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15C
(Fig. 28)

GENERAL:

Mass of ¥C: From theQ of the 1“C(d, p)}°C reaction given by{956D04) (Q, = —1.007 +
0.001 MeV), and using the Wapstra masses'fa€, d and'H, the mass excess 6fC is 14.305 +
0.005 MeV. Application of Coulomb corrections indicates an eatian of 11.72 to 11.87 MeV for
the firstT = 2 state of °N (1956BA16 1956D0371957MU99.

1. 15C(57)"*N Qum = 9.777

The half-life is2.25 + 0.05 sec. Thes-spectrum is complex, witB2 4+ 2 % of transitions
(log ft = 6.0) to the'>N ground state ;(max) = 9.82 + 0.04 MeV) and 68% log ft = 4.1) to
the upper of the 5.3 MeV levels &fN. A 5.299 £ 0.006 MeV ~-ray is observedl(959AL1M): no
other~-rays with £, > 5.3 MeV are observed with intensities 5%, and the intensity of a 1.9
MeV ~-ray (expected if thé’N*(7.16) level were involved) is< 10% (1956D0O37}. The internal
pair conversion coefficient of the 5.30 MeMray is consistent with E1. All data are consistent with
J = 17 for the 5.305 MeV state if’N and.J = 1" for 1°C (1959AL1M). See also{955AJ61

2
1956BA16 1956DO37.

2.9Be(Li, p)'°C Qm = 9.098

At E("Li) = 2.0 MeV (6§ = 90°) proton groups are observed corresponding to the groutel sta
of 1°C and to excited states at62 & 0.06, 2.48 £ 0.05, 3.08 &= 0.04, 4.26 £ 0.04, 5.93 £ 0.04,
6.58+0.04, andl8.16+0.06 MeV. The ground stat€ is9.04+0.05 MeV (1957MU99. In an earlier
experiment, {957N0O14 foundQ, = 9.05 + 0.05 and@; = 8.35 + 0.05 MeV (E, = 0.70 £+ 0.05
MeV). Calculation of Coulomb and (s 'H) energy difference places the analogue stat€ Mf
at 11.72 to 11.87 MeV. Identification with the known= %Jr; T = 2 level of *'N at 11.61 MeV

supports/ = 1* for 1°C, . (1956BA16 1957MU99 1957NO13.

3."c(d, py°C Qun = —1.007
Qo = —1.007 £ 0.001 (1956D04).

dentification of'°C,, with '°N*(11.62), J= = 1™; 7" = 3, is suggested byl@56BA19.
Proton groups corresponding to the ground state and toslet@!7 + 0.1 and6.2 + 0.15 MeV are
reported by {958M095. The weak activity previously reported &t < 1.3 MeV, indicating a

Q ~ 0.1 MeV (see (955AJ6)), is now attributed to contaminatiofn§56BO1l). See alsd®N.



Table 15.1: Energy levels d¢fC

E, (MeV + keV) JT T1/2 Decay| Reactions
0 (17,27 | 225+£0.05sec| B~ |1,2,3
0.66 £ 50 2,3
2.48 + 50 2
3.08 &40 2
4.26 £ 40 2
5.93 + 40 2
(6.2 £ 150) 3
6.58 + 40 2
8.16 &+ 60 2
4.1C(n,~)"C Qm = 1.220

The capture cross section<ds1 pb (1951YA1A, 1955HU1B 1958HU18.

The following reactions leading t8C are not reported*C(t, p)°C (Q., = 0.909), “C(t,
d)PC (Qum = —5.039), “C(a, 3He)!’C (Qn, = —19.358), ’N(n, p)°C (Q., = —8.994), 8O(n,
a)5C (Qu, = —5.024).

15N
(Fig. 29)

GENERAL:
Theory: See (956KA1C 1957FE1A 1957HALE 1957PE1D1958FR1G.

1. °Be("Li, n)'°N Qm = 18.092

See (957NO17.

2. B(a, n)N Qum = 0.152 By = 10.993

Reported resonances are listed in TatBe3(1954BE08 1954TR09 1955SH461956B0O61
1958HAILR see alsol950H0O8(). Some absolute cross sections are givenl®b6B0O6). See
also'*N.



Table 15.2: Energy levels 6FN

FEy (MeV + keV) J7 I' (keV) Decay Reactions
0 ' — stable | 1, 5, 11, 16, 19, 20, 27, 28
31, 32, 33, 34, 36, 37, 38
5.276 + 6 <17 vy 5,11, 16, 19, 20, 27, 32
5.305 £ 6 1 s v 5,11, 16, 19, 20, 27, 32
6.328 + 6 <3 vy 5,11, 16, 20, 27, 32, 34
7.164 £ 6 <1t v 13, 20, 27
7.309 + 6 I v 16, 20, 27
7.572 £ 8 <I* (7) 16, 27
8.316 + 6 v s v 20, 27
8.575 + 8 <17 o 20, 27
9.062+10 | 47,237 v 20, 27
9.165 + 10 vy 20, 27
9.834 + 10 (7) 27
10.069 £10 | <3~ v 27
10.458 + 10 vy 13, 27
10.548 =+ 10 2.7 v 13,27
10.710 £ 10 3t v 13,14, 27
10.815 + 10 3 v 13, 27
11243+£10 | > 17 3.3 n 21,27
11.299 + 10 RS v,np |13,15, 21,23
11.438 £ 10 1 40+3 | v,npa |2131521,23
11.61 1Ta | 450 v.n,p |13,15,30
11.773 £ 10 3t 39+3 | n,pa |21521,23
11.885 + 10 3 20 + 2 n,p,a |21521
11950 £10 | >1 <3 n, o 2,21
11.972 + 10 ' 16 n,p,a |15,21
12.103 £ 10 g 1945 npo |2315721
12.152 4 10 2 49 n,p,a |23,15,21,23 24
12.333 £ 10 g 21+3 n,p,o | 15,21
12.502 £ 10 ot 28 npa | 23,15,21,24
12.928 + 10 3 60 n,p,a |31521
12.93 I 30 P, a 3
13.15 <2 n, p,a 2,3



Table 15.2: Energy levels 6fN (continued)

