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THe, 17Li
(Not illustrated)

Not observed: see (1983AN1A; theor.).

(Not illustrated)

This nucleus has not been observed. Its atomic mass excess is calculated to be 70.67 MeV: see
(1977AJ02). 1t is then unstable with respect to breakup into Be + n and °Be + 2n by 3.38 and
3.35 MeV, respectively. See also (1983AN1A,; theor.).

17B
(Not illustrated)

7B has been observed in the 4.8 GeV proton bombardment of uranium: it is particle sta-
ble and its ground state .J™ is probably 5 (1974BO05). Its atomic mass excess is estimated by
(1985WA1A) to be 44.01 & 0.70 MeV. It is then stable with respect to decay into °B + 2n by
1.10 MeV. E;- (max) for the decay to '"C, . would then be 22.98 MeV. See also (1984MU1A) and
(1983AN1A, 1985P0O1A; theor.).

17C
(Fig. 9)

A Q-value measurement of the 48Ca('80, 7C)*Ti reaction leads to an atomic mass excess of
21.039 & 20 keV (1982FI110; E(**0) = 112 MeV) for '"C, using the (1985WA1A) a.m.e. values
for 0, “8Ca and “°Ti. See also (1982AJ01). '"C is then stable with respect to '°C + n by 0.73
MeV. E5-(max) to '"N, s = 13.17 MeV. See also (1984KL1D). The half-life of '7C is 202 + 17
msec (1986CU0L). An excited state of 17C is reported at F, = 292 + 20 keV [see (1982AJ01)],
295 + 10 keV (1982F110). Three closely spaced low-lying states are expected [J™ = 3", 37, 17]
(1982CUZZ): it is not clear which is the assignment of the ground state. See also (1982AJ01),
(19820R1D, 1984HI1A) and (1983AN1A, 1983FR1A, 1983WI1A, 1984AS1D; theor.).

17N
(Figs. 6 and 9)

GENERAL: (See also (1982AJ01).)

Theoretical papersand reviews: (1983AN1A, 1983AU1B, 1983EN1B, 1983FR1A, 1983MALL,
1983WI1A, 1984AS1D, 1984BA1A, 1985P01D, 1986HALP).



Table 17.1: Energy levels of 1N 2

E.in "N J© T Torl Decay Reactions
(MeV + keV)

0 52 | 1 =4.173£0.004 sec B3~%11,23,4,5,6,7
1.3739 4+ 0.3 3= Tm = 93 & 35 fsec v 2,4,5,6,7
1.8496 £ 0.3 | 17 41720 psec v 124567
1.9068 £ 0.3 8- 11 4 2 psec v 2,3,4,5,6,7
2.5260+0.5 | 37T 33 + 3 psec v 123,467
3.1289+ 0.5 o 275 + 80 fsec v 2,4,6,7
3.2042+09 | 27 < 30 fsec v 124,67
3.6287+0.7 | (£, 9)” 12 + 2 psec v 2,3,4

3.663 + 4 '3 < 350 fsec v |24
3.9060 £ 2.0 | (3,2)~ 52 =+ 22 fsec v |24
4.0064 +2.0 | 37 < 15 fsec v 12,346
4209+ 3 5 < 70 fsec v |24
441543 (3,2)" (< 60 fsec) v 2,4
5.170 + 2 (25 < 60 fsec v 12346
5195+3 | (3, 3)F < 95 fsec v 2,4
5.515 £ 3 8- < 100 fsec v 2,4,6
5.772+3 | <2 < 120 fsec v 2,4
(6.08 & 30) 2
6.233 £ 8 2,4
6.449 + 3 2,4
6.615 £ 19 2,4
6.938 + 15 4
6.981 + 20 ()~ 2,4,6
7.013 £ 22 2,4,6
7.17 £ 40 2
7.37 & 40 2
7.63 & 40 2
7.73 4 40 2
8.00 & 25 2
8.14 & 40 2




Table 17.1: Energy levels of "N # (continued)

E.in "N J© T Torl Decay Reactions
(MeV + keV)
8.55 + 40 broad 2
8.93 + 40 broad 2
9.26 + 40 broad 2
9.74 + 40 broad 2
10.14 (%, %)* 6

& See also (1984BA1A) and Table 17.2.
b See also Tables 17.2 and 17.3.

Experimental papers: (1981ME13, 19810L1C, 19830L1A, 1983PL1A, 1984GR1A, 1984HI1A,
1985BE1B, 1985FL1D).

1. (@) "N(37)'70* — 160 +n QO = 4.557
(b) ""N(67)'"O Qu = 8.680

The half-life of "N is 4.17340.004 sec. The decay is principally [see Table 17.3] to the neutron
unbound states '"O*(4.55, 5.38,5.94) [J™ = 2, 37, 17]. The nature of the decay is in agreement
with J™ = 1~ for 17N, : see (1982AJ01). For a comparison of the !N and '”Ne decays see Table

17.4. For GT transition rates see (1983SN1A) and (1983RA1A). See also (1977FR19).

2. UB("Li, p)!I'N Qm = 8.415

Observed proton groups and ~-rays are displayed in Table 17.6. Table 17.2 shows branching
ratio and lifetime measurements.

3. 14C(°Li, 3He)'"N Qm = —5.697

At E(°Li) = 34 MeV angular distributions have been studied to 1"N*(1.91, 2.53, 3.63, 4.10,
5.17) and the results compared with those for the analog reaction to 17O (reaction 16) (1983CU1A).



Table 17.2: Radiative transitions and lifetimes of "N states #

E; (MeV) | Ef (MeV) | Mult. | Branch (%) L /Tw " (Wu.) T

1.37 0 M1 100 0.13 4 0.05 93 + 35 fsec

1.85 0 El | 865425 4173° psec
1.37 El | 135425 (324 1.5) x 107°

1.91 0 E2 | 77.0+25 0.940.2 11 4 2 psec
1.37 M1 | 23.04+25 (b+£1)x1073¢

2.53 0 M2 11+1 0.22 4 0.04 33 =+ 3 psec
1.37 E1l 3443 (1.04£0.2) x 107°
1.85 E2 | 120415 81+1.6
1.91 El | 41.0+25

3.13¢ 1.91 M1 100 0.06 & 0.02 275 + 80 fsec

3.20°¢ 0 M1 88 + 4 > 0.025f < 30 fsec
1.91 M1 12+4 > 0.05

3.63¢ 1.91 E2 47 £ 10 0.84+0.2 12 4+ 2 psec
3.13 M1 53 £ 10 0.010 & 0.03

3.66 1.85 E1 100 >7x107* < 350 fsec

3.91 1.91 M1 100 (813) x 10721 | 52 + 22 fsec

4.01 1.85 <15+£51
2.53 (M1) 8545 0.55 < 15 fsec

4.21 1.37 100 < 70 fsec

4.42 1.91 100 (< 60 fsec)

5.17 2.53 E2 37+7 > 15 < 60 fsec
3.13 6347

5.20 1.85 ~ 42 < 95 fsec
1.91 ~ 58

5.52 0 ~ 50 < 100 fsec
1.37 ~ 50

5.77 1.37 ~ 25 < 120 fsec
1.91 ~ 25
4.01 ~ 501




& See Tables 17.5 in (1977AJ02, 1982AJ01) for references and additional detail.

b Assuming pure multipole transitions and .J ™ from Table 17.1: see also Table 2 in the Introduction
here.

°I,/Tw = 04793 (E2).

4 Branches to '"N*(0, 1.37, 18.5, 2.53) are, respectively, < 2, < 5, < 2 and < 3%.

¢ Branches to '"N*(1.37, 1.85, 2.53) are, respectively, < 5, < 6 and < 3%.

f'§ =—0.06+0.08 or 2.1 4 0.4. All other § are consistent with 0.

& Branches to '"N*(0, 1.37, 18.5, 2.53, 3.20) are, respectively, < 10, < 10, < 7, < 3 and < 2%.

" This number appears to be in error: see Table 2 in the Introduction here.

! This branch is uncertain.

Table 17.3: Beta decay of "N 2

Decay to 1"O* (keV) | J™ | Branch (%) Log ft
0 5T 1 16+05 | 7.20+0.111
871 71 3.0+£05 | 6.80+0.07
3055.2+ 0.3 1710344006 | 7.08+0.08
3841 27 <7x107? > 8.5
4551.2+1.3°¢ 371380+ 1.3° | 4.41+0.02
5083 + 21 ¢ 3T 106404 59405
5389.04+1.2¢ | 37 | 50.1+1.3°| 3.86+0.02
5738 (A7) ] <023 > 6.0
5868 STl <015 > 6.0
59518 +1.94 | 17 | 69+05°| 4.35+0.03
6356 1T <0.08 > 6.0

& See Table 17.2 in (1982AJ01) for references and additional information.

b Direct ground state decay < 1.5%.

¢ From neutron groups. [The F were calculated on the basis of 4144.3 +0.8
keV for E}, for a neutron in 70.] T',, for 170*(4.55, 5.08, 5.38, 5.94) are,
respectively, 54.8 + 0.4, 113 + 55, 63.2 + 1.1 and 60.5 + 3.2 keV. See also
Table 17.12.

4 See, however, Tables 17.12 and 17.7.

¢ Calculated to lead to a total neutron emission probability of (95 + 1)%
[100% less the branches to 7O*(0, 0.87, 3.06)].

Flog fit = 9.56 4+ 0.13 (1971T008).



4. 5N(t, p)!7N Qm = —0.109

Observed proton groups are displayed in Table 17.6.

5. 180(y, p)'"N Qum = —15.942

The giant resonance at £, = 23.5 MeV decays to 17Ng,s, and to the first excited states of '"N
(1982BA03). See also #0 in (1983AJ1A).

6. 180(d, 3He)'"N Qum = —10.449

Observed groups of 2He ions are displayed in Table 17.5. See also (1982AJ01) and %°F in
(1983AJ1A).

7. 180(t, a)'N Qm = 3.872

See Tables 17.2 and 17.5.

Table 17.4: Comparison of '”N and '"Ne 3-decay ®

Final state in | J™ | T, »¢ (keV) | T', P (keV) (ft)— de (f)td 5t

170 17[:

3.06 | 3.10 | & 0 19 (1.24+0.2) x 107 (2.78 £0.40) x 105 | —0.77 £ 0.08
455 | 470 | 3~ 55 230 (2.57 4 0.13) x 10* (3.92+£0.18) x 10* | 0.53+0.11
538 | 552 | 3~ 63 69 (7.24+0.3) x 103 (7.22+£0.15) x 103 0.00 + 0.04
594 | 6.04 | 1~ 61 28 (2.24 +0.16) x 10* (2.614+0.07) x 10* 0.17 £ 0.09

@ See Table 17.3in (1982AJ01) for references.

b T, and I',, are the neutron and proton widths of the 170 and 17F states, respectively.

T, for 170*(4.55, 5.08, 5.38, 5.94) are reported to be, respectively, 54.8 + 0.4, 113 4+ 55, 63.2 + 1.1 and 60.5 £ 3.2 keV.
4 (ft)~ and (ft)* are for the "N and '7Ne decays, respectively.

¢ See Table 17.3.

5= [(FO ()T - 1.



