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D excitation and coherent pion production in charge exchange reactions

Swapan Das
Nuclear Physics Division, Bhabha Atomic Research Centre, Mumbai-400 085, India

~Received 17 October 2001; published 9 July 2002!

For the forward going ejectile, theD excitation and the coherent pion emission in the charge exchange
reaction have been described by the real pion induced reaction. Using a pseudovector pion coupling to nucleon
and the eikonally distorted waves for projectile and ejectile, the double differential cross section for the ejectile
energy/momentum distribution is written in terms of the cross section for pion scattering on the nucleus. This
cross section has been approximated by the corresponding measured cross section for the real pion. Calculated
spectral shapes for various reactions agree very well with the measured distributions.
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I. INTRODUCTION

Pion has a very special role as a cloud surrounding
nucleon, for example, for a part of the time a proton can
thought to bep→n1p1. Similarly, 3He surrounds itself by
a pion cloud through the virtual process3He→t1p1 @1#.
This pion cloud can be visualized better by studying
quark aspect of a nucleon. To conserve the chiral symm
for quark inside the nucleon, it is essential for pion to be
the surface of the nucleon. This makes a physical nucleo
a quark-gluon object surrounded by the pion itself. This p
cloud, as emphasized by Ericson and Weise@1#, rides along
with the incident beam, and can materialize as a controlla
virtual pion beam in certain reactions those involve pionl
excitations. The four momentum carried by the virtual pi
beam would be the same as that transferred from
projectile-ejectile vertex to nucleus. The charge exchange
actions, like (p,n) and (3He,t), are such class of reaction
where, at intermediate energies and for forward going e
tile, the cross section is found to be dominated by the
onlike spin-isospin Gamow-Teller excitations. Therefore,
data on these reactions provide an opportunity to explore
nuclear response to virtual pion, and also to investigate
difference of this response from that of a real pion.

Extensive measurements on the charge exchange
tions, covering nuclear excitations from low to intermedia
energies, had been done at various accelerator facilities.
exist on inclusive as well as on exclusive measurements
the inclusive experiments at intermediate energies,
double differential cross sections for the ejectile ener
momentum distribution in the charge exchange reactio
such asn in (p,n) @2,3# and t in ( 3He,t) @4,5# reactions,
were measured without detecting any other particles p
duced in the final state. All of these measured distributio
distinctively show a bump at around 300 MeV nuclear ex
tation. Since this excitation energy lies in the vicinity
D(1232) excitation of a nucleon, this bump is understa
ably interpreted as the spin-isospin excitation of a nucleo
the nucleus to aD isobar. In the recent past, the most wide
publicized issue in the inclusive measurements on (3He,t)
reaction in thisD excitation region was the downward sh
of D-peak position by;70 MeV in nuclear targets as com
pared to proton target@5#. This phenomenon, however,
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also found to persist in the other charge exchange react
such as (p,n) reaction@2#. In contrast to pion induced reac
tions, the position ofD peak in the charge exchange rea
tions does not show much dependence on the target m
number.

The observation in the above inclusive measurements
generated a great deal of interest in the dynamics for the s
of D peak. Consequently, various models describing vari
origins for this shift were proposed by several authors@6#. In
order to understand the origin for this peak shift and to d
entangle the contributions from different channels to the
clusive spectra, the exclusive experiments had been don
(p,n) reaction at KEK@7# and on (3He,t) reaction at Sat-
urne @8,9#. In these experiments, the energy/momentum d
tributions of ejectile, i.e.,n in (p,n) and t in ( 3He,t) reac-
tions, were measured at the forward angle in coincide
with either a pair ofp1 and p or two or three protons or
single p1 emitted within the 4p directions. In the experi-
ment done at KEK, proton beam of 1.5 GeV/c momentum
had been made to collide with proton and12C targets. Vari-
ous charged particles emitted in coincidence with the f
ward going neutron were detected in a large acceptance~cov-
ering 88% of the total solid angle! spectrometer called
FANCY. Similar results also had been found in the exclus
measurement done at Saturne on12C( 3He,t) reaction at 2
GeV beam energy. Various charged particles emitted in
incidence with the forward going triton were detected with
the 4p detector called DIOGENE. Additionally, in this ex
periment the angular correlation between the momen
transfer to target and the momentum of pion emitted in
final state had been established@9#. The results from these
exclusive measurements deploy one to one correspond
with those obtained from the pion nuclear scatterings, i.e

pion-proton in coincidence↔pion quasielastic scattering,

proton-proton in coincidence↔two-body pion absorption,

coherent pion production↔pion elastic scattering.

