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Low-energy neutron direct capture by 2C in a dispersive optical potential
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A dispersive optical potential for the interaction between low-energy neutronsnduclei is derived
from a dispersion relation based on the Feshbach generalized optical model. The potential reproduces com-
pletely neutron total cross sections below 1.0 MeV and substantially reproduces the energy of the
3090 keV(1/2) level in 3C which is of nearly pure &, single-particle character. It is found that direct-
capture model calculations with this potential explain quite successfully the observed off-resonance capture
transitions to the ground (173, 3090 keV(1/2), 3685 keV(3/2), and 3854 keV(5/2) levels in 13C at
neutron energies of 20—600 keV. Special emphasis is laid on the fact that in these model analyses, account
should be taken of the spatial nonlocality of the neutron-nucleus interaction potential, in particular for negative
energies[S0556-281®8)03201-4

PACS numbgs): 25.40.Lw, 24.10.Ht, 25.40.Hs, 27.20n

I. INTRODUCTION [9], this nucleus would be the most suitable for our theoret-
ical analysis. The results are compared to recently observed

Low-energy neutron capture reactions on light nuclei playoff-resonance capture cross sections'®® at 20—600 keV
an important role in the nucleosynthesis on the inhomogeneutron energiegl—3].
neous big-bang model as well as in tprocess nucleosyn-
thesis in red giant stars. Recently, these findings have led to Il. DISPERSIVE OPTICAL POTENTIAL
several measuremenfd—4] of neutron capture cross sec-
tions of light nuclei at steller energies, which are compared In this section, an optical potential for the interaction be-
to direct-capture model calculatiofs] because the reactions tween low-energy neutrons artdC nuclei is derived from a
can be decoupled from a resonance process. dispersion relation based on the Feshbach generalized optical

Furthermore, drip_”ne ||ght nuclei were found to have model[lO] The real central pal’t of this pOtential is described
radii much larger than those of other neighboring nupéi by the nonlocal Hartree-Fock and dispersive components.
This suggests the existence of a neutron-halo structure in thEhe Hartree-Fock component is approximated by an energy-
nuclei. A neutron halo is basically characterized by the presdependent local potential whose strength decreases linearly
ence of a weakly bound state which has an appreciabl@ith increasing neutron energy, while the dispersive compo-
single-particle component of low angular momentum. Thenent is represented by a dispersion relation that connects the
combination of the low neutron-separation energy and théeal and imaginary parts of the optical potential. When the
low angular momentum allows neutrons to remain at disnonlocality of the imaginaryabsorption part of the single-
tances much larger than the normal nuclear radius. Thergrarticle field is neglected—in actuality the role of the nonlo-
fore, direct-capture model calculatiofiz,8] have been per- cality of the absorption potential is found to be small in
formed also with the expectation that the neutron-halo wavéheoretical investigations—the real central pft,E) of the
function could be probed by observing low-energy neutrorfocal dispersive optical potential is written fkl,12
direct-capture reactions on light nuclei.

Direct-capture transition amplitudes are generally quite
sensitive to incoming wave functions in the nuclear channel
region, i.e., to optical potential parameters used in the calcu-
lations. However, previous theoretical wdik 7,8 does not
guarantee that the potential parameters reproduce the ob-
served total cross sections and neutron single-particle bound
state energies, and also does not make clear the relation of * We(r,E")
those parameters to available optical potentials obtained fEF (E'—Ep)?— (E—Eg)
from neutron-scattering analyses.

In the present study, we intend to describe keV-neutron =Vy(r,E)+AVg(r,E), )
direct-capture reactions ofC, using a dispersive optical
potential which has a close connection with empirical opticalwhereP indicates a principal value. The potentil(r,E)
potentials. Since no resonance has been observed in tiethe Hartree-Fock component, aa¥4(r,E) is the disper-
12C+n interaction at neutron energies below about 2.0 MeVsive component due to the absorption potentay(r,E),

V(r,E)=Vy(r,E PF WSrLE) e
(r,E)=Vy(r, )+; _E-E

2
=VH(I‘,E)+; (E_EF)P

5 dE’

