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14B

4B has been identified in the 5.3 GeV proton bombardment ofiunarf1966PO0Y and in
the 3 GeV proton bombardment of golt9E8THO4. B is patrticle stablel966PO0Y. See also
(1966GA25 1969AR13.

14C
(Fig. 5)

GENERAL:

See (954JA1A 1956EL1B 1957VI1A 1958BA1A 19590T1A 1959SK1A 1960TA1G
1960WA12 1961BA1F, 1961FR1C1962TA1E 1963BL1B 1963NA04 1963S0O041963VL1A,
1964L11B,1964LO1B 1965BA1X 1965K0O10 1965WA1J1965ZA1B 1966BA42 1966BO1R
1966GU081966MI1G 1966ZA03 1967GR1D1967HA1Q 1967IN1B 1967KO1N 1967KO1k
1968EI11C 1968FA1B 1968FR03 1968NE1C 1968RO1C 1969AR13 1969AT1A 1969FR1E
1969SH1A 1969S0081969SO1k

1. 4C(53)“N Qm = 0.156

Recentvalues arfgr45+50 y (1961MALL, 1961MA32 1964HUQ09, 5780+65y (1961WAL1H,
5680+40y (19620L0%, 5660430y (1968BE47, leading to a weighted mean 892 +21y. See
also (1962G033. UsingQ,,,, log ft = 9.03 (1966BA1A), 9.02 (L969KA1B). The spectrum does
not deviate from the allowed shape down to 3 ké934MO84. The3-decay rate of*C and the
radiative width of'“N*(2.31) cannot simultaneously be explained by a conveaticentral force
plus spin-orbit interaction together with configurationximmg: the nuclear force must include a
tensor part {968RO1Q. For other discussions of the long lifetime 6fC, see {959AJ79 and
(1959JA1B 1962AL1F 1962VALF, 1962WE1B 1964KU1F, 1966ZA03 1967BL24 1968FR03
1969DE161969EL1B 1969FR1H

2. (@)7Li("Li, 2n)'2C Qm = 13.672 By = 26.795
(b) "Li("Li, n)*C Om = 18.619
(c) "Li("Li, p)*B Ou = 5.964
(d) "Li("Li, d)?B Qu = 3.300
(e)Li("Li, )'B Qum = 6.197
(f) "Li("Li, a)"°Be O = 14.783
(9) "Li("Li, ®Be)’He Qm = 7.272

(h) "Li("Li, 7Li)7Li



Table 14.1: Energy levels ¢fC

E.inC J T 7orI' (keV) Decay Reactions
(MeV =+ keV)
g.s. 0F;1 | 70 = 5692421y 3~ |1,3 4,6, 78,9, 10, 11
14, 15, 17, 18, 19, 20, 21
22,23, 27, 28, 29, 30, 31
6.0932 £ 1.3 1~ Tm < 0.3 psec v 3,4,7,9,11, 14, 18, 20
6.5892 + 1.4 0F > (0.6 psec vy 4,7,9,14, 18
6.7281 1.4 3~ 97+ 15 psec| v 4,7,9,14,17,18, 20
6.9012+ 1.5 0~ < 0.3 psec ¥ 4,9, 14, 17
7.0117£5.2 2% < 0.12 psec v 4,7,9,18
73414434 | 2- < 0.22 psec v |4,7,9 14,18
831845 | (1,2) =12 n |9 12 14,18
9.801 4 8 (1) 19 n |12, 14,18
10433 +£10 | (2) 16 n |12, 14,18
10453 +£10 | > 1 9 n 12,14,18
10.74 £+ 20 <15 7,9
(11.35 + 50) 7
(11.66 + 50) 7
11.9 4+ 300 950 £ 300 12,14
12.601 4+ 20 110 £ 20 14
12.854 4+ 20 14
12.958 4= 20 14

These reactions have been studied wit{iLi) to 6.5 MeV: see {957NO14 1957NO17
1962BE24 1963CA09 1963HU02 1964DZ1A 1966PI02 1969CA1A. For E('Li) = 2.3 to
5.8 MeV, the cross section for emissionf, a1, a5, (to the first five states df Be) increases
monotonically with energyl(964DZ1A 1969CA1A. The measured cross sections for reactions
(c), (d), (e) and (f) indicate that the reactions probablgurdy a mixture of compound nucleus
and direct reaction mechanisms. The Coulomb field appedravi® a marked effect on the cross
sections {969CA1A see also1963HUO3).

3.9Be(Li, p)“C Qm = 15.130

See (967SEO3and!®N.



Table 14.2:*C levels from'2C(t, p)*C

E.? (1964MI109 * | (1960JA1T ©
(MeV =+ keV) L L
0 0 0
6.090 & 10 (2) 1
6.582 4 10 1 1
6.725 + 10 (2) 3
6.893 + 10 e e
7.009 & 10 (2) 0
7.335+ 10 e e
8.32 2f
10.74 £204

2 The excitation energies of the first six excited states have
been determined by1P60JA1Y; the seventh comes from
the 13C(n, n)3C work of (1961COO0Y; the eighth has been
determined by1964MI105.

b =11 MeV: except ground state;, = 8 to 13 MeV.

¢ By = 5.5 MeV.

4T < 15 keV. No states are observed between this level and
the broad state at 11.9 Me\L§64MI103.

¢ Weak group.

(1964MI109 suggest/™ = 27; see, however,1061CO0}.

4.°Be(Li, d)14C Qum = 10.102

At E("Li) = 3.2 MeV, the ground state deuteron group and the deuteron gamrpssponding
to the known levels with, < 9 MeV have been observed64CA05". At E("Li) = 5.1
MeV, thevy-decay of the six bound excited states has been studietP®BCA0Y: see Tabld 4.3
Measurements at("Li) = 5.7 MeV give,, < 0.32 and< 0.12 psec, respectively, fdfC*(6.09,
7.01). £, = 6.0945 £ 0.0032, 6.7281 4+ 0.0014 and7.0117 £ 0.0052 MeV for the ground state
transitions for these two levels aftiC*(6.73) (1969THO).

5. (a)11B(t, n)i*C Qum = 12.422 B, = 20.598

 Angular distributions of the deuterons¥#C*(0, 6.09,6.59 + 6.73, 6.90 + 7.01, 7.34, 8.32) have been measured
at E("Li) = 5.6, 5.8, 6.0 and 6.2 MeV1969SNO}.



Table 14.3: Branching ratios atrays in'*C

E; (MeV) | J© | Er (MeV) Branch (%)
A B C D
6.09 |1- 0 100
6.59 | 0% 0 1.0+£04°
6.09 99.0 4 0.4
6.73 |3 0 93 £ 2 97.3+1 91+5
6.09 742 2741 943
6.90 |0 6.09 100>
7.01 |2t 0 98.6 +0.7 | 100™
6.09 1.440.7 <5
734 | 2 0 18+4 1444 13+£3| 1345
6.09 47+ 4 524+ 5% | 60+£5| 29413
6.73 35+£7 34+4°% | 27+£5| 58+7

A: (1966AL10: *3C(d, p)“C.

B: (1968BE3(: '2C(t, p)“C.

C: (1966CA07: ?Be(Li, d)'“C.

D: (1965LA09: 13C(d, p)*C [see also1966AL1Q)].

a (1958WA0J).

b 5(M2/E1) = —0.04 4 0.09 and+0.07 + 0.30, respectively {968BE30).
¢ Internal pairs.

(b) 'B(t, @)'°Be Ou = 8.586

Resonant structure has been observed in the yield of neustdi, = 1.200, 1.340, 1.567,
1.650, 1.700, 1.800, 1.940, 2.055, 2.245 and 2.315 MeV spomding toF, = 21.540, 21.650,
21.828, 21.893, 21.933, 22.011, 22.121, 22.211, 22.36@ard5 MeV (965VA13 natural B
target). For reaction (b) se&967SI1H.

6. 'B(a, p)'‘C Qum = 0.784

The angular distributions of ground state protons have besasured foF/, = 2.5t0 5.0 MeV
(1963MA29. See alsol959AJ76¢ and'®N.



7. UB("Li, a)*C Qum = 18.131

At E("Li) = 5 MeV, a-particle groups are observed to the known statéé®@fwith £, < 10
MeV except'“C*(6.90), and to the (unresolved) 10.4 MeV states. Thererisssindication also of
14C states at (10.71), 11.35, 11.66, (14.15), (14.73) an@7)MeV (& ~ 50 keV), in addition to
the 12 MeV states. The wide statefat = 11.9 MeV is not observed. Angular distributions have
been obtained for the-particles to the ground state GiC and to the states &, = 6.09 and 8.32
MeV (1966MCO05. See alsol963MI102 1963MO1B.

8. 'B(!*F, 160)1“C Qm = 8.899

See (963HO1B.

9. 2C(t, p)4C Qum = 4.641

Observed proton groups are displayed in Tabde2 Angular distributions have been ob-
served atE; = 5.5 MeV (1960JA1Y and E; = 8 to 13 MeV (964MI05. Aside from the
ground state and groups correspondind©*(6.59, 8.32), the stripping patterns are inconclu-
sive (1964MI109. Particles correlations have been studied BPESBE3(): see Tablel4.3 The
lifetime of 1*C*(6.73) is97 & 15 psec ((968AL12. The (.73 — 0) E3 transition is enhanced by
3.3+ 0.8 W.u. (L1968AL12.

See also1960MU07 1962GU011962KU09 1967KE1J1969ETO0), (1964AB1B 1965GL07
1965SH1E1966GL1G 1966SH1E1967TI1B 1969S008theor.), 1959AJ76 and!°N.

10. 12C(*%0, 150)1C QO = 0.934

See (968HU1H 1968SC1H1969BR1D 1969SU1E.

11. 13C(n,7)14C Qm = 8.176
Qo = 8.177£0.002 (1967THOS.

The thermal capture cross sectiori8 + 0.2 mb (1964ST2%, 1.0 + 0.2 mb (1963MO1Q.
Two v-rays are observed with, = 8.174 £ 0.002 and6.093 £ 0.002 MeV [Eyx = 6.094 £ 0.002
MeV], with intensities of87 + 5 and 13 & 1%. Intensities of transitions via oth&fC states are
< 2% (1967THO0Y. See also{968FO1A.



Table 14.4: Resonances'tC(n, n)3C (1961CO0%

FE.es (MeV £keV) | B, (MeV £keV) | T, (keV) | o2 (b) | J™
0.153+5 8.318 £5 13 7 1t
1.751 4 8 9.801 + 8 20 [~13]| 1
2.432 + 10 10.433 £+ 10 17 [~13]| 2
2.454 + 10 10.453 + 10 10 [~07]]|>1

3.8P 11.7

@ Corrected peak cross section, above background.
b Broad resonance structure.

12.13C(n, n)3C E, =8.176

The coherent scattering length (thermal, bound) is 6.0 {\WI1A 1969BA1P. The total
cross section has been measured figr = 0.11 to 9 MeV and 16 to 23 MeV. The observed
resonances are listed in Taldlé.4 For the 153 keV resonance, the shape exclides); 6% for
[ = 2 would be 2.3, thug = 1. The peak cross section is too large for= 0, but lower than
expected for/ = 1: it is concluded that/™ = 1. The peak cross section for tlig = 1.75 MeV
level is in excellent agreement with= 1. Formation byl = 0 is excluded by the shape, but 1,

2 remain as possibilities. Peak cross sections for thess¢dig, = 2.43 and 2.45 MeV indicate
J =2andJ > 1, respectively {961CO0%. See alsol969HO1Y).

13.13C(n,a)'"Be Qum = —3.836 B, = 8.176

See (947HU03 1954SA681964GA1A.

14.13C(d, p}*C Qm = 5.952

The weighted mean of reportégtvalues is5.948 + 0.003 MeV: see ((965RY0).

Proton groups reported by 954SP011955MC751961JA23 are displayed in Tabl&4.5 See
also (L961TEO32. Angular distributions have been analyzed by PWBA and DVABA have led to
J™ assignments and to determinationg)&f see Tablel4.5(1955MC75 1958WA02 1963L109
1966GL01 1967SC2%. See alsoXl963DE191965LA09 and'°N.

Observedy-radiation assigned t4C is exhibited in Tabld4.6(1955BE621955MA36 1958RA13
1958WA02 1965LA09 1966AL10 and in Tablel4.3 The internally formed positron distribution
shows that the decay of the 6.09 MeV level is E1 and hencetthasi/™ = 17; it is presumably
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Table 14.5: Proton groups fromC(d, p)“C

(1954SPO0Y (1955MC75 (1958WA02 1959WA04 (1966GL0) (1960MA32
E. (MeV £ keV) | E, (MeV £keV) | [,° JT JT 62 ¢ 62 eh 62 & 62 &k
0 0 1 0t,1+,2t | 0F 0.10 0.067 |0.031 0.063
6.091 4 102 6.09 0 0=, 1" 1- 0.40 0.20 0.13 0.20
6.589 + 20 1,2,3"| (17, 2,3) <0.01 0.008 0.006
6.723+ 10" 6.72 2 17,27,37 [ 37(27) 0.11 0.065 | 0.052 0.07
6.8944+ 10" 6.89 0, 1f 0, 1,2+ 0~ 0.39 0.24
0.0012'
7.346 + 20 2 1-,27,37 | 27,3" 0.11 0.072 | 0.061 0.06
8.321 +£20 0.009 0.0015
9.800 = 20
10.433 £ 20
10.505 + 20
11.9 4300 ¢
12.601 +20 ©
12.854 + 20
12.958 + 20

26.1124+0.012 MeV (1961JA23.

> The spacing of these two levelsligl + 3 keV (1954SPO).

¢ See alsol959AJ79.

4 T)ap = 1.10 £ 0.30 MeV.
¢ Tlap = 0.130 + 0.020 MeV.
f See footnotes 18 and 31 ihg58WAO0).

& From PWBA analysis, assumin’ = 0*,17,37,07,2".

h Py =12 MeV.
LBy =8 MeV.

J BEq = 4.7 and 6 MeV,9? = 0.95 + 0.24, DWBA analysis (963LI109.

k By = 14.8 MeV.
I For 14C*(7.01).




Table 14.6: Gamma rays fromC(d, p)*C

Transition E., (MeV £ keV)
(1955MA36 | (1955BE63 | (1958RA13 | (1958WA02 | (1966AL10
6.09 —g.s. | 6.090+25" | 6.114+30"|6.0904+20" 6.09
6.73 —g.s. | 6.730£40° | 6.720£30° | 6.738 £25°¢ 6.72
7.34 — g.s.® (7.30 £ 50) | 7.323 £25" 7.35
6.59 — 6.09 0.4958 £ 0.4
6.90 — 6.09 | 0.811+34 0.8134+ 89| 0.8087 + 1.0
7.34 — 6.73 0.621 4+ 7
7.34 — 6.09 1.248 £3°

2T7.34/T6.72 < 0.224+0.07,T1.25/T6.72 = 0.5 + 0.2 (1965LA09.
b Corrected for Doppler shift: se@ §58WA0QJ.

¢ No Doppler shift:7 > 0.3 psec (958WAO02.

4 A Doppler shift of 0.5-1.0% applied 9§58WA0J.

¢ See alsol965LA09.

the analog of the 8.06 MeV level iAN (1952TH24 1958CH1A 1958G0811959CH28§1959WA04
1966WA1Q. The p+ correlation is isotropic, consistent with= 0 formation (L963L109 1965LA09.
The 6.59 MeV state is observed in internal pairs but not ieml pair formation. The transition
to the ground state is EO, therefofé = 07; 7,,, > 0.6 psec (963AL21, 1964WA05 1966AL10.
The mean lifetime of the 6.73 MeV state is greater than 2 fE88qAL10 [see also reaction 9] and
study of the internal pairs suggests that the ground statsition is E3 {964WAQ05 1966WA1Q.
The stripping pattern is rather cleafly= 2; (p-y) angular correlations are consistent with= 37:

J = 1and 2 are ruled outlO65LA09: see also1966AL10.

The 0.81 MeV cascade transition from the 6.90 MeV state sleWsppler shift ¢, < 0.3
psec) and hence is predominantly dipole. The angular ativel of 6.1 and 0.8 MeW-rays is
consistent with/ = 0 and excludes/ = 1 or 2. J = 0 is also suggested by the absence of the
direct ground state decay of the 6.90 MeV levE9%8WAQ0). The plane polarization of the 0.81
MeV cascade has been measured in coincidence with the 6.99gkteind state transition: the
parity of the 6.90 MeV state is negativEQG6RI103.

