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Table 13.14: Levels of 3C from 2C(d, p)*3C

13C* (MeV + keV) L JT |02 (%) "
(1951ST19, 1951VA1A) | (1954SP01) | (1956D041, 1961JA23) | (1955MC75)

0 0 0 14 [ 17,37 26¢
3.086 + 6 3.090 + 10 3.093 + 6 3.09 0d " 141t
3.686 + 11 3.684 + 10 [3.681 & 3] 3.68 2 14 [ 1737 07

3.855 £ 7 [3.851 + 3] 3.84 2 24 | 3T 5T 47
6.87 0,2)¢| (<3
7.470 + 20
7.533 £ 20
7.6414+20°
8.44300°¢
9.500 = 20
9.897 =+ 20
10.759 =+ 20

& Energies given for identification only.

b =70+ 15 keV.
cT =1.140.3 MeV.

4 See (1959AJ76) for early references.

¢ (1955MC75).

f PWBA and DWBA analyses: Fq = 8 and 12 MeV (1966GL01).
€ 3.7+ 0.3 (1961HA19), 3.5 (1964SC12); see also (1966KA05).

h 15.7 (1964SC12).




Observed gamma rays are listed in Table 13.16. The cascade decay of the 3.85 MeV state
(via 3C*(3.68)) occurs in 37 & 4% of the decays; the direct transition occurs in 62 4= 4% of the
events (1966G015). The mixing ratio for the transition 3.68 — 0 y(E2/M1) = —(0.096700a0),
while the transition 3.85 — 0, x(E3/M2) = +(0.12 £ 0.03) (1966PO11). Angular correlation
measurements at £y = 2.8 to 3.7 MeV show T'(E2)/IT, ~ 5% for '*C*(3.68) and T'(E3)/T, ~
2% for 13C*(3.85) (1962FL06). See also (1966KA05, 1966PR1B, 1967TI1A, 1968G014). The
lifetime of 3C*(3.09) is < 10 fsec (1968RI16), < 15 fsec (1968AL03) [see also (1967ME02)]; T
for 13C*(3.68) < 26 fsec (1968RI116); ,,, for 13C*(3.85) = 7.575 psec (1962S108): see also Table
13.17.

A study with polarized deuterons at £y = 7 and 10 MeV is reported by (1968YUO1; po, p1)-
For other polarization measurements see N, (1959AJ76) and (1961GO1K). For reaction (b), see
(1963P104, 1968B0O02, 1969SA1K).

See also (1958AR1B, 19591059, 1960AL 35, 1960BA26, 1961G0O27, 1961G028, 1961PU1B,
1961ST10, 1962AL1D, 1962GR10, 1963NE16, 1963NE0Y, 1963SE1G, 1963VALE, 1964RI1C,
1965HE1B, 1965ZI11A, 1966BE31, 1966GO1L, 1967WA1C, 1968FO1E) and (1959AM1B, 1959BO1C,
1959H01D, 1960BE1B, 1960BU1D, 1960LU1B, 1960NE1C, 1961GI104, 1961RO1G, 1962J0O1C,
1963GL1C, 1963SMO05, 1963TALA, 1964VA1F, 1964ZA1B, 1965BA1T, 1965ST1E, 1966HO1D,
1966PE1F, 1967LE1F, 1967MO1N, 1968BE1Z, 1968ED1C, 1968EL1G, 1968ST1T).

33. 12C(t, d)!3C Qu = —1.311

At E; = 12 MeV, DWBA fits have been made of the angular distributions of the deuterons to
13C*(0, 3.09, 3.68, 3.85) (1966GL01). See also (1961BA10, 1960MU07, 1969GL1C, 1969L11D).

34. 12C(*He, 2p)'3C Qum = —2.771

See (1965D0O1H, 1967FO1E, 196 7/HE1E, 1969ST1L).

35. 12C(a, *He)3C Om = —15.631

At E, = 56 MeV, angular distributions of the *He particles to 1*C*(0, 3.68 + 3.85) have been
analyzed by DWBA (1969GA11, 1968GA1C, 1968LE1G). A detailed comparison has been made
between the angular distributions of the ground state *He particles and of tritons from the mirror
reaction 2C(c, t)'*N (1969GA11).

36. (a) 12C('!B, 1°B)!3C Qu = —6.509
(b) 12C(HN, BN)13C Qu = —5.606
(c) 2C(OF, 8F)13C Qm = —5.483
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Table 13.15: '2C(d, p)**C angular distribution studies #

E4 (MeV) Distributions of Refs.
proton groups
0.7-1.7 Po (1965W111)
0.9-1.75 Po, P1 (1966KL1G, 1967P001)
0.9-2.0 Po (1969B032)
1.2-4.5 Po (1966GA09)
1.7,2.7,3.1,4.0 | po,P1, P2, P3| (1965FI05)
2.1-2.9 P1, P2, P3 (1966KA05)
2.1-3.1 Po (1959SE1A)
2.8-3.7 P2, Ps (1966GE03)
4 p1 (1960SE13)
4.7-13.3 Po (1960Z2A04, 1960ZA06)
5.0-8.4 Po, P1, P2, P3| (1969C002)
6.6 Po, P1 (1962ZH01)
7-11 Po, P1 (1963EV04)
8,12 Po, P1, P2, P3| (1966GLO1)
9.2-13.9 Po, P1 (1966BA2M, 1968BA2P)
10.2,12.4,14.8 Po, P1 (1959HA29, 1961HA19)
11,13 Po, P1, P2, P3| (1966SCO9)
11.8 Po, P1 (1964SC12)
12 Po, P2 (1967SC29)
12.1,13.3 P1, P2, P3 (1960ZA04, 1960ZA06)
12.35-14.68 Po, P2 (1968HO23)
13.3 Po (1966MA2A)
14.6 Po—P11 (1968H023)
14.9-19.6 Do, P1, P2, P3| (1960MO05)
14.5 Po, P2, Ps (1968KA1LJ)
25.9 Po, P1 (1963VA23)
27.7 Po, P2 (1962SL.04)
28 Po. P1, P2+3 | (L968LELG)
51.5 Po (1969BR1E)

2 See (1959AJ76) for earlier references. See also '*N.
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Table 13.16: Gamma radiation from '2C(d, p)'3C @

E, " (MeV £ keV) | E, ¢ (MeV =+ keV) Refs.
3.86 £ 20 (3.84 £ 30) (1955BE62)

3.844 + 15 (1956MAL1Q, 1956 MA52)
3.863 + 15 (1961G029)

0.1695 4 0.4 4 (1956MA1Q, 1956MA52; see also (1960CH12))

0.16925 + 0.04 (1969AL17)
(3.76 £ 20) © 3.74 + 30 (1955BE62)

(3.69 £ 20) © 3.675+15% | (1956MA1Q, 1956MA52)
(3.687 £ 15) © (1961G029)
(3.097 £ 5) © 3.082+7 (1952TH24)
(3.110 £ 12) © (1961G029)

2 See also 1°B(q, p)'3C.

> Uncorrected for Doppler shift.
¢ Corrected for Doppler shift.

4 From the proton groups AE = 170 + 3 keV (19545P01) and 170 + 1.5 keV (1956D041).

¢ Doppler shift correction is not required for the 3.86 MeV radiation, but is required for the 3.09 and 3.68 MeV
radiation (1952TH24, 1956MA1Q, 1956 MA52): see Table 13.17.

f \Value obtained by subtraction: 3.844 — 0.170 (1956MAL1Q, 1956MA52).

