Revised Manuscript 18 January 2018

Energy Levels of Light Nuclel
A=14

F. Ajzenberg-Selove

University of Pennsylvania, Philadel phia, Pennsylvania 19104-6396

Abstract: An evaluation ofA = 13-15 was published itNuclear Physics A523 (1991), p. 1.
This version ofA = 14 differs from the published version in that we have correceche errors
discovered after the article went to press. The introdactind introductory tables have been

omitted from this manuscriptReferencekey numbers have been changed to the NNDC/TUNL
format.

(References closed July 1, 1990)

The original work of Fay Ajzenberg-Selove was supportedigyliS Department of Energy [DE-FG02-86ER40279].
Later modification by the TUNL Data Evaluation group was supgd by the US Department of Energy, Office of

High Energy and Nuclear Physics, under: Contract No. DEF&®&R40441 (North Carolina State University);
Contract No. DEFG05-91-ER40619 (Duke University).



Nucl. Phys. A523 (1991) 1 A=14

Table of Contents fod = 14

Below isa list of links for items found within the PDF document. The introductory Table 2is available on
this website via the link.

A. Nuclides:'*He, "Li, *Be, *B, “C, “N, 0, F, “Ng, “Na, "*“Mg

B. Tables of Recommended Level Energies:
Table 14.1:Energy levels ot'B

Table 14.3:Energy levels of*C

Table 14.10Energy levels of*N

Table 14.22Energy levels ot*O
C. References
D. Figures:“B, '“C, N, O, Isobar diagram

E. Erratum to the PublicatioiPSor PDF


https://nucldata.tunl.duke.edu/nucldata/HTML/IntroTables/Table2_1991.pdf
https://nucldata.tunl.duke.edu/nucldata/Errata/Errata_1991.pdf
https://nucldata.tunl.duke.edu/nucldata/Errata/Errata_1991.ps

14He
(Not illustrated)

“He has not been observed: s@8§90G1B.

14Li
(Not illustrated)

41i has not been observed. The calculated mass excess is M2\?9see (981AJ0). “Li
is then particle unstable with respect to decay ifitd + n and'?Li + 2n by 3.9 and 3.2 MeV,
respectively [see, howevétLi]. (1985PO1)calculate [in a0 + 1)7w model space] that the first
four states of“Li at 0, 0.75, 1.22 and 1.48 MeV have, respectively,= 2-, 47,3~ and1~. See
also (L986AL09 19890G1B and (L988POZStheor.).

14Be
(Fig. 5)

11Be has been observed in tHeC(r—, 77)“B reaction (984GI09, in the interaction of 30
MeV/A O ions with 8 Ta (1986CU0) and in the spallation of thorium by 800 MeV protons
(1988W0O09. See also1986AJ0). The atomic mass excess reported b9§4GI09 is 40.10 +
0.13 MeV but it is not clear that the ground state was observa®@38§\WOQ09 report an atomic
mass excess df9.74 £ 0.14 MeV which we adopt.'*Be is then bound by 3.0 and 1.12 MeV,
respectively, with respect to decay idt®Be + n and'?Be + 2n [see, howeverl?Be].

1“Be decays bys~ emission to states iriB. Its half-life is4.240.7 ms (1986CU0), 4.35+0.17
ms (1988DU09. We adopt the latter value. The branching ratios for On, rich 2n emission are
0.14 + 0.03, 0.81 £+ 0.04 and0.05 + 0.02 (1988DU09. We remind the reader that the two bound
states of“B are the ground state/T = 27] and an excited state with™ = (17). The binding
energies of 1n and 2n B are, respectively, 0.97 and 5.85 MeV: see Fig. 5.

The interaction cross section at 790 MeMor '“Be ions on C is reported byl988TA1(Q
who also derive the interaction and the r.m.s. radii for theleon distribution in“Be. See also
(1989BEO3 theor.) and {989SA10). A calculation in &0 + 1)/Aw model space suggests that the
first four states of‘Be calculated to be at 0, 1.95, 3.67 and 5.30 MeV h&ve- 0F, 2%, 41, 27,
respectively {985PO1). See alsol986AN07 1986WI04 1987AJ1A 1988MI1G 1988TALN
1989AJ1A 1989DE521989TA1K 1989TA2S 1989VOZM) and (1987BL18 1987SA151987YALG
1989P0O1K 1990BR1$1990L0O1Q theor.).



14B
(Figs. 1 and 5)

GENERAL (See alsol986AJ0)).
Complex reactionsinvolving *B: (1986BI1A 1987SA251988AS1G 1988RU011989AS1B
1989Y003

Pion capture and reactions: (1983AS01 1984AS0%
Hypernuclei: (1986 MELFE 1988MAL1G 1989BA9)

Other topics: (1984VA0G 1986AN07 1989PO1K 1990RE0)}
Ground state of 1“B: (1987VA26 1990L010

Interaction cross sections at 790 MeMbr B ions on Be, C and Al are reported By988TA1(Q
[see also for interaction and r.m.s. radii for the nucleatriiution in'B]. See also 1989SAL1)).

1. “B(5-)“C Qm = 20.64

4B has a half-life 0f16.1 + 1.2 ms (1974AL1J), 12.8 + 0.8 ms (1986CU0): the weighted
mean is13.8 = 1.0 ms and we adopt it. The nature of the decay [see ThbIg fixes J™ of B to
be2~ (1974AL1]). See alsol989P0O1K theor.).

2."C(r,v)"B Qm = 118.92

A single strong transition is observed in this pion captuess section to a state B at
E, =215+0.17MeV, " = 1.0 £ 0.5 MeV, with J™ = 2. The relative branching ratio of the
ground stated ] to this secon@™ state is < 0.1. The data are also suggestive of the population
of 2~ and1~ states in thé”, =5 — 7 MeV region (L983BA34.

3.14C(n, p)*B Qm = —19.86

Ground-state angular distributions have been reportéq at 65 MeV (1986DR1F1988DRZZ
prelim.).

4.1C(Li,"Be)“B Qm = —21.51
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Figure 1: Energy levels of'B.

For notation see Fig. 2.



Table 14.1: Energy levels ¢tB

E, Jo T T1/2 (MS) Decay Reactions
(MeV =+ keV) orI" (MeV)
g.s.? 27,2 T2 = 13.8 £1.0 ms 6~ 1,3,4,5
0.74 + 40 (17); 2 4
1.38 4 30 (37); 2 4
1.86 £ 70" 27; 2 ['=1.0+0.5MeV 2,4
2.08 £+ 50 (47);2 4
(2.32 £ 40) 4
2.97 + 40 4

a See also footnoteto Tablel4.3

b It is not clear that the states reported in reactions 2 ane 4har same states. The level structure of
14B should be studied further. | am indebted to Prof. F.C. Bafteehis comments.

¢ See reaction 2.

Table 14.2: Beta decay &fB #

Decay to**C* | J™ | Branch (¢) | log ft®
(MeV)

0 0+ (5+3)¢ | (6.1+0.3)
6.09 1~ 81+9 4.16 £ 0.06
6.73 3" 8.6%17 5.0470:20
7.34 2 <114 > 4.8

a (1974AL11)).

> Es-(max)= 14.0 £ 0.7 MeV to this state.

¢ This branch has not been observed. It is assumed to be
(5 + 3)% in the calculation of the branching ratios t6C*
(6.09,6.73).

4 This branch has not been observed: the upper limit is shown.
In the calculations of the branching ratios't«€C* (6.09, 6.73)
avalue(5 £ 5)% was used.

¢ M.J. Martin, private communaication.



4B states with) < E, < 3 MeV have been populated in this reactionf{f Li) = 52 MeV:
see Tablel4.1 Similarities in the relative intensities ¢fB*(0, 0.74, 1.38, 1.82, 2.08) and of
12B%(1.67, 2.62, 3.39, 4.30, 4.52) [populated'#C("Li, "Be)*?B], and the similarity in the\ £,
of these!'?B states with the?, of the 1“B states suggest that they have the samél973BA39.

5. 1C(1C, UN) B Qm = —20.49

The work quoted in{986AJ0) has not been published.



14C
(Figs. 2 and 5)

GENERAL (See alsol(986AJ0)).

Nuclear models: (1985KWO02 1985MI123 1986GU1FE 1987KI1CG 1988FL1A 1988WO04
1989P01K1989SI110 1989WO1E

Secial states; (1985BA751985G0O1A1986AN07 1987BL151987BL1§ 1987KI1G 1989AMOY,
1989RA1%

Electromagnetic transitionsand giant resonances. (1984VA0G 1985G0O1A 1986ER1A1987HO1L,
1987KI1C 1987RA01 1989AMO01], 1989RA16 1989SPOYL

Astrophysical questions: (1982WO1A 1986CO1R1986HA2D 1987HALE 1987MA1X, 1987MA2GC
1988AP1A 1988AP1B 1988BE1B 1989BO1M 1989GU1L 1989KA1K, 1989ME1C 1989ST1D
1989WH1B 19900E1C1990TH1Q

Applied work: (1985BA2G 1985GO1R 1986CI1B 1986CS1B 1986DO1M 1986EF1A
1986HO1L 1986KI11J 1986KO2A 1986SR1B1986SU1H1987AR1N 1987BA2M 1987BA2N
1987B0O1Y1987CU1E1987DU1G 1987GA1E1987GO1W1987HE1F1987HE1G1987HO1)
1987JA1G1987KI1l, 1987KO1T 1987KR1Q 1987KU1C 1987LO1E 1987MA2E 1987NA1N
1987NA1Q 19870E1A19870S1F1987PO1K1987RE1H1987SE1D1987SL1A 1987TAL1K
1987VA1S1988D0O10 1988EL1C 1988JU1B1988PU1A 1988SU1E1989L0141989MU1A
1990DO1C 1990SA1y

Complex reactionsinvolving 1*C: (1985AL28 1985BA2G 1985BE4(01985BR1KE1985H02]
1985KAL1E 1985KA1G 1985KAZQ, 1985KU24 1985KW03 1985P0121985P0111985P014
1985S119 1985VI0], 1986BA26 1986BI1A 1986CS1A 1986DE32 1986HAL1B 1986IR01
1986MEO06G 1986PA1N 1986PI111 1986P0O06 1986P0151986PR1B 19865010 1986UTO01
1987BA3§ 1987BL04 1987BUZR 1987BUO07 1987GU04 1987HE1H 19871V01], 1987NA0]
1987P0O1F1987P0O1l. 1987PR1E1987RI03 1987RU1C 1987RU1D0 1987SH04 1987SNO01
1987VI02 1987YAL1lG 1988BA01 1988BES6 1988BL11 1988CA06 1988I1V1C 1988J01B
1988PR1B 1988RU0] 1988SA19 1988SA35 1988SA1X 1988SH291989BA92 1989BR34
1989BUOG 1989BUOS 1989BU1H 1989BU1l 1989CI03 1989CI1C 1989FL1A 1989GIzZV,
1989GRZQ1989GU1B 1989H0161989KI13 1989MA21, 1989MA43 1989P01)1989P0O18
1989PR02 1989PR06 1989PR1EF 1989SA1L 1989SA10 1989SA45 1989SH37 1989TE02
1989Y002 1990AR1E 1990BU09 1990BU13 1990HU02 19900G011990SH011990WEO01
1990YA02

Muon and neutrino capture and reactions (See also reaction 32 i1986AJ0).): (1985K039
1989MU1G 1990K010Q

Pion and kaon capture and reactions (See also reactions 15, 23, 31 and 321)985AL15
1985BA1A 1985CH1G1985K01Y, 1985TU1R 1986BA1C 1986BE1R1986BO1N 1986CE04
1986DY02 1986ER1A 1986FE1A 1986F006 1986GE06 1986G106 1986MAL1C 1986SI111
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1986SU181986WU1D0 1987BA2F 1987BL151987/D0OZY, 1987GI11G 1987J01B1987KA39
1987K0O1Q 1987MI102 1987R0OZY, 1988BA2D 1988BA2R 1988HA37 1988KO1V, 1988LE1G
1988MI1K, 19880H04 19880S1A 1988PA06 1988RO1M 1988TI06 1988YU04 1989CH31
1989DI1B 1989D0O1K 1989J0071989LE11 1989SI11B 1989SI10 1990HAZV)

Hypernuclei: (1984ZH1B 1986AN1R 1986DA1B 1986FE1A1986KO1A 1986MA1C 1986WU1D
1987MI38 1987PO1KH1988MA1G 1989BA92 1989BA93 1989DO1K 1989GE1)

Other topics: (1985AN28 1985MA56 1986AN07 1987AJ1A 1988FL1A 1989AJ1A 1989DE1Q
1989P0051990YA0])

Table 14.3: Energy Levels ofC ?

E.in™C JT T Torle ., Decay Reactions
(MeV + keV)
g.s. 0t; 1 Tip = 5730 £40y 6~ 1,3,4,6,7,8,9, 10,

11, 12, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 30, 31,
32, 33, 34, 35, 36, 37,
38, 39

6.0938 + 0.2 1= Tm < 10 fs vy 3,4,6,7,8,12,15, 16,
18, 20, 22, 23, 26, 35,
38

6.5894 +0.2P 0t 4.3+ 0.6 ps ol 3,4,6,8,12,16

6.7282 &£ 1.3 3~ 96 + 11 ps v |3,4,6,78,09,15, 16,
18, 20, 22, 23, 24, 26,
28, 35, 38

lg| = 0.272 + 0.007

6.9026 £ 0.2 P 0~ 36 -4 fs ol 3,4,7,8,12, 16, 18,
22

7.0120 £4.2" 2+ 13+2fs v 13,4,6,7,8,15,16, 18,
22,23, 24, 26, 38, 39

7.3414+3.1° 2- 160 4+ 60 fs ol 3,4,7, 8,15, 16, 18,
20, 22, 26, 35, 38

8.3179 £ 0.8 2t I'=344+0.7keV vwn |3,4,6,7,8,9, 12,13,
15, 16, 22, 23, 26, 32,
34, 35, 39

9.746 £ 7 0t 8, 38




Table 14.3: Energy Levels 6fC * (continued)

E.in™C JT T T7orle ., Decay Reactions
(MeV + keV)
9.801 +6 3~ 45+ 12 ¥,n |3,6,7,8, 13, 15, 16,
22,26, 38
10.425 £+ 5 2+ n 3,6, 8,13, 15, 16, 22,
26, 38
10.4494+ 7 >1 n 3,6,7,8, 13, 15,38
10.498 =+ 4 (37) 26 + 8 3,7, 8,13, 15,16, 23,
38
10.736 &= 5 4+ 20+ 7 3,6,7,8,9,15, 16, 26,
32
11.306 &+ 15 1t 46 +£ 12 v,n |3,6,13, 21, 22, 26, 38
11.395£8 1~ 22+ 7 3,6,7,8, 16, 26
(11.5) 1= + 2= broad 13
11.666 4+ 10 4= 20+ 7 ol 3,6,7,8,9,15, 16, 22,
23, 24, 26, 38
11.730 £ 9 (57) 3,6,7,8,9, 15,23
11.9 £ 300 (17) 950 £ 300 n 13,16
12.583 + 10 (27,3) 95+ 15 3,7,8,13, 16, 23, 26,
38
12.863 + 8 30 + 10 n 3,7,8,13, 16, 22
12.963 £ 9 (37) 30 £ 10 3,7,8,13, 16, 26
(13.50 & 100) < 200 15
13.7 27 ~ 1800 n 13
(14.05 + 100) < 200 15
14.667 =+ 20 (41) 574 15 n |36,713
14.868 =+ 20 (6*,57) 3,6,7,8,09, 15,38
15.20 £ 23 4= 3,6,7,15, 22, 23
(15.37 & 30) 3
15.44 + 40 (37) 3,13
(16.02 + 50) (41) 3,13
16.43 £ 16 3,6,7,8
(16.57 + 40) 3
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Table 14.3: Energy Levels 6fC * (continued)

E.in™C JT T T7orle ., Decay Reactions
(MeV + keV)
16.715 + 30 (1%) ~ 200 vn |36 12
17.30 £ 30 4= 7y 3,6,7,22,23,24
(17.5) (17) ~ 200 v,n |12
17.95 £+ 40 3
18.10 £+ 40 3
18.5 broad 15
20.4 wide 33
(21.4) 6
2214100 |(27;T=2)°¢ N |22
23.288 + 154 ~ 50 6, 15
2444100 | 47 (T =2) < 300 v | 22,23
24.5 wide 15, 23

@ See also Table®4.4here and in1986AJ0), as well as Table$4.8and14.9and reaction 22.

b See also reaction 16.

© If this is the isobaric analog state &fB, 5. then the'“B—*C Coulomb energy difference is calculated to
be2.25 + 0.10 MeV (1989PLO3.

4 See also reactions 6 and 15.

Figure 2: Energy levels dfC. In these diagrams, energy values are plotted verticaMgV, based on the ground state
as zero. Uncertain levels or transitions are indicated Ished lines; levels which are known to be particularly broad
are cross-hatched. Values of total angular momentuparity, and isobaric spiii which appear to be reasonably well
established are indicated on the levels; less certainrassigts are enclosed in parentheses. For reactions in Wiich

is the compound nucleus, some typical thin-target exoitdftinctions are shown schematically, with the yield plbtte
horizontally and the bombarding energy vertically. Bonudag energies are indicated in laboratory coordinates and
plotted to scale in cm coordinates. Excited states of thewaknuclei involved in these reactions have generally not
been shown; where transitions to such excited states averkinooccur, a brace is sometimes used to suggest reference
to another diagram. For reactions in which the present nsadecurs as a residual product, excitation functions have
not been shown; a vertical arrow with a number indicating esdrambarding energy, usually the highest, at which
the reaction has been studied, is used instead. Furthemafmn on the levels illustrated, including a listing oéth
reactions in which each has been observed, is contained mdster table, entitled “Energy levels'4C”.