Protons leading to the 7.34 MeV state exhibit a clear 2 pattern: therefore/™ = 1-,
2~ or 3. The level decays via cascades through the 6109 &nd 6.73 §~) states: see Table
14.3(1958RA13 1958WA02 1965LA09 1966AL10. The strength of the cascaded4 — 6.09)
compared to the ground state transition argues agdihst 1~ and3~ for the 7.34 MeV state
(1958WA02 1966AL10; the angular correlation data is consistent with = 2~ and excludes
J = 3 (1965LA09. Comparison of reduced widths and calculations of levdtsbuggests the
following associations of*C and!“N levels: 6.09 — 8.06, 6.59 — 8.62, 6.73 — 8.91, 6.90 — 8.80,
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(7.01 — 9.17), 7.34 — 9.51 and §.32 — 10.43) (1960WA12. See also{959KU1Q.

15.13C(t, d)i*C Qm = 1.919

At E; = 5.5 MeV, the ground state deuterons have been obseh@&&ilBA1Q.

16.13C(a, *He)C Qm = —12.402

Not reported.

17.13C(11B, 19B)“C Qm = —3.280

See (967PO131969BR1D.

18. (a)"'C(p, p)"‘C*
(b) 14C(d, d)14c*

At E4 = 14.9 MeV, inelastic deuteron groups have been seen to the stafe8% 6.58, 6.72,
7.01 £ 0.02, 7.34, 8.32, 9.80 and 10.5 Me\L§59AR1A). An angular distribution of elastically
scattered deuterons has been obtained,at 3.4 MeV by (1967NE0§. See also{960WA1).
For reaction (a), sed969CU1D.

19. “C(He,*He)*C

See (968BA1E 1968CE1C1969DA1BR.

20. N(n, p)‘C Qm = 0.626

The weighted mean of fivg@-value determinations 626 + 1 keV (1957VA1]. (1965IS1A
report621 + 6 keV. (1969NY 1A) reporty-rays with £, = 6.082 £ 0.010 (Doppler corrected) and
6.732 £0.005 MeV. 1, of 1*C*(6.09) < 0.3 psec ((969NY1A). See also{959GA14 1959HA13
1963M004 1964M0O10 1967AN08 1969DI1B), (1959AJ7¢ and*>N.

11



21. 14N(t, *He)“C Qm = —0.137

See (968ST1V).

22. BN(y, p)iC Qm = —10.208

See (964KO10 and*°N.

23.15N(n, d)“C Qum = —7.984

The angular distributions of ground state neutrons have determined ak/, = 14.1 and 14.8
MeV (1967FEQ0®. See alsoX956FR1A.

24.15N(d, *He)lC Qm = —4.715

Not reported.

25. BN(t, )C Qm = 9.606

Not reported.

26.1°0(n,3He)**C Qm = —14.616

Not reported.

27.150(p, 3p}iC Qm = —22.334

See (961TA1Q.

28.170(n, a)!4C Qm = 1.819

12



See'®O and (965BE1N.

29.180(d, °Li) *C Qm = —4.755

See (963DR1B 1964BL1C DE65C 1966DA1C 1966DEQY.

30.180(12C, 150)1C Qm = 0.934

See (968G0O1Q and reaction 10.

31.1°F(d, "Be)“C Qum = —7.139

See (967DE03.

32.22Ne(a, 12C)1C Qm = —8.620

Not observed: seelP62LA15.

13



14N
(Figs. 6 and 8)

GENERAL:

Model calculations; (1957HU1G 1959BA1F 1959BR1E 19590T1A 1959SK1A 1960PA08
1960TALG 1960WA12 1961BA1F 1961BALE 1961FR1C1961TR1B 1962IN1G 1962TALE
1962WE1G1963KU1B 1963NA04 1963SE191963TR021963WA15 1964AM1D, 1964BR1L
1964FE021964L01B 1964MA1G 1964NE1E 1964ST1B1964UL1A 1965C0O251965GL09
1966BO1R1966HA18 1966HA31, 1966HE1E 1966MAZY, 1966MI1G 1966WI1E 1967C0O32
1967EV1G 1967KULE 1967LI0§ 1967PA05 1967SO1A 1968CO13 1968DE13 1968EI1G
1968G0011968HO1H 1968KU1LE 1968NO1G 1968RA1( 1968S0O1B1968ZH051969UL03
1969VA1Q.

General calculationsand reviews: (1960PA081962MA1R 1963BL1B 1963VL1A, 1964LI11B,
1964MC1C 1964TH031964YO1B 1965BE1B 1965GI1B 1965K010 1965MA1N 1966DA1E
1966MAZY, 1966WI1E 1966ZA03 1967B106 1968FR03 1968GA03 1968HI1H 1968LA1]
1968RI1H 1968RO1C1969AT1A 1969FR1E1969WALFR.

Electromagnetic transitions: (1959FA1G 1959WA16 1959WA04 1960WA12 1962MO1A
1962UN1A 1963KUO03 1964HE1F 1965BI11Q 1966HA3], 1966 WA1E 1967KU1E 1967P0O1)
1967WA1C 1968RO1C1969VA1Q.

Mesoninteractions: (1967BA2H 1967BA78 1967BU1D 1967FO1A1967KO10Q 1967MI1B,
1968BA2G 1968BA1M 1968BA48§ 1968CH1E1968GO1T1968KO1C 1968NO1A 1968RI1H
1968TA1G 1968WI1B 1968ZU1A 1969CH1C 1969MO1E 1969SA1L 1969WU1A.

Spallation: (1965ZH1A 1967AU1B.
Ground state: J = 1; u = +0.40361 nm (1964LI114).

Q) =16 £ 7 mb (1960LI10.

See alsoX959KA07 1960PA081961BR131962BA1K 1962HE1A 1966MA1R 1967SH05
1967SH141968PE161968RO1C1969AL04 1969FU111969VALC 1969WU1A.

1. (a)Be(Li, n)*N Qm = 14.504
(b) °Be("Li, 2n)'*N Qm = 7.251

Gamma rays due to the95 — 2.31,4.91 — 0, 6.21 — 2.31 and6.44 — 0 transitions have
been observed in these reactions and in reactions 6 and' 19+ 1631.3 £ 1.3, 4913.8 £ 3.0,
3883.0 &= 1.9 and6443.7 £ 1.8 keV, respectivelyr,, = 0.62 £ 0.08 psec for'*N*(6.44) [see also
Table14.19 (1969THO). For reaction (b), see als@g57NO17.
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Table 14.7: Energy levels ¢fN 2

E.in“N
(MeV + keV)

JT T

m (psec) ol (keV)

Decay

Reactions

0

2.31281 £0.06

3.9447 £ 1.2

49134 £24

5.10587 £ 0.18

5.691 £ 3

0.833 £2

6.1976 £ 2.0

6.4436 £ 1.6

7.028 £4

7.966 £ 1

10

0+: 1

10

17:0

3t:0

270

stable

Tm = 0.085 £ 0.010

0.0045 £ 0.0004

< 0.050

124+14

< 0.036

18 £ 2

0.62 = 0.06

Tm = 5.4+ 0.5 fsec

I'<0.37

15

7P

1,6,7,8,09,10, 11, 16, 11
18,19, 20, 21, 22, 23, 24, 3(
31, 32, 33, 34, 35, 36, 37, 3
40, 41,42, 43, 44, 45, 46, 4]
48, 49,50, 51, 52, 54, 56, 5
58, 59, 60, 61, 62, 63

1,6,9,10, 16,17, 19, 24, 3(
31, 32, 36, 37, 39, 40, 41, 4!
43,45, 46,51, 52, 54,57, 5

1,6,7,9, 10, 16, 17, 18, 14
20, 22, 24, 30, 31, 32, 36, 3]
40, 41, 42, 43, 45, 46, 51, 5]
54,57, 58

1,6,7,9, 17,18, 19, 22, 24
30, 31, 32,37,40,41, 42, 43
45, 46, 52, 54, 58
6, 7, 16, 17, 18, 19, 22, 24
30, 31, 32,37, 40, 41, 42, 4!
45, 46, 52, 54, 58

6, 7,17, 18, 19, 24, 30, 31

32,33,37,41, 42, 43, 45, 4¢
52,54, 58

6, 7, 16, 17, 18, 19, 20, 24
30, 31, 32, 33, 37, 40, 41, 4
43, 45, 46, 52, 54, 58
1,6,7,17,18, 19, 24, 30, 3]
37,42, 43, 45, 46, 52,54, 5
1,6,7,17,18, 20, 24, 30, 3]
37,41,42, 43,46, 52,54, 5

6, 7,17, 18, 19, 24, 30, 31

37,39,40,41, 42, 43, 45, 4¢
52,54, 57,58

6, 7,17, 18, 19, 24, 30, 31

4

~NN OO

N U

[e5]

IV N =

Oy

A", A

O

PO—=

O

40, 42, 46, 52, 54, 58



Table 14.7: Energy levels ¢tN # (continued)

E,in N J* T Tm (Psec) o’ (keV) Decay Reactions
(MeV + keV)
8.061 £+ 2 17;1 30+1 Y, P 17,24, 25, 30, 31, 38, 39,42
52,54
8.489 + 3 (47);0 <0.2 v, P 6, 7,17, 18, 19, 24, 31, 54
58
8.617+ 3 071 7T+1 Y, P 17,24, 25, 31, 52,54, 58
8.80 £ 50 0—;1 ~ 500 v P 24,25,31, 33,54
8.907 + 3 37,1 16 +£2 v, P 24,25, 30, 31, 33, 40,52, 54
8.963 + 3 57;0 <1 Y, P 17,18, 19, 20, 24, 31, 52
8.979 + 4 2+: (0) 0+2 v, p 6,7, 24, 25, 30, 31, 52
9.129 + 2 27,0 <1 v, p 6,7, 24,31
9.1724+ 1.5 2T 1 0.074 4+ 0.008 v P 17,19, 24, 31, 38, 39, 40, 42
52,54, 57
9.388 +4 27,0 13+£3 p 6, 7,17, 18, 19, 25, 52, 54
58
9.508 £ 3 27,1 41+ 2 v P 24,25,52,54,58
9.702 +4 1t 1543 p 6, 7, 17, 18, 19, 25, 52, 54
58
10.063 £+ 15 T = 17
1010+ 15 | (1,2 5 v, p 6, 7, 17, 18, 19, 24, 25, 52
58
10.228 £ 10 15;0 80 + 15 v, P 24, 25,52, 58
10.434 + 8 271 33+3 Y, P 6, 7,17, 24, 25, 37, 38, 40
52,54,58
10.56 = 10 1~ 140 p,d 12,17, 25
10.809 £ 12 4+ 0 17,18, 19, 20, 52, 58
11.04 £+ 32 17;0 95 v, n,p,d |12,17,18,19, 24,25, 26,4
52,58
11.051 + 14 < 30 v P 6,7,24,52
11.246 £ 12 37;1 11 n,p,d 12,17,19, 25, 26,42, 43, 4}
52,58
11.30 27;0 180 v, n,p,d | 12,17,19, 24, 25, 26,52, 58
11.374 + 12 17;0 32 n, p, d 12,13,17, 19, 25, 26, 52, 58
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Table 14.7: Energy levels ¢tN # (continued)

E,in N J* T Tm (Psec) o’ (keV) Decay Reactions
(MeV + keV)
11.516 + 13 3t 5 p, d 12,13,17,19, 52, 58
11.66 £40 | (1*,27) ~ 95 npd |12,17,52
11.75 1t 100 v, n,p,d | 12,17, 24, 25, 26, 52
11.81 (2+) ~ 100 n, p 25, 26, 52
11.95 £ 30 2F 17,19, 52
12.23 3~ n,p,d 12, 26, 52
12.29 + 15 p, 3,52
12414+ 6 4~ 37+3 np da |3,4,12,13,17,19
1247+ 10 ~ 20 p, « 3,24, 37
12504 +£ 7 31£5 n,p,da |3,12,17,24, 37,52
12.608 + 6 3* 47+ 3 p, d,a 3,12,13,17,19, 52
12.689 +4 3~ 17+ 3 np da |234,12,13,17,19, 26
12.793 £ 6 4+ 18+ 3 np da |234,12,13,17,18,20,5
12825+ 7 4= == n,p,da |3,4,12,13,52
12.853 £ 15 17 n,p,d 12,17, 26
12942+ 7 4 24+4 p, d,« 3,4,12,13,17,18
13.03 190 v, p 24
13.05 £ 20 T= <70 18
13.164 + 8 0, 1) 16+ 6 n,p, da |23, 45,12, 13,17,18, 52
13.23 £ 10 97+ 7 n, p,a 2,3, 26,52
13.3 ~ 1000 v, P 24
13.66 10 | (2,3) ~ 110 p,da |35 12, 13
13.71 £ 10 ~ 100 n, p 2,3
13.75 £ 10 11 210 £ 30 n,p,d 3,12, 13, 26, 37,52,54
14.04 p, d 12,13
14.17 290 n,p, da |3,12,13,26
14.40 ~ 140 p, d,«a 3,12,13
14.70 d 13,18
14.84 140 np, da |23 12,13,15,17, 26
15.0 ~ 1000 v, P 24

17




Table 14.7: Energy levels ¢tN # (continued)

E,in N J* T Tm (Psec) o’ (keV) Decay Reactions
(MeV + keV)
15.10 6~ 40 np, da |23 13,17,18, 20, 26
15.26 p, d 12,13
15.47 ~ 70 n,p,da |23 12,15,18
15.7 320 n,p,da |12,13,17,26
16.3 140 n,p,d,a | 15,18, 26
17.2 £ 200 ~ 400 v, N, p,da | 13, 15,17, 18, 24, 26
17.7 18
~ 18 3~ ~ 2000 d, o 15
18.1 550 n, p 24, 26
19.6 (5%) p, d 12,13, 24
20.5 (5%) ~ 1000 v n,p,d | 12,13, 24
21.154+150 | (47) ~ 1400 d,a 13,15
~ 225 ~ 3000 vnp | 24,38
22.70 & 100 ~ 900 d, a 15
23.0 ~ 450 v, p 24
23.7 ~ 450 v, P 24
~ 23.9 ~ 1000 n,*He,a | 8
~ 24 several MeV y 39
~ 30 ~y 39

a See also Tables4.9and14.13
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Table 14.8: Resonances’itB + «

E, Lo Outgoing particle* Iy 62 TAN* JT P Refs.
(MeV + keV) | (keV) ) (keV) (MeV)
0.95 Po 12.29 1953MA42
1.13+£5 30+5 Po, P1, P2, P3, d 12.42 | 4~ 1953MA42
1953SH641954ST201969GA01
12045 | ~20 Po, (P2), s 12.47 1953MA42 1969GA01
1.23+5 35+5 Po, Ps 12.49 1953SH641969GA01
1.40+£5 | 46+4 b1, P2 (P3) 12.61 | 3* 1953SH641969GA01
1.508 £4 17+3 « 1.7 6.0 12.690( 3~ 1953SH641953TA0G 1954ST201957BR181969GA01
Po 0.62 | 0.012
D 0.17 | 0.29
P2 0.70 | 0.31
Ps 5.6 | 0.47
0.93 | 0.26
4.3 0.19
1.64+5 16 +3 « 1.0 8.2 12.79 4+ 1953SH641953TA06 1954ST201969GA01
Po 0.18 | 0.012
D 0.085| 2.7
Do 0.44 | 3.0
Ps 96 |49
2.0 3.9
0.59 | 0.16
1.68+5 5+2 P1, P2, P3, d 12.81 4~ 1953SH641953TA0G 1954ST201969GA01
18345 |22+4 Po, P1, P2, P3, d 12.92 | 4+ 1953SH641953TA06 1954ST201969GA0L
2.16+£5 14+4 | po, P1, P2, P3, d, 1, N 13.16 1953TA0G 1955SH461969GA01
22645 | 9747 |  Po,pi, P2 Pas N 13.23 1953TA06 1955SH461969GA01
286+5 | ~110 PL, P2, a1 13.66 1969GA01
294+5 ~ 100 Po, P1, P3, N, a1 13.71 1953TA06G 1956B0611959GI47 1969GA01
299+5 p2 13.75 1969GA01
3.6 290 p 14.2 1956B0611959Gl147




Table 14.8: Resonances'i™B + « (continued)

E, Lo Outgoing particle* Iy 62 TAN* JT P Refs.
(MeV + keV) | (keV) ) (keV) (MeV)

3.94 ~ 140 p 14.43 1956B0O61

4.53 140 n,p 14.85 1956B0611959Gl147

4.85 ~ 35 n, p 15.08 1956B0611959GI47

5.36 ~ 70 n, p 15.44 1956B0O61

2 po, P1, P2, P3 correspond to the ground state and the 3.1, 3.7, 3.9 MeVssv&téC, and the correspondingrays.
b From angular distributions and ¢p-correlations {953SH641954ST2).
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2. 19B(a, n)'N Qm = 1.060 B, = 11.613

Resonances are reportedfat = 1.507 + 0.004 MeV (1961BA22) and at 1.64, 2.16, 2.26,
2.95, 4,53, 4.85 and 5.36 MeV: see Tabke8(1953SH64 1955SH46 1956B0O61 1959GI47.
See alsol969ED1Q.

