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ISB

15B has been identified in the 5.3 GeV proton bombardment ofiunanlt is particle stable
(1966PO0Y See alsol960ZE031961BA1G 1966GA25.

15C
(Figs. 9 and 12)

GENERAL:

See (960TAL1G 1962TALE 1964LI1B 1964ST1B1967L003. See alsol969AR13.

1. 15C(57)"*N Qm = 9.773

The half-life is2.25 4+ 0.05 sec ((956D037, 2.49 + 0.07 sec (964NEQ09. The -spectrum
is complex. Transitions have been observed both to the dretate and to the upper of the 5.3
MeV levels of °N: the latter transition is clearly allowed: see Tab#®2(1959AL06 1966AL12
1969GA05. The ground state transition 5N*(5.3) hasE, = 5.29903+0.00043 MeV (1967CH19;
J™ for this state it (see Tablel5.4. Thus.J"(**C) = 1" or 2" (1959AL06 1964AL2L see

2
also (L965WA03). See also(963KI1B, 1968ZH1B and'°N.

2.9Be(He,a)!'Be Qm = 6.343 B, = 19.076

9Be was irradiated with 14 MeV neutrons and the decayB& was observedBe(n, «)’He,
followed by the above reaction]: the cross section (whictgtermined for a largéHe energy
spread) id1 + 10 mb (1967ST2).

3.9Be('Li, p)'°C Qum = 9.095

Observed proton groups are listed in Tabf®e3(1957MU99 1964CAQY. T, for 1°C*(0.75)
is (3.77 £ 0.11) nsec (968MEO8 delayed coincidence technique). Angular distributiohthe
protons to'*C*(0, 0.75) are reported d("Li) = 5.6, 5.8, 6.0, 6.2 MeV by 969SNOY.

4.11C(d, py°C Qm = —1.006



Table 15.1: Energy levels ¢fC

E, (MeV +keV) | J&; T T Decay| Reactions
g.s. 173 | r)p = 2334 0.08 sec 5~ 11,3,4
0.747 £7 578 | 7, =3.76£0.10 nsec v |34
(2.48 + 50) 3
3.08 £+ 40 3,4
4.21 £ 30 3,4
(4.60) 3
5.93 £ 30 3,4
6.38 + 30 3,4
6.58 + 40 3
(6.84) 3
(7.06) 3
7.32 + 30 3,4
(7.69) 3
(8.00) 3
8.12 £+ 60 3
(8.47) 3

Table 15.2: Beta decay 6fC (1959AL06 1966AL12 1969GA0Y

Decay to'>N* | J™ Branch (%) log ft* | log ft"
(MeV) (exp) (theor)

g.s. 1 32+2 5.96+0.03 | 5.8
5.30 1 68 £ 2 4.0440.02 | 4.80
7.30 17371 (0.840.2) x 1072 | 6.82+0.13 | 6.49
8.31 17,371 (5.0 £0.6) x 1072 | 5.06 +0.06 | 4.51
8.58 1T, 8 <28x1072| >5.0
9.05 17,871 (3540.5) x 1072 | 3.99+0.07

a Usingr, = 2.25 £+ 0.05 sec.

b See (1959AL97)




Table 15.3: Proton groups frofiBe("Li, p)'°C and

14C(d, p)15C
E, (MeV + keV) E, (MeV)
(1957MU99 | (1959M01B | (1964CA05
0 0 0

0.62 +60* 0.75 + 30 0.74

248 + 50"
3.08 + 40 3.09 3.08
4.26 £+ 40 4.21 4.16
4.60
5.93 + 40 5.94 5.81
6.38 6.39
6.58 + 40 6.58
6.84
7.06
7.32 7.31
7.69
8.00
8.16 + 60 8.08
8.47

2 (1957NO13 reportsEy = 0.70 = 0.05 MeV.
b Not observed by{964CAQY.
¢ 430 keV (private communication).

dentification of'°C, . with 'N*(11.62), 7 = 2, J© = 17, is suggested byl@56BA19.
At E; = 14.9 MeV, proton groups are observed to the ground state ©fand to the levels at
0.75, 3.09, 4.21, 5.94, 6.38 and 7.32 Me¥3( keV) (1959MO1B. The angular distribution
of ground state protons implids = 0, J™ = %Jr (1959MO1B see also1961PU1B and ref.
9 there, (964AL21); for the first excited statd,, = 2. 6% = 0.093 and 0.032 {959MO1B,
0.16 and 0.0631(966GL0) for the ground state and the first excited state, respégtigee also
(196 7NEO0§.

The 0.75 MeV level has a mean life 8f73 + 0.23 nsec (962L0O03; £, = 750 = 7 keV. The

angular distribution of the-rays requires/ > 2. Since thd, = 2 stripping requires/™ = §+ or

5+ , JT = 5+ is established1(962CH14. The observed lifetime excludgs> 3 5 (1962L003. See
also (1964NE09 1965WA03 1966AL12 1967CH1)9.
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5. 14C(n, v)'5C Qn = 1.218

The capture cross section<ds1 pb (1951YA1A).

6. 150(n, a)'5C Qm = —5.009
See ((966BA1P.

The following reactions leading t6C have not been reported:

13C(t, p)5C Qum = 0.912
eyt dysC Qm = —5.039
UC(a, *He)*C Qum = —19.360
15N(n, p)t°C Qm = —8.990



15N
(Figs. 10 and 12)

GENERAL:

Model calculations; (1957HALE 1959BR1E1959FE1B1960TAL1G 1961BA1E 1963BU1G
1963KU1B 1964MA1G 1965C0251965FA1B 1965GR1H1965GU1A 1965ZA1B 1966EL08
1966S0051967C0O321967ELO3 1967PAO5 1968EL1A 1968HO1H 1968MA2B, 1968SH08
1968WA04 1968ZH05 1969CH1R 1969EL1B.

General calculationsand reviews: (1964EV1A 1965BE1B 19660L1G 1966WI1E 1967FA1A
1967L0O031968BI1C 1968ZH1B 1969HA1G 1969I1W1B.

Electromagnetic transitions. (1965RO1N 1966HA31 1966P011 1966RO1P 1966RO1U)
1966WALE 1967KULE 1967P01J1967WA1G 1968BI1C 1968SHO81968YALE 1968ZH06
1968ZH1B 1969KH1G 1969ZH1A.

Meson interactions: (1969KA1R).
Other: (1961BA0S 1964VA1D).
Ground state: 1 = —0.28309 nm (1962BA63 1964L114 1967CO1D).

See alsol961BR131964ST1B1965I1C1A 1965MA1T, 1966MA1V, 1966WI1E 1967SH14
1968PE161968RO1E1969CH1R 1969FU1).

1. (a)°BefLi, p)B Qm = 15.130 By = 25.339
(b) “Be(Li, a)''B Qum = 14.347
(c) °Be(Li, 2n)'3*N Qm = 3.951
(d) *Be(Li, *Be)Li Qu = 5.587
(e)°Be(Li, "He)'°B Q. = 1.933

The yield of p and p (reaction (a)) forE'(°Li) = 3.84 to 6.40 MeV shows some broad struc-
ture: analysis in terms of Ericson fluctuation theory givesle of~ 0.4 MeV for the average
level width atE, = 28 MeV in 1°N (1967SEO® The excitation functions fat, a; andas,., 3 (re-
action (b)) [E(°Li) = 2 to 4 MeV: (1961LEO0)] and the yield of'*N (reaction (c)) E(°Li) = 1.5
to 3.5 MeV: (1961NO0Y] show a smooth increase in the cross section with energyrelaations
(d) and (e) seelP62MC13. See alsol963BA1Q).

2.9Be(’Li, n)"*N Qm = 18.086



At E("Li) = 2.9 MeV, ~-rays are observed which are assigned to the ground statgy déc
15N*(9.05, 9.83, 10.80)1964CA19. See alsol957NO17.

Table 15.4: Energy levels dfN 2

Ey (MeV +keV) | J™; T | m (psec) ol (keV) Decay Reactions
0 o stable |2, 3,4,8,9, 10, 12, 13, 14,
21, 22, 23, 24, 25, 26, 29, 30,
32,39, 40,41, 42, 43, 44, 45,
46, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66
5.27055 + 0.25 ot Tm =29+05 v 3,4,8,12,13,21,22,23,26
29, 30, 32, 39, 42, 52, 53, 55,
58, 59, 62
5.29921 + 0.25 - < 0.01 v 3,4,8,12,13,21, 22, 23, 26,
29, 30, 32, 39, 46, 52, 53, 55,
58, 59
6.3235 4 0.4 3 < 0.040 v 3,4,8,10, 12,13, 21, 22, 26,
29, 30, 32, 39, 49, 52, 53, 55,
57,58, 59, 62
7.1550 4 0.4 5 < 0.018 v 3,4,8,12,21, 22, 26,29, 32,
39, 52, 53, 62
7.3010 £ 0.5 & < 0.025 v 3,4,8,12,13,21, 26,29, 32
39, 46, 52, 53, 55, 62
7.566 + 3 i 0.06 == 0.02 v 3,4,8,12,13,21, 22, 29, 39,
52, 53, 62
8.3126 + 0.7 o < 0.010 v 3,4,8,21, 26,29, 32,39, 46,
52, 53, 55, 62
8.576 + 2 g v 3,4,8,13,21, 22, 26, 32, 39,
52, 53, 62
9.053 + 2 o v 2,3,4,8,21, 26, 29, 32, 39,
46, 55
9.1518 + 0.5 3 v 3,4,8,13,21,22, 29,32, 39,
52, 53
9.1549 + 0.5 (%) < 0.010 v 3,4,8,13,21, 22, 29,32, 39,
52, 53
9.225+35 | 3ors? <01 ¥ 21, 29, 39, 55
9.762 £ 3.5 2 v 21,39, 52,53
9.829 + 3 I < 0.19 v 2,3,4,8,21,22,29,52,53
9.929 + 4 (3, 5Ht v 21, 39



Table 15.4: Energy levels N # (continued)

E, (MeV +keV) | J™&; T | m (psec) ol (keV) Decay Reactions
10.070 + 3 3 v 13,21, 39, 52, 53
10.451 £ 1 31 vp | 21,22 26,39
10.536 + 1 5+ wp | 21,26 39
10.700 £ 1 3t wp | 21,22, 26,27, 39,52
10.800 + 1 30 P |2348, 13,21, 26,39
(10.94 £ 30) 21
11.236 + 5 >3 I'=33 n 33

11.2943 + 1 ' 7.9+0.3 7, n,p |26, 27,28, 33,52
11.438 + 1 - 414+1.1 v.n,p,e |5, 26,27,28, 33,35
11.615 44 33 404.9 +6.3 v, np |26, 27,28
11.764 + 3 g 40 +3 npa |528 3335
11.877 + 3 3 21+4 n,p,a | 5,28, 33,35, 52
11.943 £ 6 2 <3 n 22, 33,52
11.965 + 3 3 1745 n,p,a |5, 283335
12.097 + 4 " 14£5 v,n,pa | 5,6, 27,28, 33,35, 38
12.145 £ 3 3 AT+7 v.n,p,e |5, 6,27, 28,33,35,39
12.326 + 4 50 22 np |22 283335
12.493 £ 4 it 42 v,n,pa | 5,6, 28,33, 35,38, 52

12.52 £ 10 5t 80 p 27,52

12.921 £ 4 3 67 +8 n,p,a |5,6,28, 33, 35,38
12.93 o 30 p, o 6

13.028 + 20 (%) 22
13.14 <3 n,pa |56 38
13.19 6 n,p.a |56 28 38
13.36 3 29 + 8 n,p,a |5,6,28, 38
13.40 a" ~ 60 np,a |6 2835
(13.52) np |28
13.60 (5, 9" 15+4 n,p,a |5,6,28, 33, 35,38
13.67 i ~ 80 npa |628
13.71 ~ 40 n,pa |5 3538
13.75 na |5
13.84 ~ 40 n,p.a |28, 35,38
13.89 na |5




Table 15.4: Energy levels N # (continued)

E, (MeV +keV) | J™&; T | m (psec) ol (keV) Decay Reactions

14.03 p, « 6

14.06 n, o 5

14.11 105 n, p,« 5, 28, 35, 38, 52

14.17 3(H) 30+5 n,p,a | 5,28,35,38

14.18 n, o 5

14.23 n, o 5

14.4 ~ 2000 n, p,« 33, 35, 38

14.46 ~ 180 p, 6

14.51 130 n, p 28

14.64 50+ 3 n, p,« 5, 35, 38

14.7 ~ 280 n, p,« 35, 38

14.81 99 n, p 28

14.90 37 n, p,« 5, 28, 38

15.00 n, p,« 5,28

15.11 n, p,« 5, 28, 38, 52

15.29 n, o 5

15.37 n, t, 5,11

15.52 n, a 38

15.61 n, o 5

15.74 p,t,« 11

15.83 <3 npta |56,11
15.89 + 20 <3 n,t, a 5,11
15.96 + 20 n, t, 5,11

15.99 n, o 5

16.03 n,pta |56,11,38

16.08 n,pta |56,11,38
16.17 =40 n,pta |56,11

16.29 npta |56,11
16.33 £ 20 n,pta |56,11,38
16.43 £ 20 n,pta |56,11,38
16.49 + 30 n,p,d ta |5 6,11, 16
16.59 £ 25 70 n,pta |56, 11,38
16.67 £ 30 100 n,p,d, ta | 5,6,11, 15, 16, 33, 38

10




Table 15.4: Energy levels N # (continued)

11

E, (MeV +keV) | J™&; T | m (psec) ol (keV) Decay Reactions

16.74 n, p,o 56

16.76 + 30 n,p,d ta |5,6,11,15, 16

16.85 + 30 t, o 11
16.90 ~ 350 n,p,d ta |5,6,11, 15, 33, 38
16.98 n, p,o 5, 6, 33, 38
17.05 p,t 11
17.10 broad dta 11,19

17.16 £ 50 npta |5611
17.19 n, p,o 5,6,18
17.30 190 n, p,o 5, 6,18, 38
17.36 350 n,p,d to | 56,11, 16, 18, 19
17.50 n, p,o 5, 6,38
17.56 n, p,o 5,6

17.81 £ 40 ~ 170 n,p,dto |56, 18

17.70 £ 50 ~ 500 n, d,o 15,19

17.72 £ 10 48+ 9 (p), d, t,o | 16, 18, 19
17.81 170 n, o 33,38
17.95 n, p,o 56

18.07 + 10 19+4 (n),d,a | 15,19

18.09 4+ 20 ~ 45 (n), p,d,t| 15, 16, 18
18.22 160 n, o 38

18.28 + 30 230 + 60 n,p,d,a | 15,16, 19, 38

19.16 £+ 30 ~ 130 n,d 15
195 v, p 48
20.4 v, p 48
22.7 v, p 48
24.5 v, p 48

& See also Tables5.7and15.1Q
b See ((967PHO3.
3. 19B(6Li, p)**N Qm = 18.751




A

Table 15.5: ResonancesitB + «

E, (MeV) | T, (keV) | Particle out| Ey (MeV) J7 Refs.?
0.60 n 11.43 (1954BE0§ P
1.03 n 11.75 (1954BE09
1.18 n 11.86 (1954BE0$
1.30 n 11.95 (1954BE09
151 n, p 12.10 (1955SH49
1.58 n, p 12.15 (1955SH46
2.06 66 No, Po 12.50 §+ (1955SH461956B061 1958HA1B 1959LE2§
2.63 80 No, Po 12.92 %_ (1956B0O61 1958HA1B 1959LE28 1963MA28 1966MA04)
2.64 40 Po 12.93 %_ (1959LE28 1963MA29
2.94 <6 No, Po 13.15 (1956B0O61 1958HA1B 1959LE29
2.99 8 No, Po 13.18 (1956B0O61 1958HA1B 1959LE28 1966MA04)
3.23 29 Ny, P 13.36 %_ (1956B0O61 1958HA1B 1959LE28 1963MA28 1966MA04)
3.31 40 p 13.42 §+ (1959LE28 1963MA29
3.56 20 Ny, P 13.61 5, %)— (1956B0O61 1958HA1B 1959LE28 1963MA28 1966MA04)
3.64 ~ 110 Po 13.66 (1963MA28
3.71 40 No 13.71 (1956B0O61 1958HA1B 1963MA28 1966MAQ4)
3.76 Ny 13.75 (1966MA04
3.95 No 13.89 (1963MA28 1966MA04)
4.15 Po 14.03 (1963MA28
4.19 ny 14.06 (1963MA28 1966MA04)
4.24 No 14.10 (1963MA28 1966MA04)
4.31 35 n 14.15 (1956B0O61 1958HA1R 1963MA28 1966MA04)
4.35 No 14.18 (1963MA28 1966MA04)
4.41 Ny 14.23 (1963MA28 1966MA04)
4.56 Po (14.33) (1963MA298




€T

Table 15.5: Energy levels 6fN # (continued)

E, (MeV) | T, (keV) | Particle out| Ey (MeV) J7 Refs.?