FEy (MeV + keV) J7 I' (keV) Decay Reactions
13.18 6 n, p,a 2,3
13.36 %‘ 20 n, o 2,3
13.41 ot 30 pa |3
13.61 (3~ 15 n, o 2,3
13.71 30 n, o 2
13.85 50 n, o 2
14.08 ~ n, a 2
14.17 25 n, o 2
14.63 53 n, o 2
14.90 n, o 2
15.01 n, o 2
15.08 n, o 2
15.29 n, o 2
15.37 n, a 2
15.61 n, o 2
15.92 n, o 2
15.93 n, o 2
15.99 n, o 2
16.04 n, o 2
16.47 p 7
16.72 ~ 90 n, p, d 6,7
16.90 ~ 350 n,d 6
17.11 broad d, «a 9
17.24 ~ 170 t,d 8
17.37 ~ 350 | p,a,t,d,n|6,7,8,9
17.58 ~ 170 t, d 8
17.70 ~ 500 d, n,« 6,9
17.72 48+9 | p,a,d,t 7,89
18.07 19+4 a, d 9
18.09 ~ 45 p, d,t 7,8
18.28 230+60 | n,p,a,d |6,7,9
19.16 ~ 130 n,d 6

am %




3. 'B(a, p)*C Qm = 0.780 B, = 10.993

Reported resonances are listed in Tabbe3 (1955SH46 1958LE23 1959LE2§. Angular
distributions of the ground state protons have been measured at 150 energies in thé range
to 4 MeV. The assignment = §+ to >'N*(12.50) agrees with an independent determination in
4N(n, n)“N (1958LE23. Partial widths for several resonances are listedlI®$9LE29. See also
14C.

4.12C(t, p)4C Qum = 4.634 B, = 14.848

See (951PO1A.

5. 12C(a, p)°N Qm = —4.965

Proton groups have been observed corresponding to the ground staiteafd to'°N*(5.4,
6.5) and to other unresolved excited states ugrto~ 13.5 MeV (1951BU10 1951BU1E
1957SH1Q. Angular distributions have been studiediat = 30.5 MeV (1957HU1B and 41.5
MeV (1957SH1Q. They all show strong anisotropic structure typical of dirmteraction. The
ground state angular distribution is qualitatively similar to that of the inverse reaction. An excel-
lent fit is obtained to the data 30° under the assumptian(triton) = 1, R = 5.10 x 10~ cm
(1957SH1B1957SH1C see alsol957BU5Y).

6. 3C(d, n}*N Qm = 5.319 E, = 16.161

Observed resonances are displayed in Tdhlel (1950RI57 1955MA76. Absolute cross
sections are given byl@55MA76. See alsd*N and (1957JA37.

7.13C(d, pJiC Qum = 5.947 E, = 16.161

Observed resonances are displayed in Tablé(1941BE1A 1950CU131953K042 1956 MA46.
Angular distributions have been measured at a number of energies in theHargé.3 to 2.8
MeV (1953K042 1956K026 1956MA46G 1956VAL7). At most energies some stripping contribu-
tion is observed, although compound nucleus formation appears to be quite importantfos
MeV (1956MA46. There is some disagreement on absolute cross sectiongl$88k042
1956MA46 1956VA17, 1957HO63. See alsd*C.



Table 15.3: Resonances'itB + «a

E, (MeV) | I'ly, (keV) | Particle out| £, (MeV) | J™ | Ref.
0.60 n 11.43 a
1.03 n 11.75 a
1.18 n 11.86 a
1.30 n 11.95 a
1.51 n,p 12.10 b
1.58 n,p 12.15 b
2.06 66 Mo, Po 12.50 5t c
2.63 80 No, Po 12.92 %_ d
2.64 40 Po 1293 | I7 | ¢
2.94 <3 No, Po 13.15 d
2.99 8 No, Po 13.18 d
3.23 29 No, P 13.36 %_ d
3.30 40 p 1341 | 37 | e
3.56 20 No, P 1361 | (27) | ¢
3.71 40 Ny 13.71 f
3.90 70 no, (N1) 13.85 f
421 ~ 10 Mo, Ny 14.08 f
4.33 35 Ny 14.17 f
4.96 72 Ny 14.63 f
5.34 Ny 14.90 g
5.49 Ny 15.01 g
5.58 Ny 15.08 g
5.86 Ny 15.29 g
5.98 Ny, No 15.37 g
6.30 No, (N2) 15.61 g
6.72 No, (N2) 15.92 g
6.74 Ny, No 15.93 g
6.82 Ny, No 15.99 g
6.89 16.04 g

2 (1954BE0$, and private communication.

b (1955SH4#.

¢ (1955SH461956B06]1 1958HALR 1958LE231959LE2§.
4 (1956B0O611958HA1B 1958L.E23 1959LE28.

e (1959LE28.

f (1956B0611958HA1B.

g (1958HA1B.



Table 15.4: Resonances*tC + d

Ey4 Emitted r 15 N* References
(MeV) particles (keV) (MeV)
0.37 p 16.47 | (1956VA17)
0.64 n, P ~ 100 16.72 | (1950CU131950RI57 1953K042 1956MA4G 1956VALY)
0.85 n ~400 | 16.90 | (1950RI5}
1.10 ao broad | 17.11 | (1956MA35
1.24 %+ 0.04 to ~200 | 17.24 | (1956MA35
1.40 £0.04 | po, ag, to ~ 400 17.37 | (1956MA35 1956MA46)
1.552 n ~ 100 (1941BE1A 1950RI5%
1.64 + 0.04 to ~200 | 17.58 | (1956MA35
1.78 4 0.05 n, ag ~ 600 17.70 | (1950RI57 1955MA76 1956MA35
1.80 £ 0.01 | (po), a1, ty 55 £ 10 17.72 | (1956MA35 1956MA46)
2204+ 0.01 | ag, a1 2244 | 18.07 | (1956MA35
2234002 | po,t ~ 50 18.09 | (1956MA35 1956MA46)
2454+0.03 | n,,a9 | 27070 18.28 | (1955MA76 1956MA35 1956 MA46
3.46 +£0.03 n ~ 150 19.16 | (1955MA79

@ Possibly to be identified with 1.40 MeV resonant8%6MA39.

