 MeV (1968KE02). Recent measurements of yield curves for reac-
tion (a) have been madeat E = 2:0 to 3.5 MeV (1965BA32), 2.0 to 5.6 MeV (1967SE07; ),
3.5t06.5MeV (1968KE02), 4.5t0 10.5 MeV (1970RO08; ng), 5to 10 MeV (1963SP02: 6.13 and
7MeV ) and 17.4 to 22.5 MeV (1963DE27; ng). Angular distributions have been measured at
many energies.

A number of resonances in the neutron yield and of anomalies in the elastic scattering have
been observed: see Table 17.6 (1953J0O1A, 1956BE1D, 1956B061, 1956RU1A, 1957WA1C,
1963SP02, 1965BA 32, 1967SE07, 1968K E02, 1970R0O08). See also (1960ST02). Table 17.6 also
shows the results from the inverse reaction O(n, )**C. The study of the ny yield by (1970RO08)
indicates more structure than is displayed in Table 17.6. In therange E,, = 17:4 to 22.4 MeV the
Ny cross section does not show any appreciable variation with energy. See also (1968LE1N) and
(1963K E1A; theor.).
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Table 17.8: "0 levels from the study of *3C(°Li, d)}’O and 3C("Li, t)!'O

(1970BE31)

Ex? J d =d¥in( bisr)®
(MeV) (Li, d) ("Li, 1)
0P > 105 75
0.87° - 180 92
3.06"° : 560 750
3.84"° 5 340 1400
455" 3 285 1350
5.08° & 180 250
5.22" I p i 245 230
5.38 P s ¢ ¢
' 2
5:70 P I =
e 2, . 230 530
>0 2 90 150
5:94 B
6.24 ¢ ¢
6.36 ™ ¢ ¢
6.86"° 92 125
6.97" 200 320
7.17° 2 350 1050
7.29 & d d
7.38° 3 720 2000
757" I 98 310
7.68"° I 620 1100

7:76  0:02 b D)
7.95 ! d d
8.09 & ¢ ¢
8.21 g d d
8.35 ™ d d
8.40 & d d

2

8:47" =
' 2 940 2400
8:50 ® > s




Table 17.8: "0 levels from the study of *3C(°Li, d)}’O and 3C("Li, t)!'O
(1970BE31) (continued)

E,° J d =d?in( bisn)P®
(MeV) (Li, d) ('Li, 1)
8.70 N 50 200
8:88 1 =

2 1400 2000
8:96 L

a These energies were not determined in this experiment, except for that of 170* (7.76).

b Angular distributions were obtained for these states. For thesed =d! were taken at the
maximum of the distribution. For the other statesd =d! isthe30 value.

¢ Group not seen: obscured by contaminant.

d Thislevel was not observed.

J assignments derived from polarization measurements at E = 3:36 to 4.80 MeV are dis-
played in Table 17.6 (1971BA06). See also (1969SC04).

8. 3C(Li, d)'’0 Qm = 4:885

At E(5Li) = 18 MeV, deuteron groups have been seen corresponding to many 7O states with
E, <9 MeV: see Table 17.8 (1970BE31). See also (19680G1A, 19700G1A).

9. BC('Li, )70 Qum = 3:890

Thisreaction has been studied at E(“Li) = 17 MeV: seereaction 8 and Table 17.8 (1970BE31).
See also (19680G1A).

10. 13C(160, 12C)170 Qm= 0:804

At E(**0) = 17 and 20 MeV, the transitions to ' O* (0, 0.87) have been studied (1968KN1A,
1970BA1.). The excitation curve for the one-neutron transfer to 1’ O* (0.87) has been measured for
E(**0) = 12 to 25 MeV (1970BA55).
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11. (a) *C(3He, n)1*0 Qn = 14:616 E, = 18:759
(b) “C(He, 3He)*4C
(c) *C(*He, )3C Qn = 12:402

Theny yield (reaction () for E(*He) = 1:6 to 3.25MeV indicatestwo resonancesat E (*He) =
2:1 and 2.8 MeV, corresponding to *”O* (20.5, 21.1) (1961J024). The excitation function shows a
resonance in the ny and nz.4 yields at E(3He) = 4:1 MeV [10*(22.1)], but not in the ny., yield:
J =1 or? issuggested (1970HO08).

Resonances are observedinthe -yield (reaction (c)) at E(°*He) = 3:6 and 4.1 MeV [*O*(21.7,
22.1)] and in the *He yield (reaction (b)) at 5.1 MeV [Y70*(23.0)], withd = (37), (Z ) and
(™), respectively (1970K E1D). The variation of the 3He optical parameters has been studied for
E(PHe) = 10 to 18 MeV (1970DUO07).

12. 14C( , M0 Qm= 1819
A study of n- correlationsleadsto J = 3 for 70*(3.06) and probably toJ = 2 for
170*(3.84). The upper limitsto the decays3:06 ¥ 0 and 3:84 ¥ 0:87 are, respectively, 2 and 5%.

The lifetimes of 170* (3.06, 3.84) are 120*% and < 25 fsec, respectively (1964AL11).

13. (@) “N(t, p)**N Qm = 4:840 Ep = 18:621
(b) “N(t, d)*°N Qm = 4:577
(©) “N(t, )N
(d) “N(t, )BC Qm = 12:264

Excitation functions have been measured in the range E; = 1:0 to 2.0 MeV for the po, p1, P2,
ps groups, thedy and tp groupsandthe o and ; groups: the reactions appear to proceed primarily
viaadirect interaction mechanism (1964SC09). See also 16N, and *C and '°N in (1970AJ04).

14. (a) ¥N( ,p)t'O Qm= 1193
(b) 14N( P )13C Qm = T7:546
Qo= 1:200 0:017 (1967SP09).

Differential cross sections have been measured at E = 8:12 to 11.52 MeV (1969SC21; p 1),
12.9to 24.9 MeV (1970ZE01; po, p1), 13.0, 13.4, 14.25, 14.5 and 18.1 MeV (1969R0O07: states
with Ex < 7:6 MeV), 17.3 to 24.9 MeV (19/0ZE01; p,), 22.3 MeV (1963YA1C; po, p1), 22.5
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to 24.9 MeV (1970ZE01; ps), and 26.8, 28.1 and 33.3 MeV (1961YAOZ; po ¥ ps3). Using the
(23 + 1) rule, I = I, 2 or & for 170*(5.22). The previously reported states at E, = 6:24 and
7.29 MeV were not excited, but 1’ O* (6.97) is confi rmed by the work of 1969R007). Thelifetime
of 10*(0.87), measured by this reaction and by reaction 29, ,, = (4:30 0:21) 10 0 sec
(1962GA15): see Table 17.7. See also (1959AJ76) and 18F in (1972AJ02).

AtE = 22:9 MeV, the sequential decay (reaction (b)) appears to take place via a number of
70 stateswith 8:46  E,  13:57 MeV. Thoseinvolved are believed to haveJ 3, / 0:6

(1969BA17). See also (1968KU1C).