0556-2813/98/5(1)/2028)/$15.00 57 202 © 1998 The American Physical Society



57 LOW-ENERGY NEUTRON DIRECT CAPTURE BY’C IN . .. 203

14 T L) [} 1] [} 1} 1} T T

19 \ 12040 —— AVs#0
TN - AVs=0
ol N ]

Ws , AVs (MeV)

E—EF (MeV)

TOTAL CROSS SECTION (b)
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which is assumed to be symmetric about the Fermi energy

Er. Equation(1) shows how much of the energy depen- E (MeV)

dence of empirical optical potentials arises from the nonlo-

cality and how much from the dispersive nature of nuclear ) )

matter. . FIG..2. Negtron total cross sections HC calculated using the
We determine a dispersive optical potential so as to b ispersive optlcgl potentle}l witlisolid line) and without(dashed

compatible with the Dave-Goul(DG) optical potential[13] Ine) the dispersion potential.

from analyses of the elastic scattering of 7—15 MeV neutrons ) )

on 12C. The absorption potential is taken to be surface ab@nd therefore, at negative energies they would be a very

sorptive in the same way as the DG potential. It is wellSmall but nonzero value due to the coupling of a single-

known that the volume absorption of an optical potential isParticle (or holg state to other nuclear modes. _

not essential in MeV-neutron elastic scattering gnshell In the DG potential, the absorption potential depth in-

nuclei. In fact, the Watson-Singh-Sed#/SS global optical ~ créases linearly and very slowly with neutron energy:

potential of Ip-shell nuclei[14] shows that the volume ab- Ws(E)=—12.65-0.04F. No information is given on the

sorption is effective at neutron energies above 33 Mev. dependence of the absorption potential upon neutron ener-
The Hartree-Fock potential depthy, (E) is assumed to be  91€S below 7 MeV. The imaginary component of the WSS

the same as the real central part of the DG potential: potential decreases linearly with decreasing neutron energy
below 13.8 MeV and becomes null &=0. Above E

=13.8 MeV, the energy dependence is much weaker than
Vy(E)=—58.86+0.66F, (2)  that of the DG potential. From these facts, we assume an
absorption potential depth shown by a solid line in Fig. 1:
Wg(E)=0 at Ec<E=<O0, Wg(E)=—1.86E MeV at O<E
whereE is the center-of-mass energy in units of MeV. This <7.0 MeV, andWg(E)=—13.0 MeV atE=7.0 MeV. Us-
potential acquires additional interest from the fact that theng this absorption potential, the dispersion potential strength
energy dependence of the real volume integral is consistedtVs(E) is derived from the principal-value integral in Eq.
with that of the Jeukenne-Lejeune-Mahaux potential calcu¢l), as shown by the dashed line in Fig. 1. The Fermi energy
lated from a realistic nucleon-nucleon interactjds,15. To  is defined as an average of the minimum eneggyof par-
be more exact, the Hartree-Fock potential should be obtainegtle states and the maximum enerBy of hole states in
from an analysis of neutron elastic scattering’@@ usinga  2C:
dispersive optical potential, but since the dispersion potential
due to surface absorption scarcely affects the neutron elastic
scattering on'?C in the MeV-energy region, the above as- Er=(Ef +Ef)/2=—11.83 MeV. 3
sumption for the Hartree-Fock potential is acceptable.
The absorption potential is required for the whole energy
region before applying Eqgl). In a scattering state, it is Although the strength of the realistic absorption potential can
obtained from experiments with neutron elastic scattering obe represented by a smooth function of neutron energy, a
12C. In a bound state, it can be deduced above the Fermmore complicated parametrization of the imaginary potential
surface from the fragmentation of single-particle states obdepth changes the dispersive correction only slightly.
served by*?C(d,p) reactions and below the Fermi surface  The solid line in Fig. 2 shows the neutron total cross
from the fragmentation of single-hole states observed byections of*?C calculated using the dispersive optical poten-
12C(p,d) reactions. At present there is not enough informa-tial. The potential form factors and spin-orbit potential depth
tion available to determine the energy dependence of thare taken to be the same as those of the DG potential, except
absorption potential strength at negative energies. Howevefor the radius parameter, of the Hartree-Fock potential.
near E=0 absorption potential strengths of global optical The dispersive optical potentiél,,(r) used in the calcula-
potentials of light nuclei are 1.0 MeV at mogt4,16-1§,  tion is
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FIG. 4. Scattering-wave functions calculated using the disper-

