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In a recent comment Bark@iPhys. Rev. (66, 3423(1997), the preceding papgeriticized our procedure for
the extraction of spectroscopic factors from neutron scattering lefBths. Rev. &5, 1591(1997)]. In this
reply we compare th&-matrix analysis by Barker to our potential model calculation, and we discuss the
applicability of both models for the extraction of spectroscopic fac{®@8556-28187)04012-Q

PACS numbsg(s): 21.10.Jx, 24.16-i, 25.40.Dn, 27.20tn

In our first papef1] we derived the spectroscopic factors no separation into an internal and external part. Therefore, an
(SF'9 for bound s-wave states from the experimentally additional hard-sphere contribution has obviously not to be
known neutron scattering lengths using a potential modeltaken into account.

Barker, who used thR-matrix approach, criticized our pro- For s-wave neutrons at small energiésspecially at the
cedure to be of “doubtful validity and accuracy?2]. thermal energye =25 meV where the experimental value of

In the R-matrix theory there is a separation between thethe phase shift is determined from the neutron scattering

nuclear exterior region without a nuclear interaction of tWOIengthb) thef(E), #(E), andf(E) and therefore the phase
colliding nuclei (>a) and an interior compound region gp;ft S(E) are proportional to the wave number
(r<a), wherea is not much larger than the nuclear radius of , _ S\ E/72.
the compound nucleus. Whereas the form of the wave func- Originally

tions n the eXte.”Of region IS compnsgd of incoming andgred transfer or capture reaction cross section to the cross
outgoing scattering waves, in the interior region the wavege ion calculated in the direct reaction mot2RM):
function is not knowna priori; all that is known is that its

magnitude and derivative must match smoothly onto the ex- C25= o) gPRM. 3
terior waves across the boundarya [3]. On the other

hand, in the potential model the wave function is calculatedrheoretically, SF’s are calculated from the shell model.
from a given potential without any separation into an interior  |n the context of this work the SF’s can be calculated by
and exterior part. the ratio of the experimental resonance widtf* to the

In the R-matrix theory the nuclear phase shift in the one-calculated"$%°. In the R-matrix theory this leads tfsee also
level, one-channel approximation is given by the sum of &q. (10) of Ref.[2]]

resonant part and a hard-sphere phase gtii) [see Eq(8)

SF’'s are determined by the ratio of the mea-

of Ref. [2]]2 CZ‘S: Fexpt/f‘(s:il)(.:: ( ,}/2)expt/( 3/2)2.62?’ (4)
1. with the reduced widthg/?. This R-matrix SF depends on
S1'(E) the chosen interaction radius In the potential model we
6(E)= arctar’m —¢(E), (1) obtain fors-wave neutrons
CZS =TT S pexpy cac, 5

with the width I'(E) and the shift functiomA(E). In the

potential model we used This SF depends on the shape of the chosen potential; how-
ever, because the strength of the potential is adjusted to the
binding energy, the resulting dependence on the shape pa-

EF(E) rameters is small.
S(E)=arcta 2 @) The physicalresonance energies and widths are the poles
EB—E’ E=E,s iI'o{2 of the scattering matrix. In the potential

model these poles are given by the resonance ertesand
width T in Eq. (2), whereas in th&® matrix they are different

] ) ) A from the resonance enerdsy, and widthT in Eqg. (1). One
perimental phase srllfts. This means that the widithe the .5 see that the energy and width in tRematrix cannot
R-matrix theory and” in the potential model are defined in serve as the estimate of such a physical width, since in this
a different way. This difference is important outside the resoparametrization the resonance is a solution of the equation
nance regiofE— Eg|>T. In the potential model there exists (see Ref[4])

with the widthf(E). Both approaches have to describe ex-
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[E—E;— A(E)J2+[I'(E)/2]2=0. 6) B0 ——T——1— '
150
The quantityl's(E) =T (E)[1—A’(E,.d] ! given in[4]

would be such an estimate in tHe-matrix theory. (The /50120
quantity I's(E) enters into the resonant factor of a reaction 2
when written in the fornT's(E)/{(E~ Ered?+[T's(E)/2]%}.) 3
The widthsT . and notI" are related to thehysicallife- < 60

times and determine the SF in transfer and capture reactions
[4]. Therefore, Eq(4) seems to be not an appropriate defi- 30
nition of the SF.

In the following we will compare results for the systems
BN=12C® p and *C=12C®n given by Barker in the frame- i 12C(1‘1 n)12C
work of theR-matrix theory[5] and calculated in the poten- ’
tial model. This system was also chosen by Barker in his
Comment[2] for the comparison of the two different ap-
proaches.

In Fig. 1 (upper pant we show phase shifts fa-wave
scattering of protons of’C in the range up to 5 MeV. The
calculated phase shifts show resonant behavior at
E.m=421.4 keV, and they agree well with the experimental
data[6-9] above the resonance. The potential strength was
adjusted to the energy of the quasibound*14ate in**N at ) 3 4 5
E,=2364.9 keV E.n=421.4 keV. For the SF of

this state we obtain C*S=0.881+0.022 from 'fgég? Ec.m. (MeV)
=2[(ds/d E)|E*E J_l:36-0 keV compared with [exnt FIG. 1. s-wave phase shifts of protofupper part and neutron
e

_ . (lower pan} scattering of*2C. The calculation was performed using
—31.7i0.8AkeV [10]. Barker and Fe[douﬁ] obtain re- a folding potential with the strength adjusted to the *142juas)
sults fromC2S~0.88 fora=4.2 fm toC?S~0.81 fora=7.0  bound states ofN (E,=2364.9 keVf and 13C (E,=3089.4 keV.

fm. A similar calculation with standard Woods-Saxon potentials
In Fig. 1 (lower par} we show phase shifts fa-wave  (R=R,AY?, Ry=1.25 fm,a=0.65 fm, andV,, to be adjustedleads
scattering of neutrons of?C in the range up to 5 MeV. to practically identical phase shifts. The experimental data points
Again the calculated phase shifts agree well with the experiwere taken from Ref§6-9,12.
mental datd12]. Of course, the potential strength was ad-,_.. _ . .
justed to the energy of the t?OL;Ed 1/xstate in 1°C at g?:f;;g;?%;}”gf;\Avge]fr?]a; tg%(;: a]}gglze;cci)sﬂt‘g'mffer
E,=3089.4 keV. Now we obtail*S=0.9660.015 from Shell model calculations for theA=13 system give
b§ﬁl§=6.356& 0.0650 fm compared with C2?S=0.85[1] and C?S=0.89 [13]. The average of these
beP=6.1487-0.0015 fm[11]. (The uncertainty of the the- values C2S=0.87) is in reasonable agreement with a
oretical value comes from the two different parametrizationsveighted average of the results from our potential model
of the optical potential in Ref.1].) From theR-matrix cal-  (C2S=0.939+0.028).

culatiE)n[S] one gets results fror8?S~0.76 fora=4.2 fm This work was supported by Fonds zuir8erung der
to C?S~0.59 fora=7.0 fm. wissenschaftlichen Forschun@WF Project No. S7307-

As expected from the isospin symmetry of the system#AST) and Deutsche ForschungsgemeinscliBffG Project
13N and '3C the SF’s derived in the potential model calcu- No. Mo739.
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