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Table 15.7: Resonancesin 1B + «

25

E, (MeV +keV) | I'cp,. (keV) | Particle out J7 E, (MeV) Refs.
0.60 n 1143 | (1954BE08) 2
1.03 n 11.75 | (1954BE08)
1.18 n 11.86 (1954BE08)
1.30 n 11.94 | (1954BE08)

1.51 n, p € 12.10 | (1955SH46, 1976DA06)
1.58 4145 n,p (37) 1215 | (1955SH46, 1976DA06)
2.056 + 10 34+5 No, Po ot 12.499 | A, (1975VA06, 1976DA06)

2.610 + 13 56 + 11 No, Po, @ 8- 12.905 | A, (1972RA03, 1975VA06, 1976DA06)
2.66 + 30 81 Po, ot 12.94 | A, (1972RA03, 1976DA06)
2.942 + 10 743 No, Po 13.149 | A, (1975VA06)
2.984 + 10 743 No, Po 13.180 | A, (1975VA06)
3.239 £15 16+ 8 No, P, o 8- 13.366 | A, (1972RA03, 1975VA06)
3.31+30 61 p, o 3t 1342 | A, (1972RA03)
3.46 + 30 85 =+ 30 N, o 8- 1353 | (1972RA03, 1975VA06)
3.560 £ 10 18 +4 no,p | (3.3)7| 13602 | A, (1975VA06)
3.57 £ 30 <Y o i 1361 | (1972RA03)
3.712 £ 10 26 + 8 No 13.713 | A, (1975VA06)
(3.78 £ 30) 70 o (A7) | (1376) | (1972RA03)
3.89 + 30 ~ 70 ny, o (3 13.84 | (1972RA03, 1975VA06)
4.09 + 30 ~ 100 n 13.99 | (1975VA08)
4.232 £ 10 2246 No 14.094 | (1975VA06)
4.24 £ 30 ~ 100 Ny, a 3t 14.10 | (19720704, 1975VA06)
4.324 £ 10 27T+6 No 14.162 | A, (1975VA06)
4.43 £+ 40 150 a 5t 1424 | (19720704)
4.62 £ 40 100 o o 14.38 | (19720T04)
4.85 + 20 200 = 50 No 1455 | (1975VA06)
4.986 £+ 10 33+6 Ng 14.647 | (1975VA06)
511+ 30 110 + 50 N 14.74 | (1975VA06)
5.28 + 20 48 + 11 No, o 14.86 | (19720704, 1975VA06)
5.538 £ 10 1243 No 14.920 | (1975VA06)
5.501 £ 10 13£3 Ng 15.025 | (1975VA06)
5.59 + 20 80 =+ 25 N, o 15.09 | (19720704, 1975VA06)
5.860 £ 10 2246 Ny, & 15.288 | (19720T04, 1975VA06)




Table 15.7: Resonances in ''B + o (continued)

E, (MeV +keV) | I'cp,. (keV) | Particle out JT E, (MeV) Refs.
5.98 + 20 75+ 25 Ny, () 15.38 | (19720T04, 1975VA06)
6.06 £+ 20 ~ 100 No, () 15.43 (197207104, 1975VA06)
6.19 4 20 ~ 35 No 1553 | (1975VA06)
6.29 £+ 20 95 £ 25 No 15.60 (1975VA06)
(6.65 £ 40) () (15.87) (19720T104)
6.73 £ 20 35+ 10 No, N2 15.93 (1975VA06)
6.755 + 15 21+6 n; 15.944 | (1975VA06)
6.83 4 20 60 & 20 Ny 16.00 | (1975VA06)
6.884 + 15 62 £ 12 No, 16.039 | (197207104, 1975VA06)
(6.98 + 40) () (16.11) (19720T04)
7.18 £ 20 ~ 100 No, 16.26 (1975VA06)
7.27 420 ~ 30 No 16.32 (1975VA06)
7.37+ 20 44+ 11 Ny 16.39 (1975VA06)
7.616 = 15 27+ 15 No, (N2) 16.576 | (1975VA06)
7.754 £ 15 60 & 10 No, (N2) 16.677 | (1975VA06)
A: see references listed for this state in Table 15.5 (1976 AJ04).
& And private communication.
16. (a) 2C(t, )N Qum = 14.8484
(b) 2C(t, n)*N Qm = 4.01507 By, = 14.8484
(c) 12C(t, p)1*C Qm = 4.6410
(d) 2C(t, t)12C
(e) 2C(t, a)!'B Qum = 3.8571

The 90° excitation function for ~, (reaction (a)) in the range 1.0 to 3.4 MeV shows one very
strong resonance (at peak, 4.4 & 0.5 ub/sr) corresponding to 1?*N*(16.7). The excitation function
and the measured angular distributions were analyzed [S-matrix] (1977SC01): Table 15.8 shows
the derived parameters. Table 15.8 also displays the structures observed in reactions (b) — (e). Po-
larization studies of the elastic scattering are reported at £ = 15.0 and 17.0 MeV by (1978SC02).

See also ''B and '2C in (1980AJ01), '*C and N here, and (1976AJ04).

17. 12C(av, p)'°N

Qm = —4.9656
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Table 15.8: Resonances in '2C + t
E; (MeV £+ keV) | E, (MeV) Particles out J7 | T (keV) Refs. @
0.66 15.38 Qo
111 15.74 Po, to, a1
121 15.82 to
1.30 £20 15.89 n, ag
1.39 +20 15.96 n, to, o
1.46 16.02 Po
154 16.08 n, ag, oy
1.64 4 40 16.16 Yo, N, Qg 371 450 + 100 | (1977SC01) P
1.78 16.27 Qg
1.85 + 20 16.33 N, Po, o, 1
1.98 £ 20 16.43 n, Po
2.05 £ 30 16.49 Po, to, g
2.18+ 25 16.59 Yo, M, Po, to, g, ey | 37 490 (1977sC01) P
2.30 16.69 £ 0.01 | yo, N, po, g, 0 | 37| 130+ 15 | (1977sC01) P
2.39 4+ 30 16.76 n, to, o, a1
2.50 & 30 16.85 g, 0
2.60 16.93 Qg
2.75 17.05 Po
2.82 17.10 Yo, to, vy 1 8- (1977SC01) P
2.89 4 50 17.16 o
3.14 17.36 Qaq
3.30 17.49 + 0.09 | o 371 450 + 120 | (19775C01) P
15.0 26.8 to

& See also references listed for each state in Table 15.8 of (1976AJ04).

b S-matrix analysis.
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Angular distributions have been measured for £, = 13.4 to 42 MeV [see (1976AJ04)] and at
E, = 17.52t0 18.64 MeV (1979MO03; py), 24 to 33 MeV (1978BU27; p3), 40 MeV (1979VADS;
P12 and p to 5N*(10.7, 15.4)) and at 96.8 MeV (1975FA07: see Table 15.9; reduced widths are
calculated). At 97 MeV the spectrum at 10.5° is dominated by '>N*(15.37) [J™ = £"]: DWBA
calculations have been carried out using a semi-microscopic three-nucleon form factor and several
different sets of wave functions (1975FA07). See also (1976BU21, 1979AMZU), (1977FO1E,
1978FA1H), (1980ZE05; theor.) and 160 in (1982AJ01).

18. ©(SLi, *He)*N Qum = —0.9455

Observed He groups are displayed in Table 15.9. Comparisons of the angular distributions
obtained in this reaction at £(°Li) = 60.1 MeV and in the (°Li, t) reaction shows analog correspon-
dence for the following pairs of levels: 5.27-5.24, 7.16-6.86, 7.57-7.28, 8.58-8.28, 10.80-10.48,
13.15(u)-12.84, 15.49(u)-15.05 [first listed is F in *N; second in °0] (1975B106) [ E, are nom-
inal; u = unresolved.]. For ~-decay measurements see Table 15.4 (1978HA39, 1979HA38). See
also (197/7MA2G), (1977FO1E) and the earlier work reported in (1976AJ04).

19. 12C("Li, a)®N Qum = 12.3817

Observed o groups are shown in Table 15.9 (1973TS02). Angular distributions have been mea-
sured to E£("Li) = 35 MeV: see (1976AJ04). Comparison of spectra from this reaction (E("Li) =
34.9 MeV) with those from 3C(°Li, «) (reaction 32) lead to configurations of (d) for >N*(10.7,
12.57, 13.20, 15.42) and suggest that >N*(12.57, 13.20) have lower .J than ®N*(10.7, 15.5),
probably J < I. '»N*(13.02) is shown to be p(d)? in agreement with J™ = 11~ (1976HA31).

15N*(9.155) [J = 2] decays to '*N*(5.30) [J™ = 3] by an E2 transition; therefore its parity
is positive. It has a large triton cluster parentage. This is not true of >N*(9.152) (1978HA39). For
~-decay measurements see Table 15.4 (1978HA39, 19/9HA38). For 7,,, measurements see Table
15.5.

20. (a) 12C(1°B, "Be)'5N Qum = —3.820
(b) 12C(1'B, ®Be)'°N Qm = 3.6246

At E('1°B) = 100 MeV angular distributions have been measured for *>N*(5.27, 7.57, 9.87,
10.87, 13.15, 15.72, 16.26, 17.83) and comparisons have been attempted with those to states in
150, in the mirror reaction (1973NA09Y) [see however reaction 7 in 50 (1976AJ04)]. (1974AN36;
E(°B) = 100 MeV), on the other hand, report population of 1*N*(0, 5.24, 7.28, 9.64, 10.47,
12.89, 15.36, 15.88). '°N*(12.89, 15.36) are the most intense groups (1974AN36). For reaction
(b) see (1978FR20, 1979FR05). See also (197 /FO1E).
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Table 15.9: States of >N from *2C(a, p)*°N, 2C(°Li, *He)'®N and '2C("Li,
a)'®N

E, (MeV £ keV) L | Jra
(1975FA07) 2 | (1975B106) > | (1973TS02) ©
0 0 1| L
527+530 | 52760 5205+£10°¢ | 240
6.332 £ 10
7.163 £ 10
7.24 £ 60
7.310 £ 10
7.57 7.61 £ 60 7.566 = 10 4 | 17
8.320 + 10
8.58 8.59 =+ 60 858010 | 2 | 37
9.15+9.15 | 9.17£60 0.163+£10°¢ |1+2| f
9.84 + 60 0.828+£10°
9.932 £ 10
10.072 £ 10
10.524 + 10
10.70 10.73+60°| 10.700+£10° | 4 | §7¢
10.808 = 10
11.430 £ 10
12.05+60 | 11.951+10
12.36 £60 | 12.320£10°¢
12.64 60 | 12.559 % 10 4
12.923 £ 10
13.01 13.004£10° | 5 | (i)
13.19 13.154+60° | 13.173+10°¢ | 2
13.614 £ 10
14.087 £ 10
14.720 £ 10
15.021 + 10
15.40 1549 £60° | 15373+ 10 6 | BTf
15.782 £ 10
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Table 15.9: States of >N from *2C(a, p)*°N, 2C(°Li, *He)'®N and '2C("Li,
a)'®N (continued)

E, (MeV + keV) La | Jgre
(1975FA07) | (1975BI06) ® |  (1973TS02 ©
15.88 + 60

16.026 £+ 10
16.18 =60 16.190 £ 10
16.41 £ 60
16.74 £ 60
18.02 £ 60
18.82 &
19.77 £ 60

& E. = 96.8 MeV. E, are nominal.

b B(°Li) = 60.1 MeV: angular distributions measured for states with £, < 16.2
MeV.

¢ BE("Li) = 35 MeV: angular distributions have been measured for the states
labeled by this footnote.

4 (1973TS02) suggest that this state is not the T’ = % state at 12.52 MeV.
°Tr,/T'=0.9+0.2,< 0.25, < 0.25 for >’N*(10.69, 13.15, 15.5) (19//KR1A).
f See also (1979VA08).

& (1977ZEL1E); preliminary work.

21. (a) 12C(*0, 3N)'5N Qm = —10.184
(b) 12C('20, 1PN)>N OQm = —0.9861

For reaction (a) see (19/9PR07). Angular distributions for reaction (b) are reported at £(**0) =
32.3 and 35 MeV (1978CH16).