FIG. 3. Central part(solid line), Hartree-Fock component gion where there is no essential contribution of partial waves

(dashed ling and dispersive compone(dotted ling of the disper- with high angular momenturh>0, the incomings wave is
sive optical potential at the neutron energy of 100 keV.

pulled into the nuclear interior, and the total cross sections

are decreased by the Ramsauer-like interference. For in-

df stance, the nuclear phase shift of the incormsngave atE
Uoplr.E)=VH(E)f(r,rg,a0) —4aAV4(E) - (r,r;,a)) =100 keV changes from 144° to 157° with the addition of
dr the dispersive componefsee Fig. 4

, df
—4ia;Wy(E) ar (r,ri,a)

) 1df
_Vso}(w(o"l) Fa (rirso,asg),
with
ap;=0.434 fm, r;=1.387 fm, a;=0.163 fm,

rsc=1.15 fm, a,,=0.5 fm, V4,=-55 MeV,

where X, is the pion Compton wavelength arfdis the

Woods-Saxon form factor,

f(r,ry,a0=[1+exp{(r—rAylald]

The observed total cross sections are also reproduced by
the calculation which uses the optical potential without the
dispersive component, but with a considerable increase of
the radius parameter, of the Hartree-Fock potential at
lower neutron energies. However, such a strong energy de-
pendence of the nuclear radius is unlikely to be a physical
reality.

[lI. MODEL CALCULATIONS AND DISCUSSION

The electric-dipole transition amplitudg; for the radia-
tive nucleon direct-capture process is

Tri=(Wle| V), (5

whereW(*) is the initial elastic-scattering state wave func-
tion, whose incoming part is taken to be identical to that of

The radius parametar,=1.211 fm in the DG potential is

slightly increased at lower neutron energies so as to comt-r:ce '?.C'dlegt placljne wavelfn;jls_t@ smgle—parycli corlnpor_lent
pletely reproduce the ENDF/B-V total cross secti¢as]: 8. a final bound state, and[ =erY,,(6,¢)] is the electric-
fo=1211fm at E=1.0MeV to r,=1.229fm at E llpole operator for.an incident nucleon..Usmg Ef), we
—10keV. Such a small change of the radius parametef?nd the cross section for the neutron direct capture by an

would not be unexpected since the optical potential describe
only an average over partial waves, while the total cross
sections at those neutron energies are dominated by very few
partial waves. On the other hand, the optical potential with
AV(E)=0 overestimates the total cross sections, and the
discrepancy between the calculated and ENDF/B-V valuewith
greatly increases with decreasing neutron energy. In other
words, the dispersive correction is important for reproducing

o 1 . .
the total cross sections, especially at lower neutron energies. ~ CUislis i) =5 (li+1i+1)(2)i+1)(2j+1)

A physical explanation of the characteristic behavior of
the total cross sections is given in Figs. 3 and 4. As seen in
Fig. 3, the addition oAV(r,E) is equivalent to increasing
the radius parameteyg, for the calculation which uses only a
Woods-Saxon potential. Consequently, in the low-energy reand

guen-even nucleus:

8

TH= 3 kigzé’z% G(liji leinl(r)I%,

1
112

(6)

@)
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30 unphysical spectroscopic factor of 1.25 is then necessary to
reproduce this experimental data. As shown below, this dis-
crepancy can be removed by considering the spatial nonlo-
cality of the microscopic mean field for the interaction be-

tween low-energy neutrons andC nuclei.

s 20F According to the work of Dover and Gid0] and de
g Forest[21], the following relation exists between the wave
5 functions U,(r) and u,(r) in equivalent nonlocal and
@ . energy-dependent local potentials:
7] iokF p— 2s,,2(3*C ; Sn=1.857MeV) ]
Q Un(r)=P(r)uy(r), (10
o — 2=0663
----- a=0, =10 1 with
P(r)=[m*(r)/m]*?, (11)

' '

0 . . . L . .
00 01 02 03 04 05 06 07 08 09 10
E (lab) (MeV)

where m*(r) is the nucleon effective mass. The factor
[m* (r)/m]Y? which connectsJ, (r) andu,(r) leads, in the