The spectra measured in the exclusive experiments show
bothpp event and coherentp1 production are the key ingre
dients for the shift ofD peak seen in the inclusive measur
ments. Among themselves, the coherentp1 production
©2002 The American Physical Society04-1
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channel contributes dominantly to the inclusive spec
These two channels do not exist for the proton target.
contrast, thep1p event for nuclear targets shows an ins
nificant shift with respect to that for the hydrogen targ
@8,10#.

Analyses of the data obtained from the above exclus
measurements envisage that the various exit channels se
these experiments arise due to various dampening proce
for D(1232) occurring in the nucleus. The in-coincide
p1p event arises due to the quasifree decay ofD11 pro-
duced on the nuclear surface. Therefore, the spectrum fo
p1p emission from nuclei does not show any significa
difference from that obtained for the hydrogen target. T
in-coincidentpp event arises due to theD conversion pro-
cess, such asDN→pp, taking place in the nuclear medium
Thus, thepp event originates from the deeper inside of t
nucleus, and hence must be forbidden for the hydrogen
get. Microscopic calculations on the reaction mechanisms
theseD dampening processes have been presented in R
@11,12#.

Coherentp1 production process can be thought as a k
of elastic scattering, where the virtual pion emitting from t
projectile propagates through the nucleus by mixing with
D-hole states and ends up as an on-shell pion. This con
sion process is possible since the recoil nucleus, as a wh
can adjust the momentum needed to put this off-shell pion
its mass shell. The peak for the measured coherentp1 dis-
tribution @7,9# shows a considerable downward energy sh
revealing an information complementary to that of real p
scattering on the nucleus. The measured angular distribu
for the coherentp1 emission@9# shows that it is strongly
forward ~in the direction of momentum transfer! peaked.
This observation exhibits an intimate relationship with t
elastic pion nuclear scattering@13#. Theoretical investiga-
tions @14# reveal that both effects, i.e., the downward ene
shift and the peaking in forward direction, seen in the coh
ent p1 production spectrum occur due to the longitudin
part of theNN→ND interaction. The importance of the co
herentp1 emission channel, in context to the peak positi
observed in the inclusive measurements, is also analyze
several authors@15,16#. According to their studies, the con
tribution of this channel in addition to those due to vario
other channels is absolutely necessary to reproduce
D-peak position seen in the inclusive measurements.

Encouraged by the observed qualitative similarity b
tween the spectra in the inclusive/exclusive measurem
and in the real pion induced reactions, as described befor
the present work it has been explored that the extent u
which the measured inclusive spectra and the coherentp1

production data can be accounted for by the real pion s
tering on the nucleus. Since the data for the forward go
ejectile energy/momentum distributions are available for
12C( 3He,t) and 12C(p,n) reactions, the corresponding ca
culations have been presented here. The peripheral natu
these reactions is incorporated through the use of disto
waves for the projectile and ejectile. The calculated res
reproduce the measured distributions reasonably well.

However, it should be mentioned that in th
D(1232)-excitation region the contribution from one pio
01460
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exchange interaction alone is sufficient to reproduce
measured spin averaged cross section. For example, the
tailed experimental studies by Wicklundet al. @17# demon-
strate that the pion exchange interaction gives a very goo
to the data for the spin averagedpp→nD11 reaction over a
wide kinematic region. This finding also, for beam energ
from threshold to very high, has been corroborated by D
triev et al. @18# and Jainet al. @19#. They also show that any
inclusion of rho exchange interaction yields very unsatisf
tory results. In the relatively recent work due to Kunduet al.
@20#, they have shown that theD(1232) excitation due to one
pion exchange interaction only is in very well accord wi
the measured spin averaged cross sections for the eleme
p(p,p8p1)n reaction. In another study, Jain and Santra@21#
find that while the rho exchange interaction is absolut
essential to account for thep(n,p)n data, it is not at all
favored by thep(p,n)D11 data. The reason for this disfavo
of the rho exchange interaction in this delta excitation, to
certain extent, is provided by a microscopic study for t
rND vertex by Haideret al. @22#, where they find that the
microscopically calculated value of therND coupling con-
stant is much smaller than the normally assumed value.

