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MeV (1985PE10n,) and at 21.6 MeV19900L01 n to *N*(0, 5.83, 7.03) as well as df; = 10,
12, 14 and 17 MeVX986LI1M; ng; prelim.). See alsol@76AJ04, (1986GEZX 1989L126 and
(1989STZW applied).

45. (a)"*N(p, p)"*N

(b) "*N(p, 2p)*C Qum = —7.55063
(¢) “N(p, pd)*C Qu = —10.27239
(d) “*N(p, po)'°B Qum = —11.6125

Angular distributions of elastically and inelasticallyasiered protons have been studied at
many energies up té, = 800 MeV [see (1981AJ01 1986AJ0)], at E5 = 35 MeV (19901E01
p1) and 800 MeV (985BL27 elastic) and aty, = 1 GeV (1985AL14 elastic). For a display of
the observed'N states see Table 14.24 ih986AJ0). For a study of the 1.6 and 2.3 Me)rays
[from 4N*(2.31, 3.95)] see Y988LEQY. For reaction (b) seel@89BE1R and 3C. For reac-
tion (c) see {985DE17}. For reaction (d) se€¥B (1988AJ0). See alsol989BEXX), (1985PE10Q
1987VD1A) and (L986A01A 1986ER1A 1987HU01 1987VD03 1988VD1B 1989AMO01, 1989LO1E
theor.).

46. “N(d, d)“N

Angular distributions of elastically and inelasticallyastered deuterons have been studied to
Ey = 52 MeV: see Table 14.20 in1981AJ0). The deuteron group to th&", 7' = 1 state
14N*(2.31) is isospin “forbidden”: its cross section is 1-Zders of magnitude less than that to
1N*(3.95) [J™; T = 1T; 0]: see (981AJ0). See alsol986HALE 1986A01A theor.).

47.N(*He, *He)""N

Angular distributions of elastically and inelasticallyasiered®He ions have been measured at
E(®*He) up to 44.6 MeV: see Table 14.20 in981AJ0). See also{989DE1Q.

48. “N(a, )N

Angular distributions of elastically and inelasticallyastereda-particles have been studied
for £, = 7.6 to 104 MeV [see Table 14.24 in986AJ0)] and atE, = 48.7 and 54.1 MeV
(1987AB03 o). See also®F in (1987AJ03, (1987BU27 1989BE1R, (1989GU28 astro-
physics), (988PA1K applied) and 1985SH1D) theor.).
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49. (2)"N(°Li, 5Li) “N
(b) “N("Li, 7Li) N

Elastic angular distributions have been measuref(éki) = 19.5, 32 and 36 MeV and at
E("Li) = 36 MeV: see (981AJ01 1986AJ0). For reaction (b) see alsa486GO1H E(**N) =
150 MeV; prelim.). See alsol©89DE1Q.

50. “N(°Be, °Be)'‘N

See (986AJ0) and (L98SHAZY.

51. (a)14N(IOB, 108)14N
(b) 14N(HB, 118)14N

Elastic angular distributions have been measured forimra¢a) at £(:°B) = 100 MeV and
E(**N) = 73.9 to 93.6 MeV [see 1981AJ01 1986AJ0)] as well as atE(**N) = 38.1, 42.0,
46.0 and 50.0 MeV1988TA13; those for reaction (b) have been studied’ét'N) = 41, 77 and
113 MeV: see 1981AJ0). For fusion and other yield measurements sE¥86AJ0). See also
(1985BE1A 1985CU1A and (1985K01J 1986R0O12theor.).