FIG. 5. Observed and calculated cross sections for the radiativBuclear interior, to damping of the nonlocal wave function
neutron capture to the 3090 keV(I/Rlevel in 13C. Solid (@#0)  relative to the local one. This damping effect was first found
and dashed¢=0) lines represent calculations for tpewave di- by Perey{22], and is therefore referred to as the Perey damp-
rect capture to the €, single-particle state with a different spec- ing factor. In the Hartree-Fock approximation, the effective
troscopic factor. massmy;(r) is equal to

- d
<r>=fo ug(r)ru;(r)dr, (8) mﬁ(r)/m=1—EVH(r,E)- (12

where k. is the wave number of capture gamma rays,ASSUming a linear energy dependence of the Hartree-Fock
e [=—Zel(A+1)] is the neutron effective charge for the Potential depth, the Perey damping fackir) is

E1 transition in the potential produced by a target nucleus —r1_ 12

with mass numbeA and atomic numbek, and 6? is the P(r)=[1=af(r)]™ (13

spectroscopic factor of a final neutron single-particle statgn the present studyy is taken to be 0.663 from E¢2) and
with principal quantum numben; , orbital angular momen- £ (r) is the Woods-Saxon form factor of the local Hartree-
tuml¢, and total spinj;. The radial wave function;(r) of  Fock potential. The single-particle bound state wave function

an initial single-particle state has the asymptotic form us(r) presented above in the local Hartree-Fock potential is
1 1 then modified in the nonlocal potential as follows:
ui(r)~—m exp[—|(kr—§|i7r ] Us(r)=CP(r)ug(r), (14

_s exp{ i ( Kr— E I»w)] ©) whereC; is introduced for normalizingy¢(r). Equation(14)

2! ' holds exactly for the Skyrme-Hartee-Fock approximation.

Introduction of the nonlocal interaction would also re-

where k is the wave number of an incident neutron with quire modification of the electric-multipole moments. For a
velocity v and S is the scattering matrix element for the system of interacting nucleons, the expression for the charge-
(1;j;) partial wave. The wave functiom (r) is obtained as a current density may differ from the corresponding expression
solution of the Schidinger equation with the dispersive op- for free nucleons. Thus the electromagnetic interaction
tical potential in Eq(4). The radial wave function;(r) ofa  —(1/c)fj-A dr between the current densityand the vector
final single-particle state is determined by adjusting thepotential A of a radiation field does not produce the well-
depth of the Hartree-Fock term of this potential so as tdknown electric-multipole moments. However, in the limited
reproduce the neutron binding ener8y. Previous studies case of nonrelativistic nucleon velocities and of radiation
[5,7] assert that the wave functions of the initial and finalwavelengths large compared to the nuclear dimension, the
single-particle states should be made orthogonal to eachucleon interactions are expected to have a relatively minor
other, but we note that each nuclear state in general is deffect on the electric-multipole momenrt83,24], and there-
scribed by a coupled-channel wave function so that theréore, in the present study the nonlocality of the nucleon po-
exists no orthogonality between both single-particle states. tential is neglected for the electric-dipole interaction.

In Fig. 5 the calculated capture cross sections for the tran- Whenu;(r) andu¢(r) in Eq. (8) are replaced byJ;(r)
sition to the 3090 keV(1/2) level in ¥*C which has a large andU«(r), the calculations for the-wave direct capture to
component of the &, single-particle state are compared to the pure 2, single-particle state overestimate slightly the
recent measuremeni$—3]. The dashed line shows calcula- capture cross sections for the transition to the
tions for thep-wave direct capture to the pures single- 3090 keV(1/2) level, as shown by a solid line in Fig. 5. The
particle state. The model calculations predict the cross sedest fit with the experimental data through adjusting the
tions to be about 20% smaller than those observed. Aspectroscopic factor, give#®=0.95. This value has excel-
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FIG. 6. Real overlap integrands of the transition amplitude for E (iab) (MeV)

the pg-wave direct capture to thesg, single-particle state at the
neutron energy of 500 keV. Solid¢= 0) and dashed«=0) lines

represent calculations using the dispersive optical potential. FIG. 7. Observed and calculated cross sections for the radiative