4.73 ~ 250 Po 14.46 (1963MA28

4.96 72 No 14.63 (1956B0O61 1958HA1B
5.34 No 14.90 (1958HA1B

5.49 No 15.01 (1958HA1B

5.58 No 15.08 (1958HA1B

5.86 No 15.29 (1958HA1B

5.98 Ny, Mo 15.37 (1958HA1B

6.30 Ny, (No) 15.61 (1958HA1B

6.60 n, p 15.83 (1963EDO) ©

6.72 Ny, (No) 15.92 (1958HA1B

6.74 No, Ny 15.93 (1958HA1B

6.82 Ny, Mo 15.99 (1958HA1B

6.89 n, p 16.04 (1958HA1B 1963EDO0)
6.94 n, p 16.08 (1963EDO0)

7.08 n, p 16.18 (1963EDO0)

7.26 n, p 16.31 (1963EDO0)

7.31 n, p 16.35 (1963EDO0)

7.41 n, p 16.42 (1963EDO)

7.56 n, p 16.53 (1963EDO0)

7.65 n, p 16.60 (1963EDO0)

7.77 n, p 16.69 (1963EDO0)

7.84 n, p 16.74 (1963EDO0)

7.86 n, p 16.75 (1963EDO)

8.07 n, p 16.91 (1963EDO0)

8.17 n, p 16.98 (1963EDO)




Table 15.5: Energy levels 6fN # (continued)

E, (MeV) | T, (keV) | Particle out| Ey (MeV) J7 Refs.?
8.44 n, p 17.18 (1963EDO0)
8.46 n, p 17.19 (1963EDO0)
8.59 n, p 17.29 (1963EDO0)
8.68 n, p 17.35 (1963EDO0)
8.88 n, p 17.50 (1963EDO0)
8.96 n, p 17.56 (1963EDO0)
8.99 n, p 17.58 (1963EDO0)
9.49 n, p 17.95 (1963EDO0)

Vi

2 |t should be noted thatl54BE0§, (1958HAL1B and (L963EDO) are unpublished. They are quoted here only because of Hréhdef
published information on these resonances.

> And private communication.

¢ Resonant energies listed OQG3EDO) are+40 keV.



At E(°Li) = 4.9 MeYV, thirty proton groups are observed corresponding®to states with
E, < 16.8 MeV. Angular distributions have been measured for the prgroups corresponding to
IN*(5.27 + 5.30, 6.32,7.16 + 7.30, 7.57, 8.31, 8.58).05 + 9.15) (1966MCO0Y. The ground-state
~-decay of'?N*(9.83, 10.80) is reported byip64CA19. See alsol963MO1B.

4. 0B("Li, d)°N Qum = 13.723

At E("Li) = 5.2 MeV, thirty deuteron groups are observed correspondingNostates with
E, < 15.1 MeV. Angular distributions have been measured for the dentgroups corresponding
to 1N*(0, 5.27 + 5.30, 6.32,7.16 + 7.30, 7.57, 8.31, 8.589.05 + 9.15, 9.83) (L966MCO3Y.
See also1963MO1B. The ground state-decay of'°N*(8.31, 9.05, 9.83, 10.80) is reported by
(1964CA189.

5. 1B(a, n)"*N Qm = 0.157 By = 10.992

Reported resonances are displayed in Tabl&(1954BE081955SH461956B0O6]1 1958HALR
1963ED0]11963MA28 1966MA04. See als0X962G01,J1963G01,J1965TS1A and (L966WE1B.
See alsd*N.

6. !'B(a, p)4C Qum = 0.784 E, = 10.992

Reported resonances are listed in TalBeb(1955SH461959LE28 1963ED01 1963MA23.
Partial widths for several resonances are listedI®p0LE28 1963MA29. See alsd*C.

7. 1B(q, d)i3C Qum = —5.168 B, = 10.992

The yield of ground state deuterons has been measuréf) fer 17 to 22 MeV by (L967AL19.
See alsd3C.

8. (a)!'B(SLi, d)'°N Qm = 9.520
(b) "'B("Li, t)°N Qum = 8.525

At E(°Li) = 4.72 MeV and atE("Li) = 5.00 MeV, angular distributions are reported for
the deuterons and the tritons corresponding (0, 5.27 + 5.30, 6.32,7.16 + 7.30, 7.57, 8.31,
8.58,9.05 + 9.15) (1966MCO05. See alsoXl963MO1B. Gamma rays are observed in reaction
(a) which are assigned to the ground state transitiod&\f(9.15, 9.83, 10.80)1964CA1§. See
also (1963HO15 and (L964HAQ9.
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9.!'B(“Be, He)'*N Qm = 8.464

See (963HO1B.

10.1'B(*60, 12C)15N Qm = 3.831

At E(*0) = 27, 30, 32.5 and 35 MeV, angular distributions correspondmntransitions to
15N*(0, 6.32) have been measured BPE5B014 1966B0O22: the ground state angular distribu-
tions show strong diffraction structure. See al$8§9GO1R1969BR10 1969KA1G.

11. (a)'2C(t, n)“N Qu = 4.015 E, = 14.850
(b) 12C(t, p)‘C On = 4.641
(c) 12C(t, 1)'2C
(d) 2C(t, 0)''B O = 3.858

Reported resonances are listed in Tatie6 (1961VA13 1962GU0] 1962KU09 1963N104
1965SEO051969ETO0). The triton yield has been measured igr= 9to 13 MeV by (L965GL0J.
See alsol962NE1D 1964GR1H 1967CH3), B and!?C in (1968AJ03, and'“C and'*N.

12.12C(a, p)*°N Qm = —4.965

Angular distributions of the protons corresponding to tiheugd state transition have been
measured at/, = 13.4 to 16.0 MeV (967IV1B), 16.1 to 19.0 MeV 1960PR1} 19.7 to 22.1
MeV (1963YA1Q, 20.6 to 22.2 MeV 1{961K004, 25 to 39 MeV (959N0O3§ and at 42 MeV
(1962L107). Angular distributions are also reported for the groupsh (5.27+5.30, 6.32,7.16+
7.30 4+ 7.57) (1959N0O38 34.6 MeV) and'>N*(6.32) (1962LI07 42 MeV). See alsol962E103
1969GL1D, (1961KR1A 1962HO101962TE1B 1963DA1B 1964DA1D 1964KE1G 1965NE1D
1966HI11C 1967RO1K theor.) and {959AJ7§.

13.12C("Li, a)'°N Qum = 12.382

Angular distributions have been measuredéiLi) = 3.2 to 4.0 MeV (L962HO06 oy, a1,
a3) and 30.3 MeV (969GL07 ay, o192, a3 and then's corresponding t&°N*(7.35, 7.6, 8.6, 9.2,
10.1, 10.9, 12.8, 13.5, 15.2)1969BA21) report the excitation of°N*(12.5, 13.3, 14.9, 15.6,
16.2, 16.8, 18.9, 19.8) and §69GL07 also reporin groups corresponding tdN*(11.8, 16.5)

16



Table 15.6: ResonancestC + t

E; (MeV + keV) | E, (MeV) Particles out Refs.
0.66 15.38 | ag (1963N104 1969ET0)
1.11 15.74 | po, to, 1 (1962GU01 1962KU09 1963NI104 1969ET0)
1.21 1582 |ty (1969ET0)
1.30 +20 15.89 | n,ag (1961VA13 1969ET0)
1.39 +20 15.96 | n,ty, ap (1961VA13 1969ET0)
1.46 16.02 | po (1969ET0)
1.54 16.08 | n,agp, (1961VA13 1969ET0)
1.65 £+ 40 16.17 n, a (1961VA13 1965SE051969ET0)
1.78 16.27 | ap (1969ET0)
1.85 +£20 16.33 n, P, o, @1 (1961VA13 1965SE051969ET0)
1.98 +20 16.43 | n, (1961VA13 1969ET0)
2.05 + 30 16.49 | po, to, ap (1965SE051969ET0)
2.18 £ 25 16.59 N, P, to, ap, a1 | (1961VAL13 1969ET0)
2.28 + 30 16.67 | n, p, ag, a1 (1961VA13 1965SE051969ET0)
2.39 + 30 16.76 n, t, ag, a1 (1961VA13 1965SE051969ET0)
2.50 + 30 16.85 | ap, vy (1965SE051969ET0)
2.60 16.93 | ag (1969ET0)
2.75 17.05 | po (1969ET0)
2.82 17.10 | to, ap, g (1969ET0)
2.89 + 50 17.16 | ap (1965SE051969ET0)
3.14 17.36 | oy (1969ET0)

and, possibly®N*(17.1, 18.3). The mean lifetime dfN*(9.83) < 1.9 x 10~ sec (see Table
15.7: E, = 4562.6 &+ 4.0 keV (**N*(9.83 — 5.27)) (1969THO). See also{960SH0% and
(1969GI1B 1969RO1G.

14. (a)'2C(**N, 'C)"*N Qm = —7.885

(b) 2C(°F, °0)*N Qu = 3.150

For reaction (a) seet@69BR1D); for reaction (b) seel@69R0O1G.

15.13C(d, n)“N Qm = 5.325 E, = 16.160
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Table 15.7: Lifetimes of somE&N states

E, (MeV) Tm (PSEC) Reaction Refs.
5.27 > 1 160(t, o) (1965AL19
~1 9Be(*N, ®Be) | (1969NI09
2.9+0.5 UN(, p) | (1967BI1))
5.30 < 0.01 “C(p,v) (1968C0O2ZV}
(4.3+£1.8)x1072 | MN(d,p) | (1965AL19
(22+£0.7) x 1072 |  ™N(n,») | (1969WEOQ}
6.32 < 0.045 N(d, p) (1968GI1)
< 0.040 “N(n,v) (1969WEOJ
< 0.010 “C(p,v) (1968C0O2ZV}
7.16 < 0.018 1“N(d, p) (1968GI1)
0.115 + 0.025 13C(He, p) | (1966L107)
0.010 £ 0.002 14C(p,7) | (1968C0OZV)
7.30 < 0.025 1“N(d, p) (1968GI1)
< 0.030 “N(n,v) (1969WEOF
< 0.010 “C(p,) (1968C0OzV}
7.57 0.154+0.05 13C(He, p) | (1966LI07)
0.06 £ 0.02 1“N(d, p) (1968GI1)
8.31 < 0.021 1“N(d, p) (1968GI1)
< 0.020 UN(n,~) | (1969WEOQ}
< 0.010 “C(p,) (1968C0OzV}
9.155 < 0.010 “C(p,v) (1968C0OZV}
< 0.010 “N(n,v) (1969WEOJ
9.23 <0.1 50(y, p) (1969MUQY
9.83 < 0.19 2C(Li, ) | (1969THO)
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Table 15.8: Resonances*tC + d

E4 (MeV) | Emitted particles| 'y, (keV) | PN* (MeV) Refs.

0.37 p 16.47 (1956VA1Y)

0.64 n, p ~ 100 16.72 (1950CU131950RI157 1953K042

1956MA46G 1956VAL1Y)

085 |n ~ 400 16.90 | (1950RI5}

1.10 Qg broad 17.11 (1956MA35 1966KL0G
1.244+0.04 | ty ~ 200 17.24 (1956MA3H
1.40 £+ 0.04 | po, to, o ~ 400 17.37 | (1956MA35 1956MA46

1.552 n ~ 100 (1941BE1A 1950RI57 1966KL06G
1.64 +0.04 | to ~ 200 17.58 | (1956MA35
1.78 £ 0.05 | n, ag ~ 600 17.70 (1950RI57 1955MA76 1956 MA35H
1.80 £ 0.01 | (po), to, a1 55 £ 10 17.72 (1956MA35 1956MA46
2.20 £ 0.01 | (n), a0, o1 22 44 18.07 | (1956MA35 1963AL21)
2.23 +£0.02 | (n), p, t ~ 50 18.09 | (1956MA35 1956MA46 1963AL21)
2.454+0.03 | n, p, ag 270 £ 70 18.28 (1955MA76 1956MA35 1956 MA46
3.46 £0.03 | n ~ 150 19.16 (1955MA76 1963DE19

@ Possibly to be identified with 1.40 MeV resonant8%6MA33.

Observed resonances are displayed in TabI8(1950RI57 1955MA76 1963AL21, 1963DE1)Y.
Excitation functions have recently been measuredsfpe 0.8 to 1.3 MeV (1961JA09 ny, ny, Ny,
ns, Ns), 2.0 to 3.2 MeV (963AL21 7.03 MeV~-ray) and 3.2 to 4.0 MeV1963DE19 n,). See
also (L960VA1]). Polarization measurements are reporteddpr= 2.5 to 4.0 MeV (L967ME1N
Ny, N, Np) and 2.8 MeV (965GA1G ns, ny, ns). See alsd*N.

16.13C(d, p}iC Qm = 5.952 E, = 16.160

Observed resonances are displayed in Tabl8(1941BE1A 1950CU131953K042 1956 MA46.
Excitation functions have recently been measuredpe= 1 to 3.4 MeV (L968LILL; py, p1), 3.0
to 4.0 MeV (1965LA09Q *C*(6.09, 6.73, 7.34)), 3.1to 4.1 MeM963DE19p,), and 4.1 t0 6.2
MeV (1968C004p,). See alsoX963AL2]). See alsa’C.

17.13C(d, d)3C E, = 16.160
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Excitation functions for elastically scattered deuterbage been measured fél = 1to 3.4
MeV (1968LI1L) and 4.5t0 5.7 MeV1968CO04.