52. (8.)14N(12C, 12C)14N
(b) “N(*2C, d2C)'2C Qm = —10.27239

Elastic and inelastic angular distributions have beenistuah the range(*“N) = 21.3 to
155 MeV [see {981AJ0)] and at 86 MeV {988AR23. For cross sections and fusion, fragmen-
tation and evaporation residue studies sE#8(AJ0] 1986AJ0) and (L1986MO13 1987GO1FK
1987ST01 1989KI13 1990WE14. For high-energyy-emission seel©@86STO0J. For neutron
emission seel©88KI106. For pion emission sed 989SUZ$. For reaction (b) seelf87AR2S.
See also 1986GO1H 1987VE1DQ 1988HAZS 1989AR1M), (1982BA1D 1985BALT, astro-
phys.), (985BE1A 1985CU1A 1987GE1B and (L985HU04 1985K01J1985VI09 1986BA62,
1986HA13 1986POZW 1986RE14 1987BI12Q 1987RE031987RE11 1988BA37 1988HE12
1988PR021989BL1D, 1989NI1G 1989R022 1989SH05 1990CA1S 1990DE13 1990GH1kE
1990PRO01theor.).

53. 14N(13C 13c)14N
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Elastic angular distributions have been measurgd(&tN) = 19.3 to 35 MeV andE(*3C) =
105 MeV: see ((981AJ01 1986AJ0) [see also for fusion studies].

54 14N(14N 14N)14N

Elastic angular distributions have been studied#6r'N) = 5.0 to 20.2 MeV: see{981AJ0).
For fusion and other cross section measurements188&4AJ011986AJ0). See alsol985BE1A
1985CU1A 1986ST1J1986ST1A 1988B0O4§ and (L985K0O1J1986R0O12theor.).

55. (8.)14N(160, 160)14N
(b) 14N(19 F, 19 F)14N

Elastic angular distributions have been studied B¢l*'N) = 8.1 to 155 MeV [reaction (a)]:
see ((981AJ0). For fusion cross section measurements, $881AJ01 1986AJ0). See also
(1985BE1A 1985CU1A and (L1985HU04 1985K0O1J theor.). For reaction (b), se&489HO1H
theor.).

56. (a)"*N(>*Mg, 2‘Mg)*“N
(b) “UN(>*Mg, 26Mg) ‘N
(C) 14N(27A|, 27A|) 14N
(d) 14N(288i, 288i)14N
(e) “N(“°Ca,*°Ca)‘N
(f) “N(*3Ca,*8Ca)N

Elastic angular distributions have been measured(&N) ~ 53 MeV for reactions (a), (c)
and (d) [see1986AJ0)] and at 84 MeV [988YA0§G reaction (d); also inelastic t§Si*(1.78)).
For fusion and fragmentation studies s&é8§6AJ0) and (L986SH25 1987BESS5 1987GU1M
1987ST011987YI1A 1988SH031989BR1K 1990G0OZJ. For reaction (e), see alsbq88GO12.
For pion production [reaction (c)], se&€986ST03. See also X987SH1A, (1987BL1D and
(1985BL17 1985CE111985ST2019860S051986P0OZW 1986PR011988AY03 1989BH03
1989CH1K theor.).

57.140(3+)*N Qum = 5.1431

67



140, . decays predominantly to its analog statdl*(2.31): £, = 2312.798 + 0.011 keV
(1982WA19: see reaction 1 iftO. See alsol(989AMOT; theor.).

58. PN(y, n)N Qm = —10.8333

See (988MCO0) in °N. See alsoX981AJ0) and (L988GOZM theor.).

59. 15N(p, d)“N Qum = —8.6087

Angular distributions have been obtainedigt= 39.8 MeV for the deuterons corresponding
to "N*(0 — 8.06, 8.62, 8.91,8.96 + 8.98, 9.17, 9.39, 9.51, 9.70, 10.10, 10.21, 10.43, 11.06,
11.23+11.30,11.39,11.51,11.66,1.74+11.80, 11.97,12.21+12.29, 12.52,12.61]2.80+12.83,
13.17+13.23, 13.72). Spectroscopic factors were extracted by DWBA amabf thel, = 1 pickup
angular distributions: sed969SN0J. See also{970AJ03.

60. 15N(d, t)“N Qum = —4.5760

At E3 = 89.1 MeV (1989SA13 have investigated the level structure'¢iN up to £, = 24
MeV: see Tablel4.21 Above E, = 18.6 MeV no discrete states appear. The observed summed
spectroscopic strength is 88% of the shell-model sum rutesiynificant/ = 3 strength was seen
(1989SA13.