neutron capture to the ground (I2level in *C. Solid (a#0)
and dashed ¢=0) lines represent calculations for tte and
lent agreement with the configuration-mixing rat@1%) of  d-wave direct capture to thepl,, single-particle state with a dif-
the (0®5s,,5) component, which is theoretically predicted by ferent spectroscopic factor.
taking account of the excitation of thg 0 2, and 4 core
(}%C) states in'3C [25]. Excluding the excitation of the;4 ~ model(DSD) with a complex couplin30-32, in fact it can
core state, the core-particle model calculations produce ke confirmed that the effect of the GDR excitation is less
configuration-mixing ratio of 87% for the single-particle than 0.3% and negligible. Again, the negative resonances
component26], but the experimental data indicate partici- would be decoupled more completely becausephewave
pation of the 4 state in the core excitation. From an experi- resonance has a small single-particle componéft=0.2)
ment on the'?C(d,p) °C reaction, Takakt al. [27] also ~ and thep,-wave resonance is too far away in the energy
obtained evidence which indicated a nearly pure singlespace to make a significant contribution. In this context the
particle character of this level. The experiment by Ohnumestrong energy dependence of the central part of the DG po-
et al.[25] led to a rather small spectroscopic factor of 0.65.tential, which originates mostly from the nonlocality, seems
However, such a small value should be rejected, because tfie be valid.
neutron binding energy of this level is in substantial agree- The Hartree-Fock potential depth producing ths;2
ment with the energy of thes3,, single-particle state, as single-particle state at the energy of the 3090 keV/(}/2
shown later. level is 62.5 MeV, which is close to the potential depth of
Figure 6 shows the real overlap integrand of the transitior80.1 MeV derived from Eq(2) for negative energies. It is
amplitude for the dominanpg,-wave capture to thes3,,  nhaturally expected from the strong single-particle character
single-particle state. When the nonlocality is considered ( Of this level. ForAVg(E)=0, the potential depth is 66.4
+0), the amplitude of the initial-state wave function in the MeV. That is, the dispersion potential at negative energies is
nuclear interior is attenuated by the Perey damping factor o¥ery effective in reproducing the observed neutron binding
Eq. (13). As can be seen from the figure, the contribution ofeénergy using the Hartree-Fock potential depth in@y.The
the nuclear interior to the transition amplitude is very small,dispersion potential also has an appreciable effect in increas-
and therefore the effect of the nonlocality is negligible.ing the direct-capture cross sections: by 2% for the transition
Meanwhile the amplitude of the single-particle bound statdo the %,,, single-particle state and by 5-7 % for the transi-
wave function is emphasized in the nuclear exterior due tdions to the Py, 1ps,, and Ids, single-particle states.
damping of the wave function in the nuclear interior. Conse- In Fig. 7 the observed capture cross sections for the tran-
quently, the direct-capture transition amplitude, which has aition to the ground (1/2) level in *C are compared to the
dominant contribution of the nuclear exterior, increases talirect-capture cross sections for the transition to tipg,l
reproduce the observed cross sections. single-particle state. Each solid line represents calculations
The negative and positive parts of the overlap integrand invith a different spectroscopic factor. The dashed line shows
the nuclear interior are completely canceled out, whichthe direct-capture cross sections for the transition to the pure
makes the direct-capture cross sections rather insensitive fiqp,/, single-particle state, neglecting the nonlocality. Below
the Hartree-Fock potential depth. The direct-capture transiE=200 keV, thes-wave capture to this state is dominant
tion would be decoupled by this cancellation from excitationand decreases with increasing neutron energy. AbBve
of the giant-dipole resonan€&DR), the p;,-wave negative =200 keV, the capture cross section rapidly increases, when
resonancgground (1/2) level in 13C] and thepg,wave thed-wave capture becomes dominant with increasing neu-
negative resonand@685 keV/(3/2) level in 13C,] because tron energy. The calculations witif= 0.8 best fit the experi-
the transition amplitude in the nuclear interior is responsiblenental data and the spectroscopic factor is in excellent
for the coupling between the single-particle and resonancegreement with the value of 0.77 obtained by Ohnual.
transitions [28,29. Using the direct-semidirect capture [25]. The shell-model calculation of Cohen and Kurg33]
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FIG. 8. Real overlap integrands of the transition amplitude for FIG. 9. Observed and calculated cross sections for the radiative
the s-wave direct capture to thepl,, single-particle state at the neutron capture to the 3685 keV(3/Rlevel in *3C. Solid lines
neutron energy of 500 keV. Solidv¢ 0) and dashed(=0) lines  represent calculations for the and d-wave capture to the fis/,
represent calculations using the dispersive optical potential. single-particle state with a different spectroscopic factor.