Only one pion exchange interaction also has been fo
to give satisfactory results onD(1232) excitation in nuclei,
when the beam is unpolarized. Using one pion exchange
teraction only, Dmitriev@16# has successfully reproduced th
data of the spin averaged cross sections for the inclu
( 3He,t) reaction on12C nucleus in thisD excitation region.
Beside this, our earlier works@11,23#, considering the
D(1232) excitation due to one pion exchange interact
only, have accounted very well for the spin averaged cr
sections measured for variousD11-decay channels, i.e.
p1p andpp events, in the exclusive (p,n) @7# and (3He,t)
@8# reactions. Recent analysis due to Kundu and Jain@24# on
the measured spin averaged cross sections for
6Li( p,D11)6He reaction@25# shows that the use of one pio
exchange interaction only for theD(1232) excitation fits the
data for this reaction absolutely.

With polarized beams, however, considerable strength
been found to lie in the transverse mode@26#. In one pion
exchange model, this strength, as Dmitriev@27# and Sams
et al. @28# have shown, can arise, to a large extent, from
beam distortion. Therefore, the role of rho exchange inter
tion in the D(1232) excitation at best can be thought to
controversial. As mentioned above, it is not required to
produce the spin averaged cross sections in thisD excitation
region @29#, only the data from the spin transfer measu
ments show some indication for it. The present work de
only with the spin averaged cross section in t
D(1232)-excitation region. Therefore, in this work the co
tribution from the one pion exchange interaction only h
been incorporated, which is very much consistent with ot
investigations made by several authors in this field.

In Sec. II, the formalism is given for theD and coherent
pion production in the charge exchange reaction. In Sec.
the calculated cross sections have been compared with
measured distributions.
4-2
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II. FORMALISM

In the charge exchange reactions considered here, the
jectile emitsp1, and subsequently it becomes the ejectile.
the process of this transition, the spin-isospin configurat
of the projectile gets changed, while the space coordin
are assumed to remain unchanged. The pion, emitting f
the projectile, interacts with the target nucleus leading
various channels in the final state. Therefore, the virtual p
source can be described by thepNN LagrangianLpNN . It,
in pseudovector presentation, can be written as

LpNN5
f F~q2!

mp
N̄gng5tN•]np, ~1!

where f and F(q2) are the coupling constant and the for
factor at thepNN vertex. The value off is taken equal to
1.008. In the monopole form,F(q2) is given by

F~q2!5
L22mp

2

L22q2
, ~2!

with q25w22q2. Here, w and q are the energy and th
momentum respectively carried by the virtual pion.L ap-
pearing in this equation is taken equal to 1200 MeV/c.

The standard reaction model leads to an ansatz@30# that
the cross section of a nuclear scattering can be approxim
by the corresponding plane wave cross section multiplied
an attenuation factor to account for the absorption of
continuum particles. This attenuation factor, in fact, es
mates the probability for a nuclear particle seen by
probes. For the eikonally distorted waves of projectile a
ejectile, the expression for the attenuation factorA is

A5

E dbe22Imd(b)T~b!

E dbT~b!

, ~3!

whered(b) is the sum of the phase shifts for projectile a
ejectile at the impact parameterb. T(b) is the nuclear thick-
ness function, which, in terms of nuclear density%(r ), is
given by

T~b!5E
2`

1`

dz%~r !; r5b1 ẑz. ~4!

The differential cross section for the inclusive (a,b) re-
action on a spin-zero target nucleus can be written as

ds5A2p

va

mamb

EaEb
(

n
d~w2wn!

3
1

~2sa11! (
msa

msb

uTn0u2
dkb

~2p!3
. ~5!

