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A =17 Theoretical

Because much of the theoretical work reported in the liteeafior A = 17 is relevant to more
than one of thé\ = 17 nuclides, the following general theoretical discussiantiits mass system
is provided here. Some of this work is also referenced i getions of this compilation.

Ground state properties 6fO and!’F are calculated byl@89FUO05 with the use of self-

consistent relativistic mean eld models of baryon-mesgnammics, including contributions from

, !, and mesons. They calculate binding energies, rms radii, magaat quadrupole mo-
ments, and elastic magnetic scattering form factors andpaoento experimental data. Work
reported in {990LO1) revisits previous calculations based on the density fanat method.
Binding energies of’O and!’F as well as proton and neutron radii are calculated and cadpa
experimental data. Calculations of Coulomb excitation of teeexcited state of-’O due to vir-
tual E1 transitions through intermediate states are redont (L989BA6(Q. They use shell-model
wavefunctions including single-particle harmonic ot and higher con gurations. The work
in (1986P006 87RI03, 89VO1F) deals witlhh = 17 nuclei as reaction products in heavy ion
reactions. 1989WAO09 reports shell model calculations which use a modi catiéthe Millener-
Kurath interaction (MK3), including energy spectra and afawctions oft’C and*’N. The half-
life and decay modes of both the allowed and rst-forbiddedecays of!’C are predicted, as
are the spectroscopic factors and electromagnetic tiamsites of-’N. They nd generally good
agreement with experimental results.

Analog correspondences and structure of statééNmand'’O are covered in Tabl&7.3 A
relativistic Hartree calculation was performed ip91ZH0§. The effect of tensor coupling of the
pion is found to be important in calculating the magnetic reats. Results are presented for bind-
ing energies, quadrupole moments, magnetic moments, agk particle energies1988BR1)
analyze ground state binding energies and excited-statgies using several two-body interac-
tions. They develop a semi-empirical “best t” based on apgbdameter density-dependent two-
body potential. {988MI1) discuss features of an effective interaction used to tatiewross-shell
matrix elements. They apply shell-model transition deesito thel~! excitation of non-normal-
parity states in electron, nucleon, and pion scatterih§86 YA1B) obtain an effective shell-model
interaction by starting with a bare Hamiltonian of kinetizeegy and the Reid soft-core pair po-
tential, and folding this with pair correlation operatorst mepresented by con guration mixing
in a given shell model space. 169487BR3(), calculations based on the full-basis sd-shell wave
function are used to analyze M1 transition data and magnatiment data. The parameters of
an effective M1 operator are obtained. Differences in ¢éifecperators are used to evaluate the
importance of meson exchange currentsisobar effects and other mesonic exchange currents.
The authors of 1986EDO03J apply the particle-hole model to the study of E1 statesvodie GDR
using the WMBH residual interaction and compare the resulexferimental data. The elastic
magnetic form factor is calculated with the inclusion oftbtte2~! particle-hole excitations and
the Zuker-type multi-particle-multi-hole con gurationiring, the latter of which helps explain
the M3 suppression, but produces magnetic moments whicloaremall (992ZH07. The low-
energy spectra were investigated Ap90L110Q), who included 2h-1p multiple scattering and PH
TDA self-screening in their Paris-potential-based Gredahction calculation. Two- and three-
fragment clustering of 1p-shell nuclei is studied in thenfeavork of the intermediate-coupling
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shell model {992KWO0]). (1991SK02 use matrix inversion techniques to determine effective
matrix elements for E2 and M1 transitions far= 17 nuclei. A compilation of calculated mass
excesses and binding energies of membefs of 6 isospin multipletsfo® A  60is presented

in (L986ANO07. The production of nuclei far from stability via multinggdn transfer reactions is
reviewed in (989VOZM).



He, Y7Li
(not illustrated)

Not observed: seet86AJ04 1988POZ%.

17 Be
(not illustrated)

This nucleus has not been observed. Its atomic mass exasdsusated to be 70.67 MeV: see
(1977AJ02. It is then unstable with respect to breakup iffiBe + n and**Be + 2n by 3.38 and
3.35 MeV, respectively. See alsb9B3ANZQ).

17 B
(not illustrated)

7B was observed in the 4.8 GeV proton bombardment of Uranidrs particle stable and
its ground state probably hak = % (1974B0O05 1986AJ04 in agreement with the shell
model (L992WA23). It has been observed in several heavy ion reacti®@84{GI105 1988DU09
1988SA04 1988TALN 1988W0O09 1989LE1§. The atomic mass was measured todRe32
0:80MeV (1987Gl05, 4362 0:17MeV (1988W0O09, and43:90 0:23MeV (19910R0), which
compare well with the predicted mass4831 0:50MeV (1988WA19. See also{986AN07Y.
The half life has been measured to bg, = 5:3 0:6 msec ((988SA04, 508 0:05 msec
(1988DU0Y, and5:9 3.0 msec ((991REQ02). Beta-delayed multi-neutron emission has been
observed and branching ratios have been measuBs8DU09 1989LE16 1991REOQ2.

A model of 1'B considered as a three-body system composed'eB aore and two outside
neutrons was studied b§990RE1$. The binding energy and radius were calculated. Shell inode
interactions in the cross-shell model space connectin@phend 1s0d shells were applied in the

A = 15-20 Boron isotopes bylQ92WA22).

17C
(Fig. 4)

The atomic mass excess given hp88WA19 for 1’C is21035 17keV. See alsol(986ANO7Y.
17C is then stable with respect t6C + n by 0.73 MeV.E (max) to!’Ngs = 13:16 MeV. See
also (1986BI1A). The half-life of 1’C has been measured to B82 17 msec (986CU0),
220 80msec (986DU07Y, 180 31msec (988SA04, and1l74 31msec (991REO2. Relative
intensities of -delayed gammas were measured b986DUO07 1986HU1A 1986JEZY) [see
Table17.1]. Observation of -delayed neutron emission has been reported and the plibpabi
measured to be820 2:7)% by (1991REOQ02. See alsoX988MUO09. Total cross sections induced
by ¥’C on Cu were measured b$9q89SA10. See also{987SA2). An excited state ot’C is
reported aE, = 292 20keV [see (982AJ0)] and at295 10keV (1982FI11(. Three closely
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Table 17.1: Beta decay 6fC 2

N state
J, E, (keV) Branch(%)P
3 1374 21(10)
i 1850 40(7)
2 1907 20(8)
N 2526 19(9)

a(1986DUQ7. See alsoXl989WA0H.

b These intensities are relative ones for decay to bound
states. To obtain absolute intensities, one would scale by
a factor(1 P,) where the fraction of decays leading to
neutron-unstable stat® = 0:320 0:027(1991REO02.

spaced low-lying states are expecféd = g

which is the ground state. See ald®86AJ0J.

Shell-model calculations of energy spectra and wave fanstand predictions of half lives
and -decay modes are described if®89WAO0Q. Hartree-Fock calculations of light neutron-rich
nuclei including!’C are discussed inLP87SA15. See also the study of partitioning of a two

component particle system it g87SNO).

;%* ; {] (1982CUZZ 1989WAO0Q: it is not clear




17 N
(Figs. 1 and 4)

GENERAL:

Theoretical papers and reviewsEnergy spectra and wave functions 6N are calculated
and the results used to predi€O(d, 3He)*’N spectroscopic factors and electromagnetic transi-
tion rates {989WA09. Self-consistent calculations of light nuclei includiffg\N are reviewed in
(1990L0O1). Production of!’N in heavy ion collisions is discussed iht986HA1R 1987RI03
1987YALG 1989VOZM). See also{986AN07 1986P0061991SK021992KWO01, 1992WA22).

Experimental papersProduction oft’N in heavy ion collisions or multinucleon transfer in col-
lisions of light nuclei are discussed ih486BI1A 1987AN1A 1987AV1B, 1987SA251987VI02
1989CA25 1989SA101989YO03.

1. (@YN( )70 ! 0 +n Q = 4:537
(b)Y'N( )0 Qn = 8:680

The half-life of ¥’N is 4:173 0:004sec. The decay is principally [see Taldl&.5 to the

neutron unbound staté$0*(4.55, 5.38, 5.94]J = 3 ;% ;% ]. The nature of the decay is in

agreement withl = 1 for ’Ng: see (982AJ0). For a comparison of th&N and*’Ne

decays see Table7.6 For GT transition rates se@483SN0J and (L983RA29 and references in
(1986AJ03. See also the recent analysis of GT beta decay ratd988CHO§.

2.°Be(Be, p}'N Qm =7:534
See (988LA25.
3. B("Li, p)}'N Qm = 8:415

Observed proton groups andrays are displayed in Table/.7. Table17.4shows branching
ratio and lifetime measurements. Recent measurements ofdhs section &, = 1:45-6.10
are reported in990DA03.

4.14C(Li, 3He)l''N Qm= 5697

Angular distributions have been studied foN*(1.91, 2.53, 3.63, 4.01, 5.17) &(°Li) =
34MeV and the results compared with those for the analog matti’O (reaction 20)1983CU0J.
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Fig. 1: Energy levels of’N. For notation see Fig. 2.



Table 17.2: Energy levels 6fN @

Exin?N(MeV keV)| J ;T or Decay Reactions
0 1,3 | 12 =4:173 0:004sec b11,2,34,5,6,7,8

1:3739 03 3 m =93 35fsec 3,5,6,7,8
1:8496 0:3 i 41'%° psec 3,5,6,7,8
1:9068 0:3 5 11 2psec 3,4,5,6,7,8
2:5260 0:5 g+ 33 3psec 3,4,5,7,8
3:1289 05 z 275 80psec 3,5,7,8
3:2042 09 3 < 30fsec 3,5,7,8
3:6287 0.7 .2 12 2psec 3,4,5
3663 4 2 < 350fsec 3,5
3:.9060 2.0 G5 ° 52 22fsec 3,5
4:0064 2:0 S < 15fsec 3,4,5,7
4209 3 3 < 70fsec 3,5
4415 3 3,3 ¢© (< 60fsec) 3,5
5170 2 e < 60fsec 3,4,57
5195 3 % e < 95fsec 3,5
5515 3 3 < 100fsec 3,5,7
5772 3 1, 8% < 120fsec 3,5

(6:08 30) 3

6:233 8 3,5
6:449 3 3,5
6:615 19 3,5
6:938 15 5

6:981 20 3¢ 3,5,7
7.013 22 3,57
717 40 3

7:37 40 3

7:63 40 3

773 40 3

800 25 3

8:14 40 3

8:55 40 broad 3




Table 17.2: Energy levels 6fN 2 (continued)

Exin?N(MeV keV)| J ;T or Decay Reactions
893 40 broad 3
9:26 40 broad 3
9:74 40 broad 3
10.14 3.2 7

a See also1984BA29 and Tablel7.3

b See also Tablet7.4and17.5

¢ Arguments presented in the appendix Bd89WAQQ favor assigmentsHy (MeV), J ) = (3.629,% ; 3.906,% ;
4.006,3";4.415,5 ;5.170,2";5.1953";5.772,3").

5. 5N(t, p)r7N Qm= 0:109

Observed proton groups are displayed in TdMe3

6. 80( , p)I'N Qm= 15942

The giant resonance Bt = 23:5 MeV decays td7Ng;S; and to the rst three excited states of
"N (1982BA03. See alsd®O in (1983AJ0).

7.180(d, 3He)''N Qm= 10448

Observed groups ofHe ions are displayed in Table7.7. See also 1982AJ0) and?°F in
(1983AJ0).

Shell-model calculations of energy spectra and wave fanstfor'’C and'’N are presented in
(1989WAO09, and the results are used to predict spectroscopic fafthotisis reaction. Arguments
are given forJ assignments for states 1N below neutron threshold.

8.180(t, )N Qm = 3:873

See Tabled7.4and17.7.
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Table 17.3: Analog correspondences and structure of statéd and’O 2

J Ex(*'N) Ex(*'O) Con guration

1 0.000 11.078 p,5  (sd)? 0}

3 1.374 12.466 p,S  (sd)? 2}

3 1.907 12.998 PS5  (sd)? 2}

! 3.129 14.230 PS5 (sd)? 4y

3 3.629 14.760 Py (sd)% 47

5 3.663 14.791 P (sd)%0;

3 3.204 14.286 P (sd)? 2

3 3.906 b P (sd):2;

2 4.415 b P (sd)% 3]

7 " b pl  (sd)%3;

3 5.515 16.580 p,5  (sd)? 0}
- 1.850 12.944 14C(gs)  °F(gs)

N 2.526 13.635 14C(gs)  19F(0:197)
g 4.006 15.199 14C(gs) 19F(1:554)
N 4.209 15.368

¥ 5.170 16.243 14C(gs) °F(2:780)
ey 5.195 b

a This information was provided by D.J. Millener in a privatemunication.
b Uncertain.
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Table 17.4: Radiative transitions and lifetimes 6f states

Ei (MeV) | Ef (MeV) | Mtpl. | Branch (%) =, b (W.u.) m
1.37 0 M1 100 0:13 0:05 95 35fsec
1.85 0 E1 865 25 41'% psec

1.37 El 135 25 (32 15 10°
1.91 0 E2 770 25 09 02 11 2psec
1.37 M1 230 25 5 1) 103¢
2.53 0 M2 11 1 0:22 0:04 33 3psec
1.37 El 34 3 (1:0 02) 10°
1.85 E2 120 1.5 81 16
1.91 El 41.0 25
3.13¢ 1.91 M1 100 0:06 0:02 275 80fsec
3.20¢ 0 M1 88 4 > 0:025f < 30fsec
1.91 M1 12 4 > 0:05
3.63¢ 1.91 E2 47 10 08 02 12 2psec
3.13 M1 53 10 0:010 0:03
3.66 1.85 El 100 >7 104 < 350fsec
3.91 1.91 M1 100 (8"%) 10 2" | 52 22fsec
4.01 1.85 15 5!
2.53 (M1) 85 5 0.55 < 15fsec
4.21 1.37 100 < 70fsec
4.42 1.91 100 (< 60fsec)
5.17 2.53 E2 37 7 > 15 < 60fsec
3.13 63 7
5.20 1.85 42 < 95fsec
1.91 58
5.52 0 50 < 100fsec
1.37 50
5.77 1.37 25 < 120fsec
1.91 25
4.01 50!

a See Tables 17.5in077AJ021982AJ0) for references and additional detail.
b Assuming pure multipole transitions add from Table17.2 see alsdable 2

¢ =, =0:4,0%(E2).

d Branches td”N*(0, 1.37, 1.85, 2.53) are, respectivety,2, < 5, < 2 and< 3%.
€ Branches td’N*(1.37, 1.85, 2.53) are, respectively,5, < 6 and< 3%.