15. 15N(d, n)*0 Qm = 9:901 E, = 14:044

The excitation function has been measured for Eq = 0:5 to 5.3 MeV. Above E4 = 1:0 MeV,
pronounced peaks are observed, presumably to be ascribed to numerous overlapping resonances
(1958WE31). See dso (1970MU1H). Polarization measurements (ny group) are reported at E,, =
1:6 to 3.0 MeV (1966BR12), 2.65 MeV (1966BU0Y), 2.75 MeV (1969BU19), 3.09 to 3.83 MeV
(1968ME15) and 4.35 and 5.50 MeV (1967BU16). See also (1966BR1E). See aso 1°0.

16. 15N(d, p)*5N Qum = 0:262 Ep = 14:044

The excitation curve has been obtained for E4 = 0:3 to 2.7 MeV. There is some resonance
structure at Eq = 1:3 and 1.9 MeV [Y0*(15.2, 15.7)] (1957B004). See also 6N.

17. 5N(d, )C Qm = 7:687 Ep = 14:044

The o yield curve for E4 = 0:8 to 1.8 MeV indicates two resonances at Eq4 = 1:06 and
1.25 MeV | 100 and 200 keV, respectively], attributed to an 'O state at Ex = 14:98 MeV
[ =3"]andtooneor more 7O statesat Ex = 15:15MeV [J =3 or 2 ](1966T103). Inthe
range Eq = 1:2t02.5MeV abroad maximumisobservedin boththe oand ;yieldsatEy 1.7

MeV (1965MA1A). See also (1959FI30).

18. N(t, n)*’O Qm = 7:787
Not reported.
19. °N(He, p)*’O Qm = 8:550
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Table 17.9: Decay properties of thelowest T = % statesin A = 17

170*(11.08) L7F*(11.20)
cm: < 20kev ? <600eVP®
Branching ratios (%):
160(g.s) 91 5¢ 8:8 16°
12 44
160* (6.05) 5 2¢ 23 5¢
26 8d
160*(6.92) 28 13¢
160%(7.12) 34 149
2(g.s.)/ %(6.05) 34 14° 0:16 0:05°¢

a D.C. Hendley, quoted in (1970M CO02).
b (196/PA1Y).

¢ (1970MCO02).

d (1969HAZB).

At E(CHe) = 18 MeV, many 170 states with E, < 11:6 MeV have been observed. The levels
a570MeV ( ),7.38MeV (3 )and11.08 MeV (3 ; T = 2) areparticularly strongly popul ated
(1969MEIK). See also (1965SE01, 1968BELY, 1968SEIC). At E(CHe) = 8:4 MeV aT = 1
state at E, = 11:02 MeV is excited (1970MC02): see aso reaction 43 and Table 17.9. See also
(1963PA01) and (1969BA1Z).

20. 5N( , d)!70 Qm= 9:803

AtE = 45:4 MeV, the deuteron spectrum is dominated by the groups corresponding to states
with E, = 7:742  0:020 and 9:137  0:030 MeV. These states are assigned J = (4 ) and
(% ), respectively and arise from adominant (ds=2)2p,, confi guration. Angular distributionswere
measured as well for the deuterons corresponding to *’O(0) and to states with E, = 0:87  0:05,
5:208 0:030,5:690 0:030,7:367 0:030,8:459 0:030,8:890 0:030and9:814 0:030 MeV.
In addition the excitation of stateswith E, = 3:85 0:05,4:57 0:05and 8:147 0:030 MeV is
also reported (19691 U07). See also (1962HA40, 1966R104) and (1963GL 1C; theor.).

21. 5N(1B, °Be)'70 Qm= L1775
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Table 17.10: Recent angular distribution, total cross-section and polariza-

tion measurementsin %0(n, n)*¢0 2

(a) Angular distribution studies

E., (MeV) Group Refs.
0:3 1.7 Ny (1961LA1A)
0.9 Ny (1962L.009)
1:12 1:16,1:64 1:70,1:77 3:67 No (1968JO1F)
1:51 2:25 No (1962M A 05)
1.96,3:21 3:44 Ny (1970F003)
2.0 41 Ny (1962HUO07)
2:2 42 No (1967J012)
31 47 No (1966L103)
50 65 Ny (1960SM02)
13.9 No, N1+2+3+4 (1963BA46)
14 No (1967BEZB)
14.1 No, Ni+2, N3+4 (1969M E15)
14.8 Ny (1967LU1B)
15 Ny (1959BE1B)
(b) Cross-section measurements
E, (MeV) Type Refs.
0:003 10:0eVv t (1960WA07)
1.44eV sc (1965RA 1B)
10 500 keV t (1966M O09)
1.77 3:67 MeV t (1968JO1F)
3 8 t (1969DA13)
33 51 t (1960TS02)
3.3 52 t (1968MA2D)
3:33  3:87 t (1967J012)
34 16 t (1961F007)
14 19 ol (1970BO30)
14.1 t el (1969M E15)
18 27:6 t (1960PE1B)
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Table 17.10: Recent angular distribution, total cross-section and polariza-
tion measurementsin *60(n, n)**O @ (continued)

(b) Cross-section measurements (continued)

E, (MeV) Type Refs.
88 150 t (1966M E14)
13.9 ey ne (1963BA46)
14.8 ne (1967CH1F)
15 ne (1969NY 1A)
6:4 9:8 —— (1959HA13)
6:72 11.0 N e1r i ee | (1970DI1C)
7:50 11.0 o 7 (1970DI1C)
7.7 94 N0 somrt (1959HA13)
9.0 14 N g (1970DI11C)
14.6 nn e1r N eosry | (1969BUOES)
15 n; o (1969NY 1A)
17 37 n: 2n (1961BR1A)
11:08 19:04 n: p (1962DE13)

12:6 16:3 n: p (1962SE1F, 1961SE02)
14.7 n: p (1960DE19, 1962K A1A)
14.8 n: p (1966M11J, 1966PR1A)

3:77 467 (n N (1966L103)

50 838 N o (1963DA12)

7:13  12:03 noos M oa (1968DA 1E)

76 87 N (1963DA12)
8:1 85 N es (1963DA12)
71 12:0 noos Mot (1968PA1X)
12 20 N o (1963BO1E)
14:8 18:8 N0 N o1aaes | (1968S106)
15 n: (1969NY 1A)
(c) Polarization measurements
E, (MeV) Group Refs.
0:2 22 No (1962EL01)
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Table 17.10: Recent angular distribution, total cross-section and polariza-
tion measurementsin *60(n, n)**O @ (continued)

(c) Polarization measurements (continued)

E., (MeV) Group Refs.
0.84 No (1962BE1C)
1:51 2:03 No (1962MA05)
2.84,2.98 Ny (1963GL 1D)
35 No (19620T01)

2 See also (1959A 7€), (1964ST25, 1970GA1A).

At E("'B) = 115 MeV, the states at Ex = 7:7 and 9.1 MeV [J = 1 and 2 | respec-
tively] are strongly populated. asin the **N( , d)!’O reaction (1967PO1E). See also (1966PO1E,

1967VO1A).