In this equation, ‘‘n’’ denotes the state of the nucleus aft
the scattering takes place, whereas ‘‘0’’ represents the gro
state of the target nucleus.Ea andEb are the energies of th
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projectile a and the ejectileb, respectively, andw(5Ea
2Eb) is the energy transfer to the nucleus.

The T matrix, Tn0 appearing in the above equation,
PWBA is given by

Tn05^kb ,~n,buV̂ua,0!,ka&, ~6!

where V̂ describes the interacting potential. For one pi
exchange interaction,V̂ can be presented as

V̂5ĜpNNGp~q2!ĜpA . ~7!

Here,ĜpNN represents the pion mediatedNN interaction op-
erator at the projectile-ejectile vertex, which could be d
scribed byLpNN in Eq. ~1! except the field functions appea
ing in it. ĜpA is the operator describing the interaction
virtual pion with the nucleus.Gp(t) describes the propaga
tion of the virtual pion, which, in the relativistic presentatio
has the form

Gp~q2!52
1

mp
2 2q2

, ~8!

with mp(5140 MeV) being the mass of pion.
Using the potentialV̂ appearing in Eq.~7!, the double

differential cross section in Eq.~5! for the ejectile energy
distribution can be factorized as

d2s

dEbdVb
5Amambkb

~2p!2ka

^uGpab~q2!u2&uGp~q2!u2S~w,q!.

~9!

Where the factor̂ uGpab(q
2)u2& in this equation denotes th

pab vertex factor. It acts as a source function for the virtu
pion, and is defined as

^uGpab~q2!u2&[
1

2sa11 (
msa

,msb

u^kb ,buĜpNNua,ka&u2.

~10!

Forms of^uGpab(q
2)u2& for (p,n) and (3He,t) reactions will

be presented in the subsequent subsections.
S(w,q) in Eq. ~9! is commonly known as the dynamica

structure factor. It, as given in Ref.@31#, is defined as

S~w,q![(
n

d~w2wn!u^nueiq.rĜpAu0&u2. ~11!

In nuclear matterS(w,q), as subtled in the above referenc
can be associated with the imaginary part of the pion s
energy ImP(w,q)@52wW(w,q), where W(w,q) is the
imaginary part of the pion optical potential# as

S~w,q!52
2w

p
W~w,q!. ~12!

Furthermore, the imaginary part of the optical potential
tenuates the flux of the particles, i.e., it removes the fl
4-3
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from the incident and the elastically scattered waves. Th
fore, this potential is related to the total reaction cross s
tion, which incorporates both inelastic and absorptive p
cesses@32#. Hence,W(w,q) can be expressed as

W~w,q!52
uqu
2w

s r~w!, ~13!

wheres r(w) denotes the total reaction cross section for
virtual pion. With this expression ofW(w,q), the dynamical
structure factorS(w,q) in Eq. ~12!, is given by

S~w,q!5
uqu
p

s r~w!. ~14!

Using the above expression forS(w,q), the cross section
given in Eq.~9! can be written as

S d2s

dEbdVb
D

r

5Amambkb

~2p!2ka

^uGpab~q2!u2&uGp~q2!u2
uqu
p

s r~w!.

~15!

This equation describes all inelastic and absorptive proce
induced by the virtual pion beam of four momenta det
mined by the kinematics of projectile and ejectile. To ind
cate these reactive processes, the subscript ‘‘r ’’ has been in-
troduced to the left hand side of this equation. Th
expression has been successfully used to analyze the
sured multiproton emission spectra for both12C(p,n) and
12C( 3He,t) reactions@23#. Writing s r(w) in terms of total
and elastic scattering cross sections, i.e.,s r(w)5s t(w)
2sel(w), the above equation can be split into two parts. O
part would involve the total scattering cross sections t(w),
while the other part would contain the total elastic scatter
cross sectionsel(w). These two parts can be presumab
written as

S d2s

dEbdVb
D

inc

5Amambkb

~2p!2ka

^uGpab~q2!u2&uGp~q2!u2
uqu
p

s t~w!,

~16!

and

S d2s

dEbdVb
D

coh

5Amambkb

~2p!2ka

^uGpab~q2!u2&uGp~q2!u2
uqu
p

sel~w!.