-

0:06 0:080r2:1 0:4. All other

are consistent with 0.

9 Branches td’N*(0, 1.37, 1.85, 2.53, 3.20) are, respectively10, < 10,< 7,< 3,< 2%.
h This number appears to be in error: Jable 2

" This branch is uncertain.
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http://www.tunl.duke.edu/nucldata/HTML/IntroTables/Table2_1993.pdf
http://www.tunl.duke.edu/nucldata/HTML/IntroTables/Table2_1993.pdf

Table 17.5: Beta decay 6fN 2

Decay to!’O*(keV) J Branch(%) log ft
0 N 16 05 729 0:11f
871 3 30 05 6:80 0:07
30552 0:3° L 0:34 006 | 7:08 0:08
3841 3 <7 103 > 85
45512 1:3° 3 380 1:3° | 441 002
5083 21° g 06 04 59 05
53890 1.2¢¢ 3 501 1:3° | 3:86 002
5738 ") < 0:23 > 6.0
5868 g < 0:15 > 60
59518 1:.9¢ ¢ : 69 05° | 435 003
6356 L < 0.08 > 6.0

a8 See Table 17.3 in1086AJ04 and Table 17.2 in1(982AJ0) for references and

additional information.

b Direct ground state decay 1:5%.
¢ From neutron groups. [The, were calculated on the basis4f443 0:8keV
for E, for a neutron int’0.] |, for 170*(4.55, 5.08, 5.38, 5.94) are, respectively,
54:8 0:4,113 55632 1:1and605 3:2keV. See also Tabl#7.17
d See, however, Tablgs.17and17.1Q
€ Calculated to lead to a total neutron emission probabilitgdd 1)% [100%
less the branches t60*(0, 0.87, 3.06)].
flogfit =9:56 0:13(1971TO08.
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Table 17.6: Comparison 6fN and'’Ne -decay?

Final state in| J nCl P (ft) e (ft)*d f
o | YF (keV) | (keV)

3.06| 3.10 | 3 0 19 (12 02) 10 (1:3"%3) 10 0l 03
455| 470 | 3 55 | 230 | (257 0:13) 10*| (379 0.07) 10*| 047 008
5.38| 552 | 3 63 69 (7.2 03) 10°|(6:51 0:12) 10°| 0:10 0:04
594| 6.04 | 1 61 28 | (2224 016) 10*|(3:53 0:11) 10¢| 058 012

8(1988B039. See also Table 17.4 in986AJ04 and see Table 17.3 in®82AJ0) for references.

b and , are the neutron and proton widths of tH®© and!’F states, respectively.

¢ |, for70*(4.55, 5.08, 5.38, 5.94) are reported to be, respectigdtg 0:4,113 55632 1:1and605 3:2keV.
d(ft) and(ft)* are for the’N and!”Ne decays, respectively.

€ See Tabled7.5and17.27

! [(ft)"=(ft) 1 1.

Table 17.7: Excited states dfN from B(’Li, p), ¥O(d, *He) and

180(t, )a

Ex (keV) | J C2s

HB('Li, p) | BO(t, )N and*¥0(d,3He)*'N
0 1 1 2.02

13737 05 13741 0:4 1 3 0.38
18500 0:5 18495 0:3 0 & 041 014
19068 0:4 19069 05 s
25263 1.0 25259 0:6 2 o 0:53 0:17
31287 06 31292 06 70
3203 2 32044 09 1 s 0.05
36287 07 > 2d
3663 4 )
39080 20 z
40084 2.0 4000 (1) 30) 0.04
4208 3 2
4415 3 z
5170 2 5170 @ |2 3 g 0.08
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Table 17.7: Excited states 6fN from *B("Li, p), 80(d, *He) and*®O(t,

) 2 (continued)

E, (keV)

“B("Li, p)

18O(t, )N and'®0(d,3He)''N

C3s

5195
5514
5770
6080
6240
6430
6610
6990
7170
7370

7630
7730
8000
8140
8000
8140
8550
8930
9260
9740

3

3

3

30
25
30
25
20
40
40

40
40
25
40
25
40
40°
40
40
40

5523

6990°¢

7510

10140

(1)

(1)

Ng1
~
+

NI~ NI Nlw

NIw

—~~
N[
Nlw

~

—~
N[
Nw

~

1.83

0.32

0.09

0.5
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A: 11B("Li, p)t'N
B: 180(t, )'’N and'80O(d,3He)\’N

a See also Tables 17.4 inlg77AJ02 1982AJ0) for references and additional information.
(1981MA14.

b This state and the ones below are broad.

¢ Unresolved.

d Probably(Z, 2) .

¢ Probably(Z, 2)*.

f See (981MA14 for con rmation of J = % for Ex =1:37,5.51, 6.99 MeV.

Table 17.8: States dfN from °N(t, p) @

Ex(kev) | L J Ex (keV)
0P 0 3 4420 7°g 2 3.3
1372 6° | 2 | (3 D > 5 ")
5179 4°
1851 4 1] (& 9 ’ 1 (CHES)
1909 3° | 2 5,2 5517 6 (2)
2524 4 3 O 5780 6 (1)
3127 6° | 4 I3 6233 8¢ (2)
3201 5° | 2 32 6449 3 (4,5)
3625 6° | 4 | (3,3 6627 30 | weak
3664 6° | 0 1 6938 15
3906 5° | 2 | (33 6981 20 | (3,4)
4011 6 (1) 7013 22
4213 6 3 3*e

4 (1979F012%: E; = 15:0 MeV; DWBA analysis.

b Predominantly 2p-1h states.

¢ Unresolved states.

d 17N*(6.08) is not observed.

€ The ; possibility can be eliminated because th2l ! 1:37 MeV transition would then
have too large an M2 strength (500W.u.). See {986AJ0J.
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170
(Figs. 2 and 4)

GENERAL: See Tabla7.9

= 1:89379(9)n.m. [see {978LEZA)].
Q= 2578mb [see (978LEZA)].
Isotopic abundance (0:038 0:003% (1984DE53J.
For Coulomb excitation of’O*(0.87) see {982KU19.

1. 'Li(*N, )0 Qm =16:155
See (977AJ021987SHZS.
2.°Be(*®0, ®Be)’O Qm =2:478
See (982AJ0).
3. (a)*°B("Li, p)*°N Qm = 13:986 Ep =27:766
(b) 1°B("Li, d)**N Qm =13:720
(c) 1°B("Li, t) N Qm =9:144
(d) 1°B("Li, )C Qm =21:408
See (977AJ02.

Figure 2: Energy levels df O. In these diagrams, energy values are plotted verticalMeV, based on the ground
state as zero. Uncertain levels or transitions are indichyedashed lines; levels which are known to be particularly
broad are cross-hatched. Values of total angular momedtyparity, and isobaric spifi which appear to be reason-
ably well established are indicated on the levels; lessaoeassignments are enclosed in parentheses. For reactions
in which 70 is the compound nucleus, some typical thin-target exeitdunctions are shown schematically, with
the yield plotted horizontally and the bombarding energgioally. Bombarding energies are indicated in laboratory
coordinates and plotted to scale in cm coordinates. Exaitatds of the residual nuclei involved in these reactions
have generally not been shown; where transitions to sudteebstates are known to occur, a brace is sometimes used
to suggest reference to another diagram. For reactionsichwiie present nucleus occurs as a residual product, exci-
tation functions have not been shown; a vertical arrow witluiaaber indicating some bombarding energy, usually the
highest, at which the reaction has been studied, is useshithsEurther information on the levels illustrated, inahgd

a listing of the reactions in which each has been observentined in the master table, entitled “Energy levels of
170".
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Table 17.9170 — General

Reference

Description

1986BO1C
1986ED0O3
1986YA1B
1987BR30
1987LI1F
1988BR11
1988MI11J
19890R02
1989WU1C
1990L11Q
1991SK02
1992JA13
1992KW01
1992WA22
1992ZH07

1991L141
1992BAS50
1992JA13
1992KWO01
1992NA04

1986ANO07
1986BO1C
1986CA27
1986EDO3
1987LI1F
1988MI1J
1989BA60

Shell Model

Argument for modi cation of the accepted values for singlarticle energies ih’O
Particle-hole description of dipole statesi©

Effective shell-model operators; calculated D-shellttiphj

Empirically optimum M1 operator for sd-shell nuclei

Double delta & surface delta interactions & spectra of Odpes in the (s-d) shell (A)
Semi-empirical effective interactions for the 1s-0d shell

Shell model transition densities for electron & pion saatig

Empirical isospin-nonconserving hamiltonians for shmetidel calculations
Contribution of the 2p-1h multiple scattering correlatiorspectra of’O & °0 (A)
Contrib. of 2h-1p multiple scat. correl. & self-screeninggef to spectra of’O & °O
Effective transition operators in the sd shell

Kinetic-energy operator in the effective shell-model ratgion applied td°0 & 'O
Clustering of 1p-shell nuclei in the framework of the shelldab

Effective interactions for the Op1s0d nuclear shell-mabeice

Magnetic moments & form factors 6fO and*'Ca

Collective and Cluster Models

Equilibrium deformation & pairing force calculated fAr= 17-29 nuclei (Nilsson levels)
Vertex constants & the nucleon-nucleon potential in theegator coordinate method
Kinetic-energy operator in the effective shell-model iatgion applied td%0 & 'O
Clustering of 1p-shell nuclei in the framework of the shelldab

Shell-model operator for K(j)-band splitting in odd-nuclei

Special States

Predicted masses and excitation energies in higher isosgliiplets for9 A 60
Argument for modi cation of the accepted values for singlarticle energies ih’O
Quadrupole moments of sd-shell nuclei

Particle-hole description of dipole statesli©®

Double delta & surface delta interactions & spectra of Odpes in the (s-d) shell (A)
Shell model transition densities for electron & pion saatig

Investigation of E1 strength in Coulomb excitation of liglictei
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180 — General (continued)

Reference

Description

1989J11D
19890R02
1989WU1C

1986CA27
1986EDO3
1986TO13
1987BR30
1989BA60
1991SK02
19927001

1986LA1C
1987DO1A
1987HA1D
1987MC1A
1987WA1F
1988DU1B
1989B0O01
1989JI11A
1989LA19
1989ME1C
1990LA1J
1991PA1C
1991SA1F

1989TALY

Special States — continued

Strength of tensor force and s-d-shell effective intecandti
Empirical isospin nonconserving hamiltonians for shetleial calculations
Contribution of the 2p-1h multiple scattering correlatiorttie spectra of'O & *°0 (A)

Electromagnetic transitions and giant resonances

Quadrupole moments of sd-shell nuclei

Particle-hole description of dipole states'i®

Isovector magnetic quadrupole strength$’i@; microscopic 2p-1h model
Empirically optimum M1 operator for sd-shell nuclei

Investigation of E1 strength in Coulomb excitation of liglictei

Effective transition operators in the sd shell

Giant dipole resonance O observed with the (, p) reaction

Astrophysical questions

Chemical composition (including O) of 30 cool carbon starghmgalactic disk

12CA3C & 8O0 isotopic ratios in seven evolved stars (types MS, S & SC)
Oxygen isotopic abundances in 26 evolved Carbon stars

Oxygen isotopes in refractory stratospheric dust padigbeoof of extraterrestrial origin
Abundances in red giant stars: C & O isotopes in C-rich mobacethvelopes
Spectrophotometry & chemical composition of the O-pooplapnebula NGC 6164-5
Accurate energy deter. of 5673-keV statddR & implications in'’O nucleosynthesis
Nucleosynthesis inside thick accretion disks around naadgack holes

70O(He, d)8F reaction & its implication irt’O destruction in the CNO cycle in stars
Isotope abundances of solar coronal material derived fiaar gnergetic particle meas.
Revised reaction rates for H-burning’dD & oxygen isotopic abundances in red giants
Extremum problem treatment of C, N & O abundances in late-sggeatmospheres (A)
Extragalactic®O/’O ratios imply high-mass stars preferred in starburst syste

Applications
Separation of nitrogen & oxygen isotopes by liquid chrorgeaphy
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180 — General (continued)

Reference  Description
Applications — continued
1992LA08 lon beam analysis of laser-irradiated borosilicate glass
Complex reactions involving’O
Review:
1988BE14 Heavy ion excitation of giant resonances
Other Articles:
1986BA13 Electromagnetic decay of giant quadrupole resonanc&$m@i via inelasti¢’O scat.
1986MA10O Study of breakup for light neutron rich projectiles (A)
1986ME06 Quasi-elastic, deep-inelastic, quasi-compound nucleachanisms fronf®Y + °F
1986SC29 Partition of excitation energy in peripheral heavy-ionatgans
1987BE02 Excitation of the high energy nuclear continuun?i#Pb by 22 MeV/ut’O & *2S
1987L104  Multistep effects int’O + 298Ph near the Coulomb barrier
1987NA01 Linear momentum & angular momentum transfetifsm+ 60
1987RI03 Isotopic distributions of fragments frofAAr + %8An atE = 27:6 MeV/u
1988AN1C Multiple angular scattering df1’O, 4°Ar, 8Kr & %Mo at 20-90 MeV/u
1988BA39 Coulomb excitation of giant resonancegiPb byE = 84 MeV/u 'O projectiles
1988BE15 -decay of isoscalar & isovector giant resonances folloviagvy ion inelastic scat.
1988BE56 Formation of light nuclei if'B & ?°Ne induced reactions at energies of 18—-20 MeV/u
1988GA11 Neutron pickup & 4-body processes in reactions®@ + 9’Au at 26.5 & 32.5 MeV/u
1988HO04 Characterization of GQR if’®Pb as reported from = * vs.*O/’0O scat.
1989SA10 Total cross sections of reactions induced by neutron-igtit huclei
1989TE02 Dissipative mechanisms in the 120 Mé3F + ®“Ni reaction
1989Y002 Quasi-elastic & deep inelastic transfer*f® + %’Au for E < 10MeV/u
Hypernuclei
1986MO1A The N interaction & structures of th&17180 hypernuclei
1987CO1E Hypernuclear currents in a relativistic mean- eld theory
1988IT02  Pi-mesonic decay of hypernuclei & pion wavefunction
1988MA58 Pions in nuclear interior: sensitive test by hypernuclesray
1989BA93 Production of hypernuclei in relativistic ion beams
1989BA92 Strangeness production by heavy ions
1989MA30  -hyperon(s) in the nuclear medium; relativistic mean dieory analysis
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180 — General (continued)

Reference

Description

1991KO1C

Reviews:
1987GR1lI

Hypernuclei — continued

Calculation of low-excited states fC & 'O lambda hypernuclei

Antiproton interactions

Low energy antiproton physics in the early LEAR era

Other Articles:

1986DU10
1986KO1E
1986R0O23
1987GR20
1987HA1J
1987SP05
1992PY1A

1986CA27
1986MC13
1986TO1A
1986WUZX
1987AB03
1987BR30
1987CHO02
1987FU06
19871C02
1988AR1I
1988CHI1T
1988FU04
1988NI05
1988SHO7
1989CH24
1989NEO02
1989SA10
1990MO36
1991CO0O12
1991HA15

Microscopic calculation of antiproton atomic-like bourtdtss in light nuclei

Search for p-atomic X-rays; observed spin-dependencenoicteus interaction (LEAR)
Meas. of the #i strong interaction level width in light antiprotonic atoiftEAR)
Widths of 4 antiprotonic levels in the O region & Dover-Richard potehsiaell model
Widths of 4 antiprotonic levels in the O region using realistic wavediions

Spin & isospin efcts. in a relativ. impulse approx. treattrafrp-atom shifts & widths
High-precision calculations of nuclear quadrupole mormséatt light nuclei

Ground-state properties

Quadrupole moments of sd-shell nuclei

Resolution of the magnetic moment problem in relativistedites

Weak interaction probes of light nuclei

Charge dependence of Brueckner's G-matrix & Nolen-Schiigamoto anomaly (A)
Measurement & folding-potential analysis of the elastiscattering on light nuclei
Empirically optimum M1 operator for sd-shell nuclei

Nuclear binding & quark con nement; calculated Nolen-Sfgrianomaly

Nuclear currents in a relativistic mean- eld theory

Isoscalar currents & nuclear magnetic moments

Relativistic & quark contributions to nuclear magnetic monse

Microscopic calculation of°O-°N, 1’F-1’O Coulomb displacement energies (A)
Convection currents in nuclei in a relativistic mean- elektry

Nuclear magnetic moments & spin-orbit current in the relstic mean eld theory
Magnetic response of closed-shelll nuclei in Dirac-Hartree approximation
Medium induced magnetization current & nuclear magnetioveiats

Magnetic moments of closed-shelll nuclei in the relativistic shell model

Total cross sections of reactions induced by neutron-igttt huclei

Meson exchange current corrections to magnetic momenisantgm hadro-dynamics
Wave function effects & the ela&fic magnetic form factot ‘@

QCD sum rules in a nuclear medium & the Okamoto-Nolen-Sahéafemaly



180 — General (continued)

Reference

Description

19917H06
1992MA45
19925U02
19927H07

Antiproton interactions — continued

Relativistic Hartree study of deformed sd-shell nuclei

Coulomb displacement energies in relativistic & non-relatic self-consistent models
Nolen-Schiffer anomaly of mirror nucl: effects of valenagcteon orbits & CSB
Magnetic moments & form factors éfO & #'Ca

4.9B(°Be, d}’0 Qm = 11:070

Cross sections for populatingO*(0.87) were measured &, = 2:38, 2.89, 3.16 MeV by

(1986CU02.
5. (a)*B(Li, p)'°N Qm =9:782 Ep = 23:562
(b) 1*B(CLi, d)**N Qm =9:516
(c) 11B(oLi, t)*N Qm =4:940
(d) 1B(°Li, )3C Qm =17:204
See (977AJ02.

6. 118(118, X)l?o

Cross sections for populatifgO*(0.87, 3.06, 3.84) were measured®t, = 2:22-3.23 MeV
by (1986CU02.

7.12C(Li, p)'’0 Qum = 7:605
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Table 17.10: Energy levels 6fO

ExintO (MeV keV)

m Or cm: (keV)

Decay

Reactions

0

0:87073

3:05536

3:84276

4:5538

5:0848

5:21577

0:102

0:16

422

162

092

0:452

Nlo| &

NI

NI

Nl

NIW

NIW

NI©

Nl | —

m = 258:6 2:6 psec

m = 120"% fsec

m 25fsec

40 5

9% 5

<01

24

stable

1,2,7,8,9,13,14
17, 18, 20, 21, 22
23, 28, 29, 30, 31
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

1,2,7,8,9,10,11
13, 14, 17, 18, 20
21, 22, 23, 28, 29
30, 31, 36, 37, 38
39, 40, 42, 45, 46
48, 50, 53, 54, 55
57,58, 59

7,8,9, 13, 14, 20
22, 23, 28, 30, 31
36, 37, 38, 39, 40
42,45, 53, 54, 58

7,8,9, 13, 14, 15
16, 20, 22, 23, 28
29, 37, 38, 42, 43
53, 54, 58

7,9,13, 14, 20, 22
23, 28, 29, 32, 37
38, 40, 41, 42, 43
53, 54, 58

2,8,9, 13, 14, 22
23, 28, 32, 37, 40
41, 42, 53, 54

8,9,13,14,15,16
22, 23, 28, 29, 30
32, 37,42, 43, 53
58




Table 17.10: Energy levels fO (continued)
ExintO (MeV keV) J T m Or cm: (keV) Decay Reactions
5:3792 1:42 3 28 7 N 9, 22, 23, 28, 32
37, 38, 40, 41, 42
53, 54, 58
5:69726 0:332 : 34 03 N 2,4,13,14, 20,22
23, 28, 29, 32, 37
41, 42, 43, 54
5:73279 0:52°2 ¢) <1 n 2,7,8,13, 14, 20
22,23,32,37,58
5:86907 0:552 g 6:6 07 n 8,9,13, 14,22, 23
28, 32, 37,58
5:939 4 : 32 3 N 7,8,13,14, 22,23
28, 32, 37, 40, 42
54, 58
6:356 8 i 124 12 ,n 7,9, 20,22, 28, 32
41, 42
6:862 2 ) <1 N 7,8,9, 13,14, 22
23, 28, 32, 37, 42
54, 58
6:972 2 () <1 N 8,9,13,14, 22,23
28, 32, 42,58
7:1657 0:8 3 1:38 0:05 n, 7,8,9, 12,13, 14
22,28, 32,35
7:202 10 g 280 30 n, 13, 14, 22, 32, 35
7:3792 1.0 N 0:64 0:23 .n, 7,8,9 9 10, 11
28, 29, 32, 35, 42
54, 58
7:3822 1.0 5 0:96 0:20 .n, 6,9,12,13, 14, 22
29, 32, 35, 41, 42
54, 58
7:559 20 3 500 50 n, 32, 35, 37
7:576 2 (37)e <01 . n, 7,8,12,13,14,22
28, 32, 42
7:6882 0:9 ] 144 03 .n, 7,8,12,13,14, 28
32, 35, 41
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Table 17.10: Energy levels 6fO (continued)
ExintO (MeV keV) J T m Or cm: (keV) Decay Reactions
7757 9 i 20, 28, 29, 30, 42
43
7:956 6 & 90 9 n, 12,28,32,35
7:99 50 : 270 30 n, 32,35
8:070 10 ey 85 9 n, 12, 28,32, 35
8:200 7 3 60 ,n, 12, 20, 28, 32, 35
41, 54
8:3424 09 L 114 05 ,n, 12, 28, 32, 35, 42
8:4023 0:8 N 6:17 0:13 ,n, 8, 12, 13, 14, 28
32, 35, 42
8:4660 0:8 CHON 213 011 (), n, 7,8,12,13,14, 28
32, 35, 42, 54
8:5007 0:8 3 6:89 0:22 ,n, 8, 12, 13, 14, 28
32, 35,41, 42
8:6870 1.0 2 553 06 ,n, 12, 28, 32, 35, 41
54
8:885 14° .3 6 42
8:897 8 g 101 3 n, 8, 12, 13, 14, 28
29, 32, 35, 42
8.9672 17 I 26 2 ,n, 8, 12, 13, 14, 28
32, 35, 41, 42
9:147 4 : 4 3 ,n, 8, 11, 12, 13, 14
54
9:15 20 2 28, 29, 30, 32
9.18 ! 3 12,13, 14
9:1939 08 N 353 0:13 n, 12,13, 14, 32
9.42 3 120 n 32
9:492 4 2 15 1 n, 7, 11, 14, 28, 32
54
9:7119 09 . 231 03 n, 12, 14, 20, 28, 32
9:7833 09 g 117 03 n, 12,14, 32
9:8589 0:9 € 401 023 n, 12, 14, 28, 32
9:8765 1.3 € 167 17 n 12, 14, 28, 32
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Table 17.10: Energy levels fO (continued)

27

ExintO (MeV keV) J T m Or cm: (keV) Decay Reactions
9:976 20 3 80 n, 12
10045 20 100 n, 12
101678 1.0 z 491 08 n, 12, 32
10336 15 .1 150 n, 12, 28
10423 3 14 3 n, 12,20
10.49 .1 75 30 n, 12
105591 1.0 (Z) 425 11 n, 12, 16, 28, 32, 33
10777 3 1 74 3 n, 12, 14, 23, 28, 33
109129 2:8 € 417 14 n, 12, 28, 32, 33
11036 3 T=1 31 3 n, 12,28
11:0787 0:8° 33 24 03 ., 11, 12, 28, 32, 42
54, 55
11.238 80 3 n, 7,12,20
11.51 2 190 n 32,33
11.622 65 2 n, 12
11750 10 40 25 ,n, 12, 42
11815 15 12 3 n, 12, 20
12005 15 2 270 ,n, 12, 20, 23, 32, 33
42
1211 20 150 50 n, 12, 16, 33
1222 20 20 42
12274 15 100 30 n, 12,20
1238 20 n, 12,32
12420 15 n, 12
124660 1.0 3,3 6:9 11 ., 12, 32, 33, 42, 54
55
12595 15 75 30 n, 12
12669 15 5 ,n, 12, 32, 33, 42
1281 25 n, 12
1293 20 150 n, 12
12944 5 1,2 6 2 n 12, 32, 33, 54, 55




Table 17.10: Energy levels fO (continued)

ExintO (MeV keV) J T m Or cm: (keV) Decay Reactions
129982 1.0 23 25 1.0 ,n, 12, 32, 42, 55
13076 15 16 4 n, 12
13484 15 120 n, 12
1358 20 2.4 68 19 () 13, 14, 42
13609 15 250 100 n, 12
136353 25 )3 9 5 n, 32,54, 55

(13.67) 400 n 32
1415 100 G 100 13
142303 1.7 I3 205 1:6 ,n, 32,42, 55
14286 3 T=1d 75 4 n, 32,55
14451 3 40 6 ,n, 32
14.72 2,3 35 11
1476 100 ) 340 ,n 32,42
14791 3 ) 36 13 ().n, |32,41
15.00 180 n, d, 27,32
151 100 ' 500 13
15199 3 T=1d 52 14 ,n,d, |20,27,32,42
15368 3 () 40 6 n, d, 26, 32
(15.6) T=1d 300 p, d, 25, 26, 27
1578 20 B 3e 30 42
1595 150 G 700 13
16243 4 () 21 10 npd, |2532
1658 10 4,3 ;3 300 42,54
166 150 4.8 13
17.06 20 4 . le 20 13, 42, 43
17436 11 (T=23) 66 20 n, 32
17.92 20 98 16 42
18110 4 3,3 46 12 n, 32,54
1872 20 87 33 42
196 150 CaE 250 13
1982 40 3 550 50 t 21, 42
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Table 17.10: Energy levels fO (continued)

ExintO (MeV keV) J T m Or cm: (keV) Decay Reactions
2014 20 4.1 31 5 42
202 150 €A 250 13
20:39 50 5.1 660 70 t 21
2058 50 L 570 80 t 21
2070 20 Qe 20 42
2105 50 3 470 60 t 21
21.2 (L, B4 13
217 100 y 750 ,°He, | 18,19
221 100 z 750 ,n,%He, | 13,18, 19
225 200 30) 1000 *He | 18
23 6000 N | 41,42
23.0 i 400 ,°He | 18,19
23.5 ,°He |18
24.4 ,°He |18
a (1990P105.

b See also(971AJ02.

¢ See also Tablet7.16and17.19 and see Table 17.6 i1977AJ02.

a7 = % assignments based on evidence of excitatiolf @( , ng) reported in {990MCO08§.

€ (1987MI125 and private communication from D.M. Manley.
f (1987MA52 and private communication from D.J. Millener.

Angular distributions have been studied BB’Li) = 3—28 MeV [See {982AJ011986AJ04).
More recently, differential cross sectionsE’Li) = 28 MeV were measured byl986SM10).
Many of the known levels if’O were populated. See Tal&.11 Hauser-Feshbach calculations
and DWBA analyses were carried out for the data.

8. 12C('Li, d)}0 Qm = 2:580

See Table 17.6 inl@77AJ02 and*°F in (1983AJ0).

9.12C(Be, )70 Qm = 9:732
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Table 17.1110 states front?C(Li, p)}’O 2

Level | Excitation energy (MeV keV) | it ( b) | Level | Excitation energy (MeV keV)
0 0 110 2| 18 8.40
1 0:869 10 36 1| 19 8476 12
2 3:056 8 60 1| 20 8702 12
3 3844 7 138 2| 21 8905 8
4 4555 8 141 2| 22 8:966 15
5 5079 15 55 1| 23 9181 9
6 5:217 8 285 4| 24 9:487 8
7 5:380 9 79 1| 25 9:719 15
8 5719 12 222 3| 26 9:866 11
9 5877 14 202 3| 27 10426 8
10 6:861 2 370 5| 28 10549 9
11 6:974 5 176 2 | 29 10694 8
12 7175 14 146 2| 30 10.92
13 7:388 14 391 5| 31 11.03
14 7:580 16 404 5| 32 11:815 20
15 7690 15 186 3| 33 1202 20
16 7773 16 439 5| 34 1225 20
17 8:210 25 35 12430 15

2 (1986SM10).

Angular distributions have been reportedeaBe) = 16:1-20 MeV [see {982AJ0)] and
at E(°Be) = 12:0-27.0 MeV (1981JA09 ,, ). For excitation functions seel§82AJ01
1986AJ04, and seeX988G0O1G.

10. 12C(13C, 8Be)’0 Qm= 1:007

Excitation functions aE.,, = 13:4-16.8 MeV and angular distributions Bt,, = 13:8 and
16.38 MeV have been measured Bp88JA13.

11.13¢( , )"0 Qum = 6:358
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Table 17.12: ResonancesftC( , n) and*C( , )?

