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Spectroscopic factors for bounds-wave states derived from neutron scattering lengths
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A simple and model-independent method is described to derive neutron single-particle spectroscopic factors
of bounds-wave states if*1Z = AZ®n nuclei from neutron scattering lengths. Spectroscopic factors for the
nuclei 13C, 4c, 1N, 170, 1°0, 23Ne, *"Ar, and “!Ar are compared to results derived from transfer experiments
using the well-known disorted wave Born analysis and to shell model calculations. The scattering length of
1C is calculated from thé°C, s spectroscopic factofS0556-28187)04503-2

PACS numbeps): 21.10.Jx, 24.10.Eq, 25.40.Dn, 27.30.

Spectroscopic factor6SF's) are an important ingredient waves to bound andd waves become comparable to the
for the calculation of direct transfer reaction cross sections inransitions from the incoming wave to boundp waves
the distorted wave Born approximati6BWBA) and capture [6,7].
reaction cross sections in the direct captdBC) model. The method can be applied to light and intermediate nu-
Usually, SF’s can be determined experimentally by the raticlei with only one bounds wave or a strongs-wave state
of the measured transfer reaction cross section to the crosfose to the neutron separation threshold. In these cases the

section calculated with the DWBA, scattering length can be interpreted as the very broad
positive-energy wing of thes-wave subthreshold state. The
C25, = ¢®PY sOWBA (1) comparison of the calculated width assuming a single-
| I 1

particle configuration and the experimental width of this sub-
threshold state leads to the SF
for each final staté. In the case of neutron transfer mainly
(d,p) reactions were analyzed to determine the neutron CZSZFeXpyrgSIC_ 3
single-particle SF. This determination has relatively large
uncertainties because the optical potentials of both the erryis calculation is performed in the following way.
trance and exit channels have to be known accurately for a First, the wave function of the subthreshold state is calcu-
reliable DWBA calculation. Usually one obtains SF's with |ateq using a neutron-nucleus optical potential. The potential
uncertainties of up to 20%. However, in many cases systeMsyrength(parameters/, or \; see belowis adjusted to re-
atic deviations exceeding the claimed uncertainties can bBroduce the binding energy of the bound stéeking into
found when the results of Xariosus exr;e_ri?e_lﬁtﬁﬁerent account the Pauli principle bg=2n+1 whereq, n, and|
transfer reactions liked,p), (*He,”He), ("Li, °Li), etc., at  4re the oscillator, radial node, and angular momentum quan-

different energieare comparedsee, e.g., Table 8 of Ref. numbers In this work both Woods-SaxofWws)
[1] or Table Il of Ref.[2]).

Recently, our group showed that a model-independent Vure(F) =V [1+exor—R/a)]! A
method exists to extract SF's from the thermal neutron cap- ws(1)=Vol g A @

ture cross sectiofB]: with R=R,AY3, Ry=1.25 fm, anda=0.65 fm, and folding
5 potentials[8—10]
C’S= 0P, )/ o7 (N, 7). (2)

Vrzxff r rve(s,p,E)d3rpd3r1  (5)
This method has very limited uncertainties because at ther- (") pele)prirmiven(s.p.E)drpd Ty

mal energies the neutron optical potential can be adjusted )
properly to the scattering length. However, because the theivere used; the results practically do not depend on the cho-
mal (n,y) cross section is dominated by incomiagvaves ~ Sen parametrization of the optical potential. In this sense this

andE1 transitions, this procedure works well only for bound Method is model independent.

p waves in the residual nucleus. Second, we calculate the single-particle scattering length

. R . | : I : : :
In this work we present a simple and model-independenBsy and the widthl" ;3 from the optical potential which was

procedure for the extraction of SF's of bousdvaves from  adjusted to the bound state enefgy (note thattg<<0). The
the scattering lengtb. In this work we use the free nuclear scattering phase shif_o(E) is related to the scattering
scattering lengttb, which is related to the bound scattering length b and the width of the resonance by the following
length by b= (bpound— Zbne) - A/(A+1) with the neutron- Well-known equations:

electron interaction lengthb,.=(—1.38+0.03)x 103

fm [4,5]. These SF’s are very important for the calculation of k-b=—sind_o(E=25 meV)] (6)
the (n,vy) cross section at astrophysically relevant energies in

the order of several keV where transitions from incoming and

0556-2813/97/563)/1591(3)/$10.00 55 1591 © 1997 The American Physical Society



1592 BRIEF REPORTS 55

TABLE |. Spectroscopic factors of boursiwave states of°C, “C, N, 0O, °0, #Ne, *’Ar, and
“IAr derived from the scattering length, from different transfer experiments, and from the shell model.