Table 17.5: Excited states of 1N from "' B("Li, p), '#0(d, *He) and '30(t, o) 2

B, (keV)

A

B

l

JT('

Cc%s

1373.7£0.5
1850.0 £ 0.5
1906.8 £ 0.4
2526.3 £1.0
3128.7 £ 0.6
3203 £2
3628.7 £0.7
3663 £ 4
3906.0 £ 2.0
4006.4 + 2.0
4208 £ 3
4415+ 3
5170 &2
0195 £ 3
5514+ 3
2770 £ 3
6080 + 30
6240 + 25
6430 £ 30
6610 + 25
6990 £ 20
7170 £ 40
7370 £ 40

7630 + 40
7730 + 40
8000 =+ 25
8140 + 40
8550 + 40 P
8930 =+ 40
9260 =+ 40

0
1374.1+0.4
1849.5 £ 0.3
1906.9 £ 0.5
2525.9+£0.6
3129.2 £0.6
3204.4+£0.9
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Table 17.5: Excited states of 1N from ''B("Li, p), **O(d, 3He) and '80(t, «) 2
(continued)

Ey (keV) l J" C?S
A B
9740 + 40
10140 (1) (3. 3)" 0.5

A: 1B("Li, p)'"N.

B: 180(t, @)'"N and #0(d, *He)'"N.

& See also Tables 17.4 in (1977AJ02, 1982AJ01) for references and additional information.
b This state and the ones below are broad.

¢ Unresolved.

4 Probably (I, 2)~.
° Probably (%, 9)*.
Table 17.6: States of "N from >N(t, p) ®
E, (keV) L JT Ey (keV) L JT
0P 0 ' 4420 £ 7P 2 (3,2)"
1372 £6> | 2 3 5)- 5 ot
(f §)+ 5179 £4° | 1(23)+
1851 + 4 1| 33 1 ((3> 2)7)
1909 £ 3P 2 (3,3)" 5517 + 6 (2)
2524 + 4 3 | (5D 5780 + 6 1)
3127 +6P 4 (2, 2)" 6233 + 84 (2)
3200+5° | 2 | (3,5)" 6449 + 3 (4,5)
3625 6% | 4 | (L,9)" 6627 =30 | weak
3664+6> | 0 - 6938 & 15
3906 £5° | 2 | (3, 2)" 6981 +£20 | (3,4)
4011 + 6 1) 7013 + 22
4213 + 6 3 st

2 (1979F014): E; = 15.0 MeV; DWBA analysis.

b Predominantly 2p-1h states.

¢ Unresolved states.

d 17N*(6.08) is not observed.

¢ The %"L possibility can be eliminated because the 4.21 — 1.37 MeV transition would
then have too large an M2 strength (> 500 W.u.) [P.M. Endt, private communication].

10



170
(Figs. 7 and 9)
GENERAL.: (See also (1982AJ01).)
Shell model: (1978WI11B, 1982BA53, 1982KU1B, 1982WA1Q, 1982YALD, 1982ZH01, 1984Z11A).
Collective and cluster models: (1983JA1A, 1983ME1A, 1984Z11A, 1985ME1A).

Soecial states: (1978WI1B, 1981WI1K, 1982BA53, 1982HA43, 1982ZA1D, 1983AU1B,
1983LI1V, 1983ME1A, 1983SH2F, 1984AN1N, 1984ST1E, 1984WI1F, 1985AR1H, 1985ME1A,
1985SH1F).

Electromagnetic transitionsand giant resonances. (1982AW02, 1982BA53, 1982BR24, 1982KU 14,
1983TO1G, 1984SA1R, 1985AL1P, 1985BL1H).

Astrophysical questions: (1981PE1F, 1981WA1Q, 1981WE1F, 1982BU1A, 1982CA1A, 1982RO1A,
1982WI1B, 1982WO1A, 1983AL1M, 1984HALR, 1984HA1Z, 1985HA1Z, 1985HALR, 1986DOLL).

Applications: (1983KU1C).

Complex reactionsinvolving 17O (19810L1C, 1983CH1A, 1983DE1F, 1983FR1A, 1983JA1D,
1983LA1E, 1983LI1V, 19830L1A, 1983SA1J, 1983WI1A, 1984GR1A, 1984HI1A, 1984HO1G,
1985AR1H, 1985GA1Q, 1985M01D, 1985P01D, 1985WA1J, 1986FE03, 1986MA19).

Pion capture and reactions (See also reactions 31 and 38.): (1982B108).

Hypernuclei: (1981BA2Q, 1982BA2P, 1982KA1D, 1983CHLT, 1983D01B, 1983KO1V, 1983SH1E,
1984AS1D, 1984CH1G, 1984DA1N, 1985BA2N, 1985BA1F, 1985YALK, 1985YALB, 1985YALC,
1986SH1K).

Antiproton interactions: (1984PO1A, 1985DU1A, 1985LE1B).

Other topics: (1978WI1B, 1981PL03, 1981SH17, 1982AW02, 1982CA12, 1982HA43, 1982LA02,
1982ZA1D, 1983AR1J, 1983KH1D, 1983MALT, 1983MA1W, 1983SH1T, 1983SH2F, 1983TO1G,
1984CL1E, 1984WI1F, 1985AL1P, 1985AN1A, 1985SH1F, 1986WI103).

Ground state of 17O: (1978WI1B, 1982CA12, 1982HA43, 19821 A02, 19821013, 1982ZA1D,
1983AD1B, 1983AN1A, 1983AR1J, 1983AU1B, 1983BU2A, 1983DE1X, 1983MA1T, 1983TO1G,
1983Z11C, 1984AN1T, 1984AR1D, 1984BE1T, 1984BL1H, 1984FR1E, 1984ST1E, 1984WE1D,
1984Z11A, 1985AN1A, 1985AR1F, 1985BL1H, 1985HA1G, 1985NA1A, 1985Z11B, 1986WI103).

= —1.89379 (9) nm [see (1978LEZA)].
Q = —25.78 mb [see (1978LEZA)].

Isotopic abundance = (0.038 + 0.003)% (1984DE1A).

11



Table 17.7: Energy levels of 170

E.in'"0
(MeV =+ keV)

Tm OF I'c .
(keV)

Decay

Reactions

0

0.87081 £0.12

3.05536 = 0.16

3.841 £ 3

4.552 £ 2

5.085 £ 2

5.218

0.378 £ 2

[N

N [

[Nl ey

N[O

[\ [eN]

—~
N [©

|
~—

N[O

Tm = 258.6 = 2.6 psec

Tm = 120759 fsec

Tm < 25 fsec

I'=40+£5

96 £ 5

< 0.1

287

12

stable

7, N

7N

7, N

1,2,5,6,7,10, 11,
13, 14, 16, 17, 18,
19, 23, 24, 25, 26,
31, 32, 33, 34, 35,
36, 37, 38, 39, 40,
41, 42, 43, 44, 45,
46, 47, 48, 49, 50,
51, 52, 53, 54

1,2,5,6,7,8, 10,
11, 13, 14, 16, 17,
18, 19, 23, 24, 25,
26, 31, 32, 33, 34,
35, 37, 39, 40, 42,
44, 47, 48, 49, 51,
52,53

5,6,7,10, 11, 16,
18, 19, 23, 25, 26,
31, 32, 33, 34, 35,
37,39, 47, 48, 52

5,6,7,10, 11, 12,
16, 18, 19, 23, 24,
32, 33, 37, 38, 47,
48, 52

5,7,10,11, 16, 18,
19, 23, 24, 27, 32,
33, 35, 36, 37, 38,
47, 48, 52

2,6,7,10, 11, 18,
19, 23, 27, 32, 35,
36, 37, 47, 48

6,7,10,11, 12,18,
19, 23, 24, 25, 27,
32,37, 38,47, 52
7, 18, 19, 23, 27,
32, 33, 35, 36, 37,
47, 48, 52




Table 17.7: Energy levels of 1O (continued)

E.in'"0 Jm T Tm OF T, Decay Reactions
(MeV =+ keV) (keV)
5.697 + 2 I~ 34403 7N 2,6,10,11, 16, 18,
19, 23, 24, 27, 32,
36, 37, 38, 48
5.733 + 2 <1 n 2,5, 6,10, 11, 16,
18, 19, 27, 32, 52
5.868 + 2 E 6.6+0.7 n 6,7,10,11, 18, 19,
23, 27,32, 52
5.939 + 4 1= 3243 7N 5,6,10,11,18, 19
23, 27, 32, 35, 37,
48, 52
6.356 + 8 i 124 + 12 7, 5,7, 16,18, 23,27
36, 37
6.862 + 2 <1 7N 5,6,7, 10, 11, 18,
19, 23, 27, 32, 37,
48, 52
6.972 + 2 <1 7N 6,7,10,11, 18, 19,
23, 27,37, 52
7.1657 + 0.8 8- 1.38 +0.05 n, a 5,6, 7,9, 10, 11,
18, 23,27, 30
7.202 410 E 280 = 30 n a 10, 11, 18, 27, 30
7.3792 + 1.0 5t 0.64 +0.23 vna |56 7,9 10, 11,
23, 24, 27, 30, 37,
48, 52
7.3822 £ 1.0 5 0.96 £+ 0.20 v,na |57,9 10,11, 18,
24, 27, 30, 36, 37
48, 52
7.559 + 20 8- 500 = 50 n, a 27, 30, 32
7.576 & 2 (1) <01 v,na |56,9 10,11, 18,
23, 27,37
7.6882 4+ 0.9 I 14.4+0.3 v,na |5,6,9, 10,11, 23,
27, 30, 36
775749 u- v 16, 23, 24, 25, 37
38
7.956 + 6 i 90 + 9 n, o 9,23,27,30

13




Table 17.7: Energy levels of 1O (continued)

E.in'"0 JTT T OF T Decay Reactions
(MeV =+ keV) (keV)
7.99 + 50 3 270 4 30 n, 27,30
8.070 + 10 3t 85+ 9 n, a 9,23, 27, 30
8.200 £ 7 - 60 v,na |9 16, 23, 27, 30,
36, 48
8.3424 % 0.9 i 11.4£0.5 v,na | 9,23, 27, 30,37
8.4023 £ 0.8 al 6.17 4 0.13 v.na |691011,23, 27,
30, 37
8.4660 & 0.8 . 2.13+0.11 (v),n, o |5,8,9, 10,11, 23,
27,30, 37,48
8.5007 + 0.8 8- 6.89 + 0.22 v, na 6,910, 11,23, 27,
30, 36, 37
8.6870 & 1.0 - 55.3+0.6 v o |9 23, 27, 30, 36,
48
8.885+ 14" | I7 57 6 ¥ 37
8.897 + 8 E 101 +3 n, a 6,9, 10, 11, 23, 24,
217, 30, 37
8.9672 + 1.7 ‘ 26 + 2 vna | 6,910, 11,23, 27,
30, 36, 37
9.147 + 4 3 443 v,n o |6,89,10, 11,48
9.15 +20 ol v 23, 24, 25, 37
9.18 o 3 o 9,10, 11
9.1939 £ 0.8 5t 3.53+0.13 n, a 9,10, 11, 27
9.42 - 120 n 27
9.492 + 4 8- 15+1 n, 5,9, 11, 23, 27, 48
9.7119 £ 0.9 o 23.14+0.3 n, 9,11, 16, 23, 27
0.7833+ 0.9 N 11.7+0.3 n, 9,11, 27
9.8589 £ 0.9 (37) 4.01 £0.23 n, 9,11, 23, 27
9.8765 + 1.3 (37) 16.7+ 1.7 n, 9,11, 23,27
9.976 + 20 5t ~ 80 n, a 9
10.045 + 20 ~ 100 n, a 9
10.1678 + 1.0 o 49.1+0.8 n, a 9,27

14




Table 17.7: Energy levels of 1O (continued)