31

Ees(MeV  keV) | cm: (keV) | = J E, (MeV)
1:0563 1.5 15 02 2 7.1669
1:3367 15 0:6'%7 7.3813
1:3406 1.5 0:8%:3 7.3842
1:590 2 1 ] 7.575
1:745 6 15 3 7.693
2:083 8 75 0.03 L 7.952
2:250 8 110 0.05 g 8.080
2:407 8 70 0.11 3 8.200
2:604 4 9 3 | 044 i 8.350
2:680 3 4 3 | 008 N 8.408
2:763 3 7 3 | 097 I 8.472
2:808 3 5 3 | 026 3 8.506
3.059 5 50 3 | 0.06 3 8.698

(3.1) broad : (8.7)
3:318 8 101 3 | 0.50 g 8.896
3415 4 21 3 0.04 : 8.970
3645 4 4 3 | 045 : 9.146
(3.69) 3 1.00 I (9.18)
3714 4 55 1 | 0.20 > 9.199
4096 4 15 1 | 0.85 5 9.491
(4.3) 3 (9.6)
4394 5 16 1 | 0.70 4 9.719
4465 15 25 | 0.90 " 9.773
4583 5 14 9.863
4:600 15 10 9.876
4730 20 80 | 0.78 3 9.976
4:820 20 100 10.044
(4.94) 138 0.85 S+ (10.14)
4993 5 45 0.15 I 10.177
(5.08) 122 0.60 4 (10.2)
5200 15 150 =1 10.335




Table 17.12: ResonancesftC( , n) and**C( , )2 (continued)

Ees(MeV  keV) | cm: (keV) | = J E, (MeV)
5:315 3 14 3 (10.423)
5.40 75 30 .1 10.49
5492 3 51 2 I,y (10.558)
(5.68) 25 1.00 ™y (10.70)
5:778 3 74 3 i,z (10.777)
5:945 3 46 2 2 (10.904)
6:117 3 31 3 (11.036)
6.168 50 11 1:7T=2|(11075 0:005)
6:380 3 80 3 (11.237)
6:883 3 65 2 (11.621)
7:051 10 40 25 11.750
7:136 15 12 3 11.815
7:384 15 12.004
7:52 20 150 50 12.11
7:736 15 100 30 12.273
7:88 20 12.38
7:927 15 12.419
7.976 8 2 3 ,T=2] 12457 0.005
8:156 15 75 30 12.594
8:253 15 5 12.668
844 25 12.81
859 20 150 12.93
8.612 6 2 ;T =21 12943 0:006
8.676 3 >;T=2] 12992 0:006
872 20 13.03
8785 15 16 4 13.075
9:319 15 120 13.483
9:483 15 250 100 13.609
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a See references listed in Tables 17.816{7AJ021982AJ0). See also Tabl#7.17here.




AtE =3:65and 6.17 MeV{’0*(9.15,11.08)] .= =0 :65 0:.07andL46 0:13eV,
respectively. Assuming = = 0 :45 for the lower resonance, ; for the E1 transition from
70%9.15)[J = 1 1to70*(0.87)[1"]is 1:44 0:26 eV. The parameters dfO*(11.08) are
discussed in Tabl27.16 See (986AJ04.

12. (@)3C( , n)*%0 Qn =2:215 E, = 6:358
(b)3C(, )BC Qn =2:215

The yield of neutrons increases monotonically gr = 0:475to 1 MeV: for S(E) see
(1977AJ02 1982AJ0). Resonances observed in the yield of neutrons and throwghrtoma-
lies in the elastic scattering are displayed in Tablel4 See also{986AJ04. Cross sections
for reaction (a) aE = 0:40-1.20 MeV were measured b§{89KEZ2). Distributions of alpha
particle strength were obtained H988LEQDY. See also{985CA41 1987BU27.

A microscopic analysis of reactions (a) and (b) with the gatwe-coordinate method was car-
ried out by (987DE3§.

13.13C(Li, d)170 Qum = 4:883

Angular distributions are reported Et(°Li) = 35:5 MeV to ’O*(13:58 0:02), which is
strongly populated. Comparisons withC(Li, d)**0*(16.29) and with the results of reaction 14
below suggest that the peak corresponding’@*(13.58) contains a state or states of s@n,

173 , or both, based offO*(16.29) (1978CL09. (d, ) angular correlationsg(°Li) = 26, 29 and
34 MeV] indicate the involvement df O states al36 O:1[l = 6], 1415 O0:1[5], 151 0:1
[5], 1595 0:15[5],166 0:15[6], 171 0:15[6], 196 0:15[7], 202 0:15[7], 21.2[7], and
22.1 MeV, 0:1, 0.5, 0.7, and 0.25 MeV fot’O*(14.2, 15.1, 16.0, 19.6, 20.21978AR15.
See, however1084CA39. For the earlier work see Table 17.7 B/ 7AJ03.

Measurements and analysis B987CA3( of data atE (°Li) = 34 MeV for deuteron peaks
corresponding td°0*(16.1, 13.6) indicated that the reaction proceeds by ectlialpha transfer
process which populates doublets of interfedif@ levels.

14.3C('Li, )10 Qm = 3:891

Angular distributions are reported {60*(3.06) and to'’O*(13.58), which is preferentially
populated (see discussion in reaction 13)EiLi) = 35:7 MeV. Narrow states o, = 14:86,
18.17 and 19.24 MeV are also strongly excité@{8CL0§. See (986AJ04 and for the earlier
work see Table 17.6 inl@77AJ03. Recent measurements of the cross sectioicfgy. = 1:46-
6.48 MeV are reported inLG9ODAO3J.
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Table 17.13: States 6fO from*C + 3He?

Ees (MeV) Resonant for cm: (MeV) | Ex (MeV) | J
36 01 (1), o 1 0.75 21.7 N
41 01 | o, Ny Mea, 0, 1 0.75 22.1 !
46 02 1 1 225 | 3V
51 01 0, *He 0:4 23.0 &
57 01 1 23.5

6:9 01 1 24.4

@ For references see Table 17.9 197 7AJ03.

15.13C(°Be, n)'’0 Qum = 4:786

Cross sections for population §10*(0.87, 3.06, 3.84) were measuredgy}, = 2:76-4.82 MeV
by (1986CU02.

16. 13C(13C, °Be)’0 Qm= 4288

States of’O withE, = 3:9,5.2,58 0:1,7.2,7.684 0:06 8.9,9:8 0:07,1055 0:06,
121 0:06 13.3,14.6and89 0:14MeV have been reported979BR02 atE (*3C) = 105 MeV.

17.13C(%60, 12C)70 Qm= 0:803

Angular distributions involvingt’O*(0, 0.87) have been studied f&(°0) = 12-25 MeV:
see (977AJ021982AJ01 1986AJ0). See also1989FR04. More recently, cross sections were
measured foE ... = 4:8-9.8 MeV by ((991DA09. A calculation involving application of the
nuclear molecular-orbital model and Landau-Zener cogpdiffiects is discussed in990IMO01).

18.1C(He, )70 Qm = 18:760

The capture cross sections@ for  and for ; have been studied fdg (*He) = 3:2 to
7.5 MeV and angular distributions of therays have been studied at the six observed resonances:
see Table7.13
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Table 17.14: States 6fO from¥N(, )'O?

Lower limit
J E, (MeV) (MeV) ¢ o keV)? | ¢ [ (keVY | (V)| ,(eV)
g 1976 0.06| 055 0.05| 054 01 1:25 0:15 1.0 2.3
g% 2039 005|066 007 29 03 4.3
: 2058 0:05| 0:57 0:08 29 05 5.1
% 2105 005|047 006, 27 04 30 04 5.8 6.5
2 (1980LI105.
19. (a)**C(®He, n}*O Qm =14:617 Ep, = 18:76
(b) **C(He,3He)}**C
(c) **C(He, )=C Qm =12:402

See Table7.13 See alsoX977AJ03, 3C and'*C in (1986AJ0) and'®O here.

20. C(Li, )10 Qum = 2:964

At E(6Li) = 34 MeV angular distributions have been reporté®§6AJ02 to 70*(0,0.87,
3.06, 3.84, 4.55, 5.70, 6.36, 7.17 (u), 7.38 (u), 7.76, 83247 (u), 9.18 (u), 9.71, 9.87 (u), 10.42,
11.24,11.82,12.01, 12.27, 13.00 (u), 13.6 (u), 14.76 GRA, 16.3 (u)) (981CU111983CU02
1983CU04 u = unresolved). 1983CU02 suggests evidence for two 3p-2h bandsi® and
(1983CU04 for analog states it'N-170. See these two papers for spectroscopic factors.

21. 1N(t, )70 Qum = 18:622

The excitation functions foro and ; have been measured f&; = 0:8 to 3.3 MeV: broad
resonances are observed at 2.2 and 2.8 MeV in§lueoss section, and at 2.4 and 2.8 MeV in the
1 Cross section. Both also exhibit a structure at 1.5 MeV. Tha dee consistent with the states
in Table17.14and possibly with a state at 193 MeV (1980LI05. For the charged patrticle
channels seel@77AJ03.

22. (a)¥*N( , p)t’O Qmn= 1193
(b) “N( , p)**C Qm= 7551
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Angular distributions have been measured f@® states withE, < 7:6 MeV in the range
E =8:1! 333 MeV: see a listing of the references ih971AJ0). The sequential decay
(reaction (b)) appears to take place Vi@ states witt8:46 E, 1357 MeV. Those involved
are believed to havé 52’ = 0:6. See also the measurementsEat = 48 MeV of
(1987MIZY, 1988BRZY).

23. ()“N(6Li, 3He)l’0 Qum = 2:826
(b) *N(®Li, 3He )!3C Qm= 3532

Angular distributions (a) and angular correlations (b)ehagen measured B{(°Li) = 36 MeV
involving 1’0*(8.48, 10.7, 12.0, 13.53, 14.88). Comparisons are made thé results in the
analog reaction®(i, t) involving states in’F. See {982AJ011986AJ03.

24. “N('Li, )0 Qm = 16:155

See (986NE1A.

25. (a)15N(d, )0 Qm = 14:046 Ep = 14:046
(b) 15N(d, n)60 Qm = 9:903
(c) 1°N(d, p)‘°N Qm =0:266

Radiative capture cross sections (reaction (a)) have beesured forE, = 25-40 MeV by
(1986ANZL, 1988CO1D. Excitation functions have been measuredEqr= 0:5-5.9 MeV (b)

and 0.3—-6.3 MeV (reaction (c)): seEX77AJ03. Unresolved structures are observed in the neutron

data. There is some evidence for structuregEat= 1:8 MeV [po, pP1, pP3] and 2.4 MeV[p,]
[17O*(15.6, 16.2)]: seel(982AJ0). See also{986AJ04 and®N, 180 here.

26. 15N(d, d)!5N Ep, = 14:046

Excitation functions for have been measureddgr= 1:4to 6.25 MeV. Structures are reported
at l:4and 1.8 MeV: seel(982AJ01 1986AJ04.
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Table 17.15: Levels of'O from*>N(®He, p)}'O 2

Ex(MeV)P | L¢ Ex (MeV) P L
0 (1+3) 8.192 0
0.874 1 8.322
3.053 0 8.390
3.845 2 8.492 )
4.549 0 8.682
5.081 (1) 8.900
5.215 (4) 8.955
5.381 0 9.16 (4)
5.698 2 9.495
5.873 (1) 9.712
5.938 0 9.856
6.37 (10.24)

6.861 (0) 10.33
6.973 | (1+3) 10.57
7.162 2 10.782
7.382 2 10.913
7.561 11:032 0:004¢
7.687 11075 0:004¢
7.761 4

7.938

8.054 (1)

a For references see Table 17.101982AJ0).
b 10keV, except where shown otherwise.
¢ E(3He) = 18 MeV.

d1=1

eJ =1 ;7= 2:seeTabld7.16
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Table 17.16: Decay properties of the lowé&st g states inA =17 @

170%(11:0787 0:0008 P

17F%(11:1928  0:002)) ©

¥ ! :
em: (keV): 2.4 03P 0:18 0:039
p- or n-decay Branching Partial Widths Branching Partial Widths
to states in ratio (%) ratio (%)©
160* J
0 o 8L 6 188 0:12keV 107 06 19 3eV'
6.05 o* 11 3 20 7eVE®
6.13 3 5 2 012 0:05keV 25 2 45 9eV*®
6.92 2" <4 < 8eV®
7.12 1 18 3 32 8eVE®
2(g.s.)! %(6.13): 0:31 0:149 0:065 0:0199
-decay to'3C or 13N: 7 1h , =0:34 0:09keV' 3N*(0): 1:1 05 21 1leve
13N*(2.36):29 9 52 19eV®
-decay: ., =10 3eV! ,=6:0 25eV!

@ See also Table 2 il @73AD02 and reaction 11, and see Table 17.111i8§6AJ03.
b (1981HI0J) [see for IMME parameters for sik = 3 states].
€ (1971HA05 1973AD02 1976HI09 1988B0O39 and see references in Table 17.1118§2AJ0).

d Calculated from direct measurement of, = 19

from measurements 01971HA05 1973AD02 1988B0O39.

€ Branching ratios measured by9q88B039. Partial widths obtained using total width ®80 30eV and these branching ratios.

f (1976HI09.
9 (1973AD02.
h (1976MC1).

3 eV (1976HI109 and weighted mean ofy,= = 0 :104 0:006 obtained

I Using o 1= tot =1:46 013eVand , n,= 1ot =0:27keV  20% [see footnoté) in Table 17.11 0f {986AJ03] and
the ,, and  values shown above, these values are calculated fpand
I (1975HA09.
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27. (2)'5N(d, H)“N Qm= 4576
(b) 15N(d, )3C Qm = 7:688 Ep, = 14:046

Differential cross sections and analyzing powers for lieac(a) were measured fdtqy =
88, 89 MeV by (1988SA19 1988SAZY). Yield curves for reaction (b) have been measured for
Eq = 0:8t0 2.7 MeV. Structures are reportediat = 1:06, 1.25and 1.8 MeV. The latter has
300keV: see [982AJ0).

28.’N(®He, p)}'O Qm =8:552

Table 17.17: ResonancesftO(n, n) and®O(n, )?