22. 2C(19F, 150)°N Qm = 3.1481

At E(*F) = 40, 60 and 68.8 MeV angular distributions have been measured for the transitions
involving ®N*(0, 5.3) and various '°0O states: 1>’N*(5.3) is very strongly excited (1972SC17). See
also (1975PU02, 1977K0O38).
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Table 15.10: Resonances in 13C + d

E4 (MeV) | Particles out | I'iy, (keV) | 1°N* (MeV) Refs. @
0.37 p 16.48
0.64 N, Po, to ~ 100 16.71
0.85 n, Po ~ 400 16.90
1.10 Qp broad 17.11

1.24 £ 0.04 | to, () ~ 200 17.23

1.40 + 0.04 | po, to, o ~ 400 17.37

1.64 £0.04 | to ~ 200 17.58

1.74 4+ 0.04 | o, N, g ~ 600 17.67 " (1978DEO05)

1.80 £+ 0.01 | (po), to, a1 55 =+ 10 17.72

2.20£0.01 | (), ag, g 22 +4 18.06

2.23+0.02 | (n), po, t ~ 50 18.09

2.45+0.03 | n, po, v 270 + 70 18.28

3.46 +0.03 | n ~ 150 19.16
51 Ny, Po ~ 50 20.6
6.65 Yo ~ 700 21.92 (1976DE32, 1979SK04)
8.8 Yo broad 23.8 (1976DE32)

a See references listed in Table 15.10 (19/6AJ04).
bgr=1"or 3" T = 1(1973WE12).
23. 12C(*°Ne, "F)'°N Qm = —9.0962
See (19790R01).
24. 13C(d, v)**N Qm = 16.1594

The 90° — 95° yields of ~, have been measured for £4 = 1 to 10 MeV: observed resonances
are displayed in Table 15.10. The ~-ray angular distributions are consistent with the emission of
predominantly E1 radiation except for evidence of M1/E2 transitions in the region £, = 20-21.5
MeV (1976DE32).

25. 13C(d, n)14N Qum = 5.3260 E, = 16.1594
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Table 15.11: Energy levels in 1°N from *C(*He, p)'°N

E, (MeV =+ keV)

(1959Y025, 1966GA08) = | (1966WA08) ¢ | (1967PH03)

5.283 4 12
6.333 4 12
7.169 4 12
7.310 4+ 12
7577 +£13
8.323+6 8.312
8.581+5 8.570
9.056 + 5 9.052 9.054 + 4
9.159 + 5
9.225 + 6 9.225 + 3
9.760 £ 5
9.827+6 9.829 + 4
9.929 £+ 8
10.064 4 7 10.074 10.072 4+ 4
10.454 + 6 10.452
10.536 + 7
10.704 + 6
10.805 & 7 10.800
(10.94 + 30) b

2 First five values are from (1959Y025).

b (1979HA1M) report states at 11.88, 11.98, 18.76 + 0.01 and
19.91 £ 0.01 MeV.

¢ I, except for Iy = 10.94; errors for £, are nominal.
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Observed resonances are shown in Table 15.10. See also (197/6AJ04).

26. 13C(d, p)*C Qm = 5.9519 B, = 16.1594

Observed resonances are displayed in Table 15.10. At £5 = 13 MeV, the vector analyzing
power (\VAP) has been measured for the transitions to *C*(0, 6.09, 7.34) (1978DAL7).

27.13C(d, d)!3C E, = 16.1594

Excitation functions for elastically scattered deuterons have been measured in the range Fq =
0.4 t0 5.7 MeV: see (1976AJ04). Polarization studies are reported at £q = 12.5 MeV (1975ZA08;
do) and 15 MeV (1974BUUG; dy) and at E5 = 13 MeV (1978DAL/: VAP; 13C*(0, 3.09, 3.68,
3.85)).

28. (a) 13C(d, 1)12C Qm = 1.3109 B, = 16.1594
(b) 13C(d, He)'2B Om = —12.040

Observed resonances are listed in Table 15.10. Polarization measurements have been reported
at Eq = 12.1 and 15 MeV [see reaction (a), (1976AJ04)] and at E5 = 13 MeV (1978DAL7: VAP;
12C*(0, 4.4, 7.7)) and 29 MeV (1979C0O08: VAP; 12C*(0, 4.4, 12.7, 15.1, 16.1), 1?B, ;). See also
12B and '2C in (1980AJ01).

29. 13C(d, @)''B Qm = 5.1680 B, = 16.1594

Observed resonances are listed in Table 15.10. See also (1976AJ04).

30. 13C(3He, p)'°N Qum = 10.6658

Observed proton groups and ~-rays are listed in Table 15.11. Gamma ray branching ratios
are displayed in Table 15.4 and ,,, in Table 15.5. Angular distributions have been measured at
E(®*He) = 4.37 t0 5.57 MeV (1978CH19; p,) and at 20 MeV (1977PE23: to 'SN*(0, 5.27 + 5.30,
6.32, 8.31, 8.57, 9.05, 9.15, 9.23, 9.76, 9.83, 9.93 [parity probably —], 10.07)). The earlier work
at E(*He) = 5 MeV led to an assignment of J™ = %_ for 1°N*(9.22) and is consistent with .J = g
for 1PN*(9.152) (19725T22). The g-factor for "N*(5.27) [J™ = 3] is +(0.9 + 0.3) (1975FO06).
See also '°0 in (1982AJ01), (1976EP1A; astrophys.) and (1976AJ04).
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Table 15.12; Resonancesin 4C + p @

Ep Feom. T'n I'p Tq 'y JT Ex Refs.
(MeV + keV) (keV) (keV) (keV) (keV) (eV) (MeV + keV)
0.261 + 0.6 < 0.5 (0.08 4+ 0.01) x 10~6 > 21 meV %7 10.4497 £ 0.3 A, (19/5BE23, 19/6BE1B)
0.352 + 1 (3.4+0.4) x 1072P 3t 10.5333 £ 0.5 | A, (19/58E23, 19/68E1B)
0.519 + 1 (0.49 £ 0.10) x 106 > 40 meV o+ 10.6932 + 0.3F | (1975822, 19/68F18)
0.527 £ 1 02 0.37 £ 0.07 %7 10.7019 + 0.3 f A, (19/6BE1B)
0.634 + 1 (0.22 £ 0.10) x 1073 0.27 £0.14 %(H 10.804 + 2 f A, (1975BE23, 19/6BE18)
1.162 + 2 79+3 23 5.6 < 0.3 0298 %’ 11.291 A, (19//NI10Z)
1.3188 + 0.5 41,44+ 1.1 34.6 £ 0.9 6.8+ 0.5 < 0.3 4.2+0.78 %+ 11.4376 A, (1977/N103)
1.509 + 4 404.9 £ 6.3 4.0£0.2 400.9 £ 6.3 < 0.3 19.2 + 0.4 &P %+;T = % 11.615 A, (19/5HA3Y, 19/ /N10Z)
1.688 + 3 37 36.5 05 < 0.3 %* 11.782 A, (19//NI10Z)
1.788 +£3 245 245 0.03 <0.3 3.5 11.875 A, (197/NI107)
1.884 + 3 215 212 03 <0.3 i 11.965 A, (19//NIUZ)
2.025 4 14+5 12.0 17 0.6 %+ 12.096 A, (1977NI0Z)
2.077 + 3 aT+7 30.2 16.6 2.2 - 12.145 A, (1977N103)
2.272 + 4 2 217 03 <0.3 5 12.327 A
2.450 4 44 + 3 28 0.3 55 %+; T = % 12.493 A, (1977NI0Z)
2.482 + 8 58 4+ 4 4.6 £0.7 %*; T=3 12523 A, (19/5HA3Y, 19/ /NI10Z)
2.908 £ 4 70 25 9.0 15 %7 12.920 A, (1974WFE06, 1977/NI103)
2.93 + 10 8L nr. 05 80 3t 12.940 A
319 55 r 13.18 A
3.38 + 10 24 6 6.0 12 - 13.360 A, (19/4WEU6)
3.421 £ 10 57 20.6 35 55 3.0+ 0.9 %Jr d 13.390 A, (1974WF06, 1975HA3Y, 1976K U01)
3.57 &+ 10 124 ~ 75 8.0 ~ 40 %7 13.537 A, (1974WF06)
3.65 + 10 88 ~ 16 12.0 ~ 60 %* 13.612 A, (19/4WE0E)
371 r 1367 A
40 930 500 r %Jr 139 (1974WEOE, 19/5HA3E)
4.1 + 100 98 + 10 25 r %+ 140 (1974WEOE, 1975WE0C)
4.2 £ 100 r (%) 141 (19/5WEQE)
4.6 + 150 T4+ T 20 r ) %7 145 (1974WEOE, 1975WE0Y)
48 149 + 18 39 r ) %+ 14.7 (19/2WEQ/, 19/4WEVE, 19/5WEDY)
4.83 750 r 14.71 (1975HA3E)
5.08 158 + 19 20 r %+ 14.95 (19/74WEOE, 19/5WE0Y, 19/6WE/)
5.16 + 130 28+ 3 9.0 r %+ 15.0 (1974WEOE, 1975WE0Y)
5.54 £+ 130 39+5 12 r n %7 154 (19/2WEQ/, 19/4WEVE, 19/5WEDY)
5.62 750 r 15.45 (1975HA3E)
6.4 + 150 130 + 14 19 r %+ 16.2 (19/4WEUE, 19/5WE0Y)
6.70 560 r 16.46 (1975HA3E)
6.925 90 + 10 r r (3t Ly 16.67 (19/5HASE, 19/5WEVS, 19/6WEQ/)
7.18 £ 180 110 £+ 50 r % 16.9 (1975WE0L)
~9 r %+; % 19 (19/3WEV4, 19/4WE0T)
10.0 sharp (1000) r %*; (T = % 195¢€ (1973WE04, 1974AWEQ1, 1974WE07,
19/5HASY, 19/6SNU1, 19/6WEV/)
11.0 sharp r %+ 205 (1973WE04, 1974WE01, 1975HA3ZC,
19/65N01, 19/6WEQ/)
12.35 r 21.72 (19/5HA3E, 19/6WEO/)
13.65 r 2294 (1975HA3E, 19765SN01)
16.4 r (T = %) 255°¢ (19/5HAZE, 19/65N0U1)
~ 29 r ~ 37 (19/5HA3E)




Ge

A: seereferenceslisted for this state in Table 15.11 of (1970A.J04) and Table 15.12 of (19/6A.J04).

r = resonant.

n.r. = non-resonant.

? Seealso Tables 15.5 in (1959AJ/€) and 15.11 in (19/0AJ04).

P Ly (ineV) (19695104).

© See, however, (19/6WE11).

d (1970RA?Z, 19/7RA0Z) suggest that thisstate has T = %: however, no analog state has been observed in 15C(see, eg., Fig. 13).
© Not observed in 4 N(p, )12 0 (19/5HA3Y).

f By measured directly ((19/6BE1B) and R.P. Beukens, private communication).

& Ty | amindebted to PM. Endt for this correction.

h Seealso (1971KU01).



31. 13C(a, d)'°N Qum = —7.6874

This reaction has been studied at £, = 40.1 MeV: see Table 15.11 of (1976AJ04). See also
(1976BU21, 1976LE1K) and (1978ZE03, 1979ZE1B; theor.).

32. 13C(°Li, )N Qm = 14.6859

Angular distributions have been measured at £(°Li) = 32 MeV to >’N*(0, 5.30, 6.32, 7.16,
7.30, 7.57, 8.31, 8.57, 9.15, 9.23, 9.83, 10.07, 10.70, 11.94, 13.00): the results are consistent with
the previously known J™, with (odd) parity for >N*(9.83) and with J™ = g_ for 1°N*(11.94)
(1977HA30). See also (1976HA31) in reaction 19.

33. 13C(!1B, Be)'°N Qm = 0.3434

At E(*'B) = 114 MeV, strong population of 1>N*(7.57, 9.83, 11.94, 13.00, 15.1, 16.1, 18.7,
19.2) is reported by (1974AN36, 1975P010): the dominant group is **N*(13.00).

34. 13C(MN, 12C)15N Qum = 5.8870

See (1976AJ04).

35. 13C(170, 15N)15N Qm = 2.1121

Angular distributions are reported at E(*"0) = 29.8 and 32.3 MeV involving *N*(0, 5.27 +
5.30, 6.32) (1977CH22, 1978CH16).