E.in'"0 JTT T OF T Decay Reactions
(MeV =+ keV) (keV)
10.336 + 15 517 150 n, 9,23
10.423 + 3 1443 n, 9,16
10.49 5t 17 75 + 30 n, a 9
10.5591 + 1.0 ) 425+ 1.1 n, o 9,12,23,27,28
10.777+ 3 11 74+3 na |911,19,23 28
10.9129 + 2.8 (21 41.7+14 n, o 9,23,27,28
11.036 + 3 T=1 31+3 n, o 9,23
11.0787£09* | 5 ;32 24403 v,na |8,92327,3748,
49
11.238 80 +3 n, a 5,9, 16
11.51 >3 190 n 27,28
11.622 65 + 2 n, a 9
11.750 & 10 40 £ 25 v.na | 937
11.815 4 15 1243 n, o 9,16
12.005 + 15 > 3 270 v |9, 16, 19, 27, 28,
37
12.11 £ 20 150 + 50 n, o 9,12,28
12.22 + 20 < 20 v 37
12.274 4+ 15 100 + 30 n, a 9,16
12.38 =+ 20 n, 9,27
12.420 £ 15 n, o 9
12.4660 + 1.0 33 6.9+ 1.1 v,na |9 27,28, 37, 48,
49
12.595 + 15 75 + 30 n, o 9
12.669 + 15 ~ vma |927,2837
12.81 4 25 n, o 9
12.93 =+ 20 > 150 n, o 9
12.944 + 5 1.3 6=+ 2 n, a 9,27, 28, 48, 49
12.9982 + 1.0 27,3 2.5+1.0 v |927,37,49
13.076 & 15 16 + 4 n, o 9
13.484 4+ 15 ~ 120 n, o 9
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Table 17.7: Energy levels of 1O (continued)

E.in'"0 JTT T OF T Decay Reactions
(MeV =+ keV) (keV)
13.58+£20 | (47, 27) () 10, 11, 37
13.609 + 15 250 + 100 n, o 9
13.6353 + 2.5 (5)*; 2 9+5 n, o 27,48, 49
(13.67) 400 n 27
14.15+100 | (27, 47) ~ 100 10
14.2303 + 1.7 (2)= 2 20.5+ 1.6 v.na | 27,37,49
14.286 + 3 T=3 7.5+4 n, o 27,29
14.451 + 3 40+6 n, o 27
1476 £ 100 | (> 3) 340 wn o | 27,37
14.791 £ 3 (37,2 36 £ 13 (v),na | 27,37
15.00 180 nd o |2227
1514100 | (37, 47) ~ 500 10
15.199 £ 3 (3;3) 52+ 14 v,nd, a | 16,22, 27,37
15.368 + 3 (57 %) 40 +6 nd o |21,27
(15.6) ~ 300 pd o |20,21,22
15.78 + 20 (5)3 <30 ol 37
1595+ 150 | (37, 47) ~ 700 10
16.243 + 4 (3753 21 + 10 npda |20 727
165810 | (5,3)3 ~ 300 v 37,48
16.6 150 | (5 ,%") 10
17.06 £ 20 (23 <20 ¥ 10, 37, 38
17.436 + 11 (T =3) 66 + 20 n, a 27
17.92 =+ 20 98 + 16 v 37
18.110 + 4 37,3 46 + 12 n, o 27,48
18.72 + 20 87 + 33 37
19.6 £150 | (L7, L7 ~ 250 10
19.82 £ 40 3 550 + 50 7, t 17,37
20.14 + 20 (&) 3 31+5 v 37
202+ 150 | (87,27 ~ 250 10
20.39 £ 50 ez 660 + 70 7, t 17
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Table 17.7: Energy levels of 1O (continued)

E.in'"0 Jm T Tm OF T, Decay Reactions
(MeV =+ keV) (keV)
20.58 4 50 : 570 + 80 7, t 17
20.70 £ 20 (H)5 3 <20 v 37
21.05 £ 50 3 470 + 60 7, t 17
+ 15+
21.2 BT L 10
21.7 £ 100 5t ~ 750 v, °He,a | 14,15
22.1 4100 - ~ 750 7,n,*He, a | 10, 14,15
22.5 + 200 ) ~ 1000 v, %He | 14
23 ~ 6000 7, N 36, 37
23.0 i ~ 400 v, °He | 14,15
23.5 v, %He | 14
24.4 v, %He | 14
@ See also Tables 17.11 and 17.14, and see Table 17.6 in (1977AJ02).
b See also (1971AJ02).
For Coulomb excitation of 170*(0.87) see (1982KU14).
1. "Li("N, o)'"0 Qm = 16.155
See (1977AJ02).
2. °Be(190, Be)!70 Qum = 2.4782
See (1982AJ01).
3. (a) '°B("Li, p)'’N Qm = 13.986 Ey, = 27.767
(b) *B("Li, d)'°N Qm = 13.720
(c) 1°B("Li, )N Qm = 9.144
(d) *°B("Li, a)'3C Qm = 21.4076
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See (1977AJ02).

4. (a) 'B(Li, p)'°N Qu = 9.782 B, = 23.563
(b) 1'B(°Li, d)'>N Qm = 9.5163
(©) "B(LI, )“N Qu = 4.9403
(d) "B(°Li, )'3C Qum = 17.2037

See (1977AJ02).

5. 12C(5Li, p)'"0 Qum = 7.606

See (1982AJ01) and (1985SM1F).

6. 12C("Li, d)'"0 Qm = 2.580

See Table 17.7 in (1977AJ02) and *°F in (1983AJ1A).

7.12C(°Be, )70 Qm = 9.7321

Angular distributions have been reported at £(°Be) = 16.1 to 20 MeV [see (1982AJ01)] and
at £(°Be) = 12.0 to 27.0 MeV (1981JA09; «, o). For excitation functions see (1982AJ01) and
(1982HU06, 1983JA1A). See also (1983VO1A).

8. 13C(a, 7)'"0O Qm = 6.3592

At E, = 3.65 and 6.17 MeV ['70*(9.15, 11.08)] I',I',,/T" = 0.65 4+ 0.07 and 1.46 + 0.13
eV, respectively. Assuming I',/I" = 0.45 for the lower resonance, I",, for the E1 transition from

170%(9.15) [J™ = 171 to 70*(0.87) [ "] is 1.44 + 0.26 V. The parameters of '70*(11.08) are
discussed in Table 17.11 (1983RA1A).

9. (a) ¥C(a, n)*°0O Qm = 2.2156 E, = 6.3592
(b) BC(a, a)3C

The yield of neutrons increases monotonically for £, = 0.475 to 1 MeV: for S(F) see
(1977AJ02, 1982AJ01). Resonances observed in the yield of neutrons and through the anoma-
lies in the elastic scattering in Table 17.8. See also (1982BA1D, 1982KR05) and (1985DE1Q;
theor.).
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Table 17.8: Resonances in **C(a, n) and 3C(q, a) ?

Eios (MeV £ keV) | T'e. (keV) | T /T E, (MeV)
1.0563 &+ 1.5 1.5+0.2 2 7.1669
1.3367 + 1.5 0.670% 7.3813
1.3406 & 1.5 0.8703 7.3842

1.590 + 2 <1 - 7.575
1.745 £ 6 <15 5" 7.693
2.083 £ 8 75 0.03 3 7.952
2.250 + 8 110 0.05 3t 8.080
2.407 £ 8 70 0.11 8- 8.200
2.604 £ 4 0O+3 | 0.44 1 8.350
2.680 £ 3 4+£3 | 0.08 5F 8.408
2.763 + 3 7T+£3 | 097 [ 8.472
2.808 £ 3 5+£3 | 0.26 57 8.506
3.059 £ 5 50£3 | 0.06 3 8.698
(3.1) broad '3 (8.7)
3.318 8 101+3 | 0.50 Eal 8.896
3.415+4 21+£3 | 0.04 - 8.970
3.645+ 4 4+3 | 045 5 9.146
(3.69) 3 1.00 - (9.18)
3.714+ 4 5541 | 020 Al 9.199
4.096 + 4 15+1 | 0.85 5" 9.491
(4.3) 5 (9.6)
4394+ 5 161 | 0.70 ™ 9.719
4.465 4 15 ~ 25 0.90 Eal 9.773
4583 +5 14 9.863
4.600 £ 15 ~ 10 9.876
4.730 £ 20 ~ 80 0.78 5" 9.976
4.820 £ 20 ~ 100 10.044
(4.94) 138 0.85 ot (10.14)
4993+ 5 45 0.15 - 10.177
(5.08) 122 0.60 . (10.2)
5.200 £ 15 150 517 10.335
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Table 17.8: Resonances in **C(a, n) and 3C(q, «) # (continued)

Eies (MeV £ keV) | ['ep. (keV) | T /T JT E, (MeV)
5315+ 3 14+3 (10.423)
5.40 75 + 30 A 10.49
5492 +3 51+2 I (10.558)
(5.68) <25 1.00 ) (10.70)
5778+ 3 TA£3 iz (10.777)
5.945 £+ 3 46 £ 2 5 (10.904)
6.117+3 31+3 (11.036)
6.168 5.0+£1.1 5T =31 (11.07540.005)
6.380 &+ 3 80 £ 3 (11.237)
6.883 £ 3 65 =+ 2 (11.621)
7.051 £ 10 40 £ 25 11.750
7.136 £ 15 12+3 11.815
7.384 £ 15 12.004
7.52£20 | 150 £50 12.11
7736 £15 | 100+ 30 12.273
7.88 £ 20 12.38
7.927 £ 15 12.419
7.976 8+2 35, T=31| 12.45740.005
8.156 £ 15 75 + 30 12.594
8.253 £ 15 ~ 12.668
8.44 £ 25 12.81
8.59 & 20 > 150 12.93
8.612 6+ 2 T r =31 12,943+ 0.006
8.676 <3 57,7 =3 12.992 +0.006
8.72 £ 20 13.03
8.785 £ 15 16 +4 13.075
9.319 £ 15 ~ 120 13.483
0.483+15 | 250 + 100 13.609

a See references listed in Tables 17.8 of (1977AJ02, 1982AJ01). See also Table 17.12 here.
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10. 13C(°Li, d)'"0 Qm = 4.884

At E(°Li) = 35.5 MeV angular distributions are reported to “O*(13.58 & 0.02) which is
strongly populated. Comparisons with *>C(°Li, d)!°0*(16.29) and with the results of reaction 11
here suggest that the peak corresponding to !"O*(13.58) contains a state or states of spin 1, £,
or both, based on 60*(16.29) (1978CL08). (d, «) angular correlations [E(°Li) = 26, 29 and 34
MeV] indicate the involvement of 17O states at 13.6 & 0.1 [[ = 6], 14.15 & 0.1[5], 15.1 £ 0.1[5],
15.95 #+ 0.15[5], 16.6 4 0.15[6], 17.1 & 0.15[6], 19.6 + 0.15[7], 20.2 + 0.15[7], 21.2[7] and 22.1
MeV, I' ~ 0.1, 0.5, 0.7, 0.25 and 0.25 MeV for 170*(14.2, 15.1, 16.0, 19.6, 20.2) (1978AR15).
See, however, (1984CA1A). For the earlier work see Table 17.7 in (1977AJ02).

11. 3C(Li, t)'70 Qm = 3.801

At E("Li) = 35.7 MeV angular distributions are reported to 170*(3.06) and to 70*(13.58)
which is preferentially populated (see discussion in reaction 10). Narrow states at £, = 14.86,
18.17 and 19.24 MeV are also strongly excited (1978CL08). For the earlier work see Table 17.7
in (1977AJ02).