3. 10B(a, p)3C Qum = 4.063 E, = 11.613

Observed resonances in the yield of 3.09, 3.68, 3.85 and[0.87 — 3.68] MeV ~-rays
and of various proton groups are displayed in Talde8 (1953SH64 1954ST20 1969GA0).
Excitation functions have also been measuredHgr= 4.5 to 10 MeV (L969ED1Q, 12.4 to 16
MeV (1967IV1B py) and 9.5 to 26 MeV1966SPOR See alsol959AJ79.

4.19B(q, d)'2C Qum = 1.341 E, = 11.613

Observed resonances bel@y = 2 MeV are exhibited in Tabl&é4.8(1953SH64. Excitation
curves have also been determined f9r = 3.2 to 3.8 MeV (L9600N0), E, = 12 to 24 MeV
(dy) and 18 to 25 MeV (@) (1967AL19. Clear resonance structure is not observed at these higher
energies. See als&D69D).

5. 19B(a, )'B Ey, =11.613

The yield of 0.72 MeV~-rays has been measured 65 = 2.1 to 3.5 MeV: observed reso-
nances are shown in Tahld.8(1969GAO0).

6. 1OB(SLi, d) 4N Qum = 10.141

At E(°Li) = 5 MeV, deuteron groups are observed to the ground staté\bind to excited
states at 3.95, 4.91, 5.10, 5.69, 5.83, 6.23, 6.44, 7.03, 847, 9.00, 9.13, 9.41, 9.71, 10.09,
10.43 and 11.06 MeV.

TheT = 1 state at 10.43 MeV is populated weakl§ 966 MCO05 and private communication).
See also 1963MO1B 1969CO1D. Branching ratios for the-decay of'“N states have been
measured: see Tablel.9(1966CAQ7). See also reaction 1L969THO). See also{964CA18G
1965CA05 1967CA1D, (1966BR1G and (L965RO1M 1966RO1E1968TALN.
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Table 14.9: Radiative decaysifiN

E; Jr T Er JET Branch I, (ev)? Refs.
(MeV) (MeV) (%)
2.31 0t; 1 0 17;0 100 (8.141.4)x 1073 1966CA07 1968RO1Cet al.
3.95 10 0 17;0 6+3 1966CA07
3.84+0.5 1965RI102
3.7+0.3 (M1) (5.8 4+1.2) x 1074 19670L021968RO1C
(E2) (4.81 £0.33) x 103
3.7+£0.6 1956G0421957BR18
3.6 0.6 1966G0O15
4.9+0.6 1969Y01B
53+ 1 1956LE?28
3.94+0.2 mean
231 0t 1 94+ 3 1966CA07
96.3+0.3 0.140 +0.013 19670L02 1968RO1C
95.1+0.6 1969Y01B
96.4 4+ 0.6 1966G0O15
96.1 £0.3 mean
491 | (0,1);0 0 1t;0 100 1966CA07 1969Y01B
231 0™;1 0.4£0.7 1965NEO6 see also1966GO1%
3.95 1;0 1.3+1.0 1965NEO6
<05 1966G0O15
<1 1969Y01B
5.11 2-;0 0 17;0 70+5 1966CA07
75+ 3 1964WAQ09
71+5 1965WA06
81.2+1.0 1969Y01B
79 + 4 (4.0 £0.5) x 107° 1966G0151968AL12
79.9+1.0 mean
231 0t 1 30+4 1966CA07
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Table 14.9: Radiative decaysifiN (continued)

E; Jr T Er JET Branch I, (ev)? Refs.
(MeV) (MeV) (%)
25+ 3 1964WA09
18.0+ 1.0 1969Y01B
29+5 1965WA06
21+4 1966G0O15
19.7+1.2 mean
3.95 1t;0 (0.7+0.4) 1966G0O15
0.8+0.2 1969Y01B
5.69 1-;0 0 17:0 37+2 1963AL21
40+ 4 1966CA07
40+ 3 1964WA09
384+ 1.7 1969Y01B
36 +4 1966G0O15
38.1+1.1 mean
2.31 0t 1 60+ 5 1966CA07
60+ 3 1964WA09
64+ 4 1966G0O15
61.6£1.7 1969Y01B
63+ 2 1963AL21
61.9+1.1 mean
3.95 1t;0 <2 1966G0O15
<1 1969Y01B
491 | (0,1);0 <2 1966G0O15
<1 1969Y01B
5.83 3-;0 0 1t;0 25+ 4 1966CA07
25+5 1965WA06
19.4+1.5 1969Y01B
29 +4 1966G0O15
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Table 14.9: Radiative decaysifiN (continued)

E; Jr T Er JET Branch I, (ev)? Refs.
(MeV) (MeV) (%)
(M2) = (3.4 +1.4) peV } CAGOJ
(E3) = (5+2) peV
21.3+1.3 mean
2.31 0t 1 <3 1966G0O15
<1 1969Y01B
3.95 17;0 <1 1966G0151969Y01B
491 | (0,1);0 <1 1966G0151969Y01B
5.11 2-;0 75E5 1966CA07
75+5 1965WA06
80.6 £ 1.5 1969Y0O1B
71+4 2.7x107° 1966G0O151968AL12
78.8+1.3 mean
0 1t;0 25+ 4 1966CA07
6.20 17;0 2443 1964WA09
24.1+1.1 1969Y0O1B
21+3 1966G0O15
23.84+1.0 mean
2.31 0t 1 7245 1966CAQ7
76+ 3 1964WAQ09
74.6 £ 1.2 1969Y01B
79+ 3 1966G0O15
75.2+1.0 mean
3.95 17:0 <1 1966G0151969Y01B
491 | (0,1);0 1.3+0.2 1969Y01B
5.11 2-;0 <1 1966G0151969Y01B
0 17;0 7345 1959R0541966CAQ7
6.44 3,0 65+ 3 1964WA09
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Table 14.9: Radiative decaysifiN (continued)

E; Jr T Er JET Branch I, (ev)? Refs.
(MeV) (MeV) (%)
75.3+1.6 1969Y01B
74+4 1966G0O15
73.1+1.5 mean
3.95 17;0 20+4 1966CA07
18.24+1.1 1969Y01B
214+2 1964WA09
19+4 1966G0O15
18.9+ 0.9 mean
5.11 2-;0 7+3 1966CA07
14+3 1964WA09
6.5+ 0.6 1969Y01B
7T+2 1966G0O15
6.8+ 0.6 mean
5.83 37;0 <3 1964WA09
<9 1966G0O15
<1 1969Y01B
7.03 2T:0 0 1t;0 100 1960R0O131966CA07 1966G0151969Y01B
91+4 1965WA06
98.6 +£0.3 (M1)(9.1 4+ 1.3) x 1072 19670L02 1968RO1C
(E2)(3.3£0.9) x 1072
2.31 0t; 1 <5 1965WA06
<3 1966G0O15
<1 1969Y01B
0.54+0.1 (E2)(6.2+£1.4) x 1074 19670L021968RO1C
3.95 17;0 2+1 1967BL22
9+5 1965WA06
0.9+0.25 < (11+£3)x 1074 19670L021968RO1C
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Table 14.9: Radiative decaysifiN (continued)

E; Jr T Er JET Branch r,(ev)?* Refs.
(MeV) (MeV) (%)
<1 1969Y01B
<2 1966G0O15
other states <04 19670L02
<1 1969Y0O1B
<4 1966G0O15
7.97 27;0 0 1+ 0 55+ 3 wI' I, /T = 0.012 1960HE14
3.95 1t;0 45+ 3 = 0.010 1960HE14
other states <3 1960HE14
8.06 1;1 0 1t;0 82 r,=105+6 1956GR171958GR97
2.31 ot;1 R 1956LE28 1957BR251957WI27
3.95 17;0 11 1.2+£0.3 1960WA12
5.69 1-;0 5 ~ 0.7 1956LE281957WI27 1959WA04
8.49 4-;0 5.11 2-;0 100 (5.6 +2.0) x 1073 1965DE191966CAQ07 1967GA12
8.62 0t; 1 0 17;0 23 1.20 1959WA16
3.95 17;0 24 1.26 1959WA16
5.69 1-;0 13 0.69 1956LE281957WI27 1959WA16
6.20 1t;0 40 1957WI27
8.80 01 0 17;0 43 +9 1960WA12
3.95 17;0 09403 1960WA12
8.91 3751 0 1t;0 (6.6 +2.2) x 1073 1968CL05
5.11 27:;0 5.5£2.5 wI'y, = 0.040 1959WA04
5.83 37;0 90 +3 =0.65 1959WA04
6.44 30 3+1 =0.022 1959WA04
7.03 20 1.4+0.8 = 0.010 1959WA04
8.96 570 0 1*:0 <1 Fp/F7 =4.14+0.5 1967BL221967GA12
6.44 3.0 100 { I'y=(1.364+0.21) x 10-3 1965DE191966CAQ071967GA12
9.13 2-;0 0 1t;0 > 80 wl'y =~ 0.03 1965DE19
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Table 14.9: Radiative decaysifiN (continued)

E; Jr T Er JET Branch r,(ev)?*
(MeV) (MeV) (%)
9.17 2+:1 0 1+:0 79+ 4 7.7+£0.9 1959HA11 1960R0O131963PR031967GA12 1968CL05
2.31 ot: 1 1.14+04 0.114+0.4 1963PR031968CL05
5.11 2.0 <1 1960R0O13
5.69 1-:0 <6 0.3+0.25 1960R0O131968CL05
5.83 37;0 342 0.33 1960R0O13
6.44 3t:0 8+ 2 0.78 +0.35 1960R0131968CL05
6.3+0.5 0.8540.15 1963PR03
7.03 2t 0 3+1 0.3+0.15 1960R0131968CL05
3.5+0.5 0.34 + 0.05 1963PR03
9.51 2-;1 3.95 1+:0 6+1 0.37 1959WA04
5.11 2.0 7843 4.8 1959WA04
5.83 37;0 16 +2 1.0 1959WA04
10.23 1-):0 | 2.31 ot; 1 4+1.3 1963R0O17
10.43 2+: 1 0 1+:0 82+ 6 121+1.5 1964R0O031968CL05
2.31 ot: 1 <1 1964R003
3.95 1t:0 <2 1964R003
5.11 2-:0 2+1 0.3+0.2 1964R0031968CL05
5.69 1-;0 <3 1964R003
5.83 3-;0 <1 1964R003
6.44 3t:0 8+1 1.2404 1964R0O031968CL05
7.03 2t:0 6+1 0.88 +0.31 1964R0031968CL05

a See also Tabl&4.13
b See also1969HA49.




7. 19B("Li, t) N Qm = 9.146

Triton groups corresponding to a number!é6N states have been observedR&fLi) = 5
MeV: see ((966MCO05 and reaction 6. The angular distribution of the groundestatons has
been measured d&("Li) = 4.5 MeV by (1963MO1B. See alsoX{965CA05 1967CA1D and
(1966RO1HE.

8. ()!'B(*He,~) "N Qum = 20.735 E, = 20.735

(b) “B(*He, n}*N Qm = 10.182

(c) 'B(®He, p)3C Qm = 13.185

(d) 'B(*He, d)2C Qum = 10.463

(e) 'B(*He, t)''C Qum = —1.999

(f) 'B(He, *He)''B

(9) 'B(®*He,a)'°B Qm = 9.122

(h) 'B(*He, 5Li)*Be Ou = 4.566

The capturey-rays (reaction (a)) havre been studied fiffHe) = 1 to 3 MeV. The differential
cross section (&0°) for the v, transition increases rapidly with energy frem0.002 pb/sr at 1
MeV to~ 0.5 pb/sr at 3.0 MeV. At the latter enerdy /I, ~ 0.2240.08. There is some evidence
also for transitions to higher excited states‘™ (1965PU1B.

The excitation function at° in the range”(*He) = 1.5 to 5.6 MeV for neutrons correspond-
ing to *N(0) (reaction (b)) shows a broad peakizfHe) = 4.15 MeV which may indicate the
existence of d*N state atfy, ~ 24.0 MeV, ' ~ 1 MeV (1966DI09. The excitation function for
reaction (b) has also been measuredf¢iHe) = 6 to 18 MeV (1967HA2Q. See also{964DI1G
1965BR43.

Yield curves for protons (reaction (c)) have been measwed {He) = 3.0 to 5.5 MeV (p,

P, p1 + P2 + P3): they are rather featureless9G9HOO0). This is also true for the ground state
deuterons of reaction (d) in the same energy inter¥&6PHOO0). Yield curves for reaction (e)
have been measured fAi(*He) = 6 to 18 MeV (1967HA2( and 10 to 30 MeV 1965BR43). See
also!3C, and!'!C and'?C in (1968AJ03. For reaction (f), seelQ68PALY).

The excitation functions af-particle groupsdy, a1, as, ) (reaction (g)) have been measured
for E(*He) = 2.2 to 5.5 MeV. No significant resonance behavior is seen exceghé o, group
which, in the15° excitation function, exhibits a resonancefa’He) = 4 MeV, I' ~ 1 MeV
(1965FO009. See alsd’B in (1966LA04. The excitation function for the reactiodB(*He,
OLi, s )®Be,s. has been measured fai(*He) = 1.4 to 5.8 MeV: no pronounced compound nucleus
effects are observed 967Y0021967Y0O1Q.

9. "B(a, N)*N Qm = 0.157
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Table 14.10: ResonancesitC + d

Ey4 Teomm. Particles 4N*a | g7 T Refs.P
(MeV + keV) (keV) out (MeV)
0.335 p 10.559 1956K026 1956VA17
0.92 95 n, P, P1 11.06 1t;0 1957SA011960KA06 1969B0O32
1.13 Po P1 11.24 i1 1957SA011963JE021969B0O32
1.19 190 n, po, p1, d 11.29 2-;0 1957SA011960KA06 1963JE021966LA1Q 1969B0O32
1.23 Po 11.33 | (3%) | 1969B032
1.30 30 n, po, p1, d 11.38 1t;0 1957SA011960KA04G 1963JE021965FI05 1966LA1Q
1969B0321969JA06
1.39 Po 1146 | (27) | 1969B032
1.446 5 Po, p1, d 11.51 3+ 1957SA011960KA04G 1963JE021965FI05 1966LA1Q
1969B0O32
1.55 Po 11.60 | (27) | 1969B032
1.62 n,p 11.65 27) 1969B0321969JA06
1.68 Po, P1 11.71 | (11, 27) | 1963JE021965FI051966KL05 1968BE2A
1.78 85 N, Po, P1 11.80 1+ 1960KA06 1963JE021965FI105 1969B0O321969JA06
1.95 Po 11.94 | (17) | 1969B032
2.30 n, pi, P2, P3 12.24 1965FI105 1969JA06
2.498 + 6 40+ 3 n, po, P1, P2, P3, d | 12.411 4= 1956MC88 1958MC63 1960CH121963JE021965FI105
1969JA06
2.622+8 1949 n, pi, P2, Ps 12.517 1956MC881958MC63 1960CH121965FI05 1969JA06
2.726 + 10 47+ 3 (n), p1, P2, ps, d 12.606 3+ 1956MC88 1958MC63 1960CH121963JE021965FI105
1969JA06
2817+ 7 2716 n, pr, P2, ps, d 12.684 1956MC881960CH121963JE021965FI05 1966GU04
1969JA06
2.946 + 6 22+ 6 P2, ps3, d 12.794 1956MC88 1960CH121963JE02
2.982+6 11+3 n, ps, d 12.825 1956MC881960CH121969JA06
3.015 £ 15 17 n, p 12.853 1966GU04 1966SA05
3.119+6 294+ 9 P1, P2, P3, d 12.942| (37,47) | 1956MC881960CH1219630H021965FI05
3.39 +12 47+ 15 n, p2, ps, d 13.17 | (0—,17) | 1955MA76 1956MC881963JE0219630H021966SA05
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Table 14.10: Resonances'ftC + d (continued)

Ey4 Teomm. Particles 4N*a | g7 T Refs.b
(MeV + keV) (keV) out (MeV)
1969JA06
3.97 + 30 <200 Po, P2 Ps, (d) | 13.67 | (2, 3%) | 1963JE021965FI051966BR2B 1967FU03
4.02+29 ~ 235 n, (p), d 13.71 | (1) | 19630H021966BR2B 1966HO111966SA051967FU03
1969JA06
4.40 Do, Pis P2 P, d | 14.04 1963JE021966BR2B
4.55 n, p, d 14.17 1966BR2B 1966HO11
4.80 Po, P2, d 14.38 19630H021966BR2B
5.17 d 14.70 1966BR2B
5.34 ~ 100 Po, P1, P2, P3, d, a0 | 14.84 1956B0O0819630H021966BR2B 1966PA1,)1969C0O02
5.65 d 15.11 1956B0O0819630H021966BR2B
5.83 p1, s, d 15.26 1966BR2B
6.07 P1, P2, @ 15.47 1966BR2B 1966PA1)1969C002
6.3 Po, Ps, d, o 15.7 1966BR2B
7.2 « 16.4 1966PA1.J1969C0O02
8.1 Po, P2, d, 17.2 19630H021966PA1,)1969C0O02
10.9 Po, d 19.6 (5M) 19630H021968KL06
11.8 n, py, d 20.4 (5% 1965BA0G 1968KL06
12.70 £ 150 ~ 1400 d, oo 21.15 4 1968JA091968KL06
14.52 £ 100 ~ 900 Qo 22.70 1968JA09

2 (1963JEORreport 39 excited states 6fN with 11.2 < E, < 14.2 MeV.
b See also1959AJ7¢ and (L959EL44 1961CIl08 1961GR061961JA081961ST101966KA05 1966KL05 1966LA1R 1966LA1Q

1968BE2A 1969PA1K.