8. 13C(d, t)2C Qum = 1.313 E, = 16.161

Observed resonances are listed in Tdlel Angular distributions and absolute cross sections
are reportedi956MA35. See alsd?C.

9.13C(d, )''B Qum = 5.167 E, = 16.161

Observed resonances are listed in Tdldel Angular distributions and absolute cross sections
are reported. Analysis of the narrdy, = 2.2 MeV resonance suggests that it is formed by 3
or 4 (1956MA35. See alsd'B.

10.13C(t, n)'°N Qm = 9.903

Not reported.



Table 15.5: Low-energy*C(p,)'°N resonance$

E, 15N* wl'y wl'y, wl' wl'y, , lp J7
(keV) | (MeV) (eV) (eV) (eV) (eV)

261 | 10.458 ~EX 1074 |21 x107* | ~4x107* | ~1x107%| <4

351 | 10.542 > 0.04 <3x1074 0.018' | 0.025° |<3|(E%1)
527 | 10.706 ~ 200 0.36 0.18 2| 37
634 | 10.806 ~04P 0.11 0.04

2 (1957HE1C1958HE481959HELD); see also Tabl&é5.6

b Estimated fromy-intensities in'*N(d, p)'°N: see (958RA13.

¢ 93 ~ 0.2 (1957THE1GC1959HE1D.

4 To 15N*(5.28).

© To !>N*(7.16). The ground state transitiof.(6 — 0) is 3 times as strong a%.(6 — 5.28) (L959HELD).

11. 3C(He, p)°N Qm = 10.668

Proton groups have been observed corresponding to thedystate of'°N and to the levels
at 5.3 MeV (unresolved) and 6.3 MeV;(®*He) to 4.5 MeV. Angular distributions show strong
forward and backward peaking, roughly symmetric al$ddt and may indicate either compound
nucleus formation or exchange strippid®b6SC0119571L01 1957J01B. See alsol957BR1§
and'¢0.

12.13C(a, d)!°N Qm = —7.683

Not observed.

13.4C(p,~)*N Qum = 10.214

Resonances for captuseradiation are listed in Tablesb.5and15.6 The energies of the first
four resonances (Tabls.5 agree well with level energies derived frdfiN(d, p)'°N (1958HE48
1959HE1D); corresponding values given by955BA44) are 8 to 10 keV higher. Quoted limits on
I, in Table15.5are based on estimateslgf. The assignmergr to 1°N*(10.71) is based ok C(p,
p)'*C (1958HE48 1959HE1D); the assignmerd ™ gives a more satisfactory account of theyp,

angular distribution both for this level and f6iN*(10.81) (1955BA49); J = %+ is, however, not
excluded for eitheri957BA19. Combination of°N*(10.81) and">N*(9.84) permits a good acc-

10



Table 15.6: Resonances'ttC(p,y0)'?N and'*C(p, n)}*N

Ep,* Yields® AR I TR I TR B DR R O g Tl eze [, | e2e | E
keV) [ 1077 [107° | (keV) | (keV) | (keV) | (keV) | (eV) (MeV)
~Ip n/p
361 | 0.01 (< 0.004)® 10.551
537 | 5.7 (0.12)h | (27)n 10.715
646 | 0.49 (0.010)" | (27) 10.817
1163+2 | 31 | 20 12 16 | 104 | 0 0.29 17 |'1/0002| 1| 004 |11.299
131243 | 79 | 120 | 43+59| 244|150 | © 2.4 1t 10001 | 0| 0007 |11.438
1500 | 49 | 88 | 520 | 184 | 506 26.3 1"« | o|0001| 0| 1.0 |[11.61
1668 + 3 17 37 365| 05 | O at 0001 | 2| 0004 |11.771
1788 + 3 15 | 245 | 245 | 003| 0.05 27,(37)| 1|00t | 3| 0003 |11.883
1884 + 3 56 | 215 | 212| 03 | 026 1 1/0.009| 1| 0.0004| 11.972
2025 + 4 40 18 172 | 08 | 0.6 5070e |1 10007| 3| 005 |12.104
2079 + 4 290 53 38 | 15 | 22 sWe | 0| 0008 2| 006 |12.154
2272+ 4 10 22 217 | 03 | 01 312 10007| 2| 0.0009| 12.335
2450 + 4 3444 | 28 | 03 | 55 (2) 12.501
2008 + 4 7145 12.928

2 (1956SA0.

b (1955BA49: see comparable values ihl951R0O161956SA08.

© 92 as defined byi955BA49.
4 (1956FE1G.
¢ See also{953KALA).
f Assignment from*N(n, n)*N: see also1953KA1A).
sT = 3.
2
b Compare Tabld5.5

11




ount of the low energy (n, n) and () cross sectionslO59HE1D. The thermal (n, p) cross section

can be ascribed to thg, = 1.5 MeV resonance'{N*(11.61)) (L955BA44 see alsd*N(n,~v)'*N).
Strong interference effects in the (9, yield curve indicate that th&), = 1.31 and 1.50 MeV

states have the sané (the former is given a$+ from *N(n, n)*N) and that theZ, = 1.16 MeV

state has opposite (odd) parity:= 17, 27; J = 1~ is favored byo(n, n).

The E, = 1.66 MeV state has even parity. Assignments for these four lemdisated in Table
15.6are consistent with th&C(p, n)*N results (955BA44 see also 1953KA1A)). The state
at £, = 1.50 MeV probably hasl" = % and corresponds t6C, ; (1955BA44 1956BA16 see

4C(p, n}*N). See alsoX954SP1B1956FE1Q.

14.11C(p, p)“C E, =10.214

Elastic scattering has been studied f§r = 340 to 690 keV. At theE,, = 527 keV resonance

(see Tablel5.5), the scattering is consistent with d-wave formation of & §+ state,I', = 0.2
keV. No anomalies are observedia = 351 or 635 keV ((958HE4§1959HELD.