36. 14C(p, 7)'°N Qm = 10.2074

Observed resonances are displayed in Table 15.12; the branching ratios are shown in Table
15.4. In the ~, yield for £, = 2.8 to 30 MeV (1975HA39) find that the 7’ =1 and 2 components
of the GDR are located near £, = 20 and 26 MeV. Narrow anomalies are reported at £}, = 10.0
and 11.0 MeV (relative strength is not in agreement with (1973WE04)), 12.35, 13.6 and 16.4 MeV.
Above the giant dipole resonance region the 90° ~, cross section decreases smoothly with energy
except for a small peak which would correspond to '>N*(37.) (1975HA39). (1976SN01; Es = 7.5
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to 19 MeV) find that a good fit to the total cross section is obtained with the GDR split into peaks
at £, = 21.0 and 25.5 MeV with I" = 6 and 2 MeV respectively. The integrated E2 cross section

for £, = 19.5t0 27.0 MeV is (6.8 £ 1.4)% of the isoscalar sum rule. The reaction thus shows no

sign of a collective E2 resonance in that Ey region. This is confirmed by 1976 WEOQ7; E5 = 4.0

to 16.2 MeV) who find no appreciable E2 strength concentration for £, = 14.3 to 23.3 MeV. See

also (1978WEOQ7, 1979SN1A).

37. MC(p, p)“C Ey, = 10.2074

Observed anomalies are displayed in Table 15.12. Polarization measurements are reported for
E, = 3.2t05.7 MeV (1974WEO06). See also (1976AJ04).

38. 1C(p, n)**N Qm = —0.6259 Ey, = 10.2074

Observed resonances are listed in Table 15.12. Polarization measurements are reported at sev-
eral energies in the range E, = 1.79 to 2.45 MeV (1977NI103) and 7.2 to 13.3 MeV (1971WO03).
See (1977N103) for a discussion of an R-matrix analysis of resonance parameters for 11.2 < E, <
14.4 MeV.

39. “C(p, )''B Qm = —0.7839 Ey, = 10.2074

Observed resonances are displayed in Table 15.12. See also (1976AJ04).

40. 14C(d, n)'>N Qum = 7.9828

Angular distributions have been measured for £y = 1.3 to 6.5 MeV: see (1970AJ04) and
(1975B034, 1975B035; 6.5 MeV; to E, < 12.1 MeV, spectroscopic factors). See also (1976AJ04)
and (1976SH13, 1977RI108; theor.).

41. “C(*He, d)!°N Qm = 4.7139

Angular distributions have been studied at £(*He) = 23 MeV to 1°N*(0, 5.27+5.30, 6.32, 7.16,
7.30) (1979SE07; see for S values). For the earlier work to E(*He) = 14 MeV see (1976AJ04).
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Table 15.13: Gamma radiation from **N(n, v)'°N

Transition in °N E, * (keV) E, (keV) L
(1974GR37, 1980GR1E) | (1974GR37, 1979GR1M) | (1967THO05) | (1971BE34)
C—0 10829.10 £ 0.04 10833.24 £ 0.04 13.34+2.0 13.8 £0.2
C—5.27 5562.07 £ 0.04 10.3+£0.5 10.3£0.4
C — 5.30 5533.40 £ 0.04 18.8+0.9 189+0.4
C—6.32 4508.67 £ 0.05 16.6 £ 0.8 15.3+04
C—T7.16 3677.75 £ 0.06 15.9+0.8 16.2+0.3
C— 1730 3532.10 £0.15 9.94+0.5 10.24+0.1
C— 831 2520.62 £ 0.11 6.14+0.3 5.84+0.3
C—9.05 0.7+04
C —9.152 1681.59 £+ 0.23 144034
9.2+0.5
C —9.155 1678.26 £ 0.06 9.54+0.3
C —9.76 97575 +£3° 0.240.05
C—993 0.1 £0.04
5.27— 0 5269.12 £+ 0.04 5270.12 £ 0.04 F 30.6 +1.5 31.2+0.7
5.30 — 0 5297.79 £ 0.04 5298.80 &+ 0.04 f 214+ 1.1 2224104
6.32 — 0 6322.47 £ 0.06 6323.91 4+ 0.06 f 18.8+0.9 18.1+1.3
7.16 — 0 7155.06 £ 0.06
7.16 — 5.27 1884.82 £+ 0.05 19.7+1.0 20.5+0.2
7.16 — 5.30 1857 +2° 0.8+0.2
7.30 =0 7299.18 £ 0.17 7301.09 &+ 0.17 10.0 0.5 9.240.2
7.30 — 5.30 1.24+04
8.31 =0 8310.32 £ 0.14 8312.79 £0.14 444+04 3.6 £0.1
1.1+04
8.31 — 6.32 1989 £ 2P 1.5+£0.3 1.5+£0.2
8.57 — 0 8570+ 4" 85734+ 4" 0.2+0.03 0.2+0.04
9.05—=10 90474+ 4" 9050 £ 4P 0.2+0.03 0.3 +£0.05
9.152 — 0 9148.61 £0.23 9151.61+0.23 f 1.74+0.2
9.155 — 0 9154.92 4+ 0.07 f 1.6 £0.07
9.155 — 5.27 3884.38 £0.10 0.8+£0.1 0.8+0.2
9.155 — 5.30 3855 £2P 1.0+0.1 0.4+0.04
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Table 15.13: Gamma radiation from **N(n, v)'°N (continued)

Transition in °N E, * (keV) E, (keV) L
(1974GR37, 1980GR1E) | (1974GR37, 1979GR1M) | (1967THO05) | (1971BE34)
9.155 — 6.32 2831.13 +0.11 2.0+0.2 24+04
9.155 — 7.16 1999.73 4+ 0.08 4.6 £0.2 3.9+04
9.155 — 7.30 0.9£0.2

C = capturing state.

2 See also Table 15.13 in (1976AJ04) and (1979GR1M).
b (1967 THO5).

¢ In units of photons/100 captures.

4 (1968GR14).

© (1971BE34).

f E.K. Warburton, private communication.

42. () “C(MC, BB)1N Om = —10.624
(b) “C(*N, 3C)5N O = 2.6568

For reaction (a) see (1980NA14); for (b) see (1975VO1B).

43. (a) “C(190, N)I°N Qm = —1.9201
(b) 1C('20, '"N)N OQm = —5.735

The angular distributions leading to the ground state (reaction (a)) have been studied at £(1°0) =
20, 25 and 30 MeV (19755C42). For reaction (b) see (1972EY01).

44. “N(n, 7)'**N Qm = 10.8334
Qo = 10833.395 £ 0.030 keV (19755M02);
Qo = 10833.297 £ 0.039 keV (1979GR1J; see also (1974SP04).

The thermal cross section is 75 + 7.5 mb (see (1973MU14)). This large cross section is not
understood in terms of the level structure in 1°N: see (1959AJ76).

Observed ~-rays are displayed in Table 15.13. See also Tables 15.4 and 15.5. The 90° ~, yield
has been measured for £, = 6.0 to 13.0 MeV. The angular distributions of ~, are consistent with
essentially pure E1 radiation in the region £, = 16.5t0 23.0 MeV (1979WELG; prelim.). See also
(1978DULE; applied).
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Table 15.14: Resonances in "N + n

Eres (MeV £ keV) | Iy, (keV) | T, (keV) | T, (keV) | Ty (keV) | J™ | 5N* (MeV)
0430 +5 35 <3 < 0.01 > 3 11.235
0.4926 + 0.65 75 <3 <10 1= 11.2929
0.639 + 5 43 34 9 i 11.429
0.998 £ 5 46 45 0.8 gt 11.764
1.120 + 6 19 19 0.20 - 11.878
1.188 + 6 <32 <2 <0.1 > 3 11.942
1211 +£7 13 12 0.4 i 11.963
1.350 + 7 21 20 0.9 0.4 3 12.093
1.401 + 8 54 41 11 1.8 5 12.140
1.595 + 8 22 21 02 | <01 50 12.321
1.779 £ 10 47 37 0.5 9.0 (M) 12.493
2.23 65 39 7.8 18 - 12.91
2.47 <3 r 13.14
2.52 ~ r r 13.18
2.71 40 r 37 13.36

2.74 95 r 5t 13.39
2.95 20 16 1.1 3.2 e 13.59
3.09 60 r r 13.72
321 85 r r r 3t 13.83
3.51 ~ 20 r r r 14.11
3.57 30 r r r 3(+) 14.16
~ 3.8 ~ 2000 | ~1000 | 200 | A 1000 14.4
4.09 50 r r r 14.65
~ 4.2 ~ 300 r r r 14.8
4.38 40 r 14.92
4.60 r r 15.12
5.03 r 15.52
5.60 100 r 16.06
5.94 r 16.37
6.16 75 r 16.58
6.26 100 r r 16.67
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Table 15.14: Resonances in '*N + n (continued)

E.es (MeV £ keV) | Iy, (keV) | Ty (keV) | T, (keV) | Ty, (keV) JT IBN* (MeV)
6.55 170 r r 16.94
6.94 200 r r 17.31
7.16 r 17.51
7.34 120 r 17.68
7.48 180 r r 17.81
7.92 170 r r 18.22
8.00 120 r 18.29
r = resonant.

& See references for this state in Tables 15.14 in (19/0AJ04, 1976AJ04).

45. “N(n, n)4N B, = 10.8334

The scattering amplitude (bound) @ = 9.37 + 0.03 fm, e = 10.05 + 0.12 b, o™ (bound
nucleus) = 0.49 £ 0.11 b (1979K026). See also (1976KO1H).

Cross-section measurements are displayed in (1976GAYV). Recent measurements of o are
reported for £, = 1.0t0 5.2 MeV by (1976B0O17). See also (1976AJ04). Observed resonances are
shown in Table 15.14: for a discussion of the evidence leading to J™ assignments see (1959AJ76).

Cross sections for production of y-rays due to the decay of excited states of N have been
measured in the range £, = 4 to 20 MeV [see (1976AJ04)]. See also (1975R030; to £, = 19
MeV) and (1977DI1A; 2.0 to 20.0 MeV). See also (1973DI1A, 1978SU1E) and (1975YO1A).

46. 1IN(n, 2n)°N Qm = —10.554 B, = 10.8334

For older cross-section measurements [£, = 10 to 37 MeV] see Table 15.13 of (1970AJ04)
and (1976 GAYYV). The cross section has recently been reported for £, = 14.7 to 19.0 MeV by
(1978RY02). See also (1974BO1E).

47. “N(n, p)1iC Qm = 0.6259 B, = 10.8334
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The thermal cross section is 1.81 4 0.05 b (1973MU14). Reported resonances are displayed in
Table 15.14. For cross section measurements see (1976 GAY V), and (1979MO09; po; to 7.0 MeV),
(1976FE02; 14.7 MeV), (1975R030; 74.00, V6.73; t0 19 MeV). See also (1973DI1A, 1974SH1E,
1979RO1F) and (1974BO1E, 1976SL2A).

48. (a) “N(n, d)'>C Qm = —5.3260 B, = 10.8334
(b) **N(n, np)*3C Qm = —7.55063

Differential cross sections for production of v-rays from 3C*(3.09, 3.68) have been measured
for £, = 10 to 11 MeV by (1970DI1A). See also (1975R030) and (1976AJ04, 1976SL2A).

49. (a) “N(n, t)'2C Qum = —4.0151 E, = 10.8334
(b) *N(n, t)*He*He*He Qm = —11.2899
(©) “N(n, 2a)7Li Qun = —8.823

See (1975R030, 1978QA01) and (1976AL02, 1976SL2A).

50. (a) “N(n, 2)''B Qum = —0.1580 B, = 10.8334
(b) *N(n, na)'°B Qm = —11.6133

Observed resonances are listed in Table 15.14. For cross-section measurements see (1976GAY V),
and (1979MO09; ag, a1; 1 — 15 MeV and 4 to 15 MeV, respectively), (1978MO09; «y; 13.9
MeV) and (1977DI1A; 744; to 19 MeV). See also (1973DI1A, 1975R030, 1978SU1D) and
(1976AJ04, 1976SL2A).

51. “4N(p, 7+)15N Qm = —129.516

See (1979MA38, 1979MA39).