11
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Ground state of 1C: (1985AN28 1985GO1A 1985M123 1986HE261987BL1§ 1987KI1C
1987SA151987VA26 1988VA03 1988WO041988WRZZ 1989AN12 1989G0OZQ1989SA10Q
1989TA01 1989WO1H

(r?)1/2 = 2.4962(19) fm (1982SC1).
Adopted values from1(987RA01 1989RA16:
B(E2) T (to *C*(7.01)) = 0.00187(25) e? - b2,

Qo = 0.137(9) b.

Table 14.4: Branching ratios ofrays in**C ®

E; (MeV) JT E; (MeV) Branch (%)
6.09 1~ 0 100
6.59 0* 0 1.1+0.1°

6.09 98.9+0.1°
6.73 37 0 96.4+1.2
6.09 3.6+ 1.2
6.90 0~ 6.09 1004
7.01 2t 0 98.6 + 0.7
6.09 1.44+0.7
7.34 27 0 16.7 + 3.5
6.09 49.0+ 31"t
6.73 343+35°

2 For references see Table 14.5 i®81AJ0). For the decay of‘C* (8.32) see
reaction 12.

b Internal pairsI'/T" = (1.1 4 0.1) x 1072, (M), = 0.36 £ 0.06 fm?.

¢ E, =495.35+0.10 keV (1981K0O08§.

4B, =808.7+ 1.0 keV.

¢ 0(M2/E1) =—0.04 £ 0.09 and+0.07 + 0.30, respectively.

PE, = 1248 + 3 keV.

1. 4C(3)“N Qm = 0.15648

13



The adopted value of the half-life 730 + 40 y: see (976AJ03. UsingQ.,, log ft=9.04
(1971GO4). For discussions of the lifetime ¢fC see {959AJ76 1970AJ04 1976AJ03. See
also (L988YA1Q 1988WRZZ 1989D0O1B 1989P0O1K 1989SA1R 1989WOLE theor.). For the
internal bremsstrahlung spectrum s@8§8RA37.

Table 14.5: Levels of‘C from °Be(Li, p)!‘C®

E, Cem. 2Jp +1° Jr e

(MeV+tkeV) (keV)

6.089 + 10 2.5[3]

6.588 + 10 1.0[1]

6.726 + 10 7.6 [7]

6.899 + 10 1.1[1]

7.016 £ 10 4.5 [5]

7.341 + 10 5.2 [5]

8.318 + 10 22+6 51 2+
9.796 + 10 45 +12 7.7 3
10.441 £ 15 10.8 2t +3
10.512 + 15 26+ 8 9.1 4
10.743 £ 15 2047 154
11.306 £ 15 46 + 12 2.4 1~
11.397 + 15 22+7 6.2 2%, 3
11.667 £+ 15 2047 12.4 5~
11.74 + 20

12.57+ 25 80 4+ 20 15.1
12.867 + 20 30 £10 10.4 4,5
12.970 + 20 30 £10 7.8 3,4
14.667 + 20 57+ 15 2%,3,4,5,67
14.867 + 25

15.19 + 30

(15.37 + 30)

15.44 4+ 40

(16.02 + 50)
16.411 £+ 20

(16.57 + 40)

14



Table 14.5: Levels of‘C from *Be(Li, p)!*C  (continued)

E, Tem. 2Ji + 1 JT
16.715 + 30
(17.28 + 40)

17.95 + 40
18.10 = 40

2 (1973AJ0): E(°Li) = 20 MeV. See Table 14.6 in@81AJ0) for additional information

on cross sections and reduced widths.

b The first number giveg.J; + 1, based on a best fit to the experimentally determined
values for the cross section of the states with known spinses&2J; + 1 values are
determined tat10%, except for the last six values which are determined20%. The
second number, in brackets, givkg + 1 derived from theJ; assignments shown in Table
14.3

¢ Suggested from the&.J; 4+ 1 rule and comparison of predicted neutron width with
observed'. ., assuming).01 < 62 < 1.0.

2. (a)"Li("Li, n)'*C Qm = 18.618 By = 26.794
(b) "Li("Li, p)**B Qu = 5.962
(c) "Li("Li, d)'2B Qm = 3.309
(d) Li("Li, ) ''B Qum = 6.196
(e)"Li("Li, @)'°Be QO = 14.782

(f) "Li("Li, "Li)7Li

For E("Li)= 2.3 to 5.8 MeV, the cross section for emissionaf, a; andas.3.4 is found to
increase monotonically with energy. There is a report oéss\broad structures in th# yield of
ap ando; for E(7Li)= 2 to 20 MeV. it is suggested that they are due to a forward-tacluster
transfer process: se&q76AJ04 for references. For other work seE970AJ04 1986AJ0). For
reaction (a) see alsda987SC1).

3. Be(Li, p)“C Qum = 15.1245

Observed proton groups are displayed in Tdlles See alsd’N.
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4.9Be('Li, d)1C Qm = 10.0990

Angular distributions have been measured &iLB(= 5.6 to 6.2 MeV for the deuterons to
11C*(0, 6.09,6.59+6.73,6.90+ 7.01, 7.34, 8.32). Gamma rays wiffi, = 6094.5+3.2,6728.1 +
1.4 and7011.7 + 5.2 keV have been reported: seE981AJ0) for references. For,, and £,
measurements see Tables 14.41i8§6AJ0) and14.4here (981KOO0J [see this reference for an
extensive study of electromagnetic transition$'i@ and**N].

5. (a)''B(t, n)'3C Qu = 12.4217 B, = 20.5982
(b) 'B(t, a)'°Be Qm = 8.5861

For possible resonant structure in (a) SE&/6AJ0J. For reaction (b) seel081AJ011986AJ0).
See also1990HA4.

6. 'B(a, p)*C Qum = 0.7842

Angular distributions o, have been measured At, = 1.43 to 31.2 MeV: see976AJ04
1981AJ01 1986AJ0). At £, = 118.1 MeV angular distributions have been studied [DWBA
analysis] to!*C*(6.09, 6.59, 6.73, 7.01, 8.32, 9.80, 10.43[u], 10.74,38[u], 11.7[u], 14.67,
14.87, 15.20, 16.43, 16.72, 17.30, 21.40 [u?]). It is sutpgkthat one of the states at 11.7 MeV
hasJ™ = 4~ and the othey™ = (1,2,3)~, and that the state at 16.43 h&5= 6~ (1987AN0J.

At £, = 48 MeV an angular distribution is reported to a statdzat= 23.288 + 0.015 MeV with
I, = 70 + 3 keV. The sharpness of the state suggests.thatlarge, and that perhaps it isra
state (988BR26 and J.D. Brown, private communication). A search has beadenfor an8~
state up to 26 MeV (&0°): the upper limit for its strength is 0.2 that for the 23.29Wiate (J.D.
Brown, private communication). See alStl, (1989BR1) and (L988CA26 astrophys.).

7. ()"'B(°Li, *He)"'C Qm = 4.8027
(b) “B("Li, a)'C Qum = 18.1304

Below E, = 10.4 MeV, “C*(6.09, 6.73,6.90 + 7.01, 7.34, 8.32, 9.78) are observed in both
reactions atF/(Li) = 34 MeV (1984CL09: the states observed at higher excitation energies are
displayed in Tabled 4.6 The intensities of théHe anda groups in the two reactions are signifi-
cantly different. Comparison of the angular distributiamseaction (a) and in the analog reaction
HB(5Li, t) 1N, as well as other data, leads to the assignment of analcg) pake reaction 11 iftN.

It is suggested that'C*(11.73) and not*C*(11.67) is populated in the inelastic pion scattering
(1984CLO0O9. For the earlier work on reaction (b), se®76AJ03.
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Table 14.6: States it C from !'B(°Li, *He) and'!B("Li, «) *

E, (MeV+keV)? E, (MeV+keV)?
1047 +£15°¢ 12.96 £ 30
10.74 4+ 154 14.67 £ 30
11.40£20° 14.87 £ 30
11.66 & 15 15.21 4+ 30
11.73 £ 15 16.45 £25°
12.58 £+ 30 17.32 £ 40
12.86 = 30

2 (1984CLO0§: E(Li) = 34 MeV. See for angular distributions and for discussion
of analog states it*N. See also reaction 11 irN.

b States below?, = 10.4 MeV are not displayed here.

¢ Unresolved.

4 Differential cross section at0° in ''B(°Li, *He) is much higher than in
LB(TLi, ).

¢ More strongly populated ih! B("Li, «).

8. 12C(t, pyC Qum = 4.6410

Observed proton groups are displayed in Tdldle. Angular distributions have been measured
at B, = 5.5 to 23 MeV [see {981AJ0)] and at 33 MeV (986COZQ prelim.; to 1“C*(6.09,
6.6[u], 7.01, 8.31, 10.5[u], 14.87, 16.43). For other ressée {986AJ0). See alsd°N.

9. 2C(q, 2p)*C Qu = —15.1731

At E, = 65 MeV angular distributions have been measured@y(0, 6.734+0.02, 8.40+0.14,
10.69 £ 0.05, 11.69 4+ 0.06[u], 14.84 + 0.4). The two most strongly populated states (or groups of
states) aré*C*(6.73, 10.69).J™ = 1~ and ¢+, 57) are favored for*C*(11.69, 14.84). For the
latter 4™ is considered to be very unlikely: seE986AJ0). See alsoX981AJ0) for the earlier
work.

10. 12C(1N, 2N)1C Qm = —17.495

See (986BA16 1986EL1C 1986RO1Q.
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Table 14.7:C states from?C(t, p)“C ®

B, b E, °© I be J7

(MeV+tkeV) (MeV+keV)

—0.006 % 10 0 0 0t
6.087 & 10 6.099 %+ 10 1 1-
6.577 4 10 6.589 & 10 0 0t
6.725 £ 10 6.731 % 10 3 3-
6.895 4 10 6.899 & 10 weak

= 7.012 7.017 + 10 2 2+

7.336 & 10 7.342 4+ 10 weak

8.307 £ 12 8.315 % 10 2 2+

9.746 £ 74 0 0t

9.809 4+ 10 ¢ 9.80 420 ° (1) (17)
10.425 £ 64 10.419 + 20 2 2+
10.448 £ 10
10.498 £4 4 10.492 4 20 (3) (37)¢
10.736 £54 10.730 £ 20 4 4+
11.398 £ 10 11.377 4 20 1 1-
11.665 + 13 11.647 4 30 (1) (17)
11.727 £ 10 e (5) (57)
12.580 £ 12 (2, 3) 2+, 3%)
12.867 £+ 10 12.849 + 20 2,3 2+, 3
12.963 + 10 12.945 + 30 (1) (17)

@ See also Tables 14.5 i6976AJ04 and 14.7 in {981AJ0), and (L982F00), and reaction 8.

b B, = 18 MeV (1978MO07 1978MO08.

° B, = 23 MeV (1978AJ03.

4 The widths for'*C* (9.75, 9.81, 10.43, 10.50, 10.74) are, respectively 18, ¥4, 18 and 15 keV
(1978MO07 1978MO08.

¢ Very weak at all angles.

f See also the note added in proof on p. 47616f(8MO08.
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11.12C(*®0, ?C)'*0o* & MC Qm = —6.2270

See®O in (1987AJ02.

12.13C(n,7)"C Qm = 8.1765

The thermal capture cross sectioni87 + 0.04 mb (1982MU14. The decay is primarily to
14C*(0, 6.59) [84.0 £ 2.3)%, (8.5 & 0.5)%, (8.5 & 0.5)%] with weaker branches t8C*(6.09,
6.90) [2.5 4+ 0.5)%, (4.9 & 1)%]. Gamma rays witht, = 8173.92, 6092.4 + 0.2, 2082.6 + 0.3,
1586.840.2, 1273.940.2, 808.9+0.2 and495.4+0.3 keV have been observed,, = 6093.84+0.2,
6589.440.2 and6902.640.2 keV are reported for*C*(6.09, 6.59, 6.90). The neutron capture yield
for £, = 95 to 235 keV shows aresonancefat = 152+ 1 keV, I',, = 5+ 1 keV: see Table 14.8
in (1981AJ0). Arevised value of ', is 2.4+ 0.9 eV [see R.L. Macklin quoted iflOQ90RA0J]. A
recent remeasurement of the on- and off-resonance captemtnes the following', (in meV)
for the listed transitions8.32 — g.s. = 347¢%; 8.32 — 6.09 = 151755; 8.32 — 6.73 = 3075,
Thus the total radition width for'C*(8.32) is215™5: meV. The off-resonance capture cross section
is 20 £ 9 ub (1990RA03. The decrease by an order of magnitude inkthef *C*(8.32) has an
important bearing on nucleosynthesis and appears to signify reduce the production gf > 14
nuclei in the non-standard Big Banf990RA03.

Angular distributions of cross sections andand thed0°+, cross sections have been measured
in the rangeF; = 5.6 to 17 MeV. M1 resonances are indicated&at ~ 9.2 and 10.1 MeV
(I' = 200 keV) [E, = 16.7 and 17.5 MeV].c(E2) is less than 2% of the total capture cross
section forE, = 5.6 to 17 MeV (1985WR0). See also1988MA1U, 1989DE28 astrophysics)
and (L985WE06 1986HO1N 1987LY01, 1988HO06 1988HO1E 1988RA10 theor.).

13. (a)*C(n, n)3C E, = 8.1765
(b) 3C(n, 2nj2C O = —4.94635

The coherent scattering length (thermal, bound).i® + 0.09 fm, ot = 4.16 £ 0.13 b
(1979K0O2§ [see, however,1986AJ0)]. aj—y = 5.5 £ 0.1 fm; aj—o = 6.6 £ 0.4 fm: see
(1987LY0D. The total cross section has been measured from 0.1 to 23 M=/ 988MCZT,
1981AJ0).

The results of arR-matrix analysis based an(#) for neutrons scattered t6C*(0, 3.09, 3.68,
3.85) for4.5 < E, < 11 MeV and on some other work are shown in Table 14830REO).

The cross section for reaction (b) has been studied’for 7.5 to 14.8 MeV: see unpublished
work quoted in {987REOQ). Double differential cross sections have been studied5at < £,
< 10.99 MeV: evidence is found for the excitation &fC states |, = 15.8 — 18.4 MeV] which
decay t0'?C, ;. via *C*(7.55) [J™ = 2] (1987REQ).
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Table 14.8:R-matrix analysis of*C(n, n)?

E, (keV) E, (MeV) Lo (keV) J"
1529+ 1.4 8.3184 + 0.9 34+0.7
1736 9.79 14 3~
1754 9.8 38 1-
2426 10.43 9 3-)
2445 10.45 7 1+, 2)
2504 10.50 <5 >1
3358 11.292 170 1t
3500 11.4 2700 1-
3700 11.6 1300 2~
4330 12.19 370 1-
4770 12.60 180 2~
5050 12.86
5162° 12.97
6000 13.7 1800 2~
6950 14.62 390 (17)
7048 14.716 90 4+
7260 14.91 250 (1)
7950 15.55 270 3~
8300 15.9 630 (17)
8340 15.91 330 4+
9100 16.6 780 (1)
10200 17.6 1300 (1)

@ For the 153 keV resonance see Table 14.8l88(AJ0); for the structures ak, < 3 MeV see
(1981AJ0) and (L981LA0H [quoted in Table 14.9 of1986AJ0)]; for higher energy structures
see ((989REO)L

b See Table 14.9 inlO86AJ0).
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14. (a)'3C(n, p)*B Qm = —12.655 E, = 8.1765
(b) 3C(n, 1B Om = —12.4217
(c) 13C(n,a)"Be Qm = —3.8356

For reaction (a) se€B and (L989S0ZY. For reaction (b) seel@88MCZT). For reaction (c)
see ((989REOQ).

15.13C(p, #1)1C Qum = —132.1743

At E, = 185 and 200 MeV the angular distributions of and7~ to the ground states ¢fC
and'*O are very different: see P86AJ0). Angular distributions andl, measurements have been
reported at; = 200 MeV by (1987K001 1989K02) to '*C*(0, 6.09, 6.9[u], 7.34, 8.32, 9.8[u],
10.4[u], 10.7[u], 11.7[u], (13.0, 13.6), 14.87[u], 18.5¢kd], 23.2). The latter state has an energy
of 23.2 + 0.1 MeV andl’ < 85 keV: it is not clear whether this is the same state as thatrtegpo
in the ''B(«, p)**C reaction at 23.29 MeV (Dr. S. Vigdor, private communicajioA, =~ 0 at
all angles for this statel@87K0O01 1989K02). Assuming that ther* groups to'*C*(6.9) and
110*(6.3) correspond to single states, and that the first @apal*C*(6.73) [J™ = 37], then
140%(6.27) is assigned™ = 3~ also. A similar comparison of*C*(14.87) with 1*O*(14.15),
and with'*N*(16.91) [J™ = 57;1] suggests/™ = 5~ for these'*C and!*O states 1989K02).
(1988HUO0J report differential cross sections &}, = 250, 354 and 489 MeV t3*C*(0, 6.09,
6.7[u], 7.34, 8.32, 9.80[u], 10.5[u], 11.7[u], 14.87, 2B8dhd to previously unreported states at
E, = 13.50 and 14.05 MeV: The (pr*) reactions show an enhancement of #{8) near the
invariant mass of thé\;,3,, in contrast with the (py~) reactions. A broad structure nely = 25
MeV is also observedl@88HUOQ [see also for a continuum study]. (R.D. Bent and G.M. Huber,
private communication) report that, from their measuretsidnn, = 23.2 + 0.6 MeV andI'. . <
200 keV. The assignment of™ = 5~ to 1“N*(14.87) [see fig. 2 of 1988HUO04] is tentative. The
uncertainties in thé’, = 13.50 and 14.05 MeV states are100 keV and theirl’.,,, are< 200
keV. | am greatly indebted to Drs. Bent and Huber for their owents. See also reactions 51D,
(1986JA1H 1988HU1) and (L987KUO0G theor.).