Table 13.17: Summary of results on the total radiation widths of the low-lying levels of 3C-13N @

13C* b (MeV) I, (eV) Method © Refs. I3N* (MeV) I, 4 (V) Refs.
3.09 0.44 +0.05 (v,7) | (1968RO02) 2.37 0.45 4+ 0.05 (1968RI116)
> 0.066 DS (1968RI16) 0.67 see (1959AJ76)
3.68 > 0.025 DS (1968RI16) 351 0.53 (1963Y006)
0.44 £ 0.04 (v,7) | (1969RA20) 0.69 see (1959AJ76)
3.86 (7.3+£1.6) x 1075 DS (1968RI116) 3.56 <200 x 107° | (1963YO06)
(8.84£3.0) x 10~° DS (1962S108)
(4.4+0.6) x 107° DS (1968AL03)
(6.1+£0.7) x 107° RD (1968FO1F)

2 (1968RI16).

b See also Table 13.18.
¢ DS = Doppler shift; RD = recoil distance.
4 Obtained from '2C(p, 7)**N.
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For reaction (a) see (1963SA1E, 1967P0O13, 1969BR1D). For reaction (b), see (1965GA1B,
1967BI1F, 1969BR1D, 1969D007). For reaction (c), see (1968GALK).

37. BB(37)3C Qm = 13.437

13B decays to *C*(0, 3.68, 7.55, 8.86): see *B and Table 13.2 (1969J021, 1962MA19).

38. °C(y, )™C

By means of nuclear resonant scattering of bremsstrahlung, 7, of 2C*(3.09) = 1.5 4 0.2 fsec
(1968R0O02), 7,,, of 12C*(3.68) = 1.5 & 0.15 fsec (1969RA20): see Table 13.17.

39. 13C(, n)'2C O = —4.947

The cross section appears to exhibit structure at ~ 7.8, 8.9, 10.9 and 11.6 MeV (1965BE1A),
at13.3+1 ("' =5+ 1MeV)and at = 22 MeV (I' = 7 MeV) (1957CO57). For analyses of the
work done on this reaction, see (1963HA1E, 1965ME1C). See also (1960ED01, 1964GR1A) and
(1959FU1A, 1960FR1B, 1961BA1G, 1964FR1C, 1964SH1C, 1969AU1D, 1969AU06, 19690C1A).

40. 13C(v, p)2B Qum = —17.535

(1964DE12) report structures at £, = 18.5, 20.0, 23.5, 26.0 and 29.0 MeV. The main part
of the cross section is in the 23.5 MeV peak which has I ~ 3 MeV. A broad maximum near
25.5 MeV has been reported by (1956C0O72, 1957C0O57). See also (1965MELC) and (1962NE14,
1964K009).

41. BC(y, a)Be Qm = —10.651

See (1953M131, 1964GR08).

42. 13C(e, e/)13c*

28



Table 13.18: Electromagnetic transitions  in 3C from 3C(e, ¢’)!*C ®

E.(MeV £keV) | J™ | Mult. L., (eV) L., /Tw (W.u.)
3.69 + 20 37 | E2 | (3.61+£0.39) x 107* 3.52
M1 0.358 £ 0.045 0.339
6.85 =+ 60 5T M2 (6.9 +£3.6) x 107° 0.055
7.54 =+ 20 27 | E2 0.1150 + 0.0062 3.15
8.86 + 20 il m 3.36 £ 0.46 0.230
EO 2.09£0.38
9.90 + 30 37| E2 (6.342.1) x 1073 0.045
M1 0.324 + 0.050 0.0159
11.07 £ 20 5) | M1 1.02+0.20 0.0359
EO 2.62 £ 0.26
39| E2 0.256 = 0.026 1.03
15.11 £ 20 27 | E2 0.59 & 0.11 0.50
M1 22.7+2.6 0.313

a See also Tables 13.8 and 13.17.

b (1969W122).

¢ Monopole matrix element in fm?.

From a study at £, = 250 MeV, the ratio of the rms radius of the charge distribution for 3C
to that of '2C is found to be 0.96 4 0.01 (1967CR1C). See also (1968RA1B). Inelastic spectra
show strong excitation of the negative parity states 13C*(3.68, 7.55, 8.86, 11.7, 13.76, 15.1, 19.12)
(1969CA1C, 1969WI22). Excitation of 3C*(3.09, 3.85) has also been reported (1969CR1D,
1969WI122). See Table 13.18. See also (1967KALA, 1969TO05).

43 13c(p, p/)13c*

Angular distributions of the 3.09 MeV ~-rays are isotropic for £, up to 5 MeV consistent with
the assignment J = % (1960BA35). The elastic differential cross section has been studied for
E, = 1.3710 2.38 MeV (1966GE03), 7 MeV (1969GU02), and at E, = 32.9 MeV (1969MA2D).
See also (1961RO1G, 1968RILQ, 1969WA11). The Doppler-shift method leads to lifetime limits
of 7 < 10 fsec and 7 < 26 fsec for 13C*(3.09, 3.68) (1968RI16): see Table 13.16.

44. 3C(d, d)13C
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Angular distributions of elastically scattered deuterons have been measured at £y = 4.7, 5.0
and 5.3 MeV (1968C004) and 15 MeV (1965DI11C). See also '°N.

42. 13C(3He, 3He")13C*

Angular distributions of elastically scattered *He have been studied at F(3*He) = 12, 15 and
18 MeV (1966KE08) and at 40 MeV (1969BA06). Angular distributions at F(3He) = 40 MeV
have also been reported to !3C states at F, = 3.09, 3.68, 3.85, 6.87, 7.55 £ 0.03, 8.86 £ 0.03 and
11.84 £ 0.03 MeV. 3He groups to *C*(9.50 4= 0.03) and (15.11) are also reported, the latter only
weakly (1968BALE, 1969BA06). See also (1968AR1A, 1969AR10, 19692U02).

46. 13c(a’ O/)13C*

Angular distributions of scattered a-particles have been studied at £, = 33.4 MeV (1968AR1A,;
13C*(0, 3.68, 7.5)) and 40.5 MeV (1966HA19; 3C*(0, 3.09, 3.68+3.85, 7.5)). See also (1959FU62,
1968FA1A, 1969BA06).

47. () *C(6Li, SLi)'3C
(b) BC('Li, "Li)1*C

Angular distributions of elastically scattered SLi and “Li ions have been measured at £(Li) =
20 MeV (1969BEY0).

48. (a) 13C(12C, 12c)13c
(b) 13C(16O, 160)13C

Angular distributions of elastically scattered '2C and '°O ions have been studied for £ = 10 to
30 MeV (1968GO1H).

49, BN(BH)3C O = 2.221

See 13N.
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50. “C(p, d)!3C Qum = —5.952

At E, = 12 MeV, the angular distribution of the deuterons to *C(0) is PWBA-fitted with I = 1:
6? = 0.038 (1966GL01). At E, = 18.5 MeV, angular distributions have also been obtained for
13C*(3.09, 3.68, 3.85) (1961LE1A, 1963LE03). See also (1969CU1D).

51. 14C(d, t)!3C Qu = —1.919

At E; = 12 MeV, angular distributions of the tritons to 3C*(0, 3.09, 3.68, 3.85) have been
PWBA fitted: & = 14.5, 0.43 and 5.76 for the three most energetic triton groups. The group to
13C*(3.85) does not show a stripping pattern (1966GL01). See also (1958MO97, 1959KU1C).

52. 11C(*He, a)'3C Qm = 12.402

Angular distributions of the « particles to 13C(0) have been determined at £(*He) = 2, 6, 8, 10
(1964DU1A) and 44.8 MeV (1966BA13). At the highest energy, the differential cross sections to
13C*(3.68) and to the 7" = 2 state at 15.11 MeV have also been measured (1966BA13). See also
(1966GO1J).