12. 13C(13C, *Be)'70 Qum = —4.2884

At E('3C) = 105 MeV states of 17O with £, = 3.9,5.2, 5.8 £ 0.1, 7.2, 7.6, 8.4 £ 0.06, 8.9,
9.8 £0.07, 10.55 £ 0.06, 12.1 + 0.06, 13.3, 14.6 and 18.9 + 0.14 MeV are reported (1979BR04).

13. 13C(160, 12C)'70 Qm = —0.8027

Angular distributions involving 170*(0, 0.87) have been studied for £(*60) = 12 to 25 MeV:
see (1977AJ02, 1982AJ01). See also (1979G0O1C).

14. “C(*He, 7)'70 Qm = 18.7605

The capture cross sections at 90° for ~, and for -, have been studied for E(*He) = 3.2t0 7.5
MeV and angular distributions of the v-rays have been studied at the six observed resonances: see
Table 17.9.
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Table 17.9: States of 17O from *C + *He @

E.es (MeV) Resonant for [em (MeV) | E, (MeV) | JT
3.64+0.1 |70, (1), ag, o 0.75 21.7 5t
4.140.1 | v, Ng, N34, g, O 0.75 22.1 '
46402 |7 ~ 1 22.5 3(-)
51+0.1 | 79, *He ~ 0.4 23.0 1
5.7+0.1 |7 235
6.9+01 |7 24.4
a For references see Table 17.9 in (1977AJ02).
15. (a) "*C(*He, n)60 Qum = 14.6169 Ey, = 18.7605
(b) “C(®He, 2He)!‘C
(c) C(®He, a)'3C Qm = 12.4013

See Table 17.9. See also (1977AJ02), 13C and *C in (1986AJ01) and '°O here.

16. 1C(°Li, t)\70 Qm = 2.9649

At E(°Li) = 34 MeV angular distributions have been reported to 7O*(0, 0.87, 3.06, 3.84,
4.55, 5.70, 6.36, 7.17(u), 7.38(u), 7.76, 8.20, 8.47(u), 9.18(u), 9.71, 9.87(u), 10.42, 11.24, 11.82,
12.01, 12.27, 13.00(u), 13.6(u), 14.76(u), 15.20, 16.3(u)) (1981CU11, 1983CU1B, 1983CU1A;
u = unresolved). (1983CU1B) suggests evidence for two 3p-2h bands in 17O and (1983CU1A) for
analog states in '"N-'70. See these two papers for spectroscopic factors.

17. “N(t, )70 Qm = 18.6226

The excitation functions for -, and v, have been measured for F; = 0.8 to 3.3 MeV: broad
resonances are observed at 2.2 and 2.8 MeV in the v, cross section, and at 2.4 and 2.8 MeV in the
~1 cross section. Both also exhibit a structure at 1.5 MeV. The data are consistent with states at
E, =19.76 £ 0.06 [J = 2], 20.39 £ 0.05 [2, 277, 20.58 + 0.05 [3] and 21.05 & 0.05 MeV [2]
with I" = 0.55 + 0.05, 0.66 4+ 0.07, 0.57 + 0.08 and 0.47 + 0.06 MeV, and possibly with a state at
~ 19.3MeV.T,, > 1.0, 4.3 and 5.8 eV for 170*(19.8, 20.4, 21.1) and ", > 2.3, 5.1 and 6.5 eV
for 170*(19.8, 20.6, 21.1) (1980L105). For the charged particle channels see (1977AJ02).
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18. (@) *N(c, p)'"0O Qm = —1.1914
(b) “N(a, ap)3C Qm = —7.55062

Angular distributions have been measured for 17O states with £, < 7.6 MeV in the range
E, = 81 — 33.3 MeV: see a listing of the references in (1971AJ02). The sequential decay
(reaction (b)) appears to take place via 7O states with 8.46 < E, < 13.57 MeV. Those involved
are believed to have J > 2, T',/T" > 0.6.

19. (a) “N(°Li, *He)'"0 Qum = 2.827
(b) “UN(°Li, *Hea)'3C Qum = —3.5322

Angular distributions (reaction (a)) and angular correlations (reaction (b)) have been measured
at E(°Li) = 36 MeV involving '70*(8.48, 10.7, 12.0, 13.53, 14.88). Comparisons are made with
the results in the analog reaction [(°Li, t)] involving states in '"F (1984ET1A). [Comment: com-
pare the experimental resolution with the density of states]. For the earlier work see (1982AJ01).

20. (a) *N(d, n)160 Q. = 9.9030 By, = 14.0466
(b) ">N(d, p)'°N Qu = 0.266

Excitation functions have been measured for £y = 0.5 to 5.9 MeV (reaction (a)) and 0.3 to
6.3 MeV (reaction (b)): see (1977AJ02). Unresolved structures are observed in the neutron data.
There is some evidence for structures at £q = 1.8 MeV [po, p1, p3] and 2.4 MeV [p;] [7O*(15.6,
16.2)]: see (1982AJ01). See also (1984HE1J) and '°N, 60 here.

21. 1>N(d, d)'*N By, = 14.0466

Excitation functions for d, have been measured for £; = 1.4 to 6.25 MeV. Structures are
reported at ~ 1.4 and 1.8 MeV: see (1982AJ01).

22. °N(d, a)'3C Qm = 7.6874 By, = 14.0466

Yield curves have been measured for £q4 = 0.8 to 2.7 MeV. Structures are reported at £y =
1.06, 1.25 and ~ 1.8 MeV. The latter has I' ~ 300 keV: see (1982AJ01). See also (1986SA2H;
applied).
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Table 17.10: Levels of 17O from N(*He, p)!"O @

E. " (MeV) Le E. " (MeV) Le
0 (1+3) 8.192 0
0.874 1 8.322
3.053 0 8.390
3.845 2 8.492 (2)
4,549 0 8.682
5.081 (1) 8.900
5.215 (4) 8.955
5.381 0 9.16 (4)
5.698 2 9.495
5.873 (1) 9.712
5.938 0 9.856
6.37 (10.24)
6.861 (0) 10.33
6.973 (1+3) 10.57
7.162 2 10.782
7.382 2 10.913
7.561 11.032 £ 0.004 ¢
7.687 11.075 £ 0.004 ©
7.761 4
7.938
8.054 (1)

a For references see Table 17.10 in (1982AJ01).
b +10 keV, except where shown otherwise.
¢ E(®He) = 18 MeV.

dp_1
T=1

°J" =4 ;T =3 seeTable 17.11.
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Table 17.11: Decay properties of the lowest T" = % statesin A =172

170*(11.0787 + 0.0008) ®

TE*(11.1928 =+ 0.0021) ©

JT
e, (keV)
Branching ratio (%) to
160* (MeV) J7
0 0F
6.05 0F
6.13 3 }
6.92 2t
7.12 1~

13C + ag or BN + ag
Partial widths [I", or I',] to

160(0)
160%(6.05)
160*(6.13)
160%(6.92)
160%(7.12)

Fao
F'Yl
6%(g.5.)16%(6.13)

1-
2

24+03P

81£6

5%2

7+14

1.88 +0.12 keV

0.12 £ 0.05 keV

0.162 + 0.030 keV !

21.6+3.6eV"
0.31+0.14

1-
2

0.24 £0.04

93+1.3
<3
22+2
24 +6
44 4+ 4
<7

19+ 3eV
<8eV
45+ 14eV°
49+ 19eV°
90 £ 27eV €
<19evd
6.0+ 25eV
0.065 = 0.019

& See also Table 2 in (1973AD02) and reaction 8.
b (1981H101) [see for IMME parameters for six T = % states].
¢ For references see Table 17.11 in (1982AJ01).

4 (1976MC11).

¢ Note that the total width is 200 + 40 eV.
fUsing [Ty /Tn ] /?Mior = 0.23 (1976MC11), Ty T, /Tior = 1.46 £ 0.13 eV (1983RALA) and the
I'y, and I'yo¢ values shown above, these values are calculated for I',, and I'y,, and § = 3.1 £ 1.9.
However these values do not take into account any error in the measurement of [I" ., ', ]'/?/T'o¢ [F.C.
Barker, private communication]. | am also indebted to C. Rangacharyulu for his comment [(A later
communication with Dr. A.B. McDonald suggests that ", ,I',,,/I'tor = 0.27 keV [+ ~ 20%] (from
a re-examination of (1976MC11)). Then I',, = 0.3 keV and I',, = 12 eV. | am indebted to Prof.

McDonald for his comments)].
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23. ’N(®He, p)'"0O Qm = 8.5531

Observed proton groups are displayed in Table 17.10. For the parameters of the first 7" = g
state see Table 17.11.

24. 15N(a, d)!70 Qm = —9.8001

At £, = 45.4 MeV, the deuteron spectrum is dominated by the groups corresponding to states
with E = 7.742 4+ 0.020 and 9.137 = 0.030 MeV. These states are assigned /™ = (&) and (§ )
and arise from a dominant (d5/2)§p1_/12 configuration: see (1977AJ02).

25. 15N(!!B, °Be)l70 Qm = —1.7689

See (1982AJ01).

26. 160(n, 7)170 Qum = 4.1436

Ocapt. = 202 £ 28 pb (1977MCO05). See also (1981MUZQ).

At thermal energies the branchings via '70*(0.87, 3.05) are (18 + 3) and (82 £ 3)%; E, =
870.89£0.22 and 2184.47+0.12 keV [the latter leads to £, = 3055.43£0.19 keV for 170*(3.09);
A.H. Wapstra, private communication]. The cross section for two-photon emission o5, < 3£19 ub
for 1200 < E, < 2943 keV. The two-photon branching ratio is (1.6 & 10) x 1072 (1977MC05).

27.1°0(n, n)150 E, = 4.1436

The scattering amplitude (bound) a = 5.805 4 0.005 fm, ogce = 3.761 +0.007 b (1979K026).
See also (1981MUZQ). Resonances observed in the elastic scattering and in the (n, «) reaction
are displayed in Table 17.12. A two-channel R-matrix analysis finds that five states contain nearly
100% of the 1d3/, strength and have their eigenenergy at £, ~ 5.7 MeV [the dominant state is
170*(5.08)]. Spectroscopic factors are deduced for 26 states in 170 for 4.5 < E, < 9.5 MeV [see
Table 17.12 in (1977AJ02)]: the sum of these factors is 1% for J™ = L™, 5% for 1=, 129 for

37,99% for 27, 0.1% for 37, 1% for 3~ and 14% for ™. 7 = 2 resonances are discussed by
(1981HI101): see Tables 17.11 and 17.12.

