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14B

14B has been identifi ed in the 5.3 GeV proton bombardment of uranium (1966PO09) and in
the 3 GeV proton bombardment of gold (1968TH04). 4B is particle stable (1966P0O09). See also
(1966GA 25, 1969AR13).

14C
(Fig. 5)

GENERAL:

See (1954JA1A, [1956EL 1B, 1957VI1A, [1958BA1A, 19590T1A, 1959SK 1A, [1960TA1C,
1960WA12,/1961BA1F, 1961FR1C,|1962TA 1E, 1963BL 1B, 1963NA04, 19635004, 1963VL 1A,
1964L11B|/1964L O1B)| 1965BA 1X|, 1965K 01D, 1965WA 1J, 1965ZA 1B, 1966BA 42, 1966BO1R,
1966GU08, 1966M11G, 1966ZA03,1967/GR1D, 1967HA 10, 1967IN1B, 1967KO1N, 1967KO1F,
1968EI1C, 1968FA1B, 1968FR03, 1968NE1C, 1968RO1C, 1969AR13, 1969AT1A, 1969FR1E,
1969SH1A, 1969S008, 1969SO1E).

1. “4C( )“N Qm = 0:156

Recent valuesare5745 50y (1961MA1L, 1961IMA32, 1964HU09), 5780 65y (1961WA16),
5680 40y (19620L04),5660 30y (1968BE47), leading to aweighted meanof 5692 21y. See
also (1962G033). Using Qy,, log ft = 9:03 (1966BA1A), 9.02 (1969K A1B). The spectrum does
not deviate from the allowed shape down to 3 keV (1954M084). The -decay rate of *#C and the
radiative width of 1*N*(2.31) cannot simultaneously be explained by a conventional central force
plus spin-orbit interaction together with confi guration mixing: the nuclear force must include a
tensor part (1968RO1C). For other discussions of the long lifetime of 4C, see (1959AJ76) and
(1959JA1B, | 1962AL 1F, 1962VA 1F, 1962WE1B, 1964K U1F, 1966ZA03, 1967BL 24, 1968FR03,
'1969DE16, 1969EL 1B, 1969FR1E).

2. (8 "Li("Li, 2n)2C Qm = 13:672 E, = 26:795
(b) Li("Li, n)3C Qm = 18:619
(© "Li('Li, p)=°B Qum = 5:964
(d) Li("Li, d)2B Qum = 3:309
(e TLi("Li, t)1'B Qm = 6:197
() "Li(Li, )°Be Qm = 14:783
(g) "Li('Li, ®Be)®He Qm =T7:272

(h) “Li("Li, 7Li)Li



Table 14.1: Energy levels of 14C

ExinC J ;T or (keV) Decay Reactions

(MeV  keV)
g.s. 0%;1 1=2 = 5692 21y 1,3 46,78, 9, 10, 11,
14, 15, 17, 18, 19, 20, 21,
22,23, 27, 28, 29, 30, 31

6:0932 1:3 1 m < 0:3 psec 3,4,7,9, 11, 14, 18, 20
6:5892 14 o+ > 0:6 psec 4,7,9, 14,18
6:7281 14 3 97 15 psec 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 4,7,9,18
7:3414 34 2 < 0:22 psec 4,7,9,14,18

8:318 5 1,2* =12 n 9,12, 14, 18

9:801 8 (D) 19 n 12, 14,18
10:433 10 ) 16 n |12 14,18
10:453 10 1 9 n 12, 14,18

10:74 20 <15 7,9
(11:35 50) 7
(11:66 50) 7

11:9 300 950 300 12,14

12:601 20 110 20 14
12:854 20 14
12:958 20 14

These reactions have been studied with E(“Li) to 6.5 MeV: see (1957NO14, 1957NO17,
1962BE24, [1963CA09, 1963HU02, [1964DZ1A, |1966P102, 1969CA1A). For E('Li) = 2:3 to
5.8 MeV, the cross section for emissionof o, 1, 2+3+4 (tothefi rst fi ve states of:°Be) increases
monotonically with energy (1964DZ1A, 1969CA1A). The measured cross sections for reactions
(©), (d), (e) and (f) indicate that the reactions probably occur by a mixture of compound nucleus
and direct reaction mechanisms. The Coulomb fi eld appears to have a marked effect on the cross
sections (1969CA 1A: see dso (1963HUO2)).

3. °Be(®Li, p)¥4C Qm = 15:130

See (1967SE08) and 5N.



Table 14.2: **C levels from 12C(t, p)**C

E, 2 (1964M105) ® | (1960JA17) ©
(MeV  keV) L L
0 0 0
6:090 10 (2) 1
6:582 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

@ The excitation energies of the rst six excited states have been
determined by (1960JA17); the seventh comes from the 13C(n,
n)*3C work of (1961CO05); the eighth has been determined by

(1964M105).
bE, =11 MeV,; except ground state E¢ = 8 to 13 MeV.
¢ E¢ = 5:5 MeV.

d < 15 keV. No states are observed between this level and
the broad state at 11.9 MeV (1964M105).

€ Weak group.

f(1964M105) suggest J = 2™; see, however, (1961CO05).

4. °Be(’Li, d)“C Qum = 10:102

At E(Li) = 3:2 MeV, the ground state deuteron group and the deuteron groups corresponding
to the known levels with Ex < 9 MeV have been observed (1964CA05) . At E('Li) = 5:1
MeV, the -decay of the six bound excited states has been studied by (1966CAQ7): see Table 14.3.
Measurements at E(“Li) = 5:7 MeV give ,, < 0:32 and < 0:12 psec, respectively, for 14C*(6.09,
7.01). E = 6:0945 0:0032, 6:7281 0:0014 and 7:0117 0:0052 MeV for the ground state
transitions for these two levels and *4C*(6.73) (1969THO01).

5. (a) 11B(t, n)13C Qum = 12:422 Ep, = 20:598

Y Angular distributions of the deuterons to *#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 MeV (1969SN02).



Table 14.3: Branching ratiosof -raysin 14C

Ei (MeV) | J; | E;f (MeV) Branch (%)
A C D
6.09 |1 0 100
659 | 0* 0 010 04°
6.09 99:0 0:4
6.73 |3 0 93 2 97:3 91 5
6.09 7 2 2:7 9 3
690 |0 6.09 1002
701 |2+ 0 98:6 0:7 | 1002
6.09 1:4 07 <5
734 |2 0 18 4 14 4 13 3| 13 5
6.09 47 4 52 55 |60 5| 29 13
6.73 35 7 34 4% |27 5| 58 7

A: (1966AL10): *3C(d, p)*4C.
B: (1968BE30): 12C(t, p)'*C.
C: (1966CA07): °Be(’Li, d)**C.

D: (1965LA09): 13C(d, p)**C [see also (1966AL 10)].

@ (1958WA02).
b (M2/E1) =
¢ Internal pairs.

(b) B(t, )°Be

Resonant structure has been observed in the yield of neutrons at Ey = 1:200, 1.340, 1.567,
1.650, 1.700, 1.800, 1.940, 2.055, 2.245 and 2.315 MeV corresponding to Ex = 21:540, 21.650,
21.828, 21.893, 21.933, 22.011, 22.121, 22.211, 22.360 and 22.415 MeV (1965VA13; natural B

0:04 0:09 and +0:07  0:30, respectively (1968BE30).

Qm = 8:586

target). For reaction (b) see (1967SI1F).

6. 1lB( 1 p)14C

The angular distributions of ground state protons have been measured for E = 2:5t05.0 MeV

Qm = 0:784

(1963MA28). See also (1959AJ76) and °N.




7. UB(Li, )“C Qm = 18:131

At E("Li) = 5 MeV, -particle groups are observed to the known states of 4C with E, < 10
MeV except 1*C*(6.90), and to the (unresolved) 10.4 MeV states. There is someindication also of
UC states at (10.71), 11.35, 11.66, (14.15), (14.73) and (15.07) MeV (50 keV), in addition to
the 12 MeV states. Thewide state at E, = 11:9 MeV is not observed. Angular distributions have
been obtained for the -particles to the ground state of 14C and to the states at Ex = 6:09 and 8.32
MeV (1966M C05). See also (1963M102, 1963M O1B).

8. LB(%°F, 160)4C Qm = 8:899
See (1963HO1E).
9. 12¢C(t, p)4C Qum = 4:641

Observed proton groups are displayed in Table 14.2. Angular distributions have been ob-
served at E; = 5:5 MeV (1960JA17) and E; = 8 to 13 MeV (1964M105). Aside from the
ground state and groups corresponding to 4C*(6.59, 8.32), the stripping patterns are inconclu-
sive (1964M105). Particle- correlations have been studied by (1968BE30): see Table|14.3. The
lifetime of 14C*(6.73) is97 15 psec (1968AL12). The (6:73 ¥ 0) E3 transition is enhanced by
3:3  0:8W.u. (1968AL12).

Seealso (1960MUQ7, 1962GU01, 1962KU09, 1967K E1J, 1969ET01), (1964AB1B, 1965GL 07,
1965SH1E, 1966GL 1C, 1966SH1F, 1967T11B, 1969S008; theor.), (1959AJ76) and °N.