53. “N(n, d)!3C Qum = —5.325

Angular distributions of ground state deuterons have been determined at £, = 14.1 to 14.7
MeV (1963ZA01, 1967AN08, 1967FE06, 1968MI102). Excitation of *C*(3.68) is also reported
(1957CA07, 1963ZA01, 196 7FE06). Gamma rays with energies of 3.68640.003 and 3.8534+0.003
MeV are reported by (1969NY1A). See also (1959HALG, 1963MO04, 1964MO1D).

54. (a) “*N(p, 2p)'3C Qm = —7.550
(b) 1“N(e, ep)'3C Qm = —7.550

At E, = 460 MeV, the summed proton spectrum shows three peaks with binding energies
7.540.5,15.34+0.5and 19.8+0.6 MeV (}3C* = 0, 7.8 and 12.3 MeV) corresponding to the ejection
of p,» protons in the case of the ground state and p3/, protons in the case of the two excited states.
There is also some indication of other structure (1966TY01). See also (1961CL09, 1962MALL,
1963CL1B, 1965DE?21, 1965DE1P, 1966BE1B), and (1962BA1J, 1962BA1A, 1963EL1C, 1965BA21).
For reaction (b) see (1969BALF).
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55. 14N(d, *He)'3C Qm = —2.056

At B4 = 52 MeV, angular distributions have been measured for the 3He particles to 3C*(0,
3.09, 3.68, 6.87, 7.5, 8.85, 9.51, 11.9 + 0.15) and analyzed by DWBA: J™ = 27, 17, 3~ and

37, respectively, are assigned to *C*(7.5, 8.85, 9.51, 11.9) (1968H101). See also (1969KA1A,

1969KA1W). As expected, angular distributions of 2He and of tritons (from '“N(d, t)!*N) to
analog states are identically the same: this has been shown for the ground state *He and triton
groups (1966DE1C, 1968GA13; E4 = 28.5 MeV) and for the groups to *C*(8.9 + 9.5) and
13N*(9.2) (1968HI101; E4 = 52 MeV). See also (1968BA2)).

56. 14N(t, )'3C Qun = 12.264

Observed particle groups at £, = 2.6 MeV are displayed in Table 13.19 (1962S108). See also
(1964SC09) and 160.

57. 1N(p, pa)'3C Qum = —7.546

This sequential reaction has been studied at £, = 22.9 MeV (1969BA17, 1968KU1C).

58. (a) “N('2C, 3N)13C Qm = —5.606
(b) “N(*N, 150)'3C Qm = —0.257

For reaction (a) see (1969Vv001) and '3N. For reaction (b) see (1966GA04).

59. °N(n, t)!3C Qum = —9.903
Not reported.
60. N(p, 3He)!3C Qm = —10.667

At E, = 43.7 MeV, *He groups have been observed to eleven states of '*C: see Table 13.19
(1968FL03, 1966CE02). Angular distributions of the 3He particles to these states are generally
found to be in agreement with DWBA predictions, using intermediate coupling wave functions
to obtain the two-nucleon structure factors (1968FL03). Detailed comparisons are made with the
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Table 13.19: Energy levels of '3C from “N(t, o)'3C (19625104) and from *N(p, *He)'3C
(1968FL03)

E.in13C»® | E.in13CP JT
(MeV =+ keV) (keV) (MeV = keV)

0 0 1=
3.09°¢ 3.08 + 20 ol
3.68°¢ 3.68°¢ -
3.85°¢
6.87 6.87 st
75¢ 7.55 + 20 8-
7.68°¢

8.860 = 20 145 + 20 8.86 + 60 -
9.509 4 9.52 + 30 3
9.897 ¢

10.736 & 20 < 30
10.809 =+ 20 < 30
11.000 4 20 < 30
11.078 +20 <30 11.09 + 50 ()
11.721 4 30 125 4 20 11.80 £ 30 €
12.131 4 30 125 + 30
12.40 £ 50 I
15.103 £ 45 ¢ 3

2 From MN(t, a)'3C (19625104).

b From 5N(p, 3He)>C (1968FL03).

¢ Observed but £ not determined.

4 B, values of other levels given in terms of E, of these two levels. [See, however, Table 13.4.]
€ (1966CEQ02).
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Table 13.20: '3C states from *N(d, a)**C

E, (MeV +keV) | E, (MeV +keV) | E, (MeV =+ keV) ?
(1951MA08) (1961JA23) (1957WAO01)

0 0 0

3.083 £ 5 3.100 £ 20 3.09

3.677T£5 3.695 £ 10 3.68

3.85

6.87

7.47,753,7.64"
8.80 + 40

9.5
9.9

2 |evel energies for identification purposes only except for 13C* = 8.80
MeV.
b Not resolved.

results of the mirror reaction 1>N(p, t)3N: the (p, t) transitions are generally stronger than expected
relative to the mirror (p, 3He) transitions. This may arise from interference effect terms due to a
spin-orbit interaction on the optical potential, or to interference terms between direct-reaction and
core-excitation (1968FL03, 1968FL02). See also (1969VALC).

61. N(d, )'3C Qum = 7.687
Qo = 7.675 % 0.009 (1961L.010).

Observed a-particle groups are displayed in Table 13.20 (1951MA08, 1957WA01, 1961JA23).
Angular distributions of «-particles have been measured at £4 = 1.0 to 1.2 MeV (1966ST16; «y),
20.9 MeV (1968PR04; ay, 1) and 21 MeV (1959F130; ay). See also (1965MA1A, 1961L.002).

62. 15N(a, °Li)'*C Qum = —14.688

At E, = 42 MeV, the angular distribution of the °Li particles to *C(0) has been measured
(1968MI105).
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63. 150(n, a)'3C Qm = —2.215

At E, = 14.1 to 18.8 MeV angular distributions of «-particles have been measured: see
(1961CI01, 1966MC14, 1968LE11; ay), (1967HS04; oy, o, ag + as), (1968MAL0; ap, a1 +
ap), (1968S106; g, a1 + g + a3). See also (1959AJ76, 1962RO1G, 1963DA12, 1963MO04,
1963SE08, 1964MAI1N, 1964MO1D, 1965CH13, 1965FU1E, 1966CI1A, 1966FA1B, 1967FU1K,
1967SI1E).

64. 170(d, OLi)'*C Qm = —4.885

See (1966DE09).

65. 180(d, 7Li)'3C O = —5.678

See (1963DR1B, 1967DE03).

66. 2°Ne(n, 2a)'3C Qm = —6.944

See (1966PE08).
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13N
(Figs. 3and 4)

GENERAL:

Model calculations: (1955LA1A, 1957HULC, 1959BA1D, 1960PH1A, 1960TALC, 1961KU17,
1961KUILC, 1961NE1B, 1962IN02, 1962TALE, 1963BA43, 1963BO1G, 1963SE19, 1963TR02Z,
1964AM1D, 1964BO1K, 1964ST1B, 1965BO1N, 1965MA1T, 1965ME1C, 1965WE1D, 1966EL 08,
1966HA18, 1966N0O1B, 196/BR1Q, 196/FA1A, 196 /HU1C, 196 /KUL1E, 196/NE1D, 196/P0O1J,
1967/WALC, 1968FI1F, 1968G001, 1968HO1H, 1969VA1C, 19692U1B).

Other: (1967AU1B, 1967EP1A, 1968BA2N, 1968BA2F, 1968VO1C, 1969AU1D, 1969AR1G,
1969BL1G, 1969F01D, 1969HALG, 1969HELN, 1969MC1C, 1969VA1C).

