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The quasifreeA™ production mechanism in charge exchange reactions otfehaucleus has been studied
here in the framework of the DWIA. In this study, t&™ is assumed to be produced in a one-step process
through the elementanyp— nA** reaction. Since the charge exchange reaction on a nucleus is localized in the
low density region, the Lagrangian for describing thexcitation in the nucleus is taken from the study of the
free pp— nA** reaction. The present calculation explores thenass in the nucleus phenomenologically, so
that the calculated results could reproduce both#fip invariant mass distribution and the ejectile energy
distribution spectra.

DOI: 10.1103/PhysRevC.70.034604 PACS nuni)er25.40.Ve, 25.40.Kv, 14.20.Gk

I. INTRODUCTION large portion of the cross sections, specifically, at the higher
. : . energy transfer side in the inclusive spectrum. In fact, this is
Durmg the_ last few Qecades, extensive theoretical and e c?r%lly channel possible for the hydEogen target. The peak
perimental Investigations have been reported on th(?or this channel appearing in the ejectile energy distribution
A(1232Pg; excitation in the nucleon as well as in the g .4m for the hydrogen target shows an insignificant shift
nucleus(see Ref[1], and references therginrhese investi-  ith respect to that for the nuclear targgsid. In contrast
gations conclude that this isobar, like a nucleon, plays an g this, thes*p invariant mass distribution spectrum shows a

important role as a degree of freedom in the nuclear dynampwer #*p mass for the'”C target nucleus relative to the
ics at intermediate energies. A prominent signature of&he hydrogen targef7,8].

excitation was seen in inclusive measurements on various |n this work, the reaction mechanism has been investi-
nuclear reactions, such as the,n) [2] and (®*He,t) [3,4]  gated for them"p event seer(in coincidence with the for-
reactions on the proton as well as on various nuclear targetsiard going ejectilg in the exclusive measuremen(s,§
In the setup for these measurements, the energy or momedene on the charge exchange reactions inAh&1232 ex-
tum distribution for the ejectile, e.gn in (p,n) andt in  citation region. According to the present model, the projec-
(®He t) reactions, was measured in the forward directiontile in the charge exchange reactions interacts with a proton
without detecting any other particle emitted in coincidencebound in the target nucleus. Due to this interaction, the pro-
The most remarkable aspect seen in these experiments wasgam in the target gets excited #*”, i.e., the A isobar is
large energy shiff~70 MeV) for the A peak toward the assumed to be produced in a single step process. Since
higher ejectile energy in all nuclear targets relative to thenucleon-induced nuclear reactiofis the energy region con-
hydrogen targe{2,3]. However, such a shift was not ob- sidered hergare localized in the low density region, thé*
served in they-induced[5] and the inclusivee,e’) reactions  production in these reactions presumably occurs in this re-
[6]. gion of the nucleus[11]. Being an unstable particlér

To resolve the origin for thid-peak shift, some time back ~ 10723 seg, this A isobar decays inter* andp in the con-
exclusive measurements were done on(ihg) reaction at tinuum. In the exclusive measuremerjiz8], these decay
KEK by Chibaet al. [7] and on the(*He t) reaction at Sat- products might have been registered by the charged particle
urne by Hennineet al. [8,9] on the?C target. In this type of detector in coincidence with the forward going ejectile.
experiment, the energy or momentum distribution for the for-Therefore, for a charge exchanged exclugiagh) reaction,
ward going ejectile, i.en in the (p,n) andt in the (*He,t)  the ingoing coincidentr"p emission from a nucleus can be
reactions, was measured in coincidence with various chargedsualized as: a+A (=p+B)—b+A*™+B; A™—7"+p.
particles, liken*, p, 7*p, pp, etc., emitted within the #  Here, (a,b) represents a charge exchange reaction, such as
direction. In the same setup, thép invariant mass distribu- (p,n), (®He t), etc.
tion, in coincidence with the forward going ejectile was also  Since theA** production in nuclear reactions, as men-
measured. In these experiments, the outgoing coincideritoned above, does not take place deep inside the nucleus, the
charged particles were detected by a large cylindricamechanism for it can be thought of as a quasifree process,
charged particle detectqcovering almost the whole solid occurring due to the underlying elementgry— nA** reac-
angle placed around the target. Analyses of the data for theéion. Consequently, the transition interaction for this process
ejectile energy distribution, obtained from these exclusivehas been taken from the study of the fge— nA** reaction.
measurements, show that both fhygevent and the coherent For the latter reaction, theoretical investigations by Dmitriev
=" production channel contribute to the shift of the inclusiveet al. [12] and Jainet al. [13] show that the use of the one-
A peak. Among them, the coherent pion production channgbion exchange interaction is sufficient to reproduce well the
contributes dominantly. Contrary to this, thép event does measured spin averaged cross sections over a wide range of
not contribute much to the inclusivk peak, but it forms a energy. The use of the one-pion exchange potential foAthe
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excitation in nuclear reactions is also quite successful in re- Il. FORMALISM
producing the data for the spin averaged cross sectkess
Ref. [14], and references ther@in In the (a,bA**) reaction on a nucleus, thE"™* is assumed