52. N(d, p)'°N Qum = 8.6087

Proton groups corresponding to levels of N are listed in Table 15.15. Angular distributions
have been measured in the range £y = 0.5t0 27 MeV [see (1959AJ76, 1970AJ04, 1976AJ04)] and
at E5 = 0.324 10 0.626 MeV (1976VAZ20; py, P1+2, Ps — P5), £y = 2.0 and 2.2 MeV (1979US01;
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Table 15.15: 15N states from *N(d, p)'*N

E, (MeV + keV) I, b S d
A B
0 1 3 1.45+0.15¢8
5276 +6 | 5.27159+0.46 | 2 3t < 0.15+0.07
5.305+6 | 5.30003 4 0.43 < 0.02+0.01
6.328 £ 6 1 3 0.07 +0.02 (jn = 1);
0.04 £ 0.01 (ju = 2)
7.164 + 6 7.1555 + 1.7 2 3t 0.92 +0.07
7.309+6° o+2| 27 0.87+0.07 (ju = 3);
0.07+0.04 (jn = 2)
7.570 + 8 7.5671 4+ 1.0 2 T 0.89 +0.05
8315+£6° | 8309+41 |04+2| 17 0.77£0.08 (jn = 2);
0.11+0.05 (jn = 3)
8.582+5% | 8573+32 | 042 0.05+0.03 (ju = 3);
0.12£0.05 (ju = 5(3
9.056 £ 5 0
9.159 £ 6 f
9.226 + 6 1
9.764 + 6 1
9.831+6
9.929+6 e
10.071£6 2,0 3
10.456 + 7 1)
10.541+7
10.702 + 7 2,0 | &F
10.809 + 9 1 <3
11.2 1 <3

A: (1950MA65, 19545P01, 1956D041, 1966GA08).

B: (1965AL19, 1965WA16, 1966AL18, 1967CH19).
27307, 8319 and 8577 keV (+8 keV) (1956D041).

b See also Tables 15.15 in (1970AJ04, 1976AJ04).

¢ (1980KR01) and Tables 15.15 in (1970AJ04, 1976AJ04).

4 (1980KR01). See also (1969PH02) and (1972AMO6). values shown are close
to those given by the extreme weak coupling model (1980KR01).
¢ No clear stripping pattern.

f Doublet.

& Spwaa = 0.89 £ 0.2, S;a = 0.82 £ 0.08 (1977HEOQL; E4 = 52 MeV).
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Ps), B3 = 10 MeV (1980KRO01; see Table 15.15), E4 = 10.03 and 11.65 MeV (1979A001; po)
and By = 52 MeV (1977HEOQ1; py).

Branching ratios and multipolarities are shown in Table 15.4; 1,,, in Table 15.5. The two states
of N at £, = 9.15 MeV are separated by 2.8 £ 0.5 keV: see (1976AJ04). See also (1977KO33),
(1977R108), (1976EP1A,; astrophys.), (1978GO1R; applications) and '°0 in (1982AJ01).

53. 1N(t, d)!°N Qm = 4.5760

The d, angular distributions have been measured at £y = 1.5 to 2.0 MeV (1964SC09).

54. 1N(a, *He)'5N Qum = —9.7444

At E, = 56 MeV, the angular distribution of the ground state 3He particles has been measured
by (1969GA11) and analyzed by DWBA: the ratio of the (v, He) and («, t) cross sections at this
energy is 1.50 + 0.15.

55. (@) **N(°Be, ®Be)'°N Qm = 9.1682
(b) “N(*B, 1°B)!°N Qm = —0.6219
(c) “N(2C, 11C)!5N Qum = —7.888

For reaction (a) see (1970AJ04). For reaction (b) see (1976AJ04). At E(*2C) = 114 MeV, the
strongly populated states are '>N*(0, 7.5) (1974AN36).

56. 1N(N, *N)15N Qum = 0.280

Angular distributions to the ground state of '°N have been measured for £(**N)(c.m.) = 5.5
to 16 MeV: see (1976AJ04). Below ~ 6.5 MeV, the tunneling theory of neutron transfer gives a
good account of the data. At higher energies, nuclear absorption of the incident “N ions occur
(1965HI1A, 1966GA04). See (1976SW02) for a comparison of the nuclear reaction S-factors for
this reaction and for 1*N + **N fusion.

57. (2) ““N(**0, 170)’N O = 2.789
(b) “N('9F, 8F)15N O = 0.4021
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Table 15.16: Beta decay of !°C @

Decay to 1°N* (keV) | J™ Branch (%) log ft
g.s. 3 32+2 5.99 4 0.03
5208.87£0.15" | L7 68 £ 2 4.08 £ 0.01
6323.3+0.6 8- <0.4x 1072 > 7.8
7301.1 £ 0.5 371 (0.7440.08) x 107 | 6.89 £ 0.05
8312.9+£0.5 T (41£05)x 1072 | 518£0.05
8571.4 + 1.0 ST (1.340.2) x 107 | 5.34£0.07
9050.0 £ 0.7 Tl (34403) x 1072 [ 4.05+0.04
2 (1979AL23).
b (1976AL16).
See (1976AJ04).
58. 15C(67)"°N Qm = 9.7717

The 3~ decay takes place to *>N*(0, 5.30, 7.30, 8.31, 8.57, 9.05): see Table 15.16.

59. (a) 1SN(v, n)*N Qum = —10.8334
(b) N(, p)*C Qum = —10.2074
(c) *°N(e, poe’)!iC Qm = —10.2074
(d) N(, d)'*C Qum = —16.1594
(€) 15N(v, t)12C Qum = —14.8484

Below £, = 15 MeV, the giant resonance of >N decays entirely by ground state transitions.
The total integrated cross section up to 35 MeV for transitions to excited states [**N*(2.31, 3.95,
5.11 + 5.83, 7.03), MC*(6.09 + 6.59 + 6.90, 7.01), 12C*(4.4)] is 44 MeV - mb. The nature of the
transitions is such as to indicate a very strong (1ps,2)°(1p1,2)* component in **N, ;. The presence
of T = % in the main giant resonance region is indicated by the strong population of *N*(7.03)
(1976PA22).

A study at F. = 18.8, 20.8, 25.7 and 29.7 MeV (reaction (c)) shows a “pigmy” resonance at
E, = 14.8 MeV, a shoulder at 15.6 MeV, a peak at 16.7 MeV [probably 1™ but ™ is not ruled
out], and the giant dipole resonance, which exhibits a great deal of structure, centered at 22 MeV.
The data on the pigmy resonance are consistent with an admixture of ~ 1% 5 (E2) or %_ (M1)
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to a predominantly %+ (E1) state. The experiment shows that for 14 < E, < 28 MeV the reaction
goes predominantly via %J’ or §+ (E1) states in °N; the T' = % strength is concentrated above 18
MeV (1975MU07) [see also (1975HA39)].

The cross section for d,, [reaction (d)] is reported at 90° for £, ~ 20.5 to 28.5 MeV: a resonance
is observed at F, ~ 21.9 MeV (197/9SK04: see Table 15.10).

The (v, ty) cross section (reaction (e)) at 90° decreases from a value of 30 pb/sr at 20 MeV to
5 ubl/sr at 22 MeV and remains flat out to 25 MeV. Comparison of this cross section, and those of
other photonuclear reactions, suggests an isospin splitting of ~ 6 MeV with the 7" = % strength
concentrated between 16 and 21 MeV and the 7" = 2 strength between 21 and 28 MeV. ’N*(21.9)
is not observed (1979UE01). See also (1977SP06, 1978JU1A) and (1977AL32; theor.).

60. °N(~, 7)**N

I, =2.940.3eV for ’N*(6.32) (1976MO14) and 4.2+ 1.5 eV for '"N*(10.07) (1976PA22).
See also (1980SHO05).

61. 1°N(e, e)'°N
The r.m.s. radius of N is 2.580 4 0.026 fm (1973FE13, 1975SC18). Inelastic groups are dis-
played in Table 15.17. The giant resonance is split into two main peaks at £, = 22 and 25.5 MeV

with some structure around 20 MeV. T', (C1) = (1.1 £ 0.3) x 10° eV (14-18.5 MeV), I, (C2) =

(12.5 + 2.0) eV assuming the states responsible are 2" and 2, respectively. For £, = 18.5 to 30
MeV, T, (C1) = (1.96+0.04) x 10* eV while ", < 0.1 eV for any C2 strength (1978 AN12). See
also (1976 MA30, 1979SH1T), (1979M019) and (1976SU07, 1977HO04, 1977SU1H; theor.).

62. 15N(n, n)'°N

See (1976AJ04).

63. N(p, p)'°N

Angular distributions of elastically scattered protons have been measured at £, to 39.8 MeV
[see (1976AJ04)] and at E, = 5.85MeV (1977SA1B) and 18.0 to 44.2 MeV (1980FA06, 1980FAQ7).
See also (1976N002, 1979MA2M), (1977BL07, 1979RO1B; theor.) and 60 in (1982AJ01).

64. 15N(d, d)'5N

Angular distributions of elastic scattered deuterons have been measured at £4 = 5 — 6 MeV:
see (1972F017, 1976AJ04).
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Table 15.17: Ground state radiative widths # from *N(e, &’)

E. (MeV £ keV) | J™ | Trans. I, (eV) B(\) 1 (e* - fm2F)
5.27 571 ES3 (4.240.3) x 1076 4.40 + 40
M2 (1.240.7) x 107* 0.30 +0.07
5.30 1 E1 2.242.3
6.32 37 E2 0.060 + 0.004 ® 14.8+£1.0
M1 1.940.4
7.16 57| E3 | (0.86+0.10) x 107
7.30 STEL 2.6+1.0

M2 (0.3+£0.2) x 10~

7.57 ™| E3 | (1.84£0.16) x 1075
9.152 N =, 0.095 4 0.005 © 3.85 4 0.2
M1 0.2+0.8
9.76 7 E2 0.20 4 0.05 84421
10.8 ST M2 (1.8£0.8) x 1072
11.88 N =, 0.44 4 0.10 4.6+1
M1 44438
12.5 T M2 (5.2 +2.0) x 1072
(13.98) ¢
14.7 57 E2 1.840.2
20.10 ¢
23.25¢

2 (19/5K108, 19/5K10Y, 19/ /ANZS, 19/ /MA4Z, 19/8AN12). See also Tables 15.4 and 15.5.
b §(E2/M1) = 0.16 % 0.03.

¢ §(E2/M1) > 0.3.

4 See also (1980SI1F) and the text.

65. 1°’N(®He, 3He)'*N

Angular distributions have been studied at F(*He) = 11 to 39.8 MeV: see reaction 68 and
Table 15.17 in (1976AJ04).
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66. 5N(a, @)'°N

At E, = 40.5 MeV, a number of particle groups have been observed, and angular distribu-
tions have been measured: see Table 15.17 of (1976AJ04) (1966HA19). B(E2)| /e* = 4.7 fm*
for 1°N*(6.32): B(E3)| /e* = 60 fmS for both N*(5.27, 7.57) (1966HA19). At E, = 22,
24 and 28 MeV, the intensity of the back scattering is greatly enhanced over pure Coulomb scat-
tering (19720E01, 19730E01). Angular distributions are also reported at £, = 20.1 MeV («o;
back angles) and at 23.7 MeV (ag, a0, a3, groups to unresolved states and to '>’N*(10.07))
(1977FE1C). (1976WO11) find §, = 0.42 for '®Ng,. See also (1977KNI1E), (1975GR41,
1977MAZE, 1979KN1F) and (1976C0O27, 19770H01, 1977SA19, 1979LE18; theor.).

67. 15N(12C 12c)15N

Angular distrbutions of elastic scattering have been measured at F(*°N) = 31.5, 36, 39.5
and 47 MeV (1978C020). For fusion cross sections see (1978C020, 1979K0O20). See also
(1977PH1C) and (1977BA3E; theor.).

68. (a) 15N(15N, 15N)15N
(b) 15N(16O, 160)15N
(C) 15N(19F, 19F)15N

For reaction (a) see (1980KRO06; theor.). For reaction (b) see (1976AJ04). Elastic angular
distributions (reaction (c)) have been studied at £(*°N) = 23, 26 and 29 MeV (1973GA14).

69. (3) 1 N(27Al, 27Al)!°N
(b) 15N(288i, 288i)15N
(C) 15N(40Ca, 40Ca)15N

Elastic distrbutions (reaction (a)) have been measured at £(*°N) = 32.8, 47.9, 62.1 and 69.8
MeV (1980PRO06; see also for fusion cross sections). An elastic distribution (reaction (b)) is re-
ported at £(*°N) = 44 MeV (1978PE13). See also (1979KAZ27; theor.). For reaction (c) see
(1979SA27; theor.).