~17!

In principle,s t(w) includes the contributions from all chan
nels in the virtual pion induced reaction. Therefore, the
pression in Eq.~16! containings t(w) would pertain to be the
double differential cross section for the inclusive (a,b) reac-
tion. The expression in Eq.~17!, which containssel(w), can
01460
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be thought of as describing the elastic scattering of virt
pion and hence, this would represent the coherent pion e
sion in (a,b) reaction.

III. RESULTS AND DISCUSSION

In inclusive measurements, as described earlier,
energy/momentum distribution for ejectile is used to meas
without detecting any other particles emitting from the targ
nucleus. The data for the zero degree inclusive (p,n) reac-
tion on 12C nucleus at various energies are available fr
LAMPF @3#, whereas the same for the (3He,t) reaction exist
from Saturne@5#. To analyze these data, the double differe
tial cross sections for the energy/momentum distribution
the forward going ejectile, i.e.,n in (p,n) and t in ( 3He,t)
reactions, have been calculated here. Along with these,
culations also are presented to account the data for the
herentp1 production. For this exclusive channel, the da
are available for the12C(p,n) reaction at 1.5 GeV/c beam
momentum from KEK @7#, and also from Saturne fo
the12C( 3He,t) reaction at 2 GeV beam energy@9#. In these
exclusive measurements, the energy/momentum distribut
for the ejectile were measured in coincidence withp1 de-
tected in a large acceptance@~85–88!% of 4p# detector
placed around the target. Due to angle and energy cuts in
detecting systems for these measurements, the magnitud
cross sections could not have been determined absolu
Rather, as mentioned before, these measurements show
the coherentp1 scattering on nucleus is closely associat
with the elastic pion nuclear scattering.

For the calculations to reproduce the data from the inc
sive measurements on12C(p,n) and 12C( 3He,t) reactions,
the total virtualp1 scattering cross section, i.e.,s t(w) in
Eq. ~16!, on 12C nucleus is required as an input quantity f
its energy range of about 150–500 MeV. Whereas, in t
energy range calculations to account the data for cohe
p1 production in the exclusive experiments on12C(p,n)
and 12C( 3He,t) reactions need the total elastic virtualp1

scattering cross section, i.e.,sel(w) in Eq. ~17!, on12C
nucleus. As it is exhibited in our earlier work@23#, for the
energy region considered here, the energy-momentum
persion curves for the real and virtual pion look very mu
similar. Besides, for a fixed pion energy, the momentum
the virtual pion, compared to that for the real pion, is larg
Due to this qualitative similarity, as presented in Ref.@23#,
the replacement of the virtual pion nuclear absorption cr
sections by the corresponding measured values for the
pion of same energy works very well to reproduce the m
sured shape for the multiproton emission in the charge
change reactions@7,8# in the D(1232)-excitation region.
Complementary to this, the virtual pion induced total a
elastic scattering cross sections, as required for the pre
calculations, have been approximated by the correspon
measured values for the real pion. For the required ene
range of pion, the measured total cross sections for thep1

scattering on12C nucleus are reported in Ref.@33#, and the
total elastic p1 scattering cross sections for the sam
nucleus are due to Asheryet al. @34#. These cross sections, i
the present work, are used as the inputs to calculate the e
4-4
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tile energy/momentum distribution spectra for these inclus
and exclusive reactions.

The attenuation factorA due to the absorption for th
continuum particles, as shown in Eq.~3!, has to be estimated
through the imaginary part of the phase shifts,Imd(b), for
projectile and ejectile, and the thickness function,T(b) as
defined in Eq.~4!, for the nucleus. For12C nucleus, the den
sity distribution%(r ) required to evaluateT(b) is given by

%~r !5%~0!@11a~r /c!2#e2(r /c)2
, ~18!

where the values ofa and c are taken equal to 1.247 an
1.649 fm, respectively@35#.

The expressions forImd(b), appearing in Eq.~3!, and
vertex factors,̂ uGpab(q

2)u2& in Eqs.~16! and~17!, for (p,n)
and (3He,t) reactions will be presented in the following se
tions.