The reaction mechanism fdx** production in the(a,b) to be produced in a one-step process due to the interaction of
reaction on thé?C nucleus has been studied here to analyzdhe projectilea with a proton bound in the target nucleus.
the data for ther*p event seen in the exclusive measure-This interaction, as mentioned earlier, can be described by
ments, done at KEK on th@, n) reaction[7] and at Saturne one-pion exchange interaction only. The elementafyN
on the(®*He t) reaction[8] on the same nucleus. It should be interaction at the projectile-ejectilg.e., a-b) vertex, in the
mentioned that several studigkb,1q could successfully re- pseudovector presentation, can be described by
produce the measured ejectile energy and momentum distri-
bution spectra, but any calculation on thé&p invariant mass
distribution spectrum has not been reported yet. Since the Loan=
7"p emission from the nucleus has been thought of as due to T
the decay ofA™ in the continuum, the measuredp invari-
ant mass distribution spectrum is compared with the calcuyheref (=1.009 is the 7NN coupling constantF(¢?) de-

lated mass distribution spectrum for tle* isobar. This
comparisor(presented in Figs. 1 and 4 belpshows that the Poc;tr?]s itth?S fgir\zrl:ag;o;(ztz)t:wN_ r\gg;t/ea.zlﬂqtzf;e vlvﬂhoer;g%cz)le

A mass taken equal to 1232 Md¥fee space valyecannot
reproduce the measured*p invariant mass distribution denotes the four-momentum transfer ‘.”‘t teN vertex. The
lue for the length parameteh, is taken equal to

spectrum. On the other hand, the calculated ejectile ener . . .
distribution spectrum for this value of mass(shown in /00 MeV/c. This value forA, fits a wide range of data for

Figs. 2 and 5 beloyeproduces the measured distribution. In the freepp— nA™ reaction[13]. Since theA™ production in

this study, it is emphasized that tlemass should change the presenﬁ reacuoq is assu.med to be a quas!free process, the
slightly from its free space value, since theisobar is pro- Pion mediated = spin-isospirp—A™, according to the
duced in the low density region of the nucleus. Therefore, th@SeudovectorrNA coupling, can be written as

value of theA mass has been explored phenomenologically

in this calculation, so that the calculated results can repro- f'|:'(q2)_

duce both the measureefp invariant mass distribution and Lo = m—AVTN -9, 2

the measured ejectile energy distribution spectra obtained ”

from the charge exchange reactions. o ) s
In Sec. I, the formalism for quasifre® production in the ~ With f'=2.156 themNA coupling constantF’(q”) denotes

charge exchange reactions is presented. In Sec. Ill, the cdpe form factor at therNA vertex. It is assumed to be iden-
culated results for the\ mass distribution as well as the tical to F(g?) appearing in Eq(l).

ejectile energy distribution spectra are shown along with the The T matrix Ty; for the A(a,bA™)B reaction, in the dis-
data. torted wave Born approximation, is given by

2\ __
fF(q )Ny”yer - 9,7, (1)
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FIG. 2. Calculated forward going neutron mo-
mentum distribution spectra fak** production
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tion spectrum for ther*p event seen in coinci-
dence[7]. Various lines are described in Fig. 1.
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Tii = (xpoxa (0,4, BV, /A, @) x5, (3)  denotes the matrix element for thhe— BA transition. The

o ) ) form for it is
where they’s appearing in this equation are the distorted

wave functions for particles in the continuum, i.e., the pro- . © O N )
jectile a, the ejectileb, and theA isobar. In this calculation, T(A—BA™) =(xy xp (ABTalAxs ). (1)

these distorted wave functions have been described by the afer taking an average over the angular momenta in the
eikonal form.V,. denotes the one-pion exchange interactionjnitial state and a summation over the projection of the an-