70. 150(5+)°N Qm = 2.7539
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See 150.

71. (a) 90(y, p)**N Qm = —12.1276
(b) 0(e, ep)°N Qm = —12.1276

Over the giant resonance region in 60, the decay takes place to the odd parity states >N*(0,
6.32) and less strongly to the even parity states °N*(5.27, 5.30, 8.31, 9.05) and to °N*(9.23):
see (19/0HO21) and the earlier references in (19/0AJ04). At E. = 500 MeV most of the 1p
hole-hole strength is concentrated in the groups to 1°N*(0, 6.32). The 1s state shows up as a very
wide asymmetric structure centered at £, ~ 41 MeV (1977/MO1F, 1977BE1Q, 1979MO1G). See
also (1977MAO01) and 60 in (1982AJ01). See also (1979G0O1V, 1979KI1H), (1976HA1Q) and
(1977WA1R, 1978SC11, 1979L003, 1979WA1G,; theor.).

72. 150(n, d)°N Qm = —9.9029

Angular distributions of the d, group have been reported at £, = 14 and 14.4 MeV: see
(1976AJ04). See also (1976K11D, 1978NE1B).

73. 160(p, 2p)'°N Qu = —12.1276

At E, = 460 MeV, the summed proton spectrum shows two peaks corresponding to the knock-
out of p;/» and ps/» protons with binding energies of 12.4 and 19.0 MeV, respectively [**N*(0,
6.32)] (1966TY01). The ground state angular correlation has been studied at £, = 45 MeV
(1971EI106). See also (1976SI1A) and (1978HA36, 1979KU07, 1979MAZ20; theor.).

74.160(d, 3He)°N Qum = —6.6340

Angular distributions of *He groups have been measured for £4 = 20to 82 MeV (see (1976AJ04)).
Recent measurements are reported at £y = 29 MeV (1976F101: to '°N states with £, < 10.1
MeV; see for spectroscopic factors), at £ = 29 MeV (1978C0O13: to **’N*(0, 6.32)) and 52 MeV
(1977BE70: to ' N*(0, 6.32, 9.94 & 0.02, 10.705 & 0.01)). The spectra are dominated by transi-
tions to 15N*(0, 6.32). A ZRDWBA analysis of the 29 MeV data leads to C2S = 2.25 and 3.25 for
these two states [and to 2.37 and 3.31 for the analog states in 'O studied with the (d, t) reaction]
(C*S are average of values obtained from two parameter sets) (1978C0O13). The E5 = 52 MeV
work leads to J™ = 2~ for both '"N*(9.94, 10.71) (1977BE70). See also (1975FA06, 1976CH21;
theor.).
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75. 160(t, o) "N Qm = 7.6865

Angular distributions have been measured at £y = 13 MeV (1965AJ01; ayg, 142, a3).

76. (a) 'O("Li, *Be)!°N Qm = 5.1279
(b) 160(1°B, 11C)15N Qum = —3.437
(c) 10(''B, 12C)*N Qm = 3.8204

For reaction (a) see (1979MAZ2N). The ground state angular distribution has been studied at
E('°B) = 100 MeV (1975NA15). At E(*B) = 115 MeV N*(0, 6.32) are populated (1979RA10).

77. (a) 'SO(**N, °0)'*N Qm = —4.8305
(b) 150(*%0, '"F)!°N Qum = —11.5272
(c) 5O(*F, 2'Ne)'N Qm = 0.7171

Angular distributions are reported at £(*“N) = 76.2 MeV and E(160) = 95.2 MeV (1979M014,
1977MO1A), and E(**N) = 155 MeV (1975NA15, 1975V005). Angular distributions are also re-
ported at F(**F) = 36 MeV involving *N, s and ?°Ne*(0, 1.63) (1973GA14).

78. 170(p, He)'5N Qum = —8.5537

At E, = 39.8 MeV angular distributions of the groups to *>’N*(0, 6.32) have been compared
with those to the analog states in °O (19700L1B, 19710L.04).

79.170(d, a)'°N Qm = 9.7995

See (1976AJ04).

80. (@) *O(p, a)'*N Qm = 3.9796
(b) 8O(p, tp)'°N Qm = —15.8345
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Angular distributions of «,, have been measured for £, = 0.84 to 2.00 MeV and at several en-
ergies in the range 20.6 to 42.2 MeV [see (AJ76)] as well as at £, = 125 to 850 keV (1979L001),
296 to 549 keV (1978MA30) and 6.6 to 10.4 MeV (1979WI109). For astrophysical considera-
tions see '°F in (1983AJ01) and (1978MA30, 1979L.001). See also (1977CO1W). For angular
correlation measurements see (1976AJ04). For reaction (b) see reaction 82 in 160 (1977AJ02).

81. 180(**0, 2F) N Qum = —1.6505

See (1976AJ04).

82. (a) 9F(v, a)15N Qu = —4.0138
(b) “F(p, pa)**N Qum = —4.0138
() F(a, 2a)°N Qum = —4.0138

The cross section for reaction (a) to *N*(5.27, 5.30) has been measured for E,, = 14 to
30 MeV (1979THO05, 1976 TH1E). See also (1972SH07). For reaction (c) see '°F. See also
(1970AJ04) and (1977SP06).

83. 19F(d, SLi)!°N Qm = —2.5404

Angular distributions involving *N,; have been measured at £4 = 9.0 to 2.8 MeV [see
(1976AJ04); also at E4 = 19.5 MeV to 1°N*(5.3, 6.3)] and at F4 = 13.6 MeV (1975G021).

84. F(*He, "Be)*N Qum = —2.428

Angular distributions have been measured at E(*He) = 30 MeV (1970DE12) and 40.7 MeV
(1971DE04, 1971DE37) involving **N,  and "Be*(0, 0.43).
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150
(Figs. 12 and 13)
GENERAL: (See also (1976AJ04).):
Shell model: (1976L116, 19/6SA37, 19//EMO01, 19/7PO16).
Special states: (1976L116, 1977R108).
Electromagnetic transitions: (1976L116, 1976SH04, 1977H004, 1978KR19).
Astrophysical questions: (1977BA1V, 1977S11D, 1978BU1B, 1978WO1E, 1979PE1E).

Soecial reactions involving 150: (1976 AB04, 1976BU16, 197/6HE1H, 1976H105, 1976LE1F,
1977AR06, 1977SC1G, 1978AB08, 1978BO1W, 1979AL22).

Pion captureand pionreactions: (1975KALG, 1977BA24, 1977BA2G, 1978M001, 1979L111,
19790S1F).

Appliedwork: (1976BE1X, 1977/ST1M, 1977SU1G, 1977TH1H, 1978BI11M, 1978HI1D, 1978TI1A,
1978WI1F, 1978WO1C, 1979AL1Q, 1979DE1H, 1979WI1G).

Other topics: (1976SA1H, 1977BA3P, 1977EMO01, 1978SH1B, 1979BE1H, 1979KA13).

Ground state properties of 1°0: (1976FU06, 1976SA1H, 1977K028, 1977P016, 1977YO1D,
1978AR1R, 1978SL1B, 1979NO05).

= 0.7189 (8) nm (1978LEZA).

1. 503N Qum = 2.7539

The half-life of 0 is 122.2440.14 sec based on the values listed in Table 15.19 of (1970AJ04)
and on 7y, = 122.23 £ 0.23 sec (1977AZ01). log fot = 3.637 [calculated from tables of
(1971G040)]. The K/37 ratiois (10.740.6) x 10~* (1972LE33). See also (1977BA48, 1978RA2A),

(TA88S, 1979DA1D; astrophys.) and (1977AZ02, 1977R108, 1977YOL1E, 1979BA08, 19790S1E,
1979TO1B; theor.).

2. B(SLj, n)150 Qum = 15.212

See (1976AJ04).

3. 19B(N, °Be)'150 Qum = 0.712
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Table 15.18: Energy levels of 0 2

E, in 0 Jo T T7or e Decay Reactions
(MeV + keV) (keV)
0 3 Tije = 122.24 £ 0.16 sec B 1,2, 3,4,5,6,7, 10,
11, 12, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30,
31,32,33,34
5.183 £ 1 = Tm = 8.2+ 1.0 fsec v 3,7,10,12, 21, 25, 26,
28, 29, 34
5.2409 + 0.3 5t 3.25 4 0.30 psec 5 3,7,8,10, 12, 13, 21,
22,24, 25, 26, 28, 29
6.1763 + 1.7 87 < 2.5 fsec v 7, 12, 21, 22, 25, 26,
27, 28,29, 33, 34
6.7931 £ 1.7 E < 28 fsec v 3,7,12,21,22, 25,29
6.8594 =+ 0.9 5t 16.0 + 2.5 fsec ~ 3,7,12, 21,22, 25, 26,
29
7.2759 4+ 0.6 . 0.70 4 0.15 psec v 7,8,10,12, 13,21, 22,
25, 29
7.5565 =+ 0.8 i ['=1.6=+0.5keV v, p 12, 14, 21, 22, 25, 29
8.2840 + 0.9 3F 3.6+ 0.7 v, p 7,12, 14,21, 22, 29
8.743+ 6 i 32 v, p 12, 14, 29
8.922 + 2 gt 3.3+0.3 v, p 7,12, 14, 16, 29
8.922 £ 2 1 75 7, p 7,12,14, 16, 29
8.9821 + 1.7 (1)~ 3.940.4 v, p 7,12,14,29
9.488 + 3 2 10.1+0.5 7P 7,12,14, 29
9.527 + 17 (S 280 =+ 25 v, p 12, 14, 16, 29
9.609 =+ 2 8- 8.840.5 7P 7,8,12, 14,28, 29
9.662 + 3 (Z,2)" 2+1 p 7,8,12,16, 29
10.29° ) 3+1 p 7,12, 16, 29
10.30° gt 1142 p 7,12,16
10.461+5 (21 <2 v, p 7,8,14,29
10.48 (27) 25+5 7P (8), 12, 14, 16, 28, 29
(10.506) ($)* 140 + 40 7P 14, 16, 26
10.917 £ 12 ™ 90 p 16, 29
10.938 + 3 ol 99 + 5 v, p 14, 16, 29
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Table 15.18: Energy levels of 10 # (continued)

E, in 0 Jo T T7or e Decay Reactions
(MeV + keV) (keV)
11.025 + 3 '3 25 4 2 7P 14, 16, 29
11151+ 7 <10 p 7,16, 29
11.218 + 3 g 40 +4 v, P 14, 16, 29
11.565 4+ 15 <10 p 7,16, 29
11.569 £ 15 8- 20 4+ 15 7P 7,14, 16, 29
11.616 £15 | (2, 3)” 80 £ 50 Y, P 14, 16
11.719+ 8 <10 p 7,16
11.748 + 3 gt 99 + 5 v, p 14, 16
11.846 + 3 8- 65+ 3 7P 14, 16
11.980 4 10 2 20£5 p 7,16, 29
12.129 + 15 5" 200 =+ 50 p 16, 29
12.222 420 100 + 50 p 16
12.255 + 13 5,8 135+ 15 p 33
12.295 + 10 7
12.471+3 27(37) TT+4 p 16
12.60 £ 10 7
12.80 ~ 250 7, P 14
12.835 4+ 3 (27) 16 +1 p 7,8,9,10, 16
13.008 + 3 21543 p 16
13.025 + 3 40 + 30 p, (®He) | 5,16
13.45 (13" ~ 1000 v, p, (@) | 14,16,20
(13.49) (39 (0) 16
13.60 5t D, v 20
13.70 - p 16
13.79 3° n,p,*He, a | 5,7, 16,20
13.87 ~ 150 7, P 14
14.03+40 | (53 .3) 160 £ 20 np*He |5
14.17 3” p, @ 20
14.27 £ 10 i 340 4 30 n,p, *He, a | 5,7, 15, 16, 19, 20
14.34 gt (240) p, GHe), a | 5, 20
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Table 15.18: Energy levels of 10 # (continued)

E.in 10 Torle Decay Reactions
(MeV + keV) (keV)
14.465 £ 10 100 + 10 n,p,*He, o | 5,15, 16, 20
14.70 £ 40 170 + 35 n,p,3He | 5,15
14.95 £ 40 400 = 25 n,p, *He, o | 5,15, 16, 19, 20
15.05 + 10 7,9, 10
15.1 ~ 1000 7, P 14
15.45 £ 30 70 £ 20 p.°He,a |5/7,8
15.54 £ 10 (p, °He,a) | 5,7
15.60 + 10 (p. °He, @) |5,7
15.65 + 10 7
15.80 £ 10 n, *He 5,7
15.90 + 15 i3 350 *He,a | 5,8
16.05 + 20 ~ 185 n,p,*He, o | 5,15, 16, 20
16.10 = 20 (n) *He,a | 5
16.21 4+ 20 ~ 140 (n), p, *He, o | 5, 16, 19, 20
16.43 £ 50 : 560 + 100 *He, a 5
16.75 + 50 n, *He 5, 29
17.04 £ 60 (3, 3)" 700 + 70 7. p,°He | 5,8, 14
17.46 = 20 7
17.51 4 20 17,3 600 n,*He,a |57
17.99 + 50 7,8 200 *He 5
18.23 4+ 50 np*He |5
18.65+£60 | (17, 27);1 520 £ 110 v %He |5
19.03 £ 50 n, *He 5
1955 £80 | (37,371 780 + 270 v °He |5
19.91 = 50 n, *He 5
2040£70 | (37,871 970 =+ 240 v, p, 2He |5, 14
21.61+£70 | (17,271 730 & 120 v, p, °He | 5,14
(26.0) (£7) ~ 600 SHe 5
(28.0) COE ~ 2500 He 5
(29.0) ~ 2500 He 5
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& See also Table 15.19.
b It is possible that these two are in fact a single state: see (19/6AJ04).