16. (a)'3C(d, p)*C Qum = 5.9519
(b) BC(t, d)“C Qu = 1.9192

Observed proton groups are displayed in Table 14.10986AJ0). Recent measurements of
proton groups, using a spectrograph, give= 6094.05 + 0.11, 6589.58 4 0.39, 6731.58 & 0.11,
6902.24+0.18,7011.44+0.8 and7342.65+ 0.32 keV (1990PI109. Angular distributions have been
measured at a number of deuteron energies up to 17.7 MeVi88&4J0] 1986AJ0).
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Gamma rays are exhibited in Takld.4 studies of these, of the angular distributions ana-
lyzed by DWBA, and of p correlations lead to the following™ assignments [see reaction 14 in
(1970AJ04 for a full discussion of the evidence and a listing of thevaht references}*C* (6.09)
is 1~ (decay is E1);*C*(6.59) is0O* (internal pairs only);"*C*(6.73) is3~ (v is E3; 1, = 2);
14C*(6.90) is0~ (novy; 0.81 MeV cascade via 6.09 is predominantly dipolg; + 6., correla-
tion is only consistent with/ = 0, and plane polarization leads to negative parityg* (7.34) is
2~ (strength of cascade decay and angular correlation rgsi#ts a study of the pair decay of
14C*(6.90) [J™ = 0] see (L986PA23. See alsd®N, (1987AB04 and (L985ME1E applied).

In reaction (b) at”; = 38 MeV angular distributions have been studied46*(0, 6.09, 6.6[u],
7.0[u], 7.34, 8.32, 9.8, 10.4[u])L@88SI03.

17.13C(Li, 5Li)1C Qum = 2.51

(1988WO0O10 [and se€He, reaction 9 in1988AJ0)].

18.13C("Li, SLi)“C Qm = 0.926

At E("Li) = 34 MeV angular distributions have been studied46*(0, 6.09, 6.73, 7.34):
S =1.70,0.43, 0.59, 0.551(987C0O18. See alsol986AJ0).

19. BC(13C, 12C)1C O = 3.2302

See (986AJ0). See alsol987GR1K and (L987THO04 theor.).

20. “B(5-)1C Qum = 20.64

4B decays primarily td*C*(6.09, 6.73): see Tabl#4.2 The half-life is13.8 & 1.0 ms: see
14
B.

21. (@)"“C(y, n)!3C Qm = —8.1765
(b) *C(y, 2n)*C Qum = —13.1229
(c) “C(v, p)“B Qu = —20.832
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The cross sections for reactions (a) and (b) have been neghsith monochromatic photons
to £, = 36 MeV (and the {, Tn) cross section has been derived) b9§5PY0). A sharp state
is observed [withv ~ 3 mb] at £, = 11.25 + 0.05 MeV (1985PY0) [also observed in they(
ng) work of (1985KU0J) and showing a pronounced E1-M1 interference], sitting @mab tail of
the GDR. The integrated value of the cross sectianlist 0.1 MeV - mb, yieldingl',, = 12 £ 1
eV. Most of the M1 strength of th&€C core is concentrated at 11.3 Me¥985PY0). While
other states oh‘C affect the §, n) cross section at higher energies there is no evidencigwiyp
resonances. The next major peak is at 15.5 Me\&{ 9.1 mb), whose decay is by neutrons to
12C, .. Above 17.5 MeV the neutron decay becomes more comdl@85PY0). Reaction (b)
has little strength below 23.3 MeV. Above that energy, stafé*C (7.) can decay td*C*(15.1)
[T = g], which subsequently decays by neutron emissid@#B6PY0). See also they ng) work
of (1985KU0J), (1988DI02J and (L985G0O1A 1987G0091987KI1C theor.).

22.'C(e, e}*C

The charge radius of'C, r.,,, = 2.56 £ 0.05 fm (1973KL1). At £, = 37 — 60 MeV
(6 = 180°) inelastic groups are reported ttC*(7.01, 7.34, 8.32, 9.80, 10.5].31 + 0.02, 12.96,
14.67) with the 11.3 MeV staté{,I' = 207+ 13 keV,T',, = 6.8+ 1.4 eV] dominant (977CROX.
At E, = 81.9t0 268.9 MeV ¢ = 180°) (1989PL05 1984PL032 find the dominant strength to be
to 4 states at 11.7, 17.3 and 24.4 Me¥(0[1 MeV]. The first two of these ard” = 1 states
reported in the#, ) reaction below, the third is suggested to hdve- 2 (and to be unresolved
from a2~ state). The M4 form factors account for 41% and 37% ofthe= 1 andT = 2
single-particle (eg’) cross section, respectively. The observed transitiorthed” = 1 states
exhaust 33-45% of the total isovector transition strengith B-15% of the isoscalar transition
strength. Magnetic electron scattering is most sensitiviedvector transitionsl@84PL0J. The
population of*C*(6.1, 6.7, 7.0, 8.39.84 4 0.05, 10.50 £ 0.05, 12.2 £ 0.1, 12.9 £ 0.1, 13.6 = 0.1,
14.0£+0.1,14.9£0.1,15.2+0.1,16.5£ 0.1, 22.1 £ 0.1) is also reportedl(989PL05 1984PL03.
See also1987DE43 1986HI106 1989AJ1A and (L986LI11C 1987G0O081987KI1C 1987L13Q
1988CL03 1988HO1E 1990CL02 1990GA1M theor.).

23.14C (%, 7¥)1C

Elastic angular distributions have been measurefl,at= 50 MeV (1985MI119, 65 and 80
MeV (1983BL1) and 164 MeV {986HA2B. At £+ = 164 MeV, the differential cross sections
for the transition td*C*(7.01) [J™ = 2] are nearly the same far" andr~. Angular distributions
have also been studied to thg state,'*C*(8.32), and to an unresolved groupiat = 10.4 MeV
[the latter results are consistent wiiti = 3~ distribution] (L988HA14) [see for discussion of
B(E2)]. In earlier work att,+ = 164 MeV angular distributions had been obtained to states at
E, = 6.7,11.7, 15.2, 17.3 MeV40.1 MeV] with J* = 37,47, 47, 4-. In addition a broad
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structure [ = 1.7 MeV) had been observed near 24.5 MeV. It may include a nampeak at
24.4 MeV (1985HO07: see also the Erratum§90HO1G. The population of*C*(6.1, 12.6) has
also been reported: seE9B6AJ0). See also{989AJ1A.

24. (@)"C(p, p)‘C
(b) “C(d, d)C

At E, = 497 MeV C*(11.7, 17.3) ™ = 47] are populated(989CRZX prelim.). Elastic
angular distributions are reported &t = 35 and 40.1 MeV {990YAOQ]). See alsol981AJ0]
1986AJ0) [the work quoted in1986AJ0) has not been published.]

25.14C(He, *He)“C

Elastic angular distributions have been studiefi@He) = 4.5 to 18 MeV [see {976AJ04], at
22 MeV (1988AD1RB prelim.) and 72 MeV1988DE341989ER0%and at 39.6 MeV1987BUZR
prelim.). See alsol@89DE1Q 1989GA1) and (L986ZE04 theor.).

26.“C(o, a)C

Elastic angular distributions have been studied at= 22, 24 and 28 MeV [seel@76AJ09]
and atF, = 35.5 MeV (1984PE2). At the latter energy many inelastic groups have also been
studied: see Table 14.9984PE2). See alsd®0 in (1987AJ02 and (L985UMO theor.).

27.14C(Li, SLi)C

Elastic angular distributions have been obtained@t.i) = 93 MeV (1986BR331987DE02
1988DE471989DE32 and 210 MeV 1987WI09 forward angles).

28. (a)14C(12C, 12c)14C
(b) 14C(13C, 13c)14C
(C) 14C(14C, 14c)14C
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The elastic scattering for reaction (a) has been studieg'aC) = 20 to 40.3 MeV (L986STZY,
prelim.) and 31 to 56 MeV1985K004; that for reaction (b) has been studied/&t3C) = 20
to 27.5 MeV (1988BI1]) [see also reaction 50 iF*C]; and that for reaction (c) is reported at
E(*C) = 31 to 56 MeV: see 1986AJ0). For the earlier work seel976AJ04. For yield and
fusion studies se€lP86AJ0) and (L986STZY). The yields ofy-rays from!‘C*(6.73) [J™ = 3]
have been measured féai(}*C) = 25 to 70 MeV: see 1986AJ0). See alsoX990VO1E and
(1986BA69 theor.).

29. 14c(15N 15 N)14C

See (986BA69 theor.).

30. (a)14c(160’ 160)14C
(b) 14C(17O, 170)14C
(C) 14c(180’ 180)14C

The elastic scattering has been studied in reaction (&(40) = 20, 25 and 30 MeV [see
(1981AJ0)] and atE(**C) = 20 to 43 MeV (1986STZY. prelim.); that for reaction (c) has been
studied forE(*4C) = 20 to 30 MeV (1986STZY). Thea-breakup in reaction (c) is being investi-
gated aty(*80) = 33.5 to 64 MeV (L988AL1F prelim.). For excitation functions se2486AJ04
and (L986STZY). See also1989CI1Q and (L986BA69 theor.).

31. “N(y, 7H)1C Qm = —139.725

Differential cross sections t4'C,; have been measured & = 173 MeV (1985R005
1987R0O23, at 200 MeV (1985C0O1%, at 230, 260 MeV and 320 MeV1P86TEO] 1990GH0)
and at 320 and 400 Me\.P90DI1D prelim.). The transitions to the" states at.01 +8.32[u] and
10.7 MeV have been studied by987SU1Y [see forB(M1)]. See also1985BE1K 1987HUO1
1987YAL), (1986WI1Q 1988TI06 1990ERO03theor.) and the “General” section.

32. UN(r—, 7)4C Qum = 139.412

The photon spectrum from stopped pions is dominated by pemkssponding té*C*(6.7 +
6.9 4+ 7.0[u], 8.32, 10.7) and branching ratios have been obtainedhiese and the g.s. transi-
tion. That to**C*(6.7 + 6.9 + 7.0) is (6.22 = 0.40)% (absolute branching ratio per stopped pion)
(1986PEOX For the earlier work sedt©81AJ0). See also the “General” section.
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33.14N(n, p)C Qum = 0.6259

The py angular distribution has been measuredat= 14 MeV: see (981AJ0). At E, =
60 MeV the stongest transitions are ¥C*(7.0 + 8.3, 11.3, 15.4) and to the giant resonanace
peak, centered at 20.4 MeV, and angular distributions have been studied to thesepy: see
(1986AJ0). For cross sections of astrophysical interest'$de A study of P-odd and left-right
asymmetries with polarized thermal neutrons is reporte@Bg8AN19. See alsol986BO1K
1988EL1GC applied).

34.14N(d, 2p}“C Qm = —1.5987

Angular distributions have been measurediat= 70 MeV to *C*(7.0[u], 8.3). The ground
state is very weakly populatedY86M0O27. See also{988HE1).

35. “N(t, *He)“C Qum = —0.13788

At £, = 33.4 MeV C*(0, 6.09, 6.73, 7.34, 8.32) are populaté@88CL0J.

36. 1N("Li, "Be)\‘C Qm = —1.018

See (986GO1B prelim.; E(**N) = 150 MeV).

37. BN(y, p)iC Q. = —10.2074

See (981AJ0), '°N and (L988GOZM theor.).

38. 5N(d, *He)*C QO = —4.7139

The parameters ofC states observed in this reaction are displayed in Tab8df41976AJ04.

39.160(Li, 5B)!4C Qum = —16.592

At E(°Li) = 93 MeV “C*(0, 7.01, 8.32, 10.45) are populated, the first two of theisengly:
see ((981AJ0).
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Table 14.9: States dfC from *C(a, o) 2

E, (MeV) " Le Jr 32 d
6.09 1 1- 0.050
6.73 3 3 0.158
7.01° 2 2+ 0.086
7.34 9
8.32° 2 9+ 0.049
9.80 3 3 0.068

10.44 £ 0.06 © 2 2+ 0.038

10.74 4 A4+ 0.018
11.32 £ 0.06 2 2t 0.014
11.62 + 0.08 4-
12.58 3 3 0.041
12.96 (3) (37) 0.033
13.58 1 1- 0.068
14.82 3 3 0.079
15.66 3 3 0.096

2 (1984PE2% E, = 35 MeV.

b Excitation energies without uncertainties are from Tabde3 except for
the last three values.

¢ Microscopic DWBA analysis.

4 Collective deformations.

¢ |soscalar transition rateB(02) are 168, 96 and 74 finfor “C* (7.01,
8.32, 10.44).

27



14N
(Figs. 3 and 5)

GENERAL (See alsol(986AJ0).

Nuclear models: (1985KW02 1986ZE1A 1987KI1G 1988W0O04 1989TA0] 1989WO1E
1990HAOQ7 1990VAOQ]

Secial states: (1985AD1A 1985BA75 1985GO1A 1986ADZT, 1986AN07 1986G0O29
1987BA2J1987BL151987KI1C 1987SU1G1988KW02 1988WRZZ 1989AMO0], 19890R02
1989SU1E1989TAOQ)

Electromagnetic transitionsand giant resonances. (1984VA06G 1985G0O1A 1985GO1B1986ER1A
1987BA2J1987KI1C 1988YA1Q 1988WRZZ 1989AMO])

Astrophysical questions: (1982CA1A 1982WO1A 1985BR1E 1985DW1A 1985PR1[)1986CH1H
1986DO1L, 1986HA2D, 1986LA1C 1986MALE 1986SM1A 1986 TR1G1986WO1A 1987AL1B
1987AR1J1987AR1G 1987AU1A 1987BO1B 1987CU1A 1987DW1A 1987ME1B 1987MU1B
1987PR1A1987RA1D0 1987WALL, 1988BA86 1988CUZX 1988DU1R 1988DULG 1988EP1A
1988KR1G 1988WA1l, 1989AB1])1989B0O1M 1989CH1X 1989CH1Z 1989DE1J1989DU1R
1989GU1Q1989GU281989GU1,)1989GU1L, 1989HO1F1989JI1A 1989KA1K, 1989KE1D
1989ME1G 1989NO1A 1989PR1D1989WY 1A 1990HA07 1990HO1] 1990RO1E1990SI1A
1990WE1)

Complexreactionsinvolving **N: (1984MA1R 1984XI1B, 1985BE4()1985KW03 1985P011
1985R0O101985SH1G1985ST201985ST1B 1985WA22 1986AI1A, 1986BO1B 1986GR1A
1986GR1B1986HA1B 1986MA13 1986MA19 1986ME06 1986PL021986P0O061986SA30
1986SH2B 1986SH1F1986VA23 1986WE1C 1987BA38 1987BES51987BES81987BO1K
1987BUO7 1987FE1A 1987GE1A 1987G0O17 1987HI05 1987JA06 1987K0O15 1987LY04
1987MUO03 1987NA01 1987PA0] 1987RI03 1987R0O101987SH23 1987ST01 1987TE1D
1988AY03 1988CA27 1988GA12 1988HA43 1988KA1L, 1988LY1B 1988MI28 1988PAZS
1988P0ZZ 1988PO1F 1988SA19 1988SH03 1988S101 1988TE03 1988UT02 1989BA92
1989BR35 1989CA15 1989CEZZ 1989GE11 1989KI13 1989MA45 1989P0061989P0O07
1989PR021989SA101989V0O19 1989Y002 1989ZHZY, 1990BO04 1990DE14 1990GL01
1990LEO8 1990PA01 1990WE14 1990YEO03)

Applied work: (1985G027 1985K01V, 1986BO1L, 1986C0O1Q 1986HE1LR 1986NO1C
1986PH1A1986ST1K 1986ZA1A 1987SI101987ZA1D 1988AL1K, 1988GO1M 1988ILZZ,
1988RO1F1988RO1L. 1988ZA1A 1990K02)

Muon and neutrino capture and reactions. (1985AG1G 1985K039 19861S02 1987SU06
1988AL1H 1988BU01 1989MU1G 1989NA0], 1990CH131990GR1G

Pion capture and reactions: (1983AS01 1984AS05 1985BE1C 1985K01Y, 1985LA2Q
1985R0O171985TU1B 1986AR1F 1986BE1R 1986CE041986DY02 1986ER1A 1986GEQ6
1986K0O1G 1986LAZL, 1986PE051986RA1)1986R0O031986SU181987AH1A 1987BL15
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1987B0O101987BO1E1987D0OZY,1987GI1B 1987GI1G 1987G0O051987KA39 1987KO1Q
1987LE1E 1987NA04 1987R0231988GIZU 1988KO1V, 1988MI1K, 19880H04 1988TI06
1989BA63 1989CH31 1989DI11B 1989DO0O1L, 1989GA09 1989GE101989GIZW, 1989GIZV,
19891T04 1989KHO0§ 1989NA0] 1989RI05 1990BE24 1990CH12 1990CH1S 1990DI1D

1990ER031990ER1E1990GH0)

Kaon capture and reactions. (1985BE62 1986BE42 1986DA1G 1986FE1A 1986 MA1G
1986WU1G 1989BEXX, 1989BEXU 1989D01] 1989D0O1K 1989SI109

Antinucleonreactions: (1986BA2W, 1986KO1E 1986R0O231986SP011987AH1A 1987GR20
1987HA1J 1987P0O051989RI05 1990J00)

Table 14.10: Energy Levels 6fN @

E . in"“NP
(MeV + keV)

J© T

(keV)

Decay

Reactions

g.s.

