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A excitation and coherent pion production in charge exchange reactions
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For the forward going ejectile, thA 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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[. INTRODUCTION also found to persist in the other charge exchange reactions
such as §p,n) reaction[2]. In contrast to pion induced reac-
Pion has a very special role as a cloud surrounding thé&ions, the position ofA peak in the charge exchange reac-

nucleon, for example, for a part of the time a proton can bdions does not show much dependence on the target mass
thought to bep—n+ 7. Similarly, *He surrounds itself by number.
a pion cloud through the virtual processie—t+=* [1]. The observation in the above inclusive measurements had
This pion cloud can be visualized better by studying thegenerated a great deal of interest in the dynamic.s _forthe.shift
quark aspect of a nucleon. To conserve the chiral symmetr§f A peak. Consequently, various models describing various
for quark inside the nucleon, it is essential for pion to be afrigins for this shift were proposed by several auttjéisIn

the surface of the nucleon. This makes a physical nucleon gyder to understand the origin for this peak shift and to dis-

a quark-gluon object surrounded by the pion itself. This pionentangle the contributions from different channels to the in-

cloud, as emphasized by Ericson and Weisg rides along clusive spectra, the exclusive experiments had been done on

. 3 . _
with the incident beam, and can materialize as a controllablép’n) reaction at KEK[?]_and on (He\t) reaction at Sat .
. . . . . ) . urne(8,9]. In these experiments, the energy/momentum dis-
virtual pion beam in certain reactions those involve pionlike

S . . . “tributions of ejectile, i.e.n in (p,n) andt in (3Hey) reac-
excitations. The four momentum carried by the virtual PiONions, were measured at the forward angle in coincidence
beam would be the same as that transferred from th

R fith either a pair ofr™ andp or two or three protons or
projectile-ejectile vertex to nucleus. The charge exchange res'ingle 7+ emitted within the 4r directions. In the experi-
actions, like p,n) and GHey), are such class of reactions, ment done at KEK, proton beam of 1.5 Ge\fhomentum
where, at intermediate energies and for forward going €jeChaq been made to collide with proton akC targets. Vari-
tile, the cross section is found to be dominated by the pipyus charged particles emitted in coincidence with the for-
onlike spin-isospin Gamow-Teller excitations. Therefore, theyard going neutron were detected in a large acceptéme
data on these reactions provide an opportunity to explore thgring 88% of the total solid anglespectrometer called
nuclear response to virtual pion, and also to investigate theaNCY. Similar results also had been found in the exclusive
difference of this response from that of a real pion. measurement done at Saturne BE&(*He,t) reaction at 2

~ Extensive measurements on the charge exchange reagev beam energy. Various charged particles emitted in co-
tions, covering nuclear excitations from low to intermediatejncidence with the forward going triton were detected within
energies, had been done at various accelerator facilities. DafRe 4+ detector called DIOGENE. Additionally, in this ex-
exist on inclusive as well as on exclusive measurements. Igeriment the angular correlation between the momentum
the inclusive experiments at intermediate energies, thgansfer to target and the momentum of pion emitted in the
double differential cross sections for the ejectile energyfinal state had been establishid]. The results from these
momentum distribution in the charge exchange reactionsexclusive measurements deploy one to one correspondence

such asn in (p,n) [2,3] andt in (°Hey) [4,5] reactions, ith those obtained from the pion nuclear scatterings, i.e.,
were measured without detecting any other particles pro-

duced in the final state. All of these measured distributions pion-proton in coincidence pion quasielastic scattering,
distinctively show a bump at around 300 MeV nuclear exci-

tation. Since this excitation energy lies in the vicinity of proton-proton in coincideneetwo-body pion absorption,
A(1232) excitation of a nucleon, this bump is understand-

ably interpreted as the spin-isospin excitation of a nucleon in coherent pion productiea pion elastic scattering.