18.13C(d, t)2C Qum = 1.311 E, = 16.160

Observed resonances are listed in TAEeS(1956MA35. (1968LI1L) report measurement of
the ¢ excitation function for; = 1 to 3.4 MeV. A polarization study has been madéat= 12.3
MeV (1969DE1Ht,, t;). See alsd*C.

19.13C(d, a)''B Qm = 5.168 E, = 16.160

Observed resonances are listed in TalBe8(1956MA35. See alsol966KL0G 1966KL1K
1968C0041968LI1L).

20. 13C(t, n)'°N Qum = 9.903

Not reported.

21.3C(He, p)°N Qm = 10.667

Observed proton groups anerays corresponding t6N states are listed in Tablé.9(1959Y025
1966GA08§ 1966WA08 1967PHO3. Gamma-ray branching ratios obtained h9§5WA16 1966PE04
1966WAOQS are displayed in Tabl&5.10which also showd™ values obtained from angular corre-
lation measurements. The two state&at= 9.16 MeV [see reactions 32 and 39] are separated by
2.5 £ 0.5 keV (1968ST1). See alsol959BR79. Ther, for °N*(7.16, 7.57) are).115 &+ 0.025
psec and).15 + 0.05 psec, respectively: see Taldlg.7(1966LI07). Angular distributions of the
ground state protons have been measured:fdHe) = 8.7 to 10.93 MeV (962AL01). See also
(1959AJ76.

See alsol967Y0O1G 1968WE1Y, (1963CL1A 1966PR1B and'®O in (1971AJ03.

22.13C(a, d)'°N Qum = —T7.687

This reaction has been studiedi&t = 40.1 MeV: see Tablel5.9(1969LUO07.
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Table 15.9: Energy levels itN from ¥ C(He, p)°N and!*C(x, d)'°N

E, (MeV + keV)?

(1959Y025 | (1966GA03 | (1966WA09 P | (1967PHO3 | (1969LUQY ©
5.283 4 12 5.266 + 20
6.333 4 12 6.336 & 30
7.169 & 12 7.170 & 20
7.310 & 12
7577 £13 7.581 4 20
8318412 | 8.323+6 8.312
85814+ 14 | 858145 8.570 8.587 + 20
9.061+14 | 9.056+5 9.052 9.054 + 4
9164414 | 9.159+5 9.169 =+ 30

9.225 + 6 9.225 + 3

9.760 + 5

9.827+6 9.829+4 | 9.808 + 20

9.929 + 8
10.064 £ 7 10.074 10.072 4 4
10.454 + 6 10.452 10.451 4 20
10.536 4 7
10.704 + 6 10.698 =+ 20
10.805 & 7 10.800

(10.94 £ 30) d

2 See also1962SH211966G01,J1966PH1B.
b E,, except forE, = 10.94 MeV; errors forE,, are nominal.
¢ 13C(q, d)!°N: E, = 40.1 MeV.

4 (1969LU07 also reports levels &, = 11.950 + 0.020 (J™ =

13.028 + 0.020 MeV (J™ = (4 ).
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Table 15.10: Radiative decays it

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
5.27 5t 0 - 100
5.30 1 0 1= 100
6.32 - 0 1= 100 (1965WA16 1966PE041969S104
5.27 ot <1 (1965WA16H
<3 (1966PE0)
5.30 i <3 (1966PEO}
<1 (1965WA16
7.16 5t 0 - <5 (1965WA16
<3 (19695104
<12 | (1968GI1)
<4 (1966HA30
5.27 a" 100 (1965WA16 1966PE041968GI1)
>97 | (19695102
<95 | (1967TH05
5.30 i <4 (1966AL18
<4 (1968GI1)
<5 (1966PEO0Y
5 (1967THOJ
6.32 3 < 0.5 | (1965WA1H
7.30 3t 0 o 100 (1966PE041969S102
98+1 | (1965WA16 1968GI1)
5.27 5t 241 | (1965WA1H
<15 | (1968GI1)
5.30 1 241 | (1968GI1)
6.32 3= <3 (1966PE0¥
<0.25 | (1965WA16
7.57 ™ 0 - <2 (1965WA16H
<4 (1966HA3Q
<3 (1966PEO0Y
5.27 ot 100 (1965WA16 1966PE041968GI1)
5.30 i <5 (1965WA16
<4 (1966AL189
<6 (1968GI1)
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
6.32 3- < 0.6 | (1965WA1H
8.31 i 0 - 80+3 | (1965WA1H
77+3 | (1966WA09
704+4 | (1966PEOY
79.1+£1.9 | (1967PHO3
5.27 5t <3 (1965WA16
5.30 1 10+£2 | (1965WA16
5.27 + 5.30 122 | (1966WA08
12+3 | (1966PE0)}
10.9 + 1.3 | (1967PHO3
6.32 3= 784+2 | (1965WA1H
12+3 | (1966PE0)}
44+1.0 | (1967PHO3
7.16 ot <1 (1965WA16
<6 (1966PEO)}
1.24+0.6 | (1967PHO3
7.30 3t 2.24+0.4 | (1965WA1H
44+0.7 | (1967PHO3
8.58 3t 0¢ - 34+4 | (1965WA16
32+3 | (1966WA09
27+4 | (1966PEOY
33.4+20 | (1967PHO3
5.27 ot 63+4 | (1965WA1H
65+3 | (1966WA09
5.30 i <12 | (1965WA16
5.27 + 5.30 66+4 | (L966PEOY
61.6 £ 2.0 | (1967PHO3
6.32 3 3+1 (1965WA16H
<7 (1966PEO}
1.440.6 | (1967PHO3
7.16 5t <5 (1965WA16
<4 (1966WA09
3.6+£0.5 | (1967PHO3
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
7.30 3t <0.7 | (1965WA1§
<3 (1966WA09
7.57 o <3 (1965WA16 1966WA09
9.05 i 0 o 92+3 | (1965WA1H
924+4 | (1966WA09
91.6 £ 0.9 | (1967PHO3
5.27 ot 3841 | (1965WA1H
35+1 | (1966WA0§
4.7+0.7 | (1967PHO3
6.32 3 3+2 | (1965WA1H
45+1 | (1966WA08
3.7+£05 | (1967PHO3
7.16 ot <10 | (1965WA1§
7.30 3t 1.2+0.4 | (1965WA1H
7.57 o <2 (1965WA16
8.31 i <05 | (1965WA16
7.16 + 7.30 + 7.57 <1 (1967PH03
9.152* | 37 0 o 97 (1968ST19
100 (19695104
5.27 4 5.30 3 (1968ST0H
9.155% | (3) 0 ' 0— 17 | (1968ST10)
17 (1967THO3
5.27 ot 8 (1967THOJ
5.30 1 10 (1967THOJ
5.27 + 5.30 14 — 17 | (1968ST10
23 (19695104
6.32 3= 18 — 22 | (1968ST10
19 (19695104
20 (1967THO3
7.16 ot 44 — 52 | (1968ST10
58 (19695104
45 (1967THO9
7.30 3t 79 | (1968ST10)
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
923 | <3 0 - <30 | (1965WA1H
415422 | (1967PHO3
5.27 ot <25 | (1965WA1§
5.30 i 100 (1965WA16H
5.27 + 5.30 31.2+ 1.7 | (1967PHO3
6.32 3- <25 (1965WA19
24.7+ 1.5 | (1967PHO3
7.16 5t <30 | (1965WA16
<1 (1967PHO3
7.30 3t <30 | (1965WA16
2.6+0.7 | (1967PHO3
7.57 o <20 | (1965WA16
8.31 i <5 (1965WA16
7.57 +8.31 <1 (1967PHO3
9.76 5- 0 1= 100 (1965WA16
81.5+£2.8 | (1967PHO3
5.27 + 5.30 <10 | (1965WA16
75+ 15 | (1967PHO3
6.32 3 <5 (1965WA16
3.7+0.8 | (1967PHO3
7.16 ot <10 | (1965WA16
2.34+0.5 | (1967PHO3
7.30 3t <3 (1965WA16
<2 (1967PHO3
7.57 ™ <10 | (1965WA16
504 0.6 | (1967PHO3
8.31 i <2 (1965WA16H
<1 (1967PHO3
8.58 3t <2 (1965WA16
<2 (1967PHO3
9.83 u 0 i <30 | (1965WA19
<4 (1967PHO3
5.27 a" 100 (1965WA16
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
5.30 i <15 | (1965WA1§
5.27 + 5.30 84.4+1.8 | (1967PHO3
6.32 - <15 | (1965WA16
2.2+£0.9 | (1967PHO3
7.16 a" <10 | (1965WA16
24+ 1.1 | (1967PHO3
7.30 3t <10 | (1965WA16
3.7£0.9 | (1967PHO3
7.57 o <10 | (1965WA16
73+1.0 | (1967PHO3
8.31 4 8.58 <1 (1967PH03
9.93 | (3,37 0 ' 80+ 10 | (1965WA1H
77.6 1.9 | (1967PHO3
5.27 + 5.30 1010 | (1965WA1H
154+ 1.5 | (1967PHO3
6.32 3 1010 | (1965WA19
49+1.2 | (1967PHO3
7.16 ot <10 | (1965WA16
<1 (1967PHO3
7.30 3t <3 (1965WA16
2.1+0.8 | (1967PHO3
7.57 o <10 | (1965WA1§
8.31 i <2 (1965WA16
8.58 3t <2 (1965WA16
7.57,8.31, 8.58 <1 (1967PHO3
10.07 3t 0 - 100 | (1965WA1H
96.0 + 0.7 | (1967PHO3
94+4 | (1966WA09
5.27 4 5.30 <10 (1965WA16H
4.0+0.7 | (1967PHO3
622 | (1966WA0S
6.32 3= <5 (1965WA16
<2 (1966WA09
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.

7.16 5t <7 (1965WA16

<2 (1966WA09

7.30 3t <3 (1965WA16

<2 (1966WA09

7.57 o <7 (1965WA16

<2 (1966WA08

8.31 1 <2 (1965WA16

8.58 3t <3 (1965WA16H

10.45 351 0 i 1212 | (1965WA1H

<4 (1966WA08 1967PHO3

5.27 4 5.30 7248 | (1965WA16

66+5 | (L966WA09

62.4+=2.4 | (1967PHO3

6.32 3 12+8 | (1965WA19

28+5 | (1966WA09

14.7£1.6 | (1967PHO3

7.16 a" <10 | (1965WA1§

<6 (1966WA09

7.30 3t 4+4 | (1965WA1H

<6 (1966WA09

7.57 o <10 | (1965WA16

<6 (1966WA08

8.31 i 1.5+0.5 | (1967PHO3

9.05 1 <1 (1967PHO03

9.15 4+ 9.23 50+0.5 | (1967PHO3

9.76 2 1.6 +0.7 | (1967PHO03

9.83 z 2.2+1.5 | (1967PHO3

9.93 (3,2)T | 3.7+1.1 | (1967PHO3

10.07 3t <4 (1967PHO03
10.54" ot 0 - 1+0.3 | (19695103
5.27 5t 30+£2 | (19695104
6.32 8- 74+0.5 | (19695103
7.16 a" 23+ 1.5 | (19695103
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Table 15.10: Radiative decaysitN (continued)

E; (MeV) S Er (MeV) Ji Branch (%) Refs.
7.30 3t 37425 | (19695103
8.58 3t 1.8+£0.4 | (19695103

(9.22) <B3” <1 (19695104
10.70 3t 0 - 52+ 1 | (19695103
5.27 a" 383+1 | (19695104
6.32 3- 6+0.4 | (1969S104
7.16 ot <1 (19695104
7.30 3t 34+0.3 | (19695103
8.31 1 <1 (19695104
9.05 1 <1 (1969S104
(9.22) <5 <1 (19695104
10.80 3 0 ' 55+5 | (1965WA16
534+ 15 | (1966WA09
47+1 | (1969S103
5.27 5t 5+0.5 | (19695103
5.30 i 13+0.6 | (1969SI03
5.27 + 5.30 45+5 | (1965WA1H
47+5 | (1966WA08
6.32 3 <5 (1965WA16
<10 | (1966WA09
7405 | (19695103
7.16 5t <5 (1965WA16H
9405 | (19695103
7.30 3t <5 (1965WA16H
<4 (1966WA0S
84+0.5 | (19695103
7.57 ™ <7 (1965WA16
8.31 1 5+0.5 | (19695103
9.05 i 1+0.3 | (19695104
9.152 3 24+0.3 | (1969S103
9.155 (2) 4+0.3 | (19695103

& See also(965WA16 1967PHO3.

b See also(960HE13.
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23.13C(Li, a)°N Qm = 14.688

Angular distributions have been measured EffLi) = 3.2 to 3.8 MeV for theay and a5
groups (964BL1B.

24.13C(Li, *He)'"N Qm = 6.478

See (969THO).

25.13C(1B, *Be)°N Qm = 0.341

See (966PO1E1967PO1E1967VO1A.

26.11C(p, )N O = 10.208

Resonances for captureradiation are listed in Table5.11(1959FE1C1959HE1D 1968HE12
1968SI1K1969SI104. A combination of>N*(10.80) and (9.83) permits a good account of the low
energy (n, n) and (ny) cross sectionslO59HELD. The thermal (n, p) cross section can be as-
cribed to ther,, = 1.5 MeV resonance'{N*(11.62)) (L1955BA44 see alsd*N(n,7)'*N). See also
(1959AJ76 and (L969TI05.

Table15.10displays branching ratios obtained in this and in othertreas. The angular dis-
tributions ofy-rays at theF,, = 0.35 MeV resonance'{N*(10.54)) leads to assignments.bf= g
(5), 2 and2, respectively, fof’N*(5.27, 7.16, 7.30, 10.54)l060HE13. The angular distribution
of the (10.81 — 8.31) ~-ray fixesJ = % for 1°N*(8.31) (1968SI1B. A triple correlation study by
(1968SI18 of the decay of?N*(10.80) to theE, = 9.15 MeV states suggests= 2 for the upper
and.J = 5 for the lower of these two states. Lifetimes for varidtis states have been measured
by (1968C0OZ\): see Tabldl5.7.

See also1960FR091961FR1D1969ZH1A.

27.14C(p, p}“C E, = 10.208
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Table 15.11: Resonances'ftC +p?