Ground state: J = % (1961SNO1). p = —0.32212 £+ 0.00035 nm (1964BE24). See also
(1961P009, 1964L114, 1967CO1D, 1967SH14, 1968RO1E, 1969FU11, 1969NO1E, 1969SU15,
1969VAI1C).

1. BN(B)3C Qum = 2.221

Measured values of the half-life are displayed in Table 13.22. The positon spectrum shows no
deviation from the allowed shape: it is concluded that the Fierz coefficient in the Fermi interaction
is < 11% (1957DA08, 1958DA09, 1968DA1J). log ft = 3.664 based on @y, and 71/, = 9.961
min. The positon polarization has been studied by (1957BO65, 1957/HA27). The results indicate
that the positons are completely polarized and hence that Fermi transitions as well as GT transitions
exhibit the maximum effect of parity non-conservation. See also (1959AJ76) and (1965GA1D,
1966MI1F, 1967AM1H, 1969LE1D, 1969SU15).

2. TLi(5Li, 2n)1'C Qum = 2.204 B, = 23.651

See (1960NO1A).

3. 9Be(°Li, 2n) N Qum = 3.951

See (1957NO17).

4. 19B(*He, n)'2N Qm = 1.563 B, = 21.638
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Table 13.21: Energy levels of 13N 2

Ey JOT 712 OT Decay Reactions
(MeV =+ keV) (keV)
0 3 7172 = 9.961 £ 0.004 min ICas 1,3,9,10,11, 12, 19, 20, 21,
22, 23,24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37,
38
2.3660 + 1.0 i I =35+1keV v,p | 10,12, 15,19, 20, 27, 29, 30,
31
3.509 + 2 3 635 v,p | 10,11,12,15,19, 20,21, 22,
23, 26, 27, 29, 30, 31, 34, 37
3.547 +4 ot AT+ 7 p 10, 15, 19, 20, 21, 22, 23, 27,
29, 37
6.382 £ 10 ot 11 p 10, 15, 27, 31, 33, 37
6.898 % 10 3t 115+5 p 15,31
7.166 + 8 o 9+0.5 p 15, 27,31
7.387 + 6 2 7545 p 11, 15, 27, 28, 29, 30, 31, 34,
37
7.9 3t ~ 1500 p 15
8.92 & 30 i 230 p 15, 27, 28, 29, 30, 34
9.52 + 20 3- 30 p 11, 15, 27, 30
10.35 £ 20 2 30 p 11,15
10.36 o 76 p 15
10.78 =+ 40 s 27,34
1.44 p 15
11.65 80 p 15
11.87 + 30 3 130 p 11, 15, 27, 29, 30, 34
12.08 140 p 15
135 ~ 500 p 15
13.962 3t 1 140 pa |1518
14.1 ~ 500 (v),p | 12,15
14.7 ~ 500 p 15
15.066 + 0.4 353 1.16 £ 0.2 v, p o | 11,12, 15,18, 27, 34
15.7 ~ 500 p 15
15.976 A 100 pa | 1518, 27
16.0 ~ 500 p 15
16.3 ~ 500 p 15
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Table 13.21: Energy levels of N (continued)

Ey J© T Tem Decay Reactions
(MeV =+ keV) (keV)
17.2 ~ 500 p 15
17.88 & 50 ~ 400 p 15
18.233 13 300 pa | 1518
18.419£5 3t 8 66 + 8 pa | 11,1518
185 ~ 500 p 15
18.7 ~ 500 p 15
18.973+£10 |2 or1";3 23+ 5 pa | 11,1518
19.3 ~ 500 p 15
19.83 23 1000 (7)., p, o | 12,15, 18
19.88 3t 1 520 (7),p, a | 12,15,18
20.9 (3)* ~ 1500 p 15
21.69 p 15
21.99 p 15
22.6 (3)” ~ 1000 v, P 12,15
233 400 p,>He |5
23.83 350 % 50 p,>He |5
24.4 ~ 500 p,3He | 5,15
(24.8) 100 p,>He |5
(25.2) (3)- 120 p,*He | 5,15
25.7 >3 ~ 1000 p,He |5
26.1 > 7 ~ 1000 d,*He o | 6,8
26.87 p 15
27.9 broad p,>He |5
319 vp |12

& See also Tables 13.8 and 13.17.

The cross section has been measured for £(*He) = 1 to 6.3 MeV. There is some evidence of
broad structures (1963PE10). See also (1966ZA01) and *2N.

5. 19B(3He, p)'2C Qm = 19.695 B, = 21.638
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Table 13.22: The half-life of 13N &

7172 (Min) Refs.

9.96 + 0.03 (1958AR15)

9.96 £ 0.03 (1958DA0Y)
9.965 + 0.005 | (1960JA12)

9.934+0.05 (1960K102)

9.96 + 0.02 (1965EBO01)
10.05 £ 0.05 (1965B042)
9.963 +0.009 | (1968RI115)
9.961 4+ 0.004 | weighted mean

a See also (1955AJ61, 1959AJ76,
1961RA06).

Observed resonances in the yields of proton groups and ~-rays for E(*He) = 1.2 to 12 MeV
are displayed in Table 13.23 (1956SCO01, 1964KU09, 1966PA10). For polarization measurements
see (19655105, 1967S105) and (1966MI1E). See also 2C.

6. °B(*He, d)!'C Qm = 3.199 B, = 21.638

Excitation functions for the ground state group have been measured for £(*He) = 3.5 to 10
MeV: a resonance reported at £(3He) ~ 5.8 MeV (1965PA10). See also (1965BR1B, 1967HAZ20).
See also 'C.

7. 19B(3He, t)1°C Qu = —3.624 E, = 21.638

The excitation function for 1°C production has been measured from threshold to E(3He) = 10.5
MeV. 0., (at 10.5 MeV) = 435+ 87 ub. No detailed structure is observed (19640S1A). See also
(1966MA36).

8. 1'B(3He, 0)°B Qu = 12.140 E, = 21.638

The excitation function for o-particles to °B(0), measured for £(*He) = 2 to 10 MeV, indicates
a strong resonance at £(*He) = 5.8 MeV (:*N* = 26.1), I' =~ 1 MeV. This resonance does not
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Table 13.23: Structure in 1°B + 3He

Eres (MeV) | T (keV) | Eres (MeV) | T (keV) | Eres (MeV) | Eres (MeV) | Res.in | Ey in *N* (MeV)
(19565C01) (1964KU0Y) (1966PA10) | (1965PA05)
2.0 500 2.2 Po, (p1) 23.3
2.85 + 50 450 £ 50 Y15.1 23.83
372 700 352 P1, Po 24.5
4.1 120 37 Po 24.8
462 150 Po, (p1) 25.2
5.24+100°¢ | 240+ 80 544 Po, Y15.1 25.7
P2, P3
581 ao, do 26.1
g.2° Po 27.9

& See, however, (1964KU09).

b See also (1967S105).

¢ See, however, (1966BA01).

47> 2T ~1MeV (1966PA10).

eJ> g (L966PAL0).

f T ~ 1 MeV. This resonance is also seen in the d excitation curve (1965PA10).

appear in the excitation function for alphas to °B*(2.3) measured over the same energy range.
Minor structure is observed in both excitation functions approximately 2 MeV (1965PA05). See
also “B and (1968TA1M).

9. 19B(a, n)'3N Qm = 1.060

See (1959AJ76) and (1959HE1B, 1960KA13, 1961R021, 1962EDO01, 1965NI11B, 1966ZA01).