Table 14.11: RecertC + d yield curves'

Ey Yield of Refs.
(MeV)
0.7—14 Ny (1961JA08
1.2—-4.5 o (1969JA06
1.4—-3.1 Ny (1959EL449
2.7—-3.2 Ny (1966GU03
2.8 —-4.2 Ny (1966SA09
3.8 —4.2 Ny (1966SA0Y
3.8 —4.2 Ny (1967FU03
3.8—-5.0 No, Ny (1966HO1)
9.2 —-13.38 o (1965BA09
0.7—-2.0 Po, P1 (1960KA09
0.8—1.1 Po (1961GRO®
0.8—1.2 Po (1962WE12
09-1.38 Po (1966KL0H
0.9—-2.0 Po (1969B0O32
0.9-5.0 Po, P1, P2, P3 (1963FR1D 1963JE02
1-2 Po, Pt (1966LA1P
1.1—-1.2 Po (1961ST1)
1.2 —-4.3 P1, P2, P3 (1960G0O191965FI0Y
1.2—4.4 p (1965BA1W)
1.5 —4.0 Po, P1s P2y P3 (1967LE1K
1.7-3.1 P3 (1960CH12
2—-3.3 P1, P2, P3 (1966KA0H
2.6 —4.0 Pos P1, P2, P3 (1966GEO3}
2.7—-32 Po (1966GU03
4-7 Po, P1, P2, Ps (1966BR2B
5—10 Po, P1, P2, P3, Pa (1969C0O02
8.5 —10 Ps, Ps, Pr (1969C002
5.5 —12 Po, Pt (1963EV09
9—-14 Po (1968KL09
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Table 14.11: RecertC + d yield curves' (continued)

E4 (MeV) Yield of Refs.
(MeV)
9.9 o (1962WI115 1963WI1D
0.9—-20 dy (1969B0O32
09-5 dy (1963FR1D 1963JE02
1-2 dy (1966LA1P
1.5 —-2.0 dy (1960KA06
20-3.3 dy (1966KA0H
2—-6 dy (1967PL1B
2.6 —-4.0 dy (1966GEO3}
3—12 dy (19630H02
4-17 dy (1966BR2B
4.5 —5.7 dy (1968C0O03
5—10 dy (1969C0O02
8.5—10 d (1969C0O02
9—14 dy (1968KL09
26.5 o (1965MA57)
5—9 ! (1966PA1Y
5—10 o, 0 (1969C0O02
7—10 Qs (1969C0O02
9—-10 Qy (1969C0O02
9—-12.5 o, 0, i, (3 (1966 ME09
9.2 —-13.38 ap, 01, 3, Qi (1965BA0G 1966BA32
11-14 Qo (1969SM03
13-21 Qg (1968JA09
15—20 g, (1, (g, (i3, Uy (1963YA1B
21 —29 g, 01, O3, Oy, Qg (1969YA1Q

& See also1959AJ79.

Angular distributions have been measured r = 2.4 to 3.7 MeV (966MA04 ny), 3.4 to
3.7 MeV (1966MA04 n;), 2.1 to 5.4 MeV (962CA05 ny) and 13.5 and 13.9 MeV1P62KJ03

Ny, N2). See also{959HE1B and (L959AJ76.

32




10. 'B(SLi, t) N Qum = 4.942

At E(°Li) = 4.5 MeV, the angular distributions of the triton groups'tdi*(0, 2.31, 3.95) have
been measured 963MO1B. See also{965CA0S.

11.12C(d,7)“N Qum = 10.272

The capture cross section is reported toxb®.6 + 0.2 ub at £y = 1 MeV (1961KNO03J: at
Eq=15MeVitis < 1 pub (1955AL189.

12. (a)'2C(d, n)*N Q. = —0.281 E, = 10.272
(b) *C(d, p)*C Qu = 2.722

Resonances in the yields of neutrons and protons are despiayTablel4.1Q0 Recent mea-
surements of the yields of neutrons and protons are list@@le 14.11 See alsoX965WI1]
1968C0O041969R0O1R and (L959AJ76.

Angular distributions of neutrons and protons have beearted at many of the energies listed
in Table14.11 Except at very low energies, direct interaction is the prethant mechanism
although resonances are observed for the first few MeV (skele T4.10 and fluctuations persist
to 12 MeV (1963EV04. See also{955WI143, (1959AJ76, 13C and®N. At E4 = 2.50 MeV
(**N* = 12.41) the (d, p~) angular correlation is undistorted. This is an example mfsnant
direct reaction due to a single-particle stateg6KA09.

Polarization measurements are summarized in Table2 See also{968BA2R 1968BA47
theor.) (reaction (a)), andl959AL08 1962GR10 1963BE1M 1966SK1A 1967GR1L exp.),
(1967CI1A 1967KH1A 1968BA2R 1968BA47 1969PE1N 1969PELL theor.) (reaction (b)).
See also the reviews b§$61GO1K 1963HALG 1966DA1R 1966MI1BE).

For reaction (a) see alst459BR751966WY01 1967SC431967WY02Z exp.) and {961MALE
1964CA1LFK 1967HO1K 1968NO1G theor.). For reaction (b) see alstO63GE03 1967AU05
1967MO1R1967TI1A 1968NO1G1969PEOY. Fora discussion of sequential decay, 98653P104
and*C and®N.

13.12¢(d, dy2C E, = 10.272

Reported resonances are displayed in TalldQ Recent measurements of yields of scattered
deuterons are listed in Tablet.11 See also1961CI0§ 1962GR10 1963GEO3 1965BA1W,
1967AU0S 1968BA2R 1968GO1N, and ((965SA1H 1966BA6Q 1967HO1K 1969IW1D). See
also!2C in (1968AJ02 and (L959AJ76.

Polarization measurements are summarized in Tablg2 See alsol963ZA1B 1965CA05
1967RU1A theor.).
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Table 14.121%C + d polarization studies

E4 (MeV) Groups Refs.
1.5—1.8 No (1968KA1K)
1.7-2.8 No (1966ME16
2.8 Ny (1965GA1Q
2.8,3.0 Ny (1963HA1Q
2.8 -4.0 Ny (1966SA0H
3.8 —4.2 No (1968D0O09
4-175 n (1965KE10
4.2 —5.0 Ny (1966M0O14
52—6.2 No, M (1968D0O09Y
6 —6.5 Ny, Ny (1963BA38 1963BA66 1966BA33
11.8 No (1961LE1H
12.9 N (1959BU1E 1960BU1Y
51.5 No (1969BR1B
0.8—-1.1 Po (1961GRO%
0.9,1.0 Po (1968GL1B
1.1 Po (1959CI138 1959JU1A 1964AS03
2.4 Po (1963MI11G
2.8,3.0,3.2 P1 (1966HE1G
29,3.1,33 Po (1969S00Y
4.0 Po (1966ST1N
5.5—9.5 Po (1963EV04
7—11 o (1963EV09
7,10 Po, P1 (1968YU0)
8.9 Po (1959HI15
10 Po (1959AL09 1962AL03
10.8 Po, P1 (19613014
11.9 Po P1 (1968BA19
13.6 Po (1966J11A
13.8 Po (1966MA25H
15 o (19621S04 1964RE04%
21 Po (1963BO1)
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Table 14.121%C + d polarization studies (continued)

E4 (MeV) Groups Refs.
2.8 —4.4 do (1969PA1K
3.5—-17.1 dy (1968C0O10
6 dy (1960AL09
6 —10.5 do (1967CLO}
6.5 do (1963NE1H
12 do (1968BA17
13.6 dy (1968ZA02
13.8 dy (1966MA2H)
22 dy (1965AR1F 1965GR1Q
51 dy (1968SE1k
14.12C(d, t)''C Qum = —12.462 E, = 10.272

The cross section rises from 0.1 mb atFE; = 16 MeV to ~ 10 mb at 20 MeV (955WI143.
See alsd!C in (1968AJ03.

15.12C(d, )'°B Qum = —1.341 E, = 10.272

Excitation functions have been measuredAgr= 5 to 29 MeV: see Tablé4.11

Resonant structure has been reportedi%6PA1Jand (L968JA09: see Tabld4.1Q Angular
distributions have been measured at many of the above eseagid analyzed by DWBA: see
(1968KL0G 1969YALQ and!B in (1966LA04. See alsoX963PE071967HO1K).

The yield of then, group (to'°B*(1.74) [J™ = 0F; T' = 1] is typically < 1% of the intensity
of the groups to the neighborifg = 0 states in the rang&,; = 9 to 12.5 MeV. This is partly
due to isospin conservation and partly to tHeselection rule involved in this transition. When
the latter effect is calculated and the corresponding faetimoved, the intensities of theé = 1
an-groups range from: 10% of the intensities of thé' = 0 a-groups atFy = 9MeVitox 1—2%
at £y = 11 MeV. Above E4 = 11.5 MeV, the yield of thexs, group increases slightly indicating
perhaps a direct-interaction mechanism involving isospiring at the surface of the nucleus
(1966MEQ9. [See, however, below). The mixing might also occur thto@pulomb excitation
during the d-capture or the-emission {966MEQ9. Some fluctuations in the cross sections, with
widths of a few hundred keV, are observed at forward and baothangles. Ericson fluctuations
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may be involved 1966MEQ09. The data of {966ME09 have been interpreted as indicating an
intermediate structure resonance correspondingte: 18 MeV, I' ~ 2 MeV [J™ = 37], whose
doorway state is a single-particle cluster resonance lregior both, the entrance or exit channels
(1968NO1G. However, (969SMO03J find that the broad structure reported BOEE6MEQ9 at

E4 ~ 13 MeV can be resolved into at least three separate peaks, iradastion to the predictions
of (1968NO1Q. Both the angular distributions and the excitation fumes can be interpreted
in terms of a few resonant states ‘6N [[ = 4 and 5 account for most of the cross section at
Eq4 =~ 12.5 MeV], without introducing any large direct reaction ampties (969SM03. See also
(1969N0O1G.

16.12C(t, n)“N Qm = 4.015

Angular distributions of the ¢9 n; and n groups have been measurediat = 1.7 MeV
(1966MA2Q. At E(*2C) = 12 to 20 MeV, the lifetimes of ‘{N*(5.11, 5.83) have been deter-
mined using recoil distance method; (5.11) = 12.4 &+ 1.4 psec,7,(5.83) = 18 + 2 psec: see
Tables14.9and14.13 Theb5.11 — 0 transition is enhanced B2 + 0.7 W.u. The allowed M2
5.11 — 2.31 transition hag M |> = 0.83 & 0.14 W.u. while the isospin forbidden part of the
5.11 — 0 transition hagM|* = (3.3 + 1.3) x 1073 W.u. (1968AL1). See also{966AL1]).

17.12C(He, p)*N Qm = 4.779
Qo = 4.7763 £ 0.0015 (19670DO0);
Qo = 4.806 + 9 (1964MA57);
Qo = 4.787 + 10 (1962SH2);
Qo = 4.764 + 7 (1959Y025;
251 = 2.4684 + 0.0010 (1962BA29.

Many proton groups have been observed: see Tablgé4d At F(*He) = 20 MeV angular
distributions of the protons corresponding to states with F, < 12.6 MeV have been mea-
sured by {968MA29 and analyzed using the distorted-wave calculations1865GL09 and
spin-independent interaction potentidl-values have been assigned and are displayed in Table
14.14 It is pointed out that in this reaction unnatural paritytesaof7 = 1 are not allowed: the
proton groups corresponding to the 8.80-MeV state and thz— 9.51-MeV state, both of which
areT = 1, are not observedlP67MALG 1968MA29. Angular distributions have also been ob-
tained at many other energies: s@8@5GR1R 1 — 1.8 MeV, py, p1, p2), (1963LU0T 1963LU1R
1964LU1R 2.3 — 3 MeV; p,), (1964KU05 2.5 — 4.9 MeV: py — po), (1969HA49 3.0 — 9.2
MeV; po, pi: 3.0 — 11 MeV; p, — ps: 5.1 — 11 MeV; ps — po), (1967CL1C 3.5 MeV; py — Ps),
(1966BL0OL 5.1 MeV; p, — ps), (1968LAL1Q 5.3—5.5 MeV; py, P2, P3, Ps), (1965FU166.6—10.7
MeV), (1960PR12 13.9 MeV, p,, p1, P2), (1969H023 15 MeV: 0 < E, < 12.8 MeV), (HOG66,
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Table 14.13: Lifetimes of soméN states

E, (MeV) m (PSec) Reaction Refs.
2.31 0.083 £ 0.019 12C(He, p) | (1966LI107)
0.083 £ 0.03 12C(3He, p) | (1965L00%
0.097 £ 0.03 “N(y, 7) (1964B0232
0.077 +0.018 “N(y, 7) (1961SWO0})
0.033 £ 0.003 Lelcan (1966S105
0.083 +0.011 mean®
3.95 < 0.087 12C(3He, p) | (1966LI07)
0.0045 + 0.0004 “N(e, e) (1964B109 19670L02
< 0.025 12C(3He, p) | (1965L00%
<0.02 HN(n, n) (1969NY1A)
4.91 < 0.050 12C(3He, p) | (1967LI09
< 0.050 13C(d, n) (1963AL21)
< 0.06 12C(3He, p) | (1970GA09
5.11 124+14 12¢(t, n) (1968AL12
45 <7 <20 12C(He, p) | (1967LI109
> 0.6 12C(3He, p) | (1965L007%
> 0.3 13C(p,) (1959WA04
5.69 < 0.036 12C(He, p) | (1967LI09
<0.05 12C(He, p) | (1970GA09
5.83 1842 12C(t, n) (1968AL12
> 4.5 12C(He, p) | (1967LI109
> 23 12C(PHe, p) | (1964BE12)
6.20 < 0.04 12C(3He, p) | (1970GA09
6.44¢ 0.63 £ 0.08 reactions 1, 6, 19 (1969THO)
0.59 +0.12 12C(3He, p) | (1964BE1)
0.65 + 0.05 12C(He, p) | (1969GA19
0.63 & 0.04 12C(3He, p) | (1970GA09
0.63 4+ 0.03 mean
7.03¢ 5.4 4 0.5 fsec HN(y, v) (1966SW0)
< 0.05 psec 12C(3He, p) | (1970GA09

@ See also Tablé4.9
b Not included the value ofi966SI1035.
¢ See also(969NY1A).
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1967FO1E 15 MeV), (1968MA46 25.3 MeV:0 < E, < 9.5 MeV) and (L959AJ76§ for a list-
ing of the earlier work. See alséO. The parity of'*N*(6.44) is even from angular distribution
measurements of protons andays at thel/(*He) = 2.99 MeV resonancel(964KU03.