26



Table 17.12: Resonances * in 60(n, n) and °O(n, «)

By, (KeV) | Tem (keV) | Ty (keV) | T, (keV) JT E, (keV)
433+ 2" 45 45 3 4551
1000 + 2 96 96 Eal 5084
1140 © <0.1 5216
1312 £ 2 42 41.5 2 5378
1651 + 2 3.4+0.3 3.4 o 5697
1689 £ 2 <1 d 5732
1833 + 2 6.6+0.7 6.6 3t 5868
1908 + 4 32+3 315 3 5938
2351 £81 | 124+12 124 1 6355
2889 £ 2 <1 d 6861
3006 =+ 2 <1 d 6971
3211.70 £ 0.17 | 1.38 £0.05 | 1.38£0.05° | 0.0033 57 7164.5
3250 £10 | 280 %30 280 0.07 3" 7201
3438.38 £0.19 | 0.64£0.23 | 0.64£0.23°| 0.01 5* 73777
3441.73+£0.14 | 0.96 £0.20 | 0.96+£0.20° |  0.003 57 7380.8
3630 £20 | 500 % 50 500 0.08 3 7558
3647 ° <0.1 7574
3767.76 £0.22 | 14.4+0.3 13.04+0.6° 0.01 o 7687.5
4053 £ 8 90 + 9 84 6.7 ol 7956
4090 £50 | 270+ 30 250 16 17 7991
4162 £ 8 85+9 71 15 8 8058
4290 + 20 69 £ 7 68 0.8 '3 (8179)
4310 + 10 52 48 4.0 (37) 8197
4463.41 £ 0.26 | 11.4£0.5 8.1£0.3 2.2 1 8341.7
4527.12 £0.07 | 6.17£0.13 | 4.75£0.11 0.54 5t 8401.6
4594.83£0.09 | 2.13£0.11 | 1.18£0.04 | (7.6) ™ 8465.3
4631.78 £0.12 | 6.89£0.22 | 2.86 £ 0.08 1.9 5" 8500.0
4829.9+£04 |553£0.6 | 48.9+1.1 1.8 g7 8686.3
5050 78 68 9.5 E 8893
5127.0+£1.6 |263+£1.9 | 235£1.9 o 8965.7
5368.90 = 0.09 | 3.53 £0.13 | 2.37£0.08 5F 9193.2
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Table 17.12: Resonances # in °O(n, n) and °O(n, «) (continued)

E,(keV) | Dem. (keV) | Ty (keV) | T, (keV) JT Ey (keV)
5610 120 120 3" 9420
5640 140 >3 9448

5919.67 +£0.14 | 23.1+0.3 | 18.0+0.6 ™ 9711.1
5995.68 £ 0.15 | 11.7+0.3 | 10.3+0.3 E 9782.6
6076.08 £ 0.15 | 4.01 £0.23 | 3.37+£0.23 (27 9858.2
6094.84+1.0 [16.7+1.7 | 10.9+1.2 (37) 9875.8
6404.6 £0.5 |49.1+0.8 | 223+0.6 (27) 10167.1
6820.7+0.6 | 425+ 1.1 17.2+£0.7° (27) 10558.4
7199.3+£1.3 |[41.7£14 | 264£09° €3 10914.4
7373.31+£0.18 | 2.4+0.3 1.884+0.12°¢ ot 11078.0
7830 190 >3 11507
8320 270 >3 11968
8740 130 12363
8848.8+0.6 | 6.9+ 1.1 1.274+0.14°¢ s 12465.3
9050 95 12654
9353 + 6 6+2 0.21+£0.14° 1T | 12939
94149406 | 25+1.0 | 0.4040.06° 2t 12997.5
10092.5 + 2.4 9+5 0.24 4+ 0.09 © L 13634.6
10130 400 13670
107255+1.5 |205+1.6 | 207+0.16° (27)F | 142296
10785 + 3 75+4 0.80 £0.16 ¢ ! 14286
10960 + 3 40+ 6 13+6¢ 14450
11140 340 (>3) 14619
11322 + 3 36 + 13 3.24+1.08 (37)" | 14790
11540 180 14995
11756 + 3 52+ 14 11438 ()" 15198
11936 + 3 40 £ 6 TH1¢ (2™ | 15368
12867 + 4 21 + 10 2+0.5¢ (27 | 16243
14136 + 11 66 + 20 8.04+248 f 17435
14853 + 4 43 £12 1.0+0.3° 3" 18109
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2 See Tables 17.12 in (1977AJ02) and (1982AJ01).

PT, <4.0eV, T, =60+ 15keV.

¢ Not observed in o.

4 Not {r.

Ty,

fr=3

& (J £ )Ty, (1981HI01).

h- = assignment by comparison with "N states presumed to be analogs; then 7' = %
(1981HI101).

i See also (1980JO1A).

Cross-section measurements are listed in Table 17.10 of (1971AJ02) and in (1977AJ02, 1982AJ01).

An optical model analysis of angular distributions leads to predictions of o and o for E, = 6
to 9 MeV (1983DA1G). A, measurements for n, have been carried out at £, = 5 to 17 MeV
(1985L11M) and at 23 MeV (1985LA1K).

See also 10, (1982RA1A, 1983G0O1H, 19841S1C), (1982DI1E, 1983HA1U; applications) and
(1981A001, 1981SH1A, 1982H003, 1982L113, 1982YA07, 1983UE1A, 1985TI1C; theor.).

28. 10(n, n")60* E, = 4.1436

A number of resonances have been observed in the cross sections for production of 6.13 and
(6.92 4 7.12) ~-rays: see Table 17.13 in (1977AJ02) and (1982AJ01). For cross-section measure-
ments see Table 17.10 in (1971AJ02) and (1977AG03, 1982AJ01).

29. (a) °0O(n, p)!°N Qm = —9.637 E, = 4.1436
(b) 150(n, d)!°N Qm = —9.9030
(c) 60(n, t)*N Qum = —14.4790

See (1982AJ01). See also (1981HAZJ, 1982HALA).

30. 160(n, a)'3C Qum = —2.2156 E, = 4.1436

Table 17.12 displays the results from a multilevel two-channel R-matrix analysis of the data
from this reaction and from the elastic scattering of neutrons: see (1982AJ01). See also (1981HAZJ,
1982HA1A).
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31. 10(p, 7+)!70 Qm = —136.206

Angular distributions have been reported at £, = 185 and 800 MeV [to '70*(0, 0.87, 3.05)]
[see (1982AJ01)] as well as at £, = 154 to 185 MeV (1981SJ03) and £y = 157 MeV (1981SJ02;
also A,) [both for 7+ to 170*(0, 0.87)]. See also (1982AJ01, 1982FE1A, 1982HO1C, 1982NAIK,
1982WA1G) and (1981C018, 1982C0O07; theor.).

32.1°0(d, p)!"O Qum = 1.9191

Observed proton groups are displayed in Table 17.14 of (1977AJ02). Angular distributions
have been measured at many energies in the range £q4 = 0.3 to 63.2 MeV and at £4 = 698
MeV [see (1982AJ01)] and at 7.5 MeV (1985GR1B; py, p1, P3). Reported level parameters are
Tm = 258.6 & 2.6 psec [see Table 17.7 in (1971AJ02)] and E, = 870.749 £ 0.020 keV [E, =
870.725 £ 0.020 keV] for 170*(0.87) and I',, = 97 &£ 5 keV for 170*(5.09): see (1982AJ01).

See also '8F in (1983AJ1A, 1987AJ02), (1982BE1R, 1985LI1H, 1986DU1K; applications),
(1982L01B, 1982YALA) and (1982SH06, 1982TH02, 1983IC1A, 1983SH2F; theor.).

33. (a) 'O("Li, SLi)'7O Qm = —3.107
(b) '50(°Be, ®Be)!"0O Qm = 2.4782
() '°O(!1B, 1°B)'70 Ow = —7.311

For reactions (a) and (c) see (1982AJ01). For reaction (b) see (1979CU1A, 1985CU1A).

34. (a) 10('3C, 12C)'70 Om = —0.8027
(b) 15O(**N, 13N)170 Qm = —6.4098

For reaction (a) see (1985BE1L) and (19830S1F; theor.). For reactions (a) and (b) see (1982AJ01).

35. 17N(5-)'170 Qm = 8.680

The decay is principally to 170*(4.55, 5.38, 5.94): see Table 17.3.

36. (a) "O(y, n)!%0 Qm = —4.1436
(b) 70(~, 2n)1°0 Qm = —19.8075
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Table 17.14: Some inelastic groups observed in 7O(e, e) #

E, (MeV) I' (keV) E, (MeV) I' (keV)
11.714+0.05% | narrow | 14.76 £0.10° | > 300
11.954+0.05% | ~250 |15.24+0.10" | =200
12.2240.02°° <20 16.524+0.05° | ~ 300
12.66 £0.05% |  ~90 17.9240.02¢ | 98+16
1296 +£0.05° | ~200 | 18.724+0.02¢| 87+33
13.56+£0.05" | =~ 150 22.0 Pd
14.144+0.10° ~ 100 23.0 bd
14.724+0.02¢ | 35+11

& See also Table 17.13 for other inelastic groups.

b (1977NO06).

¢ (1986MA2L) and D.M. Manley, private communication. | am very
indebted to Dr. Manley for his many useful comments.

dcL

Monoenergetic photons with £, = 8.5 to 39.7 MeV have been used to measure the (v, n) and
the (v, 2n) [above 10 MeV] cross sections. The giant dipole resonance, 6 MeV broad, is centered at
23 MeV; a pigmy resonance is also observed at 13 MeV. The pigmy resonance [J™ = 2] decays
primarily to '°0, ;. Above E, ~ 17 MeV nearly all of the decay is to excited states of '°O. Four
resonances have been inferred at £, = 10.5, 14.0, 16.6 and 21.0 MeV with J™ = gf, %*, %*
and gf, respectively (1985JU1A). Most of the GDR strength decays to 7' = 1 states in °O: this
impliesa T = % assignment for the main part of the GDR. A broad structure, of 7' = % nature,
with 28 < E, < 36 MeV is also reported (1980JU01). For radiative widths see Table 17.13 in
(1982AJ01). See also (1983RO1J) and (1981HO1H, 1982JU03, 1985PY1A).

37.70(e, €)'70

The 7O charge radius, (r*)*/2? = 2.710 4 0.015 fm (1978K101). The r.m.s. radius of the 1d; s
neutron orbit is calculated to be 3.56 £+ 0.09 fm (1982HI01). Inelastic scattering is reported to a
number of 17O states: see Tables 17.13 and 17.14. Form factor measurements have been made at
90° and 160° to all the states with £, < 7.8 MeV and to 45 other states with £, < 20.7 MeV
(1986MAZ2L; D.M. Manley, private communication).

See also (1986KA2E, 1986MAZW), (1982BE1J, 1982BE1A, 1982N004, 1983BE1C, 1983BU1H,
1983DE1N, 1983FR1B, 1984D0O1A), (1982BO1H, 1982C003, 1982MC01, 1985KI1K; theor.)
and reaction 44.
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38. 170(7Ti, 71.i)l?o

At £ = 164 MeV angular distributions to '70*(3.85, 4.55, 5.22, 5.69, 7.76, 8.1, 8.4, 15.7,
17.1) have been analyzed by DWBA. Evidence is suggested for E2 strength near 8 MeV and for
M4 strength to the two states at £, = 15.7 and 17.1 MeV (1984BL1A). [See, however, caveat on
p. 1900 of that reference, and the density of states above £, = 5 MeV in Table 17.7.]

39. (@) '"O(p, p)'"O
(b) 170(d, d)!70

Angular distributions for the elastic scattering have been reported for £, = 8.6 to 65.8 MeV
and £y = 18 MeV: see (1982AJ01) and at E5 = 89.7 MeV (1985VO1A). For reaction (a) see also
I8F in (1983AJ1A), (1982BE1A) and (1983IC1A,; theor.).

40. (a) '"O(*He, *He)'"0
(b) '"O(a, @)'7O

Elastic angular distributions have been measured at £ (*He) = 11.0 and 17.3 MeV [see (1977AJ02)],
at 14 MeV (1982AB04) and at E(3*He) = 33.3 MeV (1983LE1B; also A,; to both 170*(0, 0.87)).
For reaction (b) see (1982AJ01). See also 2’Ne in (1987AJ02) and (1981C0O15, 1985HALC;
theor.).