Nucleus J™ E, (keV) g=2n+I ces@ Cc2set Ref. C2grale Ref.
¢ 1/2° 3089 2 0.966+ 0.015 0.65 — 1.2 [18-2Q 0.85 a
¢ 1 6094 2 0.894+ 0.020 0.43 — 0.87[21,22,1 0.76 — 0.85 a[23-2§
4c 0" 6903 2 0.931+ 0.020 1.02 [21] 0.96 — 1.00 a[23-23
16N 0 120 2 1.012+ 0.020 ~0.46 [26] 0.95 [16]
o\ 1 397 2 0.969+ 0.020 ~0.52 [26] 0.96 [16]
"o 1/2¢ 870 2 0.989+ 0.010 0.45 — 1.96[27-32,3 1.0 a,[2]
%0 12" 1472 2 0.919+ 0.020 0.86 —~1 [2,33 0.7-0.9 al2,34
ZNe /2" 1017 2 0.698+ 0.030 0.37 — 0.70 [35-37 0.654 a
STAr 1/2* 8789 4 0.530+ 0.010 - -
“IAr 1/2* 6098 4 0.180+ 0.010 - -
&This work.
I'(E) same arguments hold for the ca¥®=1N®n. However,
tar{ 3-o(E)]= 2(Eg—E)’ () for the nucleus'®N the agreement between the experimental

SF’s derived from our method and from a,p) transfer
wherek is the wave number of the wave atE=25 meV. experiment is quite poor whereas the theoretical SF’'s agree
Third, the experimental widtH'®® is calculated from Well with our new SF.
Eqs.(6) and(7) using the experimentally determined scatter- In the cases of’Ar=%Aren and *'Ar="Ar@n sub-
ing lengthb®™ [11,17]. The SF which is a measure of the threshold resonances Bt=—10 keV (E,=8778 ke\j and

single-particle strength is calculated from E8). by the ratio E=—1 keV (Ex=6098 keVj [4] determine the scattering
of [P and TS at the thermal energl =25 meV lengths. Unfortunately, the relatively small SF's of these
¢ :

Our new results are listed in Table I. The main uncertain—Sta.‘tes were not de,te_rmlned e_xpenment@ﬂgzsq; a calcu- .
ties in this procedure are given by the experimental unceration of these SF’s is very difficult because the neutron is

tainties of the experimental scattering lengths. The uncertair*-oc"’t[e‘j in the 8, shell.

H 15~ _ 14, :
ties from different potential parametrizations are practically Flnc;jally, {or th%_sg/;t]em C= C®tn”we Cl;‘m Invert ttrt1e_
negligible. The results agree well with different transfer ex-Procedure 140 predict the experimenta 3{5”” nown scattering
periments. length of **C from the SF's of the*"C ground state

The theoretical SF’s were calculated from the shell modef1/2")- The SF is well known both from transfer experi-
with the codeoxBasH [13]. Since we need the spectroscopic m;ents [40,41] and from the_ shell mod_el. We adop_t
factors for a 2, transition, one-particle one-hole excita- C°5=1.0+0.05. The res“'“F‘g scatter!ng .Iength S
tions have to be taken into account for the C isotopes. W :7:2.57i 9.369_fm. An experimental verification of this
used the interaction WBN of Warburton and Broyum] for ~ Prediction is desirable.

this purpose. For thé®N states we took the interaction ZBM In conclusion, this _method _for the (_:alculation of SF's
| [15]: the results for'®N were already published in Ref. works well for several light and intermediate nuclei. Because

[16]. The spectroscopic factors for the O and Ne isotope?'c the model independence, the SFS, presgnted in this work
were calculated with the Universadshell interaction of €3N be used as a penchmark for SF's derived from transfer
Wildenthal [17]. The shell model SF’s agree well with the reactions or determined by shell model calculations.
experimental SF’s derived from scattering lengths. We would like to thank Dr. H. Beer, Dr. G. Staudt, and Dr.

In the case of“C='3Cen the SF’s for two bound V. Kélle for stimulating discussions during the preparation
s-wave statesJ"=0",17) can be determined, because thisof the paper. This work was supported by Fonds zur
procedure can be applied to both channel s@rs0 and  Forderung der wissenschaftlichen ForschufyVF Project
S=1. The relevant scattering lengths can be derived fronNo. S7307-AST and Deutsche Forschungsgemeinschaft
the coherent and incoherent scattering lengths'#h The  (DFG Project No. Mo739
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