A. 12C„p,n… reaction

For the inclusive and exclusive (p,n) reactions presente
here, the virtual pion source function^uGpab(q

2)u2& appear-
ing in Eqs.~16! and ~17! would be thep1pn vertex factor
^uGp1pn(q

2)u2&. The expression for it is given by

^uGp1pn~q2!u2&522U f F~q2!

mp
U2

q2, ~19!

with q25(Ep2En)22(kp2kn)2.
The phase shiftd(b), required to calculate the attenuatio

factor A in Eq. ~3!, is composed of the phase shifts for pr
ton and neutron, i.e.,d(b)5dp(b)1dn(b). The imaginary
part of it for a nucleon scattered by a nucleus can be wri
as

ImdN~b!52
1

vN
E

0

`

ImVON~b,z!dz, ~20!

with N being a proton or a neutron.vN andVON(b,z) repre-
sent the velocity and the optical potential for the nucle
Using the high energy ansatz, the imaginary part
VON(b,z) is given by

ImVON~b,z!52
kNN

2ENN
s t

NN%~r !; r5b1 ẑz, ~21!

where kNN denotes the momentum in the nucleon-nucle
center-of-mass system.s t

NN is the total nucleon-nucleon
scattering cross section.%(r ) represents the spatial distribu
tion of VON(b,z). Here, this distribution is assumed to b
identical to that for the nuclear density and hence, it can
described by Eq.~18! for 12C nucleus.

For the inclusive12C(p,n) reaction, the double differen
tial cross sections (d2s)/(dkndVn), for the forward going
neutron momentumkn distribution, have been calculate
here. These results are compared with the available data@3#
in Fig. 1 for the beam energies equal to 647 MeV and 8
MeV. This figure shows that for both of these energies
calculated results, after dividing by a factor of about 2
reproduce the data around theD peak very well. However,
01460
e

n

.
f

n

e

0
e
,

even after this scaling, the present calculation underestim
the cross sections in the region belowD peak. This discrep-
ancy can be accounted for due to the unavoidable drawb
of the (p,n) reaction as a probe to investigate theD excita-
tion in nucleus. The neutron arising due to the decay oD
isobar was also detected in this measurements. This neu
in an obvious reason, would have lower energies than
produced byD isobar, but it can have partial overlap with th
main quasifreeD peak. In contrast, this decay backgroun
as shown latter, is not seen in the (3He,t) reactions on
nucleus. This is due to the small probability for the excit
projectile, i.e., 3He, decaying to triton, and also the latt
from the quasifree decay of the target nucleus are expecte
be very less~see in Refs.@36,37#!.

In Fig. 2, the calculated results for the coherentp1 emis-
sion in 12C(p,n) reaction have been presented along with

FIG. 1. Calculated double differential cross sections for the f
ward going neutron momentum distribution at the beam ener
equal to 647 MeV and 800 MeV. Data are taken from Ref.@3#.
The calculated curves are normalized to the peak of the meas
spectra.
4-5
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corresponding measured spectrum from KEK@7# at the beam
momentum equal to 1.5 GeV/c. Since the magnitudes of th
measured cross sections are not available with certainty,
have been given relative to the calculated peak cross sec
This figure shows that the shape of the calculated spect
agrees very well with the measured distribution almost in
whole range of neutron momentum. Here also, the enha
ment seen in the measured cross sections below the ne
momentum equal to 900 MeV/c, as discussed before, cou
be due to the background effect.

B. 12C„

3He,t… reaction

The vertex factor̂ uGpab(q
2)u2& in Eqs.~16! and~17! for

the (3He,t) reaction would be thep1 3Het vertex factor
^uGp1ht(q

2)u2&. The notation ‘‘h’’ in the subscript has been
used in place of3He, and the same will be followed for othe
terms also. This vertex factor differs in a major way fro
that of (p,n) reaction by the form factor for the helium-3 t
triton transition.^uGp1ht(q

2)u2& is given by

^uGp1ht~q2!u2&522U f F~q2!

mp
%̃h→t~q2!U2

q2, ~22!

with q2 being the four-momentum transfer from the3He and
t vertex to nucleus. In this equation,%̃h→t(q

2) denotes the
helium-3 to triton transition density. This transition densi
as constructed by Dmitrievet al. @18#, is

%̃h→t~q2!5exp~a1q2!@11b1q4#, ~23!

with a1511.15 GeV22 andb1514 GeV24. This form fits
the electron scattering data for the form factors of mas
particles up to the momentum transfer<8 fm22.