2.312798 + 0.011

3.94810 £ 0.20

4915114

17:0

0*: 1

17:0

stable

Tm = 98.7+4.5fs¢

70+25fsd

76+14fs

29

6,7, 8, 9, 10, 18
19, 20, 21, 22, 23
24, 25, 31, 32, 33
34, 35, 36, 37, 38
39, 40, 41, 42, 43
44, 45, 46, 47, 48
49, 50, 51, 52, 53
54, 55, 56, 57, 58
59, 60, 61, 62, 63
64, 65

8, 10, 18, 19, 20
21, 24, 25, 31, 32
33, 34, 36, 37, 38
39, 42, 44, 45, 47
57, 58, 59, 60, 61
64, 65

6, 7, 8, 10, 18, 19
20, 21, 25, 31, 32
33, 34, 37, 38, 39
43, 44, 45, 46, 47
48, 57, 58, 59, 60
61

6,7,18,19, 20,21
31, 32, 33, 34, 38
43, 44, 45, 46, 47
48, 59, 60, 61




Table 14.10: Energy Levels 6fN # (continued)

E . in NP
(MeV + keV)

J© T

(keV)

Decay

Reactions

5.10589 4+ 0.10

5.69144 £ 0.13

5.83425£0.14

6.2035 £ 0.6

6.44617 £ 0.10

7.02912 £0.12

7.9669 £ 0.5

8.062 £ 1.0

8.490 £+ 2

17:0

370

20

6.27 + 0.07 ps

lg| = 0.66 & 0.04
16 + 8 fs

11.98 £ 0.23 ps

160 + 20 fs

620 =60 fs

54+0.5fs

I'=(2540.7) x 1073

23+1

Tm =19+ 3fs

30

1, 6,7, 8,10, 18
19, 20, 21, 31, 32
33, 34, 38, 39, 43
44, 45, 46, 47, 48
59, 60, 61, 64

6,7,18,19, 20,21
25, 31, 32, 34, 38
43, 44, 45, 46, 47
48, 59, 60, 61

1,6,7, 11, 18, 19
20, 21, 23, 24, 31
32, 34, 38, 39, 43
44, 45, 46, 47, 48
59, 60, 61

6,7,18,19, 20,21
25, 31, 32, 38, 39
45, 46, 47, 48, 59
60, 61

6,7,18, 19, 20,21
25, 31, 32, 38, 45
46, 48, 59, 60, 61

6,7,18,19, 20,21
25, 31, 32, 34, 38
39, 43, 44, 45, 46
47,48, 59, 60, 61

6,7,18,19, 20,21
25, 32, 45, 48, 59
60, 61

18, 19, 25, 26, 31
32, 41, 45, 47, 59
61

6,7,18,19, 20,21
25, 31, 32, 39, 43
45, 48, 60




Table 14.10: Energy Levels 6fN # (continued)

31

E in¥NP J T Ten OF D, Decay Reactions
(MeV + keV) (keV)
8.618 &2 07; 1 ['=3840.3 7 P 8, 18, 19, 25, 26
31, 32,45,59, 61
8776 +7 0 410 =+ 20 v, P 25, 26, 32
8.907 + 3 37; 16 £2 7P 19, 25, 26, 31, 32
42,45,59, 61
8.964 + 2 5t:0 T = 105 £ 17 fs v, P 7, 11, 19, 20, 21
23, 25, 31, 32, 52
59
8.980 + 3 2+ (0) P=8+2 7, P 6,7, 19, 25, 26,31
32,59
9.1290 £ 0.5° 37;0 Tm = 13£5fs v P 6,7,19, 20, 25, 31
32,48
9.17225 + 0.12 2% 1 [ =0.12240.008 " P 19, 25, 31, 32, 42
45,59, 60, 61
9.388 +3 27,0 13+3 p 6,7,19, 20,21, 26
31, 32, 45, 48, 59
60, 61
9.509 + 3 27:1 41+ 2 7, P 19, 25, 26, 31, 32
45,59, 60, 61
9.703+ 4 1%;0 15+ 3 p 6, 19, 21, 25, 26
31, 32, 45, 59, 60
61
10.079 4 10 (3%) <10 6,7,11, 19, 21, 32
10.101 + 15 2,170 1243 7, P 19, 21, 25, 26, 32
45, 59, 60
10.226 + 8 1):0 80+ 15 ) 19, 21, 25, 26, 32
59
10.432 + 7 2t: 1 3343 7, P 11, 19, 25, 26, 38
42,59, 60, 61
10.534 + 20 (17) 140 p 19, 26, 32
10.812 4+ 15 5T: 0 (0.39 £ 0.16) x 1073 ~ 6,7,11, 19, 20, 21
32,48
11.00 + 30 165 + 30 7, P 25




Table 14.10: Energy Levels 6fN # (continued)

E,in NP JT T T OF T Decay Reactions
(MeV + keV) (keV)
11.050 + 5 3+ 12404 v, p 6,7,11,19, 21,25
32,59, 60
11.07 1*;0 100 n,p,d 13, 26, 27
11.21 + 30 T=1 220 + 30 v p,d |13
11.24 £15 37,0 11 v, n,p 11, 19, 26, 27, 32
42, 43, 45, 46, 47
48, 59
11.27 £ 15 27;0 180 n,p,d 6, 13, 14, 21, 26
27,32,59
11.357+ 15 1%;0 30 n, p, d 13, 14, 19, 26, 27
59
11.5135+ 1.5 2+ 3t 7.0£0.5 p,d 6,7,11,13,14,19
21,32,42,59, 60
11.676 + 18 1727 150 £+ 20 n, p, d 13, 14, 27, 32, 59
11.741 £ 6 1= 2° 4049 (), p,d |13
11.761 £ 6 3714 78 + 6 (), p,d |13
11.807 £ 7 27 (1) 11949 npd |13, 14
11.874+6 2=, (17) 101£9 n,p,d |13, 27
12.20 £ 19 17,27 300 4+ 30 n, p, d 13, 14, 27, 59
12.408 + 3 (47) 34 43 n,p,da |3, 4,13, 14, 21, 38
12.418 + 3 37,47 41 4+ 4 p,d 6,11, 13,19, 38
12.495 £ 9 (17 1) 3945 von,p,da |3, 13, 19, 25, 42
59, 60, 61
12.594 + 3 3+ 48 42 (n), p,d,a |3, 13, 14, 19, 27
48, 59
12.690 + 5 3” 18 +£5 n, p, d,a 3,4,5,6,7,11,13
14, 19, 21, 27, 48
(12.708 = 9) (43 & 15) p,d 13
12.789 £ 5 4+ 16 £3 n, p, d,a 3,4,5,7,11, 13
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14, 19, 45, 46, 47

48, 59



Table 14.10: Energy Levels 6fN # (continued)

E,in NP JT T T OF T Decay Reactions
(MeV + keV) (keV)
12.813 £ 4 4~ 52 v, p,da |3, 4,6 7, 13, 14
38, 42, 43, 45, 46
47, 48, 59, 60
12.826 + 6 114+3 n, p, d 13,14
12.857+6 78 + 10 n, p, d 13, 21, 27
12.883 &£ 8 134 £ 11 p,d 13
12.922 £+ 5 4+ 22 +4 p, d,a 3,4,11,13,14
13.007 £ 17 120 & 30 v, p 6,7,25
13.167 £ 5 1+ 15+5 v p,da |3, 4,5 6 19, 42
59
13.1924+9 3t 65 £ 10 «Q 5,11,59
13.243 4 10 2- 92+ 5 v, n,p,a |2, 3,27, 42,48, 59
13.30 + 40 (2); 1 1000 & 150 v, p 25
13.656 & 5 2+, 3%) ~ 90 n,p,da |35, 13, 14
13.714 £ 5 2-,3" 105 4 25 v, npda |2 3,4,6,11
13.74 £ 10 1+ 1 180 = 20 (), n,p,da | 2 3,5,13, 14, 25
27,37, 42, 59, 60
61
13.77 + 10 (1) 120 P, a 3
14.04 £ 30 100 n, p, d,a 2,3,13, 14, 27
14.16 + 30 230 np da |23, 13,14
14.25 £ 50 3t 420 + 100 p,« 3,5
14.30 £+ 20 150 p, o 3
14.56 + 20 100 n, p,a 2,3, 11
14.59 £ 30 50 n, p,«a 2,3,11
14.66 £+ 10 57,0 100 £ 20 « 5,43
14.73 +£ 25 (27;1) 125 v, N, p,« 2,3
14.86 £ 30 140 n, p, d,a 2,3,6,11, 13,14
16, 21, 27
14.92 + 30 43 £8 n, p,a 2,3,11, 19, 27
15.02 £ 20 37,471 ~ 60 v pa | 2,6, 20,27, 42, 43
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Table 14.10: Energy Levels 6fN # (continued)

E,in NP JT T T OF T Decay Reactions
(MeV + keV) (keV)
15.24 £ 20 100 p, d,« 3,6,7,11,13,14
15.43 £20 100 n, p, d,a 2,3,13,16,21
15.70 + 50 350 v, p, da |6 13, 14, 16, 19
21, 27,42
16.21 £ 20 125 n, p,a 2,3,21,27,60
16.40 + 20 150 p, d,a 3,16
16.65 4251 47041 240 4 25 d,a 16
16.91 + 20 57,1 170 £ 25 0 11,42, 43
16.91 £ 30 470+ 1 290 4+ 30 p, d,« 16
16.92 4+ 208 270+ 1 830 & 170 d,« 16
17.03 £50 37;0+1 245 £+ 50 d,« 16
17.17 £ 30 17;0+1 300 4+ 30 v p, d,a 11, 16, 21,42
17.31 £ 30 470+ 1 275 4+ 30 d, o 16, 60
17.40 + 25 470+ 1 245 + 25 d,« 16
17.46 57;0 43
17.85 £50¢ 470+ 1 475 + 50 d,« 16
17.85 £50¢ 37;0+1 440 + 50 d, o 16
17.93 £ 70¢ 270+ 1 340 + 70 d, o 16
18.02 + 60 37;0+1 570 4 60 d,« 16
18.14 £ 50 470+ 1 480 %+ 50 d,« 16
18.35 £ 60 1750+1 560 4 60 d, o 16
18.43 £ 65 470+ 1 315 4+ 65 d, o 16
18.50 & 10 57;0+1 62 £ 10 d,« 16, 42
18.53 =80 270+ 1 410 + 80 d,« 16
18.53 £ 60 3,041 310 4+ 60 d, o 16
18.64 £ 70 3,041 6754+ 70 d, o 16, 43
18.78 £ 35 1750+1 315 £ 35 d,« 16
18.88 & 50 470+ 1 475 + 50 d,« 16
18.93 £ 50 27,37;0+1 450 + 50 d, o 16
19.10 £90 3,041 870 4+ 90 d, o 16
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Table 14.10: Energy Levels 6fN # (continued)

E,in NP JT T T OF T Decay Reactions
(MeV + keV) (keV)
19.90 £ 60 27,041 575 4 60 d, o 16
19.99 4+ 50 1750+1 510 £ 50 d,« 16
(20.11 £ 20) 37,47;04+1 120 £+ 20 ¥ 42,43
20.63 + 110 470+ 1 1100 + 110 d, o 16
20.65 4 60 5,041 610 + 60 d, o 16
21.24 £ 50 470+ 1 415 + 50 d,« 16
21.51 £ 25 37,041 235 £ 25 d,« 16
21.53 £ 75 5,041 360 + 75 d, o 16
21.68 440 47041 360 4 40 d, o 16
21.8 47041 650 v, *He 9
22.26 £ 15 470+ 1 65+ 15 d, o 16
22.31 60 5,041 570 4 60 d, o 16
225 9211 v, p 25
23.0 27;1 ~ 3000 v, N, P 25,40
23.40 £ 70 57;0+1 640 + 70 d,« 16
24.0 ~ 1000 n,*He,a | 9

2 See also Tables4.13and14.14 and footnoté in Table14.15here (986WA13J.

b ] am indebted to E.K. Warburton for sending me a reanalysis@f, of many of the states it*N with E, < 9.4 MeV:
see, e.g., footnotein Table14.15

¢ Weighted mean of values displayed in Table 14.141886AJ0) but not using the valug9d + 7 fs which has not been
published, and including the val9&.7 + 5.5 fs (1987Z104.

4 Adopted value, based on values shown in Table 14198¢AJ0) and on5.6 + 1.1 fs (1987Z104.

¢ The present evidencé$86WA13 only supports the presence of one stat&ats 9.13 MeV, with J™ = 3*. The only
remaining evidence for a doublet is theC(*He, )N (p) 13C, 5. work by (1974NO0).

f with the exception of*N*(16.91, 17.46, 21.8, 22.5, 23.0, 24.0), this state andhigher states were derived from an
S-matrix analysis of thé?C(d, «1) reaction by {981JO0).

€ See, however, Tablgst.20and14.21

h See reaction 41.

Hypernuclei: (1984BO1H 1984ZH1B 1986FE1A 1986GA1H 1986MALG 1986WU1G
1986YA1Q 1988MA1G 1988MO1L, 1989BA92 1989BA93 1989DO1K 1989IT04 1989K0O37
19901T14)
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Other topics: (1985AD1A 1985AN28 1986ADZT, 1986AN07 1987BA2J)1988GU1C1988HELG
1988KW02 1989DE1Q 19890R021989P0O1K 1990MU1Q 1990PR1B

Ground state of *N: (1985AN28 1985G0O1A 19852105 1986GL1A 1986R0O031986WI104
1987AB03 1987KI1G 1987VA26 1988BI1A 1988VA03 1988W0041988WRZZ 1989AMO],
1989AN12 1989G0ZQ1989SA101989WO1E 1990BE24 1990VA1G 1990VAOQ])

p = +0.4037607 (2) nm (1978LEZA),
Q@ = 40.0193 (8) b (1980WI29). See also986HA49 and (L989RA17,
(r?)1/2 = 2.560 (11) fm (1980SC1}

Natural abundance: (99.634 4+ 0.009)% (1984DES53

1. °Be(Li, 2n)“N Qum = 7.249

The energy of th6.83 — 5.11 ~ transition isE, = 728.34 £ 0.10 keV. When corrected for the
nuclear recoil and added 16, = 5105.89 4 0.10 keV, E, = 5834.25 + 0.14 keV for *N*(5.83)
(1981KO0§ [recalculated]. For branching ratios see Tabfell See (981KOO09 also for a
general discussion of electromagnetic transitions@and'“N, and comparison with theory.

2. 19B(q, n)i3N Qum = 1.0590 E, = 11.6125

Observed resonances are displayed in TaB#lé2 For thick target yields sed 989HE0J. See
also (L985CA41 astrophys.).

3. 10B(a, p)3C Qum = 4.0618 E, = 11.6125

Excitation functions have been measuredittp = 26 MeV. Observed resonances are dis-
played in Tablel4.12 (1975WI09 has expanded the angular distributions ofjthe— ps groups
into Legendre polynominals and fitted the coefficients aamagces corresponding tiN*(13.16,
13.24, 13.67, 13.76) obtaining™ = 17, 2, 2 or3*, and 1, respectively, for these states. How-
ever, ank-matrix analysis by1983CS03suggestd™ = 2, 37, 1 for 1N*(13.69, 13.74, 13.77).
(1975WI109 finds that a surprising proportion of states have a highesscsection for neutron than
for proton emission: the fluctuations ef/o,, at low E, suggest sizable isospin impurities in the
14N states.
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Figure 3: Energy levels of'N. For notation see Fig. 2.
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Table 14.11: Radiative decays’itN @

E; JI T E; Ji T Branch (%) I,
(MeV) (MeV) (eV)
2.31 0F;1 0 1*;0 100 (6.7+0.3) x 1073
3.95 1*;0 0 1*;0 3.940.2 (M1)4 x 10~
(E2)3 x 1073
2.31 0F;1 96.1 £0.3 0.091 4 0.030
4.92 0-;0 0 1*;0 97 +3 (8.441.6) x 1072
2.31 071 <1
3.95 1*;0 b
5.11 27;0 0 1*;0 79.9+ 1.0 (E1)(8.00 £ 0.18) x 1075 ¢
(M2)(2.05 4+ 0.51) x 1076 <4
(E3)(1.80 £0.51) x 1076« 4
2.31 0F;1 19.441.2 (2.04+£0.13) x 107°¢
3.95 1*;0 (0.7+£0.4) (74+4.2)x1077¢
5.69 17;0 0 1*;0 36.1+£1.2° (0.940.5) x 1072
2.31 0F;1 63.9+1.2°¢ (1.740.8) x 1072
5.83 37;0 0 1*;0 21.3+£1.3f (M2)(4.8 £1.4) x 1076 ¢
(E3)(6.9+£1.5) x 1076¢
5.11 27;0 78.7+1.3F | (M1)(4.3240.11) x 107°¢
(E2)(78) x 1078¢
6.20 1*;0 0 1*;0 23.1+£1.9¢ (0.940.1) x 1073
2.31 0F;1 76.9+2.0° (3240.4) x 1073
6.45 3H;0 0 1*;0 70.1+£1.5¢ (7.440.7) x 107*¢
3.95 1*;0 19.7+1.0° (2140.3) x 107*
5.11 27,0 6.54+0.6° (0.740.1) x 107
5.83 37;0 3.74+06° (0.440.1) x 107
7.03 2%;0 0 1*;0 98.6 +£0.3 (M1)(9.1+£1.3) x 1072P
(E2)(5.04+1.2) x 1072
2.31 0F;1 0.540.1 (E2)(6.2+1.4) x 1074
3.95 1*;0 0.9 4 0.25 < (1140.3) x 10~
7.97! 27;0 0 1*;0 55+ 3 0.010
3.95 1*;0 45 +3 0.008
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Table 14.11: Radiative decays'itN # (continued)