22.160(n, )70 Qm = 4:143

capt: = 0:178  0:025 mb (1964JU05).

Capture -rayswithE =870 5,1088 5,2180 25and3271 15KkeV, fromthetransitionsto
and decay of 1/O*(0.87, 3.06), are reported by (1964JU05). See also (1969HO1X). Astrophysical
considerations are discussed by (1968FO1A).

23. 150(n, n)160 Ep = 4:143

The scattering amplitude (bound) isa = 5:80  0:05 fm (1965D01B). The coherent scattering
crosssectionis4:23  0:07 b (1964ST25). Seeaso (1961WI1A, 1965RA 1B, 1969BA1F).

Recent cross section and angular distribution measurements are listed in Table 17.10. Cross
section dataare summarizedin (1964ST 25), whileangular distribution dataare displayed in (1970GA1A).
See also (1968AL1G).

A large number of resonances have been observed for E,,  11:5 MeV: these are displayed in
Table 17.11 (1960TS02, 1961F007, 1967J012, 1968DA1F, 1968J0O1F, 1969DA 13, 1970BO3(,
1970F003) and (1959AJ76, 1964ST25). See also (1966L103). Recent high-resolution cross
section measurements and phase-shift analyses have led to a much better understanding of the
170 level structure: see (1967J012, 1970F003) for a general review of the work on this reac-
tion. See also (1960PE0Z, 1961GO1H, 1963KU1F), (1968AL 1G) and (1959AU1A, 1960CO1A,
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1960F014, 1960M11B, 1963J0O1D, 1963KA27, 1963LU10, 1963P103, 1965GA1F, 1965SL 1B,
1966AG1A, 1966GA 1L, 1967GR1.], 1967RE1C, 1967SC1E, 1967SC1H, 1967UN1A, 1968FO1D,
1969IW1C, 1969IW1A, 1969MA2B, 1970CO1U, 1970MU1C, 1970WA 1.; theor.).

Polarization measurements have been carried out for E,, = 0:2 to 3.5 MeV: see Table 17.10
(1962BE1C, 1962EL 01, 1962M A 05, 19620T01, 1963GL 1D). Seedsothereviewsby (1963HA1G,
1963P103, 1966DA 1B, 1966RO1B) and (196 /BE1F; theor.)

24, 150(n, n')160O* Ep = 4:143

Recent cross section measurementsare listed in Table 17.10. The cross sections for production
of 6.13and (6:92 + 7:12) -raysintherange E,, = 6:5 to 10 MeV show a number of resonances:
see Table 17.12 (1969HA2B). See also (1970SU01).

25. 180(n, 2n)**0 Qm = 15:668 E, = 4:143

The cross section has been measured for E, = 17t037 MeV (1961BR1A). Seea so (1964HE1LS).

26. 150(n, p)L°N Qm= 9:639 Ep = 4:143

Recent cross-section measurements are listed in Table 17.10. Resonances are reported at 11.8
and (15.2) MeV (1962DE13) and at 13:50 0:01,14:10 0:01and15:10 0:05MeV (1961SE02,
1962SE1F). See also (1958RO1A, 1969BR1F), (1959AJ76, 1960BU1C, 1963LE1D, 1963SH1C,
1966JE1B, 1968AL 1G) and (1964DU1B; theor.).

27. %0(n, d)*N Qm = 9:901 E, = 4:143

See (1967VA12) and N in (1970AJ04).

28.%0(n, )BC Qm = 2215 E, = 4:143

The cross section has been measured from threshold to 20 MeV: see (1959AJ76) and Table
17.10. All of the O levels observed in the inverse reaction *C( , n)'®O from 'O* = 7:95
to 9.95 are also observed in this reaction: see Table 17.6 (1955SE1A, 195/WA1C, 1963DA12).
(1963BO1E) adso report abroad maximum at E, 16 MeV. See also (1965FU1E), (1960BU1C,
1963CH1C, 1966JE1B) and (1964GA 1A; theor.).
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Table 17.11: Resonances in *O(n, n)%0 2

En em | | J Ex Refs.
(keV) (keV) (MeV)
442 45 0.06 3 4558 | (1964ST25, 1970FO03)
1000 94 0.45 & 5.084 | (1964ST25)
1312 35| 41 0.02 3 5.377 | (1968DA1F, 1970FO03)
1651 3 34 0.09 !z 5.696 | (1968JO1F, 1970FO03)
1689 3 | <1 5.731 | (1968JO1F, 1970FO03)
1833 3 | 66 0.009 & 5.867 | (1968JO1F, 1970FO03)
1906 3 | 245 0.01 z 5.935 | (1970FO03)
2353 8 | 135 0.02 ™ 6.356 | (1970FO03)
2888 3 | <1 6.859 | (1968JO1F, 1970FO03)
3006 3 | <1 6.970 | (1970FO03)
3212 3 1.4 0.005 2 7.164 | (1968JO1F, 1970FO03)
3350 500 0.23 s 7.294 | (1967J012)
3438 3 | 05 | o00002| 3° 7.376 | (19/0FO03)
3441 3 | 11 0.003 2 7.379 | (1961FO07, 1970FO03)
(3600) 600 (3) (7.53) | (1961FO07)
3750 405 3 7.670 | (1967J012)
3769 14 !z 7.688 | (1967J012)
3772 3 & 7.690 | (1967J012)
4000 50 > 791 | (1961FO07, 1967J012) ©
4200 10 | 80 s 8.093 | (1960TS02, 1961F007, 1967J012)
4330 10 | 70 3 8.215 | (1960TS02, 1961F007, 1967J012)
(4460) (8.34) | (1960TS02, 1961FO07)
4540 10 2 841 | (1961F007) ¢
4610 11 3 848 | (1961FO07) ¢
4650 13 3 852 | (1961F007) ¢
4705 10 8.568 | (1960TS02)
4845 10 | 55 3 8.700 | (1960TS02, 1961FO07)
5010 10 | <20 8.855 | (1960TS02)
5122 4 28 I 8.960 | (1961FO07, 1969DA13)
5360 17 3 9.18 | (1961FO07)°
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Table 17.11: Resonancesin **O(n, n)°0 2 (continued)

En em | | J Ex Refs.
keV) | (kev) (MeV)
5640 140 945 | (1961F007)°
5914 5 28 9.705 | (1961F007, 1969DA13)
6010 28 9.80 | (1961F007)°
6100 25 9.88 | (1961F007) ¢

6395 7 38
6807 7 40

10.157 | (1961F007, 1969DA13)
10.545 | (1961F007, 1969DA13)

[ NI N N NW NW NWw NW NW N N[W N[O Nw

7200 8 70 10.914 | (1961FO07, 1969DA13)
7830 190 11.51 | (1961F007) ©
8320 270 11.97 | (1961F007) ©
8740 130 12.36 | (1961F007) ©
9050 95 12.65 | (1961F007) ¢
10130 400 ( 1 13.67 | (1961F007) ¢
11140 340 ( 3 14.62 | (1961FO07) ©
11540 180 ( 3 14.99 | (1961F007) ©
17300 My 204 (1970BO30)

8 See also (1959AJ7E).

b See discussion in (1970FO03).