the nucleus to & isobar. In the recent past, the most widely

publicized issue in the inclusive measurements OH€(t) The spectra measured in the exclusive experiments show that
reaction in thisA excitation region was the downward shift bothpp event and coherent™ production are the key ingre-

of A-peak position by~70 MeV in nuclear targets as com- dients for the shift oA peak seen in the inclusive measure-
pared to proton targdi5]. This phenomenon, however, is ments. Among themselves, the coherent production
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channel contributes dominantly to the inclusive spectraexchange interaction alone is sufficient to reproduce the
These two channels do not exist for the proton target. Irmeasured spin averaged cross section. For example, the de-
contrast, ther* p event for nuclear targets shows an insig- tailed experimental studies by Wickluret al. [17] demon-
nificant shift with respect to that for the hydrogen targetstrate that the pion exchange interaction gives a very good fit
(8,10 to the data for the spin averagpgp—nA™* reaction over a
Analyses of the data obtained from the above exclusivevide kinematic region. This finding also, for beam energies
measurements envisage that the various exit channels seenfigm threshold to very high, has been corroborated by Dmi-
these experiments arise due to various dampening processgy et al.[18] and Jairet al.[19]. They also show that any
for A(1232) occurring in the nucleus. The in-coincidentinclysion of rho exchange interaction yields very unsatisfac-
7'p event arises due to the quasifree decayAof" pro-  tory results. In the relatively recent work due to Kuretal.
du+ced on th_e nuclear surfa_ce. Therefore, the spect_rum _for tr[%l they have shown that thie(1232) excitation due to one
7" p emission from nuclei does not show any significantyiqn exchange interaction only is in very well accord with
_dlffer_en(_:e from that Obt‘?"”ed for the hydrogen target. The[he measured spin averaged cross sections for the elementary
Icnéggmsﬂgﬁn;gppNi/em ?rLs_es dlue to thﬁ convlersmn gfo' p(p,p’ 7 *)n reaction. In another study, Jain and Sah#4]
' Pp, taking place in the nuclear medium. find that while the rho exchange interaction is absolutely
Thus, thepp event originates from the deeper inside of the . L
ﬁssennal to account for the(n,p)n data, it is not at all

nucleus, and hence must be forbidden for the hydrogen ta ot -
get. Microscopic calculations on the reaction mechanisms fof2vored by then(p,n)A ™" data. The reason for this disfavor
f the rho exchange interaction in this delta excitation, to a

theseA dampening processes have been presented in Refd! the ‘ ' ; '
[11,12. certain extent, is prowded by a mlcroscoplc_study for the
Coherentrr* production process can be thought as a kind?NA vertex by Haideret al. [22], where they find that the
of elastic scattering, where the virtual pion emitting from themicroscopically calculated value of theNA coupling con-
projectile propagates through the nucleus by mixing with thestant is much smaller than the normally assumed value.
A-hole states and ends up as an on-shell pion. This conver- Only one pion exchange interaction also has been found
sion process is possible since the recoil nucleus, as a wholt give satisfactory results o (1232) excitation in nuclei,
can adjust the momentum needed to put this off-shell pion omwhen the beam is unpolarized. Using one pion exchange in-
its mass shell. The peak for the measured coheréntlis-  teraction only, Dmitrie 16] has successfully reproduced the
tribution [7,9] shows a considerable downward energy shiftdata of the spin averaged cross sections for the inclusive
revealing an information complementary to that of real pion(®He,t) reaction on*?C nucleus in thisA excitation region.
scattering on the nucleus. The measured angular distributioBeside this, our earlier work$11,23, considering the
for the coherentr ™ emission[9] shows that it is strongly A (1232) excitation due to one pion exchange interaction
forward (in the direction of momentum transfepeaked. only, have accounted very well for the spin averaged cross
This observation exhibits an intimate relationship with thegections measured for various**-decay channels, i.e.,
elastic pion nuclear scattering3]. Theoretical investiga- 7+ p andpp events, in the exclusivep(n) [7] and (*Heyt)

tions[14] reveal that both effects, i.e., the downward energyg) reactions. Recent analysis due to Kundu and [2dion

shift and the peaking in forward direction, seen in the coherg[he measured spin averaged cross sections for the

" ; -
ent 77 production spectrum occur due to the longitudinal 6Li(p,A**)5He reactior] 25] shows that the use of one pion

part of tEeN N.H.NA Interaction. The importance of the co- exchange interaction only for thie(1232) excitation fits the
herentw™ emission channel, in context to the peak position . :
c{;ta for this reaction absolutely.

observed in the inclusive measurements, is also analyzed b With polarized b h iderable st thh
several author§l5,16. According to their studies, the con- 'th polarized beams, NOWEVET, consigerable strength has
been found to lie in the transverse mdd@&s]. In one pion

tribution of this channel in addition to those due to various ) -
other channels is absolutely necessary to reproduce tHe<change model, this strength, as Dmitri@7] and Sams