En (keV) em: (keV) a (keV) kev) | J Ex (keV)
433 2° 45 45 3 4551
1000 2 96 96 g 5084
1140¢ 0:1 5216
1312 2 42 41.5 3 5378
1651 2 34 03 34 ! 5697
1689 2 1 d 5732
1833 2 6:6 07 6.6 g 5868
1908 4 32 3 315 : 5938
2351 8! 124 12 124 & 6355
2889 2 1 d 6861
3006 2 1 d 6971
321170 0:17| 1:38 0:05| 1:38 0:05° | 0.0033 2 7164.5
3250 10 | 280 30 280 0.07 & 7201
343838 0:19| 0:64 023| 064 0:23° | 0.01 > 7377.7
344173 0:14| 096 020 096 0:20° | 0.003 2 7380.8
3630 20 | 500 50 500 0.08 3 7558
3647° 0:1 7574
376776 0:22| 144 03 | 130 06° | 0.01 ! 7687.5
4053 8 90 9 84 6.7 & 7956
4090 50 | 270 30 250 16 : 7991
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Table 17.17: ResonancesftO(n, n) and®O(n, ) 2 (continued)

En (keV) em: (keV) n (keV) (keV) J Ex (keV)
4162 8 85 9 71 15 N 8058
4290 20 69 7 68 0.8 z (8179)
4310 10 52 48 4.0 é) 8197
446341 026| 114 05 81 03 2.2 & 8341.7
452712 0.07| 6:17 013| 475 011 | 054 > 8401.6
459483 0.09| 213 011| 118 004 | (7.6) I 8465.3
463178 0:12| 6:89 022 2:86 008 1.9 3 8500.0
48299 04 | 553 06 | 489 11 1.8 3 8686.3
5050 78 68 9.5 & 8893
51270 16 | 263 19 235 1.9 ! 8965.7
536890 0.09| 353 0:13| 237 008 > 9193.2
5610 120 120 3 9420
5640 140 3 9448
591967 0:14| 231 03 180 06 I 9711.1
599568 0:15| 117 0:3 103 03 g 9782.6
607608 0:15| 401 0:23| 337 023 ) 9858.2
60948 10 | 167 17 109 1:2 () 9875.8
64046 05 | 491 08 223 06 (Z) 10167.1
68207 06 | 425 11 172 0:7°¢ (Z) 10558.4
71993 13 | 417 14 264 09¢ G 10914.4
737331 0:18| 24 03 1:88 0:12¢ 1 T | 11078.0
7830 190 3 11507
8320 270 3 11968
8740 130 12363
88488 0:6 6:9 11 1:27 0:14° 3 " | 124653
9050 95 12654
9353 6 6 2 021 0:14° | 12939
94149 06 25 1.0 0:40 0:06° 2t ] 129975
100925 24 9 5 0:24 0:.09° (S")" | 13634.6
10130 400 13670
107255 1.5 | 205 16 2:07 0:16° (£ )" | 142296
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Table 17.17: ResonancesftO(n, n) and®O(n, ) 2 (continued)

En (keV) em: (keV) " (keV) (keV) J E, (keV)
10785 3 75 4 0:80 0:169 j 14286
10960 3 40 6 13 69 14450
11140 340 ( 3 14619
11322 3 36 13 32 1.09 (H" | 14790
11540 180 14995
11756 3 52 14 11 39 j 15198
11936 3 40 6 7 19 (3")" | 15368
12867 4 21 10 2 059 ($")" | 16243
14136 11 66 20 80 249 f 17435
14853 4 43 12 1.0 03¢ 2 18109

@ See Tables 17.12 i1977AJ02 and (L982AJ0).

b =(1:80 035)eV, ,=(1:85 0:35)eV (1992IG0).
¢ Not observed in ;.

4 Not { .

e
No*

'T=3

93 3) n, (1981HIO0.

hJ assignment by comparison withN states presumed to be analogs; tfien % (1981HI0).
' See also1980J01A.

IT= % based on evidence of excitation'ftO( , ny) reported in {990MCO0§.

3

Observed proton groups are displayed in Tablels For the parameters of the r§t = 3

state see Tabl&7.16

29.15N( , d)7O Qm= 9:802

At E =45:4 MeV, the deuteron spectrum is dominated by the groups quorelng to states
with Ex = 7:742  0:020and9:137 0:030MeV. These states are assigned= (i ) and($ )
and arise from a dominal(tlig,=2)§p1=12 con guration: see {977AJ03.

30. 15N (1B, °Be)70 Qm= 1769
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See (982AJ0).

31.1%0(n, )0 Qum = 4:143

The capture cross section for thermal neutronsds. = 202 28 b (1977MC05. See also
(1981MUZQ). At thermal energies the branchings ¥i®*(0.87, 3.05) arel8 3)and 82 3)%;
E =870:89 0:22and218447 0:12keV [the latter leads t&, = 3055:43 0:19keV for
170*(3.09); [see [986AJ0J]. The cross section for two-photon emission < 3 19 b for
1200< E < 2943keV. The two-photon branching ratio($:6 10) 10 2 (1977MCO05. The
mechanism of p-wave neutron resonance capture was stugimeédsurements of gamma spectra
from theE, = 434 keV resonanc¢E, = 4552 keV) by (1988KI02 19921G0). Partial radiative
widths and off-resonance capture cross sections werenaitaSee footnot?) in Table17.17and
see Table 2.

32.160(n, n}s0 Ep = 4:143

The scattering length (bound)= 5:805 0:005fm, e = 3:761 0:007b (1979K0O2§.
See also1981MUZQ. Resonances observed in the elastic scattering and in the (eaction
are displayed in Tabl&7.17 A two-channel R-matrix analysis nds that ve states contaearly
100% of thelds-, strength and have their eigenenergyEat 5.7 MeV [the dominant state is
170*(5.08)]. Spectroscopic factors are deduced for 26 siat&® for 4.5 < E, < 9:5MeV [see

Table 17.12 in {977AJ03]: the sum of these factors is 1% for = 1" , 5% forl , 12% for

3, 99% for3", 0.1% for3", 1% for3 and 14% forl . T = 2 resonances are discussed by

(1981HI0): see Tabled7.16and17.17 See also the review of neutron resonance spectroscopy
by (1986WE1B.

Cross-section measurements are listed in Table 17.1®@fiAJ0Z and in 1977AJ021982AJ0).
An optical model analysis of angular distributions leadptedictions of g and 1 for E,, =
6 to 19 MeV (1983DA22). Analyzing power measurements fog have been carried out at
E, = 5-23 MeV (986AJ034. More recently scattering cross sections have been egpdor
E, = 14:1 MeV (1986BAYL) andE,, = 21:6 MeV (19900L0). Optical model parameters were
deduced. Small angle scattering cross sectiorts,at 14:8 MeV are reported by1992QI03.
Neutron total cross section measurements from 160 to 575 MeVeported byl(988FR23 from
an experiment which included a test of charge symmetry. Aegrmental study of p-wave strength
functions is described i @88KO1§.

A cascade statistical-model study of nucleon induced i@asin the range 50 MeV-1 GeV is
reported in {990TA2]). A resonating group study of tHeO+ single nucleon problem is discussed
in (1990HA39. See also the analyses reportedlifq2KA21) and (L992KA41).

Neutron elastic-scattering observables were calculatetth® basis of the relativistic impulse
approximation by 1991KA22).
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33.160(n, rf)160* Ep, = 4:143

A number of resonances have been observed in the crossrsefidioproduction of 6.13 and
(6:92 + 7:12) MeV -rays: see Table 17.13 i1977AJ02 and (L982AJ0). For cross-section
measurements see Table 17.10 19{1AJ02 and (L977AJ02 1982AJ0). Studies of circular
polarization of gamma rays from inelastic scattering otiply polarized neutrons from a nuclear
reactor are reported byL988L134). See also the measurementE£gt= 21:6 MeV and DWBA
coupled channels analysis reportedi8900L0).

34. (a)%0(n, p)N Qm= 9637 Ep = 4:143
(b) 0(n, d)SN Qm= 9903
(c) *80(n, N Qm= 14479
(d) **O(n, *He)C Qm= 14617

See (982AJ0). See also1981HAZJ] 1982HA1A). Differential cross sections for neutron-
induced reactions (a, b, c, d) have been measured for irtaertron energies of 27.4, 39.7, and
60.7 MeV by (L986RO1EF1986SU15.

In a recent measurement of reaction (algat= 298 MeV, the Gamow-Teller and spin dipole
strength functions were extractetbO1HI09.

35.180(n, )3C Qmn = 2215 Ep =4:143

Table17.17displays the results from a multilevel two-channel R-maémalysis of the data
from this reaction and from the elastic scattering of nengreee {982AJ0). See also{981HAZ]
1982HA1A). More recently differential cross sections were meastoeishcident neutron energies
of 27.4, 39.7, and 60.7 MeV byl 986RO1F1986SU1}.

36.150(p, )70 Qm= 136207

Angular distributions have been measure@at= 185 and 800 MeV [to'’O*(0, 0.87, 3.05)]
[see (982AJ0)], as well as aE, = 154 to 185 MeV [for * to ’O*(0, 0.87)]. See986AJ0J.
More recently angular distributions and analyzing powdr&a = 250, 354, 489 MeV were
measured t6’0*(0, 5.22, 7.76, 15.78) byl@88HUO0J and to'’0*(0, 5.22, 7.76, 14.20, 14.60) at
Ep = 200 MeV by (1987AZZZ7, 1988AZZ7). Studies of (p, ™) reactions to the ;,3, region are
described in1988HUO0S.

A relativistic stripping model is applied to thRBO(p, *)*’O reaction and discussed iHG86CO20).
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37.160(d, p}’0 Qm =1:919

Observed proton groups are displayed in Table 17.14.87{AJ0). Angular distributions
have been measured at many energies in the fapge0 :3-698 MeV [see982AJ011986AJ04]
and atEy = 12:3 MeV (1990P105. Reported level parameters arg = 258:6 2.6 psec [see
Table 17.7 in {971AJ0)] and Ex = 870:749 0:020keV [E = 870:725 0:020keV] for
70*(0.87) and , = 97 5keV for }’O*(5.09): see {982AJ0), and see{988GU1H. Recent
measurements &4 = 12:3 MeV (1990P109) determined high precision excitation energies for
the rstten levels oft’O (see Tabld 7.10. For applications, sed 990CA32 19921 A09.

Theoretical studies of breakup and rearrangement readtictuding*®O(d, p):’O carried out
by means of a coupled-channels variational method are sbscuin {986KA1A, 1986KA1B).

See alsd®F in (1983AJ01 1987AJ02.

38. (a)*0('Li, 5Li)}"0 Qm= 3106
(b) 150(°Be, 8Be)t’0 Qum = 2:478
(c) 10(11B, 1°B)0 Qm= 7310

Reaction (a) has been studied&f’Li) = 36 MeV [see (982AJ0] 1986AJ04 and more
recently atE (“Li) = 34 MeV (1988KEQ7. For reaction (b) seel@79CU1A 1985CU1A and
the measurements Bt,, = 10:3, 12.8 MeV reported byl(988JA13. See also{988WEL1}. For
reaction (c) seel©@82AJ0).

39. (a)*0(3C, 12C)"0 Qm= 0:803
(b) BO(N, 13N)170 Qm= 6410

For reaction (a) se€lp82AJ01 1986AJ04 and the cross section measurementsat= 7:8,
14.6 MeV of (L986PA10). For reaction (b) seel@82AJ0).

40.YN( )0 Qum = 8:680

The decay is principally t6’O*(4.55, 5.38, 5.94): see Tablg .5

41. (a)Y'O( , n)t°O Qmn= 4413
(b) 7O( , 2n)°0 Qm= 19806
(c)'O( , p)'*N Qm= 13780
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Table 17.18: Transition properties and ground state veatidths from!’O(e, e)?

Ex J Mtpl. B(E ") Mtpl. P , (M )P B(M ")P
(MeV) (keV) (€ fm?) (eVv) € fm?)
0.87 i E2 218 0:16

3.06 1 E3 141 39

3.84 s E3 930 83 | M2 | (46 18) 103 (5 2) 10?2
4.55 3 E3 20 12 M2 | (1:8 07) 102 | (54 21) 102
5.09 3" E2 2:05 0:20

5.22 2 E3 319 13 M2 <1 102 <4 10?2
5.38 3 E3 479 43 | M2 | (45 22) 102 (6 3) 10?2
5.70 z E3 97.0 65 M2 0:15 0:10 03 02
5.73 (3) E3 134 21

5.87 3" E2 213 0:22

5.94 z E3 253 51

6.36 i E2 1:43 021

6.86 s* E2 0:83 0:25

6.97 (Z) E3 755 56

7.17 3 E3 11 29

7.20 3" E2 179 0:25

7.38 s* E2 <08

7.38 s E3 369 24

7.56 3 E3 <15

7.58 ; E2 420 0:51

7.69 z E3 339 49

7.76 3 E3 287 14

7.96 i E2 2:00 0:38

8.20 3 E3 110 1:3

8.34 i E2 0:48 0:07

8.40 g E2 210 0:34

8.47 9" E2 1005 1:19

8.50 3 E3 <7

8.69 3 E3 52 12

8.90 3) E3 133 23

8.97 z E3 363 41

9.15 G .2)| E3 <23

9.18 z E3 24 10

9.19 g E2 0:48 0:16

9.42 3 E3 176 48

9.49 5 E3 65 1.0
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Table 17.18: Transition properties and ground state weatidths from*’ O(e, e)® (con-

tinued)
Ex J Mtpl. B(E ") Mtpl. P , (M )P B(M ")P
(MeV) (keV) (€ fm?) (eVv) (€ fm?)
9.71 ;
9.86° (3)
9.88¢ ()
11.044
11.084 z M2 (6:7 21) 1072
12.22
12.47 3 M2 (7 3) 10?32
12.94° L
13.00¢ 3 M2 (7 3) 10?2
13.58 &) 68 19
14.23 z M2 (51 8) 102
14.45
14.72 2 M2 (30 10) 102
1578 0:02f < 30 M4 177 17
1650 0:027 9 20
17:06 0:02f <20 M4 76 6
17:.92 0:02f 98 16
1872 0:02f 87 33
1883 0:027 9 20
19.85 0:04f 530 150
2014 0:02f 31 5 M4 349 18
2070 0:02f <20 M4 177 10

a (1987MA52 except where footnote is shown. See also TdGld 9and see Tables 17.13, 17.14 i®B6AJ0J for earlier work.
b These data are from1§78KI07) for the levels aEy = 3:84 5:70MeV, from (1983RA27 for E, = 11:08 14:72MeV, and
from (1986MA49 for levels atEx = 15:78 20:20MeV. See also Table 17.13 ing§86AJ03.

¢ Unresolved doublet.

4 Unresolved doublet.

€ Unresolved doublet.

f (1986MA48.