E, r I, I, r, Jrd B Refs.
(MeV + keV) (keV) (keV) (keV) (eV) (MeV)
0.261+12 10.451 | (1959HE1D 1968SI1F 1969510}
0.352+1% (34+£04)x1072¢ 5 10.536 | (1959HE1D 1960HE131968SI1F
1969S103
0.527+1% 0.2 1.78 £0.3¢ gt 10.700 | (1959HE1D 1968SI1F 19695103
0.634+12 0.23+0.04°¢ 3 10.800 | (1959HE1D1968SI1F 19695103
1.162 42 79+3 2.3 5.6 0.29 o 11.292 | (1951R0161955BA44 1956SA06
1968HA27
1.294 44 3444 22.6 11.1 e (1968HA27
1.31884+0.5 | 41.4+1.1 |34.6+0.9 6.8 +0.5 4240.7 i 11.438 | (1951R0161955BA44 1956SA06
1968HA27
147248 418 +16 3.7 414.6 e (1968HA27
1.5094+4 | 4049463 | 40£02 | 400.9+6.3 19.240.4 1T T =3 11615 | (1959FE1GC1968HE1}
1.688+3 37 36.5 0.5 3t 11.764 | (1951RO161955BA44 1956SA00
1788+ 3 24.5 24.5 0.03 37,(37) | 11.876 | (1951RO161955BA44 1956SA0H
1.884 43 21.5 21.2 0.3 3 11.965 | (1951RO161955BA44 1956SA0H
2.025+4" 14+5 12.0 1.7 3t 12.097 | (1951RO161955BA44 1956SA06
1960BA34 1968HA27
2.077+3" AT+ 7 30.2 16.6 3= 12.145 | (1951RO161955BA44 1956SA06
1960BA34 1968HA27 1968HE1}
2.272+4 22 21.7 0.3 301 12,327 | (1951RO161955BA44 1956SA06
1960BA34 1968HA27
2.450 4" 40 28 0.3 5T T =11 12.493 | (1951RO161956SA061960BA3)
2.48 + 10 80 0 80 3%.7 =3 1252 | (1968HA27 1968HE1}
2.908 + 4 75 3= 12.921 | (1956SA061960BA34 1961HAL2
1962HA2(
3.19 5.5 13.19 | (1960BA34 1961HA12 1962HA2(
3.38 22 13.36 | (1960BA34 1961HA12 1962HA2Q
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Table 15.11: Resonances!tC + p # (continued)

E, r 'y I'p r, Jrd Ey Refs.

(MeV + keV) (keV) (keV) (keV) (eV) (MeV)
3.42 61 13.40 | (1960BA34 1961HA12 1962HA2(Q
3.55 (13.52) | (1962HA2Q
3.63 12 13.60 | (1960BA34 1961HA121962HA2(Q
3.71 13.67 | (1961HA12 1962HA2Q
3.89 33 13.84 | (1960BA34 1961HA12 1962HA2(Q
4.19 105 14.12 | (1960BA34 1961HA12 1962HA2(Q
4.24 25 14.17 | (1960BA34 1961HA12 1962HA2(Q
4.61 130 14.51 | (1960BA34 1961HA12 1962HA2(Q
4.93 99 14.81 | (1960BA34 1961HA1)
5.01 14.88 | (1961HA12 1962HA2Q
5.14 15.00 | (1961HA12 1962HA2Q
5.26 15.11 | (1961HA12 1962HA2Q

& See also1959HE1B and Table 15.5 ini(959AJ7§.

b TheT,, are< 0.3 keV for E,.s = 1.16 to 2.5 MeV, except for the resonancestat = 2.03, 2.08 and 2.45 MeV for which they are, respectively, 0.6, 2.2
and 5.5 keV [956SA0§.

¢ w7y (in eV) (1968SI1F1969SI103.

4 See also1959AJ78.

¢ These states correspond to the levels listed in the linebeldifferent boundary condition was used to obtajg;.



The elastic scattering has been studied fipr = 0.34 to 2.7 MeV. At theE,, = 527 keV
resonance (see Tahl®.11]), the scattering is consistent with d-wave formation df'a= §+ state.
No anomalies are observed & = 0.35 and 0.63 MeV {959HE1D. However, anomalies are
observed at/, = 1.16, 1.29, 1.47, 2.02, 2.07 and 2.48 MeV: the parameters of meséisplayed
in Table15.11(1968HA27 1968HE1). The 2.48 MeV anomaly isdueto. & = 27; T = 3
state atF, = 12.52 MeV (which is the analog to the first excited state'tE), and |s dlstlnct
from the J™ = g+ resonance in‘C(p, n}*N observed aF,, = 2.45 MeV (1968HE1}. See also
(1968IW1A 1969I1W1B.

28.14C(p, n)“N Qum = —0.626 E, = 10.208

Resonances reported iy961R0O161955BA44 1956SA06 1959FE1C1960BA34 1961HAL2
1962HA2Q 1968HE12 are listed in Tabld5.11 In addition to these JO61HA12 report (in an
abstract) a broad resonance correspondingﬁeﬂg state of°N at £, = 13.6 MeV. At £, = 1.79
MeV, the distributions favog ~, but3 ™ is not excluded1955BA44 see also]953KA20); a com-
putation of the cross section favofs= % (1956SA09. At E,, = 1.88 MeV, the angular distribution

is consistent with the™ = 1™ assignment fromd*N(n, n)"*N (1955BA49. The £, = 2.27 MeV
state has/ = 2 or 2; theo,, clearly indicates ther lattel 955BA44 1956 SA0§. For'SN*(11.62)
(E, = 1.51 MeV), the proton reduced width indicates a single-partielesl, while the neutron
reduced width is onlyt0=3. This is consistent with the assignmefit= % corresponding to
the ground state dfC (1955BA44 1956BA16 1959FE1(Q. See alsoX967VO1B 1969BA1N
1969TI089.

Polarization measurements are reportedat= 7.2, 8.8 and 10.4 MeV by1969WO1J ny,

Ny, Ny).

29. 14C(d, ny5N Qm = 7.984

Angular distributions have been determinedkgat= 1.3, 1.8 and 2.8 MeV 1967CO1R ny,
Ny 9, N3, Ny5.6), 1.31 to 3.08 MeV 1963IMO0Z; ny), 2.10 and 2.33 MeV1963IM0Z, n;. o, N,
Ni1546) and 3.10 MeV (967LALZ ny, ny_o, N3, Ny, N5, Ng and!°N*(8.31, 9.06, 9.16, 9.22)). The
transitions t0"°N*(5.30, 9.06) involvel, = 0: these states therefore haye = %* (1967LA11D).
See alsol959AJ76 and (1961CH141964MO1G.

Studies of they-decay of'°N states reached in this and in other reactions are sumrdarize
Table15.10 see (965WA1(. See also967CH19.

30.“C(He, d}°N Qum = 4.715
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At E(®*He) = 14 MeV, angular distributions of the deuterons correspondmgN*(0, 5.28,
5.30, 6.33) have been measured and analyzed by DWBA: théveskpectroscopic factors for
the first four states of°N are 1, 0.50, 0.34, 0.07 in good agreement with the predistiof
(1957HA1B. Angular distributions of the dgroup are also reported @t(*He) = 1 — 9 MeV
by (1963WE151966DU1B 1968DA1N.

31.1C(a, t)1°N Qm = —9.606

Not reported.

32.14N(n, 7)°N Qm = 10.835
Qo = 10.8332 £ 0.0006 (L968GR13.

The thermal cross section &) + 20 mb (1957BA19, 75 + 7.5 mb (1964ST2%. This large
cross section is not understood in terms of the present $¢wadture in>N: see (959AJ76.

Observed capture rays are displayed in TablE5.12(1963MO1G 1967THO5 1968GR14.
The very accurate-ray energy determinations af§68GR14 show that two states &, ~ 9.15
MeV are involved in this reaction as previously suggeste¢li66WAQ09. The lower of the two,
at £, = 9.1518 MeV, decays predominantly to the ground state. The othée stad’, = 9.1549
MeV, which is preferentially fed in this reaction, decayswmarily by cascades vigN*(5.27, 5.30,
6.32, 7.16) {968GR14. See also reactions 21 and 39968GRZY,; 1968ST1) and Tablel5.10Q

Recoil Doppler broadening of cascageays has been measured BPEOWEOQY: the derived
T are listed in Tablel5.7. See also{968CA1). Observation of non-isotropic correlations in
the C — 6.32 cascade means thdt # % for 15'N*(6.32): the results are consistent with= %
(1964BA02.

The importance of measuring the (), cross section ak, = 0.47 and 0.66 MeV for astro-
physical considerations is suggested b§g8FO1A.

See also1960CA02 1965JA091969HO1X and (L958GR011964LI110.

33. 14N(n, n)“N B, = 10.835

The thermal (bound) scattering cross section is 5.519{WI1A). The scattering amplitude
(bound) isa = 9.1940.11 fm (1965D014 [a = 9.14+0.10 fm is recommended byl064ST2J].
See also1969BA1P. The coherent scattering cross sectioh(li$ + 0.3 b (1964ST25.

Recent cross section measurements are listed in T&bl8 Cross section data are summa-
rized in (1964ST2%, while angular distribution data are displayed 1963GO1N).

Observed resonances are listed in TalBel4(1951J0231952HI112 1955F0271959HA13
1966FO1D 1966FO1E 1966MA2K, 1968B0O36 1968JO1k: for a discussion of the evidence
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Table 15.12: Gamma radiation frolfN(n, v)'°N

Transition in'®N E, (MeV £ keV) E, (MeV + keV) I,"
(1967THO5 | (1968GR13 (1968GR1} (1967THO5 | (1963M0O1Q
C—0 10.830 £ 2 10.8290 10.8832 4 0.6 13.3£2.0 14
C— 527 5562 +1 | 5.5622+0.35 10.3 + 0.5 11
C — 5.30 5.534+1 | 5.533240.35 18.8+0.9 21
C— 6.32 4.5094+1 | 4.5088 4 0.3 16.6 + 0.8 16
C—7.16 3.678+1 | 3.6777+0.25 15.9+0.8 <23
C— 7.30 353241 | 3.532240.25 9.9+0.5 9
C—8.31 2.521 +£2 | 2.52055 4 0.10 6.1+0.3 6
C — 9.155 1.67819 & 0.06
1.679 £ 2 9.2+0.5 12
C — 9.152 1.68141 £ 0.18 1.440.34
527 — 0 5270+1 | 5.2692+0.35 | 5.2701 £0.3 30.6 +1.5 32
5.30 — 0 5208 +1 | 5.2978 £0.35 | 5.2989 4 0.3 21.44+1.1 21
6.32 — 0 6.323+1 | 6.3220+0.4 6.3235 4 0.4 18.8 £ 0.9 18
7.16 — 0 7.1550 + 0.4
717 — 5.27 1.885 +1 | 1.88481 +0.06 19.7+ 1.0 21
7.16 — 5.30 1.857 42 0.8+0.2
7.30 = 0 7.299 + 1 7.2990 £ 0.5 7.3009 £ 0.5 10.0 £0.5 9
831 —0 8311+2 | 83102+0.7 8.3124 £ 0.7 44404 4
8.31 — 6.32 1.989 + 2 1.54+0.3
857 — 0 8.570 £ 4 8.573+4° 0.2 +0.03
9.05 -0 9.047 + 4 9.050 & 4 © 0.2 +0.03 0.5
9.155 — 0 9.1549 £ 0.5
9.152 — 0 9151 +£2 | 9.1498 £0.9 9.1518 £ 0.5 1.740.2 1.4
9.155 — 5.27 3.883+2 | 3.8837+0.4 0.8+0.1
9.155 — 5.30 3.855+2 | 3.8552+0.3 1.0+0.1 0.5
9.155 — 6.32 2.830+2 | 2.831140.2 2.04+0.2 1.5
9.155 — 7.16 1.997 +£2 | 1.99965 + 0.10 4.6 £0.2 4

& C = capturing state.

b In units of photons/100 captures.

© (1967THO3.
d (1968GR13
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leading toJ™ assignments, se&{59AJ7§. See alsol960BA39 and (L966AG1A 1967BELR

1968IW1A 1969IW1B.

A polarization measurement has been madéat= 3.5 MeV by (19620T0). See also

(1965TA07.

34.“N(n, 2n)3N

Qm = —10.553

£y, =10.835

Table 15.13: Recent cross section measurementéNo#- n @

35

E, (MeV) Measurements of Refs.
0.01 — 0.2 oy (1959BI119
1.7 — 4.0 oy (1960BA39
2.0—4.2 o (1966MA2K, 1968JO1k
4.2 —6.3 One (1968BO36
4.2 —8.7 Oe (1968B0O36
4.5,6,7 Ton'~ (1968CO1W
5.80 — 8.55 Ton'y (1969DI11B
6.8 — 14.0 Ot, Oe, One (1967BA03J
13.3 —19.5 0o (1968B0O36
14 0o (1963BA46
15 Tne (1969NY1A)
15.2,19.8 One (1965DE1GQ
15.3 Oty One (1968HA1V)
17.7—29.1 oy (1960PE2%
88 — 152 o (1966ME19
10 — 37 Onon (1961BR1A
12.5 — 18 Onon (1960FE12
13.2 —18.8 Onon (1965B04)
13.3 —15.2 Onon (1960MC0Y
14.1 Tnon (1962CE1B
14.4 Tnon (1961RA06
14.7 Tnom (1967PA2}
14.8 Tnon (1965GR4)
1.3 —4.2 Tup (1959GA19




Table 15.13: Recent cross section measurementéNot- n  (continued)

E, (MeV) Measurements of Refs.
7.4 —8.6 Tap (1969DI11B
14.7 Tnpy Tnnp (1966CS1B1967CS03}
15 Onps On.d (1969NY 1A
5.6 — 6.4 Tnt (1966SC2)
5.7—8.2 Ont (1959GA1%
14.1 On.20 (1967M0O2)
15 Tnt (1969NY1A
15.7 Tnt (1967M0O2)
1.3—-8.2 On.a (1959GA1%
3.9—-64 On.a (1966SC2)
45-17.0 Ona (1968CO1W
5.7—8.2 Ona (1959HA13
5.8 — 8.6 On.a (1969DI11B
14.7 On.a (1966CS1B
15 Ona (1969NY1A
& See also1959AJ76.

Recent measurements of cross sections for this reactidrstee in Table1l5.13(1960FE12
1960MCO05 1961BR1A 1961RA06 1962CE1B 1965B042 1965GR41 1967PA27: see the
summaries in]964ST251966JE1B. See alsol964HE181966CS1C1967CS02and (L959AJ76.

35. 14N(n, p)‘C Qm = 0.626 B, = 10.835

The thermal cross-sectionis’1 + 0.05 b (1964ST2%, 1.83+0.03 b (1961HA43. A number
of resonances are reported MPE0JO5Y, (1959GA14 and (L963ENO): see Tablel5.14 The
results are summarized ihg64ST251966JE1B. See alsol960BUL1G 1968DA1F.

Recent cross-section measurements are listed in Tabl&(1959GA14 1966CS1B1967CS03
1969DI1B. See also{964FO1A 1969BA1N and (L959AJ7H.