A-peak position seen in the inclusive measurements. et al.[28] have shown, can arise, to a large extent, from the
Encouraged by the observed qualitative similarity pe-beam distortion. Therefore, the role of rho exchange interac-
tween the spectra in the inclusive/exclusive measurementn in the A(1232) excitation at best can be thought to be
and in the real pion induced reactions, as described before, gpntroversial. As mentioned above, it is not required to re-
the present work it has been explored that the extent up tproduce the spin averaged cross sections in&héxcitation
which the measured inclusive spectra and the coherént region[29], only the data from the spin transfer measure-
production data can be accounted for by the real pion scathents show some indication for it. The present work deals
tering on the nucleus. Since the data for the forward goingnly with the spin averaged cross section in the
ejectile energy/momentum distributions are available for the\ (1232)-excitation region. Therefore, in this work the con-
12C(®He,t) and *2C(p,n) reactions, the corresponding cal- tribution from the one pion exchange interaction only has
culations have been presented here. The peripheral nature loéen incorporated, which is very much consistent with other
these reactions is incorporated through the use of distorteidivestigations made by several authors in this field.
waves for the projectile and ejectile. The calculated results In Sec. Il, the formalism is given for th& and coherent
reproduce the measured distributions reasonably well. pion production in the charge exchange reaction. In Sec. lll,
However, it should be mentioned that in the the calculated cross sections have been compared with the
A(1232)-excitation region the contribution from one pion measured distributions.
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Il. FORMALISM projectile a and the ejectileb, respectively, andv(=E,

In the charge exchange reactions considered here, the prcT—Eb) Is the energy transfer .to th_e nucleus. . .
The T matrix, T,y appearing in the above equation, in

jectile emitsw ", and subsequently it becomes the ejectile. In oo

. - T . ; . PWBA is given by
the process of this transition, the spin-isospin configuration
of the projectile gets changed, while the space coordinates
are assumed to remain unchanged. The pion, emitting from
the projectile, interacts with the target nucleus leading to ~ : . . : .
various channels in the final state. Therefore, the virtual pior\1NhereV d_escnbes tAhe interacting potential. For one pion
source can be described by thé&\N Lagrangianl,yy. It, ~ €Xchange interactiol can be presented as

in pseudovector presentation, can be written as

fF(Q%)— A

Ny"y°>N- 3, D Here,I" N represents the pion mediatdiN interaction op-
erator at the projectile-ejectile vertex, which could be de-

wheref and F(g?) are the coupling constant and the form scribed byZ .y in Eq. (1) except the field functions appear-

factor at thewNN vertex. The value of is taken equal to ing in it. I'_, is the operator describing the interaction of

Tn0:<kbv(nvb|\7|aio)rka>i (6)

V=T G (AT a. @)

NN~
a

1.008. In the monopole fornk (q?) is given by virtual pion with the nucleusG.(t) describes the propaga-
. tion of the virtual pion, which, in the relativistic presentation,
o AT—mD has the form
Faf="5" )
with g?=w?—q°. Here,w and q are the energy and the GA(0%)=~ m2— g2’ (8)
momentum respectively carried by the virtual piok.ap- N
pearing in this equation is taken equal to 1200 MzV/ with m_(=140 MeV) being the mass of pion.

The standard reaction model leads to an anga} that Using the potentialV appearing in Eq/(7), the double

the cross section c_:f a nuclear scattering can.be appfoximat?ﬁﬁerential cross section in Ed5) for the ejectile energy
by the corresponding plane wave cross section multiplied byjistribution can be factorized as

an attenuation factor to account for the absorption of the
continuum particles. This attenuation factor, in fact, esti- 2
mates the probability for a nuclear particle seen by the JEd0. - : (T an(02)]2)]G(92)|2S(W,q).
probes. For the eikonally distorted waves of projectile and bd%2p  (27)%K,

ejectile, the expression for the attenuation factois 9

g mambkb

Where the facto(|I",.p(q%)]?) in this equation denotes the
f dbe2mb)T () mab vertex factor. It acts as a source function for the virtual