Angular distributions have been measured at E(**N) = 73.9 MeV (1977MO1A; to g.s.) and
100 MeV (1975NA15; to 1°0*(0, 5.18 + 5.24, 6.79 + 6.86)).

4. 'B(YN, 1°Be)1*0 Qm = —3.932

Elastic angular distributions have been studied at F(**N) = 41, 77 and 113 MeV (1971LI111).
See also (1978MA1F).

5. (3) 2C(3He, ~)'*0 Qum = 12.0759
(b) 2C(3He, n)10 Qum = —1.1484 B, = 12.0759
(c) 2C(®He, p)“N Qm = 4.7788
(d) 12C(*He, d)'3N Qm = —3.5501
(€) 2C(3He, t)12N Qum = —17.357
(f) 12C(®He, *He)!'2C
(9) 2C(*He, a)!'C Qum = 1.856
(h) 2C(*He, 7Li)*B Qum = —22.899
(i) *2C(®He, ®Be)"Be Qm = —5.781

Excitation functions and polarization measurements for these reactions have been measured
over a wide range of energies: see Tables 15.20 in (1970AJ04, 1976AJ04) and the text below.
Observed resonances are displayed in Table 15.20. For angular distributions see the write-ups
of the residual nuclei in (1979AJ01, 1980AJ01) and in 3N, *N and *O. The 90° yield of ~,,
measured for £(3*He) = 5.24 to 13.95 MeV shows five resonances attributed to E1 transitions from
JT = %Jr or %Jr, T = % states in the GDR characterized by a considerable 3p-4h admixture: see
Table 15.20 (1978DE33; see also for w,). The yield of n, (reaction (b)) shows resonances for
E(*He) < 10 MeV and little structure above, to 30.6 MeV: see (1976AJ04) and (1978FE03; ny,
11.5t0 23.5 MeV; also n; and ny 3.4, 14.5 to 26 MeV). The yield of protons (reaction (c)) shows
some clear resonances below E(*He) = 4.5 MeV and some uncorrelated structures [see Fig. 3 in
(1973S004)] at higher energies (to E(*He) = 12 MeV), with the possible exception of states at
E,es = 7.8,9.2-9.6 and (10.5) MeV (19735004). For E(*He) = 16 to 30.6 MeV no appreciable
structure is observed in the py, p; and p, yields (1970S115).

For reaction (d) see (1976AJ04) and (1976KA23; E(3ﬁe) = 33.3 MeV, polarization mea-
surements; do, do.3). For reaction (e) see (1976AJ04). The elastic scattering (reaction (f)) shows
some resonant structure near 3, 5 and 6 MeV and some largely uncorrelated structures in the range
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E(®He) = 16.5 to 24 MeV. There is some suggestion, however, of two resonances at £(3He) = 17
and 20 MeV (1972MCO01). Polarization measurements have been carried out for E(3ﬁe) =205
to 32.6 MeV for the groups to 2C*(0, 4.4). The elastic 66.8° data show a resonance-like behav-
ior at E(3ﬁe) = 29 MeV (1977KA25). See also (1976AJ04). The yield of a-particles displays
resonance structure below 8 MeV, and broad fluctuations for £(3*He) = 12 to 18.6 MeV: see
(1976AJ04). Polarization measurements are reported for E(3ﬁe) = 33.3 MeV for the a and o
groups (1976KA23). For reaction (h) see (1976AJ04). For reaction (i) see (1976PA07; cross sec-
tion in range 7 to 20 MeV). For ° production see (1976WA10). See also (1976KR1C, 1976 TO1E)
and (1974L01B, 1976RO1L, 1976WAL1B).

6. 12C(a, N)'°0 Qm = —8.5019

Angular distributions of the n, group have been measured for £, = 18.4 to 23.1 MeV: see
(1976AJ04).

7. 2C(5Li, )0 Qm = —3.7180

States observed in this reaction are displayed in Table 15.21 (1975B106: E(°Li) = 59.8 MeV).
Comparisons of angular distributions of the triton groups in this reaction and of the *He groups
to analog states in °N have been made: analog correspondence is established for (10.48-10.80),
(12.84-13.15(u)) and (15.05-15.49(u)) [E, in %0, E, in *N; u = unresolved] (1975B106). See
also (1976AJ04) for the earlier work on this reaction, (1977MA2G) and (1977FO1E).

8. 12C(1°B, "Li)'*0 Qm = —5.712

At E(*°B) = 100 MeV °0*(12.89, 15.36) are very strongly populated (1973NA09). See also
reaction 20 in >N and (1977FO1E, 1979NA1G).

9. 2C(11B, 5Li)!°0 Om = —15.134

At E(*'B) = 114 MeV, 6y,;, = 7° the spectrum is dominated by 1°0*(12.84, 15.05). 1°0*(7.28,
10.48) are also populated (1974AN36).

10. 12C(*2C, ?Be)*°0 Qum = —14.2034
At E(*2C) = 187 MeV, 6, = 8° the spectrum is dominated by °0*(12.84, 15.05) [assumed
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Table 15.19: Radiative decays in 1°0

E; (MeV) JT E: (MeV) | JF | Branch (%) ob Refs.
5.24 5t 0 1= 100 +0.10 £ 0.04 b
(E3/M2)
6.18 3= 0 i 100 —0.141 4 0.016 | (1965WA16, 1974KE02)
—0.121 £ 0.008 | (1971AV04)
(E2/M1)
518 | 1T <25 (1965WA16)
524 | 2" <25 (1965WA16)
6.79 3t 0 3 100 —0.02+0.02 | (1965WA16, 1968G111, 1971AV04)
(M2/E1)
518 | 1T <3 (1968GI11)
524 | 3° <3 (1968GI11)
6.18 8- <7 (1965WA16)
6.86 5t 0 1= <10 (1965WA16)
518 | 1T <4 (1968GI11)
524 | 3F 100 +0.04 +0.03 | (1965WA16, 1968GI11, 1971AV04)
(E2/M1)
6.18 8- <04 (1965WA16)
7.28 o 0 - < 30 (1965WA16)
<12 (1968Gl111)
3.8+ 1.2 (1969KU01)
518 |17 <10 (1965WA16)
<4 (1968G111)
524 | 3" 100 (1965WA16, 1968G111)
96.2 £ 1.2 (1969KU01)
6.18 8- <2 (1965WA16)
7.56 1 0 1= ~ 3 (1960TAL7)
3.54+0.5 (1963HE11)
518 |17 ]16.2+2 (1960TA17)
15.8+0.6 (1963HE11)
6.18 27 1579406 (1960TA17)
57.4+0.6 (1963HE11)
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Table 15.19: Radiative decays in O (continued)

E; (MeV) JT E: (MeV) | JF | Branch (%) ob Refs.
679 | 3722942 (1960TA17)
23.34+ 0.6 (1963HE11)
686 | 2" c L, (eVv)’
8.28 gt 0 171 53.84£0.25 0.531 (1966EV01)
524 |37 427405 0.405 (1966EV01)
6.18 371 22406 0.021 (1966EV01)
686 |27 | 12403 0.011 (1966EV01)
8.74 i 518 |17 67 0.32 (1966EV01)
6.18 8- 33 0.16 (1966EV01)
8.922 4 3 0 s | 50+25 (1972KR14)
518 |17 20410 (1972KR14)
6.18 371 20£10 (1972KR14)
686 |27 | (10+10) (1972KR14)
8.982 (3)~ 0 5| 94+1 (1972KR14)
518 |17 6+1 (1972KR14)
6.18 3= <1 (1972KR14)
686 | 3" <1 (1972KR14)
9.49 8- 0 '3 86 2.1 (1967EV02)
524 | 3F 6.5 0.15 (1967EV02)
6.18 3= 0.7 0.22 (1967EV02)
686 | 3" 3.4 0.08 (1967EV02)
728 | IT 5.1 0.11 (1967EV02)
9.50¢ | 2711 0 =1 =100 (1967EV02)
9.61 3= 0 i 79 4.0 (1967EV02)
524 | 3" 19 1.0 (1967EV02)
6.18 8- 2 0.1 (1967EV02)
10.46 (2 524 |37 6246 184+6¢ (1977KU03)
686 | 2" <4 <15 (1977KU03)
728 | IT] 38%6 11+48 (1977KU03)
10.48 (3)~ 0 5 | 60+£8 0.2140.078 | (1977KU03)
524 |27 40+6 0.14 +£0.01 8 | (1977KU03)
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Table 15.19: Radiative decays in O (continued)

E; (MeV) JT E: (MeV) | JF | Branch (%) ob Refs.
6.18 8- <4 < 0.02 (1977KU03)
979 | 2F <4 < 0.02 (1977KU03)
10.94 i 0 171 44+38 14+ 4 (1972PH02)
518 | 17| 34+3 11+2 (1972PH02)
6.18 S5 2248 7T+2 (1972PH02)
679 | 2F <8 <3 (1972PH02)
11.03 i 0 i 100 1.4+£04 (1972PH02)
679 | 2F <25 <04 (1972PH02)
11.22 3t 0 5 | T4£5 5.5+0.5 (1972PH02)
518 | 17| 14+5 1.0+02 | (1972PHO2)
524 |27 1245 0.9+0.2 (1972PH02)
679 | 2° <4 <04 (1972PH02)
11.57 2 0 5| 18%9 0.34+0.2 (1972PH02)
524 |37 63+9 12401 | (1972PHO2)
6.18 351 20+9 0.4+0.2 (1972PH02)
679 | 2F <3 <0.1 (1972PH02)
11.75 5t 0 'y < 30 (1972PH02)
518 | 1T <25 (1972PH02)
524 |3 4r+7 5+1 (1972PH02)
6.18 371 B347 541 (1972PH02)
679 | 2F <20 (1972PH02)
11.85 8- 0 '3 <50 (1972PH02)
524 | 3" 100 14406 | (1972PHO2)
679 | 2F < 40 (1972PH02)

& ¢ = multipole mixing ratio.
b Average of results of (1966G015, 1968G101
¢ Intensity < 25% of transition to 1°0*(6.79).
4 See, however, (1977DR02) and the comments in reaction 14.
¢ Unresolved doublet: see Table 15.23.
' Sum is 0.97 eV, but see Table 15.23 [, = 1.4 eV].