¢ 1 am indebted to Dr. J.C. Davis for sending me revised energy values due to a recalibration of the analyzing
magnet used by (1961F007).

29. 150(d, p)’0 Qm = 1:918
Qo = 1:920  0:003 (1967SP09).

Angular distributions of the protonsto many 17O states have been studied for Eq = 0:3 t0 26.3
MeV: see Table 17.13 (1959HA 29, 1961HA 19, 1961K EO1, 1962MA 25, 1963AL 04, 1963AM 1A,
1963YAQ03, 1964AM 1A, 1964SC12, 1964TE1LC, 1965DEIN, 1965GA 1A, 19651 002, 1965M O16,
1966AL09, 1966GA0S, 1966SC0O9, 196/AL06, 196/0G1A, 1968DI106, 1968HO23, 1968NAOE,
1968NG1B, 1969TH04, 1970DA14). See aso (1969C0O12, 1970CO1F) and BF in (1972AJ02).

(1970V103) report a DWBA calculation to the unbound ™ state at Ex = 5:08 MeV. The width
of the corresponding neutron resonance [E,, = 1:00 MeV: seereaction 23] is determined to be 67
keV from the magnitude of the cross section.
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Table 17.12: Resonances in %0(n, n’ )0

(1959HA13)

En (MeV) Ex (MeV)
6.83 10.57
7.07 10.79
7.24 10.95
7.40 11.10
7.87 11.55
8.35 12.00
8.50 12.14
8.84 12.46
9.10 12.70
9.34 12.93

170 level sderived from proton spectrameasurements are displayed in Table 17.14 (1951BU1A,
1957BR82, 1965GA 1A). Thelifetimeof 170*(0.87) is258:6 2:6 psec: see Table 17.7 (1960K A 10,
1963L. 003, 1964BE15, 1965AL 14, 1965M C10, 1967B105, 1969G0O04). E = 870:81 0:22 keV
(1966W101), 870:5 2:0keV (1952TH?24); theinterna conversion coeffi cient is consistent with E2
(1952TH24). See also (1959059, 1960AL 35, 1960G0O20, 1961JA23, 1961LO1C, 1961PU1B,
1963D01B, 1965HE1B, 1966BE1E, 1967LA1M, 1968GO1N), (1959AJ76) and (1960B11B, 1960BE1B,
1960NA 1A, 1961BU16, 1961WI11D, 1963GL 1C, 1963L E1E, 1963SA 1B, 1963SM 05, 1963TA 1A,
1965BU1G, 1965HU1E, 1965S11D, 1965SM 1A, 1967BA2E, 1967BA 1R, 1967SC16, 1967SH1.,
1967SH1K, 1968EL 1G, 1968PE1E, 1969HA 1V, 19691C02, 1969MA2C, 1969M C1G, 1969PE1K,
1969PE1L, 1970BU16, 19700H06, 1970PE1B, 1970PE14; theor.).

30. 150(t, d)70 Qm= 2:115

The angular distribution of the dy groups has been studied at E; = 5:5 MeV (1961BA10). See
also (1960MU07) and (1964EL 1B; theor.).

31. 180( , 3He)!’0 Qm= 16:435

Angular distributions of the *He particles corresponding to 1”O* (0, 0.87, 3.06, 3.84) have been
measured at E = 46 MeV (1968PR1C).
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Table 17.13: Recent *O(d, p)*’O angular distribution studies 2

Eq (MeV) Distribution of proton groups Refs.
0:32 1:.07 | ps (1968NG1B)
0:33 045 |p; (1965L002)
0:75 1:50 | po, p1 (1963AL04)
0:90 1:39 Po: P1 (1963AM 1A, 1964AM1A)
1.3,4.0 Po, P1 (1966GA09)
1.9 36 Po, P1 (1968D106)
4:0 6.0 Po, P1, Pa (1970DA14)
5.56 Po, P1 (1965M O16)
6:00 8:55 Po ¥ ps (1965DE1N, 1969TH04)
6:0 11.0 | po,p1 (1968NA06)
7.73 Po, P1 (19670G1A)
10 Po ¥ ps (1965GA1A)
10.2,12.4,14.8 | po, p1 (1961HA 19, 1959HA29)
11, 13 Po (1966SC09)
11.8 Po ¥ ps (1964SC12)
12 Po, P1, Ps (1967AL06, 1966AL0Y)
14.3 Po ¥ Ps, P10, P13, Pis ¥ Pis, P20, P22z | (1968HO23)
14.95 Po ¥ ps, P7, Ps (1963YA03)
15 Po ¥ ps (1961K E01)
26.3 Po, P1 (1962MA25, 1964TELC)

2 See also (1959AJ76).
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Table 17.14: States of 'O from **0O(d, p)’O and 1°F(d, )*'O

Ex 2 cm: Ex b Ex ¢ S d gbsz ¢ J
(MeV  keV) | (keV) | (MeV keV) | (MeV keV)

0 <8 0 0 081 | 0045 | 3"
0871 49 | <38 0870 20 | 0:883 11 |0.71 | 0.16 ™
3.055 49 | <8 3:060 30 | 3069 10 |0.032| 0.0024| 1
3846 59 | <8 3:850 30 | 3:856 11 |0.028| 0.0022| 2
4553 6 | 40 5 | 4580 20 | 4567 14 00071 | $
5083 10 | 95 5 | 5:070 20 0047 | 37
5215 5 <8 5:229 13
5378 7 | 28 7 | 5310 20 | 5:397 14 g
5695 5" | <8 0013 | I
5731 5" | <8 5760 20 | 5723 14
5:866 5 <8 5:875 15
5940 15 | 23 10 5:957 15

6:240 20

6:890 30 | 6:869 14
(6:986  15)
(7:371  15)

7:510 30

8:270 40

(8:590  40)

9:060 40

2160(d, p)70: (195/BR82).
b 160(d, p)1’O and 1°F(d, )7 O: (1951BU1A).
19K, )O: (1952WA1A).
d160(d, p)170: (1970DA14).
€ 160(d, p)170: (1961K E01, 1963YAD3).
f Assignments from (1955AJ61, 1956GR37, 1958RI 1A, 1961K E01, 1963YA03, 1964SC12).

9 (1965GA1A) report Ex =873  5,3056 4 and 3838 4 keV.

h E, between 170*(5.73,5.70) = 34 2 keV (1968BI1A).
'J =3 : see forinstance, reaction 46.
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32. 150(11B, 1°B)70 Qm= 7:313

The excitation of 1O*(0, 0.87) is reported at E(**B) = 113:1 MeV (1967P013). See aso
(1969BR1D).