In the relativistic presentation, this interaction for the e"gular momenta in the final statéT;|? from the Eq.(5) is

ementarypp— nA** reaction is given by

V7T == 1—"rrNNG7T1:I7'1'NA . (4)

In this equatiorf“7TNN denotes the pion mediatét— N tran-
sition operator at the projectile-ejectile vertex, dng, de-
scribes the pion-induced spin-isosgpr-A** transition op-
erator. They could be described By in Eq. (1) and L s

in Eq. (2), respectively, except for the field functions appear-

ing in them. G,. represents the pion propagatd.,(q)=
-1/(m2-g?. Here,m, and¢? (=w?-g?) are the mass and
the four-momentum, respectively, for the pion.

Using V+ from Eq. (4), the expression foffy; in EQ. (3)
can be factorized as

Tii =~ TGl T(A — BA™Y), (5)
wherel -+, represents the matrix element for the- b tran-
sition. It is given by

(6)

0ba(0?) in the above equation denotes the-b transition
density. Ifa andb are point particlesg,,(g? would be ob-
viously equal to unityI'(A— BA**), appearing in Eq(5),

l_‘*n'*'ab = (b|waN|a)Qba(q2) .

given by

(Tal? = (T DI GAOP(T(A— BA™?,  (8)

wherel +,, andT'(A— BA**) have been described by Egs.

(6) and(7), respectively. For the spin zero target nucleus, i.e.,
J=0, the expression fof{'(A— BA*")[?) is

(DA — BA™)|?) = (T pp+(@)P)|Fea(Q?.  (9)

(IT +pa++(?)[?) represents here the'pA** vertex factor. It is

given by
2{q2_ { M2 — mﬁ+q2}2] {1
2m

ML mﬁ—qz}
2mm

FF ()

T

1
<wfﬁﬁmm%:5‘
(10

Here,m and my denote the masses for teisobar and the
nucleon, respectivelfzgA(Q) appearing in Eq(9) carries the
information about the nuclear structure. It is given by
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, < Z( ) the (p,n) reaction on**C target, was performed by Chile
Fea(Q)| =2 2|_+1|Gnlm(Q)| ' (11) al. at KEK [7]. In the second exclusive measurement, done
I by Henninoet al. at SATURNE(8], the 7*p event was seen
whereZ(1) is the number of protons in the orbitG, Q)  in the (*Het) reaction on thé"’C nucleus. Since thisr*p
describes the distorted momentum distribution for a nucleorevent is assumed to be the decay product ofAheisobar,
bound in the nucleusB,m(Q) =\ X\ [x”, @um(r)), with  the reaction**C(a, bA**)*'B studied here can be thought to
Q=k,—kp—k,. Here, o m(r) denotes the spatial part of the be compatible with the data obtained from the above exclu-
wave function for a nucleon bound in the sheilf in the ~ Sive measurements. Heréa,b) symbolically represents a
target nucleus. charge exchange reaction, i.e., eitliprn) or (®*He t). The
The double differential cross section for tig* mass calculated double differential cross section for th& mass
distribution, in the(a,b) reaction on a nucleus, can be writ- distribution, as expressed by Ed.2), is compared with the
ten as measured= p invariant mass distribution. The calculated
@ double differential cross section for the ejectile energy dis-
o _ > 2 tribution is described by Eq13). Common inputs, used in
dm d, = 2m3m )fdQA f dE[KFKTA[S.  (12) both(p,n) and(®He t) reactions, are the wave function for a
. - L — _ __nucleon bound in thé’C nucleus, and the distorted wave
Since theA™" can be emitted in any direction, the integration function for theA** appearing in the final state.

over its emission anglé(),) has been carried out. The )
double differential cross section for the ejectilenergy dis- sh;—lrse ?;%?Sd f;fgagfizcm nggﬁﬂi&?&g”ﬁg%’%ﬁ?ﬁ ;?Bt/ﬁese
tribution for this reaction is given by shells have been incorporated incoherently. Here, the har-
monic oscillator wave function for the bound nucleon is
:fdQAfdmz S(IM?)[KF (| T5|?). used. The oscillator length parameter is taken equal to
1.66 fm[17], which is consistent with the electron scattering
(13)  data on*’C nucleus.