The v decay of many states has been studied: TaHll® displays observed branching ra-
tios and radiative widthsl@64WA09 1965NE06 1965RI102 1965WA06 1966G0151967CH19
1967GA12 19670L02 GA69J 1969HA49. A very accurate value of the excitation energy of
1N*(5.11) is derived fromE.: E, = 5.10587 + 0.00018 MeV (1967CH19. p-y angular corre-
lations have been measured at many energies. The resulsmdém= 0 or 1 for 1#N*(4.91) and
J = 2 for 1*N*(5.11). The ground state transition for the latter comsaE1l, M2 and E3 com-
ponents {959WA04 1965BL04 1965NE06 1966G0O1Y, J = 2 for 1“N*(7.03) and the angular
correlation of the 2.51 MeW-ray 8.96 — 6.44) indicates]J < 5 for *N*(8.96) (1967BL22.
JT = 51 (1967GA1). See also1963LU0L 1963LU1FK 1964LU1B and Tablel4.9 Polar-
ization measurements lead #6 = 0—, 1~ for 1“N*(4.91) and odd parity for*N*(5.11, 5.83)
(1963BE33 1968BL09. The parity of'“N*(6.21) is even {964WAQ09. An analysis of elastic
3He, the angular distribution of the protons'tiN*(6.44) and of the subsequent ground state
rays atE(*He) = 2.99 MeV (}°0*(14.46)) leads to even parity fotN*(6.44) (1964KU05. The
angular correlation of internal pairs is consistent withr&@iation (964WAQ9 for the6.44 — 0
transition.

Measurements of mean lifetimes are displayed in Ta#l&3(1964BE121965L007 1966LI107,
1967L104 1969GA16 1970GA09. See alsol963BE33.

See alsoX959AL96 1959FA1A 1959HI169 1960HA31 1961CE021967BE2G 1967FO1E
19670G1A1969BA1Z 1969G0111969HA2D and (1959EL431960EL1G 1960NE1A 1962EL1G
1967HALT, 1969BO1G 1969LI11D; theor.).

18.12C(a, d)UN Qum = —13.575

Angular distributions of deuterons corresponding to wasistates of‘N (see Tablel4.15
have been measured Af, = 42 to 53 MeV (959B04(0 1960HA32 1962CEO0] 1962HA4Q
1965PE031967ZA0). See (962CE0]1 1963GL1G 1965GL09 for discussions of the analy-
sis. The knowrll" = 1 states are not excited in this reaction: see Tddld5and ((960HA32
1965PE031967ZA07 1968NO1Q. [It should be noted that in addition to isospin conseosati
angular momentum and parity considerations would alsdihttie excitation of the/™ = 07;

T = 1 2.31-MeV state; see, e.g.19460HA3).] No evidence is seen &, = 42 MeV for
deuterons in the/™ = 0F; T" = 1 singlet state leading to the excitation of the 2.31-MeVestat
dy/dy =5 x 1072 (1967CR1G 1969BR1N. The deuteron spectrum is dominated by very strong
groups corresponding to the;(¢)?, J™ = 57, state at 8.96 MeV, and to a state at 15.1 MeV
(1962HA4Q 1966RI04.

Comparison of the angular distribution of ground state eleuts ¢, = 41.7 MeV) with that
of the ground state alphas from tH&(d, «)!2C reaction {5 = 20 MeV) leads to an upper limit
of 3% for the time reversal non-conserving fraction of therifeonian (L959B040 1959HE1(0.

See alsol964NA1E 1965PE171966BR1G19670G1A and (L961EL1A 1968ZE1B theor.).
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Table 14.14: Excited states tN from 2C(*He, p)“N

E, (MeV + keV)

(1960HI07 | (1968GR1G | (1959Y025 | (1961ER0)> | (1969H023 | LP®
0 0 0 0 2
2.314+ 10 2.313+17 2.319+15 | O
3.946 + 10 3.948+5 3.946 + 17 3.952+15| O
4.909 + 10 4.913+5 4.888 + 18 4.927 + 15 1
5.102 + 10 5.107+5 5.078 £ 18 5117+ 15 1
5.686 & 10 5.693+5 5.692 + 8 5.713 £ 15 1
5.830 & 10 5.834+5 5.812 4 18 5.835+ 8 5885+15 | 3
6.202+ 51 6.21£20P | 620448 6.224 + 15 0
6.450 £ 5 6.46 18" | 6.441+8 6.468+15 | 2
E, (MeV =+ keV) E, (MeV =+ keV)
(1968MA29 | (1969HO23 L (1968MA29 | (1969HO23
7.01 + 42 7.036 + 15 2 1127450 | 11.249+ 15
7.95 + 26 7.974+ 15 3 11.394+40 | 11.357+ 15
8.05 + 35 8.0724 15 1 11.514+30 | 11.517+15
8474+30° | 8.493+15 3 11.66 + 40
8.61 + 34 8.625 + 15 0 11.79 4+ 110
8.912+ 15 11.95 + 30
8.96 + 19 8.974 15 3,4,2 12.29 4+ 15
9.15+ 18 9.126 + 15 12.404+30 | 12.425+15
9.176 + 15 12.504+20 | 12.506 + 15
9.39+264 | 9.3804+15 12.63+25 | 12.608 £ 15
9.70 4+ 22 9.703 4+ 15 12.69 + 15
10.08 +18 | 10.063+ 15 12.74 4+ 30 12.80 4+ 15
10.101 £ 15 12.90 4 25
10.434+20 | 10.441+15 13.15 + 40
10.56 + 28 14.91 + 60
10.814+23° | 10.812+ 15 15.8 4+ 200
11.06 +50 | 11.053+ 15 17.4 4+ 200
2 Based orQ,,.

b From (1968MA29.
© 4=: 0 (1968MA29.
d 9= 0 (1968MA29.
e 4+: 0 (1968MA29.
I Private communication.
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19.2C(Li, a)"“N Qm = 8.800

At E(°Li) = 20 MeV, a-groups corresponding to most of tiie= 0 states with¥, < 12.7 MeV
are reported. See Tahld.15 The spectrum is dominated by thegroup corresponding to the
state at 9.0 MeVI968MEL1(. See also1962H0061967DZ0). Thea; group to the/™ = 07;

T = 1 state at 2.31 MeV has been observed. Its intensity%o of o) decreases sharply from
E(°Li) = 4 to 5.5 MeV, while the intensities of the, anda, groups (tol' = 0 states) increase
rapidly. It is suggested that broad levels at the highertatton energies corrrespond to such
short lifetimes that the Coulomb forces do not have enougk to change the relative amountss
of various isospin components in the compound nucleus wawetibn ((965CA0§. See also
(1962H0061967DZ0).

Angular distributions ofv-particles have been reported f6(°Li) = 2.0 and 2.4 MeV (966BEQ7
ap, a3), 3.0 MeV (L963BA08 «y), 3.2 to 4.0 MeV (962HO06 «y, a1, as), 4.0 to 5.5 MeV
(1965CA06 o), 4.51t0 5.5 MeV 966HEDS ay, ) and 20 MeV (968ME10 see Table 4.15.

Doppler-shift attenuation measurements have led to therm@tation ofr,, for the 6.44 MeV
state:(0.63 & 0.08) psec (969THO): see Tablel4.13and reaction 1. See also Talilé.9

See also1960SH011960SH051961MA1K, 1961MA33 1962L108 19630L1B 1964CA18
1967CH3419670G1A 1968DA2(Q and (L962IN1G 1963TA1B 1966RO1E1966RO1F1968HO1)
1968RO1D theor.).

20. (a)'2C(°Be, Li) N OQm = —6.421
(b) 12C(1'B, “Be)“N Qm = —5.547

At E(MB) = 115 MeV, the ?Be spectrum is dominated by groups corresponding td4Ne
5T state atF), = 8.96 MeV, the4™ state atF, = 12.79 MeV and to the6~ state att, = 15.10
MeV, the levels also strongly populated in tR€(«, d)!“N reaction (see reaction 18)§66PO1E
1967PO1f and private communication). Groups t&N*(0, 3.95, 5.83, 6.44, 10.81) are also
reported (J.E. Poth, private communication). See al€6{VO1A. The angular distributions
of the two strong groups are smoothly varying, exponentiactions of angle, and have been
fitted, in terms of a surface-diffuseness parameter, usidifraction model (965SA07. See
also (1965DA1E 1965GR1Fand (L964FL10 1964NA1E 19670G1A1968RO1D1969R0O1G
1969BR1D. For reaction (a), sed 969RO1G.

21.12C(2C, 1B) 1N Qum = —14.916

See (962CHO0).
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Table 14.15: Energy levels &fN from 2C(a, d)**N and'2C(°Li, o)'*N
E,* (MeV) o * (mb) 0/0gs P Angular
distribution®
0 5.8 1.00 d,
2.314 d a
3.94 4.8 0.31 d,«
491 4 0.16 a
5.10 5 1.32 d,
5.69 4 0.11 o
5.83 6 0.97 d,«
6.21 7.0 0.24 a
6.44 13.0 1.15 d
7.03 4.0 0.18 d,«
7.97 5.0 0.16 d,«
8.47 8.3 0.53 d,
9.00 £0.05 ¢ 28.0 3.67 d,«
9.17 medium (0.30)
9.41 8.1 0.30 d, o
9.71 6.9 0.18
10.09 13.8 0.5
10.76 4 0.02 medium 0.62
11.06 weak very weak"
11.23 medium
11.29 medium
11.39 medium very weak, broad
11.51 weak
11.97 weak
12.21 weak weak
12.41 medium
12.61 strong
12.69 strong strong, broad F, = 12.76)
13.05+£0.02 ¢ very weak
14.7" weak, broad
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Table 14.15: Energy levels 6fN from '2C(a, d)"*N and'2C(°Li, o)*N
(continued)

E,* (MeV) o * (mb) o)ogs P Angular
distribution®

15.1+0.1° strong, sharp

15.5 weak

16.0 weak

16.3 medium

17.1 medium

17.7 medium

a From2C(°Li, o). E(°Li) = 20 MeV (1968ME1).

b Cross section (relative to ground state) integratedofor- 90° (c.m.), from >C(«, d)'“N,
E, = 42 MeV (1967ZA0). TheT = 1 states atr, = 2.31,8.06,8.63,9.51,10.41 MeV were not
observed:o /o, 5. < 0.0027,0.027,0.018,0.30,0.03, respectively. For absolute cross sections at
E., =53 MeV, see (965PEOR

¢ d anda refer to angular distributions of the corresponding groworf the'2C(a, d)'*N and the
2C(0Li, )N reactions: see text fdt,,, £(°Li) and references.

4 See text.

¢ (1966R109.

fE. =10.85+0.02 MeV (1967ZA0).

& From'2C(«, d)"*N (1967ZA0): T < 70 keV.

b Comments here and below are froh®65PEOR

22. 12c(14N 12c)14N

At E(**N) = 28 MeV, excitation of *N*(0, 3.95, 4.91, 5.11) and some higher states is reported.
The total cross section for excitation of the= 1 state atF, = 2.31 MeV is < 60 ub (1961HA0).
See also{968HU1H 1969BR1D) 1969HE0S.

23. 12C(18F, 150)1N Qum = 2.745

See (968RO1D.

24.13C(p, v)“N Qm = 7.550
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Table 14.16: Levels of*N from 3C(p,7)'*N and'*C(p, p)*C?

E, Diab L wl,, J° T TN Refs.
(MeV =+ keV) (keV) (eV)
0.4485 4+ 0.5 <04 2 0.022| 2 7.966 | 1960HE14
0.551+1 325+ 1 0 9.2 1-;1 8.061 | A, 1960HE141961KA04
1.0124+2 <0.21 4 | =001 | (4);0 | 8.489 | 1965DE19
1.150 £2 75+1 1 1.3 o+: 1 8.617 | A, 1961KA04 1966LA03
1.34 £ 50 ~ 500 0 12.8 0;1 8.80 A, 1961KA04 1966LA03
1.462 +3 17 +2 2 072 | 3;1 8.907 | A, 1959WA04 1961KA04 1966LA03 1969WA1H
1.523 £2 <1 ~0.003| 5%;0 8.963 | 1965DE19
1.540 £3 942 1,(3)| 0.13 2+ 8.979 | A, 1961KA04 1966LA03
1.701 £ 1 <1 2 | =003 27:0 9.129 | 1965DE19
1.7476 £ 0.9 " | 0.075 4 0.050 14.8 2+ 1 9.172 | B, 1959B0141959R0541959WA04 1960RO13
1960R0O231963PR03
1.980 +3 14+3 2 3,27 9.388 | C,1966LA03
2.110+ 3 44 4 2 2 6.2 27;1 9.508 | D, 1966LA03
231944 16+3 1 1t 9.702 | C,1966LA03
2.743¢ 5.5 1 d 1, (2t) | 10.096 | 1960RO231961KA04
2.8854+10°¢ 85415 0,2 1(7); 0 | 10.228 | C,1961KA04 1963R0O17
3.105+7° 36+ 3 1 17 2t:1 | 10.432 | 1957WI3Q 1960R0231961KA04 1964R0O03
(3.12 £ 30) 80 4 10 (10.45) | C
3.20¢ 150 0,2 1- 10.52 1961KA04
3.77 <33 f 11.05 1967RI1D
3.79 100 1t 11.07 1960BA35 1961KA04 1967RI1D
3.98¢ 12 2 3 11.24 1961KA04




Table 14.16: Levels of'N from ¥ C(p,~)*N and*3C(p, p)*C * (continued)

14%

E, Diab L wl,, J° T TN Refs.
(MeV =+ keV) (keV) (eV)
4.04¢ 190 2 f 2- 11.30 1960BA35 1961KA04 1967RI1D
4.14¢ 30 1 1t 11.39 1960BA35 1961KA04
4.52 130 f 1t 11.75 1960BA35 1961BA09 1967RI1D
4.60 ~ 100 11.82 1961BA09
5.31 55 f 12.48 1967RI1D
5.90 200 f 13.03 1967RI1D
6.20 ~ 1100 f 13.30 1967RI1D
8.0 e f 15.0 1968BL1E 1968RI1R
10.4 e fe 17.2 1968BL1E 1968RI1R
12.6 e f 19.2 1968BL1E 1968RI1R
14.0 e f 20.5 1968BL1E 1968RI1R
16.1 ~ 500 f 22.5 1968BL1E 1968RI1R
16.6 ~ 500 f 23.0 1968BL1E 1968RI1R
17.4 ~ 500 & 23.7 1968BL1E 1968RI1R

A: (1952SE011953W0411954MI1085.
C: (19572109 1958ZI17.

& See also Tabl&4.9

b See als01963B0O071966MAGQ.

¢ Reduced width for proton emission is of the order of 1% of thigi'r limit (L961KA04.
4(2J+1)I, =05+0.2eV,I'=12 + 3 keV (1960RO2}.

¢I'~ 0.8t0 1.5 MeV for these resonancé<968RI1R.

f Resonance ino.

¢ Resonance in;.

B: (1952SE011953W041 1956 MA87).
D: (1952SE011953W04119577109 19587117 1959WA09.



Observed resonances are displayed in Ta#lé6 The decay schemes of various level$'df,
as derived from the-spectra in this and other reactions are exhibited in Ta#lé(1953W041]
1959WA04 1960HE14 1960R0O131960R023 1963PR031963R0O17 1964R0O03 1965DE19
1967RI10 1968BL1E 1968RI1R.

The low-energy capture cross-section yields an extragotafactor atE, = 25 keV (cm),
So = 6.0+ 0.8 keV - b (1960HE1). See also{963BR14 1964FO1A 1966BA2R 1967FO1B.
The capture cross section rises froni7 +1.8) x 10~ b at £, = 100 keV to (9.8 +=1.2) x 107°
b atE, = 140 keV (1961HE02.

Direct radiative capture of protons into the lowest thred-pdrity state$*N*(4.91, 5.11, 5.69,
5.83) has been studied b}364TR04. See alsoX963RO17.