15. 14C(p, n)“N Qum = —0.628 E, =10.214

Resonances reported b$9651R0O16 1953KA1A, 1954BA1C 1955BA44 1956SA06 are
listed in Tablel5.6 see also1959GI47. Neutron distributions are essentially isotropic at the
E, = 1.16, 1.31 and 1.50 MeV resonances and agree with the assignamted from'*C(p,
7)!*N and'*N(n, n}*N; the distribution at?, = 1.67 MeV favors.J = 3. At £, = 1.79 MeV, the

distributions favorg_, butg_ is not excluded1955BA44 see also1953KA1A)); a computation
of the cross section favors = % (1956SA09. At E, = 1.88 MeV, the angular distribution is

consistent with the/ = 1~ assignment from*N(n, n)}*N and at®, = 2.02 MeV the appearance

of a P;(cos 6) term supports the assignmeht= g excludingJ = g+ (1955BA44 compare Table
15.7). Parities of this and the next two states disagree Wit{n, n}*N results. Ther, = 2.27
MeV state has/ = 2 or 2; theo,, clearly indicates the lattefl @55BA44 1956 SA09.

For ’N*(11.61) (£, = 1.50 MeV), the proton reduced width indicates a single-partiele|,
while the neutron reduced width is onlg—3. This behavior is taken to indicate that the level has
T = 2 and corresponds t&C, , ; the predicted energy from MiC) is '?’N*(11.7 to 11.9 MeV)
(1955BA44 1956BA19.

16.14C(d, n)°N Qum = T.987

Neutron groups have been observed corresponding to levél at 5.34, 6.32, and 7.46 MeV
(1950HU73. See alsol956FR1A theor.).

12



17.1“CCHe, d)°N Qum = 4.720

Not reported.

18.11C(a, t)1°N Qm = —9.599

Not reported.

19.75C(3)"°N Qum = 9.777
SeelSC.
20. “N(n, 7)15N Qum = 10.842

Qo = 10.833 £ 0.008 (1957BA19.

The thermal cross section88 + 20 mb (1957BA1§. Observedy-rays are given in Tabl&5.7
together with thé®N levels with which they are presumed to be associated. Thaydecheme
is in good accord with that derived frotdN(d, p)'°N (1957BA19. It does not appear that any
of the known levels in this region can account for the largerial cross section. Thé = = 7;

T = g level at'?N*(11.61) gives the same capture radiation spectrum anoumts very weII for
the thermal*N(n, p)'“C cross section, but contributes only 0.4 mhstg. The required level is
presumably to be found below the neutron threshbid*(10.2 to 10.7 MeV), and should have a
large neutron and a small proton Width,%Jr or %+, andl’,, = 1 eV (1955BA44: compare“C(p,

v) (L959HELD. See alsoXl958RA13.

21. “N(n, n}*N B, = 10.842

The coherent scattering cross sectiohli$) + 0.5 b; the total scattering cross sectior is4 +
0.5 b (bound atoms, epithermal neutrons: seE@58HU1§). The large thermal scattering reflects
a nearby bound levellQ49MES5). The approximate equality of the two values indicates that
scattering has little spin dependen&8%5F027. See (959HELD.

Resonances in the rangg = 0.4 to 2.3 MeV are listed in Tabl&5.8(1951J0231952HI12
1955F027 1955HU1B 1957HU1D 1958HU1§. Angular distributions at and between these
resonances have been studied b950BA1G 1955F027. The potential s-wave phase shift ap-
proximately fits hard-sphere scattering € 3.7 x 1073 cm) for £, < 1.3 MeV: from 1.3t0 1.7
MeV, an abrupt increase (negative) appears, which may leeiassd with a shape resonance. The

13



Table 15.7: Gamma radiation from*N(n, ~)°’N (1957BA1§

1958BA52
E, (MeV) ~ rays/100 captures Assignment
10.833 £ 0.008 11 C—0
> 9.152 <0.3
9.152 £ 0.010 1 9.16 — 0
9.03 £0.03 0.2 9.06 — 0
8.54 + 0.04 0.2 8.57 —0
8.313 £0.013 4 832 —0
7.305 £ 0.012 9 731 —=0
(7.164) <0.8
6.323 4+ 0.008 17 6.33 — 0
5.599 £ 0.005 14 C—5.28
5.530 4+ 0.008 18 C—5.31
5.293 4+ 0.007 35 531 —= 0
5.263 4+ 0.010 22 528 — 0
4.497 +0.011 16 C—6.33
3.669 £ 0.016 17 C—-716°¢
3.520 £ 0.016 15 C— 1731
(3.267) <6

& The intensity of the.57 — 0 transition is< 0.7.
b C = capture state.
¢ The direct ground state decay<s0.8.

p-wave phase shift is somewhat smaller than the hard-splaue; the d-wave shift i< 3°
(1955F027 E, < 2.0 MeV).

The narrowFE,, = 430 keV resonance is formed by > 1; the proton width is very small, and
the level has not been detectedi@ + p. TheE, = 495 keV resonance appears stronglyih(n,
p)*C and'“C(p, n)*N, but not in elastic scattering. The two resonances,at= 639 and 998

keV are s-wave, assignetl= 1" and3", respectively fromv,,., — o (1951J0231952HI19.

According to ((956FE1@ an additional broad = %Jr level is located in this regiort{C(p, n}*N;
E, = 1.5 MeV: ""N* = 11.61 MeV), presumably the first’ = % state. This level has not appeared
in 1N(n, n)*N; see e.g.1955F02J. The E, = 1120 keV resonance is given as= 2 or 2 from
cross sections; the angular distributions fagar(1955F027. The narrow 1188 keV resonance

does not appear it{C+ p) (1956SA09. Aside from the/ = ;™ resonance at,, = 1211 keV, the