10. 12C(180, 160)1C Qm = 0:934

See (1968HU1H,1968SC1H, 1969BR1D, 1969SU1E).

11. BC(n, )“C Qm = 8:176
Qo = 8:177  0:002 (1967THO5).

The thermal capture cross section is0:9  0:2 mb (1964ST25), 1:0  0:2 mb (1963MO1C).
Two -raysareobserved withE = 8:174 0:002 and 6:093 0:002 MeV [Ex = 6:094 0:002
MeV], with intensitiesof 87 5 and 13  1%. Intensities of transitions via other 1C states are
< 2% (1967THO5). See also (1968FO1A).



Table 14.4: Resonances in 13C(n, n)**C (1961C0O05)

Eres (MeV  keV) | Ex (MeV  keV) | | (keV) aMb) | J
0:153 5 8:318 5 13 7 1+
1:751 8 9:801 8 20 [ 1.3]] 1
2:432 10 10:433 10 17 [ 1:3]] 2
2:454 10 10:453 10 10 [ 0:7]] 1

3.8° 11.7

a Corrected pesk cross section, above background.
b Broad resonance structure.

12. B3C(n, n)3C Ep, = 8:176

The coherent scattering length (thermal, bound) is 6.0 fm (1961WI1A, 1969BA1P). The total
cross section has been measured for E,, = 0:11 to 9 MeV and 16 to 23 MeV. The observed
resonances are listed in Table[14.4. For the 153 keV resonance, the shape excludes | = 0; 2 for
| = 2 would be 2.3, thus | = 1. The peak cross section istoo large for J = 0, but lower than
expected for J = 1: itisconcluded that J = 1*. The peak cross section for the E,, = 1:75 MeV
level isin excellent agreement with J = 1. Formation by | = 0 isexcluded by the shape, but | = 1,
2 remain as possibilities. Peak cross sections for the states at E,, = 2:43 and 2.45 MeV indicate
J=2andJ 1, respectively (1961CO05). See also (1969HOLY).

13. 3C(n, )°Be Qm= 3:836 Ep, = 8:176

See (1947HU03, 1954SA68, 1964GA1A).

14. B3C(d, p)**C Qm = 5:952

The weighted mean of reported Q-valuesis5:948 0:003 MeV: see (1965RY 01).

Proton groups reported by (1954SP01, 1955M C75, 1961JA23) are displayed in Table14.5. See
also (1961TEQ2). Angular distributions have been analyzed by PWBA and DWBA and have led to
J assignments and to determinations of 2: see Table[14.5 (1955M C75, 1958WA 02, 1963L109,
1966GL 01, 1967SC29). See also (1963DE19, 1965L A09) and °N.

Observed -radiation assigned to 1*Cisexhibited in Table[14.6 (1955BE62, 1955M A 36, 1958RA 13,
1958WA02, 1965LA09, 1966AL 10) and in Table/14.3. Theinternally formed positron distribution
shows that the decay of the 6.09 MeV level isE1 and hencethatithasJ =1 ;itispresumably
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Table 14.5: Proton groups from 3C(d, p)*4C

(1954SP01) (1955M C75) (1958WAO02, 1950WA04) |  (1966GLO1) | (1960MA32)
Ex (MeV keV) | Ex(MeV keV) | I,° J J 29 2 gh 2 gi 2 gk
0 0 1 0,1, 2" 0" 0.10 0.067 0.031 0.063
6:091 10?2 6.09 0 0,1 1 0.40! 0.20 0.13 0.20
6:589 20 1,2,371(1,23) < 0.01 0.008 0.006
6:723 10° 6.72 2 1,2,3 |3(@2) 0.11 0.065 0.052 0.07
6:894 10° 6.89 0,1f 0,12 0 0.39 0.24
0.0012
7:346 20 2 1,2,3 2,3 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 30049
12:601 20°¢
12:854 20
12:958 20

26:112 0:012 MeV (1961JA23).

b The spacing of thesetwo levelsis171 3 keV (1954SP01).

¢ See also (1959A.J76).

d .o =110 0:30 MeV.
€ ap =0:130 0:020 MeV.
f See footnotes 18 and 31 in (1958WA02).

9 From PWBA analysis, assumingd =0*,1 ,3 ,0 ,2 .

" Eqg =12 MeV.
Eq = 8 MeV.

JEq=4:7and6MeV, 2=0:95 0:24, DWBA analysis (1963L109).

KEq = 14:8 MeV.
I For 14C*(7.01).




Table 14.6: Gammarays from 3C(d, p)**C

Transition E (MevV keV)

(1955MA36) | (1955BE62) | (1958RA13) | (1958WA02) | (1966AL10)
6:09 ¥ gs. | 6:090 25° | 6:11 30°|6:090 20° 6.09
6:73 " gs. | 6:730 40°¢ | 6:720 30°¢ | 6:738 25°¢ 6.72
7:34 ¥ gs. @ (7:30 50) |7:323 25° 7.35
6:59 ¥ 6:09 0:4958 04
6:90 ¥ 6:09 | 0:811 3¢ 0:813 89 |0:8087 1.0
7:34 ¥ 673 0:621 7
7:34 ¥ 6:09 1:248 3¢

3 234= g2 0:22  0:07, 1.5= 672 =05 0:2 (1965LA09).

b Corrected for Doppler shift: see (1958WA02).

¢ No Doppler shift: > 0:3 psec (1958WA02).

d A Doppler shift of 0.5 1.0% applies (1958WA02).
e See also (1965LA09).

the analog of the 8.06 MeV level in 14N (1952TH24, 1958CH1A, 1958G081, 1959CH28, 1959WA 04,
1966WA1C). Thep- correlationisisotropic, consistent with | = 0 formation (1963L109, 1965L A09).
The 6.59 MeV state is observed in internal pairs but not in external pair formation. The transition
to the ground state is EO, therefored = 0"; , > 0:6 psec (1963AL21, 1964\WAO05, 1966AL 10).
Themean lifetime of the6.73 MeV stateisgreater than 2 psec (1966A L 10) [see a so reaction 9] and
study of theinternal pairs suggests that the ground state transition is E3 (1966WA 1C, 1964WA05).
The stripping patternisrather clearly | = 2; (p- ) angular correlationsareconsistentwithd =3 :
J = 1land 2 areruled out (1965LA09): see also (1966AL 10).

The 0.81 MeV cascade transition from the 6.90 MeV state shows a Doppler shift ( ,, < 0:3
psec) and hence is predominantly dipole. The angular correlation of 6.1 and 0.8 MeV -raysis
consistent with J = 0 and excludesJ = 1 or 2. J = 0 is aso suggested by the absence of the
direct ground state decay of the 6.90 MeV level (1958WA02). The plane polarization of the 0.81
MeV cascade has been measured in coincidence with the 6.09 MeV ground state transition: the
parity of the 6.90 MeV state is negative (1966RI102).

Protons leading to the 7.34 MeV state exhibit a clear | = 2 pattern: thereforeJ =1 ,
2 or3 . Thelevel decays via cascades through the 6.09 (1 ) and 6.73 (3 ) states: see Table
14.3 (1958RA13, 1958WA02, 1965LA09, 1966AL 10). The strength of the cascade (7:34  6:09)
compared to the ground state transition argues against J = 1 and 3 for the 7.34 MeV state
(1958WA02, 1966AL 10); the angular correlation data is consistent with J = 2 and excludes
J = 3 (1965LA09). Comparison of reduced widths and calculations of level shifts suggests the
following associations of 14C and 1N 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 9:51and (8:32  10:43) (1960WA12). See also (1959K U1C).

15. 13C(t, d)C Qm = 1:919

At E¢ = 5:5 MeV, the ground state deuterons have been observed (1961BA 10).

16. BC( ,3He)*C Qm = 12:402
Not reported.
17. BC(B, 1B)“C Qm = 3:280

See (1967PO13, 1969BR1D).

18. (a) “C(p, p)**C*
(b) 14C(d, dO) l4cx

At Eq = 14:9 MeV, indlastic deuteron groups have been seen to the states at 6.09, 6.58, 6.72,
7:01 0:02, 7.34, 8.32, 9.80 and 10.5 MeV (1959AR1A). An angular distribution of elastically
scattered deuterons has been obtained at E4 = 3:4 MeV by (1967NEO06). See also (1960WA12).
For reaction (a), see (1969CU1D).

19. 14C(He, SHe)C

See (1968BA1E, 1968CELC, 1969DA1P).

20. ¥N(n, p)**C Qm = 0:626

The weighted mean of fi ve Q-value determinationsis626 1 keV (1957VA11). (19651S1A)
report 621 6 keV. (1969NY 1A) report -rayswithE = 6:082 0:010 (Doppler corrected) and
6:732 0:005 MeV. , of *C*(6.09) 0:3 psec (1969NY 1A). See also (1959GA 14, 1959HA 13,
1963M 004, 1964M 01D, 1967AN08,1969DI11B), (1959AJ76) and °N.
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21. 1N(t, *He)“C Qm= 0:137
See (1968ST1U).

22. 15N( , p)#C Qm= 10:208
See (1964K010) and 15N.

23. 15N(n, d)4C Qm= 7:984

The angular distributions of ground state neutrons have been determined at E,, = 14:1 and 14.8
MeV (1967FEQ6). See aso (1956FR1A).