The distorted wave functiory, in Eg. (3), due to the
elastic scattering of on the'!B nucleus, is approximated by
the eikonal form. The optical potentidoa(r) required to
MMM, kbki generate this wave function, following the high energy an-

(2m)° ~ satz, is given by
' ka|kA(Ei_Eb)_(ka_kb) .kAEA| .
(14) Vou(r) = (i + aan)Woa(r)/e(0), 17

d’o ZE, d’o
dE, dQ,  ky dk, dQ,

The factor[KF] appearing in this equation represents the
kinematical factor for this reaction. The expression for it is

[KF]=

whereay,y denotes the ratio of real to imaginary parts of the
A nucleon scattering amplitude, and, represents the
Simaginary part of theA nucleus optical potential. These
quantities are described in Rdfl5]. o(r)/o(0) represents
the spatial distribution fo¥/,(r). It is usually to be approxi-
mated by the shape for the nuclear density distribution. For

mal A (m?) 15 1B nucleus, the form fop(r) [19] is given by

whereE; (=E,+m,) is the total energy available in the en-
trance channel in the laboratory system. All other symbol
carry their usual meanings.

S(mP), appearing in Eqs(12) and(13), denotes the mass
distribution function for theA isobar. It has the form

1
m) = — ,
) m[(m? = mR)? + miI3(m?)]
with m,, the mass ofA isobar, being equal to 1232 MeV in
the free statel’,(mP) represents the width of thk isobar for
its mass equal ton. It has been provided by analysis of the
7tp— 7*p reaction datg18], giving

o(r) = o(0)[1 +a(r/c)?]e 7o’ (18)

The parameters and ¢ appearing in this equation, as ex-
tracted from the elastic electron scattering dgt8], are
equal to 0.811 and 1.69 fm, respectively.

K3(m?) [kz(mi) + 7’2] 18 A. A™* production in the (p,n) reaction

K(m3) [K2(mP) + 4] For the(p,n) reaction, the vertex factd(fl 442 in EQ.
8) at ther"NN vertex, due to the pseudovectsNN inter-

with y,=200 MeV. FA(mi) denotes the width ofA in the ®) T vertex, du pseudov !

action, is given b
free state. Its value is taken equal to 120 Mé\m?) is the g y

momentum in therN c.m. system due to th& of massm
decaying at rest. Y (T el = <|F7r+pn(q2)|2> == 2‘

FA(mZ) = FA(mi)

2

2
@2 a9

m

where ¢? [=(E,~E,)?-(kp,—k,)?] is the four-momentum
transfer to the nucleus.

According to the model presented here, the outgoing co- The distorted wave functions appearing in E8). for the
incident7*p event seen in the exclusive measurements arisgsroton and the neutron elastically scattered by ‘@ and
due to the decay of thA*™* in the continuum. The first ex- 1B nuclei, respectively, are also approximated by the eikonal
periment of this kind, where the*p emission was seen in form. These wave functions have been generated by the op-

IIl. RESULTS AND DISCUSSION
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tical potentialVon(r) which, at intermediate energies, has theresults form, taken equal to 1210 MeV reproduce both the
form Von(r) = (i + ann)Wone(r)/ 2(0). Here,N represents ei- measuredr*p invariant mass and neutron momentum distri-
ther a proton or a neutron. The form ofr) for the 2C  bution spectra.
nucleus is also given by EL8), except for the values fa _Itis noticeable that the present calculations, which con-
andc taken equal to 1.247 and 1.649 fm, respectivdlg].  Sider theA excitation in the target nucleus, underestimate
To evaluateVoy(r), the energy dependent measured value€T0SS sections in the region below the peak position. This
for ayy and U{\IN (required to estimat&\ey, [14]) are taken dlscrepancy_c_an pe accounted f_or due to the unavo_|dable
from Ref. [20]. drqwb:_ick arising in thép,n) reaction to probe tha exci-
The double differential cross sections for th&* mass gauor: mththed nucleu?.tgge. d;:)namms of”the ?ﬁutron 6?]['5'”9
o 2 : ue to the decay o isobar as well as the quasifree
?A?ﬁﬁ%‘ogigrﬁlﬁgnﬁg(;? dEnqa((lIZ)i,nanEdqthéal?geu;(r)cr)n trr:]eo_ knockout from the target nucleus were also measured in this
I n . i