14



Table 15.8: Resonances’itN + n

E, Tyab I Iy Iy In JT gz | 62 | g2 | ION* Reference$
(keV) (keV) | (keV) | (keV) | (keV) @) | @) | (%) | (MeV)
430 £ 5 35 | <3 <0.01 >1 | >3 11.243] (1951J0231952HI13
495+ 5 75 | <3 <10 (1) 17c [ (0.1)] (1.8) 11.301| (1952H113
639+ 5 43 34 9 0 1 1 09| 04 11.439| (1951J0231952HI19
998 £ 5 46 45 0.8 0 gt 1.0 | 06 11.774| (1951J0231952HI13
1120+ 6 19 19 020 | ¢ 1 8- 0.8 | 0.08 11.887| (1951J0231952HI12
1955F027
118846 | <32 | <2 <01 >1 | >3 11.950| (1952HI13
1211 +7 13 12 0.4 d 1 3 05 | 0.2 11.972| (1952HI11)
1350 £ 7 22 21 1.0 d ) s 6 | 07 12.102| (1951J0231952HI12
1955F027
1401 + 8 54 42 10 2 1 3 1 15| 07 | 5 | 12.150| (1951J0231952HI112
1955F027
1595 + 8 22 21 04 | 02 | @ 30 1 07 | 30 12.331| (1952HI12 1955F02Y
1779+10 | 24 18 6 02 | 2 3"y | 30| 007| 14 | 12.503| (1952HI12 1955F02)
2250 0.48"° 1 (3) 12.94 | (1953ME1B 1955F027
1957HU1D)

2 92 as defined by(952HI11).

b See (1958HU13.

¢ Assignment by 1956SA0, based on quote@,,,, oyna, Onp-
4 See Tabld5.6

remainingJ™ assignments disagree with those derived ffd@ + p (compare 1955FO27 and
(1955BA49). For theF, = 2250 keV resonance,1055FO27 find J = %_, while (1953ME1B

reportJ = %_. FromFE, = 1.8t0 4.0 MeV, there is evidence for considerable structurbécross
section curve, but little agreement as to the exact locatidhe levels involved. 1953ME1B list
14 maxima in the total cross section faf, = 1.9 to 3.6 MeV. Angular distributions have been
studied by {954HU1B for energies between 3.2 and 3.9 MeV. The observed disimiig can
be accounted for by seven levels in the range 2.5 to 4.4 MeW Wit %+ to %+ (1954SP1C

1954SP1[p. See alsol955AJ611956BE981956FL1B 1957HU1D.

22. “N(n, 2n)3N Qum = —10.551 B, = 10.842

At E, = 14.3 MeV, the cross section is5 + 0.8 mb (1955HU1B, 19 + 10 mb (1958AS63,
8.5 mb (L958RA1§. See alsol955SM1B.
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23.14N(n, p)C Qm = 0.628 By = 10.842

The thermal cross sectionis75 + 0.05 b (1958HU1§. A major portion of this cross section
can be ascribed t&N*(11.61) (1955BA44. Resonances reported by60JO5Y occur atF, =
495, 640, (993), and 1415 keV, parameters are listed in TEbI8(1955HU1B 1958HU1§. Many
additional levels have been reported through analysis dfcpagroups induced by continuous
neutron spectra: se@952AJ381953GI1B 1957BE7).

24.1N(n, a)!'B Qum = —0.152 E, = 10.842

(1950JO5Y report resonances &t, = 1415 and 1800 keV: see Tabls.8(1955HU1B. See
also™N(n, p)'*C above.

25. “N(n, d)*C Qum = —5.319 B, = 10.842

See (9521124 1957CA07 1957ZA1A), *N and'*C.

26. (a)*N(n, 1)'2C Qum = —4.007 B, = 10.842
(b) ¥N(n, ty'He'He'He Qm = —11.287

For reaction (a), sed953FI29. For reaction (b), seelf56FR18§.

27. “N(d, p)°N Qm = 8.615

Proton groups corresponding to levels'dfl are listed in Tabled5.9 The J™ assignments are
based on stripping analysis of angular distributidrd50MA65 1952GI101 1954SP011955SH283
1956D04] 1956GR37 1957WAOQ0). A detailed comparison of the experimental observations
with shell-model calculations is made byS67HALE see also1957WAO0Y). Angular distribu-
tions have also been studied WOE4EB02 1954J01F1956VAL17, 1958B0O1§. The ratio of the
reduced widths of the ground states'dfl and'°O is 1.71 (956CA1D E4 = 9 MeV).

Observed gamma rays are listed in Tab%10(1955BE8] 1958RA13. The observation of
a 10.81 MeV~-ray indicates a small proton width for tAeN level; it is suggested that this level
may account for the large (1y) cross sectionl958RA13. According to (955BA44 1958HE4$,
however, they-spectra are quite different: see Tablés5and15.7. A 1.88 MeV-ray is reported
by (1954TH1B), attributed td°N*(7.16 — 5.2). A p-y correlation experiment suggests that the 5.3
MeV radiation is dipole1954ST1@. The relative intensities of the 7.31 Me)/ray and of the®O
6.81 MeV radiation have been determined at several enebgi€¢5955BE1G. See (956EL1B
1956FR1A 1957HALE 1957SH1B theor.).
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28. 14N(t, pn)'°N Qm = 2.357

See (952CU1B.

29. “N(q, *He)®N Qm = —9.736

Not reported.

30. 15N(y, p)i4C Qn = —10.214

With bremsstrahlung of,,,., = 18.7 and 24.6 MeV, photoprotons corresponding to the ground
state and excited states'6€ are observed. Peaks in the yield appedt.at 11.6, ~ 15, ~ 18.6

MeV, in addition to the giant resonance~at20 MeV. The first peak corresponds to excitation
of PN* (J = %Jr; T = %): the angular distribution is consistent with isotropiciesion. At 15

MeV, the distribution indicates dipole absorption, whiie giant resonance shows a predominantly
sin? ¢ distribution (L958RH1A 1958RH30).

31. PO(3+)°N Qun = 2.759
See'®0.
32.160(y, p)*N Qum = —12.113

Transitions have been observed to the 5.3 and 6.3 MeV lef/édq1955ST1D 1957SV1A,.
See alsd®O.

33.160(n, d)}°N Qm = —9.884

See (952L1249.