24. 15N(d, 3He)“C Qm= 4715
Not reported.

25. BN(t, )MC Qm = 9:606
Not reported.

26. 10(n, *He)4C Qm= 14616
Not reported.

27. 80(p, 3p)14C Qm= 22:334
See (1961TA10).

28.170(n, )M*C Qm = 1:819

12



See 180 and (1965BE1N).

29. 180(d, SLi)*C Qm= 4755

See (1963DR1B, 1964BL 1C, DE65C,|1966DA 1C, 1966DE09).

30. 180(12C, 180)1C Qum = 0:934

See (1968G0O1Q) and reaction 10.

31. 1°F(d, "Be)4C Qnm = 7:139

See (1967DEO3).

32. 22Ne( ’ 12(:)14C Qm

8:620

Not observed: see (1962LA15).

13



14N
(Figs. 6 and 8)

GENERAL:

Model calculations: (1957HU1C, 1959BA 1F, 1959BR1E, 19590T 1A, 1959SK 1A, 1960PA 08,
1960TA1C, 1960WA 12, 1961BA1F, 1961BA1E, 1961FR1C,[1961TR1B, 1962IN1C,/1962TA1E,
1962WE1C, 1963KU1B, 1963NA04, 1963SE19, 1963TR02, 1963WA 15, 1964AM 1D, 1964BR1L,
1964FE02, 1964L O1B, 1964MA1G, 1964NELE, 1964ST1B, 1964UL 1A, 1965C025, 1965GL 09,
1966BO1R,/1966HA18,/1966HA 31, 1966HE1E, 1966MA2J, 1966M11G, 1966WI 1E, 1967CO32,
1967EV1C, 1967KUIE, [1967L106, 1967PA05, 1967SO1A, 1968C0O13, 1968DE13, 1968EI1C,
1968G001, 1968HO1H, 1968K U 1E, 1968NO1C, 1968RA 10, 1968SO1B, 1968ZH05, 1969UL 03,

1969VA1C).

General calculationsand reviews: (1960PA08, 1962MA 1P, 1963BL 1B, 1963V L 1A, 1964L11B,
1964MCI1C, 1964TH03,1964Y01B,/1965BE1B, 1965GI 1B, 1965K0O1D, 1965MA 1N, 1966DA 1E,
1966MA2J, [1966WI1E, 1966ZA03, 1967BI06, 1968FR03, [1968GA03, 1968HI1H, [1968LA 1],
1968RI1H, 1968RO1C, 1969AT 1A, 1969FR1E, 1969WA 1F).

Electromagnetic transitions: (1959FA1C, 1959WA 16, 1959WA04, 1960WA 12, 1962M O1A,
1962UN1A, 1963KU03, 1964HE1F, 1965BI110, 1966HA 31, 1966WA 1E, 1967KU1E,1967PO1J,
1967WA1C, 1968RO1C, 1969VA1C).

Mesoninteractions: (1967BA2H, 1967BA78, 1967BU1D, 1967FO1A, 1967KO1D, 1967MI11B,
1968BA2G, 1968BA 1M, 1968BA48, 1968CH1F, 1968GO1T,/1968K0O1C, 1968NO1A, 1968RI1H,
1968TA1C, 1968WI11B| 1968ZU1A, 1969CH1C, 1969M O1E, 1969SA1L,/1969WU1A).

Spallation: (1965ZH1A, 1967AU1B).
Ground state: J = 1; = +0:40361 nm (1964L114).

Q=16 7 mb (1960L110).

Seealso (1959KA07, 1960PA08, 1961BR13,1962BA 1K, [1962HE1A, 1966M A 1P, 1967SHO5,
1967SH14, 1968RO1C, 1969AL 04, 1969FU11,1969PE1D, 1969VA1C, 1969WU1A).

1. (a) °Be(®Li, n)**N Qm = 14:504
(b) °Be(’Li, 2n)**N Qm = 7:251

Gammaraysduetothe 3:95 ¥ 2:31,4:91 ¥ 0,6:21 ¥ 2:31 and 6:44 ¥ 0 transitions have
been observed in these reactions and in reactions 6 and 19: E = 1631:3 1:3, 4913:8 3.0,
3883:0 1:9and 6443:7 1:8 keV, respectively. ., = 0:62 0:08 psec for *N*(6.44) [see also
Table14.12] (1969THO01). For reaction (b), see also (1957NO17).
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Table 14.7: Energy levels of 14N 2

E, in*N
(MeV  keV)

m (psec) or  (keV)

Decay

Reactions

0

2:31281 0:06

3:9447 12

4:9134 24

5:10587 0:18

5:691 3

5:833 2

6:1976 2:0

6:4436 1:6

7:028 4

7966 1

1*:0

0*: 1

1*:0

0,1 ;0

1*:0
3*:0

2*:0

2 );0

stable

m = 0:085 0:010

0:0045 0:0004

< 0:050

12:4 14

< 0:036

18 2

0:62 0:06

m =054 0:5fsec

< 0:37

15

1,678 09, 10, 11, 16, 17,
18, 19, 20, 21, 22, 23, 24, 30,
31, 32, 33, 34, 35, 36, 37, 39,
40,41, 42,43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 54, 56, 57,
58, 59, 60, 61, 62, 63

1,6,9, 10, 16, 17, 19, 24, 30,
31, 32, 36, 37, 39, 40, 41, 42,
43, 45, 46, 51, 52, 54, 57, 58

1,6,7,9, 10, 16, 17, 18, 19,
20, 22, 24, 30, 31, 32, 36, 37,
40, 41, 42, 43, 45, 46, 51, 52,
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, 43,
45, 46, 52, 54, 58

6, 7, 17, 18, 19, 24, 30, 31,
32,33, 37,41, 42,43, 45, 46,
52,54, 58

6, 7, 16, 17, 18, 19, 20, 24,
30, 31, 32, 33, 37,40, 41, 42,
43, 45, 46, 52, 54, 58
1,6,7,17,18, 19, 24, 30, 31,
37,42, 43, 45, 46, 52, 54, 58
1,6,7,17,18, 20, 24, 30, 31,
37,41, 42, 43, 46, 52, 54, 58
6, 7, 17, 18, 19, 24, 30, 31,
37,39, 40, 41, 42, 43, 45, 46,
52, 54, 57, 58

6, 7, 17, 18, 19, 24, 30, 31,
40, 42, 46, 52, 54, 58




Table 14.7: Energy levels of 14N 2 (continued)

ExinN J ;T m (psec) or  (keV) Decay Reactions
(MeV  keV)
8:.061 2 11 30 1 P 17,24, 25, 30, 31, 38, 39, 42,
52,54
8:489 3 4 )0 0:2 p 6, 7, 17, 18, 19, 24, 31, 54,
58
8:617 3 0*; 1 7 1 P 17,24, 25, 31, 52, 54, 58
8:80 50 0;1 500 P 24,25, 31, 33,54
8:907 3 3;1 16 2 P 24, 25, 30, 31, 33, 40, 52, 54
8:963 3 5%;0 <1 P 17, 18, 19, 20, 24, 31, 52
8:979 4 27 (0) 9 2 P 6,7, 24,25, 30, 31, 52
9:129 2 2 ;0 <1 P 6,7, 24,31
9:172 15 271 0:074 0:008 P 17,19, 24, 31, 38, 39, 40, 42,
52, 54, 57
9:388 4 2 ;0 13 3 p 6, 7, 17, 18, 19, 25, 52, 54,
58
9:508 3 2 ;1 41 2 P 24, 25,52, 54, 58
9:702 4 1" 15 3 p 6, 7, 17, 18, 19, 25, 52, 54,
58
10:063 15 T= 17
10:10 15 1,2* 5 P 6, 7, 17, 18, 19, 24, 25, 52,
58
10:228 10 1¢):0 80 15 P 24, 25, 52, 58
10:434 8 2+ 1 33 3 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 ,n,p,d | 12,17,18, 19, 24, 25, 26, 40,
52, 58
11:051 14 <30 P 6,7,24,52
11:246 12 3 ;1 11 n,p,d 12,17,19, 25, 26, 42, 43, 45,
52, 58
11.30 2,0 180 ,n,p,d | 12,17,19, 24, 25, 26, 52, 58
11:374 12 1*:;0 32 n,p, d 12, 13, 17, 19, 25, 26, 52, 58
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Table 14.7: Energy levels of 14N 2 (continued)