33. 50(1N, 1BN)Y70 Qm= 6:410
See (1965GA 1B).

34. N( )0 Qum = 8:679
See 1'N.

35.170( , )BC Qm= 6:357
See (1964GR08).

36. 1'O(e, €)''0

The O charge radius, ryms = 2:662  0:026 (using a distorted wave approximation), 2:700
0:026 fm (using a Born approximation) (1970S102). See also (1966DE1K, 1970TI1C).

37. YO(p, p)t’'O

The angular distribution of elastically scattered protons has been studied at E, = 11 MeV
(1967AL06). At E, = 29 MeV, the odd parity states'’O* (3.84, 4.55, 5.22, 5.70, 7.75) are strongly
populated (R. Mendelson, private communication). See also *¥F in (1972AJ02) and (19691 C02;
theor.).

38. "O(3He, 3He)Y"0

The elastic angular distribution has been measured at E(°*He) = 17:3 MeV (1968HA30). See
also (1969HA1U, 1969MA1G).



39. F( )70 Qum = 2:760

Seel'E

40. 80( , n)'’0 Qm = 8:046
See (1963FU0E).

41. 180(p, d)’0 Qm= b5:822

Angular distributions have been measured at E, = 17:6 MeV (1961LEIA, 1963LEO03; do,
d;, dy), 18.2 MeV (1967LU05; dy, di, dy, d3) and at 27 and 31 MeV (R. Mendelson, private
communication; dy ¥ dg and 17O0*(11.08)). 1'O*(3.06, 5.38) contain most (> 80%) of the p;-»
and ps-, hole strength respectively (R. Mendelson). See also (19691G1A, 1970BO1K, 1970HI115;
theor.).

42. 80(d, )70 Qm= 1:789

Angular distributions of the tritons corresponding to 1’O* (0, 0.87, 3.84, 4.55, 5.08, 5.38) have
been studied at Eq = 15 MeV (1961AR06). See also (1961VL02) and (19630G1A, 1963RO12,
1968K A1E, 1970BO1K; theor.).

43. 80(*He, )"0 Qm = 12:532

Angular distributions of alpha particles are reported by (1965WA1D; 4, ;) at E(*He) = 2:68
to 6.47 MeV and by (1969DE06: see Table 17.15) at E(*He) = 16 MeV. The T = 2 states
reported by (1969DEQE) are displayed in Table 17.15 [the isospin identifi cation is based on the
enhanced excitation and the narrow widths of these states]. The branching ratios for transitions
to 0 (0, 6.05) for 170*(11.08) [thefirst T =3 state in 70] and for the analog state in *’F are
displayedin Table 17.9: theratios of the reduced widths are quite different in the two mirror nuclei
(1970M C02). See also (1969BA1Z).

44, °F(n, 170 Qm= 7557
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Table17.15: T = 2 statesof 17O from *O(*He, )’O &P

Ex (MeV  keV) Iy J c2s°©
11:082 6 1 &) 0.49
12:471 5 1 ©) 0.27
12:950 8 0 - 0.096
12:994 8
13:640 5 2 O 0.39
14:219 8
14:282 12
15:101 8

8 Seealso Table 17.9.
b (1969DE0E).
¢ Calculated assuming C2S = 4 for 1°0*(6.18).

Angular distributions of the t; and t; groups are reported at E,, = 14:4 MeV by (1968AN1F,
1968REQ7). See aso (1964VA1E).

45. °F(p, *He)"0 Qm= 8321

Angular distributions have been measured at E, = 30:5 MeV (1967CO05, 1968CO1U: to
170*(0, 0.87)), 40 MeV (1966BR1X, 1966HO1F: to 7O*(0, 0.87, 3.06, 3.84)) and 46 MeV
(1969HU1H, 1970HU1.: to 7O* (0, 0.87, 3.06)). The E, = 30:5 MeV distributions have been
compared by (1968CO1U) with those from the mirror (p, t) reaction.

46. °F(d, )"0 Qm = 10:033
Qo = 10:060  0:010 (1967SP0Y).

Observed apha groups are displayed in Table 17.14 (1951BU1A, 1952WA1A, 1968BI1A).
Angular distributions have been measured at many energiesintherangeE4 = 0:3t027.5MeV: see
Table 17.16 (1960HU10, 1961CI02, 1962F002, 1962TAQ7, 1963HO1F, 1964JA08, 1964MA04,
1965C007, 1965C009, 19655114, 1966WEO4, 1968BI1A, 1968PR04, 1968TA02, 1969M EQ/,
1970BEG8). The cross sections for formation of the low-lying states of 'O obey the 2J + 1 rule,
when it is cautiously applied: see (1965C0O07, 1965C0O09, 1968TA1N). Application of thisrule,
together with the results of reaction 29, leadstoJ = 2 for 170*(3.84) (1965C007, 1965CO09).
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J for 170*(5.22) is found to be 3 (1968BI11A). At Eq = 1:2 MeV, the -transition (3:06 ¥
0:87) and (3:84 ¥ 0) are observed: the absence of (3:06 ¥ 0) is consistent with J = % for
17O*(3.06) (1957MU1A). See dso (1960KR02, 1960RI05, 1969L122, 1970BI11D), (1969DA1L)
and (1963M I 1E; theor.).

Table 17.16: 1°F(d, )"0 angular distribution studies

Eq (MeV) | Distribution of alpha groups Refs.
0:30 065 o ¥ 3 (1969M EQ7)
09 40 - (1968TA02)
095 1:25| o ¢ (1965ST114)
1:35 200 o0 3 (1969BA2T)
1.5 25 o1 3 (1963HO1F)
20,22 oY 4 6 7, 8+9 (1968BI1A)
2.0 46 o1 (1970BE68)
2.24,2.33 o1 3 (1964JA08)
55 115 o0 4 (1966WE04)
9.2 - (1965C0O07, 1965C009)
10 o ¥ 3 (1962F002)
111,114 0, 1 (1960HU10)
13 0, 1 (1961C102)
14.7 - (1962TA07)
20.9 o ¥ (1968PR04)
275 0, 1 (1964M A04)
47. °F( ,5Li)Y'O Qm = 12:342

At E = 42 MeV, angular distributions are reported for the °Li ions corresponding to *’O* (0,
0.87) (1968M105).

48. °Ne(n, )70 Qm= 0587

At E, = 14:1 MeV, angular distributions are reported for the -particles, corresponding to
170* (0, 0.87) (1966M C14). See also (1959BE66, 1966CEQ3, 1969K A1D).
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17|:
(Figs. 8and 9)

GENERAL:

Shell moddl: (1957WI1E, 1960TA1C, 1962BH09, 1962TA1E, 1963KU1B, 1965L E1E, 1965M A 16,
1966DE18, 1966MA 12, 19665005, 196/7EL 03, 1968B107, 1968EL 1A, 1968HO1H, 1968M A2B,
1969EL 1B, 1969KU1G, 1969M A 38, 197/0WA01).