36. (a)'*N(n, d)*C Qum = —5.325 E, = 10.835
(b) *N(n, np)3C Qm = —7.550

For reaction (a) sedl967L106§ and (L959AJ7§. For reaction (b) seelP66CS1B1967CSOR
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Table 15.14: ResonancesitN + n @

Eres (MeV £ keV) | Tiap (keV) | T, (keV) | T, (keV) | Ty, (keV) J7 I5N* (MeV) Refs.
0.430+5 3.5 <3 < 0.01 >3 11.236 | (1951J0231952HI19
0.4926 =+ 0.65 7.5 <3 <10 - 11.2943 | (1950J0571952HI112 1963ENO)
0.639+5 43 34 9 i 11.431 | (1950J0571951J0231952HI13
0.998 + 5 46 45 0.8 3t 11.766 | (1950J0571951J0231952HI13
1.120 + 6 19 19 0.20 3 11.880 | (1951J0231952HI12 1955F02F
1.188 + 6 <32 <2 <0.1 >3 11.943 | (1952HI1)
121147 13 12 0.4 1 11.965 | (1952HI1)
1.350 & 7 21 20 0.9 0.4 3 12.094 | (1951J0231952HI12 1955F0271959GA14
1.401 + 8 54 41 11 1.8 30 12.142 | (1950J0571951J0231952HI12 1955F0271959GA1)
1.595 + 8 22 21 0.2 <0.1 50 12.323 | (1952H112 1955F0271959GA14 1966FO1D 1966FO1F
1.779 4 10 47 37 0.5 9.0 € 12.494 | (1950J0571952HI12 1955F0271959GA14 1966FO1
2.23 65 39 7.8 18 3 12.92 | (1959GA141966FO1D 1966FO1E1966MA2K, 1968JO1F
2.47 <3 r 13.14 | (1959GA1)
2.52 ~ r 13.19 | (1959GA13
2.71 40 r 3 13.36 | (1959GA1)
2.74 95 r 3t 13.39 | (1959GA1)
2.95 20 16 1.1 3.2 3t 1359 | (1959GA141966FO1E1966MA2K, 1968JO1F
3.09 60 r r 13.72 | (1959GA13
3.21 85 r r at 13.83 | (1959GA14 1966FO1E1966MA2K, 1968JO1F
351 ~ 20 r r 14.11 | (1959GA13
3.57 30 r r 3 14.17 | (1959GA14 1966MA2K, 1968JO1F
~38 ~ 2000 | ~ 1000 200 | A 1000 14.4 (1959GA13
4.09 50 r r 14.65 | (1959GA141966SC2)
~ 4.1 ~ 300 r r 14.7 (1959GA13
4.38 40 r 14.92 | (1959GA141966SC2)
4.60 r 15.13 | (1959GA141966SC2)
5.03 r 1552 | (1959GA141966SC211968BO36
5.60 100 r 16.06 | (1959GA141966SC211968BO36
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Table 15.14: Resonances'itN + n # (continued)

Eres (MeV £ keV) | Tiap (keV) | T, (keV) | T, (keV) | Ty, (keV) J7 I5N* (MeV) Refs.
5.94 r 16.38 (1959GA141966SC2)
6.16 75 r 16.58 (1959GA141966SC2)
6.26 110 r r 16.67 (1959GA141959HA131966SC2)
6.55 170 r r 16.95 (1959GA141959HA13
6.94 r 17.31 | (1959GA13
200 r (1959HA13
7.16 r 17.51 (1959GA14
7.34 120 r 17.68 (1959GA14
7.48 180 r r 17.81 (1959GA141959HA13
7.92 170 r 18.22 | (1959HA13
8.00 120 r 18.30 (1959GA14 1959HA13

r = resonant channel.
& See also1959AJ79.




37. (@)"*N(n, t)2C Qum = —4.015 E, = 10.835
(b) ¥N(n, ty'He'He'He Qm = —11.289
(€) “*N(n, 2c)"Li Qm = —8.822

For reaction (a) seel@59GA14 1966SC211967L106 1967REQ}) and (L968AJ0). For re-
action (b) seeX967M0O2). For reaction (c) seelp67MO2). See also{960FALQ 1964SA1H,
Table15.13 the summaries inl@64ST251966JE1B and (L959AJ79.

38. (a)"*N(n, )''B Qm = —0.157 B, = 10.835
(b) **N(n, no)°B Qm = —11.613

Recent cross-section measurements for reaction (a) goeaygksl in Tablel5.13 these in-
clude measurements of cross sections for several differgmoups (959GA14 1966SC2) and
~v-rays (L959HA13 1968CO1W 1969DI1B. For summaries of the experimental evidence, see
(1964ST251966JE1B.

Observed resonances are listed in TelBel4(1950J0571959GA14 1966SC2). See also
(1960FA1Q, (1960BU1G 1963CH1G and (L964GA1A 1968GA1M theor.). For reaction (b),
see (L960FA10Q.

39. N(d, p)°N Qm = 8.610
Qo = 8.614 + 0.006 (L964MA5).

Proton groups corresponding to levelsdfl are listed in Tabld5.15(1950MA65 1954SP01
1956D04] 1965AL19 1966GA08 1966G0O1,)1969PH0Y. The J™ assignments are based on
PWBA and DWBA analyses: se@459AJ79, (1969PHO02 and Tablel5.16for a listing of recent
angular distribution studies in the ran@g = 0.5 to 27 MeV. See alsolQ66RO1\). The angular
distributions of protons corresponding'fiN*(6.32) and the py angular correlation fixeg™ = 2~
for that state {961GO03. (1960HO1B has looked for additional states 6N with £, ~ 7 MeV:
he finds the upper limits to proton groups corresponding 1o < £, < 7.31 to be 1%, and to be
5% of the intensities of groups to known nearby state§gfor < F, < 7.57 MeV.

Recent very accurate-ray energy measurements have been reported ®§7/CH19 [E., =
5299.03 + 0.43 and 5270.60 + 0.46 keV] by (1966AL18 and by ((1965WA19: the derivedE,
values are displayed in TablEs.15 Branching ratios have been determined BYG5WALG
1968GI11 1968ST10 and are shown in TablE5.10together with the multipolarities determined
by (1965WA19. Lifetime measurements are listed in Tabte7(1965AL19 1967BI11, 1968GI1).

The two states of°N at £, = 9.15 MeV [see Tablel5.10for branching ratios] are separated
by 2.5+ 0.5 keV (1968ST101969Y0O1Q: see also reaction 32.
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Table 15.151°N levels from**N(d, p}°N

E, (MeV + keV) ly JT
(1950MA65 1966GO1Y | (1954SPO) | (1956D0411967CH19 A (1966GA09
0 N
5.276 £ 6 5.280 + 10 5.27159 + 0.46 5.272 £ 10 2¢ < It
5.305 £ 6 5.30003 + 0.43 @ 5.300 £ 11 e.d
6.328 £ 6 6.330 £ 10 1ed 371
7.164+6 7.165 £ 10 7.1555+ 1.7 21 < It
7.309 £ 6 7314+ 10 7.307 +£38 0fi 1" e
7.575 £ 10 7.570 4 8 7.5671 + 1.0 28 < It
8.315+6 8.316 + 10 8.319+8 8.309 £ 4.1 0 e 1T ey
8.571 £ 10 8.577+8 8573+£32 | 8582+5 |0+2M | <IT
9.062 + 10 9.056 + 5
9.165 + 10 9.159 + 6 i
9.225 + 6 9.226+6 | lor2! (27)
9.762 £ 6 9.764 + 6
9.834 4+ 10 9.831+6
9.929 + 7 9.929 + 6
10.069 + 10 10.071+6 | 2,0 3t
10.458 + 10 10.456 + 7
10.544 4 10 10.541 4 7
10.705 + 10 10.702+£7 | 2,0 gt
10.811 + 10 10.809+9 | 1! 17875
11.2 11 17875




1474

A: (1965AL19 1965WA16 1966AL19.

& See also(965AL19 1965WA03.

b (1952G101 1957WAO0).

¢ (1955SH28see (958WALQ).

4 |sotropic: no clear stripping pattern.

€ (1952GI101 1955SH281956GR371958WA1Q.

f (1955SH281956GR3Y.

2 (1956GR3Y: (1957WAO0) find a possiblé = 0 component.
h (1955SH281957WAO0).

! (1969PHOY: absolute spectroscopic factors are also given.
3 (1956GR3Y.

k (1961GO03. (This footnote is not labeled in the table contgnt.



Table 15.161N(d, p)°N angular distribution studie's

E4 (MeV) | Distribution of proton groups Refs.
0.5—10.8 | po, P1, P2 (1957SJ681961SJ1B
1—22 | po, P3 — Pr (1967BE09
1—-32 | ps—pr (1969BE0O§
1.1 —3.1 | Pra2, P3s Pty Pss Ps (1969G0O14
1.3,45 | piio, 3 (1961GO031965FI105 1966 GA09
1.3—=5.5 | po (1962G0211965FI105 1966 GA09
1.4-3 Po, Ps (1969BEOg
1.4 —32 | po, p1 + P2 (1961KA05
2 P — Ps, Pr (1962R0O13}
7,8,9 | P3—s, Pro+11, Pi2s Pi6s Pros Pro | (L969PHOY
12 Po (1967SC2)»
13.8, 15.2| py (1961M0O13
16 Po (1960MO03
27 Po (1962ERO3

& See (959AJ79 for earlier references.

See als01961JA231961TE021962ST171963G0O1L, 1965HE1D, (1959BO1G 1960BE1B
1961KO1E 1963TALA 1964BA1V, 1964ST1,) 1966HOLD theor.), (959AJ76 and 6O in
(1971AJ03.

40. MN(t, d)!°N Qum = 4.577

The angular distribution of the deuterons correspondintpéoground state 0N has been
measured ak; = 1.50, 1.83 and 1.98 MeV. The cross sectionfat= 2 MeV is 48 mb: this large
value and the energy and angular behavior of the differesttias section suggest that this reaction
may proceed by a cluster exchange proc&8§4SCO0Y.

41. “N(a, 3He)'5N Qm = —9.743

At £, = 56 MeV, the angular distribution of the ground stakée particles has been measured
by (1969GA1) and analyzed by DWBA: the ratio of the(*He) and ¢, t) cross sections at this
energy isl.50 4+ 0.15. See also{968GA1Q.
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42.“N(°Be, 5Be)'"N Qm = 9.170

The lifetime of °N*(5.27) is~ 1 psec (969NI09: see Tablel5.7and (L967BI1]). See also
(1963HO1E.

43.N(''B, 1°B)°N Qum = —0.621

See (967PO1} See alsoX969BR1D).

44, “UN(MN, BN)IPN Qum = 0.282

Angular distributions of the transition to the ground stafe'’N have been measured for
E(**N)(cm) = 5.5t0 16 MeV (1961 TO071964JO1A1965BE1B 1965HI1A). See also{961TO0).
Below ~ 6.5 MeV, the tunneling theory of neutron transfer gives a goocbant of the data.

At higher energies, nuclear absorption of the incidéht ions occur {965HI1A 1966GA0J.

See also 1968GA03. For reviews of the work on this reaction, se®64FL10 1967DA1E
1967VO1A 1969BR1D. For discussions of relevant theories, SE®52BR1G1963BR1G 1964BR1M
1964GR1G1965BR1F1966BU1B 1967BR1M 1967BR1Q1967PE1D1968MA2G 1968NA1K
1969KA1G.

45. UN(OF, F)1N Qm = 0.405

See (968GA03.

46.5C(37)°N Qum = 9.773

The 3~ decay takes place t6N*(0, 5.30, 7.30, 8.31, 9.05): see Tall.2
Measurements of-ray energies givéy, = 5299.03 + 0.43 keV (1967CH19, 8315 + 6 and
9048 + 4 keV (1966AL19. See alsd°C.

47.BN(y, n)“N Qum = —10.835

See (967ZH1A 1968YALE 1969ZH1A.
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48.5N(, p)liC Qum = —10.208

The integrated cross section for transition$'®(0) for £, up to 30.5 MeV= 22+3 MeV-mb,
assuming an isotropic angular distribution. Pronouncexima are observed df, = 19.5, 20.4,
22.7 and 24.5 MeV. In addition a “pigmy” resonancefat = 15.2 MeV and less pronounced
structures afr, = 13.6 and 17.0 MeV are also observetP64KO10Q. See also{963FI04 and
(1967ZH1A 1968YALE 1969UB1C 1969ZH1A.

49.%N(e, e}°N

Using the harmonic oscillator function, analysis of thetang of 250 and 400 MeV electrons
gives, respectively,.., = 2.6840.05 fm and2.63+0.05 fm for 1°N (1968DA1Q. At £, = 50—57
MeV, excitation of '°N*(6.32) givesI')(M1) = 3.4 &+ 0.7 eV andI)(E2) = 0.06 £ 0.02 eV:
I6(E2/M1)| = 0.13 £ 0.03 (1968BE1J.

50. '*N(n, n)"*N

Seel!SN.

51. “N(p, p)°*N

The angular distribution of elastically scattered protbas been measuredf&f = 39.8 MeV
(1969SN0J. See alsol963NALQ.

52. 15N(*He, *He)'*N

At E(He) = 39.8 MeV, a number of inelastically scatteréde groups are observed corre-
sponding to states ilPN: see Tablel5.17 Angular distributions were obtained for a number of
these, and were analyzed using a local two-body interaatittran arbitrary spin-isospin exchange
mixture (L969BA0G. See also 968BA1H. (1969BO13 measured the angular distribution of
elastically scatteretHe particles afZ(*He) = 11 MeV.

53. N(a, )°N
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Table 15.17: N levels from ">'N(®*He, *He) and
15N(a, O/)

5N* & (MeV + keV) | L* | 5N* P (MeV) | LP
0 0

5.28 & 30 3| 527+530 | 3
6.32 2 6.32
7.15 3 7.16 c
7.30 1 7.30 1
7.56 3 7.57 3
8.31 1 8.31 c
8.57 1 8.58 c

9.17 £ 30 9.16

9.79 & 40 9.83

10.03 = 40 10.07

10.71 = 40

11.34 = 40

11.92 + 40

12.52 + 40

14.12 + 40

15.11 = 40

2 (3He, *He'): (1969BA0G.
b (a, o) (1966HAL9. The E, were determined.
¢ Weakly excited. See alsd965BU05 1969BA09.
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The surface thickness = 0.36 fm, as determined from analysis of the scattering of 44 MeV
a-particles from'>N (1968FA1A. At E, = 40.5 MeV, a number of particle groups have been
observed, and angular distributions have been measuredfage15.17(1966HAL19. See also
(1965BU0Y, B(E2)| /e? = 4.9 fm* for SN*(6.32): B(E2)| /e* = 60 fmS for both 1°N*(5.27,
7.57) 1966HA19. See alsol969BA0YG.

54.50(51)*N Qm = 2.760
Seel0.

55. (a)'°O(y, p)*°N Qm = —12.126
(b) 150O(e, ep)°N Qum = —12.126

Over the giant resonance region 0O, the decay takes place to the odd parity states of
N at F, = 0 and 6.32 MeV as well as to both of the even parity stateg at= 5.27 and
5.30 MeV. The branching ratios are functions of the exa@taténergy in'’O and of the au-
thors: seel965DE241965MA45 1965M0131966KO1G 19660W011967CA1C 1967CALR
1968BA2L, 1969MU07 1969SHO02. The results are in fair agreement with the prediction$ef t
single-particle, single-hole theory of photoexcitatidit®, although some non-single-particle ex-
citation appears to be necessary in some portions of giant resonance: see, e.fj968BA2L).
High-energyy-rays have also reported from the decay’®f*(7.30, 8.31, 9.05, 9.23)I068BA2L,
1969HO1T 1969MUQ7. See also the review i1 968SC1H, (1957J0201959BR691963SC32
1968TU02 1969FR201969UL0Y and (L968ZH1B theor.). Ther,, of >'N*(5.27) >> 0.1 psec;
T fOr 1N*(6.33, 9.23)< 0.1 psec (969MUQ7: see also Tablé5.7.