E; JI T E; Ji T Branch (%) I,
(MeV) (MeV) (eV)
8.06f 151 0 10 80.3+0.6 9.9+25

2.31 0; 1 1.40 +0.14 0.17 4 0.05
3.95 170 12.74+0.4 1.56 & 0.40
4.92 0-;0 1.86 4 0.14 0.23 4 0.06
5.11 27;0 0.2540.14 0.03 4 0.02
5.69 1-;0 3.5+0.4 0.43 4+ 0.12
8.49f 47:0 5.11 27,0 83+ 3 (6.1 £1.5) x 10737
5.83 37;0 17+£3 (1.3+£0.4) x 1073J
8.62 0; 1 0 10 23 1.20
3.95 1,0 24 1.26
5.69 1-;0 13 0.69
6.20 1*;0 40
8.79¢ - 0 10 90 £ 10 46 4 12
8.91" ; 0 1,0 2.9+0.3 (11.0£1.7) x 1073
5.11 27,0 42405 (1.6 £0.3) x 1072
5.83 37;0 84.34+0.9 0.32 4 0.04
6.45 3%;0 5.3+£0.6 (2.0£0.3) x 1072
7.03 27: 0 3.34+0.5 (1.3£0.2) x 1072
8.96 57;0 0 1%;0 <1
6.45 3+;0 100 (1.2+£0.2) x 1073 &
9.13 3%;0 0 10 8243 (8.5+£1.0) x 1073!
5.83 37;0 943 (0.9+£0.3) x 1073!
6.45 3+;0 9+3 (0.9£0.3) x 1073!
9.17™ | 2+;1 0 1,0 85.94+1.0° 54+0.3
2.31 0; 1 0.86 £ 0.08 © (5.4 £0.6) x 1072
5.69 1-;0 0.50 £0.10°¢ (3.2£0.7) x 1072
5.83 37,0 0.62£0.08 ¢ (3.940.6) x 1072
6.45 37,0 8.9+08¢° 0.56 & 0.06
7.03 2+; 0 32+03° 0.20 4 0.03
9.517 | 27;1 0 10 0.6 £0.1 0.026 4 0.006

39




Table 14.11: Radiative decays'itN # (continued)

E; JI T E Ji T Branch (%) r,
(MeV) (MeV) (eV)
3.95 1%;0 6.6 £0.5 0.26 + 0.04
5.11 27;0 759+ 4.7 3.02 +0.36
5.83 37;0 16.8+ 1.5 0.67 +£0.10
9.70r 1%;0 0 17;0 30£7 0.018 4+ 0.004
2.31 0t; 1 70+8 0.043 4+ 0.005
10.10° | 2*,17; 0 0 1*;0 100 0.21 £0.02
1023 | 1,0 | 231 0t+; 1 ~ 100 4413
10.43» 271 0 1%;0 83+ 3 10.8+0.6
5.11 27;0 24402 0.31 +£0.03
5.69 17;0 1.6+0.4 0.21 £0.05
6.45 3%;0 6.5+0.3 0.85 4+ 0.06
7.03 2%;0 6.5+0.3 0.85 4+ 0.06
10.81 57;0 6.45 37;0 100 (1.6 +0.7) x 1072°
11.05 3t 0 1*;0 0.12£0.02
3.95 17;0 0.09 £+ 0.02

& See Table 14.11 inl@81AJ0) for the earlier references and for additional commente. &80 Table 14.14 in
(1986AJ0) and (1981KOO0§ for additional discussions.

b Two values have been reported3 + 1.0 and< 0.5%.

¢ (1982BHO0§.

4 §(M2/E1)= —0.16 = 0.02, §(E3/E1)= —0.15 + 0.025: see (981KOO08.

¢ Recalculated to sum to 100%: see Table 14.11#8(LAJO).

f(1981K008.

g §(M3/E2)= —0.004 + 0.010.

h §5(E2/M1)= 0.74 + 0.09.

ITIT = (0.740.2)%; (2J + )T, = 12.6 + 3.6 eV; T = 2.5+ 0.7 eV.

JIT = (3.5 +£0.5) x 1072 eV from Table 14.14 in{986AJ0); T',/T = 3.7 + 1.1 [see (981AJ0)] leads to
[, =7.4+25meV.

KT = 6.3+ 1.0 meV from Table 14.141986AJ0); I',/T", = 4.1 & 0.5.

Ty = 43737 meV; §(M3/E2)= —0.03 £ 0.02.

™I, =6.3+0.3eV: see Tabld4.19

™ (1986Z109. See also1981KO08§ 1985PROR

°T T =(41£0.8)%;T =0.39+£0.16 eV.

P (1985PROR
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4. (3)1°B(a, d)12C Qum = 1.3401 By, = 11.6125
(b) °B(a, t)!'C Qum = —11.1244

Excitation curves have been measureffatp to 27 MeV [seel970AJ041976AJ041981AJ0])].
The low energy resonances are exhibited in Tdldll2 At the higher energies the yield curves
are fairly smooth although broad resonances intthendd, yields corresponding t8N*(23.25),
respectively have been reported as has a sharp rise in theMEy/ ~ yield ~ 1 MeV above the
12C* (15.1) +p-+n threshold, a channel which is not isospin forbidden: 468 1AJ0). For cross
sections atr,, = 29.5 MeV (reaction (a)) and 25.0 and 30.1 MeV (reaction (b)) SE38B8VA29.
See alsd?C in (1990AJ0) and (L989VAO?).

5. 1B(q, a)'°B E, = 11.6125

The yield ofa-particles [and of 0.7 MeV-rays forE, = 2.1 to 3 MeV] has been measured for
E,t050.6 MeV: seel981AJ0). Observed resonances are displayed in Tadlé2 In addition to
two strong resonances in thg yields atF, = 2.21 and 4.26 MeV {*N*(13.19, 14.66)), two other
states {*N*(13.72, 14.25)) are required to fit the data: Amatrix calculation leads td™ = 37,

17 [see, however,J975WI049], 3* and2~ for 1*N*(13.19, 13.72, 14.25, 14.66): seE981AJ0).

6. 1°B(°Li, d)“N Q.. = 10.1374

States withE, > 10 MeV studied in this reaction af(°Li) = 34 MeV are displayed in Table
14.13(1984CL0§. In addition most of the lower-lyind’ = 0 states have been populated: see
(1970AJ04 1981AJ0).

7. 19B("Li, t) N Qm = 9.1446

At E("Li) = 24 MeV angular distributions of the tritons téN*(3.95, 5.83, 6.45, 8.96, 9.13,
10.06, 10.81]12.79 + 12.81, 13.03, 15.26) have been studi¢dN*(4.91, 5.11, 5.69, 6.20, 7.03,
7.97,8.49,8.98,9.39, 11.05, 11.51, 12.42) are also ptgmlilaee 1981AJ0).

8. 1B(*Be, an)!N Qm = 10.0390

For cross sections se@986CUO02.
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Table 14.12: Resonances'fiB + o ?

E, Lo, Outgoing HAN* J"
(MeV =+ keV) (keV) particle® (x) (MeV)

0.95 Po 12.29
11345 3045 | po— ps d 1242 | 4
1.20£5 ~ 20 Po, (P2), P3 12.47
12345 35+5 | po s 12.49
1.40 + 5 46+4 | pipa (p3) 1261 | 3*

1.507 +£5 18+5 g, Po, P1, P2, P3, d,a ¢ | 12.689 3~
1.645+5 16 +3 Ny, Po, P1» P2, P3, d,a ¢ | 12.787 4+
1.68 4+ 5 542 | pipaps d 12.812| 4~
1.83£5 22 +4 Po — p3, d 12.919| 4*
2174 £5 15+5 ng, po — ps3, d, ay 13.165| 1*
2.214£10 65 £ 10 o 13.191 3"
2.981 + 10 9245 | ng, po — ps 13241 2-
2.86+ 5 ~ 90 N, Prs P2s 1 13.655
294+ 5 105 4= 25 ng, po — ps3, d 13.712| 2, 3"
2.98 4+ 10 180 £20 | ng, po, P1, (P2), 0 13.74 | 3+, 10
3.02 £ 10 120 | p1,ps 13.77 | (1)
3.40 + 30 100 Ng, P1 14.04
3.56 + 30 230 1o, (Do) D3 14.16
3.69 + 50 420 £ 100 | p, ag 14.25 3"
3.76 £ 20 150 P1 14.30
3.98 £+ 20 100 Ny, Po, P2 14.56
416 + 30 50 N, Po» Ps 14.59
4.26 £10 100 4= 20 o 14.65 2-
4.36 + 30 125 Ny, Po, P1, (P2) 14.73
4.54 + 30 140 | ng, pas ps 14.86
4.633 + 30 43 £8 Ng, N2+ 3, Po 14.92
4.77 £ 20 ~ 60 ng, Ny 15.02
5.08 + 20 100 Ps3 15.24
5.35 £ 20 100 ni, P2, P3 15.43
6.44 + 20 125 Ny, Po, P2 16.21
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Table 14.12: Resonances'ftB + « * (continued)

E, Lo, Outgoing HAN* J"
(MeV = keV) (keV) particle® (x) (MeV)
6.70 & 20 150 P2 16.40
7.42 £ 20 Po 16.91
7.78 &+ 20 50 Ps3 17.17

& See references in Tables 14.13 if®81AJ0) and 14.15 in {986AJ0), as well as in
(1970AJ041976AJ03.

b ng, n1, nay3 correspond td®N*(0, 2.37,3.51 + 3.55); po, P1, P2, P3 correspond to
13C*(0, 3.09, 3.68, 3.85) and the correspondintpys;a; corresponds to the transition to
10B*(0.7). For6? see Table 14.8 inlO70AJ0).

¢TIy =4.3,0.62,0.17,0.70, 5.6, 0.93, 1.7 keV faf, po, p1, P2, P3, d, .

41, =<0.6,0.18,0.085, 0.44, 9.6, 2.0, 1.0 keV fay, po, p1, p2, p3, d, .

9. (a)!'B(*He,~) N Qum = 20.7361
(b) L'B(*He, n}*N Qum = 10.1826 E, = 20.7361
(c) ''B(®*He, p)3C Qm = 13.1855
(d) "'B(He, d)2C O = 10.4637
(e) 'B(*He, t)''C Qm = —2.001
(f) 'B(He, *He)''B
(9) 1'B(*He, a)'°B Qum = 9.1236
(h) 'B(*He, 5Li)*Be O = 4.5721

The capturey-rays [reaction (a)] have been studied/zfHe) = 0.9 to 2.6 MeV ¢ = 0°,
90°). When the barrier penetration factor has been removedgesiesonance is observed at
E(He)~ 1.4 MeV [“'N*(21.8)], ['e.n. = 0.65 MeV.

The excitation function for reaction (b) has been measwed’{*He) = 1.5 to 18 MeV [see
(1981AJ0)]. A broad peak af2(*He) = 4.15 MeV may indicate the existence tiN*(24), " ~ 1
MeV.

Yield curves for protons (reaction (c)) have been measwedHe) = 3.0 to 5.5 MeV (o,
pP1, P1 + p2 + p3): they are rather featureless. This is also true for the mpieatate deuterons
of reaction (d) in the same energy interval. Yield curvesriaction (e) have been measured
for E(®He) = 6 to 30 MeV: see 1976AJ04. A, measurements far, andt; are reported at
E(3He) = 33 MeV: see ((986AJ0). See alsd*C and'3N, and''B, 1'C, 12C in (1990AJ0).
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The excitation functions for-particle groups [reaction (g)] have been measuredigHe) =
0.9to 5.5 MeV: see1976AJ04. No significant resonance behavior is seen except fatttgroup
which, in thel5° excitation function, exhibits a resonancefZ(fHe) = 4 MeV, I' ~ 1 MeV. See
also'°B in (1988AJ0).

The excitation function for reaction (h) fi, . +°Be, . has been measured fél(*He) = 1.4
to 5.8 MeV: no pronounced structure is observed EAtHe) = 25.20 to 26.25 MeV the excitation
functions for the transitions tBe*(0, 16.63, 16.91, 17.64) are smooth, indicating a predantly
direct reaction mechanism: se{6AJ0J.

10.'B(a, n)*“N Qm = 0.1583

For angular distributions td’, = 13.9 MeV see (981AJ0). At E, = 474 MeV, 0 =
0°, unresolved groups are reportedip = 5.2, 8.6, 14.71, 16.84, 19.10, 20.52, 21.72, 22.38,
23.57 and 24.25 MeV1088LU0). [See for comments about dominafit: high-spin states are
expected to be preferentially populated.] UncertaintieB,i are+0.35 MeV for 15 MeV neutrons
to 1.5 MeV for 30 MeV neutrons. Widths could not be determinédstate at~ 25 MeV was
also populated [J.D. Brown, private communication]. See &N, (1986AJ0) and (L988CA26
astrophys.).

11. B(SLi, t) N Qum = 4.9406

States with¥, > 10 MeV studied in this reaction a(°Li) = 34 MeV are displayed in Table
14.13(1984CL08§.

12.12¢C(d, )N Qm = 10.27239

At E4 = 1.5 MeV the capture cross sectionds1 ub: see {970AJ04. See alsol984NA1R.
See also1990HA4.

13. (a)'2C(d, n)3N Qu = —0.2811 E, = 10.27239
(b) 12C(d, p)*C Qu = 2.7218
(c) 2C(d, 2p}°B Qu = —14.812
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Table 14.13: States iftN from 1°B(°Li, d), "B(°Li, t), **C(°Li, «) ®

do/dQe . (ub/sr)®

E, (MeV + keV) " A B C
10.07 + 15 266 262 290
10.43 £ 15 88
10.81 £ 15 234 164
11.05 + 15 82 64 770
11.24+ 15 118
11.27+ 15 74 1510
11.51 £ 20 102 65 1170
11.79 + 20 55
12,42+ 15 68 305 2702
12.66 + 30 82 286 1175
12.79 £ 15 434
12.81 + 15 149
12.85 + 30 4960
12.92 £ 20 324
13.00 £ 30 138
13.19 + 20 80 234
13.71 4 20 34 202
14.57 4 20 183 217
14.81 £ 25 332
14.85 + 30 189 2325
14.95 + 30 515
15.00 + 30 157
15.24 4 20 141 540
15.40 £ 50 1653
15.70 £ 50 51 3530
16.20 + 50 1830
16.80 + 40 246
16.91 £ 30 297
17.17 + 30 712 4860
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A: 19B(SLi, d); E(Li) = 34 MeV.

B: M'B(5Li, t); E(°Li) = 34 MeV.

C:2C(°Li, ); E(°Li) = 32 MeV.

2 (1984CL0§: see for angular distributions and for discussion of agatates in*C.

b States below?, = 10 MeV are not displayed here.

¢ At 61,1, = 10°. Uncertainties in the differential cross sections are axipnately+20%.

Resonances in the yields of neutrons and protons are despliayTablel4.14 The(° yield
of neutrons shows broad structuresgt~ 7.2 and 11.5 MeV ] and 8 and (10.8) MeV1];] as
well as a sharper structure &f ~ 9.5 MeV: see (986AJ0).

Polarization measurements for both reactions (a) and (® baen made at many energies.
For the earlier work seel70AJ04 1976AJ04 1981AJ01 1986AJ0). Recent studies have been
reported for reaction (b) aby = 0.25 — 1.10 MeV (1986KO0§ p) and atk; = 12 MeV
(1988LA03 'C states witht, < 7.7 MeV; VAP, TAP), 56 MeV (L986SA2G py, p1; K, andKY,;
prelim.), 2.1 GeV {987PE191989PUO01 TAP; deuteron breakup), and 9.1 Ge\(1988AB13
TAP). For the breakup at high energies see al984K042 1989AV02 1989BE2K. For reaction
(c) to'?B*(0, 4.4[u]) atE; = 70 MeV see (986M0O27 1988MO11 VAP, TAP) [see (986MO27
for comment re lower energy measuremerii°gt For a study of the\-region atE’; = 2 GeV see
(1989ELO05.