ExinN J ;T m (psec) or  (keV) Decay Reactions
(MeV  keV)
11:516 13 3+ 5 p,d 12, 13,17, 19, 52, 58
11:66 40 | (1*,2) 95 npd |12 17,52
11.75 1" 100 ,n,p,d | 12,17, 24,25, 26, 52
11.81 %) 100 n,p 25, 26, 52
11:95 30 2" 17,19, 52
12.23 3 n,p,d 12, 26, 52
12:29 15 P, 3, 52
12:414 6 4 37 3 n, p, d, 3,4,12,13,17,19
12:47 10 20 P, 3, 24, 37
12:504 7 31 5 n, p, d, 3,12, 17,24, 37,52
12:608 6 3* 47 3 p, d, 3,12, 13, 17, 19, 52
12:689 4 3 17 3 n, p, d, 2,3,4,12, 13,17, 19, 26
12:793 6 4+ 18 3 n, p, d, 2,3,4,12,13,17, 18, 20, 52
12:825 7 4 7 2 n, p, d, 3,4,12, 13,52
12:853 15 71 7 n,p,d 12,17, 26
12:942 7 4 24 4 p, d, 3,4,12,13,17, 18
13.03 190 P 24
13:05 20 T= <70 18
13:164 8 (0, 1) 16 6 n, p, d, 2,3, 4,5,12, 13, 17, 18, 52
13:23 10 97 7 n, p, 2,3, 26,52
13.3 1000 P 24
13:66 10 | (2, 3)* 110 p, d, 3,5, 12, 13
1371 10 100 n, p 2.3
13:75 10 171 210 30 n, p, d 3,12, 13, 26, 37, 52, 54
14.04 p,d 12,13
14.17 290 n, p, d, 3,12, 13, 26
14.40 140 p, d, 3,12, 13
14.70 d 13,18
14.84 140 n, p, d, 2,3,12,13,15, 17, 26
15.0 1000 P 24
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Table 14.7: Energy levels of 14N 2 (continued)

ExinN J ;T m (psec) or  (keV) Decay Reactions
(MeV  keV)
15.10 6 40 n, p, d, 2,3,13,17, 18, 20, 26
15.26 p,d 12,13
15.47 70 n, p, d, 2,3,12, 15,18
15.7 320 n, p, d, 12,13, 17, 26
16.3 140 n, p, d, 15, 18, 26
17:2 200 400 , N, p,d, 13, 15, 17, 18, 24, 26

17.7 18
18 3 2000 d, 15
18.1 550 n, p 24, 26
19.6 (5%) p,d 12,13, 24
20.5 (5*) 1000 npd |12 1324

21:15 150 | (4 ) 1400 d, 13,15
22:5 3000 ,n,p 24, 38

22:70 100 900 d, 15
23.0 450 p 24
23.7 450 p 24
239 1000 n, 3He, 8
24 several MeV 39
30 39

a8 See also Tables[14.9/and[14.13|
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Table 14.8: Resonancesin 1°B +

E o Outgoing particle x 2 BNx | g b Refs.
(MeV  keV) | (keV) (x) (keV) (MeV)
0.95 0 12.29 ¢ 1953MA22
1953MA42
BI3 5 130 5 ) Po.Pr o P d nala 19535H64; 1954ST20; 1969GAOL
1:20 5 20 Po, (P2), Ps 12.47 1953MA42, 1969GA0L
1:23 5 35 5 Po. P3 12.49 11953SH64,/1969GA01]
140 5 |46 b1, P2, (p3) 1261 | 3* 1953SH64, 1969GA0L
1:508 4 17 3 17 6.0 12690 | 3 11953SH64,/1954ST20, 1953TA06, 1957BR18, 1969GA 01
Po 0.62 | 0.012
b1 017 | 0.29
D2 070 | 031
D3 56 | 047
d 093 | 0.26
4.3 0.19
164 5 16 3 1.0 8.2 12.79 4+ |1953SH64, 1954ST20,1953TA06, 1969GA01L
Po 0.18 0.012
P1 0.085 | 2.7
0 044 |30
D3 96 |49
d 2.0 3.9
059 | 0.16
1:68 5 5 2 P1, P2, p3, d 12.81 4 11954ST20,/1953TA06,/1953SH64, 1969GA 01
1:83 5 22 4 Po, P1, P2, P3, d 12.92 4+ |1953TA06,|1953SH64,/1954ST20, 1969GA01L
216 5 14 4| po, P, P2, P3, 0, 1,N 13.16 [1953TA06,1955SH46,/1969GA 01
226 5 97 7 Po, P1, P2, P3, N 13.23 11953TA06, 1955SH46,1969GA01
2:86 5 110 PL P2, 1 13.66 1969GA01
294 5 100 Po, P1, P3, N, 1 13.71 |1953TA06,/1956B0O61,/1959GI47,[1969GA01L
299 5 P2 13.75 11969GA01
3.6 290 p 14.2 11956B061,1959GI147
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Table 14.8: Resonancesin 1°B +  (continued)

E cm: Outgoing particle @ < 2 “n* | g b Refs.
(MeV  keV) | (keV) (x) (keV) (MeV)

3.94 140 P 14.43 19568061

4.53 140 n, p 14.85 11956B061,1959GI147

4.85 35 n, p 15.08 11956B061,(1959GI47

5.36 70 n,p 15.44 [1956BO61

2 o, P1, P2, P3 correspond to the ground state and the 3.1, 3.7, 3.9 MeV states of *2C, and the corresponding  -rays.
b From angular distributions and (p- ) correlations (1953SH64, 1954ST20).




2.10B( , n)N Qm = 1:060 Ep, = 11:613

Resonances are reported at E = 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 Table|14.8 (1953SH64, 1955SH46, 1956BO61, 1959GI47).
See also (1969ED1C).

3. 19B( , p)3C Qm = 4:063 Ep, = 11:613

Observed resonances in the yield of 3.09, 3.68, 3.85 and 0.17 [3:85 ¥ 3:68] MeV -rays
and of various proton groups are displayed in Table |14.8 (1953SH64, 1954ST20, 1969GA01).
Excitation functions have also been measured for E = 4:5 to 10 MeV (1969ED1C), 12.4 to 16
MeV (19671V1B; pg) and 9.5 to 26 MeV (1966SP08). See also (1959AJ76).

4. 08( , d)i2C Qm = 1:341 Ep = 11:613

Observed resonancesbelow E = 2 MeV are exhibited in Table[14.8 (1953SH64). Excitation
curves have also been determined for E = 3:2 to 3.8 MeV (19600N01), E = 12 to 24 MeV
(do) and 18 to 25 MeV (d;) (1968AL 1C). Clear resonance structure is not observed at these higher
energies. See also (EDGID).

5. 10B( , )°B Ep = 11:613

Theyield of 0.72 MeV -rays has been measured for E = 2:1 to 3.5 MeV: observed reso-
nances are shown in Table14.8 (1969GA01).

6. °B(°Li, d)“N Qum = 10:141

At E(°Li) = 5 MeV, deuteron groups are observed to the ground state of **N and to excited
states at 3.95, 4.91, 5.10, 5.69, 5.83, 6.23, 6.44, 7.03, 7.97, 8.47, 9.00, 9.13, 9.41, 9.71, 10.09,
10.43 and 11.06 MeV.

TheT = 1 stateat 10.43 MeV is populated weakly ((1966M CO5) and private communication).
See also (1963MO1B, 1969CO1D). Branching ratios for the -decay of N states have been
measured: see Table[14.9 (1966CA07). See also reaction 1 (1969THO01). See also (1964CA18,
1965CA 05, 1967CA 1D), (1966BR1G) and (1965RO1IM, 1966RO1E, 1968TAIN).
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Table 14.9: Radiative decaysin 1*N

E; Ji T Es Ji T Branch (ev)?@ Refs.
(MeV) (MeV) (%)
2.31 0*;1 0 1*;0 100 (8:1 1:4) 103 11966CA07, 1968RO1C et al.
3.95 1*;0 0 1*;0 6 3
3.8 05 [1965RI02
37 03 (M1) (5:8 1:2) 10 4 119670L 02} 1968RO1C|
(E2) 4:81 0:33) 10 3
3.7 06 [1957BR18,/1956G042
36 06 [1966GO15
49 016 1969Y0O1B
53 1 19561 E28
39 0:2 mean
231 0*;1 94 3 [1966CA07
96:3 0:3 0:140 0:013 [19670L02,/1968RO1C
95:1 0:6
96:4 06 [1966GO15
9:1 0:3 mean
491 0,1 ;0 0 1*;0 100 [1966CA07,[1969YO1B
231 0+;1 0:4 07 see also (1966GO15)
3.95 1*;0 1:3 1.0 |1965NE06
0:5 1966G0O15
511 2;0 0 1*;0 70 5 1966CA07
75 3 [1964WA09
71 5 1965WA 06
81:2 1.0 1969Y0O1B
79 4 (40 05) 10 ° 11966G015,/1968AL 12
79:9 1.0 mean
2.31 0*:;1 30 4 1966CAQ07
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Table 14.9: Radiative decays in 1N (continued)

E; Ji T Es Ji T Branch (ev)?@ Refs.
(MeV) (MeV) (%)
25 3 1964WA09
18:0 1.0
29 5 [1965WA 06
21 4 1966G0O15
197 12 mean

3.95 1*;0 (0:7 0:4) [1966GO15
0:8 0:2 [1969YO1B
5.69 10 0 1*;0 37 2 1963AL21
40 4 1966CAQ7
40 3 |1964WA09
384 1.7 1969YO1B
36 4 1966G0O15

381 1.1 mean
231 0*;1 60 5 [1966CA07
60 3 [1964WA09
64 4 1966G0O15
61:6 17
63 2 [1963AL21

619 1.1 mean
3.95 1*;0 <2 1966G0O15
<1
491 | (0,1 ;0 <2 '1966G0O15
<1 1969Y01B
5.83 30 0 1*;0 25 4 1966CAQ7
25 5 [1965WA06
19:4 15 [1969YO1B
29 4 1966G0O15
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Table 14.9: Radiative decays in 1N (continued)