Collectivemodel: (1959FA1C, 1960RA 1A, 1962AR1C, 1962MA23, 1962MA 1K, 1964BA 1L,
1968B107, 1968MA 2B, 1969M A 38).

Electromagnetic transitions: (1959BA1C, 1959FA1C, 1960RA 1A, 1964BA 1L, 1965GR1H,
1965KA 1D, 1966MA12, 196/KA21, 1969KH1C, 1969M A 38, 1970EL 08, 197/0GO1H, 1970SI1C).

Soecial levels. (1960EV 1A, 1961WI1D, 1962BA1C, 1962IN02, 1965EJ1A, 1965L E1E, 1966S005,
1967BE02, 1969HA 1G, 1970EL 08, 1970WAO01).

Other topics: (1960G0O1C, 1964L11B, 196/NE1D, 1969HE1N, 1969NO1E, 1969SC14, 1969SC1Q,
1969TE1A, 197/0BA1M).

Ground state:

= 4:7224 0:0012 nm (1965SU02, 1966SU01).

Seeadso (1964ST1B, 1966MA1V, 1967CO1D, 1967SH14, 1968L E1L, 1968RO1E, 1969FU11,
1969PE1D).

1. YF( Y0 Qm = 2:760

The decay is to the ground state of 1’O. The spectrum has the allowed shape down to 150
keV (1962VA27). The upper limit for the transition to 1’0*(0.87) is < 3:4 10 # per decay
(1969GA05), 4 10 * per decay (1963AR1B) [log ft > 5:6]. The half-life of 1’Fis66:0 0:2
sec: see Table 17.18 and (1959K199) log ft = 3:36. See also (1970ST04). See also (1958VA31,
1959VA 10, 1966SU01) and (1965GA 1D, 1965HA31, 1965M11B, 1966M 1 1F, 1967/AM 1H, 1969L E1D,
1969SU15; theor.).

2. 12c(2C, TLi)MF Qm= 16:859

See (1962CHO1).
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Table 17.17: Energy levelsof 1'F 2@

39

E,inlF JT or cm: (keV) Decay Reactions

(MeV  keV)
0 L | 12=660 0:2sec * 11,2 4,613, 14, 15, 16,
17,18, 19, 20, 21
0:49533  0:10 - m =412 9psec 4,6, 13,15, 16, 17, 18, 20
3105 7 : =19 1 p |6,7131520
3.86 5 m=6 1fsec ,p | 6,713 14,1520
4:696 10 3 =230 p |71320
5:103 10 3 1530 p |7
5:521 10 3 69 p |7 14
5:672 10 I 40 p |714
5:681 10 %+ <0:6 p |7
5:817 10 3 180 p |7
6:036 10 ! 28 p |7
+

6:556 10 : 203 p |7
6:699 10 3 <3 p |7
6:774 10 g 45 p |7
7:027 10 3 3.8 p |7
7:356 10 & 10 2 p |78
7:448 p 7
7:454 2 P, 7,8
7:471 2 p |7
7:478 10 & 795 p |7
7:546 10 I 28 p |7

7:75 20 ™ 179 3 P, 7.8

7:95 15 10 3 p |7

8:01 20 47 20 p |78

8:07 15 s 100 20 p |78

8.2 g 700 240 p |78

8:383 5 2 11 5 P, 7,8
8:416 10 - 42 10 p |78

875 30 s 170 30 p |78




Table 17.17: Energy levels of 1’F @ (continued)

E,inlF JT or cm: (keV) Decay Reactions
(MeV  keV)
8:95 20 3 120 20 P, 7,8
9:3 150 s 210 40 P, 7,8
9:62 20 310 70 p 7
9:88 20 130 20 P, 7,8
9:93 20 420 90 p |7
10:04 20 ! 280 90 p |7
10:22 20 250 80 8
10:40 20 160 40 p |7
10:49 20 ! 140 30 P, 7,8
(10:70  20) 140 30 P, 7,8
10:79 20 120 40 P, 7,8
10:95 20 190 50 P, 7,8
11:204 5 153 <?2 P, 578
11:43 20 240 60 P, 7,8
11:57 40 160 30 p |7
(11:78  20) 190 90 p |7
(11:87  20) 40 20 8
12:00 20 120 40 P, 7,8
(12:19  20) 160 60 P, 7,8
12:25 20 3 190 50 p |7
12:35 20 260 50 p |7
12:556 7 3,2 3 P, 578
(12.8) 3800 p |7
13:060 4 3.3 ;3 4 p |578
13:082 5 =3 5 P, 7,8
(13.15) 400 p |7
(13.7) 300 p |7
13:779 5 T=3 10 P, 7,8
14:310 5 T=2 14 P, 7,8
14.5 700 p |7
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Table 17.17: Energy levels of 1’F @ (continued)

E,inlF JT or cm: (keV) Decay Reactions
(MeV  keV)
14.8 600 p 7
(15.2) 500 p |7
15.6 500 p 7
(16.0) 400 p |7
(16.5) 500 p |7
(16.7) 400 p |7
(17.02) 400 p |7
17.2 g 450 p 7
174 400 p 7
(17.67) 400 p |7
(17.9) 450 p |7
(18.5) 400 p |7
19.8 3 p |7
20.7 400 p |7
21.6 400 p |7
22.4 400 p 7
25.7 3 broad p |7
27.3 2 p |7

a See also Table 17.20.

3. () *N(®He, n)15F Qm = 0:969 Ep, = 15:843
(b) “N(He, p)1e0 Qm = 15:243
(c) *N(He, d)**0O Qm = 1:799
(d) “NCHe, )N Qm = 10:025
(&) “N(CHe, 2 )1C Qm = 2:297

The py yield (reaction (b)) does not show the presence of any resonances for E (3He) = 2:5 to
5.5MeV (1963G009). Seeaso (1962B101, 1965BR1B) and 0. Theyieldsof o, ;and ,+ 3
(reaction (d)) in the range E (*He) = 2:5 to 8.5 MeV show broad uncorrelated  uctuations, except
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Table 17.18: The haf-lifeof 1'F

1=2 (S€C) Refs. 2
66:0 05 (1958AR15)

66 1 (1949BR27)
66:3 1 (1951LA1A)
66:0 05 (1954K 054)
66:0 1:8 (1954W020)
66:0 0:2 (1960JA12)
66:0 0:2 mean

8 See also (1952AJ38, 1954WA 1A, 1962VA27).

for astructure at E(3He) = 4:5 MeV (1970KNO01). Seealso (1964BR1G, 1965BR1B, 1966GO1E,
1967BE22, 1967HA20) and 3N in (1970AJ04). For reaction (a) see (1966MA1R) and *°F. For
reaction (c) see (1967HA20) and 30 in (1970AJ04). For reaction (€), see (1965BR1B).