Table 14.14: Resonances!fiC + d @

Ey | . Particles TAN* JT T
(MeV =+ keV) (keV) out (MeV)
0.92 95 N, Po, D1 11.06 1+,0
1.13 Po, P1 11.24 T=1
1.19 190 N, po, p1, d 11.29 27:0
1.23 Po 11.33 (31)
1.30 30 n, po, p1, d 11.39 1+;0
1.39 Po 11.46 (27)
1.4495+15 | 7.0+£0.5 | po, p1,d 11.5135 2t, 3+
1.55 Do 11.60 (27)
1.640 + 20 150 £+ 20 n, p1, do 11.68 1=,2°7
1.715£6 40+ 9 P2 11.741 1=,2°7
1.738 +6 78+ 6 P1 11.761 37,47,(27)
1.792 + 7 119+9 N, Po P1, P2, do 11.807 27, (17)
1.870 £6 101 +£9 Pos P1, P2 11.874 27, (17)
2.250+19 | 300+£30 |n,po— ps do 12.20 1=, 2"
2.494 + 3P 37+4 | n,po— ps do 12.408 3+, (37,47)
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Table 14.14: Resonances'fC + d @

Ey Lo Particles TAN* JT T
(MeV + keV) (keV) out (MeV)
2.506 + 3 A14+4 | p 12.418 |3-,4-,(2+,3%)
2.610 =& 20 3020 | n,pi, P2 D3 12.507
2.712+3 48+2 | (n),po — p3, do 12.594 3+
(2.817 +7) 2746 | n,p1, P2 Ps, do (12.684)
2.844 4+ 9 43415 | o, ps 12.708
2.940 £+ 10 30 £ 10 P2, 3, d 12.790
2.967 £ 5 37+6 P1 12.813
2.982+6 1143 n, ps, d 12.826
3.018+6 78 + 10 N, Po, P1 12.857
3.049 £ 8 134 £ 11 P1 12.883
3.100 % 10 20+ 14 | p1, p2, pa, d 12.927 (37,4)
3.30 4 12 47415 | n,ps, ps, d 13.17 (0=, 17)
397430 | <200 o, P2y D3 (d) 13.67 (2+, 3%)
4.02%% ~ 235 n, (p), d 13.71 (17)
4.40 Po — p3, d 14.04
4.55 n, po, d 14.17
4.80 o, Do, d 14.38
5.17 d 14.70
5.34 ~ 100 Po — P3, d, « 14.84
5.65 d 15.11
5.83 p1, Ps, d 15.26
6.07 P1, P2, & 15.47
6.3 Po, P3, d, 15.7
7.2 o' 16.4
7.448¢ 240 Qo 16.65¢ 4+
7.760¢ 828 Qo 16.92 2"
7.784 293 Qo 16.94 4+
7.887 246 Qo 17.03 3~
8.034 307 Qo 17.15 1~
8.217 275 Qo 17.31 4+
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Table 14.14: Resonances'fC + d @

Ey Lo Particles TAN* JT T
(MeV + keV) (keV) out (MeV)
8.327 244 Qo 17.40 4+
8.851 473 Qo 17.85 4+
8.852 437 Qo 17.85 3~
8.9424 336 Qo 17.93 2"
9.051 567 Qo 18.02 3~
9.186 481 Qo 18.14 4+
9.433 558 Q9 18.35 1~
9.530¢ 313 Qo 18.43 4+
9.610 62 Qo 18.50 5~
9.6374 410 Qo 18.53 2+
9.6474 312 Qo 18.53 3~
9.768 673 Qo 18.64 3~
9.939 314 Qo 18.78 1~
10.057 475 Qo 18.88 4+
10.112 452 Qo 18.93 2T, 3~
10.306 872 Qo 19.10 37
11.237 575 Qo 19.90 2"
11.348 506 Q9 19.99 1~
12.094 1071 a, 03 20.63 4+
12.122 612 Qo 20.65 5~
12.809 414 Qo 21.24 4+
13.124 233 Qo 21.51 3~
13.148 362 Qo 21.53 5~
13.323 357 Qo 21.68 4+
14.002¢ 65 Qo 22.26 4+
14.054 568 Qo 22.31 5~
15.334 640 Q9 23.40 5~
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@ For references see Table 14.151976AJ04. See also Table 14.10 in970AJ03.

b A study of this resonance shows that either f-shell comptsname present in the wave function or that the
coupling is very strong or that both effects are present.

¢ S-matrix analysis ofys by (1981JO0}leads to the resonance parameters for the states shown bé#lof
which are isospin-mixed. See also Table 14.141i881AJ0) and Table 1 in1981J0O0) Uncertainties in
T'. ... andE, are about 10% of . ,, .

d Uncertainties il ,,, andE,, are about 20% of. ., .

For a study of thecf, p_X) reaction atly; = 65 MeV see (989IE0). For a report on high-
energy~y-ray production seel@89NI1D). For pion production se€l86AJ0) and (L987AG1A.
For total cross sections se&986AJ0) and (L987KI1J prelim.; 2.0 to 4.0 Ge\H). See also
(1984NA1F 1989NA1R and (L986A104 applied).

14.12C(d, d)2C E, = 10.27239

Reported resonances are displayed in Tddld4 For a listing of excitation function mea-
surements sedl976AJ03. A recent study is reported by 986HO26 F4 = 0.60 to 1.10 MeV,
dp). For the earlier polarization measurements sE¥ §AJ04 1981AJ0] 1986AJ0). A, =
0.412 £ 0.011 at E5 = 56 MeV (0 = 47.5°), and VAP and TAP have been studied f6f = 35
to 70 MeV (L985KA1A, 1986KA12). Studies of VAP and TAP have also been carried out at
E; = 56 MeV (1986MA332 dy) and 191 and 395 MeV1086GA1§ inclusive scattering; on C).
At E; = 400 MeV, VAP and TAP measurements are reported for the groupsXt(4.4, 9.7, 12.7,
18.3) (1987AR1H prelim.). For the (d, pn) reaction &t; = 56 MeV see (9890K03.

See alsol987CA14, (1986CL1G1990BO1] applied), (986 YALR and (L989GOZN theor.).

15. (a)!2C(d, t)''C Qum = —12.4645 B, = 10.27239
(b) 12C(d, *He)"'B Qum = —10.4637

At E; = 89.1 MeV A, measurements are reported fo€*(0, 2.3) (L989SA13. For the earlier
work see [986AJ0).

16.12C(d, a)'°B Qm = —1.3401 E, = 10.27239

Reported resonances are displayed in Taldé4 The major interest in this reaction has been
the study of the yield of the, group to the/™ = 07, isospin “forbiddenT” = 1 state. In particular,
the work of (L971RI151972SMO07 has shown that while the,, a; andas yields show only weak
fluctuations, thex, “forbidden” yield shows narrow resonances which impliesttthe source of
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the isospin mixing (at least in the region which they, and sbbsequent work of1074J0O0)
studied: £; = 7.2 to 16 MeV) is due to states in tHéN compound nucleus. The ratio of the
o, for the ay group compared to the; for the “allowed” groups is~ 1%, an order of magnitude
greater than predicted by direct or multistep proces$884SMO07. An S-matrix analysis leads
to the resonance parameters shown in TaBlé4(1981JO0Y. For polarization measurements see
(1986AJ0).

Table 14.15: States ¢fN from 2C(*He, p)*N @

E, (MeV £ keV) L J° T E, (MeV + keV) J* T
0 2 10.063 £ 15 © 3t, >4
2319+ 15 0 10.101 + 15 1+, 2+
3.95024+1.5" 0 10.23 1
49153 +£1.4°P 1 10.441 4+ 15 (2+; )b
= 5.10587 4+ 0.18 1 10.53 1,2
5.6888+1.4" 1 10.812 4+ 15 5+:0
5.83244+1.4" 3 11.053 £ 15
6.20254+1.4" 0 11.249 + 15
6.4449 +£1.4" 2 11.357 £ 15
7.02794+1.4" 2 11.517+ 15
7.9649 +1.4° 3 f
8.072 £ 15 1 12.29+ 15
8.4864 4 1.5 ¢ 3 470 12.425 4+ 15
8.61744+ 4P 0 (0+; 1) 12.506 + 15
8.9099 4 1.9 P (37;)h 12.608 & 15
8.9598 +1.4" 12.69 & 15
8.9773+£4P (2T;0)" 12.80 & 15
9.12414+1.5" (3+;0)1 1290+ 25f
9.16744+1.4" g (2+; 1) 13.15 4 40
9.3854 4 1.64 b 27:07 14.91 + 60
9.51 (27; )b 15.8 £ 200
9.703 £ 15 (1+;0)" 17.4 4 200
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@ See Tables 14.14i1970AJ03, 14.18 in ((976AJ04 and 14.15 in {981AJ0) for references.

b A re-evaluation by 1986WA13 [based on an overall comparison withray values] of the E, obtained by
(1971DUO3J leads toFE, = 3948.10 + 0.20, 4915.1 + 1.4, 5105.89 4+ 0.10, 5691.44 + 0.13, 5834.25 + 0.14,
6203.6 £ 1.4, 6446.17 £ 0.10, 7029.12 £ 0.12, 7966.9 & 0.5, 8490 £ 2, 8618 £ 2, 8907 £ 3, 8964 + 2, 8980 + 3,
9129.0 0.5, 9172.25+0.12 and9388 + 3 keV.

¢I'p/I'=0.73 £0.10.

4 The widths of'*N*(8.91, 9.39) are, respectively9.7 + 1.9 and15.6 + 2.0 keV.

¢TI < 10 keV (J.W. Noe, private communication).

f See Table 14.15in@81AJ0).

€02 (1=3)=(23+1.1)x 10~*and< 1.6 x 1072 for *N*(9.17, 10.43).

b Known from other data; consistent with the results in thacten.

! See discussion iM@86WA13.

TorJgr=3".

17.12C(d, °Li) *Be Qum = —5.8916 By, = 10.27239

Polarization measurements have been reportefd;at= 18 and 22 MeV (987TAQ07 VAP,
TAP; g.s.) and 51.7 MeVI1986YA12 VAP; 8Be*(0, 2.9, 11.4)). See alsa981AJ0).

18.12C(t, n)N Qum = 4.01510

Angular distributions have been measured to states beldoW8Y at £, = 1.12 to 1.68 MeV
and at 8 MeV: seel@76AJ0J.

19.2C(He, p)}N Qm = 4.7789

Observed proton groups are displayed in Tablels Angular distributions have been mea-
sured for E(®*He) to 25.3 MeV [see1970AJ04 1976AJ03] and at E(He) = 33 MeV: see
(1986AJ0). For a discussion of‘N*(9.13) see {986WA13. For work at very high energies
see (987AB1). See also1986SC351990TO1Q applied).

20. 12C(a, d)“N Qum = —13.57434

Angular distributions of deuterons have been studied spording to thd” = 0 states*N*(0,
3.95,4.92,5.11, 5.69, 5.83, 7.97, 8.49, 8.96, 9.13, 9.681 [F, = 34.5, 42, 55 MeV; not all
states at all energies]. At the higher energies the deusgectrum is dominated by very strong
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Table 14.16: Levels of'N from *C(p,v)'*N and'*C(p, p)*C®

E, Lom. I, wl,, J° T TAN*
(MeV + keV) (keV) (eV) (MeV)
0.4485 £+ 0.5 <0.37 2 0.022 2~ 7.9669
0.551+1 234 1P 0 9.2 171 8.062
1.012 42 <0.2 4 ~ 0.01 (47); 0 8.490
1.1524+ 2P 3.840.3 1 1.3 0t; 1 8.620
1.320+£ 7P 410 + 20 0 12.8 0—;1 8.776
1.462 + 3 16 £ 2 2 0.67 4+ 0.07 371 8.907
1.523 + 2 <1 ~ 0.003 5t;0 8.964
1.540 £3 8+2 1, (3) 0.13 2+ 8.980
1.7005 417 <1 3+; 0 9.1287
1.7476 £09% | 135+8eV c 2+: 1 9.1724
1.980 £3 13+3 2 37,27 9.388
2.110 +3 4142 2 7.0+£1.0° 27:1 9.509
2.319 +4 15+ 3 1 0.11+£0.01° 1t 9.703
2.7434 12+3 1 0.37+0.03°| 17, (2%) 10.096
2.885+ 104 80 + 15 0,2 1):0 10.228
3.105 £ 54 3343 1 22.8+1.3° 2+: 1 10.432
3.204 140 0,2 1- 10.52
3.72+30° 165 + 30 11.00
3.771+5 12404 K 3+ 11.050
3.79 100 1t 11.07
3.94 + 30 220 + 30 11.21
3.984 11 2 3- 11.24
4.044 175 2 2~ 11.30
4.144 28 1 1t 11.39
4.525 + 158 115+ 10 ! 1t 11.750
5.325 + 10 48 £ 7 m 12.492
5.88+20° 120 + 30 13.01
6.20 100" | 1000 =+ 150 n (27); 1 13.30
13.69

6.62+£20°

1
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Table 14.16: Levels of'N from *C(p,7)*N and'*C(p, p)*C 2 (continued)

E, | - L, wl'y, JoT N>
(MeV + keV) (keV) (eV) (MeV)

16.1 27;1 22.5

16.7 2751 23.0

& See references in Tables 14.16 1970AJ02, 14.20 in (1976AJ04 and 14.16 in {981AJ0).

b See ((986ADO).

¢ See (981BI1}): E, = 9172.5 + 0.3 keV from ~-ray measurements. See also Talik.1Q
I /Ty = (79 +£4)%; T, (from reaction 41 and Tabte4.19= 7.2 + 0.4 eV; ' ,,. from 3C(p, p).

4 Reduced width for proton emission is of the order of 1% of thigr limit. For recent work on the
E, = 3.11 MeV resonance sed 990WIZV; prelim.).

©(19862109; T, = (11.0 £+ 1.7) x 103 eV: see Tabld4.11 See also{985PROR

f Weak resonance.

¢ In the~s g9 channel the peak occurs 55 keV higher: interference effeaisbe present.

b Part of the giant dipole resonance.

' Some broad structures appear in the v3.6s and~ys.ss yields. See also reaction 26 and reaction 25 in
(1986AJ0).

I See also1986WA1J and Tablel4.15

kT, =1.240.4keV;T, = 0.5% of single-particle unitJ™ based on angular distribution ¢f. For nature
of v-decay see Tablg4.11

L(2J+1)T, = (18.5+4.2)T/T, eV;if J = 1,T, > 6 eV.

m(2J+1)T,, =2.3T/T, eV,ifI' = 38 eV is assumed.

" (2J 4+ 1) 'y, > 200 eV: thus the transition is dipole afll = 1. The resonance is asymmetric and it is
suggested that two states are involved, one with= 1~ at £, = 12.7 MeV and the other one with— at
E, =13.3 MeV.

© (1985PROR

P (1990SPOP

groups corresponding to thes(,)?>, /™ = 5 state at 8.96 MeV, and to a stateldtl + 0.1
MeV: see Table 14.19 inl@76AJ03, and ((981AJ0]1 1986AJ0). At £, = 50 MeV the angular
distributions of the singlet deuterons exciting the= 1 states'*N*(2.31, 8.91[u]) have been
studied by {986SA0¢: a state atl2.6 + 0.3 MeV is also populated. See als®t989GA1H
1989SH1G.

21.12C(Li, a)"N

Qm = 8.7974

At E(°Li) = 20 MeV [see Table 14.19 in1976AJ0%] and 32 MeV [see Tablé4.13here]

many of thea-groups corresponding t6 = 0 states withEZ, < 17.2 MeV are observed. Thg"
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state,'*N*(9.0), is strongly populated: se&470AJ03. Angular distributions have been measured
at £(°Li) = 2to 33 MeV: see1981AJ0] 1986AJ0). Inclusivea-particle spectra have been stud-
ied atE(°Li) = 156 MeV (1989JE0Q). See alsd®F in (1987AJ02, (1987PA13 and (L986HALE
theor.).

22.12C(°Be, "Li) N Qum = —6.4227

See (988GO1H.

23.12C(12C. 19B)“N Om = —14.9144

This reaction has been studied&t?C) = 114 MeV: the spectrum is dominated b{N*(8.96)
[J7 = 57%] but there is substantial population also '6N*(5.83) [37] and of a state af, =
11.2 MeV. Angular distributions are reported at('2C) = 49.0 to 93.8 MeV: see 1981AJ0]
1986AJ0).

24.12C(13C, 1B)1N Qm = —8.4066

At E(3C) = 390 MeV angular distributions have been studiedtd*(0, 2.31, 5.8[u]) and
to unresolved structures and continua. The spectra arenddedi by the group té*N*(5.8)
(1987ADO07 1988V009§. See alsoX989VO1D.

25. (a)'*C (p,~)"N Q. = 7.55063
(b) *C(p, pv)**C E, = 7.55063

Observed resonances are displayed in TAdld6 The radiative decay is exhibited in Table
14.11

The low-energy capture cross section yields an extragblatfactor atE, = 25 keV (c.m.),
Sp = 6.0+ 0.8 keV - b. The capture cross section rises frohv(+ 1.8) x 107 b at £, = 100
keVto 0.8 +1.2) x 107 b atE, = 140 keV: see {970AJ0J.

Following is a summary of the reasons for the assignmeni§ pi’ to some of the lower res-
onances displayed in Tablel.16 for a fuller discussion and complete references $48&(AJ04
1976AJ04 1981AJ0). “N(7.97): angular distribution of the-rays is consistent with™ = 2,
1“N*(8.06): width of resonance, isotropy gfrays show, = 0; J™ = 1~ from *C(p, p); E1 tran-
sition to g.s. is uninhibited; therefor&,= 1 [but 1.4%8.06 — 2.31 transition [£, = 2312.6+0.3
keV] showsT = 0 admixture:a? = 0.046]. The strong transitios.06 — 5.69 [3.5%)] permits
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either E1 or M1, AT = 1. Since5.69 — 2.31 is seen'*N*(5.69) cannot have/™ = 0F, and2*
is excluded by the strength of tl8e&52 — 5.69 transition. Itis then/™ = 1—; T' = 0 [the isospin
mixing o? = 0.09]; B, = 5691.55 4+ 0.13 keV (1981BI17. “N*(8.49, 8.96, 9.13) correspond
to anamolies in the cross section. The nature of thalecays [see Table4.1] and the angular
distribution leads to/™ = 4—, 57, 3" [all T' = 0], respectively.

14N*(8.62) [J™ = 0T from 3C(p, p)] shows strong transitions t&N*(0, 3.95, 5.69):T = 1.
The strength of th&.62 — 3.95 decay shows it is dipole and therefafe= 1 for 1*N*(3.95)
[Ey = 3947.6 + 0.4 keV]. The strength of the transitich62 — 6.20 and the angular correlation
8.62 — 6.20 —g.s. is consistent with™ = 17, T' = 0 for 1*N*(6.20) [E, = 6203.7 & 0.6 keV].
1N*(8.78) [J™ = 0~ from 3C(p, p)] has a largé&’, consistent with E1 and” = 1. "*N*(9.17):
angular correlation and angular distribution measuremienticate/™ = 2+ for that state3~ for
14N* (6.45) [see however Tabl&4.1Q and J = 2 for 1*N*(7.03). For recent studies 0fN*(9.17)
see (981BI17 1986WAL3: E, = 9172.5 £ 0.3 keV from E,, I', /T, = (79 &+ 4)%, I [from (p,
p)]l= 135+ 8eV [135+ 11 eVin (v, v)]. OtherE, determined by1981BI17 are2312.90 + 0.03,
3948.2 + 0.2, 5105.9 £+ 0.3, and6446.3 + 0.2 keV. See also Tableks4.11and14.15

The angular distribution of the-rays from10.23 — 2.31 is consistent with/™ = 17 for
14N*(10.23): T = 0 from M? (M1) [see, however, Tabl&4.1Q. The v, angular distribution
is consistent with/ = 2 for 1*N*(10.43): the similar decay characteristics of this state and of
14N*(9.17) suggest that they are bofti = 2+, T = 1.