34.150(p, 2p}°N Qm = —12.113
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Table 15.9:°N levels from*N(d, p)°N

E, (MeV) Lo | (27 +1)6% J"
A B C
0 10 0.097 |17,87,35"
5.276 +0.006 | 5.280 = 0.010 2° 0.03 <1t
5.305 £ 0.006 X be
6.328 = 0.006 | 6.330 = 0.010 1d 0.035 |37,%7,5°
7.164+0.006 | 7.165 % 0.010 2¢ 0.32 <Ir
7.309+0.006 | 7.314+0.010 |7.307+0.008 | O° 0.45 1", 8"
7575+£0.010 |7.5704+0.008 | 2f 0.41 <Iv
8.315+0.006 | 8.316+0.010 | 8.319+£0.008 | 04 0.40 sy
8.5714£0.010 |8.577+0.008 |0+28|  0.03 <I'
9.062 = 0.010 ot 1™, e
9.165 + 0.010 X oh
9.834 £ 0.010
10.069 = 0.010 1° 0.14
10.458 £ 0.010 X oh
10.544 £ 0.010 X ch
10.705 = 0.010 X oh
10.811 £ 0.010 X b
11.2 1t 0.24

A: (1950MA6Y; Eq = 1.4 MeV, § = 90°.

B: (1954SP0); £y = 510 8.5 MeV,# = 90°. Accurate level separations are also given.
C: (1956D04); Ey based or,,,; Q's given by (L1956D04) are given tat1 or 1.5 keV.
2 (1952GI101 1957WAO0).

b (1955SH28see (958WA1Q).

¢ |sotropic: no clear stripping pattern.

4 (1952G101 1955SH281956GR371957WAO0).

¢ (1955SH281956GR3Y7.

f(1956GR3Y: (1957WAO0) find a possiblé = 0 component.

€ (1955SH281957WAO0).

h Sharp, Buechner and Sperduto, to be published.

1 (1956GR3Y.

i (1956GR371957HALE 1957WAO0).
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Table 15.10: Gamma rays frottiN(d, p)'°N @

E, (MeV)® | Relative gamma intensity
5.25 £0.04 474
6.33 + 0.05 10
7.31 £0.04 33
8.321 4+ 0.020 10
9.07+0.04 3.0
10.03 £+ 0.04 3.6
10.81 +0.04 0.8

@ (1955BE8]11958RA13.

b Doppler corrected.

¢ The ground state decay of a number of known levels
of 15N (see Tablel5.9 has not been observed; the

upper limit to the relative gamma intensity is given

in parenthesis following the energy of the level: 7.17
(2.0), 7.58 (1.4), 8.57 (0.7), 9.17 (1.5), 9.83 (1.1), 10.46
(< 0.4), 10.54 (0.3). See alsdN(n, 7)'°N.

4 Includes some contribution frodN(d, n)!°O*.

At E, = 185 MeV, the summed proton spectrum shows two peaks, corresppimlejection
of p: and P protons with binding energies ef 12 and~ 19 MeV, respectively. The separation

is consistent with the interpretation tIN*(6.3) as a state with a hole in the;5 ghell (1958MAL1B,
1958TY49.

35.160(d, *He)'"N Qum = —6.619

Not reported.

36.150(t, @) "N Qm = 7.700

See (956BA1E 1956JA31 1956 MA09.

37 17O(d,a)15N Qm = 9812
Qo = 9.807 £+ 0.012 (1954PA39.
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38.180(p, @) '°N Qm = 3.970
Qo = 3.961 + 0.009 (1954MI60).

See (952AJ38 1955RI1A and'°F.
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150
(Fig. 30)

GENERAL:
Theory: See (957TALG 1958FR1Q.

Mass of O: The most precise determination of the mass differéi@— >N comes from
15N(p, n)*0O, where (958J028find Eij,esn. = 3.7808 +0.0011 MeV: this value, with (n— 'H) =
0.783 MeV leads t0'°0 — ?N = 2.7595. Including the (p, n) value ofl055KI28 and the two
150(3%)N values of (957KI22, one obtains a weighted mean'd® — N = 2.7586 & 0.0012,
or 150 (mass excess} 7.287 4= 0.005 MeV, 54 keV higher than the value af §55WA1A).

1. 150(3+) 5N Qm = 2.759

The maximum positon energy is723+0.005 MeV, 1.7364+0.010 MeV; the mean of these and
two values from®N(p, n)**0 is1.733 £ 0.005 MeV (1957KI122); an earlier report byl(950BR29
appears to be in error. The half-life 123.4 + 1.3 sec (954KL36, 121 + 3 sec ((955BA83,
12042 sec ((1957KI22), 123.95+0.50 sec (957PE1® mean= 123.6 +0.45 sec. Logft = 3.64.
See alsol958BE1Gtheor.).

2. TLi(1N, SHe)50 Qum = —2.706

See (958AL1D).

3. (@)'B(°Li, n)'*O Qm = 15.218
(b) °B("Li, 2n)"0 Qu = 7.965

See (957NO17.

4. (a)'2C(*He, p}*N Qum = 4.772 B, = 12.071
(b) 2C(*He, n}*O Qm = —1.159
(c) 2C(He,a)!'C Qm = 1.856
(d) 12C@He, d)*N Om = —3.553
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Table 15.11: Energy levels éfO

FEy (MeV + keV) J7 712 Or I' (keV) Decay Reactions
0 (3)” T1/2 = 123.6 £ 0.45 sec 8t 1,2,3,5,12, 15,18, 21
5.195 4 10 } . -
5.247 + 10
6.15 4+ 30 (<27) v 7,12
i) | ey |
7.560 + 2 i r=15+05 py |7,912
8.291 + 4 3t 3+1 py |7,912
8.747 £ 7 i 32 py |7,9
8.928 +5 (<3) 441 P,y 7,9
8.988 £ 6 1,3 441 p,y |7,912
9.47 : 510 p.y |7.9
9.497 4 12 1344 P,y |7,9
9.619 £ 12 10£3 p.y |7,9
9.666 + 4 <8 P 9
10.29 + 80 p 9
10.47 P 9
10.949 + 8 >3 77+ 14 p 9
11.030 £ 10 <14 P 9
11.780 = 20 75 p 9
11.846 4 15 65 p,a |9 11
12.3 broad p, a 11
12.5 broad p, a 11
13.04 £ 20 (57) p,a,*He | 4,11
13.1 p,He | 4
13.79 (> 2) p, n,*He | 4
14.09 N p,n,3He | 4
14.2 p, n,3He | 4
14.5 p,He | 4
15.0 p,He | 4
15.6 p,°He | 4
15.9 p,He | 4
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Table 15.12: Resonances'tC + *He