61. "N(He, )N Qum = 9.7445

Observed states ittN are displayed in Table 14.28 of§76AJ04 together with the derived
spectroscopic factors. Recently, angular distributiorts 4nhave been determined &(*He) =
33 MeV to *N*(0, 2.31, 3.95, 5.11, 5.83, 7.03, 9.17, 10.43, 12.5, 18L¥B6DRO3.

62. °N(*3C, “C)“N Qm = —2.6568
See (981AJ0).
63.1°0(r ", 2p)“N Qm = 117.390
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Table 14.21: States 6¢fN from *N(d, t)!*N * (1989SA13

E, l J TP j Cc2Sc
(MeV =+ keV)
0 1 z 1.244+0.09
3 0.10 £+ 0.08
2.312+2 i 0.472 £ 0.009
3.946 + 4 . 0.18 £ 0.04
: 0.48 £ 0.04
4.910 £ 6 (0) : (0.008 & 0.001)
5.102+5 2 0.056 + 0.007
5.680 & 4 2 3 0.010 £ 0.001
5.832+3 2 2 0.045 £ 0.012
6.202 + 3 1 3 0.047 £ 0.007
6.443 + 6 ? < (0.002)
7.028 £ 2 1 3 1.1140.03
7.966 =+ 4 (2) (0.017 £ 0.005)
8.491 +4 ?
9.173 £5 1 3 0.423 & 0.008
9.388 £ 5 2) (0.022 = 0.003)
9.522 £ 21 (2) (0.007 £ 0.001)
9.708 + 8 1 ) (0.005 = 0.001)
10.108 + 6 1 (2)* 3 (0.061 & 0.003)
10.440 £ 6 1 3 0.388 +0.013
11.056 + 8 ? < (0.017)
11.252 £9 () 2 (0.016 £ 0.001)
11.515 £ 10 ? (3%) < (0.006)
11.754 £ 11 2 3 (0.014 = 0.001)
12.505 £ 10 1 (17 1) 3 0.13+0.01
12.812 + 13 ?
13.186 + 21 ? < (0.015)
13.732 + 16 1 3 0.45 £ 0.01
14.57 + 23 ?
14.90 4 21 () ) (0.025 £ 0.002)
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Table 14.21: States ¢fN from N(d, t)'“N # (1989SA13 (continued)

E, ! J, TP j C?S¢©
(MeV =+ keV)

15.63 & 70 (2) ) (0.037 & 0.003)
16.15 + 130 ?

16.99 + 21 () ) (0.034 4 0.003)
17.28 4 40 ? < (0.017)
17.88 & 30 (2) (37) ) (0.045 4 0.005)
18.51 + 30 1 (2*; 1) 3 0.043 4 0.007

* b5 = 89 MeV. Measured angular distributions ard; FRDWBA.
b Only thoseJ™; T determined in this experiment are shown.
¢ Errors shown refer only to statistics.

At £+ = 116 MeV proton angular correlations, energy sharing and reooinentum distri-
butions have been studied to groups corresponditt\t(0, 3.9[u], 7.0[u], 11.0[u]). No evidence
is seen for other narrow states. The upper limit for the @tain of 1*N*(2.31) [07; 7' = 1] is 5%
(1988SC1. See alsoX990SCl@and (L989CHO4 theor.). Work atE,+ = 165 MeV suggests
that the earlier work reports too low a cross section and restienates the two-nucleon absorption
mechanismX990HYO0J). In this paper the fraction of the total absorption crosgiea which can
be attributed to that mechanism is reported to be about 3@%0HY0J). See alsol988KY 1A,
1988RO1MN).