A ) (3)  pion, and is defined as

J dbT(b)
<|Fwab(q2)|2>528 1 E |<kb!b|F7TNN|a’ka>|2'
where 8(b) is the sum of the phase shifts for projectile and a’t = Myl
ejectile at the impact parameter T(b) is the nuclear thick- (10
ni(?/sésn ftl)mctlon, which, in terms of nuclear densityr), is  £qrms 0f<|Fwa_b(q2)|2) for (p,n) and (3He,_t) reactions will
9 y be presented in the subsequent subsections.
too A S(w,q) in Eqg. (9) is commonly known as the dynamical
T(b)=f dzo(r); r=b+zz (4)  structure factor. It, as given in Rdf31], is defined as
The differential cross section for the inclusiva, ) re- S(w,q)=2, S(w—w,)|(n|e'dT _A|0)|2. (11
action on a spin-zero target nucleus can be written as n
27 mym, In nuclear matteS(w,q), as subtled in the above reference,
do=A— EaE 2 S(W—w,) can be associated with the imaginary part of the pion self-
Va Fatb n energy ImII(w,q)[ =2wW(w,q), where W(w,q) is the
imaginary part of the pion optical potenfjas
D L R B
(283+1) mim, " (2m)%

2w
S(w,g) =~ —W(w,q). (12)
In this equation, f” denotes the state of the nucleus after
the scattering takes place, whereas “0” represents the groundurthermore, the imaginary part of the optical potential at-
state of the target nucleus, andE, are the energies of the tenuates the flux of the particles, i.e., it removes the flux
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from the incident and the elastically scattered waves. Therebe thought of as describing the elastic scattering of virtual
fore, this potential is related to the total reaction cross secpion and hence, this would represent the coherent pion emis-
tion, which incorporates both inelastic and absorptive prosion in (a,b) reaction.

cesse$32]. Hence W(w,q) can be expressed as

|l Ill. RESULTS AND DISCUSSION

W(w,q)=— z—o, (W), 13 . . . .

(w.q) 2w (W) (13 In inclusive measurements, as described earlier, the
) ) energy/momentum distribution for ejectile is used to measure
whereo(w) denotes the total reaction cross section for theyjthout detecting any other particles emitting from the target

virtual pion. With this expression d\(w,q), the dynamical nycleus. The data for the zero degree inclusipen) reac-

structure factoiS(w,q) in Eq. (12), is given by tion on 2C nucleus at various energies are available from
Iq LAMPF [3], whereas the same for théHe.t) reaction exist
S(w,q) = igr(w)_ (14)  from Saturng5]. To analyze these data, the double differen-
aw

tial cross sections for the energy/momentum distribution of
the forward going ejectile, i.en in (p,n) andt in (3He,t)
reactions, have been calculated here. Along with these, cal-
culations also are presented to account the data for the co-
Iql herent7* production. For this exclusive channel, the data
— o, (W). are available for the'C(p,n) reaction at 1.5 Ge\¢/ beam
™ momentum from KEK[7], and also from Saturne for
(15  the!?C(3Hejt) reaction at 2 GeV beam ener9]. In these

. . . . . . exclusive measurements, the energy/momentum distributions
This equation describes all inelastic and absorptive processes o ejectile were measured in coincidence with de-

induced by the virtual pion beam of four momenta deter- . "~ oao
mined by the kinematics of projectile and ejectile. To indi-temed in a large acceptan¢eB5-89% of 4] detector

cate these reactive processes, the subscribbis been in- placed around the target. Due to angle and energy cuts in the
troduced to the left hand side of this equation. Thisdetectlng systems for these measurements, the magnitudes of

expression has been successfully used to analvze the mealSS sections could not have been determined absolutely.
P . o y y SRather, as mentioned before, these measurements show that
sured multiproton emission spectra for botfC(p,n) and

X > . h herentr* ring on nucl is closel i
12C(3Het) reactions[23]. Writing o, (w) in terms of total the coherentr™ scattering on nucleus is closely associated

d elast teri i : S with the elastic pion nuclear scattering.

and efastic scattering cross sections, '_‘e'(w)_“t(w) For the calculations to reproduce the data from the inclu-
~ el(W), the above equation can be split into two parts. ONneg o measyrements offC(p,n) and *C(°He/) reactions
part would involve the total scattering cross sectig(w), i ' '

. . : __the total virtual7" scattering cross section, i.er,(w) in
while the o_ther part would contain the total elastic scatterlngEq_ (16), on 12C nucleus is required as an input quantity for
cross sectiono,(w). These two parts can be presumabl