9 Weakly excited.

Monoenergetic photons with = 8:5to 39.7 MeV have been used to measure thenj and
the (, 2n) [above 10 MeV] cross sections. The giant dipole resoaa® MeV broad, is centered
at 23 MeV, a pigmy resonance is also observed at 13 MeV. Thepigsonancg] = % ]
decays primarily td°Oy.s, (1986AJ04, and the work of {985JU02 indicates that abovEy

17MeV nearly all of the decay is to excited states%. See, however, the experimental results of
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(19890R07, which determine that the neutron emission from*f@ GDR 060 is primarily to
the ground state with 4% going to the 6.13 Me\8 level. Four resonances have been inferred
atEy = 10:5, 14.0, 16.6 and 21.0 MeV with = 2 ,3 , .  andi respectively {985JUO}.
Recent work of {990MCO0§ reanalyzes earlier data and reports that'filevels atE, = 14:4,
15.2 and 15.6 MeV should be assigned- % Most of the GDR strength decaysTo= 1 states
in 160: this implies aT = 2 assignment for the main part of the GDRIB6AIO0). A broad
structure, ofT = % nature, with28 < E, < 36 MeV is also reported1(980JUQ). For radiative
widths see Table 17.13 i1982AJ0). Measurements of bremsstrahlung-weighted integralscros
sections for reaction (c) carried out BAB90ORO0O7Y indicated that 90% of the photoproton emission
to '®N populates the ground stat2 ) and the 0.298 Me\(3 ) levels. More recently, the GDR
was studied with reaction (c) using quasimonoenergeti¢gotsofromE = 13:5t0 43.15 MeV
(19922U01 19927U0). Major peaks were observediat = 15:1, 18.1, 19.3, 20.3, 22.2, 23.1,
24.4and 265MeV.

Comparisons of’O photonuclear data with shell model and continuum shellehodlcula-
tions are discussed in987KI10.

42.10(e, e}’0O

Thel’O charge radius is reported to be?i -, = 2:710 0:015fm (1978KI01). The r.m.s.
radius of the 1gl, neutron orbit deduced from the dateBis6 0:09fm (1982HI0J). The elastic
magnetic form factor was measured 47 Qe 3:65fm ! by (1988KA08. Inelastic
scattering is reported to a numberdD states: see Tablds.18and17.19 Excited states in
80 up toE, = 15 MeV were studied in high resolution at=< 0:8-2.6 fm * by (1987MA52.
Recent form-factor measurements for momentum transfers Ij4-1.9 fm * at 90 and q =
1:7fm 'at160, for levels betweek, = 15 and 27 MeV, were reported by $86MA48. See also
footnote®) in Table17.1Q Note, however, the comments WBE7MI29 and reply by {987MA40
concerning the spin assignments ®8®86MA48. See alsol986AJ04 and reaction 50.

Calculations of charge and magnetic form factors in a cogsistelativistic formalism are
described in 1986KI11Q 1986WA1D 1991BL14. See also1989FUO0Y. Excitation energies,
magnetic moments and M2 magnetic ground state transitmmyd T = g excited states were
calculated in a microscopic 2p-1h model BPB6TO13. Nuclear currents and amplitudes for elas-
tic magnetic scattering in a relativistic mean- eld theovgre studied byl987FU06 1988FU0J.

A relativistic direct-interaction-based impulse approation model is discussed ih§89GA0).

Model dependence ainsradii as determined from elastic magnetic form factors wad-s
ied by (1991C0O12. See also 1991GO1E 1991G0O1G 1992G0O0). See also the study by
(1992BO07J of 17O(e, én)'0 as a tool for investigation of the role of two-body curreintguasi-
free electron scattering.

43.70( , )0
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Table 17.19: Some inelastic groups observet @(e, e)?

Ex (MeV) (keV) Ex (MeV) (keV)
11:71 0:05° narrow | 1476 0:10° > 300
11:95 0:05° 250 1524 0:10° 200
1222 0:02°¢ 20 1652 0:05° 300
1266 0:05° 90 1792 0:02¢ | 98 16
1296 0:05° 200 1872 0:.02¢ | 87 33
1356 0:05° 150 22.0b: d

1414 0:10° 100 23.0° d

1472 0:02°¢ 35 11

a See also Tablé&7.18for other inelastic groups and more recent data, and see
(1986AJ04.

b (1977NO0§.

¢ See references and comments in Table 17.14@86§AJ0J.

dC1.

At E = 164 MeV angular distributions t4’O*(3.85, 4.55, 5.22, 5.69, 7.76, 8.1, 8.4, 15.7,
17.1) have been analyzed by DWBA. Evidence is suggested fatieAgth near 8 MeV and for
M4 strength to the two states Bf = 15:7 and 17.1 MeV [984BL17). [See, however, caveat on
p. 1990 of that reference, and the density of states aBgwe5 MeV in Table17.1Q]

44.70(n, )H4C Qm = 1:818

Cross sections were measured for thermal energi€s,to 1 MeV by (1991KO3). This
reaction plays a role in the nucleosynthesis of heavy elésnamonstandard big-bang models.
See alsol991KO1R.

45. (@)YO(p, p}'O
(b) 170(d, d}’O

Angular distributions for the elastic scattering have besgorted forE, = 8:6 to 65.8 MeV
andEgq = 18 MeV: see (982AJ0). Analyzing power measurements fep = 89:7 MeV are
reported in {985V0O13. For reaction (a) see al$éF in (1983AJ01 1987AJ02.
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A coupled-channels variational-method calculation hankagpplied to reaction (a) and is dis-
cussed in1986KA1A).

46. (a)’O(He,3He)!’O
(b) 170( , )170

Elastic angular distributions have been measuré&q#tle) = 11:0and 17.3 MeV [seel(977AJ03],
and at 14 MeV {982AB09. Analyzing powers were measured B(*He) = 33:3 MeV [see
(1986AJ04 ; alsoA, to 1'O*(0.87)]. For reaction (b) se.982AJ0] 1986AJ04. More recently,
differential cross sections were measurelt at= 54:1 MeV (1987AB03.

Microscopic spin-orbit potentials for polarizétie scattering ort’O have been calculated
(1987COO07 by a double folding model.

47. (a)Y’O(Be,°Be)t’O
(b) 170(108, 108)170

Fusion cross section measurements for reaction (b) aretegpby ((982CHO0J. See also
(1982AJ01 1986AJ04.

48. (a)'’O(*?C, *2C)*"0
(b) 170(13C, 13C)17O
(C) 170(14(:’ 14C)17O

Elastic angular distributions (reactions (a) and (b)) hiagen reported & (*’O) = 30:5to
33.8 MeV [see 1982AJ0)] and atE (*’O) = 40 to 70 MeV (1986FR04 also!’0*(0.87)) and
85.4, 120 and 140 MeV1Q82HEOQ]. See also the comparison of reaction (a) Wwi@ + 3C by
(1989FRO0J. For fusion cross section and yield measurements#2(AJ01 1986AJ03.

Results of a barrier-penetration calculation for thesetieag is discussed inl@86HAL13. The
energy dependence of nucleus-nucleus potentials is egiar(L987BA0). Molecular single-
particle effects are studied in an asymmetric two-centetl shodel in 1987MO27. See also
(1988MI125. The origin of the resonant structure in reaction (b) isted in (988FR1%. The
nuclear Landau-Zener effect in reaction (a) is discuss€Bi&8TH02 1988THZ2). Some features
in inelastic scattering angular distributions that hadrbattributed to the existence of nucleon
promotion are explained in terms of DWBA calculations b9&7Vv0O085.

See also1991TA1] 1991THOJ.
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49. 170(15N 15N)17O

See (986AJ0).

50. (8.)170(160, 160)170
(b) 170(180’ 180)170

Angular distributions involving’O*(0, 0.87) in reaction (a) have been studied&t°0) = 22
to 32 MeV andE (}’0) = 25:7 to 32.0 MeV [see 1977AJ0)] as well as aE (}'0O) = 22 MeV
[see (1986AJ0J]. A model independent value @82 0:07 is obtained for the coupling con-
stant of the 1gl, neutron in'’O. A review of magnetic electron scattering Hi® then leads to a
spectroscopic factds = 1:03 0:07. This corresponds t®1 7)% of the single-particle value
[see ((982AJ01 1986AJ0J]. For fusion cross sections se&982AJ0) and (L986THO). The
elastic scattering angular distribution in reaction (b3 baen reported & (*’O) = 36 MeV: see
(1982AJ01 1986AJ03.

Rotational coupling effects on nucleon molecular orbiteimation (a) are studied in987IMZY,
1988IM02. See alsol987IMZZ2). Subbarrier interactions are discussedli®d7PO111988BE1W.
Calculations of Gamow states in a realistic two-center gakare described inlO86MI122). Two-
particle transfer is studied with a semiclassical appraagii987MA22. Parity dependence in
heavy ion collisions is discussed ih986BA69.

51. (a)”OGZNe, 22Ne)170
(b) 170(24Mg, 24Mg)17o
(C) 170(27A|, 27A|) 170
(d) 170(40Ca’40Ca)170

See (982AJ01 1986AJ04. Reaction (d) has been described in a two-center shell model
(1989TH1B. See alsol989TH1D.

52.17F( *)170 Qum = 2:760
Seel’F.
53.180(p, d}’O Qm= 5820
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Angular distributions have been measured at a number ofjersdfiorE, = 17:6to 51.9 MeV:
see ((977AJ021982AJ0).

54.180(d, t}70 Qm= 1787

See Tablel7.2Q See also reaction 7 iriN.

55.180CHe, )70 Qum = 12:534

See Table47.16and17.21 See alsoX982AJ0).

56. (2)'80(1°B, 1B)}0 Qm = 3:409
(b) BO(B, 2B)70 Qm= 4674

Angular distributions (reaction (a)) have been measure (#0) = 20 and 24 MeV: see
(1977AJ02. For S-factor measurements séd®7{7AJ03. Cross sections for reaction (b) are
several orders of magnitude less than those for reactiofo(eff (*30)..,. = 3—7.7 MeV: see
(1977AJ02.

57. (a)'°F(n, tL70 Qn= 7557
(b) *°F(p,*He)*’O Om= 8320
See (977AJ03.

58.°9F(d, )70 Qm = 10:034

Observed -groups are displayed in Table 17.14 GB77AJ0). Angular distributions have
been measured at many energies in the rdhge= 0:3 to 27.5 MeV [see 1977AJ03] and at
Eq = 2:75MeV [see (L986AJ0J].

59. (a)°F( , bLi)1"0 Qm= 12339
(b) °Ne(n, )'O Qm= 0591
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Table 17.20: States 8fO from*0(d, t)@

E. ® (MeV) J ;TP | C?s
0 N 2 1.53
0.87 i 0 0.21
3.06 1,3 1 1.08
3.84 >4 > 2
4.55 3,4 1 0.12
5.09 N 2 0.10
5.38 3.1 1 0.53
5.70 1.1
5.94 353 1 0.06
6.86 61
7.38° 32 62
8.20 3,1 1 0.15
8.47 1
8.69 3,4 1 0.10
9.15 1.3 1 0.10
9.49 2,1
11.08 503 1 0.96

1141 001% | T=1312 | (1) 0.04

1212 001% | T=132 | (1) 0.24
12.47 3,34 1 0.24

1276 0:012 T=1=2 (1) 0.17
12.94 v, 2d 0 |019 005
13.64 3", 3d 2 | 029 012

1658 0:012 3,34 1 0.93

1814 0012 3 ;3d 1 0.17

a (1977MA10: Egq

52 MeV; DWBA analysis.

See also

Table 17.16 in {982AJ0). Comparisons of the (d, t) and (¢He)
reactions to analog states fN and 1O have been made by

(1977MA10.

b From Tablel7.1Q unless footnote is shown.

¢ Unresolved.

d See also1981MA14).
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Table 17.21T = 2 states of’O from **O(He, )’O0?

Ex (MeV keV) I J c2sbh
11082 6 1 ) 0.49
12471 5 1 ) 0.27
12950 8 0 i 0.096
12994 8
13640 5 2 BN 0.39
14219 8
14282 12
15101 8

@ See also Tabl&7.16 and Table 17.17 in1082AJ0).
b Calculated assuming?S = 4 for °0*(6.18) in1®*0O(CHe, )¥0.

See (977AJ0). See alsol988SH1E.

60.22Na(d,®Be)’0 Qm= 0528

See ((984NE1A.
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17 =
(Figs. 3and 4)

GENERAL: See Tabla7.22

= 4:72130 0:00025n.m. (1992MI13,
Q=0:10 0:02b (1974MI23).

1. YF( )70 Qum = 2:760

The half-life of'’F is6449 0:16sec;logft =3:358 0:002 Thelogft value for the tran-
sition to1’0*(0.87) is > 5:6: see (982AJ01 1986AJ04. The anisotropy has been measured
with on-line isotope separation and low-temperature rarobeientation {988SE111988VAZP,
1989SEQY. See alsol988TALN.

Gamow-Teller matrix elements were calculated fortffeé * decay in the relativistic scalar-
vector shell model byl©90NE13. The effect of exchange currents arising from quark degoée
freedom was studied byl 988TAQ09. A relativistic analysis of semileptonic weak interacisois
described in1987KI22. See alsol987BA89 1988BAL1Y, 1988BA55 1991NA0S.

2. 2C(¥N, °Be)t'F Qm = 10435
See (982AJ0).
3. “N(He, )'F Qm = 15:843

Excitation functions for ¢.1, » and 3 have been studied fdf(*He)  3-18 MeV. Reso-
nances are reported correspondingffostates a20:1 0:2( ,)[ =1 :07 0:16MeV], 204 0:1
(1) =0:7 01]and213 0O01MeV(4,)[ =0:9 0:1](1983WA09: see Table 17.19 in
(1982AJ0).