64. (a)'0O(p,*He)"*N Qm = —15.2428
(b) 1°0(p, pd}N Qm = —20.7363

Angular distributions (reaction (a)) have been measuréldamangeZ,, = 27 to 54.1 MeV: see
(1981AJ0). Comparisons have been made of the ratio ofi{®) to theT' = 1 state at 2.31 MeV
and of (p, t) to the analo$O, . : see'’F in (1982AJ0). For cross sections for the production
of y-rays from the decay of'N*(2.31, 5.11) atE,, = 40, 65 and 85 MeV se€el@87LA1]). For
reaction (b) seel@86VD1G 1987VD1A) and (L986GO28theor.).

65. 160(d, o) 4N Qum = 3.1104

Angular distributions have been measured at many enerpgitesiy = 40 MeV: see (981AJ0).
The yield of the isospin forbiddea; group [to“N*(2.31)] has been studied faf; = 2 to 15
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MeV: the intensity of the group is strongly dependentinand on the angle of observation. The
a1 reaction appears to proceed almost exclusively by a comipaunlear process and its study
leads to the determination of a large number®¥ states: the average isospin impurity!itfr
for 10 <E,< 20 MeV is 3-10%. AtE; = 50 MeV, the intensity of'*N (2.31) is 0.1-0.2%
that of !N, ;. See alsd®F in (1987AJ02, (1985KA1A), (1985HA38 1986DU1K applied) and
(1986S110 computer).

66.170(p, a)“N Qu = 1.1916

See ((988CA26 astrophys.).
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140
(Figs. 4 and 5)

GENERAL (See alsol(986AJ0)).

Nuclear models: (1985BA75 1987BL15.

Electromagnetic transitions; (1989RA16 1989SPO)L

Astrophysical questions: (1985TA1A 1987RA1D.

Applied work: (1989AR1).

Complex reactionsinvolving *O: (1987PE1¢1988ST10) 1989BA92 1989DR031989K113.

Reactions involving pions (See also reactions 5 and 7.J:986BA1C 1986BO1N 1986FO06
1986GE061986SI111 1987BL15 1987KA39 1987K0O1Q 1987K0O1Q 1987MI102 1987PA1H
1988AU1D, 1988HA37 1988YU04 1990HAZV).

Hypernuclei: (1989BA93.
Other topics: (1985AN28 1986AN07).

Ground state of 1*O: (1985AN28§ 1986HE26 1987SA151988WRZ2).
For searches fdin and*H involving the production of*O see {986BE351986BE54 1988BE0).

1. 140(3+) 14N Qm = 5.1431

The best value of, » = 70.606 & 0.018 s: see {978WI09. See alsol976AJ0J. *O decays
predominantly to its analog statéN*(2.31) [J™; T = 0*; 1; E, = 2312.798 (11) keV, E, =
2312.593 (11) keV (L982WA19]. The branching ratio to the state #)(336+0.010)%. This value
is obtained by adopting)(61 & 0.01)% and (.054 + 0.002)% for the branching ratios t&N*(0,
3.95) [bothl*; O states]. Logr*t = 3.4892 (2) for the0*t — 07 transition (981 WHO03, using the
Wapstra masses for the atomic mass exces&\f'H and n; iy, for the N (p, n) threshold
(1981WHO03 and £, shown above fot*N*(2.31) (1982WA16. See (9890R01 19890R0Y for
other calculations ofog ft [3.4884 (5)] and comments. Critical surveys of superallowednmi
transitions lead to values for the first row of the Kobayddlaiskawa matrix= 0.9970 + 0.0021
(1990HA13, 0.9989 + 0.0012 (1990WI1J 1990WI1Q 1990WI05 [and D.H. Wilkinson, private
communication)].

For the transitions td*N*(0, 3.95) log ft = 7.266 & 0.009 (1980WI13 and 3.15 £ 0.02,
respectively. The&)-value difference between thE — 0" transition in this decay and in the
2mAl decay has been measured EW87KO34. For a study of the longitudinal polarization of
the positrons seelf88GI102 1989CA1J 1990CA1Y. See alsol989HALX 1990HA1Q and
(19861S071986JA07 1986SI11H 1987JA071988L0O01 1989SA1R1989WO1E theor.).
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Figure 4: Energy levels df*O. For notation see Fig. 2.
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Table 14.22: Energy levels 6fO