presents a rather small value of 0.61. tegrand for thes-wave capture to the [, single-particle
Figure 8 shows the real overlap integrand for $h@ave  state. Since the overlap integrand is not canceled out in the
capture to the fb,, single-particle state. There is no cancel- nyclear interior, but the contribution to the transition ampli-
lation of the overlap integrand in the nuclear interior, and ingyde is only about 2% abovE= 10 keV, the direct-capture
addition the transition amplitude has this contribution of¢ross sections depend much more weakly on the Hartree-
about 25% abové&=10keV. It is quite different from the pFock potential depth, as compared to those for the
p—2sy, transition, and the direct-capture cross sections . .1p,, transition. The small contribution of the nuclear
strongly depend on the Hartree-Fock potential depth used ihterior to the transition amplitude would also lead to a
the model calculation. Moreover, the large nuclear-interiokyeakening the coupling between the direct-capture transition
contribution would give rise to the coupling of the direct- 3nd the excitation of thes,-wave negative resonance
capture transition to the excitation of GDR and nearby resor3ngg kev/(1/2) level in 13C] andds;-wave negative reso-
nances. When the GDR excitation is included, the DSDhance[3854 keV(5/2) level in 13C] with a large single-

model calculations mentioned above show that the E1 trafyarticle componerii34]. The effect of the GDR excitation is
sitions are considerably retarded: by 15-20% belBw 3_4 4.

=100 keV and by 6-7 % abov&=500 keV. On the cou- In Fig. 11 the direct-capture cross sections for the transi-
pling to nearby resonances, thg,-wave negative resonance tjon to the Is, single-particle state are compared to the
[3090 keV(1/2) level in **C] with strong single-particle gphserved capture cross sections for the transition to the
character would play a major role, because the resonance #854 keV(5/2) level in 1*C. Each solid line represents cal-
located in the vicinity of the neutron-emission thresH@d|.  cyjations for a different spectroscopic factor. The one that
However, it is not straightforward to make a quantitative pest fits the experimental data is made wif=0.75, which
estimation of the interplay of those resonance excitationgs iy substantial agreement with the spectroscopic factor of

coupled to the direct-capture transition, because there is sty g opserved by Takaktal. [27]. The experiment of
ambiguity in the model of the relative phases between all the

processes concerned, the low-energy tail of the GDR profile i . ,

and the symmetry-potential form factor for light nuclei. In 4 i
this respect, the deduced spectroscopic factor would includ % | E=500 keV |
considerable uncertainty.

In Fig. 9 the observed capture cross sections for the tran
sition to the 3685 keV(3/2) level in *C are compared to
the direct-capture cross sections for the transition to g, 1
single-particle state. This level is expected to have a smal
component of the fi5, single-particle state, because the
1ps), shell in 3C is filled in the simple shell model. The
calculations with a spectroscopic factor of 0.2 best fit the
experimental data. The experiment of Takaial. [27] pro- 5 5 m = 0
duced °=0.26 and Ohnumat al. [25] obtained a rather  (fm)
small value of 0.14. The shell-model calculation of Cohen
and Kurath 33] predictsg?=0.19. All of these spectroscopic
factors are in substantial agreement with our value. The cap- FIG. 10. Real overlap integrands of the transition amplitude for
ture cross section gradually increases ab&me200keV  the s-wave direct capture to thepl,, single-particle state at the
with increasing neutron energy, because of the contributiomeutron energy of 500 keV. Solidvé 0) and dashedd¢=0) lines
of the d-wave capture. Figure 10 shows the real overlap in+epresent calculations using the dispersive optical potential.