E; Ji T Es Ji T Branch (ev)?@ Refs.
(MeV) (MeV) (%) 5
(M2) =(3:4 1:4) eV GABAJ
(E3)y=(5B 2) eVv
21:3 1.3 mean
231 0*;1 <3 1966G0O15
<1 1969Y01B
3.95 1*;0 <1 11966G015,/1969Y01B
491 01 ;0 <1 11966G015,/1969Y01B
511 2 ;0 75 5 1966CAQ7
75 1965WA 06
80:6 1.5 |1969Y O1B|
71 27 10 ° 11966G015,/1968AL 12
788 1.3 mean
0 170 25
6.20 1*;0 24 [1964WA09
24:1 11 [1969YO1B
21 1966G0O15
238 1.0 mean
231 0*;1 72 5 [1966CA07
76 3 1964WA09
746 1.2 1969Y01B
79 3 1966GO15
75:2 1.0 mean
3.95 1*;0 <1 11966G015,(1969Y01B
491 01 ;0 1:3 02 1969Y01B
5.11 2:;0 <1 11966G015,/1969Y 01B
0 1*;0 73 5 |11966CA07, 1959R054
6.44 3*;0 65 3 1964WA09
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Table 14.9: Radiative decaysin **N (continued)

E; Ji T Es Ji T Branch (ev)?@ Refs.
(MeV) (MeV) (%)
75:3 1.6 1969Y01B
74 4 1966GO15
731 1.5 mean
3.95 1*;0 20 4 1966CAQ7
182 11 1969Y01B
21 2 1964WA09
19 4 '1966G0O15
18:9 0:9 mean
511 2 ;0 7 3 1966CAQ7
14 3 |1964WA09
6:5 016 [1969YO1B
7 2 1966G0O15
6:8 0:6 mean
5.83 30 <3 [1964WA09
<2 [1966G0O15
<1 1969Y01B
7.03 2*:0 0 1*;0 100 11966CA07,[1966G015,1969Y O1B, 1960RO13
91 4 [1965WA06
98:6 0:3 (MD(9:1 1:3) 10 119670L 02,/ 1968RO1C ©
(E2)(3:3 0:9) 10
231 0*;1 <5 [1965WA06
<3 [1966G0O15
<1 1969Y01B
055 01 (E2)(6:2 1:4) 10 119670L02,/1968RO1C
3.95 1*;0 2 1 [1967BL22
9 5 [1965WA 06
0:9 0:25 <(11 3 10 [19670L02,/1968RO1C
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Table 14.9: Radiative decaysin **N (continued)

E; Ji T Es Ji T Branch (ev)?@ Refs.
(MeV) (MeV) (%)
<1 1969Y0O1B
<2 1966GO15
other states 0:4 [19670L02
<1 1969Y0O1B
<4 1966G0O15
7.97 2:0 0 1*;0 55 3 ' v = =0:012
3.95 1*;0 45 3 = 0:010 [1960HE14
other states 3 1960HE14
8.06 11 0 1*;0 82 =105 6 |1956GR17, 1958GR97|
231 0*;1 2 |1956L E28, 1957BR25, 1957W127
3.95 1*;0 11 1:2 03 [1960WA 12
5.69 1:0 5 0:7 119561 E28,1957WI127,/1959WA 04
8.49 4 :0 511 2 ;0 100 (56 2:0) 10 3 11966CA07, 1965DE19, 1967GA12
8.62 o+;1 0 1*;0 23 1.20 [1959WA 16
3.95 1*;0 24 1.26 [1959WA 16
5.69 1:0 13 0.69 |1959WA16,(1956L E28,/1957WI27
6.20 1*;0 40 [1957WI127
8.80 01 0 1*;0 43 9 [1960WA 12
3.95 1*;0 09 03 1960WA12
891 31 0 1*;0 (6:6 2:2) 10 3 1968CL05
5.11 2:0 55 25 1 =0:040 [1959WA 04
5.83 30 0 3 = 0:65 [1959WA 04
6.44 3*:0 3 1 = 0:022 1959WA04
7.03 2+:0 1:4 08 C =0:010 1959WA 04
8:96 5%:0 0 1*;0 <1 p= =41 05 11967BL22;/1967GA12
6:44 3*:0 100 =(1:36 0:21) 10 3 11967GA12;1966CA07;/1965DE19
9.13 20 0 1*:0 > 80 1 0:03 1965DE19




Table 14.9: Radiative decaysin **N (continued)

LC

E; Ji T Es Branch (ev)?@ Refs.
(MeV) (MeV) (%)
9.17 21 0 79 4 77 019 11967GA12,/1963PR03,|1960R0O13,1959HA 11, 1968CL 05
2.31 1:1 04 0:11 04 11963PR03,/1968CL 05
5.11 <1 [1960RO13
5.69 <6 0:3 0:25 |1960R0O13, 1968CL 05|
5.83 3 2 0.33 1960R0O13
6.44 8 2 0:78 0:35 |1960R0O13, 1968CL 05
6:3 05 0:85 0:15 '1963PR03|
7.03 3 1 0:3 0:15 |1960R0O13, 1968CL 05|
35 05 0:34 0:05 1963PR03
9.51 2;1 3.95 1*;0 6 1 0.37 |1959WA 04
5.11 2:0 78 3 4.8 [1959WA 04
5.83 30 16 2 1.0 1959WA 04
10.23 1():0 2.31 0*;1 4 13 [1963RO17
10.43 2+ 1 0 1*;0 82 6 121 15 11964R003,/1968CL 05|
2.31 0*;1 <1 [1964R0O03
3.95 1*;0 <2 1964R0O03
511 2:0 2 1 0:3 0:2 |1964R003, 1968CL 05
5.69 1:0 <3 [1964R0O03
5.83 30 <1 1964R003
6.44 3*:0 8 1 1:2 04 11964R003,/1968CL 05|
7.03 2+ 0 6 1 0:88 0:31 |1964R003, 1968CL 05

2 See dl'so Table14.13
b See also (1969HA49).



7. 19B("Li, )*N Qm = 9:146

Triton groups corresponding to a number of N states have been observed at E('Li) = 5
MeV: see (1966M CO5) and reaction 6. The angular distribution of the ground state tritons has
been measured at E('Li) = 4:5 MeV by (1963MO1B). See also (1965CA05, 1967CA1D) and
(1966RO1E).

8. () 'B(He, )“N Qm = 20:735 E, = 20:735

(b) 'B(®He, n)*N Qm = 10:182

(c) 1*B(®He, p)':C Qm = 13:185

(d) B(®He, d)12C Qm = 10:463

(e) 1'B(3He, t)}'C Qm= 1:999

(f) LB(®He, SHe)'B

(g) “B(®He, )1°B Qm = 9:122

(h) 1*B(®He, 5Li)®Be Qm = 4:566

The capture -rays (reaction (a)) havre been studied for E(3He) = 1 to 3 MeV. The differential
cross section (at 90 ) for the ¢ transition increases rapidly with energy from  0:002 b/srat 1
MeVto 0:5 Db/srat3.0MeV.Atthelatterenergy | =1 , 0:22 0:08. Thereissome evidence
also for transitions to higher excited states of *N (1965PU1B).

The excitation function at 0 in the range E(®*He) = 1:5 to 5.6 MeV for neutrons correspond-
ing to 3N(0) (reaction (b)) shows a broad peak at E(3He) = 4:15 MeV which may indicate the
existence of a“N stateat E,,  24:0 MeV, 1 MeV (1966D104). The excitation function for
reaction (b) has also been measured for E(3He) = 6 to 18 MeV (1967HA20). Seealso (1964DI1C,
1965BR1B).

Yield curves for protons (reaction (c)) have been measured for E(3He) = 3:0 to 5.5 MeV (po,
P1, P1 + P2 + P3): they are rather featureless (1959H001). Thisis aso true for the ground state
deuterons of reaction (d) in the same energy interval (1959HO01). Yield curves for reaction (€)
have been measured for E (3He) = 6 to 18 MeV (1967HA20) and 10 to 30 MeV (1965BR1B). See
also 13C, and 11C and *2C in (1968AJ02). For reaction (f), see (1968PALY).

Theexcitation functionsof -particlegroups( o, 1, 2, 3)(reaction(g)) have been measured
for E(®*He) = 2:2 to 5.5 MeV. No signifi cant resonance behavior is seen except for the , group
which, in the 15 excitation function, exhibits a resonance at E(*He) = 4 MeV, 1 MeV
(1965F006). See aso °B in (1966LA04). The excitation function for the reaction 'B(3He,
®Lig:s:)®Bey:s: has been measured for E(*He) = 1:4 to 5.8 MeV: no pronounced compound nucleus
effects are observed (1967Y 002, 1967Y O1C).