& I', values assume J values in column 2.
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Table 15.20: Resonances in 12C + 3He

E(®He) Resonant for | . J™ E, Refs.
(MeV + keV) (keV) (MeV)
1.21 Po, P2 (5)- 13.04 A
13 Po — P3 13.1 A
2.15 n, Po (>3) 13.79 A
2.45+40 | ng, po — Ps3 160+20 | (3 .3) 14.03 A
2.754+40 | ng, p1, pa, *He, ao 340 £ 30 i 14.27 A
(2.87) Po, P2 240 (14.37) A
2.990+10 | Ny, Po, P1, P2, P4, Ps, Ps, *He, g | 100+10 | 37 57 14.465 A
3.28440 | po, (p1, P2) 180 + 40 14.70 A
3.60+40 | po, p1, P2 400 + 25 14.95 A
420410 | ps, Pe, @0 65+ 15 15.43 A
4.37 £40 Pos P1s P2: P4, P7, Pss Qo 80 £+ 25 15.57 A
4.65+50 | no 15.79 A
4.78 £50 | *He, ap 350 : .3 15.90 A
497420 | ap 16.05 A
5.034+20 | ng, *He, ag 16.10 A
515420 | ng, *He, ag 16.19 A
545450 | 3He, ag 170 i 16.43 A
5.854+50 | ng, *He 16.75 A
6.23+70 | o 700 + 70 a 17.05+0.06 > | (1978DE33)
6.80+50 | ng, *He, ag 600 103 17.51 A
7.40+50 | 3He 200 : .3 17.99 A
7.70+50 | ng, Po 18.23 A
8.25+70 | o 520+ 110 | (3, 2)*# | 18.65+0.06" | (1978DE33)
8.70+50 | ng 19.03 A
9.38+100 | 7o 780 + 270 a 19.55 4 0.08 (1978DE33)
9.80+50 | ng 19.91 A
10.454+90 | 70, (Po) 970 + 240 a 20.40 4 0.07 | A, (1978DE33)
11.874+80 | 7o 730 + 120 a 21.61 +0.07 (1978DE33)
(17.0) ¢ 3He ~ 600 (£ (26.0) A
(20.0) ¢ SHe ~2500 | (3 .4) (28.0) A
(21.5) 3He to 12C*(15.1) ~ 2500 (29.0) A

A: See references listed for this state in Table 15.21 (1976AJ04).
 See text.

b Ty /T = 0.17 £ 0.07 and 0.09 = 0.04 for 1°0*(17.04, 18.65).

¢TI, = 0.06 and > 0.1 MeV for 1°0*(26, 28) (197/2MC01).
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Table 15.21: Levels of 130 from 2C(6Li, t)!°O @

E,(MeV +keV) | L | E,(MeV +keV)| L
5.180 45 11.72 4+ 10 ©
5.242+5 b 11.984+ 10
6.179+5 12.295 + 10 c
6.790 + 5 12.60 + 10
6.865 + 5 b 12.835+10° 3
7.275+5 b 13.55+ 10 cd
8.285+ 5 b 13.75+ 10 cd
8.918+5 © 14.27 + 10 c
8.978 45 15.05+10°¢ 3
9.485+5 15.48 4+ 10
9.610+5 cd 15.54 4+ 10
9.658 & 5 od 15.60 + 10 od
9.76 + 5 15.65 + 10 od
102745 15.80 + 10
1045+ 5°¢ 3 17.46 4 20
11.145 £+ 10 17.51 £ 20
11.56 & 10

2 (1975B106): E(°Li) = 59.8 MeV.

b Angular distributions measured and compared with those of
the (5Li, 2He) reaction to analog states in '°N.

¢ Angular distributions measured: analog states in ®N not
known.

4 Unresolved in angular distribution.

¢T,/T" <0.13. (1977KR1A)
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JT=1", %Jr, respectively]. 1°0*(7.28) [J™ = %Jr] is populated but 1°0*(0, 6.79) are not observed
(1974AN36). The situation is similar at E(*2C) = 114 MeV but at E(*2C) = 72 MeV (.1, = 11°)
150%*(0, 5.2, 7.28) are populated with comparable intensities (1974AN36). See also (1977FO1E,

1977PH1D, 1978HO1C, 1978MA1F).

11. (a) '2C(“N, 'B)P0 Qm = —8.6599
(b) 12C(1°0, 13C)*0 Qm = —10.7175
(c) 12C(*°Ne, 170)1°0 Qm = —9.089

For reaction (a) see (1976AJ04); for (b) see (1979PR0O7); for (c) see (19790R01).

12. 3C(3He, n)'°0 Qm = 7.1295

Observed groups are displayed in Table 15.22.

13. BC(1B, °Li)!*0 Qum = —16.018

At E(*'B) = 114 MeV the states which are strongly populated are 1°0%(5.24, 7.28, 11.2, 11.7)
(1974AN36).

14. “N(p, 7)'°0 Qum = 7.2071

Observed resonances in the yield of ~-rays are listed in Table 15.23. Branching ratios are
displayed in Table 15.19.

The cross section increases from (8.54+3.7) x 1072 b at 100 keV to (140+30) x 10~'? b at 135
keV (1957LA13). Extrapolation from the E, = 0.28 MeV resonance gives S(0) = 2.75 £ 0.50
keV - b, with zero slope to E, = 0.05 MeV (1963HE11). Measurements of £, lead to E, =
5183 +1,5240.9+ 0.4, 6175 + 2, 6794 + 2, 6858 + 2, 8284.1 4+ 0.8, 8922 + 2 and 8978 + 2 keV
(1972KR14, 1972NEO05, 1977DR02). See also Table 15.24 in (1976AJ04). (1977DR02) find, on
the basis of the analysis of (p, p) excitation curves and ~+ correlation data, that the two states at
E, = 8922 keV are separated by AE = 0.5 4+ 0.5 keV: for their parameters see Table 15.23. This
is in disagreement with the earlier work of (1972KR14) which assumed a larger AE, and suggests
that the branching ratios for the §+ and %_ states at £, = 8.92 MeV shown in Table 15.19 should
be remeasured (1977DR02).

The 90° ~, yield curve has been measured for £}, = 2.2 to 19.0 MeV: resonances are observed
over most of the range in the v, yield. The (v, + 72) yield is relatively weak (1970KU09). For
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Table 15.22: Levels of °O from 3C(*He,
n)0

E,*(MeV) | Jt& | LP Se
g.s. '3 0 18
5.18° i 1 0.15
5.24 ¢ 5t 3 0.17
6.180 £4 1 - 2 0.10"
6.79 ¢ gt 1 0.12
6.857+£3.21| 2T 3 0.29
7284+ 71 ) 3 | (<0.03)
7.56 = 1 0.02
8.28 gt 1 (0.38)
8.74 i 1
8.92! 1 055
8.98 (3)” 0 0.44}
9.49 3" 2
9.53 I+ 1
9.61 8- 2 1.051
9.66 (£, 9| ok
10.29! >34
10.48' 0,24

& Nominal energies and known J™: see Table 15.18,
exccept where uncertainties are shown.

b (1971ET1A, 1972ET01): E(*He) = 5.5 and 6.2
MeV; used codes DWUCK and MANDY.

¢ These states were unresolved.

4 (1972GE02): E(3He) = 6 MeV.

€ (1971H104); see also (1972GE02).

£ From ~-ray measurements: see Table 15.19
(1965WA16).

€ (p1/2)>.

h (P3/2: P1/2)-

' (P12, d3/2)-

3 (ds2)*.

K (1971H104) report L = 4.

' Known to be a doublet: see Table 15.19.
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Table 15.23: Resonances in '“N +p @

E, (keV) Diab (keV) wly (eV) Particles out J" E (MeV) Refs.
278.1+ 0.4 1.7£0.5 0.014 v i 7.5565 | A
1058.0+0.5" | 3.9+0.7" 0.95 v at 8.2840 | A
1550 + 6 34 0.16 ~y i 8.743 | A
1742 + 2 3.5+0.3 0.16 ~, Po a3t 8.922 | A, (1977DR02)
1742 + 2 8 0.06 ¥, Po i 8.922 | A
1806.4 + 1.5 42404 0.52 ¥ (3)~ 8.9821 | A
2348 +3 10.8+£0.5 2.4 ¥ 5” 9488 | A
2368 + 32 300 + 26 o € 9506 | A
2479 + 1.7 94405 3.3 ¥ - 9.609 | A
2537 + 4 241 Po (Z,%)" 9.664 | A
3209 3+1 Po (57) 10291 | A
3215 1242 Po 5t 10.296 | A
3392+ 5 <2 0.029 4 0.010 | 72, v6 (21 10.461 | (1977KU03)
3410 27+5 Y0, Y2, Po (3)~ 10.478 | A, (19//KU03)
3440 150 & 45 7, Po (3)* 10.506 | A
3880+ 15 97 Po g* 10916 | A
r., (eV) A
3903 + 3 106 + 5 1443 7, Po, P1 i 10938 | A
3996 + 3 27+ 2 1.44+0.4 ¥ Po, P1 i 11.025 | A
4130 + 15 <10 Po 11150 | A
4203 + 3 43+4 52404 | 7 po at 11.218 | A
4575+ 15 <10 Po 11565 | A
4580 + 15 21415 0.7+0.2 7 Po 5 11.569 | A
4580 150 v 11.57 A
4630 + 15 86 =+ 50 7, Po (3,5)7 | 11616 | A
4740 + 15 <10 Po 11.718 | A
4772 4+ 3 106 + 5 7, Po, P1 5t 11.748 | A
4877+ 3 70+ 3 7, Pos P1 5 11.846 | A
5025 + 15 2145 Po, P1 5” 11.984 | A
5180 + 15 214 + 50 Po, P1 st 12129 | A
5280 + 20 106 + 50 p; © 12222 | A
5547 + 3 82+4 P1, P2 S| 12471 | A
5900 ~ 250 v 12.80 A
5937 + 3 17+1 py 4 12835 | A
(6100) 30 Po — P2, o 5t (12.99) | A
6123 + 3 230 + 30 Py 4 13.008 | A
6141 + 3 43 + 30 Py 4 13.025 | A
6600 ~ 1000 7, (P2, a) (3,5 13.45 A
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Table 15.23: Resonances in 4N + p # (continued)

E, (keV) Diab (keV) wly (eV) Particles out J" E (MeV) Refs.
6640 (Po). (p2) 37) 1349 | A
6760 ag 5t 1360 | A
6870 P2 8- 13.70 A
6960 P1, P2, Pa, 0 3= 13.79 A
7050 ~ 150 v 13.87 A
7370 o 2 14.17 A
7500 ~ 500 n, Po — P2, °He, a 14.29 A
7550 a0 a3t 14.34 A
7700 n, Po, o 14.48 A
7950 170 + 50 n 14.71 A
8200 n, p2 — Pe, °He, ag, oy 14.94 A
8400 ~ 1000 v (3, 5" | 151 A
9050 n 15.74 A

9370 + 20 ~ 200 N, Pz, Ps, o1 16.04 A

9580 + 20 ~ 150 Po, P1, P3 — P7, Po, He, oy 16.23 A

9850 + 50 600 + 100 n, 3He 16.48 A

10300 ~ 1000 ¥ (3,3)7 | 169 A
10600 P4 — Po, Ao, 1 17.2 A
11900 ~ 1000 v (3,3 | 184 A
14200 ~ 2000 ¥ (3.3)7 | 205 A
15800 ~ 2000 ¥ (3,3)7 | 220 A

A: See earlier references for this resonance in (1970AJ04) and Table 15.23 of (1976AJ04).

@ See also Table 15.19.

b (1978LALM; prelim.) report £, = 1057.7 £ 0.5 keV, T' = 3.5 + 0.5 keV.

¢ Weak.

4 Strong.

¢ (1974HUO02) report three large structures in the oy yield [E, = 9 to 12 MeV] corresponding to excitations of 16.2, 17.2
and 17.8 MeV in '°0: these appear to be composed of substructures. For instance ®0*(16.2) appears to have components
at B, = 15.9, 16.1 and 16.25 MeV; °0*(17.2) appears to involve E, = 17.0 and a sharper peak at 17.25 MeV; 1°0*(17.8)
involves E, = 17.7 and 17.9 MeV. It appears that this region is better studied via the 12C 4 3He reaction: see Table 15.20.

E, = 18 to 28 MeV the excitation function for -, decreases smoothly with energy: there is no
evidence for structures (1975HA39). See also (1976AJ04).

Lifetime measurements are reported by (1977KE15): 7, = 8.2 £+ 1.0, > 3000, < 2.5, 16.0 &+
2.5 and 750 £ 200 fsec for 10*(5.18, 5.24, 6.18, 6.86, 7.28), respectively. For questions re-
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lated to astrophysics see (1974FO1F, 1975Z11A, 1976AJ04, 1976BR1H, 1977CO1W). See also
(1976 TR1D), (1974L01B) and (1977YOLF, 1979R0O1C, 1979TR1G; applications).