4, N( , n)YF Qm= 4735

See (1956D01C, 1969SC21) and 18F in (1972AJ02).

5. 5’N(He, n)''F Qm = 5:008

Neutron groups have been observed corresponding to 'F states at E, = 11:195  0:007,
12:540 0:010 and 13:059 0:009 MeV, with < 20, < 25 and < 25 keV, respectively. Angular

distributions at E(*He) = 10:36 and 11.88 MeV leadtoJ =1 for F*(11.20) [L = 0], 3 or
2 for F*(1254) and (3 , 2 ) for F*(13.06). These three states are probably the fi rst three

= 3 gtatesin Y'F (1966AD07, 1969AD02). See also (1969BA1Z, 1969GA1F). The branching
ratios for transitions to 60* (0, 6.05, 6.13) for *'F*(11.20) and for the analog T = 2 statein 1’0
are displayed in Table 17.9: the ratios of the reduced widths are quite different in the two mirror

nuclel (1970MC02).

6. 10(p, )V'F Qm = 0:601
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Table 17.19: Recent *O(p, p)*¢0 and *O(p, )**N yield curves and polar-

ization studies @

(a) Yield curves
Ep, (MeV) Particles Refs.
25 238 Po (1965G0O08)
343 352 Po (1964S104)
35 575 Po (1962HA37)

4:25 8:6 Po (1962SA11, 1962SA1C)
6:7 106 6:13, 6:92 (1961ST17, 1962ST1A)
6:9 15:6 Po (1960K 009)

7:2 129 P1, P2, P3s Pa (1964DA02)
10:2 18 Po (1961MA15)
11 15 Po ¥ ps (1967VA1H, 1968TE1C)
11:2,12.7 Po, P2, Pa (1967PA17)
12 19 P2, Pa+a (1960K O08)
12:7  19:2 Po (1964DA07)
13:2  14:6 Po, P1, P2, P3, Pa | (1969SK 1B)
13:5 19 Po (1964K EO1)
14:6  19:2 P2, P34, Ps (1964DA07)
16:0 30:6 Po (1969K A14)
185 30 Po, P1+2, P3+4, Ps | (1970GU04)
20 30 Po (1968AP1A)
21 40 Po, Pi+2, Ps (1969BU1.)
23:4  46:1 P1+2, Ps (1970AU1C)
7.2 128 0 (1964DA02)
96 15 (1960FU1A)
10:5 19 0 (1961MA15)
11 15 0 (1967VA1H, 1968TE1C)
12 18 act: (1961H109)

13:20 14:08 0 (1969SK 1B)

15:6 18:3 1 (1961MA15)

16:2 18:3 »+ 3 (1961MA15)

21 40 (1969BU L))
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Table 17.19: Recent *O(p, p)*¢0 and *O(p, )**N yield curves and polar-
ization studies ? (continued)

(b) Polarization measurements

Ep (MeV) Particles Refs.
1:51  2:99 Po (1967TRO8)
2 12 Po (1965BL.02)
3:76 4:65 Po (1962G026, 1965BE1K)
4:27 4:84 Po (1964MA34, 1964MA43, 1965DR01)
4.5 Po (1965B029)
7.9 Po (1961RO13)
85 11:9 Po (1962BL 15)
8.7,8.9 Po (1959AL08)
10 Po (1961R0O05)
14.5 Po (1965R022, 1966RO1R)
19:8  30:3 Po (1969K A14)
20.3 Po, P2, P3, P4, Ps | (1970BLO3)
21:0 525 Po (1966BE1M, 1966BO1Q, 1966BO1T)
24:5 397 Po (1968EL 1F)

2 See also (1959AJ76).

Non-resonant capture has been studied for E, = 0:8 to 2.1 MeV by (1954WA1A): three -rays
areobserved  ; tothe ground state, , to !’F*(0.50) and 3 from the (0:50 ¥ 0) transition. The
ratioof ,to 1is 10 over the above energy region. For E, = 2:56 to 2.76 MeV, a study of
the ;and , yield showsan anomaly inthe , yield [as predicted by (1961CH1C)]: it is deduced
from it that < 0:03 eV for the capture transition (3:10 ¥ 0:50), and that 2 = 0:38 0:08
and 0:57  0:10, respectively, for YF*(0, 0.50) (1965D01G). The yield of 3.86 MeV  -rays
has been measured in the vicinity of the E, = 3:47 M€V resonance, previously discussed by
(1951LA1A, 1951LA1B). The angular distribution of the -rays is characteristic of an amost
pure dipole transition. ThedataleadtoJ =2 for *’F*(3.86), < 1:5keV, =0:11 0:02
eV, m =6 1fsec(1963SE14). See aso (1970AB1D).

For E, = 140 to 170 keV, the cross section varies from 0.46 to 2:34 10 ° b (1958HE57).
Astrophysical considerations are discussed by (1961CH1C, 1962GR1C, 1965D01G).

Themean lifetimeof *'F*(0.50) is445 22 psec (1960K A10). Seealso (19571 E28, 1958HO97).
(1963TH1A) have calculated asingle-particle lifetime of 320 80 psec for this state.

See also (1959GR1A, 1965Z01A, 1966ED1A, 1968RI 1F) and (1959AJ76).



S

Table 17.20: Resonancesin 160(p, p)160 and **O(p, )N

Ep lab Particles out 17 J:T Refs.
(MeV  keV) (keV) (MeV)
2:663 72 20 1 Po 3.105 i (A, 1962SA1C, 1965BL 02, 1965GO08)
3.47 1:63 0:2 | po 3.86 5 (A, 1962SA1C, 19645104, 1965BL 02)
4:354 10 240 Po 4.696 3 (A, 1962HA37, 1962SA11, 1962SA1C, 1965BL.02)
4:787 10 1630 Po 5.103 3% | (A, 1962HA3/, 19625A11, 1962SA1C, 1965BL02)
5:231 10 72.5 Po 5.521 3 (A, 1962HA37, 1962SA11, 1962SA1C, 1965BL.02)
5:392 10 42.9 Po 5.672 z (A, 1962HA37, 1962SA11, 1962SA1C)
5:402 10 <06 Po 5.681 1% | (A, 19625A11, 1962SA1C)
5:546 10 191 Po 5.817 3% | (A, 1962HA37, 1962SA11, 1962SA1C, 1965BL02)
5:779 10 30 Po 6.036 i (A, 1962SA11, 1962SA1C)
6:332 10 216 Po 6.556 1% | (1962SA11, 1962SA1C)
6:484 10 <3 Po 6.699 3 (A, 1962SA11, 1962SA1C)
6:564 10 4.8 Po 6.774 3% | (A, 19625A11, 1962SA1C, 1965BL02)
6:833 10 4.0 Po, 6:13 7.027 3 (1961ST17, 1962SA11, 1962SA1C, 1962ST1A, 1965BL 02)
7:183 10 10 2 Po, P2, o 7.356 3% | (1960KO0€, 1962SA11, 1962SA1C, 1964DA02, 196581 02)
7:280 7 5 Po 7.448 (1962SA11, 1962SA1C, 1964DA02)
7:287 7 2 Po, P1, P2, 7.454 (1962SA11, 1962SA1C, 1964DA02)
7:305 7 5 2 Po, P2 7.471 (1962SA11, 1962SA1C, 1964DA02)
7:313 10 845 Po 7.478 3% | (1962SA11, 1962SA1C, 1964DA02)
7:385 10 30 Po, P2, 6:13 7.546 z (19615117, 1962SA11, 1962SA1C, 196251 1A, 1964DA02)
7:60 20 190 3 Po, P1, 0 7.75 %+ (1962SA11, 1962SA1C, 1964DA02)
781 15 10 3 |[p 7.95 (1964DA02)
7:88 20 50 20 | po, 613, 6:92, 0 8.01 (1961ST17, 1962SA11, 1962SA1C, 1962ST1A, 1964DA02)
7:94 15 110 20 | po,P1, o 8.07 ST | (19625A11, 1962SA1C, 1964DA02)
8.1 750 250 | (po), P1, o 8.2 3 (1964DA02)
8:275 5 12 5 Po: P1, P2, P3: 0 8.383 5 (1962SA11, 1962SA1C, 1964DA02)
8:310 10 45 10 | po, P1, P2, P3, 6:13, 6:92, 8.416 IT | (1961S117, 1962SA11, 1962SA1C, 196251 1A, 1964DA0Z, 19658L02)
8:66 30b 180 30 | p2,pP3, Par o 8.75 g+ (1963HA04, 1964DA02)