10. 1B(SLi, t)13N Qm = 5.845

At E(°Li) = 4.9 MeV, triton groups are observed to 13N*(0, 2.4, 3.6 [u], 6.38) [u = unresolved]
(1966MCO05). See also (1965CA05, 1963MO1B).

11. 1'B(®He, n)!3N Qm = 10.182

Ground state angular distributions have been measured for E(3He) = 2.0t0 5.3 MeV (1966D104)
and 4.7, 6.1 and 6.5 MeV (1969HO1F). Angular distributions at the latter energies of the neutrons
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corresponding to 1*N*(3.51, 7.39, 9.52, 10.36, 11.87) indicate, respectively, L = (0, 2), (2, 4),
0, 2), (2, 4), (0, 2), in agreement with the J™ assignments in Table 13.19 (1969HO1F). Work
at E(*He) = 1.2 to 2.0 MeV has shown tht previously reported states at £, = 5.51 and 6.10
MeV in the 'B(*He, p)*3C reaction are instead due to the proton decay to 12C(0) of 3N states at
E, = 9.52+0.02 and 10.35 & 0.02 MeV (1966CH18).

In a study with £(*He) = 7.0 to 13.5 MeV, neutron groups have been observed to 7' = %
states at £, = 15.068 + 0.008 MeV (I' < 15 keV), 18.44 + 0.04 MeV and 18.98 + 0.02 MeV
(I' = 40 £ 20 keV). J™ (determined by DWBA) for '*N*(15.07) is 3~ (1969AD02). The proton
and ~-decay widths of *N*(15.07) are displayed in Table 13.8 where they are compared with the
corresponding quantities for 3C*(15.11) (1968C027, 1969AD01). Comparison of the reduced
widths for the particle decays to 2C(0) and 2C*(4.4) show that the form of the isospin impurity
in the 15.1 MeV, T' = 2, states depend on 77, (1969ADO01). See also (1964BR13, 1967TI1B,
1969MC1C).

12. (@) 2C(p, 7)**N Qm = 1.944
(b) *C(p, 7yp)"*C

Resonances for capture radiation displayed in Table 13.24. [See also Table 13.17 for a summary
of the total radiation widths of low-lying levels of *C~'3N.] No resonance is observed at £, = 1.73
MeV, corresponding to **N*(3.56) (1951SE67, 1963YO06).

No capture radiation is observed for £, = 5 to 10.4 MeV: the upper limits to the (p, o) cross
sections are 2 mb/sr at the known (p, p) resonances (1962PA07). At E, = 14.2 MeV, capture
radiation from the first 7' = 2 state at £, = 15.07 MeV is observed. T',I',/T" = 5.5 + 0.8 eV
for the ground state transition which, combined with I, /T" = 0.20 & 0.025 from (1969ADO01),
yields I, = 27 £ 5 eV. The amplitude ratio of E2/M1 = —0.095 £ 0.07. For the transitions to
1BN*(2.37) and *N*(3.51 + 3.56), I, < 4.5 and 23 + 5 eV, respectively. The angular distributions
of the ~y-rays determine J = 2 for '¥N*(15.07) (1968D104). No clear structure is observed in the
ground state capture cross section for £, = 14 to 19.5 MeV (1962WA31). Resonances reported
by (1963F107) in the yields of v, and -, are displayed in Table 13.22. See also (1964 TAO05).

The capture cross section at low energy is of interest in connection with stellar energy genera-
tion: see (1959AJ76) and (1959CA1A, 1964FO1A, 1966BA2P, 1967FO1B).

In the range £, = 1.2 to 2.5 MeV, reaction (b) is observed, involving a ~-transition to the
2.37 MeV state. p-wave resonant capture at £, = 1.70 MeV, with I';, = 0.04 eV, interferes with
direct p-wave capture (1954W009). See also (1959DE28, 1959SU55, 1963CA0Y, 1964AL1J,
1965FALE, 1965MA1H, 1966ED1A, 1968 TH1K).

13. 2C(p, n)"*N Qm = —18.131 FEy, = 1.944

The cross section for this reaction has been measured from threshold to £, = 50 MeV. Res-
onant structure is observed corresponding to £, = 21, 24 and, possibly, ~ 27 MeV (1968R101).
See also (1963VA1C, 1966SP09) and '2N.
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Table 13.24: Resonances in 2C(p, vo)**N

E, Clab wl 13N* Res. in Refs.
(MeV =+ keV) (keV) (eVv) (MeV) | yield of
0.4568 £ 0.5 | 39.5+ 1.0 0.67 2.365 Yo (1953HU18, 1951SE67, 1949F018)
36.5 + 2.0 (1968BL 1K )
36.7 4+ 1.0 | 0.45+0.05 (1968RI 16)
1.698 £ 5 72+9 1.39 3.510 Yo (1949VA 1A, 1951SE67)
6744 1.06 2 (1963Y 006, 1968BL 1K )
13P 14 Yo (1963F107)
14.2 (see text) 15.0 Yo, 71, | (1968D104)
T =3 state Y2 + 73
20" 20 Yo (1963F107)
24.5 22.6 Yo (1963F107)
325P 31.9 Yo (1963F107)

a wI., for 13N*(3.56) < 0.006 eV (1963YO0E).
bT = % dipole states (1963F107, 1964 TA05).

14. 2C(p, pn)'‘C Qum = —18.720 B, = 1.944

Cross sections have been measured to £, = 385 MeV: see (1962AU1A, 1963CU05, 1964KA31,
1966MEO1, 1968AN02) and (1959AJ76). See also (1963VALC, 1969KO1P).

15. (a) 2C(p, p)'2C E, = 1.944
(b) 12c(p’ p/)12c*
(c) 1*C(p, 2p)''B Qum = —15.957

Yield curves for elastic protons, protons inelastically scattered to 12C*(4.4, 7.7, 9.6, 12.7, 15.1),
and for ~-rays from 2C*(12.7) and (15.1) have been studied at many energies up to F,, = 48.5
MeV: see Table 13.25 for a display of the characteristics of the observed structure.

Total reaction cross section measurements have been made at £, = 10 — 19 MeV (1968DI11D),
16.4 (1965PO1E), 16.2 to 28 (1965MA26), 20 and 42 (1964G11D), 24.5 to 46.1 (1967 MC1E), 28
(1964MALT), 34 (1959G01D), 45 (1967CA1K), 60 (1969ME08), 61 (1960ME1B), 142 (1961 TA06),
180 MeV (1961J017) and 1 GeV (19671G1A). Non-elastic cross sections have been measured at
E, =9.9and 10.2 MeV (1962IG1A, 1963WI1E) and at 77, 95, 113 and 133 MeV (1962G002).
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Table 13.25: 13N levels from 12C(p, p)'2C, *2C(p, p’)}2C* and *2C(p, a)°B