Below £, = 5.5 MeV only -, can be observed in the capture radiation. A number of res@san
in they, yield and in the yield of the ground-staterays from'3C*(3.09, 3.68, 3.85) have been
observed: these are shown in Tab#e16in the range, = 3.7 to 6.6 MeV. Angular distributions
and measurements of, lead to theJ™ values shown. Abové’, = 7 MeV the v, yield shows
broad structure and the giant dipole resonancB.at 22.5 and 23.0 MeV. Measurements of the
v and~; 90° yields for E, = 23 to 33 MeV find that theél"” = 2 resonances reported earlier at
E, = 23.7 and 24.2 MeV do not exist and that there is no evidence fofflthe 2 GDR between
E, = 25 and 29 MeV. The&0° yields ofy-rays to7T = 0 states 4.9 < F, < 5.9 MeV) and to
T = 1states§.0 < E, < 9.5 MeV) have been measured froffy = 23 and 26 MeV, respectively,
to £, = 33 MeV. A study of thed(° yield of v, and~; [and of analyzing powers] has been reported
for Bz = 6.25t0 17.0 MeV. They, results are in good agreement with those in the inverseiogact
[**N(v, p)**C]. Broad structures are observedrt~ 8, 13, 14, 15 and 16.5 MeV. Thg results
indicate that thd” = 0 strength is spread out fairly uniformly betweéh = 13 and 23 MeV. At
E, = 25 MeV strong transitions are observed to two groups of stagaseced neaf), = 5.8 and
8.9 MeV.

For searches for short-lived neutral particles in the de¢ayN*(9.17) see (986SA2E 1988SA2A.
See also 1985AB15, (1986R0O18 1988KI1C applied), (985CA41 1987WE1C 1988CA26
1989BA2R, 1990MAL1R astrophysics) andl@86WE1D 1987MC1Q and (L980HA3Q theor.).

26.13C(p, p)3C B, = 7.55063
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Table 14.17: Resonances!itC(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
4.54+0.1 100 11.7
4.7+ 0.1 150 11.9
5.03b 12.22
(5.44 +0.03) (60) (12.60)
5.53 £0.03 50 12.68
5.72 1+ 0.03 60 12.86
6.20 £ 0.04 70 13.30
6.67+0.13° 250 13.74
7.0+0.1 150 14.0
7.3 14.3
7.85 £ 0.08 150 14.83
7.93£0.03 50 14.91
8.03 £ 0.03 50 15.00
8.7+£0.2 350 15.6
9.3+0.1 150 16.2
10.24+0.2 400 17.0
11.44+0.3 600 18.1
& See also Table 14.9 i1959AJ79.
b (1959GI47.

¢ See also(989WA14.
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The elastic scattering has been studiedAgr= 0.14 MeV to 1 GeV: see{981AJ0) and!*C
here. For observed resonances see Ta#lé6 A, measurements have been reportedat=
200 and 547 MeV [seel(986AJ0)], at 35 MeV (19860HO03 py_.3), at 71.8 MeV (989VvVO05
1990V0O02 py; and measurements of depolarization paramd®r,at 119 MeV (988CO0%5
po — ps and p to'*C*(7.55, 8.86, 9.5, 9.9)) and at 500 Me¥990HO06 py; A, and rotation
parameters). Sedl990HOLL prelim.) for measurements &, = 497.5 MeV on 13C. The
0" — 0~ doublet atE, ~ 8.7 MeV has been studied byl $84AD04 1986AD0], 1986SW1A
1987ZEZZ 1988ZE1B. For pion production sed 988HUO§. See also{985BL22 1986ADZT)
and (1986RA051987BE1M 1987BE1R1988RA08 1989AMO05 1989BEXT, 1989G0141989KU07,
1989KU14 1989KU32 1989RA1Q 1990DU01 theor.).

27.13C(p, n)3N Qm = —3.0028 E, = 7.55063

Observed resonances are displayed in Tddld7 Polarization measurements are reported

at Ez = 35 MeV (19860H03 Ay; ng, ny, nyy3) and 160 MeV {984TAO7 1987RA15 A,;
Dy (0°); ng, naps, and n to'3N*(15.1)[u]). Forward-angle cross sections have been oveds
at £, = 318 and 800 MeV (986KI12 and at 492 and 590 MeVLR89RA09. Cross sections
for >N production have been studied fa}, = 5.2 to 30.6 MeV by (989WA1§. For the earlier
work see (986AJ0). See alsd®N, (1987ALZW, 1990TA1), (1986A104 1989AR1Q applied),
(1985CA41 astrophysics), (986AL18 1986CA1N 1986TALE 1987TA22) and (L987BE1D
1989AMO02 1989RA15 theor.).

28.13C(p, d)*C Qum = —2.7218 Ey, = 7.55063

A, measurements have been reportedat= 13.6 to 530 MeV [see 1986AJ0)] and at 119
MeV (1987LE24 to '2C*(0, 4.4, 7.7, 9.6, 12.7, 14.1, 15.1, 16.1, 16.6, 17.8, 1888, 19.9,
20.3, 20.6)). For a measurement of the tensor polarizatfoli@*(15.1) atE, = 41.3 MeV

see (987CA2(. For other work seel@76AJ04 1981AJ0) and'2C in (1990AJ0). See also
(1986KO1K theor.).

29. (a)3C(p, t}'C Qm = —15.1863 B, = 7.55063
(b) *C(p, *He)''B Qm = —13.1855

See!'B, ''C in (1990AJ0), and (L986AJ0).

30.13C(p, @)'°B Qum = —4.0618 B, = 7.55063

See (981AJ0).
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Table 14.181“N levels from*3C(d, n) and*C(He, d)?
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AN b Jo TP I, ¢ J; ¢ (2J; + 1)025 @
(MeV + keV)

0 17;0 1 D12 2.27
2.31 0+ 1 1 D12 0.92
3.95 1*t:0 1 P32 1.10
4.92 0-;0 0 S1/2 0.29
5.11 27;0 2 ds /2 1.79
5.69 150 0 S1/2 0.91

ds /o 0.29
5.83 37;0 2 ds/2 2.19
6.20 170 1 P12 0.032
6.45 3t:0 1 f7 /2 (0.1)
7.03 2.0 1 P32 0.31
7.97 27;0 ds/2 0.051
8.06 1751 0 S1/2 0.10
ds /o < 0.006
8.49 4-;0 4hi
8.62 0t; 1 1 P1/2 0.021
8.78 0751 S1/2 < 0.009
8.91 371 2k ds o 3.32
8.98 2% (0) (1,2,3)| psp < 0.2
9.13 (27;0)¢ 2 ds/2 0.14
9.17 211 (1, 3) P3/2 < 0.08
9.39 27;0 2 ds /2 0.62
9.51 27;1 2 ds 2 1.31
9.70 10 1 P12 0.039
10.085 + 12 (1-3)"¢ ds o 0.054
10.222 + 12 (0—2)te P12 0.16
10.534 + 20 (0—2)tef P1/2 0.34
10.81 57;0f
11.05 (3t)ef
11.26 & 50 (0—2)tef P12 0.22




Table 14.181“N levels from*3C(d, n) and*C(*He, d)* (continued)

L4N* b Jo TP I, © ;4 (2J; + 1)C%S 4
(MeV + keV)
11.49 + 40 (0—2)fef P32 0.040
11.66 4 40 (0—2)tef P12 0.092

@ See also Table 14.18i1981AJ0) and 14.23 in{976AJ03.
> From Tablel4.1Q

¢ 13C(d, n}*N: E4 = 4.51t0 6.5 MeV.

4 13C(He, d)*N: E(*He)= 43.6 MeV: see (986AJ0).

¢ From (He, d).

fT ~ 200, 50, 50, 80, 80 and 100 keV fé¢N*(10.53, 10.81, 11.06, 11.26, 11.51, 11.66).
¢ See, however, Table4.1Q

h Observed in (d, n) andde, d).

iT,<9.9x102eV,

iT, < 18keV.

kT, =12.1 keV.

31.13C(d, n)“N Qm = 5.3260

Observed neutron groups are displayed in TAdd8 See (970AJ04 1976AJ04 for com-
ments.

32. 13C(He, d)“N Qum = 2.0571

Angular distributions have been reportedifHe) = 33 MeV to “YN*(0, 2.31, 3.95, 5.11,
5.83, 8.91, 9.51)1(986DRO03 also A,). See Tablel4.18here, and 1981AJ0), for the earlier
work.

33.13C(a, 1)*N Qu = —12.2634

See (981AJ0).

34.13C("Li, *He)"N Qm = —2.424
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At E("Li) = 34 MeV angular distributions have been studied4bi*(0, 2.31, 3.95, 5.0[u],
5.7[u]). **N*(7.0, 8.9, 9.5) are also populateldN, ; is dominant {987CO18. See also{986AJ0),
(1988AL1QG and reaction 18 in*C.

35. 4C(37)“N Qum = 0.15648

See!!C. See alsol989AMOY, theor.).

36 “C(rt, 7N Qm = 4.761

Forward-angle differential cross sections for the isabarialog state (IAS}{N*(2.31)] have
been measured df,+ = 20 MeV (1987IR0), 35 to 80 MeV (986UL0YJ, 100 to 295 MeV
(1983IR09 and 300 to 550 MeV1988R0O03. Angular distributions to the IAS are reported by
(1986UL01 1987IR0), See also1985IR02 1989LE1L) and (L989ST1H theor.).

37.1C(p, n)“N Qum = —0.6259

Angular distributions, generally for the,, n; and n, groups, have been measured in the
rangeE, = 2.45 to 45 MeV [see [981AJ0] 1986AJ0)] and atE; = 35 MeV (19901E0)
and 160 MeV (987RA15. (1984TA07) have been measured the transverse spin-transfer coef-
ficients [Dyx (0°)] at 160 MeV for the groups t&*N*(0, 2.31 [Dyy = 1], 3.95, 13.72). The
main GT strength lies in the three states and theibyy values, which are consistent Wi@)
are those expected for pufe= 0 transitions {984TAO7). At E, = 60 to 200 MeV the spectra
are dominated by the neutronstiN*(3.95) (1987TA13. 0° differential cross sections have re-
cently been obtained df, = 60 to 200 MeV (987TA13 ny, n,, ny), 200, 300, and 450 MeV
(1989AL04 n;, ny) and 492 MeV [989RA09. See also{989MAZP. For discussions of the
Fermi and Gamow-Teller strengths s@8§5WA24 1987RA151987TA13 1989RA09. See also
15N, (1985TA23 1989SU1), (1988CA26 1989KEZZ astrophysics), (986AL18 1986TA1E
1986V0O1G 1987BE251987G01V 1987HE221987RA321988R0O171988WA1Q 1989RA1G
1989SU1A and (1986PE1E1987L013 1987L010 1989AMOJ; theor.).

38.11C(He, t)'N Qm = 0.1379

At E(*He) = 44.8 MeV, triton groups are observed corresponding to all knoswels of'*N
with E, < 7.1 MeV. Triton groups were also seen to unresolved states kit 8.0 — 9.5 MeV,
to 1*N*(10.43) and to excited states wiff, = 12.49 4= 0.04, 12.83 4 0.05 and13.70 £ 0.04 MeV.
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Angular distributions were obtained for nine of the tritammgps and analyzed using a local two-
body interaction with an arbitrary spin-isospin exchangetune. Dominantl = 0 to 4N*(2.31,
3.95, 13.7),L = 1 to “N*(5.11), L = 2 to “*N*(0, 7.03, 10.43) and. = 3 to *N*(5.83)
(1969BA0§. Angular distributions have also been studiedzftHe) = 72 MeV (1988DE34
1988DE471989ERO0%ty, t1, ts).

39. 4C(°Li, SHe)"N Qm = —3.350

Angular distributions have been studied/a°Li) = 34 and 62 MeV [see {986AJ0)], at
93 MeV (1986BR33 1987DE02 1988DE47 1989DE34 to “N*(0, 3.95)) and at 84, 150 and
210 MeV (1987WI09 1986AN29 1988ANO0§ to *N*(0, 2.31, 3.95)).1“N*(3.95) dominates the
spectra: see e.g1987WI109. *N*(5.11, 5.83, 6.20, 7.03, 8.49) are also populate@B0WH03
1987WI109. For studies of the GT strength seE980WHO03 1987WI09. See also1987AU04
1988AU1E 1988GA1N 1989AU1B and (L986AJO0).

40. (2)"“N(v, n)3N Qm = —10.5535
(b) “N(7, p)*C Qm = —7.55063
(c) “N(v, d)i2C Qm = —10.27239
(d) “N(y, 7H)1C Qm = —139.725

The total absorption over the rande, = 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 for solely &yhthn) and ¢, py) processes:
particle-unstable excited states'd€, *N are involved. The combined/(n) and §, pn) cross
section begins to rise rapidly above 18 MeV, reaches its mamxi value of 15 mb at 23.3 MeV and
exhibits structure at about 19, 20.5 and 26 MeV. The main Eak 3.5 MeV: see (970AJ0))
at 23.3 MeV appears to be split into two absorption levels: (3681AJ0). Maxima reported in
other experiments and “breaks” in the, () activation curve are listed il970AJ04. Most of
the photon absorption in the giant resonance region foffins: 2~ states in'*N which decay by
d-wave neutron emission t8N, . . Some evidence is found for the existence/df= 0~ strength
at the peak of the giant resonance and for a small amount spiis@ = 0 mixing near 22.5
MeV: see (981AJ0). The cross section for the (n) reaction has recently been measured from
threshold to 15.5 MeV1987FA19. See also1988DI032).

The (@, po) and ¢, p2) cross sections and angular distributions have been nezhsurthe
giant resonance region. The giant dipole statpg{{~' (2s1d)] which decay by, emission to
13C*(3.68) appear to carrygz 90% of the E1 strength and do not contibute substantially to the
(7, po) process which is populated by(2)~! (2s1d) giant dipole states. Above, = 22 MeV
d-wave emission from~ states appears to dominate the §,) cross section: se€.976AJ0J.
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For reaction (c) seel@87IM02. For rection (d) se&'C. See also1985FU1G and (1985GO1A
1986WI11Q 1987HU01 1987KI1C 1987LU1B 1988DU04 theor.).

41. “N(v, m)"N

A measurement of the protons from tH&(v, p)'*C reaction and a resonant absorption mea-
surement lead td.,,/I" = 0.052 + 0.004 for 1*N*(9.17) and tol' = 122 & 8 eV (1989VA2]). See
also (L986AJ0), Table14.19 (1985BEZ| 1987BE1K and (L986DU03 theor.).

42. (a)'“N(e, e}'N
(b) “N(e, ep)3C Qm = —7.55063

Form factors have been determined at many energies in thge fan= 60.7 to 300 MeV: see
(1981AJ01 1986AJ0) for the earlier references. In recent workfat = 80.0 to 372.6 MeV the
form factors for'*N*(0, 2.31) have been determined E 0.80 to 3.55 fnm 1] (1987HUO1 see
for a discussion of the wave functions for these two statesg:also1989AMO01, 1989TA0). A
number of other excited states ‘9N have also been studied: see Tab#e1Q (1984BE13 have
populated*N*(12.50, 13.17, 13.71, 15.43, 15.7, 17.2, 17.8) but notithetates at, = 14.66
and 17.46 MeV which are thus presumablly= 0. (1984BE13 report that within the triplet of
5~ states at 14.66, 16.91, 17.46 MeV, they can accountf60% of the isovectob— strength but
only 35% of the isoscalar strength. There is no other sigmtié14 strength up td’, ~ 28 MeV
(1984BE13.

See alsoX986L11C 1987DE431987L13Q 1987RO23and (L985CH1F 1985CH1G 1985GO1R
1986D011 1986ER1A 1986G0291986JE1B1986ZE1A 1987GO081988AL1] 1988GO1R
1988YA1Q 1990BE24 1990GA1M theor.).

43, UN(E, 75) 1N

Angular distributions afy,+ = 162 MeV have been studied to the states listed in Tddl20
(1983GEO03. See also the “General” section.

44, “N(n, n)}*N

Angular distributions of elastically and inelasticallyastered neutrons are displayed in Table
14.23 of 1970AJ04. Recent work is reported &, = 7.68 to 13.50 MeV (986CH2F prelim.; to
1“N*(0, 2.31, 3.95, 4.91, 5.11, 5.69, 5.83)), 11, 14 and 17 MESBETEO1 ny; prelim.), 20 and 25
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Table 14.191“N states from*N(v, v') and'“N(e, €) »

E, (MeV + keV) Mult. JmT I, (eV) I (keV)
8.06 El 1-;1 10.5+6
8.91 M2 371 (6.6 £2.2) x 1073
9.17 M1 2+ 1 724047
6.3+0.3°
10.434 M1 2+ 1 96+19¢°
11.24¢ C3 (37)
12.54 4100 © (M1,C2) |J=0,1,2,3 14.7+ 3.2
2J +1
12.81¢ C3 4~
13.274+100¢ | (M1,M2,C2)| J=0,1,2,3
13.76 4 100 © (M1, C1) J=0,1,2 (4+£1)x1038
14.72+301 M2 (27; 1) ~ 100
15.01+30° M4 37,47~ 1 ~ 100
16.11 4100 © (M2) J=0,1,2,3
1691 +20° M4 57~ 1 170 & 20
18.48+40°F M4 571
20.11+20f M4 37,47~ 1 120 £ 20

& See Table 14.19in@81AJ0) for references and additional information. See also Ta#lé1here.

b (1981BI17.

¢ A. Richter and G. Kuehner, private communication; adopted.