9. UB( , n)**N Qum = 0:157
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Table 14.10; Resonancesin 12C + d

Eq cm: Particles UNxa | 3,7 Refs. P
(MeV  keV) (keV) out (MeV)
0.335 p 10.559 |1956VA 17, 1956KO1A
0.92 95 n, Po, P1 11.06 17,0 | 1960KA06, 1957SA01,/1969B0O32
1.13 Po, P1 11.24 o |1957SA01, 1963JE02, 1969BO32
1.19 190 N, Po, Pz, d 11.29 2 ;0 |[1960KA06,1957SA01, 1963JE02, 1966LA1Q,[1969BO32
123 Po 11.33 (3%) [1969B0O32
1.30 30 n, Po, Pz, d 11.38 1*;0 | 1960KA06, 1965FI05, 1957SA01, 1963JE02, 1966LA1Q,
11969B032,/1969JA06
1.39 Po 11.46 (2 ) |/1969B0O32
1.446 5 Po, P1,d 11.51 3* [1960K A06, 1965FI05,/1957SA01,/1963JE02, 1966LA1Q,
1969B0O32
1.55 Po 11.60 (2 ) |/1969B0O32
1.62 n,p 11.65 2) 11969B032,/1969JA 06
1.68 Po, P1 11.71 (1*,2 ) | [1966KL1G,/1968BE2A ,[1965FI05] 1963JE02
1.78 85 N, Po, P1 11.80 1* 11969JA 06, | 1960K A 06, 1965FI1 05, 1963JE02, 1969B0O32
1.95 Po 11.94 (1) |/1969B032
2.30 N, P1, P2, Ps 12.24 '1965F105,/1969JA06
2:498 6 40 3 n, Po, P1, P2, P3, d | 12.411 4 |1960CH12,/1956M C88,/1958M C63, 1965F1 05, 1963JE02,
1969JA06
2:622 8 19 9 n, p1, P2, P3 12.517 |1960CH12,/1956M C88,1958M C63,1965F105, 1969JA06
2:726 10 47 3 (n), p1, p2, ps, d | 12.606 3* |1960CH12,/1956M C88,/1958M C63, 1965FI 05, 1963JE02,
1969JA06
2:817 7 27 6 n, pz, P2, ps, d 12.684 |1960CH12, 1956M C88, 1965FI05, 1966GU04, 1963JE02,
1969JA06
2:946 6 22 6 P2, ps3, d 12.794 11960CH12, 1956M C88,/1963JE02
21982 6 11 3 n, ps, d 12.825 |1960CH12, 1956M C88,/1969JA06
3:015 15 71 7 n, Po 12.853 11966GU04, 1966SA05
3:119 6 29 9 P1, P2, P3, d 12942 | (3 ,4 ) | |1960CH12,1956MC88, 1965FI05,/19630H02
3:39 12 47 15 n, p2, ps, d 13.17 (0 ,1 ) |/1956MC88,/1966SA05,/19630H02|/1955M A 76|/1963JE02,
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Table 14.10: Resonancesin 12C + d (continued)

Eq cm: Particles BNxa | g7 Refs. P
(MeV  keV) (keV) out (MeVv)
1969JA06
3:.97 30 < 200 Po, P2, P3, (d) 13.67 | (2*+,3™) | [1966BR2B,[1965FI05,/1967FU03,1963JE02
4:02+% 235 n, (p), d 13.71 @+ 11967FU03|/1966BR2B, 1966SA 05, 1966HO11,19630H02,
1969JA06
4.40 Po, P1, P2, P3, d 14.04 |1966BR2B| 1963JE02
4,55 n, pz, d 14.17 11966BR2B,/1966HO11
4.80 Po, P2, d 14.38 [1966BR2B|[19630H02
5.17 d 14.70 1966BR2B
5.34 100 | po, pP1, P2, P3, d, 14.84 11966BR2B,/19630H02,/1956B008,/ 1966PA 1J,/1969C0O02
5.65 d 15.11 11966BR2B,/19630H02,/1956B0O08
5.83 p1, p3, d 15.26 1966BR2B
6.07 P1, P2, 15.47 |1966BR2B,[1966PA 1], 1969C0O02
6.3 Po, P3, d, 15.7 ’m‘
7.2 16.4 11966PA 1J,/1969C0O02
8.1 Po, P2, d, 17.2 119630H02, 1966PA 1J, 1969C002
10.9 Po, d 19.6 (5" 119630H02, 1968K L 06
11.8 n, po, d 204 (5" |1968K L 06, 1965BA06
12:70 150 1400 d > 21.15 4) 11968K L 06,1968JA09
14:52 100 900 2 22.70 1968JA09

2 (1963JE02) report 39 excited states of 14N with 11:2 < Ex < 14:2 MeV.
b See also (1959AJ76) and (1959EL 44, 1961CI08,1961GR06,/1961JA08, 1961ST 10, 1966K A05,/1966K L 1G, 1966LA 1P, 1966LA1Q,

|1968BE2A, 1969PA 1K).




Table 14.11: Recent *2C + dyield curves?

Yield of Refs.
(MeV)
0:;7 14 Ny 1961JA08
1.2 45 t 1969JA 06
1:4 31 No (1959EL 44)
2.7 32 No (1966GU04)
2:8 4:2 No (1966SA05)
3:8 42 Ny 1966SA05
38 42 No (1967FU03)
38 50 No, Ny (1966H0O11)
9:2 138 t (1965BA06)
0:7 20 Po, P1 (1960K A06)
0:8 11 Po (1961GR06)
0:8 1:2 Po (1962WE12)
09 18 Po (1966KL1G)
09 20 Po (1969B032)
0:9 5:0 Do, P1, P2, Ps (1963FR1D) [ 1963JE02)
1 2 Po, Pz (1966LA1P)
1.1 1.2 Po 1961ST10
12 43 P1, P2, P3 (1965F105,11960G019)
1:2 44 p (1965BA1W)
1:5 40 Po, P1, P2, P3 (1967LEIK)
1.7 31 Ps (1960CH12)
2 33 PL, P2, P (1966K A05)
2:6 40 Po, P1, P2, Ps (1966GE03)
2.7 32 Po (1966GU04)
4 7 Po, P1, P2, P3 (1966BR2B)
5 10 Po, P1, P2, P3, P4 (1969C002)
8:5 10 Ps, Pe, P7 (1969C002)
55 12 Po, P1 (1963EV04)
9 14 Po (1968KL06)
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Table 14.11: Recent *2C + dyield curves @ (continued)

Eq (MeV) Yield of Refs.
(MeV)
9.9 t (1962W115,/1963WI11D)
09 20 do (1969B0O32)
09 5 do (1963FR1D, 1963JE02)
1 2 do (1966LA1P)
1.5 2.0 do (1960K A06)
2.0 33 do (1966K A05)
2 6 do (1967PL 1B)
26 4.0 do (1966GE03)
3 12 do (19630H02)
4 7 do (1966BR2B)
45 57 do (1968C004)
5 10 do (1969C002)
85 10 d; (1969C002)
9 14 do (1968KL06)
26.5 t (1965MA1U)
5 9 (1966PA 1))
5 10 0 1 (1969C002)
710 3 (1969C002)
9 10 4 (1969C002)
9 125 0 1, 2, 3 (1966M E09)
9:2 13:8 0 1, 3 4 (1965BA06, 1966BA32)
11 14 2 (1969SM 03)
13 21 2 1968JA09
15 20 0 1, 20 3 4 (1963YA1B)
21 29 00 1, 31 4, 5 (1969YA1C)
@ See also (1959A.J76).

Angular distributions have been measured for E = 2:4 to 3.7 MeV (1966MA04; np), 3.4 to
3.7 MeV (1966MA04; ny), 2.1 to 5.4 MeV (1962CA05; ng) and 13.5 and 13.9 MeV (1962K J03;
No, Ny). See also (1959HE1B) and (1959AJ76).
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10. LB(5Li, t)14N Qm = 4:942

At E(5Li) = 4:5 MeV, the angular distributions of the triton groups to **N* (0, 2.31, 3.95) have
been measured (1963M O1B). See also (1965CA05).

11. 12C(d, )N Qm = 10:272

The capture cross sectionisreportedtobe 0.6 0:2 ba Eq = 1 MeV (1961KNO03): at
Eq=15MeVitis<1l b (1955AL16).

12. (a) 2C(d, n)*3N Qn = 0:281 E, = 10:272
(b) 2C(d, p)*C Qu = 2:722

Resonances in the yields of neutrons and protons are displayed in Table 14.10. Recent mea-
surements of the yields of neutrons and protons are listed in Table|14.11. See also (1965WI11,
1968C004, 1969RO1R) and (1959AJ76).

Angular distributions of neutrons and protons have been reported at many of the energieslisted
in Table'14.11. Except at very low energies, direct interaction is the predominant mechanism
although resonances are observed for the fi rst few MeV (see Table14.10) and uctuations persist
to 12 MeV (1963EV04). See also (1955W143), (1959AJ76), BC and N. At Eq = 2:50 MeV
(3*N* = 12:41) the (d, ps ) angular correlation is undistorted. Thisis an example of a resonant
direct reaction due to asingle-particle state (1966K A05).

Polarization measurements are summarized in Table/14.12. See also (1968BA 2R, 1968BA47;
theor.) (reaction (@), and (1959AL08, 1962GR10, 1963BE1IM, 1966SK 1A, 1967GRI1L; exp.),
(1967CI1A, 1967KH1A, 1968BA2R, 1968BA47, 1969PEIN, 1969PE1L; theor.) (reaction (b)).
See also the reviews by (1961GO1K, 1963HA1G, 1966DA 1B, 1966M I 1E).