E(*He)® | Resonant for:| FE, JT
(MeV) (MeV)
1.21 | po, P2 13.04| (27)
1.3 Po, P1, P2, P3 13.1
2.15 | py, n 13.79| (> 3
2.52 | po, pi, P2y P30 | 14.09) (A1)
2.7 P, P2, N 14.2
3.0 Po, P1, P2 14.5
3.6 Pos P1, P2 15.0
4.4 Po, P1s P2 15.6
4.8 Po, P1s P2 15.9

& The first five resonances are primarily frot967BR18,
the last four are from1(958J0O2)

Resonances in the yields of reactions (a) and (b) are dieglay Table15.12(1957BR18§
1958J02). Differential cross sections and angular distributioasdbeen determined fo(*He) =
5 MeV for the p), p; and p groups. At low energies, the distributions tend to be symigjeit the
higher energies they become more complex; they seem torcomieither to compound nucleus or
stripping theory, and it must be concluded that featuresotti pbrocesses are preseh®57BR18§
1958J02). Consideration of the relative yields of the first four neances lead to the tentativé
assignments given in the tabl€967BR1§. Neutron angular distributions have been determined
in the rangeFE(®*He) = 1.89 to 2.51 MeV: they are asymmetric at the higher energies. &te r
of the cross sections of théHe, n) and {He, p)) reactions (both to the firsf = 1 states of the
A = 14 triad) has been determined at a number of energieB ftile) = 1.8 to 2.6 MeV. The ratio
approaches the theoretically predicted value of 2 at thiednrignergies. The ratio of théHe, o)
to the {He, ny) cross sections has been determined at two energies; tfeedanss section for the
former suggests a direct interactidi®67BR1§. The yields of'!C and!*N have been determined
for E(*He) = 13 to 21 MeV by (1958C0O1G. See alsd'C, *N and**O.

5. 12C(a, n)'50 OQm = —8.507

See (939KI1A 1957KI29.

6. 1*C(He, n}°0O Qm = 7.126
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Table 15.13: Resonances frafiN(p, v)'°0 (1951DU0§

E,® e Wl © JT 150% e
(keV) (keV) (eV) (MeV)
277 19405  0.013" | (3)P (17)e| 7.559
1064 + 2 48+1 0.63 3d 8.293
1550 4 20 50 + 20 0.16 1Ta 8.747
1748 + 5 1143 0.21 8.931
1815 + 4 7415 0.52 8.994
2356 + 8 1444 2.4 9.499
2489 + 7 1143 3.3 9.623
2600 + 50 F | 1270 + 50 46 (7,87 | 973

2 From'“N(p, p)N.

b (1955BA83.

¢ (19560V1A 1957PIZ3.

4 (1957GA1B 1957GO1E1957GO1H.

¢ See also Tabl&5.14(**N(p, p)'*N).

f Presumably to be identified withO*(9.465), see Tabl&5.14(1959FE 1

Not reported.

7. "N(p, 7)°0 Qm = 7.300

Observed resonances are listed in TdAe13(1951DU08 1955BA83 19560V 1A 1957PI1Z2).
The cross section increases frégb+3.7) x 10712 b at 100 keV tq140+30) x 10~'* b at 135 keV
(1957LA13. Extrapolation of the 278 keV resonant yield and s-wavekbgeaund from the broad
2600 keV resonance yields cross section values in good ragrgewith those of {957LA13.
Judging from'°N, one level near 7 MeV in°0O remains undiscovered §57P1Z%; see'*N(p,
p)"*N.

At the 277 keV resonancer( = 7.56 MeV), capture gamma rays resulting from cascades
through'>O states at 5.2, 6.1 and 6.7 MeV are observed, with partiagtiae widths of 0.003
eV, 0.008 eV and 0.002 eV, respectively25%). The direct ground state transition has not
been observed: the relative intensity is less than 5% of the BleV line (L955BA83 see also
(1952J01Q¢). Asymmetry { + 3 %) in the ratio of 6.1 and 5.2 MeV/-rays indicates that the
7.56 MeV state is not formed by s-waves. It is suggested.that2 (1955BA83. (19560V1A
1957PI1Z2 find, on the other hand, that the 0.75 and 1.35 Mekays are isotropic and conclude

24



thatJ = %Jr: see*N(p, p)“N. The transition .56 — 5.2) appears to involvé’O*(5.20) and not
150*(5.25) (B. Povh and D. Hebbard, private communicatioh)s(not clear why the ground state
decay (E1) should not occur.) The structure formerly atted to a broad resonancelgt = 0.7
MeV (1951DUQ§ is probably due to direct capture (sé®%7HA03). Atthe 1.06 MeV resonance
(E, = 8.28 MeV), transitions are observed through the 5.2 é&gd— 6.9 MeV states in addition
to the direct ground state transitiob9G3L11D). A p-y correlation study indicateg = % for the
8.28 MeV state1957GA1B 1957GO1E1957GO1H 1958G0461958GO63.

8. ““N(p, )0 Qm = —5.930 By = 7.300

See (958TA03 and!*O.

9. (@) N(p, p)'N E, = 7.300
(b) “N(p, p)"*N*

The yield of elastic protons, of inelastic protons and of &V ~-rays has been examined to
E, = 5.2 MeV: see Tabld5.14 The scattering anomalies are superposed on a backgrouold wh
decreases less rapidly than the Rutherford cross sectoif; f < 2.3 MeV, the background is
largely s-wave, with some p-wave contribution abéye= 1.5 MeV (see (956BA1H 1956TA1G
1957B0O58 1957HA03 1958FE05 1959FE7)). (1959FE1E finds that two s-wave and one p-
wave phase shifts are required to fit the non-resonant andiskaibutions above’, = 1 MeV.