4T =44 keV, T, = 8.8 eV (A. Richter and G. Kuehner, private communication).

¢ (1979ENO).
f (1984BE13.

& And I = 105 4+ 20 keV (A. Richter and G. Kuehner, private communication).
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Table 14.20: States 6fN from “N(z*, 7%) (1983GE03}

E, (MeV) J° T Mult. B(E)) (¢? - fm*")

0
3.95 E2 2.840.4
4.92
5.11 E3 74410
5.69
5.83 E3 117 £ 18
7.03 E2 3.95 4+ 0.7
8.49

11.24 E3 110 £ 12
12.79 E3 151 £ 17
13.14 E3 31 £8P
14.66 57041
15.10
15.57 2,3,47:0 | E3 10(2J + 1)
16.06 37,0

16.86 57140
17.46 57041
17.89 2-4+47;0
18.70 (37);0+1
20.10 (37);0+1

@ States af’, = 18.2 and 18.4 MeV are also populated.
b J™ = 2~ assumed.
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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@76AJ0%, (1986GEZX 1989L126 and
(1989STZW applied).

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

(b) "*N(p, 2p)*C Qu = —7.55063
(c) *N(p, pd)*C Qum = —10.27239
(d) “N(p, pv)'’B Qum = —11.6125

Angular distributions of elastically and inelasticallyastered protons have been studied at
many energies up té, = 800 MeV [see (1981AJ0]1 1986AJ0)], at £5 = 35 MeV (1990IE0%
p1) and 800 MeV (985BL27 elastic) and aty, = 1 GeV (1985AL14 elastic). For a display of
the observed!N states see Table 14.24 ih9g86AJ0). For a study of the 1.6 and 2.3 Me)/rays
[from “N*(2.31, 3.95)] see X988LEQY. 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 1987HU011987VD03 1988VD1B 1989AMO01, 1989LO1E
theor.).

46.N(d, d)“N

Angular distributions of elastically and inelasticallyasiered 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-Zers of magnitude less than that to
MN*(3.95) [J™; T = 1%; 0]: see (981AJ0). See also(986HALE 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 it981AJ0). 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 il 986AJ0)] and atE, = 48.7 and 54.1 MeV
(1987AB03 o). See also®F in (1987AJ03, (1987BU27 1989BE1R, (1989GU28 astro-
physics), (988PA1K applied) and1985SH1D) theor.).
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49. (2)"N(°Li, 5Li)“N
(b) “N("Li, TLi) N

Elastic angular distributions have been measurefi(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 (L988HAZS.

51. (a)14N(1OB, IOB)I4N
(b) 14N(1lB, 1lB)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¥886AJ0). See also
(1985BE1A 1985CU1A and (L985K01J)1986R0O12theor.).

52. (a)*N('2C, 12C)"N
(b) “N(*2C, d2C)12C Qum = —10.27239

Elastic and inelastic angular distributions have beenistuoh the rangeZ(**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 (L986MO13 1987GO1F
1987ST01 1989KI13 1990WE14. For high-energyy-emission seel@86STO0J. For neutron
emission seel©88KI10§. For pion emission sed989SUZ$. For reaction (b) seel@87AR25.
See also 1986GO1H 1987VE1DQ 1988HAZS 1989AR1M), (1982BA1D0 1985BA1T, astro-
phys.), (985BE1A 1985CU1A 1987GE1B and (L985HU04 1985K01J1985VI09 1986BA62
1986HA13 1986POZW 1986RE14 1987BI12Q 1987RE031987RE11 1988BA37 1988HE12
1988PR021989BL1D, 1989NI1G 1989R022 1989SH05 1990CA1S 1990DE13 1990GH1E
1990PRO01theor.).

53. 14N(13C 13c)14N
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Elastic angular distributions have been measuredd(&tN) = 19.3 to 35 MeV andE(*3C) =
105 MeV: see (981AJ011986AJ0) [see also for fusion studies].

54. 14N(14N 14N)14N

Elastic angular distributions have been studied#¢r*N) = 5.0 to 20.2 MeV: see{981AJ0).
For fusion and other cross section measurements188& AJ011986AJ0). See alsol985BE1A
1985CU1A 1986ST1,J1986ST1A 1988B0O4§ and (L985KO1J) 1986R0O12theor.).

55, (a)14N(160, 160)14N
(b) 14N(19 F, 19 F)14N

Elastic angular distributions have been studied #¢t*N) = 8.1 to 155 MeV [reaction (a)]:
see (L981AJ0). For fusion cross section measurements, 4881AJ0] 1986AJ0). See also
(1985BE1A 1985CU1A and (L985HU04 1985K0O1Jtheor.). For reaction (b), se&489HO1H
theor.).

56. (a)14N(24Mg, 24Mg)14N
(b) 14N(26Mg, 26Mg)14N
(C) 14N(27A|, 27A|) 4N
(d) 14N(288i, 288i)14N
(e) 14N(40Ca,40Ca)14N
(f) 14N(48C3,48ca)14N

Elastic angular distributions have been measurel(&N) ~ 53 MeV for reactions (a), (c)
and (d) [see 1986AJ0)] and at 84 MeV [988YAO0G reaction (d); also inelastic t§Si*(1.78)).
For fusion and fragmentation studies s&@8§6AJ0) and (L986SH25 1987BES5 1987GU1M
1987ST011987YI1A 1988SHO31989BR1K 1990G0OZJ. For reaction (e), see alsbq88GO12.
For pion production [reaction (c)], se&€986ST03. See also X 987SH1A, (1987BL1D and
(1985BL17 1985CE111985ST2019860S051986POZW 1986PR011988AY03 1989BH03
1989CH1K theor.).

57.140(5+) "N Qum = 5.1431
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10, .. decays predominantly to its analog stathl*(2.31): F, = 2312.798 £ 0.011 keV
(1982WA16: see reaction 1 iitO. See alsol(989AMOZ; theor.).

58. 15N(, n)'*N Qm = —10.8333

See (988MCO0) in *N. See also1981AJ0) and (1988GOZM theor.).

59. 15N(p, d)“N Qum = —8.6087

Angular distributions have been obtainedtat = 39.8 MeV for the deuterons corresponding
to “N*(0 — 8.06, 8.62, 8.918.96 + 8.98, 9.17, 9.39, 9.51, 9.70, 10.10, 10.21, 10.43, 11.06,
11.23+11.30,11.39,11.51,11.66,1.744-11.80, 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 DWBAyaimsbf thel, = 1 pickup
angular distributions: sed969SN0J. See alsol970AJ0J.

60. 15N(d, )N Qm = —4.5760

At E; = 89.1 MeV (1989SA13 have investigated the level structure’dN 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 rutesilynificant/ = 3 strength was seen
(1989SA13.

61. PN(He, )N Qum = 9.7445

Observed states iltN are displayed in Table 14.28 of §76AJ04 together with the derived
spectroscopic factors. Recently, angular distributiorts 4, have been determined &(*He) =
33 MeV to 1“N*(0, 2.31, 3.95, 5.11, 5.83, 7.03, 9.17, 10.43, 12.5, 18L%B6DRO3.

62. 15N(13C, 14C)1N Qm = —2.6568

See (981AJ0).

63.150(", 2p)N Qm = 117.390

68



Table 14.21: States 6fN from N(d, t)!*N * (1989SA13

69

E, l J© TP j C?S©
(MeV + keV)
0 1 : 1.2440.09
3 0.10 £0.08
2.312+2 : 0.472 £ 0.009
3.946 + 4 : 0.18 +0.04
3 0.48 +0.04
4.910 £ 6 (0) : (0.008 & 0.001)
5.102+5 2 0.056 + 0.007
5.689 + 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 1.11+0.03
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) 2 (0.016 £ 0.001)
11.515 £ 10 ? (3%) < (0.006)
11.754 £ 11 2 3 (0.014 + 0.001)
12.505 + 10 1 (1% 1) 3 0.13 4 0.01
12.812 + 13 ?
13.186 + 21 ? < (0.015)
13.732 £ 16 1 3 0.45 £ 0.01
14.57 + 23 ?
14.90 + 21 2 ©) (0.025 + 0.002)




Table 14.21: States 6fN from N(d, t)'“N # (1989SA13 (continued)

E, l J© TP j C?S©
(MeV + keV)

15.63 £ 70 (2) ©) (0.037 £ 0.003)
16.15 + 130 ?

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

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

At E.+ = 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 &taitn of 1*N*(2.31) [0F; 7" = 1] is 5%
(1988SC1. See alsoX990SC1Qand (L989CHO4 theor.). Work att,+ = 165 MeV suggests
that the earlier work reports too low a cross section and testienates 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@40HY0]). See also{988KY 1A,
1988RO1N).

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

Angular distributions (reaction (a)) have been measuré¢idamanger, = 27 to 54.1 MeV: see
(1981AJ0). Comparisons have been made of the ratio ofi{®) to thel' = 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€l@87LA1]). For
reaction (b) seel©86VDZY, 1987VD1A) and (L986G0O28theor.).

65.150(d, o) N Qum = 3.1104

Angular distributions have been measured at many energiesiy = 40 MeV: see (981AJ0).
The yield of the isospin forbiddea; group [to“N*(2.31)] has been studied far; = 2 to 15
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MeV: the intensity of the group is strongly dependentignand on the angle of observation. The
a1 reaction appears to proceed almost exclusively by a compounlear process and its study
leads to the determination of a large number®¥ states: the average isospin impurity i
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
(1986SI110 computer).

66.70(p, a)"*N Qm = 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 1*O: (1987PE1(¢1988ST10) 1989BA92 1989DR031989KI13.

Reactions involving pions (See also reactions 5 and 7.J986BA1G 1986BO1N 1986F0O06
1986GE061986SI111 1987BL15 1987KA39 1987K0O1Q 1987K0O1Q 1987MI02 1987PA1H
1988AU1D0 1988HA37 1988YU04 1990HAZV).

Hypernuclei: (1989BA93.
Other topics: (1985AN28 1986ANO07).

Ground state of 1*O: (1985AN28§ 1986HE26 1987SA15 1988WRZ3.
For searches fdin and*H involving the production of*O see {986BE351986BE54 1988BE0).

1. 4O(3+)1N Qum = 5.1431

The best value of, , = 70.606 & 0.018 s: see {978WI09. See alsol976AJ04. *O decays
predominantly to its analog statéN*(2.31) [J™; T = 0T; 1; Ex = 2312.798 (11) keV, E,, =
2312.593 (11) keV (L982WA18]. 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 tN*(0,
3.95) [bothl*; O states]. Logr*t = 3.4892 (2) for the0* — 07 transition (981WHO03, using the
Wapstra masses for the atomic mass exce$s&\yf'H and n; Ey,.q,- for the *N (p, n) threshold
(1981WHO03 and E,, shown above fot'N*(2.31) (1982WA16. See (9890R0119890R0Y for
other calculations ofog ft [3.4884 (5)] and comments. Critical surveys of superalldwermi
transitions lead to values for the first row of the Kobayadhiskawa matrix= 0.9970 4+ 0.0021
(1990HA13, 0.9989 + 0.0012 (1990WI05 1990WI11Q 1990WI1) [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 WP87KO34. For a study of the longitudinal polarization of
the positrons seelf88GI102 1989CA1J) 1990CA1Y. See alsol989HAL1X 1990HA1Q and
(19861S071986JA07 1986SI1H 1987JA071988L.0O01 1989SA1R 1989WO1E 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 T T12 OF e, Decay Reactions
(MeV =+ keV) (s) (keV)

g.s. 071 712 = 70.606 £ 0.018 s Gt 1,2,3,4,5/7,8,9,10
5.173 £ 10 1751 I' =38.1 1.8 keV 3,56,8,9,10
5.920 + 10 0t; 1 <50 p 3,9,10
6.272 + 10 351 103+ 6 p 3,4,5,9,10
6.590 £ 10 271 < 60 p 3,4,5,9,10
(6.79 £ 30) T=— 59
7.768 + 10 271 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 4+ 50 5,9
11.24 4+ 50 9

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

& Possibly more than one level.

2. (a)’Be(**C, ®He)*O Qm = —25.13
(b) °Be(*C, “He)*O Qm = —34.44

For reaction (a) seet088B0O2(). For reaction (b) seeLlP88BEY ).

3. 2C(*He, n}*0O Qm = —1.1466

Observed neutron groups are displayed in TAdl23 Angular distributions have been mea-
sured atE(*He)= 15 to 25.4 MeV [see 1981AJ0)] and at 45.5 MeV 1987AB04 ny, n;). For
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Table 14.23: Levels of*O from 2C(*He, n)}*O ®

E, (MeV + keV) [em. (keV) Lb Jr b
0 0 0t
5.173 £ 10 1 1-
5.930 £ 15°¢ <47 0 0+
6.272 %+ 10 103 +6 3 3-

6.596 £ 10 4 < 56 (2) 2t e
7.768 + 10 76 & 10 2 2+
9.705 %+ 25 (2) (27)
9.915+ 20" 100 £ 50 4 4+

@ For references see Table 14.221981AJ0).

b See Table 14.30 inl@76AJ0J.

¢ B, = 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'fi®*(5.92, 6.27, 7.77) are
in accord with this work.

“Oo*(5.17)[J" =17],T,/T = (7.2+3.5) x 107%; usingl.,,. from Table14.22T, = (2.7+1.3)
eV (1989FE09. (1989AG1A prelim.) reportl’, = (7.6 + 3.8) eV.

4. (a)2C(12C, 'Be) 10 Qum = —20.6136
(b) 2C(4N, 12B)0O Qum = —18.513

At E(*2C)= 480 MeV (reaction (a)) forward-angle differential cross seant have been stud-
ied for 1*0*(6.27, 9.9, 14.1, 15.7)*0*(0, 6.59) are also populated. The forward spectra are
dominated by'*0*(9.9) (1988KR1). For the earlier work on both reactions sd®76AJ04
1981AJ0). See alsol988MEL1N.

5. 13C(p, )10 Qm = —137.161

Differential cross sections have been measuréd,at 250 MeV to '0*(0, 5.17,6.27 + 6.59,
9.92) and atF, = 354 and 489 MeV td"*0*(0, 6.27 + 6.59) (1988HU0J. At E, = 489 MeV a
broad structure near 23 MeV is also observe888HUO§ but its origin is unknown (R.D. Bent
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and G.M. Huber, private communicatioldte: a7 = 2 state in'“O, corresponding t&*C*(23.2)
may be substantially broader and might be more difficult tectd

At E5 = 200 MeV angular distributions and, have been measured t80*(0, 5.17, 6.1[ul],
6.6[u], 7.89.7+9.9, 10.9, (12.0), 14.2, (14.6, 17.4)). Itis suggested that(14.15) has/™ = 5:
see'*C(p, 7*)C (reaction 15) 1987K001 1989K02). For the earlier work seel §86AJ0).
See also p. 1041086JA1H 1987VI113 and (L986KU1J theor.).

6. 3N(p, 7)O Qum = 4.6280

This reaction is important in the hot-CNO cycle if its raté@ninated by = 0 capture through
140*(5.17). Calculations suggebt, for this state is 1.8 eV1987FU032, > 4.1 eV (1989DE2§.
See also1986AJ0) and references below. For measurements see reactions83aaakl in partic-
ular, 1989FEQ0§[I", = 7.6 £ 3.8 eV] for empirical S-factors asf(£). See alsol990SMZ2 and
(1982TR1A 1983HA1B 1985BA75 1985CA41 1986FI15 1987BU12 1988CA26 1988J01D
1988R0O041988TR1G 1989AG1A 1989AR1G 1989AR1H 1989BA64.

7. 14C(r+, n)40O Qum = —4.9866

Forward-angle cross sections have recently been measurggif = 19to 79.5 MeV (L989LE11
0°) and 300 to 500 MeV1989WI02 5°). For the earlier work sed 986AJ0). See alsol985AL15
1986GI06 1988SE1A1989LE1L) and (1987HA29 1989CH1Q1989ST1H1989YU1A 1990CH14
theor.).

8. “N(p, n)‘0 Qm = —5.9255

FEipresn, = 6353.04 £ 0.08 keV (1981WHO3.

Angular distributions have been measuredzgt= 35.2 and 144 MeV [seel(986AJ0) and
(1979M0O16] as well as at 35 MeVI9870R01 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 1988LEOS astrophys.).

9. N(He, t}10 Qum = —5.1617

Triton groups have been observedi{He)= 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+0.04, 14.64 +0.06 and17.40 + 0.06 MeV:
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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 also1987K0O34 1989DE1Q.

10.60(p, )0 Qm = —20.4045

Angular distributions of ground-state tritons have beedistd toF,, = 54.1 MeV: see (981AJ0).
For comparison with the (FHe) results see reaction 644tN.

Triton groups have been observed to states with- 5.214+0.04, 5.9240.06, 6.28+0.05, 6.59,
7.77,8.69 £+ 0.06 [weak, not observed in reaction 3], afhd5 + 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): see1976AJ0J.

14F
(Not illustrated)

4F has not been observed: its atomic mass excess is predidied32.98 MeV which would
make it unstable with respect to decay int® + p by 2.58 MeV: see1981AJ0). See also
(1986ANO07 theor.).

14Ne 14Na 14M g
(Not illustrated)

“Ne, *Na and"“*Mg have not been observed. S&8§6AN07 theor.).
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Figure 5: Isobar diagramd = 14. The diagrams for individual isobars have been shiftedaadty to elimi-

nate the neutron-proton mass difference and the Coulomiggriaken aic = 0.60Z(Z — 1)/A'Y/3. Ener-
gies in square brackets representthe (approximate) masieegy,Fn = M (Z, A)—Z M (H)—N M (n)— Ec,
minus the corresponding quantity f6tC: hereM represents the atomic mass excess in MeV. Levels which
are presumed to be isospin multiplets are connected by déisies.
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