X Yits energy range of about 150-500 MeV. Whereas, in this
written as energy range calculations to account the data for coherent
d2o " production in the exclusive experiments GfC(p,n)
(W) and '%C(%He/t) reactions need the total elastic virtual™
EpdQp/; scattering cross section, i.ege (W) in Eq. (17), ont’C
nucleus. As it is exhibited in our earlier wofR3], for the
:Amambkb<|r ()]G (q2)|2M0'(W) energy region considered here, the energy-momentum dis-
(27)%K, mab N T 0 persion curves for the real and virtual pion look very much
similar. Besides, for a fixed pion energy, the momentum for
the virtual pion, compared to that for the real pion, is larger.
and Due to this qualitative similarity, as presented in &3],
the replacement of the virtual pion nuclear absorption cross
d’c sections by the corresponding measured values for the real
m) pion of same energy works very well to reproduce the mea-
coh sured shape for the multiproton emission in the charge ex-
lql change reaction$7,8] in the A(1232)-excitation region.
(IT an(92)|2]G (a2 |>—= Tei(W). Complementary to this, the virtual pion induced total and
i elastic scattering cross sections, as required for the present
(17) calculations, have been approximated by the corresponding
measured values for the real pion. For the required energy
In principle, o(w) includes the contributions from all chan- range of pion, the measured total cross sections forsthe
nels in the virtual pion induced reaction. Therefore, the exscattering on'?C nucleus are reported in RéB3], and the
pression in Eq(16) containingo(w) would pertain to be the total elastic =+ scattering cross sections for the same
double differential cross section for the inclusialf) reac- nucleus are due to Asheegy al.[34]. These cross sections, in
tion. The expression in Eq17), which containsr.(w), can  the present work, are used as the inputs to calculate the ejec-

Using the above expression f8fw,q), the cross section
given in Eq.(9) can be written as

do ) MaMyKs
= A (022G .(g?)]2
(dEbde r (277)2ka<| ab(d%)[%)|G (")

MaMpKp,
(2m)%k,
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tile energy/momentum distribution spectra for these inclusive 0.6 — —

and exclusive reactions. 12¢(p,n) ® Data ]
The attenuation factoid due to the absorption for the 6,=0° —— Theo X 2.5

continuum particles, as shown in E&), has to be estimated 0.5 T,=800 MeV N

through the imaginary part of the phase shifts,é(b), for
projectile and ejectile, and the thickness functidiib) as
defined in Eq(4), for the nucleus. Fot?C nucleus, the den-
sity distributiono(r) required to evaluat&(b) is given by

o(n=0(0)[1+a(r/c)2]e (o), (18)

where the values o& andc are taken equal to 1.247 and
1.649 fm, respectively35].

The expressions formé&(b), appearing in Eq(3), and
vertex factors{|T",.5(9?)|?) in Egs.(16) and(17), for (p,n)
and (®*He,t) reactions will be presented in the following sec-
tions.

A. 2C(p,n) reaction

For the inclusive and exclusivgp(n) reactions presented
here, the virtual pion source functidfl’ ,.,(q%)|?) appear-
ing in Egs.(16) and(17) would be thew* pn vertex factor
(IT 7+ pn(@?)|?). The expression for it is given by

fF (g%
m

2
a2, (19

<|Fw+pn(q2)|2>: -2
with g?= (Ep— En)?— (kp— Kn)?2.

The phase shif6(b), required to calculate the attenuation
factor A in Eq. (3), is composed of the phase shifts for pro-
ton and neutron, i.e.g(b)= 5,(b) + ,(b). The imaginary
part of it for a nucleon scattered by a nucleus can be written

d?c/dk_dQ

(mb/(MeV/c sr))

n

n

0.5

0.4

0.3

0.2

0.1

i T,=647 MeV

5

¢ Data j
—— Theo X 2.3

b ]

o

as

1.0

|m5N(b)=—%f:lmVON(b,Z)dZ, (20)

k, (GeV/c)

with N being a.proton ora negtrooN and_VON(b,Z) repre- FIG. 1. Calculated double differential cross sections for the for-
sent the velocity and the optical potential for the nucleonyard going neutron momentum distribution at the beam energies
Using the high energy ansatz, the imaginary part ofequal to 647 MeV and 800 MeV. Data are taken from Hél.
Von(b,2) is given by The calculated curves are normalized to the peak of the measured
spectra.
Knn