Ey JT T1/2 OF Ie . Decay Reactions
(MeV =+ keV) (s) (keV)

g.s. 0*; 1 Tij2 = 70.606 £ 0.018 s e 1,2,3,4,5,7,8,9,10
5.173 £ 10 1751 ' =38.1+1.8keV 3,56,8,9,10
5.920 £+ 10 0t; 1 <50 p 3,9,10
6.272 £ 10 37;1 103 £ 6 p 3,4,5,9,10
6.590 &+ 10 27,1 <60 p 3,4,5,9,10
(6.79 £ 30) T =— 509
7.768 £+ 10 2% 1 76 £ 10 p 3,5,8,9,10
(8.72 £ 40) 9,10
9.715+ 20 (27); 1 3,5,10
9.915 £ 20 471 100 £ 50 3,4,5,9
10.89 + 50 5,9
11.24 £ 50 9

11.97* 509
12.84 + 50 9
13.01 &+ 50 9
14.15 £+ 40 (57) 4,5,9
14.64 + 60 5,9
17.40 + 60 59

@ Possibly more than one level.

2. (a)’Be(**C, ®He)*O Qum = —25.13
(b) °Be(“C, “He)*O Qum = —34.44
3. 2C(*He, n}*0 Qm = —1.1466

Observed neutron groups are displayed in Tddl23 Angular distributions have been mea-
sured atE(*He)= 15 to 25.4 MeV [see 1981AJ0)] and at 45.5 MeV [987AB04 n, n;). For
“Oo*(5.17)[J" =171, T,/T = (7.2£3.5) x 107%; usingT’..,,. from Table14.22 T, = (2.7+1.3)
eV (1989FE0§. (1989AG1A prelim.) reportl’, = (7.6 + 3.8) eV.
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Table 14.23: Levels of*O from 2C(®He, n)}*O®

E, (MeV + keV) [em. (keV) L"® Jm b
0 0 0*
5.173 + 10 1 1-
5930+ 15¢ < 47 0 0+
6.272 £ 10 103 +6 3 3~

6.596 + 10 4 < 56 (2) ote
7.768 + 10 76 &+ 10 2 2+

9.705 £ 25 (2) (27)
9.9154+20" 100 £ 50 4 4+

& For references see Table 14.221981AJ0).

b See Table 14.30 in@76AJ0J.

¢ E, = 5905 + 12 keV has also been reported.

46585 4 5 keV has also been reported.

¢ J = 2 follows from an np coincidence study. The J shown'f®®*(5.92, 6.27, 7.77) are
in accord with this work.

4. (a)2C(2C, 1°Be) 0 Qm = —20.6136
(b) 12C(“N, 2B)140 Qm = —18.513

At E(2C)= 480 MeV (reaction (a)) forward-angle differential cross seat have been stud-
ied for 1*0O*(6.27, 9.9, 14.1, 15.7).40*(0, 6.59) are also populated. The forward spectra are
dominated by**0*(9.9) (1988KR1J). For the earlier work on both reactions sé®76AJ04
1981AJ0). See alsol988ME1(.

5. 13C(p, 77)40 Qum = —137.161

Differential cross sections have been measuréd,at 250 MeV to '*0*(0, 5.17,6.27 + 6.59,
9.92) and afF, = 354 and 489 MeV td"*O*(0, 6.27 + 6.59) (1988HU0J. At E,, = 489 MeV a
broad structure near 23 MeV is also observed88HUOG but its origin is unknown (R.D. Bent
and G.M. Huber, private communicatioMdte: a7 = 2 state in'“O, corresponding t4*C*(23.2)
may be substantially broader and might be more difficult tectg

At E3 = 200 MeV angular distributions and, have been measured t%0*(0, 5.17, 6.1[ul,
6.6[u], 7.8,9.74+9.9, 10.9, (12.0), 14.2, (14.6, 17.4)). Itis suggested that(14.15) has/™ = 5:
see3C(p, 71)MC (reaction 15) 1989K021 1987K0O0). For the earlier work seel §86AJ0).
See also p. 1041086JA1H 1987VI13 and (L986KU1J theor.).
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6. BN(p, v)'40 Qm = 4.6280