41. (a) '"0(°Be, “Be)'"0O
(b) 170(105, 1OB)17O

Fusion cross section measurements for reaction (b) are reported by (1982CHO07). See also
(1982AJ01, 1983BI1A, 1984HA1G) and (1983GO1A, 1984FR1A,; theor.).

42. (a) 170(12(:’ 12C)17O
(b) 170(13(:’ 13C)17O
(C) 170(14C, 14c)l7o

Elastic angular distributions (reactions (a) and (b)) have been reported at £(*"0) = 30.5 to 33.8
MeV [see (1982AJ01)] and at £(*70) = 40 to 70 MeV (1986FR04; also 1"0*(0.87)) and 85.4, 120
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and 140 MeV (1982HEOQ7). For fusion cross section and yield measurements see (1982AJ01) and
(1982HEQ7, 1983FR1E, 1985BE1B, 1985BE1L, 1986FR04). See also (1983BI1A, 1983DU1A,
1984FR1A, 1984HA1G) and (1982L013, 1983AB1F, 1984AB1A, 1984AB1F, 1985CH1R, 1985HU1A,
1985MI1G, 1985PA1Q, 1986CI01, 1986PAZW, 1986PA04; theor.).

43. 170(15N 15 N)l?o

See (1983DU1A).

44. (a) 170(160, 160)170
(b) 170(180, 180)170

Angular distributions involving 17O*(0, 0.87) in reaction (a) have been studied at £(*60) = 22
to 32 MeV and E(*70) = 25.7 to 32.0 MeV [see (1977AJ02)] as well as at E(*70) = 22 MeV
(1983BU1H; elastic o(#) to +1%). A model independent value of 0.82 + 0.07 is obtained for
the coupling constant of the 1d;,, neutron in '7O. A review of magnetic electron scattering on
170 then leads to a spectroscopic factor S = 1.03 4= 0.07. This corresponds to (91 = 7)% of the
single-particle value (1983BU1H). For fusion cross sections see (1982AJ01) and (1986 THO01).
The elastic scattering angular distribution in reaction (b) has been reported at £(*70) = 36 MeV:
see (1982AJ01). See also (1982HO1E, 1983DU1A, 1983BI1A, 1983FR1B, 1984HALG).

45. (a) "O(**Ne, 2Ne)'"0
(b) 170(24Mg, 24Mg)17o
(C) 170(27A|, 27A|)17O
(d) 170(285i, 288i)17o
(e) 170(40C3., 40Ca)17o

See (1982AJ01), (1983DU1A, 1983GR1M, 1984FR1A) and (1982LA02, 19821013, 1982PA09,
1984QU1B; theor.).

46. TF(3)70 Qm = 2.7608

See '"F.
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47. 30(p, d)!70 Qm = —5.820

Angular distributions have been measured at a number of energies for £, = 17.6 to 51.9 MeV:
see (1977AJ02, 1982AJ01).

48. 30(d, 1)70 Qm = —1.787

See Table 17.15. See also reaction 6 in '"N.

49. 180(3He, )70 Qu = 12.534

See Tables 17.16 and 17.11. See also (1982AJ01).

50. (a) '*0('°B, 'B)'70 Qm = 3.410
(b) *0(!!B, 12B)170 Qm = —4.674

Angular distributions (reaction (a)) have been measured at £(**0) = 20 and 24 MeV: see
(1977AJ02). For S-factor measurements see (1977AJ02). Cross sections for reaction (b) are sev-
eral orders of magnitude less than those for reaction (a) for E(*80).,,, = 3 — 7.7 MeV: see
(1977AJ02).

51. (a) *F(n, t)'70 Qm = —7.5566
(b) YF(p, 3He)'"0O Qm = —8.320

See (1977AJ02).

52. 9F(d, a)!70 Qm = 10.033

Observed a-groups are displayed in Table 17.14 of (1977AJ02). Angular distributions have
been measured at many energies in the range £y = 0.3 to 27.5 MeV [see (1977AJ02)] and at
Eq = 2.75 MeV (1985BE2J; ay). See also (1983JI1A).

37



Table 17.15: States of 7O from #0(d, t) ®

E. " (MeV) J*, TP l C?S
0 51 2 1.53
0.87 il 0 0.21
3.06 171 1 1.08
3.84 5= 1 > 2
4.55 71 1 0.12
5.09 gl 2 0.10
5.38 87,1 1 0.53
5.70 I
5.94 11 1 0.06
6.86 #1
7.38¢ T4 #£2
8.20 87,1 1 0.15
8.47 il
8.69 871 0.10
9.15 171 0.10
9.49 57,1
11.08 173 1 0.96
11.41+£001* | T=1 | (1) 0.04
12.12+£0.01° | T =32 (1) 0.24
12.47 87,8 1 0.24
1276 £0.01* | T=12 | (1) 0.17
12.94 r=31 0 ]019+0.05
13.64 (53 2 [029+0.12
16.58 £0.012 | (3,2)7; 22| 1 0.93
18.144+0.01% | (5,2)7; 22| 1 0.17

& (1977MA10): Eq = 52 MeV; DWBA analysis. See also
Table 17.16 in (1982AJ01). Comparisons of the (d, t) and (d,
3He) reactions to analog states of '”N and 7O have been made

by (1977MA10).

b From Table 17.7, unless footnote is shown.

¢ Unresolved.
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Table 17.16: T' = 2 states of '"O from '®O(*He, a)'"0 #

E. (MeV £keV) | [, J7 C?sh
11.082 + 6 (3)~ 0.49
12471+ 5 ()~ 0.27
12.950 £ 8 i 0.096
12.994 + 8
13.640 &+ 5 2 (5 0.39
14.219 + 8
14.282 + 12
15.101 £ 8

& See also Table 17.11, and Table 17.17 in (1982AJ01).
b Calculated assuming C2S = 4 for 1°0*(6.18) in 50(*He, a)'°0.

53. (a) 'F(a, Li)'"0 Qum = —12.339
(b) 2°Ne(n, a)'"0 Qum = —0.590

See (1977AJ02).

54. 23Na(d, ®*Be)!"0 Qm = —0.528

See (1984NE1A).
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17|:
(Figs. 8 and 9)
GENERAL.: (See also (1982AJ01).)
Nuclear models: (1982ZH01, 1983BR1K, 1984Z11A, 1985ME1A).

Soecial states: (1981WI1K, 1983AULB, 1983BR1K, 1983WIL1F, 1984AN1N, 1985ME1A,
1985SH1F).

Electromagnetic transitions: (1982BR24, 1983BR1K, 1983TO1G, 1984SA1R, 1985AL1P).
Astrophysical questions. (1981WA1Q, 1981WELF, 1982WI1B).

Complex reactionsinvolving '"F: (1984GR1A, 1984HI1A, 1984HO1G).

Pion reactions. (1980CRO03).

Hypernuclei: (1981KO1V, 1984AS1D).

Other topics: (1981SH17, 1983AR1J, 1983BR1K, 1983KH1D, 1983MALT, 1983SH1T, 1983TO1G,
1985AL1P, 1985AN1A, 1985SH1F, 1986WI03).

Ground stateof 1"F: (1983AD1B, 1983AN1A, 1983AR1J, 1983AU1B, 1983BU2A, 1983DE1X,
1983MAL1T, 1983TO1G, 1983Z11C, 1984BELT, 1984BO1P, 1984BR1E, 1984Z11A, 1985AN1A,
1985AR1F, 1985HA1G, 1985Z11B, 1986WI103).

1= 4.7223 + 0.0012 nm (1978LEZA),
Q = 0.10 & 0.02 b (1974MI21).

1. F(3*)170 Qm = 2.7608

The half-life of 7F is 64.49 & 0.16 sec; log ft = 3.358 £ 0.002. The log ft for the transition
to 170*(0.87) is > 5.6: see (1982AJ01). See also (1983G0O2C, 1983RA1A, 1985BR1A) and
(1981ME1H, 19820S1C, 1984AR1D, 1984BELT; theor.).

2. 12C(1N, °Be)'7F Qm = —10.4358

See (1982AJ01).

3. UN(®He, 7)'F Qum = 15.8432
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Table 17.17: Energy levels of 1F @

41

E.in'"F (MeV £ keV) | J™; T Tor e (keV) Decay Reactions
0 5T Ly = 64.49 +0.16 sec A+ 11,234,586 12,
13, 14, 15, 16, 17,
18, 19, 20
0.49533 £ 0.10 1 Tm = 412 £ 9 psec v |234,56,12,13,
14, 15, 16, 17, 19
3.104 £ 3 '3 r=19+1 wp |3,4,56,7,12,13,
17, 19
3.857 + 4 57 1.5+0.2 vp | 345671213
19
4.64 + 20 8- 225 p |457121517
5.00 £ 20 3 1530 p |7
5.220 £ 10 (27) 4,5, 14
5.488 + 11 8- 68 p|4,5717
5.672 £ 20 - 40 p |457
5.682 + 20 o <0.6 p |4,57
5.82 % 20 Eal 180 p|4,7,15
6.037 £ 9 . 30 p|4,5717
6.406 = 30 17,2 p |17
6.56 £ 20 1 200 p |7
6.697 £ 7 5F <1.6+0.2 p |457
6.774 £ 20 3t 4.5 p |7
7.027 + 20 8- 38 p |57
7.356 + 20 E 10 +2 pa |5711
7.448 + 20 <5 p |7
7.454 + 20 T+2 pa |7,11
7.471 + 20 542 p |7
7.479 £ 20 3" 795 p |7
7.546 £ 20 o 30 p |7
7.754+40" ) 179 + 30 pa | 711,17
7.95 £ 30 10 +3 p |7
8.01 + 40 50 & 20 pa | 711
8.07 + 30 5(+) 100 + 20 pa | 57,11




Table 17.17: Energy levels of 'F # (continued)

E.in'"F (MeV £ keV) | J™; T Tor e (keV) Decay Reactions
8.075 + 10 (3. 3)” p |517
8.2 3(-) 700 =+ 250 pa | 7,11
8.383 + 10 ) 1145 pa | 7,11
8.416 + 20 (IM 45410 pa |7,11
8.436 + 10 (3.3)" p |17
8.75 + 60 5+ 170 + 30 pa |7,11
8.76 8 90 £ 20 p |7
8.825 + 25 (3.3)" 17
8.98 + 20 ' 165 =+ 30 pa |7,11
9.17 + 60 3(+) 140 + 30 p,a |7,11,15
9.92 9" 90 £ 30 pa | 711
10.04 £ 40 : 280 4 100 p |7
10.22 =+ 40 250 = 80 a |11
10.40 = 40 €3 160 + 40 p |7
10.499 + 30 - 165 + 25 pa |711
10.79 =+ 40 120 + 40 p(a) | 7,11
10.91 + 100 3 560 & 100 p |7
10.95 =+ 40 190 + 50 p(a) | 7,11
11.1929 + 2.3 173 0.20 & 0.04 v p,a|56711,17
11.43 £ 40 240 =+ 50 po |7,11
11.58 =+ 50 160 + 30 p |7
12.00 = 40 120 + 40 pa |7,11
12.25 =+ 40 - 300 = 30 p |7
12.355 =+ 20 3 190 + 20 p |7
~ 12.50 ' ~ 600 p |7
12.5501 £ 0.9 8-, 8 2.83£0.12 v,pa|56711
13.061 + 4 27,3 241 v.p,a 56711
13.080 + 4 (373 2+1 pa | 711
13.13 £ 100 2 520 % 50 p |7
13.781 + 4 5,8 12+5 pa | 711
14.00 = 50 o 260 = 30 p |7
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Table 17.17: Energy levels of 'F # (continued)
E.in'"F (MeV £ keV) | J™; T Tor e (keV) Decay Reactions
14.176 + 6 8-, 8 3045 vp |67
14.3038 + 3.1 3 193+ 1.6 v, pa|6711

14.38 £ 50 57 610 £ 50 p |7,15
14.71 £ 100 1= 470 £ 100 p |7
14.809 = 20 1 190 £ 25 p |7
15.6 ~ 550 p |7
17.1 57 1500 p |7
20.1 £ 200 1070 £ 160 v,°He | 3
20.4 % 100 700 == 100 v, %He | 3
20.9 gt 600 p |7
21.3 £ 100 900 £ 100 v,°He | 3
21.8 (&) 400 p |7
22.7 . 600 p |7
23.8 . 600 p |7
25.4 o 1500 p |7
27.2 57 1500 p |7
28.9 5t 2000 p |7

& See also Table 17.19. | am very indebted to Drs. H.T. Richards and E.K. Warburton for their comments.
b May be a doublet: compare Table 17.19 and 17.21.