Table 17.20: Resonancesin 8O(p, p)*¢0 and 60(p, )*3N (continued)

or

Ep lab Particles out 17 J:T Refs.
(MeV  keV) (keV) (MeV)
8:88 20 130 20 | po ¥ pa, 0, 613, 6:92 8.95 5 (1961ST17, 1962ST 1A, 1963HA04, 1964DA02)
9:2 150° | 220 40 |po ¥ pPs 0, 613, 692 9.3 g+ (1961ST17, 1962ST 1A, 1963HA04, 1964DA02)
9:59 20 330 75 | po, pi, Pa 9.62 (1964DA02)
9:87 20 140 20 | po,pP2, o 9.88 (1964DA02)
9:92 20 450 100 | p3 9.93 (1964DA02)
10:04 20 300 100 | po, p1 10.04 z (1963HA04, 1964DA02)
10:23 20 270 85 | o 10.22 (1964DA02)
10:42 20 170 40 P1, P3 10.40 (1964DA02)
10:52 20 150 30 | po, P2, o 10.49 z (1963HA04, 1964DA02, 1965T0O03)
(10:74  20) 150 30 | p1, o (10.70) (1964DA02)
10:83 20 130 40 | po, P2, (P3), ( o) 10.79 (1963HA 04, 1964DA02)
11:00 20 200 50 | (p2),ps.( o) 10.95 (1963HA04, 1964DA02)
11:276 8¢ <?2 Po ¥ ps, o 11.204 3 13 | (1967PA17, 1967VA1H, 1968TEIC)
11:52 20 260 60 | p2, o 11.43 (1963HA04, 1964DA02)
11:67 40Pb 170 30 | po, ps 11.57 (1963HA04, 1964DA02)
(11:89 20) 200 100 | p2 (11.78) (1964DA02)
(11:98 20) 40 20 0 (11.87) (1964DA02)
12:12 20 130 40 | p2, o 12.00 (1963HA04, 1964DA02)
(12:32  20) 170 60 | (p2), o (12.19) (1964DA02)
12:39 20 200 50 | po,p2 12.25 3 (1963HA04, 1964DA02, 1965T0O03)
12:49 20 280 50 | p1,ps 12.35 (1963HA04, 1964DA02)
12:714 8 3 Po, P1, P2, P4, Ps, 0 12.556 3 ;2 | (1963HAD4, 1964DA0Z, 1967PA17, 1967VA 1H, 1968TELC)
( 13) 4000 | po (12.8) (1960K O0S)
13:250 4 4 Ppo ¥ ps, o 13.060 T =2 | (1963HAV4, 1964DA0Z, 1967VA1H, 1968TE1C, 1969SK 1B) ©
13:273 5 5 Po ¥ ps o 13082 | T =32 | (1969SK1B)
(13.35) 450 Po (13.15) (1964DA0Y)
(13.9 350 Po (13.7) (1964DA07, 1964K EQ1)




Ly

Table 17.20: Resonancesin 8O(p, p)*¢0 and 60(p, )*3N (continued)

Ep lab Particles out 17 J:T Refs.

(MeV  keV) (keV) (MeV)

14:015 5 11 Po ¥ Pa o 13779 | T =3 | (1969SK18)

14:579 7 15 Po ¥ ps, o 14310 | T =32 | (1961HI0E, 1967VA1H, 1968TELC, 1969SK 1B) ¢
14.8 700 Po, P1+2 145 (1960K00€, 1964DA07, 1964K E01)
15.1 600 P1+2 14.8 (1964DA07)

(15.5) 550 Po, P1+2, P3+4, Ps (15.2) (1964DA07)

15.9 550 Po, P1+2 15.6 (1964DA07, 1964K EO1)
(16.4) 400 Po, P1+2, P3+4, Ps (16.0) (1964DA07)

(16.9) 550 | po (16.5) (1964DA07)

(17.1) 450 | praz (16.7) (1964DA07)

(17.45) 450 | Po, P3+a (17.02) (1964DA07)

17.6 500 Po, P3+4 17.2 > (1964DA07, 1969K A14)
17.9 450 Po, P3+4, Ps 17.4 (1964DA07, 1964K EO1)
(18.15) 450 | Po, Pr+2 (17.67) (1964DA07)

(18.4) 500 P3+4, Ps (17.9) (1964DA07)

(19.0) 400 Po, P1+2, Ps (18.5) (1964DA0Y) f

20.4 Po 19.8 3 (1969K A14)

21.4 400 Po 20.7 (1968AP1A, 1969K A14)
22.3 400 Po 21.6 (1968AP1A, 1969K A14)
23.2 400 Po, Ps 224 (1968AP1A, 1969K A14)
26.7 broad Po 25.7 3 (1968AP1A, 1969K A14)
28.4 Po 27.3 5 (1969K A14)
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A: (1951LA1A, 1951L A 1B, 1953EP1A, 1954SE1A, 1954SE1B): see (1959AJ7€).

a A searchfor ne structure near this resonance was unsuccessful; (1968SE1D).

b This may correspond to more than one state: see (1964DA02).

¢ o = 40720 eV (1967PALY).

d And C.A. Barnes, private communication.

€ And PD. Parker, private communication.

f Structuresin the yields of pg, p1+2, P3+4, Ps for 19 < Ep < 28 MeV are aso reported by (1970GU04).






	