The angular distribution of the-rays at ther,, = 0.45 MeV resonance!{N* = 7.97 MeV)
is consistent with/™ = 2~ (1960HE14. The width of theE,, = 0.55 MeV resonance and the
isotropy of they-rays (L1949DE1A 1953W04) indicate s-wave formation 0fN*(8.06): J™ = 1~
from 3C(p, p)*C. The decay properties of this state (see Tddl€) show that the ground state
transition is an uninhibited E1 transition, and thus tHBr¥(8.06) hasl” = 1 (1953CL39 but with
a strongl’ = 0 admixture [as shown by a 298.06 — 2.31) transition] (L956LE28 1957BR25
1957WI27). The strong transitiof.06 — 5.69 admits either ELAT = 1 or M1, AT = 1. Since
the transitiorb.69 — 2.31 is observed!*N*(5.69) cannot havd™ = 0T, and2* is excluded by the
strength of the3.62 — 5.69 transition. It appears then th&iN*(5.69) hasJ = 1: see (956LE28§
1957WI127 1959WA04).

Anomalies in the capture cross section (“midget resonghaes observed ak, = 1.01, 1.52
and 1.70 MeV: see Tablk4.16 The predominant-decay at the first resonancéN*(8.49), is to
the 5.10 MeV state. The angular distribution of theays andvI’, are consistent withi™ = 47,
T = 0 for 1“N*(8.49). The~-decay of the second stat&N*(8.96), is predominantly to the
6.44 MeV state: it's/™ = 57. The third state decays primarily to the ground state: thgkm
distribution of they-rays is consistent with™ = 2—; 7' = 0 for 1*N*(9.13) (1965DE19.

The narrowFE, = 1.16 MeV resonance!!N*(8.62) [/ = 0" from *C(p, p)*C] shows strong
transitions to"*N*(0, 3.95, 5.69): hencé& = 1 (1959WA1§. The strong transitios.62 — 3.95
requires dipole radiation and hende= 1 for the latter (959WA04 while the strength of the
transition8.62 — 6.21 and the angular correlation in the cascade — 6.21 — g.s. is consistent
with J™ = 17; T = 0 for 1“N*(6.21): see {956GO1l, 1956G039 1957GA1B 1957GO30
1957WI27 1959GA03.

The E, = 1.25 MeV resonance!*N*(8.80) [J™ = 0~ from *C(p, p)*C] has a large/-width
consistent with E1 radiation arld = 1 (1953WI1A). At £, = 1.47 MeV, the plane polarization
of 0.73 MeV~-rays (from5.83 — 5.11) suggests odd parity for both these state36QR0O2).

Angular correlation and angular distributions pfrays at theE, = 1.75 MeV resonance,
14N*(9.17), indicates/ = 2* for that state,J = 3 for *N*(6.44) andJ = 2 for *N*(7.03)
(1959R0541959WA04 1960RO131960R0O231963PR0OR The angular distribution of the 2.73
MeV ~-rays 0.17 — 6.44) suggests odd parity fatN*(6.44) (1961SE031963PRO}

Marked variations are observed in thegf) term atZ, = 2.75 and 2.90 MeV {*N*(10.09)
and (10.23)] {960R0O23. The angular distribution of the-rays from thel0.23 — 2.31 transi-
tion (E, = 2.88 MeV resonance) is consistent witif = 1%, assuming a single state at 10.23
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MeV: M?(M1) leads to a’ = 0 assignmenti963RO1}. Atthe £, = 3.11 MeV resonance
[**N*(10.43)], the angular distribution of ground stateays is consistent withi = 2 (1959WA16
1960R0O23: the similar decay characteristics GIN*(10.43) and of the/™ = 2%; T = 1 state
at £, = 9.17 MeV suggest that the 10.43 MeV state is in fact alsd™a= 2*; T" = 1 level
(1964RO03.

The vyield ofy, for E, > 3.5 MeV shows a steady rise marked at first by pronounced reso-
nances and then by broad structures most of which are rdtatedels seen in the inverse reaction
(**N(v, p)t3C). The~, yield (to 1*N*(2.31)) is on the average only about a third theyield with
roughly constant cross section fbf, = 7 to 18 MeV. Only weak structure is observed67RI10
1968BL1E 1968RI1R: see Tablel4.16

See alsol959WA02 1962WA1Q, (1965FA1E 1965MA1H theor.) and {959AJ79.

25. (a)3C(p, p)°C By = 7.550
(b) **C(p, p)"°C*

The elastic scattering has been studiedAgr= 0.14 to 0.75 MeV (L960HE14, 0.45 to 1.60
MeV (1954MI105, 1.0 to 2.6 MeV (966LA03, 1.5 to 3.4 MeV (9577109 19587117, 2.6 to
5.0 MeV (1961KA049, 5 to 8.1 MeV (L965BA1W), and 7 to 11 MeV [966SH1H: parameters
of resonances observed in this reaction and in'tlp, v)!“N reaction are displayed in Table
14.16 Angular distributions of elastically scattered protoasdébeen measured at many of these
energies.

The yield ofy-rays in reaction (b) has been measuredfgr= 3.6 to 5.0 MeV: the 3.1 MeV
~v-yield shows broad resonancesigt = 3.80, 4.1, 4.14 and 4.60 MeV while the 3.7 Me}
yield shows one resonance B = 4.52 MeV (**N* = 11.07, 11.30, 11.39, 11.82 and 11.75
MeV, respectively) {960BA35 1961BA09: see Tabld4.16 The angular distribution of inelastic
protons to'*C*(3.68) at theE, = 4.52 MeV resoance leads to the assignmént= 1" for
14N*(11.75) (1961BA09. The excitation functions for proton groups ttC*(3.09, 3.68, 3.85)
have been measured faf, = 5 to 11 MeV (L1965BA1W, 1966SH1H. See also{962BE0J.

Polarization measurements for elastically scatteredopsoaire reported &y = 7 MeV by
(1969GU02 and atE, = 14.5 MeV by (1962R0O20 1965R022 1966RO1B 1966RO1R. At
E, = 32.9 MeV, the polarization and asymmetry in the elastic scattgtiave been compared.
They are equal to within 1%, and there is therefore no eviddac violation of time reversal
invariance for strong interactions, at least for that pdrthe force which flips the spin of the
proton (L968GR1K 1969MA2D).

See alsol962WAL1G 1963GE031964F0021967AR1D), (1967HO1L, 1969WAL1)), (1964PF1A
1966AM1B theor.) and 1959AJ79.

26.13C(p, n)*N Qum = —3.003 By = 7.550
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The yield of neutrons has been measured from threshalg te- 13.7 MeV: see (959AJ76
and (L959BR06 1960BA35 1961DA09 1961WO0O03 1966DI103. Observed resonances are dis-
played in Tablel4.17 Angular distributions have been measured at many enemyes much of
the energy range (below,, = 10 MeV) there is pronounced backward peaking with a secondary
maximum neab0° and no forward peakl@61DA09. The polarization of neutrons correspond-
ing to '3N(0) has been studied fot, = 6.9 to 12.3 MeV (964WA1G 1965WA0J). See also
(1962BE04 1964CA1F 1965VA23 1969BA1N and!3N.

27.13C(p, d)j2C Qum = —2.722 By = 7.550

The yield of ground state deuterons has been determinef, fer 5 to 11 MeV (L965BA1W,
1966SH1H. See also1962BE0J. A polarization measurement &, = 7 MeV is reported by
(1969GU02. See alsoX968TA1V) and!?C in (1968AJ02.

28.13C(p, t}C Qum = —15.185 By = 7.550

See (968TA1V).

29.13C(p, 2)'’B Qum = —4.063 By = 7.550

Alpha-particle yields have been measured iy = 7 to 12 MeV (1963PE07 1964F002
1966SH1H.

30. 13C(d, n)N O = 5.325

Observed neutron groups are exhibited in Tablel8 Recent angular distribution measure-
ments are reported b 969CH04 0.5t0 0.8 MeV;, B), (1961JA09 1.2 MeV; ny — ng), (1961ZD0]
1964WI03 1.3 to 2.5 MeV; i, ny, ny), (1963BEOS 3.9 MeV; ny, ny, Ny, N3 + ny), (L966FUL0Q
1966S102 1967FU04 5.5 and 6 MeV; many groups)1968C0O24 7 to 12 MeV; ny, ny, ny),
and (L969VE1D 11.8 MeV, ny, ny, ny). See also{960VA1], 1962SH191963DE19. Compar-
ison of relative spectroscopic factors here and in'fi@(He, d)}*N reaction [see Tablé4.19
shows smaller values for the = 1 state [*N*(2.31)] in this reaction than in thé'le, d) reaction
(1966S102 1967FU04. Simple DWBA calculations would suggest that the factoald be the
same in both proton pickup reactions. However, the deparedeithe cross section magnitude on
theT of the final state [theé-T" term] appears to be energy dependent: see Tahl9(1968C0O2J.
See alsol967LELR.
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Table 14.17: Resonances iRC(p, n)°N
(1961DA09 *
E, (MeV) I (keV) UN* (MeV)
3.76 £ 0.05 100 11.04
3.98 £0.02 30 11.24
4.05 11.31
4.15+£0.02 40 11.40
4.5+ 0.1 100 11.7
4.74+0.1 150 11.9
5.03 12.22
(5.44 + 0.03) (60) (12.60)
5.53 1+ 0.03 50 12.68
5.72+£0.03 60 12.86
6.20 £ 0.04 70 13.30
6.67 +£0.13 250 13.74
7.0+0.1 150 14.1
7.3 14.3
7.85 £ 0.08 150 14.84
7.93 £0.03 50 1491
8.03+0.03 50 15.00
8.74+0.2 350 15.6
9.3+0.1 150 16.2
10.2£+0.2 400 17.0
11.44+0.3 600 18.1

2 See also1960BA35 and Table 14.9 inl(959AJ7§.

b (1959Gl47.
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Table 14.18:'“N levels from'3C(d, n)}*N and
13CPHe, dJ*N

E. (MeV) J* T I, ? L
0 1t;0 1 1
2.31 o+; 1 1 1
3.95 17;0 1 1
4.91 (07); 0 0 0
5.11 2-;0 2 2
5.69 1-;0 0 0
5.83 35,0 2 2
6.21 1*;0 unspec. 1
6.44 370 iso. 1
7.03 270 1 1
7.97 2-;0 b d
8.06 11 0
8.91 31 (1, 2) d
8.98 2%; (0) 1, 2)

a 13C(d, n}*N: E4 = 5.5 and 6 MeV (L966FU10).
See also Table 14.10 in1959AJ7¢ and (961JA09
1963BE051967FU041968C024.

b Group was masked by contaminant.

¢ 13C(3He, d)}*N: E(*He) = 15 MeV (1966HO15.

4 See (1969HO23.

In the rangely = 0.4 to 4.2 MeV, a single strong neutron threshold occur8at= 0.422 +
0.005 MeV (*N* = 5.691 + 0.006) (1955MA76. See also(965MA1K).

Observedy-rays attributed to transitions AN are shown in Tabl&4.20(1952TH24 1955BE62
1955MA36 1958RA13 1966AL10. The decay of*N*(5.69) is vial*N*(2.31) [63 + 2%] and
directly to 'N(0) [37 & 2%)]. 7, [1*N*(4.91)] < 0.5 psec ((963AL2]) [see also Table$4.9and
14.13. The angular correlation of internal pairs conclusivedyablish the parities of*N*(4.91,
5.10, 5.69) as oddLE64WA0Y.

See alsol959CH281959G0O781966EV1B, (1959NE1B 1960AB02 1964BA1G 1966BA2R
1966ST1L, 1967BA2J theor.) and {959AJ76. See alsd®N.

31.13C(He, d}*N Qm = 2.056
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Qo = 2.070 £ 0.015 (1962SH2;

Qo = 2.048 + 0.014 (1963SP1;

Qo = 2.050 £ 0.015;

Q1 = —0.265 £+ 0.015 [E, = 2.315 + 0.022] (1959Y025.

Table 14.19: Spectroscopic factors foN states’

E.(MeV) | J T 13C(d, n}*N 13C(*He, d}*N | Theory!
E4q (MeV) E(*He) (MeV)
3.9 5.5¢| 6.09| 7.0t012.0¢ | 13¢ | 15° | 17¢
0 ;0| 1.0 1.0 1.0 1.0 10 |10 | 1.0 1

231 0t;1| 097 | 11 | 1.15)|0.9204+0.052 | 1.93| 1.53| 1.6 1.24
3.95 17;0| 0.72| 0.8 | 0.57 | 0.551+£0.032 | 0.52| 0.39| 0.5 0.29

& Normalized to 1.0 for the ground stated68C0O2.
b (1963BE05.

¢ (1966SI102.

4 (1966FU10.

€ (1966HO15.

f(1967C0O3%

Angular distributions have been obtainedZfHe) = 13 and 17 MeV (966SI102 *N*(0,
2.31, 3.95)), 15 MeV1966HO15 1969H023 MN*(0 — 9.17)), 17.8 MeV (L966EC1B “N*(0,
2.31, 3.95)) and 22 MeVIQ69MAILR *N*(0, 2.31)). Relative spectroscopic factors for the first
three states have been compared with those obtained ir@td, n}‘N reaction (966HO15
1966SI102: see reaction 30 and Tahld.19 See alsoX967LE1H. Spectroscopic factors for the
higher states have also been obtained I866HO19, from a DWBA analysis./-values for the
observed groups are in agreement with those obtained¥3%6FU10 in the (d, n) reaction: see
Table14.18 See alsoX965HE011967BA1D.

32. 13C(a, )N Qum = —12.264

Angular distributions have been obtainedrat = 46 MeV of the tritons corresponding to the
first seven states 6fN: the data are consistent with the assumption of a diregtation in which
a proton is transferred from the incidemparticle ((969FO1Q.
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Table 14.20: Gamma rays frothC(d, n)*N

(1952TH24 @ | (1955BE62 P | (1955MA36 ¢ | (1958RA13 ¢ | Assignment
E, ¢ (keV) E, f (keV) E. ° (keV) E, f (keV) b\
725+ 4 729 4+ 3 728.3+1.0% | 5.83 — 5.11
1638 £ 8 3.95 — 2.31
2310 £ 12 2.31
3381 + 13 3410 £+ 40 5.69 — 2.31
3920+ 70¢ 3910 + 50 3.95
4940 + 40 4930 + 40 4897 + 25 4.91
5052 4+ 25 5100 4 50 5130 % 30 5102 4 25 5.11
5690 + 50 5720 4+ 40 5730 + 30 5669 + 25 5.69
5833 + 30 ¢ 5.83
6490 4 60 6450 % 50 6419 4+ 30 6.44
7050 4 40 7012 4+ 25 7.03
@ By = 1.2, 1.6 MeV.
b By =2, 4 MeV.
¢ Eq =1.4MeVW.
d By =4.5MeV.
¢ Not corrected for Doppler shift.
fIncludes~ 0.5% Doppler correction.
& (1966AL10.
33.BC(!B, Be)*N Qm = —3.678

At E(*'B) = 113.5 MeV, °Be groups are observed correspondint i (5.69+5.83), (8.80+
8.91) and possibly td*N*(12.2). The two lower transitions correspond to the addiof s, » and
ds,» protons to the*C target core. States which were not excited would have regtfie excitation
of the target core in addition to the transfer of a nuclel6(/PO1} See alsol969BR1D).

34. 13c(14N 13c)14N

See (968HU1H.

35.14C(37) N Qm = 0.156
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See!“C.

36. “C(p, n)*N Qum = —0.626

Neutron thresholds have been observeliat= 671.54+0.5 and3149.6 1.1 keV (1956SA09
and atE, = 4910 + 8 keV (1960BA34 corresponding to the ground state'dN and to excited
states aR.3119 £+ 0.0012 and 3.952 4+ 0.008 MeV. Angular distributions of the neutrons corre-
sponding to*N*(0, 2.31, 3.95) have been obtained f6; = 6 to 14 MeV. At the highest energies
these have been analyzed by using finite range DWBA, takit@yancount various isospin and
spin factors. The ground state transition is not inhibitetiereas thé*C 3-decay is. This re-
quires spin-flip mechanisms such as a tensor interactioruicfe exchangel©@67W0O09. See
also 1969MA1G. Angular distributions are also reportedfgf = 20 and 30 MeV (969SA1M
No, N1, Ny). See alsd’N.