_ N =Db+ 7
T r=b+zz,

ImVon(b,2) =~ atNe(n); (22)

even after this scaling, the present calculation underestimates
the cross sections in the region beldwpeak. This discrep-
where kyy denotes the momentum in the nucleon-nucleorancy can be accounted for due to the unavoidable drawback
center-of-mass systemr " is the total nucleon-nucleon of the (p,n) reaction as a probe to investigate theexcita-
scattering cross sectiop(r) represents the spatial distribu- tion in nucleus. The neutron arising due to the deca of
tion of Von(b,2z). Here, this distribution is assumed to be isobar was also detected in this measurements. This neutron,
identical to that for the nuclear density and hence, it can bén an obvious reason, would have lower energies than that
described by Eq(18) for *°C nucleus. produced byA isobar, but it can have partial overlap with the
For the inclusive®C(p,n) reaction, the double differen- main quasifree peak. In contrast, this decay background,
tial cross sectionsd?a)/(dk,d{2,), for the forward going as shown latter, is not seen in théHe,) reactions on
neutron momentunk,, distribution, have been calculated nucleus. This is due to the small probability for the excited
here. These results are compared with the available[8&ta projectile, i.e., *He, decaying to triton, and also the latter
in Fig. 1 for the beam energies equal to 647 MeV and 80Grom the quasifree decay of the target nucleus are expected to
MeV. This figure shows that for both of these energies thebe very lesgsee in Refs[36,37).
calculated results, after dividing by a factor of about 2.5, In Fig. 2, the calculated results for the coheretit emis-
reproduce the data around thepeak very well. However, sion in 2C(p,n) reaction have been presented along with the
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80 L e 1.2 — 1 - 1T ' T T + 1 A
2¢(p,n[n*]) ® Data X 0.85 - 12c(%He,2) LY ST
L g =0° — Theo ] 6,=0° - - - Theo X 2.10
= n 1.0 |- 75, 2.3 cev &
‘m* k,=1.5 GeV/c i |
{ 60 —
> 0.8 |-
(0]
5 L
> 0.6
3 |
-~ 0.4 |
-
3 L
3
N} 0.2
'd -
0.0 =™
g B
o 0.8 | -
3 |
k, (GeV/c) <
2 0.6
FIG. 2. Calculated neutron momentum distribution spectrum for é
the coherentz™ emission within 4r directions. Data are taken - i
from Ref.[7], and scaled to the calculated peak cross secten G 0.4 |
text). §~
corresponding measured spectrum from KzKat the beam > 0.2 |
momentum equal to 1.5 Ged//Since the magnitudes of the %y
measured cross sections are not available with certainty, they i
have been given relative to the calculated peak cross section. 0.0
This figure shows that the shape of the calculated spectrum
agrees very well with the measured distribution almost in the
whole range of neutron momentum. Here also, the enhance-
ment seen in the measured cross sections below the neutron 0.6 - L 3
momentum equal to 900 Mev¥/as discussed before, could
be due to the background effect. i *
0.4 ¢ -
B. 2C(3%He,t) reaction
The vertex facto|I,.5(q?)|?) in Egs.(16) and(17) for [
the (®Heyt) reaction would be ther™ 3Het vertex factor 02 L |
{IT -+hi(9?)]?). The notation *h” in the subscript has been :
used in place ofHe, and the same will be followed for other |
terms also. This vertex factor differs in a major way from . /
that of (p,n) reaction by the form factor for the helium-3 to 0.0 L =" . 1 . | '
triton transition.(|T" ,+n(9%)|?) is given by 600 500 400 300 200 100
tF(q?)~ 2 w(=Eqy ~E,) (MeV)
(IT 7 en(@®)]?) = —2‘ ——en(a))| % (22 ©

FIG. 3. Calculated missing energy distribution spectra for the
with q2 being the four-momentum transfer from tBe and  forward going triton at various beam energies. Data are taken from
t vertex to nucleus. In this equatio’éh_,t(qz) denotes the Ref. [5]. Solid and dashed curves represent the calculated cross

helium-3 to triton transition densitv. This transition densit sections for the helium-3 to triton transition densities given in Egs.
o Y. Y, (23) and(24), respectively. The calculated curves are normalized to
as constructed by Dmitriegt al. [18], is

the peak of the measured spectra.