For reaction (b), seelf62DO1A.

56. 160(n, d)°N Qum = —9.901

Angular distribution of the deuterons corresponding toghmund state of°N have been de-
termined att, = 14.4 MeV (1964PA11 1965VA0H and at 14 MeV [963GA1(Q. See also
(1965DI1E theor.).

57.10(p, 2p}°N Qm = —12.126

At £, = 460 MeV, the summed proton spectrum shows two peaks correspgrdithe
knowckout of g, and g/, protons with binding energies of 12.4 and 19.0 MeV, respelbti
[**N*(0, 6.32)] (1966TY0). See also the discussions iOE3CL1B 1963RI1B, (1962F003
1967FU1A, (1963BE1A 1963BE42theor.) and {959AJ76.
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58.160(d, *He)'"N Qum = —6.632

Angular distributions of théHe groups have been measurediat= 20 MeV (1969PU04 to
15N*(0, 5.27, 5.30)), 28 MeV 1968GA13 to *N(0)), 34.4 MeV (967HI06 to >N*(0, 5.27 +
5.30, 6.32)), 52 MeV (969KA1A, 1969KA1W: to 1°N(0)), and 82 MeV {969D004 to 1>N*(0,
5.27+5.30, 6.32)) and analyzed by DWBA. Thele group to"*N*(5.2) does not show a stripping
pattern (969PU0%. See also{968BA2J theor.).

59.160(t, o) "N Qm = 7.688

Angular distributions have been measuredvat= 0.9 to 1.7 MeV (967KO1G «y), 1.15to
1.95 MeV (1959J032 ), 1.5 to 3.0 MeV (966SE1D «y), and 13 MeV (965AJ01 g, a2,
asz). A vy-ray with £, = 5.272 £+ 0.010 MeV has been observed in this reaction: see Tabl&
(1965AL19. See alsoX959AJ79.

60. 150(1N, 150)!5N Qm = —4.833

See (9637010 1969BR1D.

61.170(d, )N Qum = 9.803

See (954PA39.

62.30(p, 2)'°N Qm = 3.981

Angular distributions of ground state-particles are reported df, = 0.84 to 2.00 MeV
(1961CA02 and at 7.9, 10.6 and 13.3 Me\XY64ECO3. Angular correlation measurements lead
toJ =322, (3) (2) for '"'N*(5.28, 6.32, 8.31, 8.58)1065WA09, J = 2, 2, 3, T for ’N*(5.28,
7.16, 7.30, 7.57)1966HA30, J = 3 for '"N*(6.32) (1966L0O02. The M2/E1 mixing ratio of
the7.30 — g.s. transition indicates an unusually large retardatioanoE1 transition in a non-
self-conjugate nucleus 966HA3Q. J = 2 for '>’N*(5.27) and the mixing parameter fix = 2
for 15N*(10.54) which fed the first excited state BN (1959HE1D) in the **C(p, v)'°N reaction
(1965WA08.

See alsoX960CL021961L0101964AM1A 1964MA25 1964MA57, 1964SCO0), (1959AJ76
andF in (1959AJ76 1972AJ03.
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63. F(v, a)'®N Qum = —4.011

See (965HALQG.

64. (2)"F(p, p)*°N Qm = —4.011
(b) ¥F(o, 2a)*N Qm = —4.011

For reaction (a) seel@62FO03. For reaction (b) seel@63LA02.

65. 1°F(d, °Li) °N Qum = —2.539

Angular distributions of théLi ions corresponding td’N(0) have been measured Af =
9.0 to 12.5 MeV (1967DE1%, 14.5 MeV (964DA1B, 14.9 MeV (966DE09 and 21 MeV
(1965SL1G. Attempts have been made to fit the data with DWBA: see rata®e above and
(1963DR1B. See also1964BL1Q.

66. 1°F(14N, 13F)I5N Qum = 0.405

See (965WI1A).
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150
(Figs. 11 and 12)

GENERAL:

Model calculations: (1960TALE 1960TALG 1963C0121963KULB 1964AL1L, 1964AM1D,
1964BR1H 1964RI1A 1965C0251965GI1B 1965GR1H1965GU1A 1965HU1D 1966BO1R
1966EL08 1966RI1F 1966S0051967BO1T 1967EL03 1968DE13 1968EL1A 1968HO1H
1968MA2B, 1968SH081968WO01G 1968ZH1B 1968ZU02 1969DE161969EL1B 1969GU1M
1969SA1).

General calculations and reviews: (1964EV1A 1967FA1A 1967NE1D 1968BI1Q.

Electromagnetic transitions. (1965RO1N 1966P0O111966RO1PR 1966WALE 1967KU1E
1967P01,J1967WA1G 1968BI1C 1968SH081968ZH1B 1968ZH06 1969KH1G 1969ZH1A.

Other: (1966WA1K 1967AU1B 1969FO1D 1969HA1Q.
Ground state: .J = 1 (1963COLY; ;1 = 0.71898 nm (1963C0O171964L114 1967CO1D).

See alsoX964ST1B1965MALT, 1966MA1V, 1967NE1D 1967SH141968PE161968RO1E
1969FU1).

1. 150(3+)N Qm = 2.760

Reported half-lives are listed in Tablb.19(1954KL36 1955BA83 1957KI122 1957PE12
1959KI99 1960JA12: the weighted mean ie22.24 +0.16 sec. See alsd963CS021963VA3]).
Using this value forry, and Q.,, log ft = 3.643. See also 1968BA42) and (L965GA1D
1966MI1F 1967AM1H 1968SH081969LE1D 1969SU15theor.).

2. "Li( N, ®He)"0 Qm = —2.687

See (957AL78.

3. (@)'°B(°Li, n)!*O Qm = 15.209
(b) °B("Li, 2n)'*0 Qu = 7.957

See (957NO17.
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Table 15.18: Energy levels éfO @

E, (MeV + keV) JT m (psec) o (keV) Decay Reactions
0 17 | e =122.24 +0.16 sec loa 1,2,3,4,6,7,8,9,16,17
18, 19, 20, 21, 22, 23, 24
25, 26, 27, 28, 29
5181 +5 = T < 0.1 psec v 8,9, 16,17, 22, 24, 25, 2
5.24151 + 0.52 5t 3.240.5 v 8,9,16,17,20, 21, 22, 24
25, 26
6.176 + 3 37 < 0.047 v 8,9,16,17,21, 22,24, 25
26
6.788 £ 4 gt < 0.028 o 8,9, 16, 17, 26
6.859 + 1 gt 0.10 % 0.06 v 8,9,16,17,21,26
7.2760 £ 0.6 I v 8, 16,17, 21, 24, 26
7.5522 4 0.5 i I'=1.740.5keV wp  ]916,17,21
8.2833 £ 1.5 gt 3.6 £0.7 wp o ]917,21
8.739 + 6 i 32 v, P 9
8.9180 + 1.4 g 3.7+1 wp 18,921
8.9781 4+ 1.6 (3.2)" 3.9+0.4 7, P 8,921
9.483 + 3 8- 10.1£0.5 wp 80921
9.50 4 40 STy 280 + 24 v, p 9
9.606 + 1.8 87 8.8+ 0.5 wp  |8,921,24
9.660 + 4 : 2+1 p 8,10, 21
9.72 £ 50 (3, 3)F 1190 + 50 7, P 9
10.278 £ 8 - 16 + 4 p 10, 21
10.46 £ 10 47 wp |9 10,21,24
10.91+ 15 o 91 p 10, 21
10.939 + 7 i 84 v, p 9,10, 21
11.023 £ 7 3 21 p 10
11.15 £ 15 <10 p 10
11.20 £ 15 (2. 5* 36 wp  |910,21
11.5+£100 | T'=3 8
11.56 & 15 <10 p 10
11.57 140 7P 10
11.57 £ 15 57 25 p 9
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Table 15.18: Energy levels fO # (continued)

E, (MeV + keV) JT m (psec) o (keV) Decay Reactions
11.61 + 15 27(30) 25 P 10
1171+ 15 < 10 p 10, 21
11.75 £ 15 5t 80 p 10
11.846 + 10 5 50 p 10
11.98 + 15 57 30 p 10
12.12 + 15 5F 160 p 10
124715 | 37(37) 60 p 10
12.8 ~ 230 wp o |9
12.82 - 9 p 10
13.00 5 28 p,°He,a |5,10,15
13.1 p,d,*He,a | 5
13.4 3t broad (p, @) 10, 15
13.49 €3 p 10
13.60 gt p,a 15
13.70 3 p 10
13.79 37 n, p,°He,a | 5,10, 15, 21
13.87 ~ 140 wp o |9
14.03 + 40 (3.3)" 160 + 20 n,p*He |5
14.17 5 P, 15
14.27 + 40 i 340 + 30 n, p,*He,a | 5, 10, 11, 15
14.34 5t P, o 15
14.460 £ 10 5" 100 £ 10 n, p,°He,a | 5,11
14.69 + 40 170 & 30 n,p,°He | 5,11
14.95 + 40 400 + 25 n,p,°He | 5,11
15.43 + 10 65+ 15 p,°He,a |5
15.56 & 40 = 80 + 25 p,°He,a |5
15.84 + 50 (3.3)” 350 n, p,°He,a | 5, 11
16.04 ‘He,a |5
16.09 n,*He,a |5
16.19 ‘He,a |5
16.43 + 50 1 170 ‘He,a |5
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Table 15.18: Energy levels fO # (continued)

E, (MeV + keV) JT m (psec) o (keV) Decay Reactions
16.48 + 50 560 + 90 n,p 11
16.77 £ 50 200 n,3He,a |5
17.50 + 50 1.3 600 n, p,’He,a | 5
17.99 + 50 3.3 200 *He,a0 |5
18.22 £ 50 n,p,°He |5
19.02 £ 50 n,>He |5
19.90 + 50 n,p,’He |5
~ 21 broad v, P 9

& See also Tables5.22and15.25

4. 1B(°Li, 2n)°0 Qm = 3.753

See (963HO1B.

5. (a)'?2C(He, n}*O Qm = —1.148 E, =12.071
(b) *C(He, p}*N Qm = 4.779
(c) 2C(He, d)*N Qm = —3.550
(d) 12C(He,?He)2C
(e)2C(He,a)!'C Qm = 1.858
(f) 12C(*He,®*Be)'Be Qm = —5.782

Excitation functions for these reactions have been medswer a wide range of energies:
see Tablel5.2Q Observed resonances are displayed in TAbl21 For discussions of angular
distribution measurements which have been measured at emangies over the range displayed
in Table15.2Q see the writeups dBe in (1966LA04, 'C and'*C in (1968AJ02, and!3N, N,
and*O. See alsol(964DE18.

Consideration of the relative yields @t(*He) = 1.21 and 2.15 MeV lead to the tentative
J™ assignments given in Tabls.21for 1°O*(13.00, 13.79) {957BR1§. The assignments for
150%(14.03, 14.27, 14.46) are derived from analyses oftie elastic scattering, particle angl.
angular distributions, and the total cross sections of thand p groups (964KU05. Above
E(*He) ~ 5 MeV, the excitation functions show broad maxima (see TdB&1) but it is not
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Table 15.19: The half-life 0O

T1/2 (S€C) Refs.
1234+1.3 (1954KL36

121+3 (1955BA83

120 + 2 (1957KI122

123.95+0.5 (1957PE1}
12414+ 0.5 (1959K199
122.1+0.1 (1960JA12

122.24 +0.16 | weighted averags

D

clear that they correspond to excited state$’: for instance the maxima in the yields aof n
(1964DEL1Q, ps, dy, ap anday (1960HI0F are not correlated. See, howevdrQ6OWEOD§. The
structures observed in the excitation functions ferp p, at £(*He) = 4.6 to 11 MeV are
attributed to quasi-giant resonances involving singleéqrmrbitals coupled to excitedN core
configurations {969HA49. Above E(3He) ~ 12 MeV, the excitation functions do not show clear
resonant behavior: see, e.§967GR1L, 1968FO061969FO02.

Broad resonance-like structures in the yield of protongeperted atv(*He) = 7.0, 7.8, 9.6,
10.6, 13.4 and 14.6 MeMJ[~ 1 MeV] (1970SP1f

Over the rangéZ(*He) = 6.5 — 11 MeV, the ratio @,/do,,, [to '*O,, and the firstl’ = 1
state of“N), determined at0°, is approximately constant arel2, as would be expected if isospin
were conserved and if Coulomb scattering §httalue differences can be neglecté®G5FU19.
(1968LA19 find that the compound nucleus level overlap paramgfdp, and the spin cut-off
parameterr as obtained from elastic scattering and from the statisticadel analysis of three
proton groups E(®He) = 5.29 — 5.50 MeV] are constant. See alsbq70CA1Q.

For a survey of the energies at which polarization measumnisrteave been made, see Table
15.2Q (1968HU1A find that atE(*He) = 36 and 42 MeV, the’He polarization results are such
that optical model calculations require an optical spibHgootential depth< 3.5 MeV. See also
(1959AJ76.

6. 12C(a, N)'°0 OQm = —8.507

Binesh, = 11.341 £ 0.015 (1963NEOJ.

Angular distributions of neutrons corresponding to theugistate of>O have been measured
atE, = 14 MeV (1965AL1) and at 20.0 to 21.8 MeVIQ63KO03. See alsd®O in (1971AJ02.
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Table 15.20: Recent yield and polarization measurement<in- *He ®

(a) Excitation functions”

E(*He) Yield of Refs.
1.0—-1.8 Po, P1, P2, do, o (1965GR1R
14-35 |n (1964KU09
14-60 |na (1966CI0)
1.4—11.45 | n, (1964050}
17552 | ap (1963LU0Y
2-55 |UC (1966GO1E
1.8 —-5.4 Po — Po, *He, g (1964KU0Y
18—55 |n (1964DI102
214 Po — Ps (1967CL1Q
20-57 | ng (1961TO03
2-6.2 |°He,ag, a; (1966BL01, 1966SC1}
24-33 | 3He ap (1970JA1B
~ 25 o (1963LU01 1963LU1H
2.7—54 | Yo (1964KU0H
3.50 —3.91 | 3He (1967SC2Y
40-54 | (1964KU0Y
40-6.0 | ps—ps (1966BL0Y)
44-82 | 3He,aq (1968WE151969WE03
45-6.0 | ap (1969WEO03
4.6 —11.0 | po — P9 (1969HA49
5-30 | 1C,13N (1965BR43
5.2—1738 Qaq (1968WE151969WEO03
55—11 | n (1964DE1Q
5.7—10.23 | ps, to, a0, 1 (1960H107
6-17 |p (1970S01G
6 —24 Be, ''C, *N (1962C03}
8—10 | °He,aq (1966SC2}
9—29 Be (1965EN0)
120 - 18.6 | ap — ar (1967GR1l)
12— 18.6 | do, di, Oy, He(0),>He(1) | (1968FO061969FO0Y
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Table 15.20: Recent yield and polarization measurement&n- *He *
(continued)

E(*He) Yield of Refs.
21 —31.2 |1C, BN (1959MA1D)
21 — 31 Be (1965MA1V)
(b) Polarization measurements "
224 —3.70 | n (1967SC2Y
248 —3.15 | py (1967KR1B
41-59 |n (1967SO1B
45-55 | po, Py (1967MA1M)
18 3He (1969LU1Q
29 3He (1961AG1A 1964BU1D 1965FR1E
31.6 3He (1969ENO3
36, 42 3He (1968HU1A

& See also1959AJ761961FO02.
b See als0(964BR1G 1964DI1G 1965SC1D1966HA21 1966MA1R 1968PALE 1969PA1G.
¢ See also1965PE1K1966CA1H.