37.1C(He, t}“N Qum = 0.138

At E(®He) = 44.8 MeV, triton groups are observed corresponding to all thenkntevels of
YN with E, < 7.1 MeV. Triton groups were also seen to unresolved states fjith- 8.0 — 9.5
MeV, to 1*N*(10.43) and to excited states wiffi, = 12.49 4 0.04, 12.83 4 0.05 and13.70 £ 0.04
MeV. Angular distributions were obtained for nine of theédn groups and analyzed using a local
two-body interaction with an arbitrary spin-isospin exega mixture. Dominant = 0 transitions
are found to*N*(2.31, 3.95, 13.7)L = 1to *N*(5.11), L = 2 to '*N*(0, 7.03, 10.43) and. = 3
to 1*N*(5.83) (1967BA13 1968BA1E 1969BA0F. See alsol969MA1QG and reaction 45.

38. (a)'N(y, n)*N Qun = —10.553
(b) ““N(v, p)*C O = —T7.550
(c) “N(y, d)2C Om = —10.272
(d) ¥N(v, pn)*C Qm = —12.497
(€) “N(v, 2)'°B Qum = —11.613
(f) “*N(v, na)’B Qm = —20.051
(9) “N(v, pa)’Be Qm = —18.201

The total absorption over the range = 9 to 31 MeV is dominated by a single peak at 22.5
MeV [estimatedr ~ 29 mb,I" ~ 2 — 3 MeV] and appreciable strength extending beyond 30 MeV.
The cross section cannot be accounted solely bythe)(and ¢, p,) processes: particle unstable
excited states 0fC, '*N are believed involvedl@69BE9). Over the interval, = 20.0 to 20.5
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MeV, the average cross sectionlis.5 + 4 mb (1959CA1C 1960CA09. See alsol968CO13}.
The cross section for neutron production, reactions (a)(ehdexhibits maximum at’, = 22.5
MeV, I = 3.2 MeV, ¢ = 15.3 mb (1954FE1§ [I' = 3.8 MeV, ¢ = 14.5 mb (1960FA08].
The cross section for reaction (a) shows a maxima,at= 11.7, 13.2, 15.2, 19.5 and 22.8 MeV
(1960KI02. [The peak cross sections for the two highest energy maama 1.8 and 2.8 mb,
respectively; the widths are 2 — 3 MeV, estimated from the published curve.] Breaks in the (
n) activation curve are reported &t = 11.07 MeV (1960GEO§ and 11.49, 11.61, 12.39, 12.92,
13.28, 13.87, 14.62, 15.25, 16.35, 18.05 and 19.10 MEA69YMUOG 1960MUO2 +50 keV).
See also 1959FU1A 1960BA15 1960K0O05 1960SA09 1962GO1E 1962K023 1963C0O1D
1963FU061970LO1A.

Studies of reaction (b) indicate the involvementdi*(8.06, 9.17, 10.43)1956WR221960WA17)
as well as of*N states with~, = 11.8, 13.0 and 15.2 MeV1(960WA17. See alsol959FU1A
1960BA15 1960KO05 1962G01E1962K0231963FI1B 1964ED011964K0O1D. For reaction
(c), see [964EDO). For reaction (d) see alsa959RE1A 1960BA15 1962G0O1E 1962K023
1963KO1B 1964K0O1D.

For reactions (e), (f) and (g) se€966LI05 1958MA1A, 1960BA15 1960KO05 1962GO1E
1962M0O16 1964ED011964TO1B. See also{959AJ76.

39. “N(v, )N

Resonant absorption measurements give 72+10 eV (1965LU05, 77+ 12 eV (1959HA1))
for 1N*(9.17): wI, = 14.5 + 2 eV consistent with dipole radiatio1959HA1]). (1966SWO0)
finds £, = 7.029 & 0.006 MeV for 1*N*(7.03). The angular distribution of the scattered radiat
is consistent with/ = 2. Assuming that‘N*(7.03) decays entirely to the ground state [actually
98%: see Tabld4.13, r, = 5.4 £+ 0.5 fsec (L966SWO0). The mean lifetime fof*N*(2.31) is
77 £ 18 fsec (L961SWO0), 97 + 30 fsec (1964B0O22. For *N*(8.06), (1956GR17 1958GR9Y
findsT', = 10.5 &+ 6 eV. See Table$4.9 14.13and14.21

An elastic scattering study shows a broad (several MeV witimum centered arourtd, =
24 MeV and indicates a secondary maximum around 30 ME36(LO1B.

40.*N(e, e}*N

Ther.m.s. radius of'N at £, = 400 MeV is 2.5840.05 fm (1968DA1Q). See alsol964B109.
See also 1959ME24. Measurements of magnetic form factorsFat= 100 to 180 MeV favor
jj-coupling for'4N(0) (1966RA29.

Inelastic scatteringd(= 180°) gives evidence for the excitation 8fN*(8.91, 9.17, 10.43): the
ground statd’., are given in Tabld4.21(1962ED02 1963BA19 1966KO08§ 1968CL0Y. In ad-
dition (1968CLO03J report the excitation of a state withi, = 11.01 + 0.07 MeV and (L966KO0§
report structure af’, = 11.7 and 12.7 MeV. Partial’, [for cascade transitions dfN*(9.17,
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Table 14.21: Gamma widtlisof unbound levels from®C(p, )N, *N(v, v)*N and'*N(e, e}*N

E. (MeV) | J&; T I',tog.s. (eV) Multipol. | Reaction Refs.
8.06 1-;1 10.5+6 El (v,v) | (1956GR171958GR9J
8.91 351 (6.6 4+ 2.2) x 1073 M2 (e,e) | (1968CL0Y

(16 £4) x 1073 (e,e) | (1966KO0Y

9.17 | 2%:1 7.7+£0.9 M1 (e,e) | (1968CL0OY
87+15 (v,7) | (1959HA1)

9+3 (e,e) | (1962EDO0O2

13+3 (e,e) | (1966KO09

46+1.4 (e,e) | (1963BA19

10.43 2% 1 121+1.5 M1 (e,e) | (1968CL0Y
16.4 + 3.0 (e,e) | (1966KO09

1745 (p.v) | (1957WI3Q

20+ 6 (e,e) | (1962ED02

49415 (e,e) | (1963BA19

a See also Tabl&4.9

10.43)] have been obtained b{968CL0Y and are shown in Tabl&4.9 See also{963G0O04.
Inelastic scattering is also reported ¥tN*(2.3, 3.95, 5.1, 5.85, 7.05, 8.01964BI09. See
also (L964BI09. See (962BA1D for a general discussion. See ald®%8CA1B 1960PA08
1963GU1A 1967KA1A, 1969VI02D.

41, “N(n, n)M4N*

Angular distributions of elastically and inelasticallyastered neutrons are displayed in Table
14.23 See alsol959AJ76¢ and*°N.

Observed gammarays are displayed in TAdI3(1969DI1B 1969NY1A). See alsol959HA13
1968CO1W. Lifetime measurements are reported in Table22(1969NY 1A).

See alsd®N, (1961AS1B 1963M0O04 19630P1A1964EN1B 1964MO10 1964PE201965VA1K,
1966MO1G and (1965J0071965TA07 1968CA1A 1969WAL1)).

42. (a)"*N(p, p)"N*
(b) "'N(p, 2p)*C Qm = —7.550
(c) ' N(p, pd)*C Qu = —10.272
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Table 14.22: Gamma rays frofiN(n, n/)**N*

E,*(MeV +keV) | E,4(MeV) | Transition

0.727 £ 3P 0.728 | 5.83 — 5.11
1.634+£5P 1.622 | 3.95 — 2.31
2.3124 3P 2313 | 231 —g.s.

2.49 6.44 — 3.95
2.792 + 3 2792 | 5.11 —2.31

3.372 5.69 — 2.31
3.895 6.20 — 2.31

4.919410° 4.91 4.91 — g.s.
5.106 + 3 5.105 5.11 — g.s.

5.685 5.69 — g.s.
5.835£5P 5.833 5.83 — g.s.
6.426 410 ° 6.44 6.44 — g.8.
7.021+10°¢ 7.03 7.03 — g.s.

2 (1969NY1A): E, = 15 MeV.

b E.(3.95) is then 3.947 + 0.005 MeV and E,(5.83) is
5.833 £ 0.003 MeV.

¢ Thesey-ray energies have been corrected for Doppler shift.
4 (1969DI1B: E, = 8.6 MeV: gamma-ray peaks located in
terms of the 2.313 and 5.105 Me\rays. No attempt was
made to obtain accurateray energies.

Angular distributions of elastically and inelasticallyastered protons have been measured
and analyzed at a number of energies: see Tahlg3 See alsd®O and (9680D1B. Ob-
served inelastic proton groups are shown in Takle24 The proton groups corresponding to
14N*(7.40, 7.60) reported byl1@56BU1§ are spurious: seel§64D0O03 1964EA0). See also
(1963BR14 1966ME1L). (1965DE?2) reports the excitation of'N states with~, = 11.2 4+ 0.2
and12.8 + 0.4 MeV, and the measurement of the angular distribution of tieéoms from the de-
cay of1*N*(11.2). See alsol(957H0O34 1961CL09 1969CU1D and (L962KA1E 1962WA1D
1965TA07 1969MA1G 1969WA1). See alsoX959AJ76 and (L960WA1LJ.

Reaction (b) atZ, = 19 MeV proceeds at least in part through an intermediate statéN
at F, ~ 11.2 MeV (1965DE2). See also{961CL09 1965RI1A 1966TY01) and (L965BE1E
1965DE1R 1967JA1E 1967KO1R 1969K0O1J theor.) and3C. For reaction (c) sed 961CL09
and (L964BA1R 1966JA1A theor.).
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43.1UN(d, d)1N*

Angular distributions of elastically and inelasticallyastered deuterons have been obtained at

Table 14.23:N(n, n), (p, p), (d, d), {He, 3He) and ¢, «) angular distribution

studies

(a) Angular distribution of neutrons

E, (MeV) Angular distribution to"*N* Refs.
1.6 — 3.2 g.s. (1966FO1D 1966FO1H
5.0 — 6.5 g.s. (1960SM03
6.8 — 14.0 g.s. (1967BA03
14 g.s. (1961ST221963BA4H
14 2.31 (1961BO23
14.1 g.s. (1966BE1R
14.8 g.s. (1967LU1B
(b) Angular distribution of protons
E, (MeV) Angular distribution to"*N* Refs.
6—9 2.31 (1968SH1)
6—11.4 g.s., 3.95 (1968B0O36 1968SH1)
7.7,8.5,10.5, 14.1 g.s., 2.31 (19600D0)
9.5 g.s., 3.95 (1954FR381957GI19
9.8 g.s. (1957H156
99—-114 5.11, 5.83 (1968BO36
10.2 3.95 — 7.03 (1964D0O03
10.5,14.1 3.95 (19600D0)
12.2 g.s. (1968RI1Q
194 g.s. (1956VA1B, 1957VA1B)
20 g.s. (1955CH1A
21 g.s. (1969BA23
24.8 2.31 (1967AU1B
31 g.s. (1964K106)
142 g.s. (1961TA0H
155 g.s., 2.31, 3.954.91 + 5.11, (1968GE03}
5.69 + 5.83
(c) Angular distribution of deuterons
| Ea(Mev) | Angular distribution to*N* Refs.
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Table 14.23:N(n, n), (p, p), (d, d), {He, 3He) and ¢, «) angular distribution
studies (continued)

5.83,7.03, 11.24, 12.77

0.7—-2.1 g.s. (1963SEQ0Y»
1.2-3.1 g.s. (1969G0O13
1.3 —-3.2 g.s. (1969BE0S
5.5 —10.2 2.31, 3.95 (1968DU1B
8 g.s. (1952GI0)
11 g.s. (1960TA08
11.8 g.s. (1967FI0%
13.6 g.s. (1963NE1G 1964NE1D
14.2 g.s., 3.95,4.91,5.11 (1966NG0)
21 g.s. (1959FI13Q
27 g.s. (1962ERO3
28 g.s. (1968GA13
28.5 g.s. (1966VI1A)
52 g.s., 3.954.91 4+ 5.11, 5.69 + 5.83, 7.03 | (1968HI09 1968HI149
(d) Angular distribution of 2He particles
E(*He) (MeV) Angular distribution to"*N* Refs.
17.4, 25.4, 36.6 g.s. (1965AR1B
25.7 g.s. (1964SEO0%
29 g.S., 3.954.91 + 5.11 (1962SE13
44.6 g.s.,2.31,3.95,4.91,5.11,5.69, | (1968BA1E 1969BA09

(e) Angular distribution of « particles

E, (MeV) Angular distribution to"*N* Refs.
11.4 —12.7 2.31 (1966CH1B
19.2 g.s., 3.954.91 + 5.11 (1961PL0)
20.1 — 23.3 g.s. (1967BO1N)
95.7 — 32.9 g.s., 3.95 (1963NO1B
37.9 g.s. (1960AG0)
40 g.s. (1959YA0D)
40.5 g.s., 3.95,4.91, 5.11, 5.69, (1966HA19
5.83, 6.21, 6.44, 7.03
56 g.s. (1969GA1)
65 g.s. (1964HA1§
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Table 14.23:N(n, n), (p, p), (d, d), {He, 3He) and ¢, «) angular distribution
studies (continued)

104 | g.s. | (1968HA1D, 1969HA1Y |

a number of energies: see Talk.23 See alsd®0 in (1971AJ032. Inelastic deuteron groups are
displayed in Tabld4.24 The deuteron group to the; 7' = 1 state atF, = 2.31 MeV is isospin
forbidden: its intensity i9 — 3 % of the deuteron group tdN*(3.95) for £4 = 7.7 to 10.2 MeV
(1968DU1B. See alsoX953B0O7(). The deuteron group to the = 1 state'*N*(8.06) is also not
seen: see Tabl®4.24 See also general discussionsif§0WA12 1966BR1G 1968NO1Q. See
also (1968ME1E 1969CUO08.

44, “UN(t, )N

See (964SCO0Y.

45.N(*He, *He/) N~

Angular distributions of elastically and inelasticallyastered®*He particles have been deter-
mined by (962SE131964SE051965AR1E 1969BA0G: see Tabld4.23 See also{967KN1B).

At E(*He) = 44.6 MeV, twelve3He groups are reported corresponding to staté$Nin see
Table14.24(1969BA0§. The angular distributions were analyzed using a locatindy inter-
action with an arbitrary spin-isospin exchange mixture.ofnparison of the cross sections of the
reactions*N(*He, t)“O, ., "*N(*He, *H¢')!*N(2.31) and*C(*He, t)**N(0) [which all correspond
to transitions between identical initial and final statésj\gs that they are roughly equal, as would
be expected fron charge independence, once detailedeealsospin coupling and phase-space
correactions have been applid®69BA0G. See alsol968HO1C 1968LEL1G 1969RA1B.

46. (3)'*N(a, o) 4N*
(b) “N(a, ap)'3C Qm = —7.550
(©) “*N(c, ad)2C Qm = —10.272

Angular distributions of elastically and inelasticallyasteredx-particles have been measured
for £, = 11 to 104 MeV: see Tabld4.23 The intensity of the isospin-forbidden group to
14N*(2.31) is low. The highest intensities reported are 0.fihe o, group and 0.4 of the, group
for £, = 11.4t0 12.7 MeV ((966CH1B. Generally the intensity of the; group is much smaller
than that, typically a few percent of the or a, group: see 1959AJ76 1966HAL9: see also
Table14.23
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Table 14.24 1N levels from'*N(p, p), (d, d), CHe,?H€) and ¢, o)

UN*(MeV =+ keV) Lk
(P, P) (d, d) (*He,’H¢¥) (o, &)
2.313+52 see text h see text
3.9454+52 f h j 2
4910+ 102 f h j 1,3
5.1044+102 f h j 1,3
5.60+30" f h j 1,3
5.83£30" f h j 1,3
6.234+20"° f b il
6.464+20"° f il
(6.60 40P
7.034+20" f h j 2
7.97¢ m
8.06°¢ 8.0 —11.01
9.24
11.2+200° fe 11.22 450"
12.8 £ 400 © be 12.77 £ 50"
174
21.54

2 (1953B0O70). See alsol952AR29 1964EA03.

b (1956BU1§. See also text, and §64EA0S.

¢ (1964EA03.

4(1958TY44.

¢ (1965DE2).

f Observed: seelp53BO701966NG011968DULE 1968HI09 1968HI119.
¢ F, =11.3 and 13 MeV (968HI19.

b (1969BA08.

! Unresolved structurel@69BA0G.

J (1966HA19.

K From @, o/): (1966HA19.