4.%0( | p)'F Qum =1:190

This reaction is important in astrophysical processes. lyaicaexpressions for reaction rates
are given in {988CA26. The rates are calculated on the basig of 1 analog structure i®O
and'®Ne by (1987WI11). See also the studies of this reaction in the framework @fgnerator
coordinate method byl@88FU02 1989FUO0).
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Table 17.221F — General

Reference

Description

Review:

Ground State Properties

1989RA17 Table of nuclear moments
Other Articles:

1986CA27
1986MC13
1986WUZX
1987BR30
1987DEO3
1987FU06
1988CHI1T
1988FU04
1988NI05
1988SHO7
1989CH24
1989FU05
1989NEO02
1991HA15
19917H06
1992AvV03
1992MA45
19925U02

1986ANO07
1986CA27
1986YA1B
1987BR30
1987BUO7
1987RI03

1989BA92
1989BA93
1991NI02

1991SK02

Shell-model calculations of quadrupole moments of sdishuelei

Resolution of the magnetic moment problem in relativisteatties

Charge dependence of Brueckner's G-matrix & the Nolen-Seh{ffkamoto anomaly
Empirically optimum M1 operator for sd-shell nuclei

Compared mag. moments from non-relativistic HF mean- eldse&tivistic approach
Nuclear currents in a relativistic mean- eld theory

Microscopic calculation of?O-*N, *’F-1’O Coulomb displacement energies (A)
Convection currents in nuclei in a relativistic mean- eletry

Nuclear magnetic moments & spin-orbit current in the relstic mean eld theory
Magnetic response of closed-shelll nuclei in Dirac-Hartree approximation

Medium induced magnetization current & nuclear magnetioveiots

Relativistic Hartree calculations of oddlnuclei

Magnetic moments of closed-shelll nuclei in the relativistic shell model

QCD sum rules in a nuclear medium & the Okamoto-Nolen-Sah#femaly
Relativistic Hartree study of deformed sd-shell nuclei

Proton-neutron interaction used to help calculate madsgés-dN nuclei

Coulomb displacement energies in relativistic & non-relatic self-consistent models
Nolen-Schiffer anomaly of mirror nuclei: valence nucleohits & chrg. sym. breaking

Other topics

Predicted masses and excitation energies in higher isosgliiplets for9 A 60
Shell-model calculations of quadrupole moments of sdishuelei

Effective shell-model operators; calculated spin-orplitsng

Empirically optimum M1 operator for sd-shell nuclei

Projectile-like fragments frorfPNe + °’Au - counting simultaneously emitted neutrons
Isotopic distributions of fragments produced*®ér + %8Zn at 27.6 MeV/u

Strangeness production by heavy ions

Production of hypernuclei in relativistic ion beams

Production of pionic atoms with the (&) eeaction

Effective transition operators in the sd shell
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17F — General (continued)

Reference  Description

Other Topics — continued

19917ZH06 Relativistic Hartree study of deformed sd-shell nuclei
1992BE21 Search for the 70 keV resonance!i®(p, )*N
1992KWO01 Clustering of 1p-shell nuclei in the framework of the shelldab

5. (a)*N(°Li, t)17F Qm = 0:047
(b) ““N(6Li, t )N Qm= 5771

Angular distributions for reaction (a) involvingF*(8.43, 10.7, 11.9, 13.51, 14.84) have been
measured & (5Li) = 36 MeV. For comparisons with the results in the analog reacfibiLi, *He)!’O
see (L986AJ0J. For the earlier work sed §82AJ0).

6. °’N(®He, n)}'F Qm =5:010

Angular distributions have been reported to most of theestaf1’'F with E, < 8:1 MeV
at E(®*He) = 3:8 and 4.8 MeV. Neutron groups have also been reportedRcstates aE, =
11:195 0:007,12540 0:010and 13.059 MeV, with < 20, < 25and < 25keV, respectively.

Angular distributions aE (*He) = 10:36and 11.88 MeV leadtd = 1 for *"F*(11.20) [L=0],

3 or2 for"F*(12.54)and ,2 for’F*(13.06). These three states are probably the rstthree
T = 3 states int’F (1969ADO02). The branching ratios for transitions ¥0%*(0, 6.05, 6.13) for
17F*(11.20) and for the analo§ = 2 state in'’O are displayed in Tabl&7.16 the ratios of the

reduced widths are quite different in the two mirror nucteee (977AJ02 for the references.

7.180(p, )YF Qum = 0:601

At low energies the direct capture t6-*(0, 0.50) is observed. Extrapolation of cross-section
data leadsto®) 8 keV b: see {977AJ02. In addition to twoT = % resonances, ve reso-
nances corresponding o= g states are observed in theand o+ ; yields: see Tablé7.24
for the reported parameters. The low&st g states of even parity &, = 13:27and 14.02 MeV
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[J = ({) and §+] (see Tablel7.29 are not observed here:  7and 11:8eV, respectively
(1975HA09.

The( o+ 1) yield at90 has been studied fdt, = 15:75to 31.66 MeV: it shows the giant
dipole resonance centered@t = 22 MeV with a width of 5 MeV and a pigmy resonance
centered at 17.5 MeV. The integrated strength of the méﬁrﬂy% giant resonance is 10 Mewb;
the observed strength distribution is in good agreemeiriit @dd parity 2p-1h, 1p shell excitation

Table 17.23: Energy levels &fF 2

Exin"F(MeV keV)| J ;T or cm: (keV) Decay Reactions
0 'y1 | 1»=64149 016sec| * |1,23,4,567, 13
14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24
0:49533 0:10 & m =412 9psec 2,3,4,5,6,7,13, 14,
15, 16, 17, 18, 19, 20,
22
3104 3 % =19 1 p |3,4,5678, 13,14,
20, 22
3857 4 2 1.5 02 P |3,4,5,6,7,8, 13, 14
22
464 20 3 225 p |5,6,8,13,17,20
500 20 & 1530 p |8
5:220 10 2 5,6,16
5488 11 3 68 p |5,68,20
5:672 20 ! 40 p [568
5:682 20 (S)® < 0:6 p |568
582 20 ey 180 p |58 17
6:037 9 : 30 p |5,6,8,20
6:56 20 i 200 p |8
6:697 7 3 16 02 p |56,8
6:774 20 ") 45 p |8
7.027 20 ] 3.8 p |68
7:356 20 € 10 2 D, 6,8, 12
7:448 20 5 p |8
7:454 20 7 2 p, |812
7:471 20 5 2 p |8
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Table 17.23: Energy levels &fF 2 (continued)

ExinYF(MeV keVv)| J ;T or cm: (keV) Decay Reactions
7:479 20 y 795 p |8
7:546 20 ! 30 p |8
7:75 40 ") 179 30 P, 8,12
7:95 30 10 3 p |8
801 40 50 20 pp |7,11
807 30 st 100 20 p. |6,812
8:075 10 ) p |6,20

8.2 3C) 700 250 p, |812
8:383 10 50 11 5 p. |812
8416 20 (2") 45 10 P, 8,12
8:436 10 (L 2 p |20
875 60 st 170 30 p, |812

8.76 ey 90 20 p |8
8:825 25 ) p |20
898 20 ! 165 30 p, |812
917 60 30 140 30 P, |812,17
9:450 50 200 40 p |20

9.92 o 90 30 p, |8,12
10030 60 170 40 p |20
1004 40 ! 280 100 p |8
1022 40 250 80 12
1040 40 st 160 40 p |8
10499 30 ! 165 25 p, |[812
10660 20 90 60 p |20
1079 40 120 40 p()|812
1091 100 : 560 100 p |8
1095 40 190 50 p() |8 12

111929 2:3 13 0:18 0:03 p, |6,78,12,20
1143 40 240 50 p, |812

1158 50 160 30 p |8

1200 40 120 40 p, |812
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Table 17.23: Energy levels &fF 2 (continued)
ExinYF(MeV keVv)| J ;T or cm: (keV) Decay Reactions
1225 40 3 300 30 p |8
12355 20 : 190 20 p |8
1250 I 600 p |8
125501 0:9 $ ;3 2:83 0:12 p, |6,7,812
13061 4 2,3 2 1 ,p, |6,7,812
13080 4 CHE 2 1 P, 8,12
1313 100 2 520 50 p |8
13781 4 5, 8 12 5 p, |8,12
1400 50 ] 260 30 p |8
14176 6 2,3 30 5 p |78
143038 31 73 193 16 P, 7,812
14:38 50 5 610 50 p |8,17
1471 100 ! 470 100 p |8
14809 20 ) 190 25 p |8
15.6 550 p |8
17.1 5 1500 p |8
201 200 1070 60 ,3He | 3
204 100 700 100 ,3He | 3
20.9 9 600 p |8
21:3 100 900 100 ,3He | 3
21.8 € 400 p |8
22.7 4 600 p |8
23.8 . 600 p |8
25.4 I 1500 p |8
27.2 3 1500 p |8
28.9 3 2000 p |8

a See also Tabl&7.25 and seel986AJ0J.
b Appears to be analog éf 0*(5.733) (D.J. Millener, private communication).

calculations. The pigmy resonance is duefig ds-,. The mainf;-, strength lies in two
states aE, = 16:9 and 18.0 MeV (975HAQ%). The , yield at60 for E, = 20 to 100 MeV
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Table 17.24: ResonancesfO(p, )}F?2

Ep (MeV keV) | Resonant ir? (eV) (keV) | Ex (MeV) | J ;T
2.66 1 (12 2) 103 311 |1 ;3
3.47 0 0:11 0:02 <15 386 |2 ;3

11275 6 1 60 25° 16 | 11.204 |1 ;3
12707 1 ot 1 113 34°¢ | 1.8 05| 12550 |2 ;3
13255 6 ot 1 28 1.8° |50 15| 13.065 |2 ;3
14435 10 0 72 37° | 41 10| 14174 |3 ;3
14583 61 0¥ 1 134 T70° | 28 5 14313 | I ;3

@ See also Table 17.25 and Table 17.2018§2AJ0).

b, and ; correspond to transitions {8F*(0, 0.50), respectively.

¢ These arebasedod and p,= determinations quoted byl975HA0§. TheB (E1) values for
these four states ake7 2:0,5:4 1:6,1:2 0:8and4:4 2:3[ 10 3]€? fm?.

d See the text of reaction 7 for discussion of the observed pimd giant resonance$475HA07.

€ See also Table 17.18 i1977AJ03.

and differential cross sections Bt, = 20:8, 28.35, 49.2 and 49.69 MeV have been measured
(1988HA04. Differential cross sections have been measuref @excitation energieg, = 20—

40 MeV by (1986ANZL, 1988C0O10, and itis reported that the (pg) data indicate a direct capture
term and the excitation of giant dipole resonances baseddited states having a probable 2p-
1h structure. See alsa$86PO1L) 1987P0091988P0O1G¢. The®O + p bremsstrahlung cross
sections have been measuredggt = 2:74 MeV at 155 by (1988PE12. For discussions of
the %0(p, )’F reaction in astrophysical processes see the reviews9@5CA41 1987R025
1988CA26, and seel991RA1Q.

8. (a)*°O(p, p)°O E, = 0:601

(b) *°O(p, 2pf*N Qn= 12127
(c) **O(p, pn}>0O Qn= 15663
(d) *°O(p, p )**C Qn= 7161

Yield curves for elastic protons, protons scattered®®+*(6.05, 6.13, 6.92, 7.12, 8.87) and
for -rays from'®0*(6.13, 6.92) have been studied at many energies Up,te 46 MeV: see
(1971AJ021977AJ021982AJ0). The observed resonances are displayed in Thh25 Abso-
lute ()[ =110 to160 ] have been measured fap = 0:60to 2.00 MeV to 5% (1983BR1).
Cross sections for bremsstrahlung emission are reportée ivitinity of theE, = 2:66 MeV res-
onance by 1983TRZZ 1988PE121992DA19. A measurement of the lifetime of the state at
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E, = 3:105MeV in ’F is reported in {990GOZN. The cross sections of the 6.13 MeWray at

Ep = 23:7 and 44.6 MeV have been measured b9§1NA14, and (L979SCOY report the  for

Ep =190 to 558 MeV. See alsal@82AJ0).

Table 17.25: ResonancesftO(p, p)¢0 and*®O(p, )N 2

E, (MeV  keV)| om: (keV) Particles out 0o = YEx(MeV) | J ;T
2663 7 19 1 Po 3.105 2
3.47 1:53 0:2 Po 3.86 2
4304 20 225 Po 4.649 5
4672 20V 1530 Po 4.995 3
5231 20 68 Po 5.521 5
5:392 20 40 Po 5.672 !
5:402 20 < 06 Po 5.682 i
5:546 20 180 Po 5.817 g
5779 20 30 Po 6.036 2
6:332 20 200 Po 6.556 3
6:482 7°¢ 16 02 Po 0:25 0:04 6.697 s*
6:564 20 45 Po 6.774 g
6:833 20 3.8 Po, 613 7.027 3
7183 20 10 2 Po, P2s o 7.356 3
7:280 20 5 Po 7.448
7:287 20 7 2 Po, P1, P2, 7.454
7:305 20 5 2 Po, P2 7.471
7:313 20 795 Po 7.479 3"
7:385 20 30 Po. P2r 613 7.546 7
7:60 40 179 30 Po, Pv o 7.75 3
7:81 30 10 3 P2 7.95 )
7:88 40 50 20 Po, 613, 692, 8.01
7:94 30 100 20 o D1, o 8.07 st
8.1 700 250 (Po), P1, o 8.2 )
8275 10 11 5 Po Pa o 8.383 st
8310 20 45 10 |po Ps 613 692 o 8.416 €9
8:66 60 170 30 P2, P3, Pa o 8.75 s
8.68 90 20 Po 0.2 8.76 &
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Table 17.25: ResonancesftO(p, p)¢0 and*®O(p, )*3N 2 (continued)

E, (MeV  keV)| om: (keV) Particles out 0o = YEx(MeV) | J ;T
8.91 165 30 |po Ps 613 692 o| 034 0:05 8:98 0:02 I
9.11 140 30 |po Pa 613 692 o| 055 005 | 917 006 | 3
9.91 90 30 Po, P2, o 0:095 0:005 9.92 o

1004 40 280 100 Po, P 10.04 ]
10:23 40 250 80 ) 10.22
1042 40 160 40 Po, P1, Pa 10.40 3"
10525 30 165 25 Po, P2, o 0:28 0:03 10.499 I
(10:75 50) Po, P1, o (10.71) (Z)
10:83 40 120 40 Po, P2, (P3), ( o) 10.79
1096 100 | 560 100 Po 0:25 0:07 10.91 L
11:00 40 190 50 (P2), Ps, ( o) 10.95
11:2636 2:09 | 0:20 0:04 Po, P2, P4, o 0:093 0013 |111929 21| i ;3
11:52 40 240 50 P2 o 11.43
11:67 50 160 30 Po, Ps 11.58
1212 40 120 40 P2 o 12.00
1239 40 300 30 Po, P2 0:26 0:03 12.25 g
12500 20 190 20 Po, P1, Pa 0:31 0:03 12.355 l
1265 600 Po 0:09 1250 I
127077 2:0° | 283 0:12| po, P2, Ps,Ps, 0, 1 | 0332 0018 | 125505 23| 2 ;3
(13:06 100) Po (12.88) ()
(13:06 50) Po (12.88) i)
13250 4 2 1 Po. Prsz, Pasa, Ps, o | 0:15 0:04 13.060 2,3
13271 4 2 1 Po Pa 0:04 0:02 13.080 | (1) 3
1332 100 520 50 Po 0:163 0:016 13.13 2
14017 4 12 5 Po, Pr+2, Pa+as o 0:02 0:01 13.781 5,32
(14:20  50) Po (13.95) 2
1425 50 260 30 Po 0:08 0:01 14.00 I
14438 6 27 5 Po. Pa+4 0:.04 0:02 14177 | $ ;¥
145730 3:.0f 193 1:6 | Po, Pr+2, Pa+a. Ps, o | 0:085 0:008 | 143038 31| I ;3
1465 50 610 50 Po 0:10 0:01 14.38 2
(14:94 100) Po Z)
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Table 17.25: ResonancesftO(p, p)¢0 and*®O(p, )*3N 2 (continued)

E, (MeV  keV)| om: (keV) Particles out 0o = YEx(MeV) | J ;T
1500 100 470 100 Po 0:25 0:03 14.71 :
15110 20 190 25 Po 0:150 0:015 14.809 &
(15:245 100) Po (14.94) G
(15:30 50) Po (14.98) G
(15:37 100) Po (15.05) ¢)
(15:545 100) Po (15.22) ()
15.99 550 Po, Prs2 15.6
17.6 1500 Po, Pa+4 17.1 2
20.4 600 Po 19.8 &
21.6 600 Po, () 20.9 e
22.6 400 Po, () 21.8 ")
235 600 Po, Ps 22.7 .
24.7 600 Po, () 23.8 g*
26.4 1500 Po, () 25.4 z
28.3 1500 Po 27.2 2
30.1 2000 Po 28.9 >

a See earlier references and comments in Tables 17.201AJ02, 17.19 ((977AJ02 and 17.21 1982AJ0). See
also Tablel7.24here. Uncertainties i, (below 12.7 MeV) have been increased because of a possieier
calibrating the magnet used in many of the measurementstegpm (1971AJ02. See also{964DA02, and see
comments in {986AJ03.

b E,, notE , is used for calculating .