For reaction (a) seealso (1959BR75, 1966WY 1A, 1967SC1J, 1967WY 1A; exp.) and (1961IMA1E,
1964CA1F, 1967HO1K, 1968NO1C; theor.). For reaction (b) see aso (1963GEO3, 1967AU05,
1967MO1P, 1967TI11A, 1968NO1C, 1969PEQ9). For adiscussion of sequential decay, see (1963P104)
and 3C and 3N.

13. 12C(d, d)*2C Ep = 10:272

Reported resonances are displayed in Table|14.10. Recent measurements of yields of scattered
deuterons are listed in Table14.11. See also (1961CI08, 1962GR10, 1963GE03, 1965BA1W,
1967AU05,/1968BA 2P, 1968GO1N), and (1965SA 1H, 1966BA 1G, 1967HO1K, 1969I1W1D). See
also 12C in (1968AJ02) and (1959AJ76).

Polarization measurements are summarized in Table 14.12. See also (1963ZA 1B, 1965CA05,
1967RU1A; theor.).
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Table 14.12: 2C + d polarization studies

Eq (MeV) Groups Refs.
1.5 18 No (1968K A 1K)
1.7 28 Ny (1966ME16)
2.8 No (1965GA1G)
2.8,3.0 No (1963HA1G)
2:8 4.0 No 1966SA05)
38 4:2 No (1968DO09)
4 75 n (1965K E10)
4:2 5.0 No (1966MO14)
52 62 No, Ny (1968D0O09)
6 65 No, Ny (1963BA38,/1963BA66, 1966BA 33)
11.8 No (1961LEIE)
12.9 N (1959BUE, 1960BU15)
51.5 No (1969BR1E)
0:8 11 Po (1961GRO6)
09,10 Po (1968GL 1B)
1.1 Po (1964A S03, 1959CI 38, 1959JU1A)
2.4 Po (1963M11G)
2.8,3.0,3.2 P1 (1966HE1G)
29,31,33 Po 19695007
4.0 Po (1966ST 1N)
55 95 Po (1963EV04)
7 11 P1 (1963EV04)
7,10 Po, Pt (1968YU01)
8.9 Po (1959HI 1E)
10 Po (1959AL09, 1962AL03)
10.8 Do, Pr 1961J014)
11.9 Po, P1 (1968BA19)
13.6 Po (1966J11A)
138 Po (1966MA25)
15 P1 (1964RE04,/19621S04)
21 Po (1963BOL))
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Table 14.12: 12C + d polarization studies (continued)

Eq (MeV) Groups Refs.
2.8 44 do (1969PA 1K)
35 71 do (1968C010)
6 do (1960AL09)
6 105 do (1967CL07)
6.5 do (1963NE1H)
12 do (1968BA17)
13.6 do (1968ZA02)
13.8 do (1966MA2H)
22 do (1965AR1F, 1965GR1Q)
51 do (1968SE1E)
14. 2C(d, t)'*C Qm = 12:462 Ep = 10:272

The cross sectionrisesfrom 0O:1mbat Eq = 16 MeV to 10 mb at 20 MeV (1955W143).
See also 11Cin (1968AJ02).

15. 2C(d, )°B Qm= 1341 E, = 10:272

Excitation functions have been measured for Eq = 5 to 29 MeV: see Table/14.11.

Resonant structure has been reported by (1966PA 1J) and (1968JA09): see Table/14.10. Angular
distributions have been measured at many of the above energies and analyzed by DWBA: see
(1968KL06, 1969YA1C) and 1°B in (1966LA04). See also (1967HO1K, 1963PEQ7).

Theyield of the , group (to 1°B*(1.74) [J = 0*; T = 1] istypicaly < 1% of the intensity
of the groups to the neighboring T = 0 states in the range E4 = 9 to 12.5 MeV. This is partly
due to isospin conservation and partly to the J selection rule involved in this transition. When
the latter effect is calculated and the corresponding factor removed, the intensities of the T = 1

o-groupsrangefrom  10% of theintensitiesof theT =0 -groupsatEq =9MeVto 1 2%
a Eq = 11 MeV. Above E4 = 11:5 MeV, theyield of the , group increases dlightly indicating
perhaps a direct-interaction mechanism involving isospin mixing at the surface of the nucleus
(1966MEQ9). [See, however, below). The mixing might also occur through Coulomb excitation
during the d-capture or the -emission (1966ME09). Some uctuationsin the cross sections, with
widths of afew hundred keV, are observed at forward and backward angles. Ericson uctuations
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may be involved (1966MEQ9). The data of (1966MEQ09) have been interpreted as indicating an
intermediate structure resonance correspondingto E, 18 MeV, 2MeV [J =3 ],whose
doorway state is a single-particle cluster resonance in either, or both, the entrance or exit channels
(1968NO1C). However, (1969SM03) fi nd that the broad structure reported by (L966MEQ9) at
Es 13 MeV can beresolved into at least three separate peaks, in contradiction to the predictions
of (1968NO1C). Both the angular distributions and the excitation functions can be interpreted
in terms of a few resonant states of *N [I = 4 and 5 account for most of the cross section at
Eq 12:5 MeV], without introducing any large direct reaction amplitudes (1969SM03). See also
(1969NO1C).

16. 12C(t, )N Qm = 4:015

Angular distributions of the ng, n; and n, groups have been measured at E; = 1.7 MeV
(1966MA2G). At E(*2C) = 12 to 20 MeV, the lifetimes of 1*N*(5.11, 5.83) have been deter-
mined using recoil distance method: ,(5:11) = 12:4 1:4 psec, ,(5:83) = 18 2 psec: see
Tables|14.9 and[14.13, The5:11 ¥ 0 transition is enhanced by 2:2  0:7 W.u. The allowed M2
5:11 ¥ 2:31 transition has jMj2 = 0:83  0:14 W.u. while the isospin forbidden part of the
5:11 ¥ OtransitionhasjMj? = (3:3 1:3) 10 3 W.u. (1968AL12). See also (1966AL11).

17. *C(*He, p)“N Qm = 4:779
Qo = 4:7763  0:0015 (19670D01);
Qo = 4:806 9 (1964MA57);
Qo = 4:787 10 (1962SH21);
Qo = 4:764 7 (1959Y O25);
Qya1 = 2:4684  0:0010 (1962BA26).

Many proton groups have been observed: see Table[14.14. At E(*He) = 20 MeV angular
distributions of the protons corresponding to states with 0 < E, < 12:6 MeV have been mea-
sured by (1968MA29) and analyzed using the distorted-wave calculations of (1965GL09) and
spin-independent interaction potential. L-values have been assigned and are displayed in Table
14.14. 1t is pointed out that in this reaction unnatural parity states of T = 1 are not allowed:
the proton groups corresponding to the 0 8.80-MeV state and the 2 9.51-MeV state, both of
which are T = 1, are not observed (1967MA1G, 1968MA29). Angular distributions have also
been obtained at many other energies. see (1965GR1R: 1 1.8 MeV; po, p1, P2), (1963LUOL,
1963LU1F, 1964LU1B: 2:3 3 MeV; py), (1964KUO05: 2.5 4:9 MeV; pp ¥ po), (1969HA49:
30 9:2MeV; po, pr: 30 11 MeV;p, ¥ ps: 51 11 MeV; ps ¥ pg), (1967CLLIC: 3.5
MeV; po ¥ pg), (1966BLO1: 5.1 MeV; p, T pe), (1969LA1A: 5:3 55 MeV; p1, P2, Ps3s
Ps), (1965FU16: 6:6  10:7 MeV), (1960PR12: 13.9 MeV; po, p1, P2), (1969HO23: 15 MeV:
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Table 14.13: Lifetimes of some *N states?

Ex (MeV) m (psec) Reaction Refs.
231 0:083 0:019 12C(3He, p) (1966L107)
0:083 0:03 2C(3He, p) (1965L 007)
0:097 0:03 YN(, ) (1964B0O22)
0:077 0:018 BN, ) (1961SW01)
0:033 0:003 4o( ) (1966S105)
0:083 0:011 mean P
3.95 0:087 2C(3He, p) (1966L107)
0:0045  0:0004 1N(e, € (1964B109, 19670L 02)
0:025 12C(3He, p) (1965L.007)
0:02 N(n, n) (1969NY 1A)
491 < 0:050 12C(2He, p) (1967L104)
< 0:050 13¢(d, n) (1963AL21)
< 0:06 2C(3He, p) (1970GA09)
5.11 12:4 14 2¢(t, n) (1968AL12)
45< <20 12C(3He, p) (1967L104)
> 0:6 12C(3He, p) (1965L.007)
> 0:3 Bcp, ) (1959WA04)
5.69 0:036 12C(2He, p) (1967L104)
0:05 12C(3He, p) (1970GA09)
5.83 18 2 2¢(t, n) (1968AL12)
> 4:5 2C(3He, p) (1967L104)
> 23 12C(3He, p) (1964BE12)
6.20 < 0:04 12C(3He, p) (1970GA09)
6.44°¢ 0:63 0:08 reactions 1, 6, 19 | (1969THO01)
0:59 0:12 12C(3He, p) (1964BE12)
0:65 0:05 12C(3He, p) (1969GA16)
0:63 0:04 12C(3He, p) (1970GA09)
0:63 0:03 mean
7.03°¢ 5:4 0:5fsec UN(, ) (1966SW01)
< 0:05 psec 2C(3He, p) (1970GA09)
a See also Table[14.9

b Not included the value of (1966SI05).