15. “N(p, n)!40 Qum = —5.9273 By = 7.2971

The excitation function has been measured for £, = 6.3 to 12 MeV (1964KU06). Observed
resonances are displayed in Table 15.23. See also (1978WA1D), (1977YO1G; applications) and
140'

16. “N(p, p)“N B, = 7.2071

The yields of elastic and inelastic protons, and of ~-rays, have been studied at many energies:
see (1959AJ76, 1970AJ04, 1976AJ04). Observed resonances are displayed in Table 15.23. At
higher energies excitation functions have been measured for the po, p; and p, groups for £, = 17
to 26.5 MeV: there is no evidence for resonant behavior but the p; yield shows a large increase
between E, = 20 and 23 MeV (19/2LU10). Total cross sections for the p, — po groups have
been measured at £, = 8.6, 10.6, 12.6 and 14.6 MeV by (1973HA54). See also (1980F005) and
14N.

Polarization measurements have been reported for £, = 3.0 to 155 MeV: see Table 15.25 in
(1970AJ04), and (1976AJ04). A recent measurement of VAP for the py and p; groups is reported
at F5 = 21 MeV (1979A002). The depolarization parameter, D, has been determined for p, at
E, =16.15 MeV (1976CL1B; prelim.). See also (1978G005) and (1976 THO6; theor.).

17. “N(p, d)'3N QO = —8.3290 B, = 7.2971
See 13N.
18. “N(p, t)12N Qum = —22.135 E, = 7.2971

See N in (1980AJ01).

19. N(p, 3He)'2C Qm = —4.7788 By, = 7.2971
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Excitation functions for the ground state groups have been measured at £, = 7 to 11 MeV:
some resonant structure is indicated (see Table 15.23) (1970ME30). Total cross sections for the
transitions to 2C*(0, 4.4) have been measured in the range £, = 20.5 to 44.6 MeV (1974P105).
See also 12C in (1980AJ01).

20. (a) “N(p, a)''C Qm = —2.922 Ey = 7.2971
(b) “N(p, 20))"Be Qm = —10.468

Excitation functions and total cross section measurements have been carried out for the «
group for E, = 3.8 to 45 MeV: see (1976AJ04). Fairly sharp structures persist until £, = 15
MeV (1974JA11): see Table 15.23 for the parameters of observed resonances and in particular
footnote °. Reaction (b), whose cross section has been measured to £}, = 52 MeV, displays a broad
peak at ~ 20 MeV (1974JA11, 19761N04). For spallation studies see (1977MO1C, 1979RAZ20,
1979vD02, 1979WE06). See also (1975Z11A; astrophys.).

21. “N(d, n)**0 Qm = 5.0725

Angular distributions have been studied at many energies in the range £4 = 0.9 to 11.8 MeV:
see Table 15.27 in (1970AJ04), and (1976AJ04). Observed states are displayed in Table 15.19.
Lifetimes have been measured for 1°0*(5.24, 6.79, 7.28): 7, = 3.2 £ 0.5 psec (1967/BI11), <
28 fsec, 700 4+ 150 fsec (1968GI11), respctively: see also Table 15.26 in (1970AJ04). See also
(1974L01B), (1976L.01B; applied) and 10 in (1982AJ01).

22. “UN(He, d)*0 Qm = 1.8035

Angular distributions have been obtained at £(*He) = 11 and 14 MeV: see (1976AJ04) and
Table 15.24.

23. 1N(a, 1)150 Qum = —12.5170

Angular distributions of the t, group have been studied at £, = 56 MeV: see (1976AJ04).

24. 1N(p, n)!°0 Qm = —3.5363
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Table 15.24: Levels of 130 from “N(d, n) and **N(®He, d)

E,in 02 (MeV =+ keV) lp S e J"
0 14 0.87 .

5.18 (0) 0 i

5.2410 £ 0.5 24 (0.03) ol
6.180+4°" 1d 0.04 -

6.79 04 <03 3"

6.8598 £ 1.0 24 0.4 gt
7.2762 £ 0.6 " 24 0.42 i

7.56 0d < 0.4 1

8.28 0c 3

& Nominal energies if uncertainty is not indicated.

b From ~-ray measurements: see Table 15.26 in (19/6AJ04) for references
for these and other measurements displayed in this table.

¢ See (1971B0O35: (d, n)) also for a review of spectroscopic factors derived
from other work.

4 From both (d, n) and (*He, d) work: see (19/6AJ04).

¢ From (®He, d).

Angular distributions have been measured for the n, group at £, = 3.95 to 18.5 MeV [and
for the n, group at £, = 5.5 MeV]: see (1970AJ04) for a listing of the older references, and
(1978CHO09: ng; E, = 11.98, 12.98, 14.58, 15.13, 15.28 MeV). See also (1980BY1A) and 'O in
(1982AJ01).

25. N(3He, 1)1°0 Qum = —2.7725

Angular distributions for the ty, t;o, t3, t,15, ts and t; groups have been studied for E(3He) =
16.5 t0 44.6 MeV: see (1976AJ04). See also Table 15.27 in (1976AJ04).

26. 150(y, )50 Qm = —15.6639

The spectrum of photoneutrons has been investigated at many energies. Measurements over
the giant dipole resonance region show the predominant strength is to the J™ = %_ and %_ states
E, = 0 and 6.18 MeV, consistent with the basic validity of the single-particle, single-hole theory
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of photoexcitation in °O. However, the positive parity states at £, = 5.18, 5.24, 6.86 MeV are
also populated suggesting some more complicated excitations in 1°O: see (1970H021) and the
earlier references in (1970AJ04). See also (1979PH07) and 6O in (1982AJ01). The angular
distributions of the ground state neutrons have been measured from threshold to £, = 28 MeV
[see (1976AJ04)] and at E, = 57.8 and 80 MeV (1979GO1V). Polarization measurements are
reported for E., = 21.6 t0 25.7 MeV (1979NA1LR). See also (1977COL1Y, 1977/MA2H, 1978EL05,
1978SC11; theor.).

27. (@) *O(p, d)!°0 Qm = —13.4392
(b) 1°O(p, pn)'>0 Qum = —15.6639

Reaction (a) goes primarily to 1>0*(0, 6.18). Angular distributions have been reported at many
energies for £, = 18.5 to 155.6 MeV: see Table 15.30 in (1970AJ04) and (1975R0O27: E, = 65
MeV; dy, d3). See (1975R027) for a review of spectroscopic factors. See also (1978WH1A,
1979BO1A, 1979CA1A, 1979WH1A), Ein (1982AJ01), (1976SI11A, 1980WH1A) and (1978HEO03;
theor.). For reaction (b) see (19/6AJ04).

28. 150(d, t)!°0 Qum = —9.4065

Angular distributions have been reported at a number of energies in the range £q = 20 to 52
MeV [see (1970AJ04, 1976AJ04)] and at £ = 29 MeV (1978C0O13; ty, t3). For determinations
of C2S for 1°0*(0, 6.2), and for a comparison of the results in the mirror reaction, see reaction 74
in N (1978C013). See also '*F in (1978AJ03, 1983AJ01) and (1975FA06; theor.).

29. 150(3He, a)'50 Qm = 4.9140

The p,/» and ps/» hole states at £, = 0 and 6.18 MeV are strongly populated. Information on
these and other states are displayed in Table 15.25. Angular distributions have been measured at
E(*He) = 5.2 t0 36.6 MeV [see (1976AJ04) and Table 15.32 of (1970AJ04)], at E(?ﬁe) = 33.3
MeV (1980LU03; ay, a3) and at 217 MeV (1974GEQ9, 1978VA05; «aq, a3 and groups to higher,
unresolved states). Branching ratios and multipole mixing ratios are displayed in Table 15.19.
(1978BE73) report 1, of °0*(5.24) = 3.25 + 0.30 psec, |g| = 0.260 & 0.028.

150%*(7.28) has an excitation energy of 7274.2 £ 1.4 keV (1967HE1A) (which is 23.2 keV
below the E,, of 1*N + p) and J™ = g+; thus it plays no significant role in determining the rate of
the “N(p, 7)'°O reaction in stars (1967HE1A). See also (1978CH1P) and 50 in (1983AJ01).

30. 180(6Li, "Li)!°0 Qum = —8.413
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Table 15.25: States of 1°O from *O(3He, «)

E.?*(MeV £ keV) | 1, S E.*(MeV+tkeV) | I, | S
0 1 0.9 9.67 1
5.18 0 [ <0.10 10.286 10" | (2)
5.24 2 0.04 10.469 £ 10 ®
6.18 1 1 10.900 + 20
6.79 2 10.94
6.86 2 11.03
72742+ 1.4 (4) 11.15
7.56 0 11.22
8.28 2 11.57 P
8.74 0 11.72
8.92" 2 11.960 + 20
8.98 1 11.995 + 20
9.49°" 16.8 ¢
9.535 4 20 23.0°¢ ©
9.61 1 (32.0) ©

2 Nominal values except when uncertainties are shown. See Table 15.28 in
(1976AJ04) for actual measured values and references.

b Unresolved.

© (1974GE09, 1978VA05): E(*He) = 217 MeV.

At E(°Li) = 36 MeV angular distributions have been measured for the transitions '°O, s +
7I—ig.s.,0.48 (19735(;26)

31. 160(19B, 'B)150 Qm = —4.209

Angular distributions involing 1*O, ,_have been investigated at E£(*°B) = 100 MeV (1975NA15).

32. 160(1N, BN)!50 Qm = —4.8305

See reaction 77 in °N.
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33. 70(p, 50 Qm = —11.326

At E, = 39.8 MeV angular distributions of t, and t; groups have been compared to those of the
3He groups to the analog states in °N (19710L04). At E, = 45 MeV a state, assumed to be the
J™ =37, T = 2 analog of 1°C*(0.74), is observed at £, = 12.255+£0.013 MeV, I, = 135£15
keV. The state decays by proton emission to the 7' = 1, 0T state 1*N*(2.31) (1978BE26; population
of some T = % states is also reported).

34. 19F(*He, "Li)!50 Qm = —4.320

Angular distributions are reported at E(*He) = 40.7 MeV involving (**Og + "Li% _ ; 45),
(*50% 191504 + "Li%, 4s) @and (*°Of 1 + "Ligs) (1971DE37, 1971DE04): see also the analog
reaction '’F(*He, "Be)'°N [reaction 84 in '°N].
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15|:
(Fig. 13)

GENERAL: (See also (1976AJ04).):
General reviews and calculations; (1978GU10, 1979BE1H).

Mass of 'F: The atomis mass excess of '°F is 16.77 & 0.13 MeV, based on the mean of the
reported Q-values of the 2°Ne(*He, 8Li)'°F reaction. '°F is unstable with respect to breakup into
140 + p by 1.47 MeV.

1. 2Ne(*He, SLi)'F Qm = —29.83
Qo = —29.73 £ 0.18 MeV (1978KE06);
Qo = —29.96 + 0.2 MeV (1978BE26).

This reaction has been studied at E(*He) = 74.5 MeV (1978BE26) and 75.4 and 87.8 MeV
(1978KE06). Two groups are observed: the ground state [I'.,, = 0.8 + 0.3 MeV (1978KEQ6).
Two groups are observed: the ground state [['.,, = 0.8 + 0.3 MeV (1978KE06), 1.2 4+ 0.3 MeV
(1978BE26)] and a relatively strongly populated state, presumed to be the mirror of 1°C*(0.74)
[J7 = 577, with E, = 1.340.1 MeV (1978KE06), 1.240.2 MeV (1978BE26) and ['e,, = 0.5+0.2
MeV (1978KE06), 0.24 4+ 0.03 MeV (1978BE26). The differential cross section for populating
15F*(1.3) is 250 &£ 20 nb/sr at 10° and E(*He) = 74.5 MeV (1978BE26) and 80 £ 25 nb/sr at 9°,
87.8 MeV (1978KE06). At E(3He) = 75.4 MeV, 6 = 9°, the ground state is populated with 8 & 4
nb/sr (1978KE06).

Table 15.26: Energy levels of 15F

E . inBF(MeV) | J° T | I'em (MeV) | Decay | Reaction
g.s. (3 1.0£0.2 p 1
1.3+0.1 (27210244003 | p 1
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