¢ (1982SEO}). Uncertainty inE, estimated by reviewedlQ86AJ04. See alsol982AJ0).

4 5 =19 3eV (1976H109.

® po=0:94 0:06kev, ,=62 16eV, , =53 22eV (1976HI09. See also(986AJ04.

f e =165 0:12keV, ,=2:6 0:7keV (1976HI09.

9 See also Table 17.20 0f971AJ02 for possible other resonances.

A, measurements have been made for inelastic scattering tp exaited states of°O for
E, = 35-200 MeV.A, and spin transfer observables fay, p2, ps, andps groups have been
measured aE, = 35-200 MeV and polarization transfer-coef cients have beemlied atE, =
200 MeV to 4 states of*®O. The spin rotation paramet€ has been measured for the elas-
tic scattering aE, = 65 MeV and 200 MeV. [See references ih986AJ04.] In more recent
work, differential cross sections and analyzing powersh@en measured Bt, = 6:4-7.7 MeV
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(1992WI113, atE, = 13:5 MeV for all narrow states belo, = 12:1 MeV up to a momentum
transfer of 3.2 fm* (1989KE03, atE, = 35 MeV (19900H04, and atE, = 318 MeV for states
with Ex < 14MeV (1991KEO03, and atE, = 400 MeV for excitation of theE, = 10:957MeV

0 , T = 0 state (991KI0g. See alsol987KE1A 1988SEZL). Quasielastic spin observables
for elastic scattering are reported #6p = 320, 400, 500, 650, and 800 MeV. Cross sections and
analyzing powers fod* 0 excitations in‘®O with E, = 200 MeV are reported in{989SAZ2)
See also1986GA31 1987PI103. Cross section measurements for gamma ray productiorarglev
to astrophysics are discussed i®87LA11, 1988LE0§. See also{988SA1B. For earlier work
see (982AJ01 1986AJ04, and see the compilation of cross sectionsliag6BA83, and the re-
views of (L985KI1A, 1988ZA0§. See also the conference reports

(1986VD1G 1986YE1R 1987RO1F1989PLZV).

For reaction (b) seel@82REZZ 1985B0O1A 1986CH1J1986KU15 1986SA241991CO13.
For reaction (c) and for fragmentation sé®86AJ04 and se€®0.

In recent theoretical work, a resonating group method stfiéRO+ p is discussed iNO90HA39,
the alpha particle model is used to calculate elastic soagtebservables inO88BES571992L11D),
and a Skyrme force approach to intermediate energy protdtesing is presented i 988CHO0§.

A Dirac coupled-channels analysis for () pt E, = 800 MeV is described in {988DE35.
See also1988DE31 1991PHO0). Off-shell effects from meson exchange in the nuclearcapti
potential are studied iINLE89EL0J. See also the non-relativistic full-folding model deptions

of (1990AR03 1990AR11 1990CR021990ELO1 1991AR1K). Dirac optical potentials are ob-
tained in (988HA08 1990PH02. A comparison of Dirac and Sabalinger descriptions is made in
(1990C0O19%. A relativistic microscopic optical potential is derive]dm the relativistic Brueckner-
Bethe-Goldstone equation in§92CH1E. Relativistic effects on quasielastic spin observables ar
discussed in988HO1K). Non relativistic multiple scattering theory is used ftastic scattering
atEp, = 800 MeV in (1987LU04. See alsol992BEO03. Effective interactions for elastic scatter-
ing above 300 MeV are discussed IlDOORA1J. A second-order relativistic impulse approxima-
tion model is used foE, = 500 and 800 MeV in {988LU0J. See alsol9880T04. An empirical
effective interaction for excitation dfO by 135 MeV protons is discussed ih989KE0S. The
excitation of the 7.12 dipole state 0 is shown to be non-collective 988AMO03. Effects of
vacuum polarization and Pauli blocking are treatedlia880T0Y). A review of relativistic the-
ory of nuclear matter is presented tBE8MALX). Spin-independent isoscalar response functions
and interpretation of polarization-transfer measuresarg discussed iri9860R03. Recoil ef-
fects in the coordinate space Dirac equation have beerest@i@870T03). Effects of short range
correlations on the self energy in the optical model areistuidy (1992B0O04. See also the calcu-
lation of (19920L03 concerning resonance shapes andAhe 17 Theoretical discussion at the
beginning of this compilation.

9. *°0(p, n}°F Qm= 16199 E, = 0:6005
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The analyzing power for the transition to the state’®F*(6.37) has been measured&t =
135MeV (1982MA1]). See alsoX983WA29. More recently, polarization observables have been
measured &, = 135 MeV by (1989WAZ2). See alsd®F.

10. 180(p, Y5O Qm= 13439 E, = 0:601

The excitation function fody at = 70 has been measured f&, = 21 to 38.5 MeV. A
strong resonance is observedgat = 24 MeV: see Tablel7.25 The analyzing power has been
measured for thely group atE, = 65 MeV (1980HO1§. Cross sections and analyzing powers
have been measuredi&g = 200 MeV for the; (ground state) angd (6.18 MeV) levels in>O.
See also1989WA16§ and seel982AJ0) for the earlier work.

11. (a)*0(p, 4O Qn = 20404 E, = 0:601
(b) 1°0(p, *He)**N Qnm = 15242

See (982AJ0) and!*N, **O in (1986AJ0).

12.160(p, )N Qm= 5217 E, = 0:601

Observed resonances are displayed in TABIR5 Some broad structures have been reported
aboveE, 15MeV, particularly strong peaks appealtgf 22and 25.5 MeV: se€lQ77AJ03.
Total cross sections were measured by the activation megptalE,, = 30 MeV by (1989WA19.

This reaction is involved in explosive burning in stars. Narical values of thermonuclear
reaction rates are tabulated iO85CA4). See (977AJ02 1982AJ0) for the earlier work and
see (979MO09.

13.160(d, n}’F Qm= 1623

Parameters of the rst excited state'dF areE, = 495:33 0:10keV, ,, =407 9psec: see
(1971AJ02. See also Table 17.21 i1971AJ0). For polarization measurements s@8g1L123
and*®F in (1983AJ0). See also{986AJ04 1989VI1E. This reaction has been used in analysis
of Oxygen in Flouride glasse§990BA1M).

14.150(CHe, d}'F Qm= 4893
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At E(3He) = 18 MeV, angular distributions of the deuteronsté*(0, 0.503:104 0:003
3:857 0:.004 have been measured. The spectroscopic factor$’Fg(0, 0.50) are 0.94 and
0.83. Two-step processes appear to be involved in the ércitaf 1'F*(3.10, 3.86). Angular
distributions have also been measure& étHe) = 30 MeV (to 'F*(5.1, 5.7)) and aE (3He) =
33MeV (do, di): see ((982AJ0) for references.

15.160("Li, ®He)'’F Qm= 9733

Angular distributions fo’He leading to theé’F §+ ground state were measuredBf, =
34MeV (1988KEQ7). The data are structureless and are neither describeditgyrange DWBA
nor by coupled-channels Born approximation calculations.

16. (2)*0(1°B, °Be)\’F Qm= 5985
(b) 150(!B, 1°Be)"F Qm= 10627
(c) 80(22C, 11B)L7F Qm = 15356
(d) 0(3C, 12B)7F Qm = 16932
(e) PBO(HN, BC)F Qm= 6950
(f) L6060, 5N)7F Qn= 11526

See (982AJ01 1986AJ04. Measurements of( ) vs. Q-value for reaction (f) were made at
Eiab = 72 MeV by (1988AU03. Results were not compatible with a lowfusion window.

17.Y0(p, n}'F Qm= 3542

At E, = 135:2 MeV differential cross sections are reported for the triémss to'’F*(0, 0:5
0:054:84 01,589 02,634 02,726 02,764 0293 01,143 0:1). [Note known
density of states.] The group t6F*(4.84) has =1 :8 0:05MeV (1985PU1A. For a discussion
of Gamow-Teller transition probabilities seE985WA24. For Ay, measurements se€983PUZZ
1985PU1A. For the earlier work se€.§82AJ0).

18.170CHe, t}F Qm= 2779

Angular distributions have been studiedEfHe) = 17:3 MeV [t, t1]. Angular distributions
and analyzing powers were measureé tHe) = 33 MeV [to]: see (982AJ0).
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19.Y7F(p, )'Ne Qm = 3:921

AJ =3"levelin'®Ne atE, = 4:561 0:009MeV is reported in {991GA03, and the effects
of this result on thé’F(p, ) thermonuclear reaction rate as well as astrophysicalezprences
are discussed.

20.Ne( *)YF Qm = 14:529

Seel’Ne and Tablel7.27

21.180(180, 1°N)17F Qm= 19386
See (983DE1A.

22.19F(p, t}F Qm= 11099
See ((977AJ02.

23.20Ne(p, )MF Qm= 4133

Thermonuclear reaction rates for this reaction and otheo@isysically important thermonu-
clear reactions are tabulated tB5CA4). Analytic expressions for the reaction rates are given
in (1988CA2§. See also the study of processes and effectd98YGU29, and see977AJ02
for earlier work.

24.25Mg(*80, ’Na)’F Qm= 13347

See (985FI0§.

68



Table 17.26: Energy levels éfNe?

Ex (MeV)
0

; T | 1= (msec)| Decay| Reaction
311092 06| *°P 1

NI | G

2 The evidence for excited states BiNe has not been published:
see (977AJ032.
b See also Tables7.5 17.6and17.5

"Ne
(Fig. 4)
1. (@)YNe( N)YF* 0+ p Qm =13:928
(b) Ne( *)F 13N+ Qn=8:711
(c) YNe( *)YF Qm = 14:529

The half-life of'’Ne has been reported 8690 1:0 msec (971HA0H and1093 0:6 msec
(1988B0O39: the weighted mean i$092 0:6 and we adopt it. The decay is primarily to the
proton unstable states bfF at 4.65, 5.49, 6.04 and 8.08 MeV with = 2 |2 |1 and? | but
decay to alpha unstable states has also been observed:bée&7t& The super-allowed decay to
the analog staté {F*(11.20)] hadogft = 3:29'%37. The character of the decay leadslto= 1
for 1’"Ney.s (1971HAQY. See Tabledl7.6for a comparison of the mirrdfN and*’Ne decays and
Table17.16for the decay of’F*(11.20). See alsol@86AJ04, and see the recent analysis of GT
beta-decay rates 01993CHO§.

17 Na
(not illustrated)

1"Na has not been observed: its mass excess is predicted todieN&V by (L1966KE1§. It
is then unbound with respect to breakup iftble + p by 4.3 MeV and with respect to breakup
into *O + 3p by 5.7 MeV. See alsd P83ANZQ 1985AN28§ 1988WA 18 1992AV03.

17Mg 17A| 178i 17P

(Not observed)
See (983ANZQ 1988WA18 1992AV03.
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Table 17.27: * decay oft’Ne?

Decay to J Total branching ratio (%) log ft © Decay branche$
Ex (MeV) Ref.2 Ref.P
0.0 N 055 0:17¢ 9:56tu *0 /16
0.495 L 061 0:10° 6:80"0:08 f
3.10 1 0:10'%:33 0:48 0.07 7:12°0:9 Po
4.65 g 1654 0:14 162 07 4:57 0:05 Po
5.49 3 5916 0:4 544 079 |3:811 0:015 Po
6.04 z 7.8 02 106 0:2 4:545 0.018 Po
8.08 3 7.3 09 6:83 0:11 3.93 0:06 Po, P1, o
8.2 3 1.7 03 2:08 0:.089 | 451 0:09 Po
8.43 2 40 09 6:51 0:26 4:.05 0:10 Po, P1, Pa; o
9.4h 06 02 4:43%13 Po, P/P2, o
10.0" 07 03 4:059:2¢ Po, P4 o
10.66" 0:007 0:004 5:77%4 Po, o
10.9 1 0:016 0:006 5:14+922 Po, o
11.193 : 0:64 0:14 0:717%3% 331 011 | po, Pr, Pos Par 00 1
12.23 0:001 0:0006 4:989:1 Po

a(1988B039. See also Table 17.21 in¥86AJ0J.

b (1971HA0Y.

¢ We are grateful to Dr. M. Martin for providing thedegft values calculated for the branchings measured in
(1988B0O39.

d Proton decay to staté$0*(0.0, 6.05, 6.13, 6.92, 7.16) are indicated by, p2, ps, pa, respectively. Alpha decay
to 1¥N*(0.0, 2.36) are indicated by, 1 respectively.

¢ Based on assumption thiagft values are the same as for tH&\ mirror decays.

fFrom¥N  decay.

9 Obtained by {988B0O39 from addition of several of the peaks ih971HA0S.

" New levels observed by1p88B0O39 with measured energiessy, = 9:450 0:050, 10:030 0:060,
10:660 0:020MeV and widths =200 40,170 40,90 60keV, respectively.
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T,

Fig. 4: Isobar diagramA = 17. The diagrams for individual isobars have been shiftedicadly to eliminate the neutron-proton mass
difference and the Coulomb energy, takerEas= 0:60Z(Z  1)/A'=3. Energies in square brackets represent the (approximatédar
energyEn = M(Z,A) ZM (H) NM (n) Ec, minus the corresponding quantity fiO: hereM represents the atomic mass excess
in MeV. Levels which are presumed to be isospin multipleesa@mnnected by dashed lines.
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