1 1L . reaction. Cross sections due to these neutrons, for an obvious
“C(p,nA*")"'B reaction have been calculated here. In thesgcacon contribute in the region below the peak position. This

calculations, the beam momentum is taken equal tQyawback, as shown later, cannot arise in tfide t) reac-

1.5 GeVk and the neutron emission angle is taken equal tQjon  since the probability of the excitetHe decaying to

0°, since these were the kinematical settings for the exclusivgiton and the quasifree knockout of the triton from the target
measurement done on tHé&C(p,n) reaction, with themp  nycleus are expected to be very snjatl,22.

event seen in coincidence, at KEK by Chigteal. [7]. In Fig. As mentioned in Ref[7], the geometry of the charged

1, the calculateds mass distribution spectra fon,, appear-  particle detector used for the exclusive measurement on the
ing in Eg. (15), taken equal to 1200, 1210, 1220, and (p,n) reaction is such that it cannot register aflp events in
1232 MeV, are presented along with the data for #f@  coincidence. For the hydrogen target, where only tHe
invariant mass distribution. The calculated spectrumnfigr  event is possible, this setup showed a detecting efficiency of
equal to 1232 MeV, i.e., the mass df in the free state, about 65%. A little change in this efficiency may be expected
distinctly fails to reproduce the peak position appearing infor the 1°C target, since many other channels are also pos-
the measured spectrum. But the calculated resultsnfpr sible for this nucleus. Therefore, it is remarkable that the
equal to 1200 and 1210 MeV are well in accord with the datacalculated neutron momentum distribution, as shown in Fig.
around the peak and onward. Of course, among them th2, reproduces the data very well.

calculated result fom, equal to 1200 MeV reproduces the It is always advisable to investigate the initial and final
measured peak better. In Fig. 2, the calculated neutron mastate interactions in nuclear reactions. Therefore, the calcu-
mentum distribution spectra for various values mof, as lated A mass distribution spectrum, using the plane waves
mentioned above, are compared with the measured distribder p, n, andA™*, has been plotted in Fig. 3 along with the
tion. In this case, the calculated spectrum for thetaken calculated distorted wave results. Both of these spectra are
equal to 1200 MeV fails to reproduce the measured peakenerated for the inpuA mass taken equal to 1232 MeV
position. Therefore, Figs. 1 and 2 exhibit that the calculatedfree space valyein Eq. (15). This figure exhibits that the
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effect of distortions, due to the elastic scattering of the con- Since the optical potential for the mass-3 nucleus is a
tinuum particles, on the cross section is purely absorptive. Ipoorly known quantity, the distortion functions fér (i.e.,
reduces the plane wave result by a factor of about 9 at thgHe) andt nuclei can be estimated, in a better way, from their

peak, retaining the shape of themass distribution spectrum measured phase shift functions. In the eikonal model pre-
unaltered. Therefore, the small reduction in themass Scription, these distortion functions can be approximated in
(my=1210 MeV), which brings the calculated results well terms of the phase shift functiond(b): D(k:)*Df(?

into accord with the measured spectra, may be thought to be exdi28(b)]. This approximation was successfully used
due to the nuclear medium effect. Indeed, this mass reduesarlier by Johnson and Betli24] to describe the strong ab-

tion cannot be drastic, since tideis produced, as mentioned sorption for the pion-induced reaction arour@t3) reso-

earlier, in the low density region of the nucleus. nance, and also by Jain and Sarf@&] to account for the
. o _ distortion for the(«, 2a) reaction. For the present calculation
B. A™ production in (*He,t) reaction at 2 GeV beam energyi(b) is required in the energy region

There are two major ways where ttitHe t) reaction dif- between 1 and 2 GeV. However, in this energy range infor-
fers from the (p,n) reaction. These differences are the mMation abouts(b) is available in the literature fos scatter-
helium-3 to triton transition densit@ppearing in ther* 3Het ~ ing at 1.37 GeV on calcium isotopg26]. Here, expi28(b)],
verteX and the distortion functions for helium-3 and triton Which describes thex elastic scattering data very well, is
nuclei. For the pseudovectaNN coupling, the<|1“#ab|2> in found to be a purely absorptive quantity. It has the form
Eq. (8) at then* 3Het vertex is given by exdi2db)]=1/[1+e® R with ¢=0.68fm and R
=1 A2 fm (ro=1.45 fm). In the absence of any other avail-