Flres 13N* Teom. lp J7 9?, Refs.
(MeV + keV) (MeV) (keV)
0.461+ 3 2.370 31 0 i 0.54 | (1953JA1B, 1954MI05)
1.686 + 6 3.502 63 1 3 0.031 | (1953JA1B, 1966AR03)
1.734+6 3.547 74 2 5t 021 | (1953JA1B, 1966AR03)
4.808 + 10 6.382 11 2 ot 0.0031 | (1956RE3Y, 1964ME1C, 1967/BA1C)
5.370+£10 | 6.898 | 11545 2 gt 013 | A
5.65+ 10 7.16 9405 | 4 g* 0.016 | (1963BA36, 1963BA43, 1963N105, 1960YO01)
5.891 7.379 75+5 3 %_ 0.069 | B
6.5 7.9 ~ 1500 | 2 at 014 |C
7.54 8.90 230 1 %7 0.02 D
8.17 9.48 30 1 3 0.001 | Dand (1966SW04)
9.132 10.36 30 3 %7 E
9.13* | 1036 76 3 - E
(10.31) (11.44) (1960BO19, 1961MC16)
10.52 11.65 80 (1961AD04, 1960B0O19, 1959BR1J, 1961MC16, 1968DI1D)
10.74 11.85 130 (1961AD04)
10.99 12.08 140 (1961AD04, 1960BO19, 1959BR1J, 1961MC16)
12.5 135 ~ 500 (1961NA02)
13.035 13.962 140 2 st T=1 (1969LE18)
13.2 14.1 ~ 500 (1961NADZ, 1969FA04)
13.8 14.7 ~ 500 (1961NA02, 1964DA03)
14.231+ 4 15.065 | 1.164+0.2 | 1 S r=3 F
14.9 15.7 ~ 500 (1964DA03)
15.220 15.976 100 4 =1 (1969LE18)
15.2 16.0 ~ 500 (1961NA02, 1964DA03, 1967KU02)
15.6 16.3 ~ 500 (1964DA03)
16.5 17.2 ~ 500 (1964DA03)
17.27+£50 | 17.88 ~ 400 (1968SN1B)
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Table 13.25: 13N levels from 12C(p, p)'2C, *2C(p, p’)'2C* and *2C(p, )?B (continued)

Eres IN* Tem. Ip JT 02 Refs.
(MeV + keV) (MeV) (keV)
17.670 18.233 300 1 i1 (1964DA03, 1967KU02, 1969L E18)
17.857+5 18.419 66 4 8 2 st =3 (1967KU02, 1968SN1B, 1969LE18)
17.9 185 ~ 500 (1964DA03)
18.2 18.7 ~ 500 (1964DA03)
18.460 £ 10 | 18.973 23+5 1 |3 or g*; T=3 (1967KU02, 1968SN1B, 1969LE18)
18.8 193 ~ 500 (1964DA03)
19.40 19.83 1000 3 55 T=1 (1964DA03, 19691 E18)
19.46 19.88 520 2 stor—1 (1963ME04, 1965MA26, 19661016, 1967SC11)
20.5 20.9 ~ 1500 (3)*
21.41 21.69 (1963D116, 1964WA11, 1966CR04)
21.73 21.99 (1963D116, 1964WA11, 1966CR04)
22.4 22.6 ~ 1000 (3~ (1963ME04, 19661016, 1967SC11)
24.2 24.3 < 500 (1963ME04, 1966L.016)
25.5 25.5 (3)~ (1967SC11)
27.02 26.87 (1963D116, 1964WA11, 1966CR04)

@ The resonant energies probably do not differ by more than 2 keV (1968BE2C).

A: (1956RE39, 1961AD04, 1962SH22, 1963BA36, 1963BA43, 1963N105, 1964ME1C, 1966BA35, 1967BA1C, 1967DU1A, 1968BE2C; see also
1960B0O19, 1965BE12).

B: (1956BR27, 1961AD04, 1962SH22, 1963BA36, 1963BA43, 1963N105, 1964MELC, 1966BA35, 1966SH10, 1968BE2C; see also 1960BO19).
C: (1956SC29, 1960B0O1Y, 1961NA0Z, 1962SH22, 1964ME1C, 1966BA35).

D: (1961AD04, 1962SH22, 1966BA35; see also 1960BO19, 1961MC16).

E: (1961AD04, 1962SH22, 1966BA35, 1966SW04, 1967SW1A, 1968BE2C; see also 1960B019, 1961MC16, 1961NAQ2).

F: (1966BR1Z, 1966BR2A, 1967KU0Z, 1967/ TELA, 1968TE1C, 1969LE18).



Table 13.26: Summary 2 of 2C(p, p)'2C polarization measurements

E, (MeV) 12C states References
1-3 g.s. (1968SL01)
1.2-24 g.s. (1965BO1L)
1.5—3.0 g.s. (1967TR08)
1.5—5.0 g.s. (1959PH37)
1.7—1.9 g.s. (1966BA2Q)
2.3 —4.3 g.s. (1960EV02)
2.4 —34 g.s. (1965BE1L)
2.9 g.s. (1966HS1A)
3.0 g.s. (1962NE17)
3.8—4.8 g.s. (1962G026, 1964DR01, 1964DR03, 1964DR04)
4.4 —10 g.s. (1968BE2C, 1968TEQ5)
45 g.s. (1964B018)
4.6 —5.5 g.s. (1961G026)
4.6 —17.2 g.s. (1965TE1B)
4.65 — 5.0 g.s. (1960TO09)
4.7-11.3 g.s. (1965M0O15)
5.0 — 10.5 g.s. (1961EV03)
5.1 —6.8 g.s. (1959WA07)
54—19.7 g.s. (1962R0O14)
6.0 g.s. (1965B031)
6.0 — 6.8 g.s. (1964BE20, 1964BE1H)
6.2 g.s. (1965CL1D)
6.3 g.s. (1962MA1N)
6.5 g.s. (1962BE1E)
6.7 g.s. (1964BE29)
6.8 g.s. (1960PA07)
6.9 g.s. (1969GU02)
8.6 g.s. (1961RO13)
9.2 g.s. (1961HO09)
9.4 g.s. (1960ST09)
10.4 —19.9 g.s., 4.4 (1969FA04)
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Table 13.26: Summary ® of 12C(p, p)'2C polarization measurements (con-

tinued)
E, (MeV) 12C states References
10.8, 12.7 g.s. (1963SA1D)
11.7 g.s. (1961RO05)
12.8 —13.4 g.s. (1966ST05)
14.5 g.s., 4.4 (1962R020, 1962ST11, 1965R022)
16.5 g.s., 4.4 (1966DA1G)
16.6, 19.3 g.s., 4.4 (1962B005)
17.7 g.s., 4.4 (1959BR1K)
17.8 g.s., 4.4 (1965BA1U)
19.3 9.6 (1962B0O05)
19.7 9.6 (1962R0O14)
20 — 28 g.s. (1966L016)
20.2 —28.3P g.s., 4.4 (1966CR04)
21 g.s. (1966BE1M)
29, 49 g.s., 4.4 (1963CR03, 1966CR1D)
32.9 g.s. (1968GR1K, 1969MA2D)
38 gs., 4.4 (1963HWO01)
40" g.s., 4.4 (1966BL1E, 1967FR1C)
435 g.s. (1966CA01)
50 g.s. (1967FA06)
57 g.s. (1962YA04)
75, 152 g.s. (1966R008)
80 g.s. (1966MA1Z)
139 g.s. (1963HE1B)
140 g.s. (1966JA03, 1966JA1F, 1966JA08)
141 g.s. (1965P005)
143 (1964ST16)
145 g.s., 4.4,9.6, 14, 18,5 | (1966EMO1)
150 g.s.,44,7.7,9.6 (1962SA05, 1965TALF)
155 gs., 4.4 (1957AL1B)
173 g.s., 4.4,9.6,15.1 | (1957H198, 1957TY1B)
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Table 13.26: Summary ® of 12C(p, p)'2C polarization measurements (con-

tinued)
E, (MeV) 12C states References
424 g.s. (1957HE1A)
725 g.s. (1965MC04)
2000, 3600 (1967BA2F)

2 See also (1963AZ01, 1963AZ1C, 1965AZ1A, 1966LELN).
b See also (1969K013).

The (p, 2p) cross section has been determined at £}, = 120 to 150 MeV (1962AU1A) and
that of the '2C(p, p’)*He*He'He at 90 MeV (1961GA07). See also (1962WA31, 1966KI1D,
1967BE2D, 1967WA1H).