Data taken near the 277 keV resonanC®* = 7.56 MeV, at three angles, are consistent
only with s-wave formation. The magnitude of the anomalyigates) = %Jr, ' = 1.5 keV
(19560V1A 1957PI1Z2. The 1054 keV resonancB0O* = 8.28 MeYV, is also formed by s-waves,
but the anomaly indicates = §+ (1957HAO03 see, however,1056TA1§). Calculation of level
shifts suggests identification of these two states WiNt(8.32, 8.57). The mirror of>0*(6.79)
is probably'®N*(7.31); °0*(6.86) may correspond either t&N*(7.16) or '>’N*(7.57). In either
case, oné’0 level remains to be discovered in this regi@8%7P1ZZ see alsol957HA0J3). The
1544 keV resonance is again s-wave= %*. Assignments for thés, = 1737 and 1799 keV
resonances are not certaitD67HA03. The broad resonance &t = 2.3 MeV, '0%(9.465), is
s-wave,J = %+ (1958FE05 1959FE1R. It is suggested that the apparent breadth of this level
reported in“*N(p, ) may reflect some contribution from direct captut639FE 1.

Elastic scattering has also been studiedat= 9.8 MeV (1957HI59, at 14.5, 20 and 31.5
MeV (1956KI54 and at 20.0 MeV1957CH33. See also{957JA1B and!N.

10. “N(p, d)*N Qum = —8.324 By = 7.300

See!3N and!“N.
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Table 15.14: Anomalies i*N(p, p)*N and**N(p, p7)**N

E, r whye | 62° J7 E, References
(keV) keV) | (V) | (%) (MeV)
278.1+£0.4 | 1.5+0.5 ! 7.560 | *®
1058 + 3 3+1 | 0.40 |0.29" 3t 8.288 | “ &t
1550 &+ 6 34 0.11 | 1.6" 1 8.747 | f s
1740 + 4 4+1 | 0.076|0.13" | (< §) 8.924 | feh
1.7¢
1801 +5 4+1 | 030 |028'| (}7,27) | 8981 |=feh
2320 550 1+ 9465 | i
2350 £ 10 9.494 |8
2480 £ 10 9.614 | s
2535+3 | <8 9.666 |1
3200 £ 10 1029 |6k
3400 £ 10 10.47 | f
39108 | 82+ 15 >3 10.949 | i L m o
4000+8 | <15 11.033 | Lm
4800 £ 20 80 11.780 |!
4890 + 10 70 11.864 | L™

a (19560V1A 1957PIZ3.

b Assuming s-waves.

¢ Assuming d-waves.

4 Assuming p-waves.

e (1957HAO03.

f (1957BO5$.

& (1956FE1D1959FE7)

h (1956TA1H.

1 (1958FE051959FE1E1959FE7).
i (19570L1A.

k (1956BA1H.

1 (1956BA39: "N(p, py)'*N.
m (1955TH1A).

n (1958DO6Y).

26



Table 15.151°0 levels from'*N(d, n)}*O

150% (MeV) I JT
0 1> <2
5.29+0.17 2 2 (<IM)
6.15 4 0.03 1 (<37
6.792 & 0.009° } 0 1+ 3

6.860 4 0.009 20
748 40.16 1 (<37)
8.42 +0.16 1 (<357)
9.06 4 0.16 1 (<37)

2 (1953EV03: Eq = 7.7 MeV.

b (1953EV03 and (1956NO04 1957NO1C
E4 = 1.9 MeV).

¢ From slow neutron threshold$455MA85.

11. “N(p, a)''C Qum = —2.916 By = 7.300

Broad resonances in the yield 8fC are observed af, = 4.94, 5.3, 5.6 and 6.15 MeV,
corresponding t6°0*(11.91, 12.3, 12.5, 13.04).952BL64 stacked foil method).

12. “N(d, n)}*O Q= 5.073
Qo = 5.15 + 0.16 (1953EV03.
Qo = 5.13+0.05 (1957NO1G.

Neutron groups are listed in Tall®.15 together with/™ assignments obtained from stripping
analysis of the angular distributions. Except for the gubatate and the level(s) at 6.8 MeV, the
fits to the theoretical distributions are not completelyssattory, and the assignments must be
treated with some reservé953EV03. See also {1956N0O04 1957NO1Q. At Eq4 = 9 MeV,
the ratio of the ground state reduced widths®® and'°O (from the maximum cross sections of
the (d, p) and (d, n) reactions) is 1.71966CA1D. Neutron thresholds have been observed at
Eq = 1.24 4 0.02, 1.967 £ 0.004 and2.044 4 0.004 MeV, corresponding t6°0*(6.15 % 0.03,
6.792 £ 0.009, 6.860 + 0.009) (1955MA85.

At E4 = 4.0 MeV, ~-radiation has been observed with = 6.81 £ 0.04, 6.12 + 0.06 and
5.26 &= 0.04 MeV (the latter probably include$N(d, p)°N) (1955BE81 corrected for Doppler
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shift). Relative cross sections for thHeN(d, p)®N*(7.31) and“N(d, n)"*O*(6.81)~-rays are given
by (1955BE1QG for three energies. See alsiP66FR1A theor.) andfO.

13. ““N(*He, d)°O Qm = 1.806

Not reported.

14. “N(q, H)150 Qum = —12.513

Not reported.

15. N(p, n)*O Qm = —3.542
Elhresh. = 3.776 =+ 0.008;
Qo = —3.539 4 0.008 (1955KI29.
Eiresh, = 3.7808 & 0.0011;
[Qo = —3.5425 + 0.0011] (1958J02%

16. 5N(*He, t)'*O Qum = —2.777

Not reported.

17.160(y, n)*0 Qum = —15.655

See (957SV1A.

18.160(n, 2n)°0 Qum = —15.655

See (955AJ6).

19.160(p, d)50 Qum = —13.428
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Not reported.

20.160(d, t}°0 Qm = —9.396

Not reported.

21.10(He, a)'%0 Qm = 4.923

At E(®*He) = 3 MeV, a-groups are observed corresponding to level&at= 5.195 £ 0.01
and5.247 + 0.01 MeV. The separation i52 + 5 keV (1959P0O6). From a similar experiment,
excitations of 5.185 and 5.244 MeV are reported (K.W. AllenMiddleton and S. Hinds, private
communication). See als@$52P0271953KU03J.

22.170(p, t)°O Qun =—11.316
Not reported.

15|:
(Not illustrated)

Mass of ' F: Calculation of Coulomb and (r 'H) mass differences froniC indicates that’F
should be unstable to proton emission by 2.3 M&¥H7MU99: the mass excess bfF is22.0+1
MeV.
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