7. (a)2C(Li, )50 Qm = —3.721
(b) 12C(**N, 1'B)!50 Qu = —8.664

For reaction (a) seeL069GI1B; for reaction (b) seel®69BR1G.

8. BC(He, n}°0 Qm = 7.125

Angular distributions of neutrons corresponding to theugistate of°O have been measured
at E(*He) = 1.70 to 5.35 MeV (L965DI07%, 2.6, 2.8 and 3.1 MeV1061J0071961J02), 2.66
MeV (1961DU1B 1963DU12 also i), 5.0 and 6.2 MeV 1969HO1F also to'*0*(6.18, 6.86,
8.92, 8.98, 9.50, 9.60, 9.66) and 7.8, 8.6 amd 10.1 MEY64DE1(. DWBA analyses have been
made: (969HO1F find L = 0 for 1°0*(0, 8.92, 8.98, 9.66) anfl = 2 for 1°0*(6.18, 9.49, 9.60).
At E(®*He) = 11.6 MeV, a neutron group assigned td'a= % state atl1.5 + 0.10 is reported by
(1969BR30).
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Table 15.21: Resonances'tC + *He

E(*He) Resonant for Ey? J Teom. Refs.
(MeV = keV) (MeV) (keV)
1.21 Po, P2 13.04 (2~ (1957BR1§
13 Po, P1, P2, P3, do, @ 12.1 (1957BR18 1965GR1R
2.15 n, m 1379 | (> 2) (1957BR1§
2.45 + 40 No, Po, P1, P2, P3 14.03 17,387) | 160£20 | (1957BR1§1961T0031964KU05 1964KU0G 19640S0}
2.75 + 40 No, 1, P2, 2He, o 14.27 it 340 + 30 | (1957BR18§1964KU05 1964KU0G 19640S011966CI01 1970JA1H
2.990 4 10 No, Po, P1, P2, P4, Ps. Ps, 2He, ag 14.460 5t 100 £10 | (1958J0201961TO031964KU05 1964KU0G 19640S011970JA1H
3.28 £ 40 Po 14.69 180 +40 | (1964KU0H
3.60 £ 40 Po, P, P2 14.95 400 £ 25 | (1958J0201964KU0Y
4.20 £ 10 Ps. Ps, 0 15.43 65+ 15 | (1964KU0H
4.37 440 Po, P1, P2, P1, P7, P8, 0 15.56 it 80 +25 | (1958J0201961TO031964KU05 1966CI0)
4.65 £ 50 Ny 15.79 (1961T0O031964DI02 1964KU05 1964050}
4.77 ag 15.89 17,87 350 (1969WE03
4.97 £ 20 ao 16.04 (1969WE08
5.03 + 20 ao } 5 16.09
no, 3He { (1961TO031964DI02 1964KU05 19640S011966SC121969WE0§
5.15 + 20 ag 16.19
5.45 a0 16.43 it 170 (1969WEO3
5.88 £ 50 no, 3He, ap 16.77 17,37 200 (19640S011966SC121969WE03
6.80 £ 50 Ny, p 17.50 17,37 600 (19640S011969WE031970S01G
7.4 ao 17.99 17,37 200 | (1969WE03
7.70 + 50 Ny, p 18.22 (19640S011970S01G
8.70 £ 50 no 19.02 (1964050}
9.80 + 50 Ny, p 19.90 (19640S011970S01G

a See also text.




Table 15.22: Radiative decays'tO

E; (MeV) JT E; (MeV) | Jf | Branch (%)| I, * (eV) Refs.
6.18 8- 0 1 100 (1965WA16
518 | 17| <25 (1965WA16
524 |37 <25 (1965WA19
6.79 gt 0 1= 100 (1965WA16 1968GI1)
518 | 17| <6 (1965WA16
<3 (1968GI1)
524 |37 <6 (1965WA19
<3 (1968GI1)
6.18 |37 | <7 (1965WA19
6.86 5 0 71 <10 (1965WA16
<12 (1968GI1)
518 |17 <15 (1965WA19
<4 (1968GI1)
524 | 3" 100 (1965WA16 1968GI1)
6.18 |37 | <04 (1965WA19
7.28 o 0 171 <30 (1965WA19
<12 (1968GI1)
3.841.2 (1969KU0))
518 | 17| <10 (1965WA19
<4 (1968GI1)
524 |37 100 (1965WA16 1968GI1)
96.2 + 1.2 (1969KU0))
6.18 |37 | <2 (1965WA19
7.55 i 0 17 =3 (1960TAL}
35405 (1963HE1)}
518 |17 |162+2 (1960TA1}
15.8 4 0.6 (1963HE1)
6.18 |27 | 57.9+0.6 (1960TA1Y
57.440.6 (1963HE1)}
6.79 |37 |229+2 (1960TA1}
23.34 0.6 (1963HE1)
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Table 15.22: Radiative decays'itO (continued)

E; (MeV) JT E; (MeV) | Jf | Branch (%)| I, * (eV) Refs.
6.86 | 3" b
8.28 E 0 1715384025 | 0531 | (1966EV0)
524 |27 1427405 0.405 | (1966EV0)
6.18 |37 | 2206 0.021 | (1966EV0)
6.86 |27 | 1.2+03 | 0.011 | (1966EV0)
8.74c | L7 518 | 1T 67 0.32 | (1966EV0)
6.18 |3 33 0.16 (1966EV0)
8.92 3 0 1T 21+£2 0.056 | (1966EV0)
518 | 17| 23+6 0.094 | (1966EV0)
6.18 | 37| 30+3 0.094 | (1966EV0)
6.86 | 27| 26+3 0.069 | (1966EV0)
8.98 '3 0 1| 934 0.74 | (1966EV0)
518 |17 5.9 0.046 | (1966EV0)
9.49 5" 0 1 86 2.1 (1967EV03
524 | 3" 6.5 0.15 | (1967EV0)
6.18 |3~ 0.7 0.22 | (1967EV0)
6.86 | 3" 3.4 0.08 | (1967EV0)
728 |17 5.1 0.11 | (1967EV0)
9.50 | 3T(L) 0 171~ 100 (1967EV03
9.60 3= 0 i 79 4.0 (1967EV03
524 |37 19 1.0 (1967EV0)
6.18 |3~ 2 0.1 (1967EV03

2 (1951DU08 1966EV0). See also(959HE4].
b Intensity< 25% of transition to'>0*(6.79) (L959PO7}
¢ See alsoX959HE4Y.

Branching ratios measured bjq65WA1Q are listed in Tabld5.22 The measured’, lead to
E, =6.180 + 0.004, 6.857 & 0.0032 and7.284 + 0.007 MeV (1965WA19.

See also 1964BR13 1968HI1J 1968ST1Y, (1965SH1E 1966SH1FE theor.) and!®O in
(1971AJ03.

9. N(p, 7)°0 Qm = 7.293
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Table 15.23: Resonances’ifiN + p

E;, (keV) Tab (keV) wl (eV) Particles out JT Ex (MeV) Refs.
278.1+0.4 1.7+05 0.014 | v 17 7.5522 | (1951DU08 1955BA83 1957PI1ZZ 1959P0791960TA17 1963HE1)
1061.6 £ 1.4 3.940.7 0.95 | v 3+ 8.2833 | (1951DU08 1956TA16 1957HA03 1959GA05 1959HE47 1959VA04 1959VA08
1963HE11 1966EV0)
1550 & 6 34 016 | v %* 8.739 | (1951DU0S§ 1956TA16 1957BO58 1957HA03 1966EV0)
174204+ 1.22 441 021 | v 3 8.918 | (1951DU08 1956TA1G 1957BO581957HA03 1959BA16 1959VA0] 1963C0O13
1966EV0)
1806.44+1.52 | 4.2+0.4 052 | 4 (3.3)" 8.9781 | (1951DU0§ 1956TA16 1957BO58 1957HA03 1959VA08 1963C0O131966EV0)
2348 + 3 10.840.5 2.4 5 5= 9.483 | (1951DU08 1957BO581959VA0] 1967EV02 1967LA05 1967LA1Q 19690C1B
2368 + 32 300 =+ 26 5 g+(§+) 9.50 (1957B0O58 1959VA08 1967EV02 1967LA05 1967LA10
2479 + 1.7 9.440.5 3.3 5 3~ 9.606 | (1951DU0g 1959VA08 1967EV02 1967LA05 1967LA1Q 19690C1H
2537 +4 241 p (.9 9.660 | (1967LA05 1967LA10
2600 + 50 1270 + 50 46 v (3.9)F 9.72 | (1951DU0Y
3200 + 8 1744 p + 10.278 | (1957BO581959VA08 1967KU1M)
3390 + 10 50 7. p 10.46 (1957BO58 1959VA08 19690C18B
3880+ 15 97 Po " 10.91 (1959BA16 1967KU1M, 1969WE0)
3908 £ 7 90 ~, Po, P1 i 10.939 | (1956BA34 19690C1B 1969WE0)
3998 £ 7 22 Po. P1 i 11.023 | (1956BA34 1969WE03
4130 £ 15 <10 Po 11.15 (1969WE03
4190 + 15 39 ¥, Po .97 11.20 | (19690C1B1969WE03
4575 £ 15 <10 Po 11.561 | (1969WE03
4580 £ 15 27 Po 5 11.57 (1969WE02
4580 150 v 11.57 (19690C1B
4630 + 15 27 Po 37(3) 11.61 (1969WE02
4740 £ 15 <10 Po 11.71 (1969WE03
4780 £ 15 85 Po, P1 5 11.75 (1956BA34 1969WE02
4881 £ 10 54 Po, P1 5~ 11.846 | (1956BA34 1969WE0)
5020 + 15 32 Po 5~ 11.98 (1969WE02
5180 + 15 172 Po. P1 5 12.12 (1969WE02
5550 & 15 64 Po, P1, P2 27 (2 12.47 (1969WE02
5900 ~ 250 v 12.8 (19690C18
5920 10 p + 12.82 (1967KU1M)
6100 30 Po — P2, o 5t 12.9 (1967KU1M, 1968SH1}
6600 broad (P2, ) 3t 13.45 (1968SH1119690C18
6640 (Po), P2 (2N 1349 | (1968SH1)
6760 ag 5 13.60 (1968SH1}
6870 P2 3 13.70 (1968SH1}
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Table 15.23: Resonances’itiN + p (continued)
E;, (keV) Tab (keV) wl (eV) Particles out JT Ex (MeV) Refs.
6960 P1, P2, P4, @0 N 13.79 (1968SH1)
7050 ~ 150 ~y 13.87 (19690C18
7370 o 5 14.17 (1968SH1)
7500 ~ 800 n, p2, ap 14.3 (1964KU06 1968SH1)
7550 ao 5 14.34 (1968SH1)
7700 n 14.5 (1964KU09
7950 170 £ 50 n 14.71 (1964KU09
8200 n 14.94 (1964KU0H
9050 n 15.73 (1964KU09
9400 n 16.1 (1964KU0H
9850 4+ 50 600 + 100 n 16.48 (1964KU09

a Comparison of analog states’iiN and!>O shows that there should be a (as yet unreported) stafdrat Fx ~ 8.95 MeV. This corresponds t&}, ~ 1.75 MeV, and the analysis of

the E, = 1.74 and 1.81 MeV resonances is therefore possible in error ®atburton, private communication).




Observed resonances are listed in TAAe3(1951DU0G 1955BA83 1957P1ZZ 1959GA05
1959HE47 1959P079 1959VA04 1959VA08 1960TA17 1963HE11 1966EV01 1967EV02
19690C18. Branching ratios are displayed in Taldl®.22(1960TA17 1963HE1]1 1966EV0).

The cross section increases frésmH+3.7) x 1072 b at 100 keV tq140+30) x 102 b at 135
keV (1957LA13. Extrapolation from theZ, = 0.28 MeV resonance giveS(0) = 2.75 £ 0.50
keV - b, with zero slope ta®, = 0.05 MeV (1963HE1). For astrophysical implications, see
(1964FO1A CAB65, 1968DU1R. TheJ™ assignments shown in Takl®.23arise from considera-
tions of branching ratios, measurements of angular digighs ofy-rays and the studies discussed
in reaction 10. Angular correlation measurements also feati = 2" and 2~ for 50*(6.79,
6.18). The results are also consistent with- % for 1°0*(5.18) (1959P07Y. Energies for states
involved in the cascade decays &e= 5.194+0.01, 6.15+0.03 and6.79+0.01 MeV (1959P0O7Y,
5.16840.015,6.1544+0.010, 6.788+0.008 MeV (1960TA1Y). At £, = 0.8 MeV, the non-resonant
radiation goes primarily {1 & 3%)] via cascades throughO*(5.2, 6.18, 6.79)1963BA1P. See
also (L959HEA47.

The excitation function fof, for £, = 6.4to 19 MeV is characterized by four very pronounced
peaks,~ 1 MeV, wide, belowFE, = 19 MeV. The 90° excitation function then shows a giant
resonance peak centeredmat~ 21 MeV (1968KU1H: see, however,1059C01¢1961CO03.
See alsol964TAODS.

See alsol966ED1A and (L969ZH1A theor.).

10. (a)“N(p, p)'“N E, = 7.293
(b) " N(p, 2p)*C Qm = —7.550

The yields of elastic and inelastic protons, andyafiys have been studied at many energies:
see ((959AJ76 and Tablel5.24 The scattering anomalies are superposed on a backgrouaokd wh
decreases less rapidly than the Rutherford cross sectorf; f < 2.3 MeV, the background is
largely s-wave with some p-wave contribution ab@ye= 1.5 MeV.

Observed resonances are displayed in Tabl23 see (959AJ7§ and (L959BA16 1959VA0]
1963C0O131967KU1M 1967LA05 1967LA1Q 1968SH111969WEOQ2. At E,, = 9, 10 and 10.7
MeV, broad structures, possibly intermediate-state r@soes, are reported b§468B0O3§. See
also (1961 TA0G 1964D0O031966MA02 and (L969AL1H theor.).

Polarization studies have been made at many energies: Bled $5a24(1961R0O051961R0O13
1965R0221966BE1M 1966BR09 1966DR02 1966ST051968GE0). See also the reviews in
(1966RO1R1966RO1B 1969WA1J) and (L965TAO7 theor.).

Spallation measurements are reported 1§67 AULA 1967GR1K 1968JA1M 1968JU1B.
For astrophysical considerations sé8g7LI11B).

For reaction (b), seel@66MAO02.