A summary showing the energies at which polarization measurements have been made is pre-
sented as Table 13.26. Reviews of the experimental evidence are given by (1959PH37, 1962R014,
1966DA1B, 1966RO1R, 1966RO1B). See also (1959AJ76) and (1966KI1D).

The polarization and asymmetry in the elastic scattering of 32.9 MeV protons are equal to
within ~ 1%: therefore no violation of time-reversal invariance is observed in that part of the
nuclear force which flips the spin of the proton (1968GR1K, 1969MAZ2D).

The following is a list of recent theoretical papers bearing on these reactions: (1955DES50,
1958BE1B, 1959BA24, 1959KE1A, 1959PU1A, 1959RI1A, 1959WI11C, 1960NI102, 1960SA1E,
1960SA1G, 1961SA1B, 1962MA1M, 1962N004, 1962N003, 1962N0O1D, 1962RO1F, 1962Vv004,
1963BA43, 1963HO1D, 1963L01A, 1963LU1C, 1963RO1G, 1963SC1C, 1964CR1B, 1964GR1E,
19641Y1A, 1964TA1LE, 1964VE1A, 1965BA1M, 1965BE1K, 1965CL1E, 1965FA1E, 1965HAZS,
1965PE1F, 1965SA1H, 1966BA2N, 196 7BA1C, 1967MC1H, 1967SA1C, 1967 TA1B, 1967WOLE,
1968BA1K, 1968CH35, 1968FA1H, 1968K026, 1968TA1U, 1968 TI11B, 1969HAZ2C, 1969K01J,
1969PA1H, 1969TA1D).

See also (1959BUY7, 1960DELC, 1961J018, 1961MC11, 1962PA07, 1963AZ1B, 1963DE35,
1964FI11B, 1965CL1C, 1965GR1N, 1965VALE, 1966HA1F, 1966MA1Y, 1966RE1D, 1967AR1D,
1967VO1C, 1969BR1D, 1969EWO01).

For discussion of spallation measurements, see (1965Z01A, 1967AU1A, 1967GR1K, 1967L11B,
1968JA1M, 1968JU1B, 1969DA1M, 1969DA1N).

See also 2C in (1968AJ02).

16. 12C(p, d)!'C Qum = —16.495 B, = 1.944

The yield has been measured for £}, = 18 to 19.8 MeV: no structure is observed (1962WA31).
Polarization measurements are reported by (1960C0O05, 1967CH15, 1968IN02, 1969IN1C). See
also ' C in (1968AJ02) and (1969B01J, 1969ED02, 1969KO1P).
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Table 13.27: 2C(d, n)!3N angular distribution studies

E4 (MeV) | Distribution of neutron groups Refs.
0.5-0.8 No (1969CHO04)
1.5-3.0 No (1959EL 44, 1963HO1G)
2.7-3.2 No (1966GU04)
2.8-4.2 Ny (1966SA05)
3.8-4.2 Ny (1967FU03)
3.8-4.2 ny (1966SA05)
4.1-5.0 No, Ny (1966HO11)

9 No, N1, Noss (1957CA02)
11.8 Ng, Ny, Ng, N3 (1969VE1D)
12, 15, 17 No (1969GA1T)
13 No, N1, Nay3 (1963K024)

a Angular distributions of recoils in coincidence with neutrons.

17. 2C(p, t)1°C Qum = —23.319 By, = 1.944

See (1967C023, 1967ME1M) and °C in (1966LA04).

18. 2C(p, )’Be Qm = —7.554 B, = 1.944

Yield curves for o have been measured over the 14.2 MeV resonance, corresponding to the
first T :g state at £, = 15.07 MeV, and from £, = 17 to 20 MeV. The yield for the a; group has
been determined for £, = 17 to 21.5 MeV. Parameters of observed resonances are displayed in
Table 13.25 (1969LE18). See also (1963VALC, 1964BA29, 1966BA35, 1966RE1D, 1968TE1C)
and B in (1966LA04).

19. (a) 12C(d, n)'*N Qm = —0.281
(b) 2C(d, pn)'2C Om = —2.225

Measurements of angular distributions of neutrons are tabulated in Table 13.27. See also “N.
In the range E4 = 2.8 to 3.7 MeV, a single neutron threshold is observed at £4 = 3.09 £ 0.02
MeV, corresponding to 3N* = 2.36 (5) £ 0.02 MeV (1955MAT76).
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At By = 4.7t05.5 MeV, broad proton groups are reported from the sequential decay '2C+d —
UN* — BN* + n — 2C + n 4 p via '3N*(3.51, 3.56) (1963P104). The proximity scattering
associated with this process is charaterized by a mean lifetime for the intermediate state of 0.7 x
10720 sec (1965LA08, 1965LA1F, 1966 A18). See also (1968B0O02, 1969SA1K).

See also (1959AJ76), (1960MA21, 1961KE1C, 1961LE1E, 1961YA05, 1961YNO02, 1963KN04,
1964CA1F, 1965GA1G, 1965J009, 1965S113, 1966HO1D, 19670G1A) and (1961HO1D, 1963SMO05,
1963TR1A, 1964SH1C, 19656MA1K, 1966ST1L, 1968HU1G).

20. (a) 12C(*He, d)'*N Qm = —3.550
(b) 2C(*He, pd)'2C Om = —5.494

Angular distributions of deuterons to 1*N(0) have been measured at £(3*He) = 6.0, 8.8, 9.4 and
10.1 MeV (1960H107; do), at 13.9 MeV (1960PR12; do), at 16, 17 and 18 MeV (1969F002; dy, d;,
d2+3), at 19 MeV (1969F002; d4, d5, d6, d7), at 21.6 and 24.7 MeV (1960WE04; do, dl, d2+3), and
at 29 MeV (1962GA17; dy, dy, doy 3). See also (1952FR1A, 1961YNO02, 1966EC1B, 1966HA1Q,
1969F002, 196 /THAZ21, 196/HO14). For reaction (b) see (1969F002).

21. 12C(a, t)'3N Qum = —17.870

Angular distributions have been measured at £, = 43 MeV (1967DE1K; t;), 46 MeV (1969F01C;
ty + t3) and at 56 MeV (1968GALC, 1969GAL1; ty). At E, = 56 MeV a detailed comparison is
made with the 3He distribution from the mirror reaction >C(a, *He)'3C (1969GA11). See also
(1961YNO2, 1963TR1A, 1964SH1C).

22. 12C(19B, 9Be) N Qum = —4.644

At E(*B) = 105 MeV, the ground state of 1*N and *N*(3.5 [u]) are observed (1965SA07).
See also (1963GR1H, 1965GR1F, 1969BR1D).

23. 12C(11B, 19Be) N Qm = —9.285

At E(1'B) = 116 MeV, the ground state of 1*N and *N*(3.5 [u]) are observed (1965SA07,
1967P0O13). See also (1965DA1E, 1965GR1F, 1969BR1D).

24.12C(12C, 1'B)13N Qm = —14.013
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See (1962CHO01, 1969BR1D).

25. 12C(1N, 3C)!3N Qm = —5.606

See (1967BI1F, 1969BR1D, 1969D007).

26. 13C(p, n)'*N Qm = —3.003

Eipresn. = 3.2353 + 0.0015 (1961BE13);
Einresn. = 3.2371 £ 0.0016 (1961BE13): see (1964B0O10);
Eipresn. = 3.2354 4+ 0.0024 (1966B0O20);
Eipresh. = 3.2357 £ 0.0007 (recommended by (1966MAG0)).