on_«(0?) =expa;g?)[1+b;q*], (23 Also, 21, +(q?) can be approximated by the following mag-

H 3 .
with a,=11.15 GeV'2 andb,=14 GeV *. This form fits  "cUC form factor of"He:

the electron scattering data for the form factors of mass-3 ~
particles up to the momentum transfe<8 fm 2, On—(0?) =exp(azq?) +ba’exp(ciq?), (24
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with a,=0.654 fm,b,=0.456 fm, anct,=0.821 fm. This T T

form has been extracted up to the momentum transfer eque 80 | 12C("(}{e.t[ﬂ"]) —— Theo i
to 16 fm 2 by McCarthyet al.[38] from the electron scat- 6,=3 =~ Theo X 1.65
tering data between 170 and 750 MeV de. Toye=2.0 GeV

To estimate the attenuation factod, in Eq. (3), for the 0
(®He,t) reaction, the phase shifi(b) also, in principle, can > 60 - 1 %
be constructed from the optical potential. Since the latter forg g
a mass-3 particle is poorly known, the measured phase shif-g <
has been preferred in the present work. In fact, the informa-=" | 1 =
tion about the measured phase shift in between 1 and 2 Ge\ %" g
as required for this calculation, exists only for theelastic %*' ~
scattering at 1.37 GeV on calcium isotopé&8]. For this N
reaction, exfi&(b)], which describes the data very well, is % 20 | .
purely absorptive and has the following form:

eflmﬁ(b): 1 , (25) 0 1 1 1 1 1
1+ (b-RV/d 600 500 400 300 200 100

with R=r,AY® fm. Here,A denotes the mass number of the w(=Esy ~E,) (MeV)

nucleus. The values of the radius parameteand the dif- FIG. 4. Calculated trit . distributi ira f
fusenesdl are found equal to 1.45 fm and 0.68 fm, respec- S ai” ated friton missing energy distribution spectra for
the coherentr™ emission within 4r directions. Data are taken

tl\t/)ely. ?mcctahthe rlniss-3 [t).alrtlcles de:jre ktn 0|W nktofhavt_el lgﬁ.‘:’%om Ref. [9]. Solid and dashed curves represent the calculated
absorption than alpha parlicie, and due to lack ot avallability, . <ections for the helium-3 to triton transition densities given in
of any other information, the above form has been taken fo

. . Eqs. (23) and (24), respectively. The measured spectrum and the
the present purpose of describing the attenuatiofHsf and dashed curve are scaled to the peak of the solid clawe text
t except the value of is reduced to 1.2 fm40].

For the inclusive*?C(3He t)reaction, the double differen- 5._(c?) as given in Eqs(23) and (24), respectively. Since
. . 2 . . h—t y .
tial cross sectionsd )/(dE,d(), for the missing energy the absolute magnitudes of the data are not available, the

W(=Eaye—E,) distribution of the forward going triton, have measured spectrum and the dashed curve have been scaled to
been calculated to reproduce the data obtained from the e peak of the solid curve. The calculated results, as shown

responding measurements. The calculated distributions g e figure, reproduce the measured spectrum very well
compared with the measured spectra in Fig. 3 for the beam ' '
energies equal to 1.5, 2.0, and 2.3 GeV. The experimental

points have been taken from the RES]. In this figure, the IV. CONCLUSIONS

solid curve represents the calculated cross sections for the £ . ihe investigations presented here, it can be con-

helium-3 to triton transition densitxeh:t(qz), givenin Eq.  cluded that the distinch (1232) excitation in nucleus, as
(23), while the dashed curve is due @,_.(q%) taken from seen in the inclusivep,n) and (*Hejt) reactions, can be
Eq.(24). The calculated curves are normalized to the peak oflescribed successfully by the real pion induced reactions on
the measured spectra. Here, the agreement between calthe nucleus. Also, the coheremt” emission in the charge
lated and measured energy spectra is quite satisfactory, howxchange reactions can be accounted for satisfactorily by the
ever, the calculated peak cross section comes within a fact@lastic scattering of real pion on the nucleus.

of about 2.

_ In F|g. 4, the caI_cuIated coherent” production spectra ACKNOWLEDGMENTS
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