2| fF(g® 2 able information, this form is usually taken to describe th
2 (T o (P2 = - £ 2| o2 : y taken to describe the
(Il = (ICmd @ 9 o onla)]| o distortion due to the elastic scattering ¥ie andt by the
(20) nucleus[14,27, except that the value far, is reduced to
1.2 fm.

with °=(E,—E)?-(k,—ky? The symbol h”’ appearing The spectra for tha** mass distributiong?c/dm d), in

here represents théHe nucleus only.on(g?) denotes the Eq.(12), and the triton energy distribution?o/dE; d€); in
helium-3— triton transition density. This transition density, Eq. (13), have been calculated here for ttele tA**) reac-

as required for the high momentum transfer region, is aption on the'’C nucleus. In the experiment done at Saturne
proximated by the magnetic form factor of thide nucleus: [8], the beam energy was taken equal to 2 GeV and the triton
onl(0?) =3[exp(-a’g?) - b?g? exp(—c?g?)], with a=0.654 fm,  energy was measured at the forward angle. Therefore, the
b=0.456 fm, andc=0.821 fm. This form factor has been ex- present calculations have been done for such kinematics. As
tracted up tog?=16 fm 2 by McCarthyet al. [23] from the it is done for the(p,n) reaction, theA** mass distribution
electron scattering data between 170 and 750 MeV on thand the triton energy distribution spectra have been calcu-
®He nucleus. lated form, in Eq. (15) taken equal to 1200, 1210, 1220, and
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1232 MeV. The calculated mass distribution spectra are isobar is produced in a one-step process due to the interac-
compared with the data for the*p invariant mass distribu- tion of the elastically scattered projectile with a proton bound
tion in Fig. 4, and the calculated forward going triton energyin the target nucleus. The overall distortion due to the elastic
distribution spectra are shown along with the measured speé&cattering of particles appearing in the continuum is purely
trum in Fig. 5. These figures exhibit observations analogougbsorptive. TheA™ excitation, in the reactions presented
to those for the(p,n) reaction presented earlier. The calcu- here, can be described by the pseudovector one-pion ex-
lated cross sections fan, taken equal to 1210 MeV repro- change Lagrangian, which reproduces well the wide range of
duce both the measuretfp invariant mass and triton energy Measured cross sections for the fpge—nA™ reaction. The
distribution spectra. In this reaction also, the effect of distor-calculated results for th& massm, phenomenologically
tions (not shown due to the in-continuum particles is found reduced to 1210 MeV(from its free space value, ie.,

purely absorptive. This is quite consistent with the study, ad232 MeV) are found to reproduce very well both the mea-
mentioned earlier, on the,n) reaction. sured=*p invariant mass distribution and the ejectile energy

distribution spectra.
IV. CONCLUSIONS ACKNOWLEDGMENTS

In the present work, the mechanism for th&" produc- | am grateful to Dr. S. Kailas for his encouragement and
tion in (p,n) and (*He.t) reactions on thé’C nucleus has support for this work. | thank P. Roychowdhury for his kind
been studied. The'p event seen in the exclusive measure-help in preparing this manuscript. | also thank M. J. Consara,
ments done on the above reactions can be accounted f&. T. Mirgule, R. G. Thomas, and P. K. Sahu for providing
mainly by the direct decay ai*™" in the continuum. Thid\  computation facilities.

[1] G. E. Brown and W. Weise, Phys. Rep., Phys. L&2 279 E. Bonneret al, Phys. Rev. C18, 1418(1978.
(1975; E. Oset, H. Toki, and W. Weiséhid. 83, 281(1982); [3] D. Contardoet al, Phys. Lett.168B, 331(1986.
M. Rho, Annu. Rev. Nucl. Part. Sci34, 531 (1984; T. O. [4] C. Ellegaardet al, Phys. Rev. Lett.50, 1745 (1983; Phys.