Angular distributions of ground state neutrons have been measured at £, = 3.1 to 5.3 MeV
(1961AL07), 3.39 to 12.86 MeV (1961DA09), 5.0 to 13.3 MeV (1961W003) and 18.5 MeV
(1964AN1B). See also (1962PA07, 1964ST1C, 1965VALE) and (1959BL 1B, 1963EL 1B, 1964CALF,
1964SA1D, 1966PA1H).

Two thresholds are observed at £, = 3.235 and 6.965 MeV (£10 keV), corresponding to
13N(0) and 3N*(3.464) (1966R109). The neutron group corresponding to 13N*(2.3) is very weak
compared to the groups to 1¥N(0) and *N*(3.5) at the energies studied (1961DA09). See also
(1959AJ76), (1959B014, 1966UN1A, 1968AT 1A, 1968L11G, 1968RI1Q, 1968WO1D, 1969PA1J)
and 4N.

27. BC(3He, )N Qum = —2.239

At E(3He) = 39.6 MeV, angular distributions have been obtained for the tritons corresponding
to the ground state of 3N and to the excited states at 2.37, 3.53 4 0.03 [u], 6.38, 7.17, 7.39,
8.92+0.04, 11.854+0.04 and 15.07 MeV. States at £/, = 9.5, 10.78 +-0.04 and 15.98 +0.05 MeV
were also populated, the first of these weakly. The transitions to!3N*(7.39, 8.92, 11.85, 15.07) are

L=2[J"=3",17,37, 37 respectively] (1968BALE, 1969BA0E). See also (1966EC1B).

28. 1N(, n)*N Qm = —10.553
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See (1963FU06) and “N.

29. (a) “N(p, d)13N Qu = —8.329
(b) “*N(p, pn)**N Qum = —10.553

Angular distributions have been determined at £, = 14 MeV (1969CU1D; d,), 18.5 MeV
(1961BE12; dy, d;, day3), 30.3 MeV (1967K008; dy, ds, and the deuterons to *N*(7.38, 8.93,
11.80)), 45 MeV (1966 MAZB; dy, d;, ds_ 3, and the deuterons to 1*N*(7.4 £ 0.1, 11.8 4= 0.2)) and
155.6 MeV (1966BA44; dy, do_ 3, and the deuterons to 13N*(7.4, 9.0, 11.9)). See also (1964EL 1B,
19670G1A, 1969D008, 1969TO1A). For reaction (b), see (1962BA1A). See also “N.

30. 1N(d, t)!3N Qm = —4.296

Angular distributions of the tritons to *N*(0, 3.51, 7.38, 8.93 + 9.48, 11.8) have been ob-
tained at £y = 52 MeV and analyzed by DWBA. The spectroscopic factors for the '*N states
[and the mirror states reached in the **N(d, *He)*3C reaction] are in good agreement with the-
ory and are additional evidence for the J™ assignments of $~, 27, 27, 27, 2~ and 2" to these
states (1968H101). Comparisons of (d, t) and (d, 3He) angular distributions are also reported by

(1966DE1C, 1968GA13).

31. (a) “N(3He, a)!*N Qum = 10.025
(b) “N(*He, pa)'2C Qm = 8.081
Qo = 10.015 % 0.010 (1959Y025).

Alpha-particle groups have been observed to the ground state of 3N and to excited states at
2.358 +0.010, 3.471 £0.015 MeV (1960TA12), 6.38, 6.91, 7.166 +0.008 and 7.388 +0.008 MeV
(1962CL12). See also (1963GA03). Angular distributions have been studied at £(*He) = 4.5, 5.5
and 7.0 MeV (1967KN18, g, O, Oég_r_g), 13.9 MeV (1968LU03, g, (1, (943, Oy, Oé6+7), 17.4
to 36.6 MeV (1965AR07; o, a1, aiays, asps and the alphas to 1*N*(11.4)), 29 MeV (1962SE13;
ap), and at 40-45 MeV (1967BA2G). For reaction (b) see (1967DE1T). See also (1964EL1B,
1965BO1N, 1966BO1U, 1967BE22, 19670G1A, 1968ZE1B, 1969D008).

32. “N('2C, 3C)13N Qm = —5.606

As expected from isospin conservation the angular distributions (at £(“N) = 78 MeV) of *N
and '3C are symmetric about 90° (1969V001).
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33. 1N(MN, 1N)!3N Qum = 0.282

See (1968NA1F, 1969BR1D, 1969KA1G).

34. BN(p, )N Qum = —12.906

At E, = 43.7 MeV, angular distributions have been obtained for the tritons corresponding to
the ground state of '*N and the excited states at 3.51 (27), 6.38 £0.03 (37), 7.38 (27), 8.93£0.05

(37), 10.78 £ 0.06 (37), 11.88 + 0.04 (37) and 15.07 (37; T = 3) MeV states [J™ values in
parentheses, as determined by DWBA analyses using intermediate-coupling wave functions to
obtain the twwo-nucleon structure factors] (1968FL03). Detailed comparisons have been made
with the (p, ®He) reaction to the mirror states in 1*C (1968FL03, 1968FL02). See also (1966CE02,
1966CE05) and (1969VA1C).

35. 160(y, t)!3N Qu = —25.032

See (1965BU1F, 1968BU1D).

36. (a) '°O(p, a)**N Qu = —5.218
(b) O(p, pa)**C Qu = —7.161
Qo = —5.206 + 0.010 (L960WHO3).

Angular distributions of the ground state a-particles have been measured at £, = 7.9 to 10.2
MeV (1964DA02), 13.5 to 18.1 MeV (1961MA15) and 38 MeV (1969GA03, 1967AC01). See
also (1962VA1A, 1964CE1D), (1957CH1A, 1961WI1F, 1964HO1D) and '"F. For reaction (b),
see (1967CHO04).

37. 150(3He, SLi)"*N Qm = —9.239

At E(3He) = 65.3 MeV, SLi groups are observed to 1*N*(0, 3.6 [u], 6.4, 7.4) (1966CE02). See
also (19690H1B).

38. 180(d, "Li)'*N Qum = —7.899
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See (1966DA1C).

130
(Fig. 4)

130 has been produced in the reaction 'O(*He, °He)'30 at E(3He) = 65 MeV; the mass excess
of 1305 23.11+0.07 MeV (1966CE02). 130 is then bound with respect to >N +p by 1.54 MeV. A
computation using three other members of the 7" = % quartet predicts M — A(*30) = 23.1040.05
(1966CE02).

130 has also been reported in the **N(p, 2n)'?O reaction initiated by 50 MeV protons: 7, =
8.7 + 0.4 msec. 130 is a delayed proton emitter decaying via '*N*(8.92, 9.52) to '2C + p. The
relative intensities are 100:24; on this scale the intensities of possible transitions to > N*(7.39; 27)
is < 15, log ft > 5.5 (1965MC09). On the basis of charge symmetry, and the 3B 3~ decay, the
half-life of 130 should be 7.7 & 0.8 msec and the 3+ branching to 13N*(0, 3.51, 7.39, 8.92, 9.52)
should be, respectively, (89 4+ 11)%, (10 + 2)%, (0.24 + 0.06)%, (0.57 £+ 0.12)% and < 0.2%
(1969J021).

See also (1960G0O1B, 1960ZE03, 1961BA1C, 1963BA63, 1963VL1B, 1964G0O1G, 1965JA1C,
1966GO1B, 1966KE16, 1969GA1P),
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