Excitation functions for 1, 7> and 3 have been studied for £(®*He) ~ 3 to 18 MeV. Reso-
nances are reported corresponding to '7F states at 20.14-0.2 () [[' = 1.0740.16 MeV], 20.4+0.1
(71) [0.740.1]and 21.3+£0.1 MeV (7;) [0.940.1] (1983WA1B): see Table 17.19 in (1982AJ01).
For neutron and charged-particle channels see reaction 6 in (1982AJ01).

4. (2) “N(Li, t)'"F
(b) “N(LI, ta) 3N

Qm = 0.0476
Qum = —5.7713

Angular distributions (reaction (a)) have been measured at £(°Li) = 36 MeV involving 1"F*(8.43,
10.7, 11.9, 13.51, 14.84). Comparisons are made with the results in the analog reaction (reaction
19) in 'O (1984ET1A). [Comment: compare the experimental resolution with the density of
states]. For the earlier work see (1982AJ01).
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Table 17.18: Resonances in '%O(p, v)'F 2

E, (MeV + keV) | Resonantin I, (eV) I'(keV) | Ex (MeV) | J°; T
2.66 T (12£2) x 1073 3.11 23

3.47 Yo 0.11 £ 0.02 <15 3.86 5= 2
11.275+ 6 M 6.0+25°¢ <1.6 11.204 | +7; 3
12.707 + 1 Yo +m 11.3+34°¢ |18+05| 12550 |37;3
13.255 £ 6 Yo+m 28+1.8° |50+15| 13.065 | 27;3
14.435 £ 10 Yo 72437° 41+10 | 14174 | 373
14.583 +6 ¢ Yo+ M 134+7.0° | 28+5 14313 | 173

& See also Table 17.19 and Table 17.20 in (1982AJ01).

b~y and 1 correspond to transitions to 17F*(0, 0.50), respectively.

¢ These I', are based on J™ and I',, /" determinations quoted by (1975HA06). The B(E1) values for these
four states are 4.7 + 2.0, 5.4 + 1.6, 1.2 + 0.8 and 4.4 + 2.3[x 10 ~3]e? - fm?.

4 See the text of reaction 7 for discussion of the observed pigmy and giant resonances ( 1975HAQ7).

¢ See also Table 17.18 in (1977AJ02).

5. I5N(®He, n)!7F Qm = 5.0099

Angular distributions have been reported to most of the states of !"F with E, < 8.1 MeV
at £(*He) = 3.8 and 4.8 MeV. Neutron groups have also been reported to '“F states at £, =
11.195 £ 0.007, 12.540 + 0.010 and 13.059 MeV, with I" < 20, < 25 and < 25 keV, respectively.
Angular distributions at £(*He) = 10.36 and 11.88 MeV lead to J™ = £~ for '"F*(11.20)[L = 0],

27 or 2 for '"F*(12.54) and (3, 5 ) for '"F*(13.06). These three states are probably the first
three 7' = 3 states in '"F (1969AD02). The branching ratios for transitions to *°0*(0, 6.05, 6.13)
for 17F*(11.20) and for the analog 7" = % state in 17O are displayed in Tabe 17.11: the ratios of the

reduced widths are quite different in the two mirror nuclei. See (1977AJ02) for references.

6. 160(p, 7)\"F Qm = 0.6005

At low energies the direct capture to '"F*(0, 0.50) is observed. Extrapolation of cross-section
data leads to S(0) ~ 8 keV - b: see (1977AJ02). In addition to two 7" = % resonances, five
resonances corresponding to 7' = 2 states are observed in the »; and o + 7, yields: see Table
17.18 for the reported parameters. The lowest 7 = 2 states of even parity at £, = 13.27 and
14.02 MeV [J™ = (%+) and g+] (see Table 17.19) are not observed here: I', < 7and < 11.8 eV,
respectively (1975HA06).
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The (7o + 71) yield at 90° has been studied for £, = 15.75 to 31.66 MeV: it shows the giant
dipole resonance centered at £, = 22 MeV with a width of ~ 5 MeV and a pigmy resonance
centered at 17.5 MeV. The integrated strength of the, mainly 7" = 1, giant resonance is 10 MeV -
mb: the observed strength distribution is in good agreement with odd parity 2p-1h, 1p excitation
calculations. The pigmy resonance is due to f;, — d5,,. The main f;/, strength lies in two
states at £, = 16.9 and 18.0 MeV (1975HAOQ7). See also (1982AN1D, 1982BE29, 1983RA1G,
1984JE1D), (1982BA80, 1984B0O1Q; astrophysics), (1985BL1B, 1986WE1D) and (1982DU1A,
1984PELD; theor.).

7. (@) %0O(p, p)i¢O E, = 0.6005
(b) 1°O(p, 2p)*°N Qm = —12.1276
(c) °O(p, pn)'*O Qm = —15.6639
(d) °O(p, per)'2C Qum = —7.16195

Yield curves for elastic protons, protons scattered to °O*(6.05, 6.13, 6.92, 7.12, 8.87) and
for ~-rays from 1°0*(6.13, 6.92) have been studied at many energies up to £, = 46 MeV: see
(1971AJ02, 1977AJ02, 1982AJ01). The observed resonances are displayed in Table 17.19. Abso-
lute o (9) [0 = 110° to 160°] have been measured for £, = 0.60 to 2.00 MeV to £5% (1983BR1A).
Cross sections for bremsstrahlung emission are reported in the vicinity of the £, = 2.66 MeV res-
onance by (1983TR1A). The cross sections of the 6.13 MeV ~-ray at £, = 23.7 and 44.6 MeV
have been measured by (1981NA14), and (1979SCO07) report the o for £, = 190 to 558 MeV. See
also (1982AJ01).

A, measurements have beem recently reported at £z = 35 MeV (19860H1C; to '°0*(10.96,
12.80)), 65 MeV (1982SA19; py), 65 MeV (1984HO1A,; to °0*(10.96, 12.80)), 135 and 180 MeV
(1983HY1A; to 10*(8.87)), 180 MeV (1983FI1H; to many states including **O*(11.10)) and 200
MeV (1985GL1D; py). At £ = 318 and 498 MeV (1986L0O1D, 1983L0O1H) have measured A,
and spin transfer observables for the py, p2, ps and p, groups. Polarization transfer coefficients
have been studied at £ = 200 MeV to the 4~ states '°0*(17.79, 19.81) [T = 0] and '°0*(18.98)
[T" = 1] (19860L1A, 1985WI1F). The spin rotation parameter ) has been measured for the
elastic scattering at £z = 65 MeV by (1986SALJ), at 200 MeV by (1986ST1G, 1985ST1C) [see
(1986ST1F) for polarization transfer coefficients for 1°0*(17.79, 18.98, 19.81)] and at 800 MeV
by (1986FE01). See also (1986GL1G). For the earlier work see (1982AJ01).

For reaction (b) see (1982REZZ). For reaction (c) see (1983WALC, 1984WA1B). See also
(1982REZZ). For fragmentation see (1985GU1A, 1985VD1A). See also '°0O and (1982AU1A,
1982BE1A, 1982YA1A, 1983BE1A, 1984GE1A, 1984RE1A) and (1981PI11, 1981SH1A, 1982C0O17,
1982K023, 1982NA13, 1982YA07, 1983BE1B, 1983KE1B, 1983K0O1B, 1983SH1A, 1984GO1A,
1984HY 1A, 1984PH1A, 1984PI1A, 1984PI11B, 1984WO1A, 1985AU1A, 1985DY 1A, 1985HY 1B,
1985KE1A, 1985KO1L, 1986DE1G, 1986KU1D, 1986LO1A, theor.).
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Table 17.19: Resonances in 160(p, p)'®0 and '°O(p, a)'3N 2

E, (MeV £keV) | Tep (keV) Particles out [p, /T "Ex (MeV) | J&; T
2.663 £ 7 19+1 Po 3.105 +
3.47 1.53 +£0.2 Po 3.86 2
4.304 £20° 225 Po 4.649 3
4.672+20"° 1530 Po 4.995 3t
5.231 + 20 68 Po 5.521 3=
5.392 + 20 40 Po 5.672 o
5.402 + 20 <0.6 Po 5.682 1
5.546 =+ 20 180 Po 5.817 3t
5.779 £ 20 30 Po 6.036 -
6.332 % 20 200 Po 6.556 1
6.482+7° | <1.6+0.2 Po > 0.25 + 0.04 6.697 ot
6.564 + 20 4.5 Po 6.774 3t
6.833 + 20 3.8 Po, 76.13 7.027 5-
7.183 4+ 20 10+2 Do, P2, Q0 7.356 3t
7.280 =+ 20 <5 Po 7.448
7.287 £+ 20 7T+2 Po, P1, P2, @ 7.454
7.305 =+ 20 542 Po. P2 7.471
7.313 4 20 795 Po 7.479 3t
7.385 4 20 30 Po, P2, 76.13 7.546 o
7.60 + 40 179 + 30 Do, P1, o 7.75 i
7.81 4+ 30 10+3 Do 7.95
7.88 + 40 50 + 20 POs V6.13, V6.92, 0 8.01
7.94 4 30 100 + 20 Do, P1, 0 8.07 3t
8.1 700 + 250 (Po), P1, o 8.2 30
8.275 + 10 1145 Do — P3, Ao 8.383 30
8.310 = 20 45410 | Po — P3, ¥6.13, 76.92, 0 8.416 )
8.66 + 60 170 + 30 P2, P3, Pas 0 8.75 5t
8.68 90 =+ 20 Po 0.2 8.76 3t
8.91 165230 | Po — Pa, Y613 V6.92, o | 0.34+0.05 | 8.98 4+ 0.02 -
9.11 140 £30 | po — P, Y613 Y602, 00 | 0552005 | 917006 | 2
9.01 90 + 30 Po, P2, o 0.095 = 0.005 9.92 9t
10.04 + 40 280 4 100 Pos P1 10.04 z
10.23 = 40 250 + 80 o 10.22
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Table 17.19: Resonances in '°0(p, p)'®0 and °0O(p, a)'*N # (continued)