FIG. 2. Calculated neutron momentum distribution spectrum
the coherentp1 emission within 4p directions. Data are taken
from Ref. @7#, and scaled to the calculated peak cross section~see
text!.
01460
ey
n.
m
e
e-
ron
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3

Also, %̃h→t(q
2) can be approximated by the following mag

netic form factor of3He:

%̃h→t~q2!5exp~a2
2q2!1b2

2q2exp~c2
2q2!, ~24!

FIG. 3. Calculated missing energy distribution spectra for
forward going triton at various beam energies. Data are taken f
Ref. @5#. Solid and dashed curves represent the calculated c
sections for the helium-3 to triton transition densities given in E
~23! and~24!, respectively. The calculated curves are normalized
the peak of the measured spectra.
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with a250.654 fm,b250.456 fm, andc250.821 fm. This
form has been extracted up to the momentum transfer e
to 16 fm22 by McCarthyet al. @38# from the electron scat
tering data between 170 and 750 MeV on3He.

To estimate the attenuation factor,A in Eq. ~3!, for the
( 3He,t) reaction, the phase shiftd(b) also, in principle, can
be constructed from the optical potential. Since the latter
a mass-3 particle is poorly known, the measured phase
has been preferred in the present work. In fact, the inform
tion about the measured phase shift in between 1 and 2 G
as required for this calculation, exists only for thea-elastic
scattering at 1.37 GeV on calcium isotopes@39#. For this
reaction, exp@id(b)#, which describes the data very well,
purely absorptive and has the following form:

e2Imd(b)5
1

11e2(b2R)/d
, ~25!

with R5r 0A1/3 fm. Here,A denotes the mass number of th
nucleus. The values of the radius parameterr 0 and the dif-
fusenessd are found equal to 1.45 fm and 0.68 fm, respe
tively. Since the mass-3 particles are known to have les
absorption than alpha particle, and due to lack of availabi
of any other information, the above form has been taken
the present purpose of describing the attenuation of3He and
t except the value ofr 0 is reduced to 1.2 fm@40#.

For the inclusive12C( 3He,t)reaction, the double differen
tial cross sections (d2s)/(dEtdV t), for the missing energy
w(5E3He2Et) distribution of the forward going triton, hav
been calculated to reproduce the data obtained from the
responding measurements. The calculated distributions
compared with the measured spectra in Fig. 3 for the be
energies equal to 1.5, 2.0, and 2.3 GeV. The experime
points have been taken from the Ref.@5#. In this figure, the
solid curve represents the calculated cross sections for
helium-3 to triton transition density,%̃h→t(q

2), given in Eq.
~23!, while the dashed curve is due to%̃h→t(q

2) taken from
Eq. ~24!. The calculated curves are normalized to the pea
the measured spectra. Here, the agreement between c
lated and measured energy spectra is quite satisfactory, h
ever, the calculated peak cross section comes within a fa
of about 2.

In Fig. 4, the calculated coherentp1 production spectra
in the (3He,t) reaction have been presented along with
data. The experimental points are taken from the meas
ment done at Saturne@9# for the beam energy equal to 2 Ge
Here also, the solid and the dashed curves represent the
culated cross sections due to two different forms
r
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%̃h→t(q
2) as given in Eqs.~23! and~24!, respectively. Since

the absolute magnitudes of the data are not available,
measured spectrum and the dashed curve have been sca
the peak of the solid curve. The calculated results, as sh
in this figure, reproduce the measured spectrum very we

IV. CONCLUSIONS

From the investigations presented here, it can be c
cluded that the distinctD(1232) excitation in nucleus, a
seen in the inclusive (p,n) and (3He,t) reactions, can be
described successfully by the real pion induced reactions
the nucleus. Also, the coherentp1 emission in the charge
exchange reactions can be accounted for satisfactorily by
elastic scattering of real pion on the nucleus.
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