11. “N(p, n}**0 Qm = —5.927 By = 7.293
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Table 15.24: RecertN(p, p)*N yield curves and polarization studies

(a) Yield curves
E, (MeV) of protons to'*N* Refs.
0.9—-4.0 g.s. (1959BA19
1.0 —2.0 g.s. (1961C0291963C0O13
1.7-3.5 g.s. (1959VA08
1.9 —-3.0 g.s. (1967LA05 1967LA10
2.6 —4.8 g.s. (1966DR0O2
3.6 —14.5 g.s. (1967KU1M)
3.7—5.7 g.s., 2.31 (1967WE1B 1969WE02
528 — 5.7 3.94 (1967WE1B 1969WE02
6—9 g.s.,2.31,3.94 | (1968SH1)
6—11.5 g.s.,2.31,3.94 | (1968BO39
6.8—9 5.11 (1968SH1}
6.8 —11.5 5.11 (1968BO36
84 —11.5 5.83 (1968B0O36
9—11.5 4.91,5.69 (1968B0O36
10 —12 6.44,7.03 (1968BO36
(b) Polarization measurements
3.0—4.8 g.s. (1966DR02
4.9 —10.1 g.s. (1966BR09
7.1-85 2.31 (1966BR09Y
7.6 —11.8 g.s. (1966ST0Y%
7.8 g.s. (1961RO13
8.1—-28.5 3.94 (1966BR09
10.4 g.s. (1961R0O0%
14.5 g.s. (1965R022
21.0 g.s. (1966BE1MN
155 g.s. (1968GE0}

& See also1959AJ79.
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The excitation function has been measuredfigr= 6.3 to 12 MeV. Broad resonances are
observed forE, = 7.5 to 9.85 MeV: see Tabld5.23(1964KU0G. Broad resonance structure
continues in the region up t&, ~ 16.5 MeV (1966KU1). See also{963VAL1C 1965VA23
1969VEO032, (1969AL1H theor.) andO. See alsol966RE1D 1969BA1N for astrophysical
considerations.

12. N(p, d)*N Qum = —8.328 By = 7.293

See®N and (1963VA1Q.

13. “N(p, t)2N Qum = —22.139 B, = 7.293

See?N in (1968AJ02.

14. “N(p, 3He)'2C Qum = —4.779 By = 7.293

The integrated cross section for this reaction has beenestddr £, = 8.2 to 10.5 MeV
(1968SH1). See alsol966MAO2).

15. “N(p, a)''C Qum = —2.920 B, = 7.293

In the rangel, = 6 to 9 MeV, the cross section for ground stat@articles is large and shows
many resonances: see Talile.23(1968SH1). Integrated cross sections faoy anda, are also
reported fork, = 8.2t0 10.5 MeV by (968SH1}. See alsol952BL64 1963VA1G 1966MA02
1969WEO02 and seel966RELD for astrophysical implications.

16.*N(d, n)'*0 Qm = 5.068

Angular distribution studies have been conducted at maesgers: see TablEs.26(1953EV03
1960EL04 1960MO18 1960RE07 1962GR18 1963CH1D 1963GI16 1965S113 1966LO1N
1967MU12 1968RI1T, 1969RI1Q. Information derived from DWBA analysis of the angular-dis
tributions, and from the very accurateray measurements af§65WA16 1966AL18 1967CH19
are shown in Tablé5.27
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Table 15.25: Lifetimes of soméO states

E, (MeV) Tm (PSEC) Reaction Refs.
5.18 <0.3 60(He, a) (1965AL19
<0.3 1N(d, n) (1965WA03
<0.1 160(y, n) (1969MUQ7
5.24 > 1 N(d, n),'OCHe,a) | (1965AL19
>5 1N(d, n) (1965WA03
32405 1N(d, n) (1967BI11)
6.18 < 0.047 “N(d, n) (1968GI1)
<0.1 160(y, n) (1969MUOQ7Y
6.79 < 0.028 1N(d, n) (1968GI1)
6.86 0.10 4 0.06 1N(d, n) (1966AL19
<0.018 1N(d, n) (1968GI1)
7.28 | (1.2540.3) 1N(d, n) (1966AL19
(0.70 +0.15) 1N(d, n) (1968GI1)

Table 15.26: RecentN(d, n)*O angular distribution studies

E4 (MeV) | Distribution of neutron groups Refs.
0.91 —5.27 | ny (1960REQY
1.35 —2.80 | ny (1960EL04 1965SI113
1.53 —2.90 | ny (1960M0O18
2.2 Ny (1966LO1N
2.55,2.7 | ng5 (1960EL0)
2.83 Ny + N, Ng (1962GR181963GI116
2.85 Ny, Ny, Ny, N5 (1963CH1D
3.4 —5.35 | ng, Ny, N3, Ny, N5, Ng, Ny (1968RI1T, 1969RI1Q
5 Ny, Ng, Nyt 5, Ng (1967MU12
7.7 No, M2, N3, Nyy5, N7, Ng (1953EV03

& See also1959AJ79.
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Table 15.27: Levels of O from *N(d, n)*O and*N(*He, d)°O

E.*(MeV) | 1" | 1,¢ | 1,4 | B e (MeV£keV) |1, f|1,8| 7"
0 1] 1 |1 1|14
5.18 ©) | ©) | L7
5.24 (2) 2 | 5241514052 | 2 | 2 | 3°F
6.18 1] 1 |1 6.180 £ 4 113
6.79 0 |0+2| 0 0| 0| 2F
6.86 2 |0+2| 0 | 6.8598+10 2 | 2|3
7.28 2 | 2 7.2762 £ 0.6 2 | 2|17
7.55 0 1 0| if
8.28 0| 2"

& Nominal energies.

b (d, n): (1968RI1T, 1969RI1Q.

€ (d, n): (1967MU13.

d(d, n): (L953EV03.

°(d, n): (1965WA16 1966AL18 1967CH19.
f (®He, d): (1968B0O13.

& (3He, d): (L969AL0Y.

h (1968RI1T 1969AL04 1969RI1Q.

Neutron thresholds have been observedzat= 0.143 + 0.004 and 0.206 4+ 0.005 MeV
(1963CS0%, 1.2440.02, 1.967+0.004 and2.0444-0.004 (1955MA89, corresponding t& 0*(5.19,
5.25, 6.15, 6.79, 6.86). See ald®65MALK).

Gamma ray branding ratios are shown in Tatbe22(1965WA16 1968GI1). Lifetime mea-
surements are listed in Tabl®.25(1965AL19 1965WA03 1966AL18 1967BI11 1968GI1).
See alsol959M01Q 1966AV1A).

17. (8)““N(*He, d)°0 Qm = 1.799
(b) *N(*He, np)°0O Qm = —0.425
Qo = 1.803 £ 0.010 (1959Y025;
Qo = 1.802 & 0.015 (1960FO0].

Angular distributions obtained d@(*He) = 11 MeV (1968B014 and 14 MeV (969AL09
have been analyzed by DWBA: see Talile227 The angular distribution of deuterons has also
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been measured &t(*He) = 5.1 MeV (1960F00). For reaction (b) seel@67AD1A and!F in
(1971AJ03.

18. “N(a, 1)1°0 Qm = —12.521

Angular distributions of tritons corresponding to the grdistate of O have been determined
at £, = 43 MeV (1967DE1K and at 56 MeV [968GA1C 1969GA1). At the higher energy, a
detailed comparison is made with the results from the mieaction'*N(«a, *He)'"’N (1969GA1).

19. 1N(!!B, 1°Be)*O Qm = —3.936

See (967PO131969BR1D.

20.°N(p, n)*0O Qm = —3.542

Eliresh. = 3.7808 & 0.0011 [Qy = —3.5425 £ 0.0011] (1958]J0281958WE1G.

Angular distributions of ground state neutrons have beeasored at, = 3.95 to 5.99 MeV
(1958J028% 3.95 to 8.99 MeV, 11.4 and 13.6 Me\I{63HA46 also i at £, = 5.5 MeV), 5.5
to 13.6 MeV (961WO03 and 18.5 MeV {(964AN1B. See also{961SA0), (1968WO1D,
(1964SA10 1968HA15 theor.), and®0 in (1971AJ03.

21.15N(He, 150 Qm = —2.778

A number of triton groups have been seen in this reaction. ukarglistributions of these at
E(*He) = 39.8 and 44.6 MeV, analyzed using a local two-body interactiotihai arbitrary spin-
isospin exchange mixture, lead to thhevalues shown in Tabl&é5.28 (1967BA13 1968BA1E
1969BA0§. See alsol966EC1B 1969B0O13.

22.160(y, n)I*0 Qm = —15.668
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Table 15.28: Levels of O from ?’N(*He, )0 2

E, (MeV =+ keV) L E, (MeV =+ keV)

0 0 9.63 + 40

5.24 £+ 30 1,3 10.30 40

6.18 0 10.49 4+ 40

6.84 + 40 1,3 10.97 + 50

7.28 3 11.21 £ 60

7.55 3 11.69 £ 40

8.28 1 12.34 + 40

8.94 + 40 13.78 + 40
9.47 4+ 50

a (1967BA13 1968BALE 1969BA0§; E(*He) = 39.8, 44.6 MeV.

The spectrum of photoneutrons has been investigated at srergies. Measurements over
the giant dipole resonance region show the predominamigttrés to the/™ = 1~ and2 ™ states at
E, = 0 and 6.18 MeV, consistent with the basic validity of the siaghrticle, single-hole theory
of photoexcitation it®0. However, the two positive parity statesat= 5.18 and 5.24 MeV MeV
are also strongly populated, auggesting some non-sirayticle excitation in that region ifO
(1965CA14 1965MA45 19660W01 1967CAL1C 1967CALR 1968BA2L, 1969UL0). See also
(1963FU05 1964TA1G 1965WI03 1967FI1E 1968JO1H 1969C0O151969HO1T 1969JO1N
1969MUQ7. See also1968ZH1B theor.). For lifetime measurements'0D*, see Tablel5.25
(1969MUO07. See alsd®0 in (1971AJ02.

23.150(n, 2n}°0 Qm = —15.668
See (955AJ6).

24. (a)*O(p, d)°O Qm = —13.443
(b) *O(p, pn)}°O Qm = —15.668

Reaction (a) goes primarily to the ground state and 6.18 Matég/™ = %_ andg_, respec-
tively). Angular distributions have been reported at mangrgies: see Tabl&5.29(1961LE1A

1963KA26 1963LEO3 1966GR1A 1967CH15 1968LEO1 1969BA0S 1969SNO3. See also
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Table 15.29160(p, d)°O angular distribution studies

E, (MeV) | Distribution of deuteron Refs.
groups to'?O*
18.5 — 20 g.s. (1961LE1A 1963LEO3
21.3—45.3 | g.s. (1969SNO3
25.5 — 45.3 | 5.18 +5.24, 6.18 (1969SNO3
30.3 g.s., 6.18 (1967CH1%
35,40 |g.s.,5.18,6.18 (1966GR1A
39.8 g.s., 6.18 (1963KA26
45.3 7.28,9.60, 10.46 (1969SNO3
100 g.s., 6.18 (1968LE0]1 1968LI1A)
155.6 g.s.,6.18,7,10 (1965DE1A 1969BA0S 1969TO1A

@ Partial angular distributions to many excited states.
b See, however,J068LEOQ).

(1968SHO08 theor.). The energy ofO*(7.28) is 7.285 4 0.010 MeV (1966MA1A). See also
(1964BA04 1966SH1A.
For reaction (b), seelP62BA1A 1962FO031963BE1A 1967FU1A 1968PU1A.

25.160(d, t)°0 Qm = —9.411

Angular distributions have been measuredat= 15 MeV (1961KE01 t;), 20 MeV (1961VL02
to), 20 MeV (1969PU04 ty, t1, to, t3; In =1, 0, 2, 1) and 28 MeV 196SGA13 to) At
E; = 28 MeV, detailed comparison is made with the results from theranireaction'®O(d,
3He)!’N (1968GA13.

26.150(He, 2)*0 Qum = 4.910
Qo = 4.916 % 0.010 (L959HI68;
Qo = 4.917 £ 0.015 (1962SH2).

The p/, and g/, hole states at, = 0 and 6.18 MeV are strongly populated in this reac-
tion, see e.g.1(965WA17. Information on these and other states observed in this reaction
is shown in Tablel5.30(1959H168 1959Y025 1967HE1A 1968B0O14. The J-values are de-
rived from angular correlation measuremerit8g7HE1A 1966GA19 1966G0151967G0O07
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Table 15.30: Excited states &0 from ‘O(*He, a)'*O

E. (MeV % keV) Refs. > J Refs.
0 1

5.174 + 10 (1959HI169
516715 | (1959Y025
5193 &+ 11 (1965AL19

5.233 + 10 (1959HI69 | 2 | 2 | (1966G0O151967GO0Y
5243 £10 | (1965AL19
6.18 a 1|3 |(1966GO15
6.79 a 2 | 2 | (1966GA191968GI0)
6.86 a 2 | 2| (1966GA19 1968GI0)
7
2

7274214 (1967HE1A (1967HE1A

2 Nominal energy.
b (1968B013.

1968GI10): see also1968B0O14. Angular distributions have been measuredHAgtHe) = 5.2 to
36.6 MeV: see Tabl#5.31(1959H173 1960TA12 1962SE131965AL05 1965AR07 1968B0O14
1969BR0O7Y. Branching ratios are displayed in Taldlg.22(1965WA16 1969KUO0]). See also
(1965WAO03. The lifetimes of°0*(5.18, 5.24) are< 0.3 and> 1 psec, respectivelylO65AL19:
see also Tabl&5.25 A comparison of the 5 MeV transitions E3/M2 mixing ratios'i® and'°N
strongly suggest a collective character for the E3 compioofahese transitionsl@68GI0).

The ratio of mixing ratios of the mirror decay®*(6.18 — 0) and'>N*(6.32 — 0) are in dis-
agreement with the IPM suggesting a collective contributmthe mirrorg_ levels (L966RO1V).

The M2/E1 mixing ratio for theé>0*(6.79) transition indicates an exceptionally high rdtar
tion of an E1 transition in a non-self-conjugate nucleudsadso true of the analog transition in
15N (1968Gl0).

The £, = 7.28 MeV state,/ = % has a negligable effect on the (astrophysical) CNO cycle
(196 7HE1A.

See als01961DU02 1961S109 1966AG1B and!'°Ne in (1972AJ03.

27.160(1N, N)!50 Qm = —4.833

See (965GA1B 1969BR1D.

28.170(p, t}*O Qum = —11.329
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Table 15.311%0(He, ) angular distribution studies

E(*He) (MeV) | Distribution of o groups to!>O* Refs.

5.2 g.s. (1960TA1)

57,59 |g.s. (1959H173

8 — 10 g.s. (1965AL0H

9.2 g.s., 5.18, 5.24 (1959HI73
08—11.7 |gs. (1966BR131969BROJ

11 g.s.,5.18,5.24, 6.18, 6.79, 6.86(1968B0O14

16.6, 25.8, 36.6 g.S.,5.18 + 5.24, 6.18 (1965AR07

29 5.18 +5.24, 6.18 (1962SE1}

See (969ME1M).

29. ¥F(p, m)**0 Qm = —7.553
See (962F003.
15F

Mass of °F: A calculation using an isobaric mass formula predicts thitis unstable with
respect to proton emission by 2.32 MeV: the mass exce$S%-dé then 17.62 MeVI966KE19.
See alsoX957MU99 1961BA1Q.
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