I Relatively low cross section due to two-nucleon transiib®66HA19.
™ See alsol956MI1179).
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Reduced transition probabilities are reported b9G6HALY: B(E2)| /e? = 6.5 and 3.3
fm?, respectively for*N*(3.95, 7.03); B(E3)| /e* = 40 and 60 fnf, for 1*N*(5.11, 5.83). See
also (1962HA4Q 1962J0141963MI1C 1969BA09, (1968FA1A, (1960WA1), (1968NO1C
1968RA1G theor.) and®F in (1972AJ03.

At £, = 22.9 MeV, reaction (b) td®>C(0) appears to involve twelve states tfl with £, = 8.4
to 13.2 MeV, while reaction (c) proceeds via five states With= 11.5 to 12.9 MeV (969BA17.
See also(967BE30 1968KU1Q.

47.“N(°Be, ?Be)"N

See (964KU1D 1969BR1D).

48 14N(12C 12C)14N

See (961NE041962SM021964KU1D.

49. 14N(14N 14N)14N

See (962SM021968JA1N and (L967BR1M 1969VO1H.

50. 14N(160 160)14N

See ((961NE04 1968JA1R.

51. 4O(3+)“N Q.. = 5.144

The decay proceeds almost entirely to tife= 0*; T = 1 state of'*N at 2.31 MeV: seé*O.
Measurement of the-ray energy from the decay 6fN*(2.31) leads tak, = 2.31287 4= 0.00010
MeV for this state {968FR0§, 2.31289+ 0.00010 MeV (1967CH19. The spectrum shape for the
transition to'*N(0) differs markedly from the statistical shape, for *N*(2.31) extracted from
these data i83 + 3 fsec (L966S109: see, however, Tabli4.13

52. 15N(p, d)“N Qm = —8.610
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Angular distributions have been obtained for the deutemmrsesponding td*N*(0, 2.31,
3.95) (1961BE12 FE, = 18.6 MeV) and to'N*(0 — 8.06, 8.62, 8.918.96 + 8.98, 9.17 — 10.43,
10.81, 11.04]11.24 + 11.30, 11.39 — 11.66, 11.75 + 11.81, 11.95,12.23 + 12.29, 12.50, 12.61,
12.79 + 12.83, 13.16 + 13.23, 13.72) (1969SN04 E,, = 39.8 MeV). Spectroscopic factors were
extracted by DWBA analysis of thg = 1 pickup angular distributionsl’ = 210 + 30 keV for
14N*(13.75). Weak deuteron groups N states att, = 6.70, 7.40 and 7.60 MeV are reported
[see, however, reaction 54]1969SNOJ.

53. 15N(d, )N OQm = —4.577

Not reported.

54. 15N(He, a) N Qm = 9.743

At E(*He) = 2.8 MeV, a-particle groups are observed N states atF, = 3.95, 4.91,
5.113 £ 0.008, 5.691 + 0.008, 5.832 + 0.008, 6.048 + 0.012 [see, however,J969HO23], 6.224 +
0.012,6.436 +£0.012, 7.032 +0.010, 7.97 and 8.06 MeV1962CL12 1962CL1D. The previously
reported states &, = 6.70, 7.40 and 7.60 MeV are unobservé®62CL12 1969H023. Angular
distributions have been obtained A(*He) = 2.8 MeV (1962CL12 to “N*(3.95, 5.69, 5.83)),
15 MeV (1969HO23 to 1“N*(0 — 8.91, 9.17 — 9.70) and 39.8 MeV (966BA13 to “N*(0, 2.31,
3.95,7.03,9.17, 10.43) and to a statévat= 13.72 £+ 0.04 MeV). See also{965SEQO).

55. 160(n, t)*N Qum = —14.479

Not reported.

56.150(p, pd)‘N Qum = —20.736

See (964BA10Q.

57.150(p,*He)"N Qm = —15.243

At E, = 40 MeV, angular distributions have been measured fo? Heeparticles corresponding
to “*N*(0, 2.31, 3.95) {966BR1X 1966HO1H. The excitation of*N*(7.03, 9.17) is also reported
(1965PELY. At E, = 43.7 MeV, a comparison has been made between the angular digiribu
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of the *He particles td*N*(2.31) and the tritons (from th&O(p, t)*O reaction) t0'*O, .. As
would be expected from charge independence, the shape dikthibutions and the cross sections
are approximately the same to the two analog statgs:t)/o(p, *He) = 1.12/1 (1964CEOQ2.

58. 160(d,a)14N Qm =3.111
Qo = 3.110 £ 0.006 (1964MA57).

Angular distribution ofn-particles have been measured at many energies: seelfaBke See
also (L959FI30.

Alpha particle groups have been seen corresponding to nmostrk states of*N with E, <
11.51 MeV (in some cases, the identification of the groups is intusiee), with the exception
of previously reported states &, = 6.05, 6.70, 7.40 and 7.60 MeV1p68J0O07 E4 = 5 to
9 MeV). See also19651S03. The yield of the isospin-forbidden; group [to!“*N*(2.31)] has
been studied for; = 3 to 15 MeV. The intensity of they; group, relative to they, and as
groups [to thel" = 0 states of “N*(0, 3.95)] depends on the deuteron energy and on the affigle o
observation [the isospin impurity in the compound nucleua function of the excitation energy
in 18F and of.J] (1969J00%. Studies of they, yield have also been conducted By = 5.5 to
7.5 MeV (1956BR3¢ and 6.8 to 8.9 MeV1958DA1§. For further discussions, see963CE02
1966BR1G 1968NO1C 1969N0O1B 1969N01Q. See alsol960HUL1Q 1961PE091961YA08
1963JA031963YA1B) and'®F in (1972AJ03.

Preliminary results on the absolute cross sections of dlaistion and its inversé‘N(«, d)'°0]
are in agreement, te-0.56%, with the principle of detailed balanc&967TH1E 1968TH1)
1969PL1Q.

See also1961TE021963D0O1B 1963VALE 1964RI1G 1966BE1E 1966JA05 1966KL1E
1968K024, (1960EL1E 1961BA1J 1961JA1H 1964HO1E 1966ME1E 1967JO1Htheor.) and
(1959AJ76.

59.160(q, °Li) “N Qum = —19.264

See (965PELY.

60.160(1°B, 3a)*N Qu = —2.822

See (965SH101965SH14.

61.170(p, o) N Qm = 1.193
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Table 14.251°0(d, )N angular distribution studies

E4q (MeV) Angular distribution to"*N* Refs.
1.3—1.9 g.s. (1964AM1A)
1.8—24 g.s. (1965MA59
1.9-3.6 g.s. (1968DI09
3.3—11.0 2.31 (1969J009
3.8,3.9 g.s. (1963JA03
3.9 2.31 (1963JA03
4.4,4.6,4.7 g.s. (1967TH1B
5.5 — 6.7 g.s. (1965SA18
5.6 — 6.9 g.s., 3.95 (1968JO0Y
5.8 — 6.6 3.95 (1965SA1§
6.3 g.s. (1969C0O12
6.6 3.95 (1964GR19
6.8,6.9 g.s., 3.95 (1958DA1§
7 g.s., 2.31,3.95 (1956BR36
9 g.s.,3.95 (1956GR37
10.5—114 g.s. (1960HU1Q
11.4,12.4 g.s., 3.95 (1965D008
14.5 g.s., 3.95 (1961YA0?)
14.7 g.s. (1961YA08
14.9 — 19.6 g.s., 3.95 (1963YA1B)
15 g.s., 3.95 (1961PE091965PE0Y
15 g.s.— 7.97, 8.49, 8.919.17 — 9.51, 10.09 (1969HO23
19 g.s. (1953FR23
24 g.s., 3.954.91 + 5.11, 5.69 + 5.83, 6.21 + 6.44, 7.03 | (1965PE1Y
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See'sF in (1972AJ03.

62. 19F(d, "Li) “N

See (967DEO03.

63.20Ne(d,2a) N

See (966KU1D.

Qum = —6.121

Qm = —1.619

64



140
(Figs. 7 and 8)

GENERAL:

See (9590T1A 1960PI1C 1960TAL1C 1961FR1C 1963BL1B 1964LO1B 1965KO1DQ
1966BO1R1966KE16 1966MI1G 1967AU1B 1968EI1C 1968FA1B 1968NE1C 1969GA1G
1969S008

1. 4O(3+) N Qm = 5.144

The decay proceeds primarily to tHé = 0+; T' = 1 first excited state of*N: see Tabld 4.27
Weak branches are also observed to the ground stat&l@nd to the 3.95 MeV state.

The ground-state decay is considerably faster than th@ntiansition'*C — N supporting
the hypothesis that both decays are inhibited by accideatatellation of matrix elements: see
4C and (1968RO1G.

The decay of*N*(2.31) is an example of pure Fermi— 0 transition and provides a precise
determination of the fundamental coupling const@gt(see surveys byl064WU01 1966FR15
1968MO1R). Gy = 1.4025x10~* ergcm?® (1962BA26, 1.409 x 10~%° erg-cm?® (1968BR1L: see
(1969DA09), 1.407 x 10~ erg- cm?® (1969DA0H. See alsoX959KI1G 1960BA36 1967BL24
1968BE03. According to the hypothesis of a universal weak intemagtwith conserved vector
current,Gy = G, the coupling constant for muon decay. The mean for sevessceited by
(1966FR1%is (G, — Gy /G, = (2.2+£0.1£0.5)%, where the second error reflects the uncertainty
of radiative corrections. See alstPE2BA26 1968BR1L, 1969BL1E 1969DA0S.

The transition t0"*N*(3.95) appears to be super allowed. See al#6PBR16 1964GA1B
1966FR151966CH1J1966MAZY, 1969LO1HR.

The polarization of the positrons has been studied I869GE36 1961HO04. See also
(1959AJ7¢ and (L958AL1E 1959JA1B1960DU1B 1961BL1A 1962AL1F 1962WE091962WE1H
1962BL1D 1963L004 1964BA1T, 1965BL1E 1964NA1C 1965MI11B, 1966BA1A 1966MAS57,
1967CH241967SA1H 1968BH1C 1968DA1J 1968HA38 1968LA1J] 1968YA1R.

2. 19B(°Li, 2n)140 Qm = 1.990

See (957NO17.

3. 2C(He, n}*0 Qm = —1.148
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Table 14.26: Energy levels 6fO

E, J T e (keV) Decay Reactions
(MeV =+ keV)
0 07,1 | 72 ="7098+0.06sec| /" |1,2,3,4,56,7
5.17 4 40 (17) I' < 150 keV 3,5
5.905 + 12 (0F) < 60 3,5
6.29 + 25 (37) ~ 120 3,4,5
6.586 + 12 2" <60 3,5
6.79+30 |7=(—) 5
7.78 £ 30 2t 3,4,5
8.74 £ 60 5
(9.74 + 30) 3,4,5
10.89 + 50 5
11.24 £50 5
(11.97)* 5
12.84 £+ 50 3)
13.01 £50 3,5
14.15 £ 40 5
14.64 £ 60 5
17.40 £+ 60 3)

& Possibly more than one level.

Reported values of the threshold energy are displayed ite Tab28 Neutron groups have
been observed correspondingt® states at 5.171067AD1D 1968TO09, 5.905+0.012, 6.30 4+
0.03 and6.586 4+ 0.012 MeV, with widths < 60, 120 and< 60 keV, respectively 1961TOO0J.
Higher excited states at 7.78967AD1D), 8.0 + 0.4, 10.1 + 0.4 and13.3 4+ 0.4 MeV are reported
by (1964BR13. Angular distributions are reported at many energies fiothto 25 MeV: see
(1957BR181960AJ031960GA131963MA22 1964DE1(¢ 1964DI02 1964KU05 1967AD1D
1967MC03 1967SC271968TO09.

The angular distributions forgrand for p, to *N*(2.3), show strng forward peaking in the
rangeE(*He) = 6.5 to 11 MeV. The distributions are similar in detail, and wetted by plane
wave direct interaction theory with = 0. Excitation functions aff = 10° show marked energy
dependence, but d/do,) is nearly constant at the expected value of 2966FU1§. Angular
distributions (atZ(®*He) = 9.2 and 10.2 MeV) of the*He groups td*O*(0, 5.17, 5.91, 6.29),
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Table 14.27: Positron decay tfO

(1954GE381955SH8% | (1961HEO03 (1961BU0J (1962BA2§ | (1963FR101965FROY | (1965KAZX, 19665105
Eo * (keV) 4145 4 20 412442 4085 + 30
E; ® (keV) 1835+ 8 [1810.6 + 1.5] ® | 1809.7 £ 1.5 1812.6 4+ 1.4¢ 182147
7172 (S€c) 72.14+0.4 70.91 4 0.04 [71.440.2] 71.00 4+ 0.13 71.34+0.1
branch (%) 0.60 4 0.10 0.65 4 0.05 0.61+0.01
branch (%) * 99.440.1 [99.4 +0.1] [99.4 +0.1] [99.4 +0.1] 99.35 + 0.05
branch (%) * 0.062 £ 0.007 4
fto (sec) (2.0 +0.3) x 107 (1.740.2) x 107 (2.1440.03) x 107 ¢
ft1 (sec) 3275+ 75 3061 4 10 3057 4 20 3074+ 10° 3137470 3076 + 78
ft2 (sec)

1200 + 150 4

2 End-point enegies and branches!4bdi(g.s.:11; 2.31:0%; 3.95:11), respectively.
b Square brackets indicate values usedffocalculations but not determined in present experiment.

¢ Using m(partial) = [71.36 + 0.009] sec; includes form-factor and screening corrections.i®ae corrections of {959KI1Q increaseft to 3126 sec: see
also (L966BA1A 1966FR151967SU1E

4 And private communication: 0.025" (1969KA1B).

©1809.1 + 1.5 keV is obtained from measurements of the threshold enertyedfN(p, n)**O reaction and the energy 6fN*(2.31). This value leads to a
0.8% decrease in th& value of (1962BA26 1968FRO.

£(1.940.2) x 107 (1969KA1B).

¢ (1969KA1B).




Table 14.28: Threshold energy of tHe€(*He, n)*O reaction®

FEihresh. (KeV) Refs.

1449.6 + 2.8 (1957BR1§

1436.2+ 0.9 (1961BU0OJ

1434.8+ 1.6 (1961TO06

14375+ 0.7 (1962BA26

1436.7 £ 0.5 recommended valuel966MAGQ

& See also1965RY0).

analyzed by DWBA double stripping theory, give= 0; L = 1 or (0); L = 0or (1); L = 3
or 4, respectively. These fits, taken together with the ikedt sharp widths of the three excited
states (see Tablk4.25, lead to probablg™ for 110*(5.17, 5.91, 6.29) of —, 0T, 37, respectively
(1968TO0Y. See also1960NE1A 1961GI1B 1963GL1C 1964HEO06 1965BR1H 1966HAL1Q
1966SH1F1967CH19 and*O.

4. “N(p, n)}*O Qm = —5.927

FEipresn, = 6.3544 £ 0.0016 (1968FRO$;

Finresh, = 6.3588 4 0.0030 (1956KU1A; see also1964KU0S).
The angular distribution of ground state neutrons has betrmined ats,, = 14.8 and 31.5
MeV (1960DA0G 1961ADO02. Neutron groups are reported corresponding to broad @sohred

states atF, ~ 6.2, 7.5 and 9.3 MeV 1954AJ1). See alsoX966S105 1968RI1Q 1969MAL1G
1969PA1J1969VEO03.

5. “N(He, t)40 Qm = —5.163

Triton groups observed d(*He) = 44.6 MeV are displayed in Tabl&4.29 Comparisons of
angular distributions of the tritons to the first eight ssat€'“O with those of triton groups in other
reactions involving knowi-transfers lead to thé™ assignements quoted in the tabl®§7BA13
1969BA06. See also{968BA1E and reaction 45 in'N.

6. 150(y, 2n)'*0 Qm = —28.887
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Table 14.29: O levels from “*N(®*He, t}*O
(1967BA13

E, (MeV + keV) Jr
0 0t
5.17 & 40 (17)
5.91 & 40 (07)
6.28 % 30 (37)
6.60 & 30 2+
6.79 + 30 (27)
7.78 + 30 2+
8.74 4 60
9.74 4 30
10.89 £ 50
11.24 4 50
11.97

12.84 + 50
13.01 + 50
14.15 4 40
14.64 + 60
17.40 + 60

& See text.
b Unresolved states.

See (9590C071962BR161964MO26.

7.%0(p, )10 Qm = —20.406

The angular distribution of ground state protons has betammeed att, = 43.7 (1964CEOQO.
See alsol966CE051969SO0
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