REAL OVERLAP INTEGR

S12 — 1p3,2 (#C) ----a=0
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FIG. 11. Observed and calculated cross sections for the radiativreeF)resent calculations using the dispersive optical potential.

neutron capture to the 3854 keV(5Rlevel in **C. Solid (@+0)
and dashedd=0) lines represent calculations for tpewave di- "
rect capturecfo th)e ds, single-particle state with a dti)f(fae/\;ent spec- 3090 KeV(l/Z) and 3854 keV(5/2) transitions Qhange
troscopic factor. only slightly (;—3 f)/d. These facts are regarded as important
results for validating the present analysis.
The direct-capture model calculations with the dispersive

Ohnumaet al. [25] produced a rather small value of 0.58. optical potential predicted by the WSS potential also have
The core-particle model calculations mentioned above give guPstantial agreement with the observed capture cross sec-
spectroscopic factor of 0.78, supporting our value. Figure 1310NS, using a spectroscopic factor of the nearly pure single-
shows the real overlap integrand for the dominagiwave ~ Particle state for the ground (172 and 3090 keV/(1/2) lev-
capture to the ds, single-particle state. For this transition, €IS For this dispersive optical potential the effect of the
the nuclear-interior contribution to the transition amplitude ishonlocality is somewnhat indistinct due to the weak energy
very small, and therefore the direct-capture cross sections afépendence £=0.3) of the Hartree-Fock potential depth.
rather insensitive to the Hartree-Fock potential depth. For &S seen from the work of Dave and Gould, the energy de-
similar reason, the coupling between the direct-capture trar?€ndence of the central part of the neutron optical potential
sition and the excitation of the GDR amg,-wave negative 1S quite different for each light nucleus, indicating that
resonancg 3685 keV(3/2) level in 13C] would be negli- nhuclear individualities would be reflected in the nonlocality.
gible. The direct-capture model calculations should be performed

As shown above, reasonable spectroscopic factors of th&ith individual potential parameter sets, not with global
energy levels in"*C can be deduced from the neutron direct- ON€s-
capture model analysis considering the spatial nonlocality of
the interaction potential. Disregarding the nonlocality, we IV. SUMMARY
find the larger spectroscopic factors: 1.0 for the ground
(1/27) and 3854 keV(5/2) levels(see Figs. 7 and 1land
0.28 for the 3685 keV(3/2) level, while the spectroscopic
factor of the 3090 keV(1/2) level greatly exceeds 1.0. In

We determined the dispersive optical potential for the in-
teraction between low-energy neutrons antC nuclei,
which is compatible with the empirical optical potential ob-

. ; tained by Dave and Gould from neutron elastic scattering on
the meantime, when theplstrength is exhausted by the 1/2 12C. The dispersive optical potential reproduces the ENDF/

_anc_i 3/Z levels as the _ex_periment of Oh”“m?"- [25] .B-V neutron total cross sections below 1.0 MeV and, sub-
indicates, the sum-rule limit of those spectroscopic factors '§tantially the energy of the 3090 keV(1/ level in 23C

22(3 Vi/lthzoutlcon?d%nnﬁlthelnpnéocl:ahtz', :]h.e sumh IOf thewhich is of strong single-particle character. The direct-
(2J-+1)¢" values for both levels is 3.1, which is muc arger capture model calculations with this potential are found to

than the su_m-rule_ limit. . _ explain satisfactorily the observed capture transitions to four
As mentioned in Sec. Il, the absorption potential in theenergy levels in'3C at neutron energies of 20-600 keV
gr(e)s&ni/st:d;; mcludhes sc()jr_ne ambiguity st_energ_leﬁpoéo considering the spatial nonlocality of the interaction potential
' ; : shar aslt e radius parametgr elngla justed to - ¢, negative energies. The spectroscopic factors obtained
reproduce the total cross sections, reasonable variaons .,y the model analyses are in reasonable agreement with

1.0 MeV) of the absorption potential strengthB&0 never those observed by th#C(d, p)*3C reaction and/or theoreti-
affect the above results. When the absorption potential i%ally calculated.

drastically modified[Wg(E)=—0.6E—-8.17 MeV at Ef
<E=<7.0 MeV andW¢(E)=—13.0 MeV atE=7.0 MeV], We would like to thank Prof. C. R. Gould of North Caro-
the calculations below =500 keV make a large overestima- lina State University and Triangle University Nuclear Labo-
tion of the capture cross sections for the transition to theatory for his valuable comments on neutron optical poten-
ground (1/2) level. But the capture cross sections for thetials of light nuclei.
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