¢ Seealso (1969NY 1A).
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0 < Ex < 12:8 MeV), (HO66, 1967FO1E: 15 MeV), (1968MA46: 25.3 MeV: 0 < Ex < 95
MeV) and (1959AJ76) for alisting of the earlier work. See also *°O. The parity of *N*(6.44) is
even from angular distribution measurements of protons and -rays at the E(3He) = 2:99 MeV
resonance (1964K U05).

The decay of many states has been studied: Table 14.9 displays observed branching ra-
tios and radiative widths (1964WA 09, 1965NEO06, 1965RI102, 1965WA 06, 1966G0O15, 1967CH19,
1967GA12, 19670L02, GAB9J, 1969HA49). A very accurate value of the excitation energy of
14N*(5.11) is derived from E : E, = 5:10587 0:00018 MeV (1967CH19). p- angular corre-
lations have been measured at many energies. The results demand J = 0 or 1 for 1*N*(4.91) and
J = 2 for 1*N*(5.11). The ground state transition for the latter contains E1, M2 and E3 com-
ponents (1959WA 04, 1965BL 04, 1965NE06, 1966G015), J = 2 for 14N*(7.03) and the angular
correlation of the 2.51 MeV  -ray (8:96 ¥ 6:44) indicatesJ 5 for *N*(8.96) (1967BL22).
J = 5% (1967GA12). See also (1963LUO01, 1963LU1F, 1964LU1B) and Table 14.9. Polar-
ization measurements leadtoJ = 0 , 1 for ¥N*(4.91) and odd parity for 14N*(5.11, 5.83)
(1963BE33, 1968BL09). The parity of #N*(6.21) is even (1964WA09). An analysis of elastic
3He, the angular distribution of the protons to 1*N*(6.44) and of the subsequent ground state -
rays at E(He) = 2:99 MeV (*°0*(14.46)) leads to even parity for 1*N*(6.44) (1964KU05). The
angular correlation of internal pairsis consistent with E2 radiation (1964\WAQ9) for the6:44 ¥ 0
transition.

M easurements of mean lifetimesare displayed in Table14.13 (1964BE12, 1965L 007, 1966L 107,
1967L104, 1969GA 16, 1970GA09). See also (1963BE33).

See also (1959AL 1A, 1959FA 1A | 1959H169, 1960HA 31, 1961CEQ2, 1967BE2G, 1967FOL1E,
19670G1A,/1969BA 17, 1969G011, 1969HA 2D) and (1959EL 43, 1960EL 1C, 1960NE1A, 1962EL 1C,
1967HALT, 1969BO1G, 1969L11D; theor.).

18. 12C( , )N Qm= 13575

Angular distributions of deuterons corresponding to various states of “N (see Table[14.15)
have been measured at E = 42 to 53 MeV (1959B040, 1967ZA01, 1962HA40, 1960HA32,
1962CEO1, 1965PE03). See (1962CEO01, 1963GL1C, 1965GL09) for discussions of the analy-
ss. Theknown T = 1 states are not excited in this reaction: see Table 14.15 and (1960HA 32,
1965PEO03, 1967ZA01, 1968NO1C). [It should be noted that in addition to isospin conservation,
angular momentum and parity considerations would also inhibit the excitation of thed = 0%,
T = 1 231-MeV dstate; see, e.g., (1960HA32).] No evidence isseen at E = 42 MeV for
deuteronsinthed = 0%; T = 1 singlet state leading to the excitation of the 2.31-MeV state:
di=dy =5 10 3 (1967CR1G, 1969BR1IN). The deuteron spectrum is dominated by very strong
groups corresponding to the (ds=;)?, J = 5%, state at 8.96 MeV, and to a state at 15.1 MeV
(1962HA40, 1966RI04).

Comparison of the angular distribution of ground state deuterons (E = 41:7 MeV) with that
of the ground state alphas from the *N(d, )'2C reaction (Eq = 20 MeV) leads to an upper limit
of 3% for the time reversal non-conserving fraction of the Hamiltonian (19598040, 1959HE1C).
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Table 14.14: Excited states of *N from 2C(®He, p)*N

Ex (MeV keV)
(1960HI07) | (1968GR1G) | (1959Y025) | (1961ER01)? | (1969HO23) | L P
0 0 0 0 2
2:314 10 2:313 17 2:319 15 0
3:946 10 3:948 5 3:946 17 3:952 15 0
4:909 10 4:913 5 4:888 18 4:927 15 1
5:102 10 5:107 5 5.078 18 5:117 15 1
5:686 10 5:693 5 5:692 8 5:713 15 1
5:830 10 5:834 5 5:812 18 5:835 8 5:885 15 3
6:202 5 6:21 20°P 6:204 8 6:224 15 0
6:450 5 6:46 18P 6:441 8 6:468 15 2
Ex (MeV  keV) Ex (MeV  keV)
(1968MA29) | (1969HO23) L (1968MA29) | (1969HO23)
7:01 42 7:036 15 2 11:27 50 11:249 15
795 26 7:974 15 3 11:39 40 | 11:357 15
8:05 35 8:072 15 1 11:51 30 | 11:517 15
8:47 30° 8:493 15 3 11:66 40
8:61 34 8:625 15 0 11:79 110
8:912 15 11:95 30
8:96 19 8:97 15 3,4,2 12:29 15
9:15 18 9:126 15 12:40 30 12:425 15
9:176 15 12:50 20 | 12:506 15
9:39 2649 9:389 15 12:63 25 | 12:608 15
9:70 22 9:703 15 12:69 15
10:08 18 10:063 15 12:74 30 12:80 15
10:101 15 12:90 25
10:43 20 10:441 15 13:15 40
10:56 28 14:91 60
10:81 23° | 10:812 15 15:8 200
11:06 50 11:053 15 17:4 200
a Based on Qp,.

b From (1968MA29).
¢4 ;0(1968MA29).
d2 ;0(1968MA29).
€ 4*; 0 (1968MA29).

f Private communication.
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Seedso (1964NA1E, 1965PE17, 1966BR1G, 19670G1A) and (1961EL 1A, 1968ZE1B; theor.).

19. 2C(SLi, )N Qum = 8:800

AtE(°Li) = 20 MeV, -groupscorrespondingto most of theT = 0 stateswith E, < 12:7 MeV
are reported. See Table14.15. The spectrum is dominated by the -group corresponding to the 5*
state at 9.0 MeV (1968ME10). See also (1962HO06, 1967DZ01). The ; grouptothed = 07,

T = 1 state at 2.31 MeV has been observed. Its intensity (< 3% of ) decreases sharply from
E(°Li) = 4 to 5.5 MeV, while the intensities of the  and , groups (to T = 0 states) increase
rapidly. It is suggested that broad levels at the higher excitation energies corrrespond to such
short lifetimes that the Coulomb forces do not have enough time to change the relative amountss
of various isospin components in the compound nucleus wave function (1965CA06). See aso
(1962H006, 1967DZ01).
Angular distributionsof  -particles have been reported for E(°Li) = 2:0 and 2.4 MeV (1966BE07;

0, 2), 3.0 MeV (1963BA08; ), 3.2 to 4.0 MeV (1962HO06; o, 1, 2), 4.0to 55 MeV
(1965CA06; 4),4.5t05.5MeV (1966HEQS; o, »)and 20 MeV (1968ME1L0: see Table14.15).

Doppler-shift attenuation measurements have led to the determination of |, for the 6.44 MeV
state: (0:63 0:08) psec (1969THO1): see Table/14.13 and reaction 1. See also Table/14.9.

See also (1960SH01, 1960SHO5, 1961IMA 1K, [1961MA33,1962L 108, 19630L 1B, 1964CA 18,
1967CH34, 19670G1A, 1968DA20) and (1962IN1C, 1963TA1B,/1966RO1E, 1966RO1F, 1968HO1],
1968RO1D; theor.).

20. (a) 2C(°Be, 7Li)“N Qm= 6421
(b) 2C(11B, °Be)“N Qm= 5547

At E(B) = 115 MeV, the °Be spectrum is dominated by groups corresponding to the 4N
5% state at E, = 8:96 MeV, the 4™ state at Ex, = 12:79 MeV and to the 6 state at E, = 15:10
MeV, the levels also strongly populated in the *>C( , d)**N reaction (see reaction 18) (1966PO1E,
1967PO1E) and private communication). Groups to *N*(0, 3.95, 5.83, 6.44, 10.81) are aso
reported (J.E. Poth, private communication). See also (1967VO1A). The angular distributions
of the two strong groups are smoothly varying, exponential functions of angle, and have been
fi tted, in terms of a surface-diffuseness parameter, using a diffraction model (1965SA07). See
also (1965DA1E, 1965GR1F) and (1964FL 1D, 1964NA1E, 19670G1A, 1968RO1D, 1969R0O1G,
1969BR1D). For reaction (a), see (1969RO1G).

21. 12C(12C, 0B)N Qm= 14916

See (1962CHO01).
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