This reaction is important in the hot-CNO cycle if its rate@mnated by = 0 capture through
140*(5.17). Calculations suggebt, for this state is 1.8 eV1(987FU03, > 4.1 eV (1989DE2§.
See also1986AJ0) and references below. For measurements see reactions83aguakl in partic-
ular, (L989FEO§ [I', = 7.6 £ 3.8 eV] for empirical S-factors asf(E). See also{990SMZ2 and
(1982TR1A 1983HA1B 1985BA75 1985CA41 1986F115 1987BU12 1988CA26 1988J01D
1988R0O041988TR1G 1989AG1A 1989AR1G 1989AR1H 1989BA6).

7. 4C(r T, m)HMO Qnm = —4.9866

Forward-angle cross sections have recently been measuregf = 19to 79.5 MeV (L989LE1}
0°) and 300 to 500 MeV1989WI02 5°). For the earlier work sed 986AJ0). See alsol985AL15
1986GI06 1988SE1A1989LE1L and ((987HA29 1989CH1Q1989ST1H1989YU1A 1990CH14
theor.).

8. “N(p, n)}‘0 Qum = —5.9255

Eipresh. = 6353.04 + 0.08 keV (1981WHO03.

Angular distributions have been measuredzgt= 35.2 and 144 MeV [seel(986AJ0) and
(1979M0O16] as well as at 35 MeV19870R01 to *O*(5.17)). A preliminary value fol., of
140*(5.17) is~ 1 eV (1988WAZX) [see also the discussion ihg89FE0]]. See also1984BA2E
1990SMZ2 and (L988CA26 1988LEQS astrophys.).

9. “N(*He, t)40 Qum = —5.1617

Triton groups have been observeditHe)= 44.6 MeV to the first six states shown in Table
14.22and to levels withF, = 6.79 + 0.03, 8.74 + 0.06, 9.74 + 0.03, 10.89 + 0.05, 11.24 + 0.05,
11.97 (unresolved),2.84 +0.05, 13.01 +0.05, 14.15 4+ 0.04, 14.64 £+ 0.06 and17.40 = 0.06 MeV:
see (981AJ0). [The states at 6.79 and 8.74 MeV reported in this reactienreatively weakly
excited and are not observed in reaction B,],,. of *O*(5.17)= 38.1 & 1.8 keV (1985CHO0§.
See also(987K034 1989DE1Q).

10. 160(p, t}4O Qum = —20.4045
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Angular distributions of ground-state tritons have beedigid toF,, = 54.1 MeV: see (981AJ0).
For comparison with the (FHe) results see reaction 641tN.

Triton groups have been observed to states With- 5.21+0.04, 5.92+0.06, 6.284+0.05, 6.59,
7.77,8.69 + 0.06 [weak, not observed in reaction 3], ahd5 + 0.06 MeV. Angular distributions
have been studied with polarized protonskgt = 43.8 MeV to *O*(0, 5.17, 6.27, 6.59, 7.77,
9.72): seel976AJ0J.

14F
(Not illustrated)

F has not been observed: its atomic mass excess is predidbed32.98 MeV which would
make it unstable with respect to decay ift® + p by 2.58 MeV: seel981AJ0). See also
(1986ANO07 theor.).

14Ne 14Na 14M g
(Not illustrated)

1“Ne, “Na and'*Mg have not been observed. S&886AN07 theor.).
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Figure 5: Isobar diagrand = 14. The diagrams for individual isobars have been shifted vertically to elimi-
nate the neutron-proton mass difference and the Coulomb energy, taken-a9.607(Z — 1)/A'/3. Ener-
gies in square brackets represent the (approximate) nuclear ebergy,M (Z, A)—Z M (H)—N M (n)— E¢,
minus the corresponding quantity f6tC: hereM represents the atomic mass excess in MeV. Levels which

are presumed to be isospin multiplets are connected by dashed lines.
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