E, (MeV £keV) | Tep (keV) Particles out [p, /T "Ex (MeV) | J&; T
10.42 = 40 160 =+ 40 Po, P1, P3 10.40 (5™
10.525 + 30 165 + 25 Po, P2, 20 0.28 + 0.03 10.499 '
(10.75 =+ 50) Po, P1, ¥ (10.71) )
10.83 £ 40 120 &+ 40 Po, P2, (pg), (Oéo) 10.79
10.96 + 100 560 = 100 Po 0.25 + 0.07 10.91 i
11.2636 £2.09 | 0.20 +0.04 Po, P2, P4, X0 0.093 £0.013 | 11.1929 £2.1 | 17;3
11.52 + 40 240 =+ 50 P2, 11.43
11.67 £ 50 160 + 30 Po, P3 11.58
12.12 + 40 120 + 40 P2, o 12.00
12.39 + 40 300 =+ 30 Po, P2 0.26 £ 0.03 12.25 3
12.500 = 20 190 + 20 Po, P1, P4 0.31 £ 0.03 12.355 i
~ 12.65 ~ 600 Po ~ 0.09 ~ 12.50 -
12.7077 £2.0¢ | 2.83+£0.12 | P, P2, Pa, P5, @0, 1 | 0.332+£0.018 | 125505 £2.3 | 373
(13.06 + 100) Po (12.88) (27
+
(13.06 + 50) Po (12.88) (37)
13.250 £ 4 241 Po, P12, P34, P5, 0 0.15 £ 0.04 13.060 53
13.271 £ 4 241 Po — P4, Qo 0.04 = 0.02 13.080 (173
13.32 £ 100 520 + 50 Po 0.163 4 0.016 13.13 2"
14.017 £ 4 1245 Pos P12, P3ad, Q0 0.02 & 0.01 13.781 5t 3
(14.20 =+ 50) Po (13.95) (1)
14.25 £ 50 260 =+ 30 Po 0.08 + 0.01 14.00 o
14.438 + 6 2745 Po, P3+4 0.04 + 0.02 14.177 373
14.5730 £3.0F | 193+1.6 Po. P1+2, P344, P5, a9 | 0.085+£0.008 | 14.3038 £3.1 | I7;3
14.65 + 50 610 & 50 Po 0.10 + 0.01 14.38 3
(14.94 £ 100) Po (3)
15.00 = 100 470 4 100 Po 0.25 £ 0.03 14.71 o
15.110 + 20 190 + 25 Po 0.150 & 0.015 14.809 1
(15.245 + 100) Po (14.94) 3"
(15.30 = 50) Po (14.98) ")
(15.37 4 100) Po (15.05) €
(15.545 4+ 100) Po (15.22) (Z7)
15.9¢ ~ 550 Po, P1+2 15.6
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Table 17.19: Resonances in '°0(p, p)'®0 and °0O(p, a)'*N # (continued)

E, (MeV £keV) | Tep (keV) Particles out [p, /T "Ex (MeV) | J&; T
17.6 1500 Do, P34 17.1 5-
20.4 600 Po 19.8 3t
21.6 600 Po, () 20.9 9"
22.6 400 Po, (@) 21.8 (2
23.5 600 Po. Ps 22.7 o
24.7 600 Po, (@) 23.8 o
26.4 1500 Po, () 25.4 o
28.3 1500 Po 27.2 5-
30.1 2000 Po 28.9 5t

a See earlier references and comments in Tables 17.20 (1971AJ02), 17.19 (1977AJ02) and 17.21 (1982AJ01).
See also Table 17.18 here. Uncertainties in £, (below 12.7 MeV) have been increased because of a possible
error in calibrating the magnet used in many of the measurements reported in (1971AJ02). See also
(1964DA02). [Reviewer’s comment: these measurements should be repeated.] | am grateful to Drs. H.T.
Richards and E.K. Warburton for their many comments.

b E., not E,, is used for calculating E.

¢ (1982SE01). Uncertainty in E,, estimated by reviewer. See also (1982AJ01).
4T, = 19+ 3 eV (1976H109).
¢T'py =0.944+0.06keV, Iy, = 62+16eV,I',, = 53+22eV (1976HI109); J. Lowe, private communication.
f I'p, =1.65+0.12keV, I'p, = 2.6 £ 0.7 keV (1976H109).

& See also Table 17.20 of (1971AJ02) for possible other resonances.

8. 150(p, n)'°F

The analyzing power for the transition to the 4~ state '°F*(6.37) has been measured at F5
135 MeV (1982MA11). See also '°F.

0. 16o(p, d)lSO

Qm = —16.199

Qm = —13.4393

Ey, = 0.6005

£y, = 0.6005

The excitation function for d, (¢ = 70°) has been measured for £, = 21 to 38.5 MeV. A strong
resonance is observed at £, = 24 MeV: see Table 17.19. The analyzing power has been measured
for the d group at £5 = 65 MeV (1980HO18). See (1982AJ01) for the earlier work.
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10. (a) O(p, H)10 Q= —20.4045 E, = 0.6005
(b) 10O(p, *He)*N Qu = —15.2428

See (1982AJ01) and !N, 10 in (1986AJ01).

11. 'O(p, a)*N Qm = —5.2184 FEy = 0.6005

Observed resonances are displayed in Table 17.19. Some broad structures have been reported
above E, ~ 15 MeV, particularly strong peaks appear at £, ~ 22 and 25.5 MeV: see (1977AJ02).

This reaction is involved in explosive burning in stars: see (1977AJ02, 1982AJ01) for the
earlier work and (1979MQ04).

12. 150(d, n)'"F O = —1.6241

Parameters of the first excited state of !"F are F, = 495.33 £0.10 keV, 7, = 407 9 psec: see
(1971AJ02). See also Table 17.21 in (1971AJ02). For polarization measurements see (1981L123)
and '8F in (1983AJ1A). See also (1983CR1A).

13. 'SO(*He, d)!7F Qm = —4.8031

At E(*He) = 18 MeV, angular distributions of the deuterons to “F*(0, 0.50, 3104 =4 0.003,
3.857 & 0.004) have been measured. The spectroscopic factors for "F*(0, 0.50) are 0.94 and
0.83. Two-step processes appear to be involved in the excitation of '7F*(3.10, 3.86). Angular
distributions have also been measured at £(*He) = 30 MeV (to }"F*(5.1, 5.7)) and at E(3ﬁe) =33
MeV (do, d;): see (1982AJ01) for references.

14. (a) 90O(1°B, °Be)!"F Qm = —5.9855
(b) 150(11B, 1°Be)!7F Qm = —10.6276
(c) 150('2C, 'B)\"F Qm = —15.3566
(d) 'S0(3C, 12B)!"F Qm = —16.933
(€) 1SO(MN, 13C)'7F Qm = —6.9502
(f) 160(160, 5N)I7F Qm = —11.5271

See (1982AJ01). See also (1984CL1D; theor.) for reaction (f).
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15. '"O(p, n)'"F Qm = —3.5432

At E, = 135.2 MeV differential cross sections are reported for the transitions to '"F*(0, 0.5 +
0.05,4.84+0.1,5.894+0.2,6.34+0.2, 7.26 £0.2, 7.64 +0.2, 9.34+0.1, 14.3+ 0.1). [Note known
density of states.] The group to 1"F*(4.84) has I" = 1.8 +£0.05 MeV (1985PU1A). For a discussion
of Gamow-Teller transition probabilites see (1985WA1B). For A, measurements see (1985PU1A,
1983PU1A). For the earlier work see (1982AJ01).

16. TO(*He, t)'F Qm = —2.7794

Angular distributions have been studied at F(*He) = 17.3 MeV [t,, t;] and at E(Sﬁe) =33
MeV [ty]: see (1982AJ01).

17. Y'Ne(5)VF Qm = 14.53
See '"Ne.
18. 180('80, “N)'TF Qm = —19.39

See (1983DE1A).

19. 9F(p, H!7F Qm = —11.0998

See (1977AJ02).

20. 26Mg('80, 2"Na)!"F Qm = —13.30

See (1985F11A).
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17Ne
(Figs. 8and 9)

GENERAL.: (See also (1982AJ01).)
Theory and reviews. (1983AN1A, 1983AU1B, 1985AN1A).

1. (@) 'Ne(8H)F* — 90 + p Qm = 13.93
(b) 1"Ne(3+)\F Qu = 14.53

The half-life of 1"Ne is 109.0 &= 1.0 msec (1971HAO05). Earlier values (see (1971AJ02)) gave
a mean value of 108.0 & 2.7 msec. The decay is primarily to the proton unstable states of !“F at
4.70, 5.52 and 6.04 MeV with J™ = 37, 27 and 1 : see Table 17.21. The super-allowed decay to
the analog state ['"F*(11.20)] has log ft = 3.2970:07. The character of the decay leads to J™ = 1~
for '"Ne, ;. (1971HAO05). See Table 17.3 for a comparison of the mirror '’N and '"Ne decays and

Tablle 17.11 for the decay of '"F*(11.20). See also (1983RA1A).

Table 17.20: Energy levels of "Ne @

E,in'"Ne | J™; T | 712 (msec) | Decay | Reaction
(MeV)

0 =

109.0+1.0| pg+° 1

N[O

2 The evidence for excited states of '”Ne has not been published:
see (1977AJ02).
b See also Tables 17.3 and 17.21.

(Not illustrated)

'"Na has not been observed: its mass excess is predicted to be 35.61 MeV by (1966KE16). It
is then unbound with respect to breakup into '°Ne + p by 4.3 MeV and with respect to breakup
into 1*O + 3p by 5.7 MeV. See also (1983AN1A, 1985AN1A; theor.).

17Mg, 17A|, 17si, 17P
(Not observed)

See (1983AN1A,; theor.).
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Table 17.21: 5+ decay of '"Ne #

e

Decay to !"F* JT Branching log ft > | Decay to 0% Decay
(MeV + keV) (%) (MeV) (%)
0 e 0.5£02"]6.95+0.13
0.50 " 11+£057|6.55+0.21
3.084 =+ 30 - 0.48 £0.07 | 6.44 £ 0.06 0 100
4.609 £ 15° - 16.2+0.7 | 4.59 £ 0.02 0 100
5.480 & 10 8- 54.0£0.7 | 3.86+0.01 0 100
6.037 & 10 s 10.6+0.2 | 4.42+0.01 0 100
6.406 30 | (3,27) | 0.35+£0.10 | 5.80+£0.13 0 100
7.708+£30 | (37,27) | 0.18+£0.05 | 5.67£0.12 0 > 95
6.05 <5
8.075 % 10 (3.2)" | 6.83£0.11 | 3.96+0.01 0 99.5
6.05 0.49 £ 0.02
843610 | (4,2)7 | 6.51+£0.26 | 3.85+£0.02 0 94.3
6.05 5.7+05
8.825+£25 | (1,2)7 | 1.904£0.06 | 4.2340.02 0 92.4
6.05 7.6+1.1
11.194 ST=31 07150 3.2910:02 0 10 £ 2
6.13 22 + 2
6.92 24+6
7.12 44 +£4

2 (1971HAQ05). See also Table 17.23in (1971AJ02). | am indebted to Drs. H.T. Richards and E.K. Warburton

for their comments.

b Jog ft values calculated by (1971HA05) using an atomic mass excess of 16.517 + 0.026 MeV [and
7172 = 109.0 & 1.0 msec] rather than the presently adopted 16.48 + 0.05 MeV. Since this energy difference
leads to quite small changes, the original calculations are quoted here. However, Table 17.4 (which compares
the analog decays) shows corrected ft values.
¢ E.K. Warburton calculates F', = 4613 + 15 keV by weighing of the Fermi function over the width of this

level.

d See also Table 17.11.
¢ A proton group with E. ,,. = 2.83 MeV has been observed: the level in 17F to which it corresponds is not

known.

f Calculated branchings, based on the mirror "N decay.
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