Ericson and W. WeiseRions in Nuclei(Clarendon Press, Ox- Lett. 154B, 110(1985; Can. J. Phys65, 600 (1987; V. G.
ford, 1988; C. Gaarde, Annu. Rev. Nucl. Part. Sell, 187 Ableevet al, JETP Lett. 40, 763(1984); D. Bachelieret al.,
(199)); B. K. Jain and A. B. Santra, Phys. Rep30, 1 (1993. Phys. Lett. B172 23 (1986); I. Bergqvistet al, Nucl. Phys.
[2] C. W. Bjork et al, Phys. Lett.63B, 31(1976); G. Glasset al, A469, 648(1987); M. Roy-Stephanibid. A488, 187¢(1988.
Phys. Rev. D15, 36(1977; D. A. Lind, Can. J. Phys65, 637 [5] T. A. Armstronget al, Phys. Lett. 34B, 535 (1971); Nucl.
(1987); C. G. Cassapakist al,, Phys. Lett.63B, 35(1976); B. Phys. B41, 445(1972; J. H. Koch, E. J. Moniz, and N. Oht-

034604-7



SWAPAN DAS

suka, Ann. Phys(N.Y.) 154 99(1984); J. Ahrenset al, Phys.
Lett. 146B, 303(1984); Nucl. Phys. A466, 229c(1985; Th.
Frommholdet al, Phys. Lett. B295 28(1992; N. Bianchiet
al., ibid. 299 219(1993; 309, 5(1993; 325 333(1994; M.
Anghinolfi et al, Phys. Rev. C47, R922(1993.

[6] J .S. O’Connelkt al, Phys. Rev. Lett53, 1627(1984); Phys.

Rev. C 35, 1063(198%; R. M. Sealocket al,, Phys. Rev. Lett.

62, 1350(1989.

[7] J. Chibaet al, Phys. Rev. Lett67, 1982(1991).

[8] T. Henninoet al, Phys. Lett. B283 42 (1992.

[9] T. Henninoet al, Phys. Lett. B303 236(1993.

[10] P. Radvanykt al, in Hadrons in Nuclear Matteredited by H.
Feldmeier and W. Nérenber@SI, Darmstadt, 1995p. 44.

[11] B. K. Jain, J. T. Londergan, and G. E. Walkar, Phys. Rev. C

37, 1564(1988.

[12] V. Dmitriev, O. Sushkov, and C. Gaarde, Nucl. Phys159,
503 (1986.

[13] B. K. Jain and A. B. Santra, Int. J. Mod. Phys. E 201
(1992.

[14] Swapan Das, Phys. Rev. 66, 014604(2002.

[15] B. K. Jain and Swapan Das, Phys. Rev5Q, 370(1994).

PHYSICAL REVIEW C 70, 034604(2004)

Rev. C 55, 1819(1997.

[17] U. Meyer-Berkhoutet al, Ann. Phys.(N.Y.) 8, 119(1959.

[18] V. Flamino, W. G. Moorhead, D. R. O. Morrison, and N.
Rivoire, Report No. CERN-HERA 83-01, 1988npublishedl

[19] H. De. Vries and C. W. De Jager, At. Data Nucl. Data Tables
14, 480(1974.

[20] D. V. Bugg et al, Phys. Rev.146, 980 (1966); S. Barshayet
al., Phys. Rev. C11, 360(1975; W. Grein, Nucl. PhysB13],
255 (1977); C. Lechanoine-Leluet al, Rev. Mod. Phys.65,
47 (1993; Particle Data Group, R. M. Barne#t al, Phys.
Rev. D 54, 1 (1996.

[21] R. G. Jeppesen, Ph.D. thesis, University of Colorado, 1986.

[22] T. Udagawa, P. Oltmanns, F. Osterfeld, and S. W. Hong, Phys.
Rev. C 49, 3162(1994).

[23] J. S. McCarthy, I. Sick, and R. R. Whitney, Phys. Revlg
1396(1977).

[24] M. B. Johnson and H. Bethe, Comments Nucl. Part. Pldys.
75 (1978.

[25] B. K. Jain and N. R. Sharma, Nucl. PhyA388, 243(1982.

[26] D. C. Choudhury, Phys. Rev. @2, 1848(1980.

[27] B. K. Jain, Phys. Rev. (32, 1253(1985; N. G. Kelkar and B.

[16] B. Korfgen, P. Oltmanns, F. Osterfeld, and T. Udagawa, Phys. K. Jain, Int. J. Mod. Phys. E, 181(1995.

034604-8



