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Effects of p exchange in coherent pion production
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New theoretical calculations have been done that compasnd p-exchange effects in exclusive coherent
production of pions fort?C+2C—%C+2C+4° below and above the pion threshold at incident energies of
100, 250, and 400 MeV/nucleon. Besides the important enhancement effects to the pion distributions due to the
constructive coherence afhole and particle-hole terms describing the coherent, intermediate nuclear states of
both projectile and target, additional effects have been observed due peettehange transition interaction.
Calculations of the pion angular distributions, which are sensitive topthrchange effect, are done that
compare the £+ p)-exchange effects to the-exchange effect alone. It is shown that at extreme angles, where
the projectile scatters forwar®e=0°), and thearget scatters backwar@®¢=180°), and the pion scattering
forward or backward §,=0° or 1809, that thep amplitude is zero under the Born approximation. The
insensitivity of the pion-energy distributions poexchange is also explained. It is shown that phexchange
effect is a rather mild one which affects only the midregion of the pion-angular distributions for the particular
physical channels and incident energies considered [80856-28138)01901-3

PACS numbd(s): 25.70—z, 24.10.Cn, 24.30.Cz

[. INTRODUCTION The first major effect to the shapes of the pion distribu-
tions is due to theconstructive interferencén the sum of

There is continued interest in coherent pion productiom-hole and particle-hole terms that describe the excited-state
theoretically, especially as to how this production relates tdwclear form factors. These form factors and their enhance-
the A-hole mechanism as well as to the longitudinal andments on the pion-energy distributions have been assessed in
transverse properties of thegenerating interactiongl—5]. & previous pape9] and it was seen that constructive coher-
These investigations have been concerned with chargé&nce greatly increases the magnitudes and affects the shapes
exchange reactions with nuclear probes such ms)(or  Of the pion-energy distributions over a range of incident en-
(®He}t) at intermediate energies. Our work has concentrate@rdies. Since coherence enhancement of the excited nuclear
on constructive coherent pion production with equal massstates has been discussed, we will not dwell upon this effect
“Welterweight” ions such a§-2C+12C at energies above and any further. New calculations have been done to determine
below the pion threshold. However, a complete isospin forthe importance ofp-exchange effects as compared #e
malism has been included which makes it possible to stud§xchange effects to the pion distributions and is discussed in
charge-exchange and nonexchange reactions, and furtheec. Il. The conclusions as to the mild enhancement in the
more, unequal mass nuclei can be considered. pion angular distributions due to theexchange effect for

This paper is a continuation of a series of par[ér_slj;l the particular physical channels chosen in the calculation are
that describes quantum-mechanical constructive coherence fscussed in Sec. lll.
the production of pions from the collision of two equal mass
nuclei at energies around the pion threshold. It is of great Il. p-EXCHANGE EFFECTS
interest to ascertain which physical effects in the theoretical

description provide various signatures of coherent pion pro- Theg;a_nsnéofn mte'\r/lactlh?n_s ;.cgn? an Ltjseg n ttu's ;/vork
duction over a range of incident energies above and belov ere obtained from Machleidi2]. To first order, the terms

the pion threshold. This then tells us how to “read” the pion Involving the coupling constarg, of the p-exchange transi-

energy, and angular distributions and relates the physical efi-P” intﬁraction(see Eq.(lB.4) in Ref(.j[lZ])f were .neé:llelcted h
fects to various parts of the pion distributions. Briefly, the Since these terms are almost an order of magnitude less than

present theoretical description involves the solution in a€Ms involving the coupling constaff,. The m-exchange

three-coordinate, partial-wave expansion of the second—ord@lnd p-fexchange interacti?er:(s in morEenturP sp:jadcedas a.func-
amplitudes in the Born approximation of the projectile- andtion o m‘l’lme”“%”.‘ trans are t;:o erently al edto give
target-generated pions. One amplitude describes the virtuHI1e overall transition interaction between nucleons as
excitation of A-hole states in one nucleus, while ordinary

. . . ’ K)= K)+ K -Ty), 1
particle-hole states are excited in the other, and a second 0(K)=[vA(K)Fv,(K)1(7p-Ta) @
amplitude describes the exchange process. Both nuclei a{ghere ther- and p-exchange interactions are
excited into spin-isospin giant resonances. The excitation of . A
th(_e virfcuaIA pgrticle is mitigated_ byr- andp-exchange tran- v A(K)=v,(K) (0 K)(Sy-K) (2a)
sition interactions and thA particle then resonates through
an energy-dependent width. Finally, a decay amplitude deand
scribes the decay of thA to a nucleon and pion. These . .
details have been described in previous pap@&,d. v,(K)=v,(K)(ap,XK)- (S XK). (2b)
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TABLE |. Parameters of the transition interactions. 0
a m, (MeV)  f2/4xfic (unitlesy A, (GeV)  n,
n 938.926
w 138.034 14.6 1.6 1 —100
p 769 33.489 1.4 1 o
A 1202 E
nAm 0.35 0.8 1 - H —200
nAp 20.45 1.35 2 =
[0}
2
The 7 and p-transition strengths are given by 9 n —300
o (k)= = 3 Tnaa(K) [ 1 , <
m 2m,m,, 2¢ 2e (my—myt+e,)|
(38 B —400
and
vp(K):_fp(K)anp(K) i2+ : 1 2. . ] \ ] L 1 L —500
2m,m, 2e, 2€,(my—my+e,) 0 4 8 12 16
3b -
(3b) K (fm 1)
The masses of the nucleon, piop, and theA in the
nuclear medium are given y,, m,, m,, andm,. The FIG. 1. Strengths of ther- and p-transition interactions ,.(K)

energy-dependent coupling parameters are parametrized byl line) andv ,(K) (dashed lingas functions of momentum trans-
the momentum convergent monopole or dipole form factorsfer.

i— i Na and then expanding the plane-wave, spin operator combina-
Fa(K)=fo| Sz 2| (4)  tions into angular momentum multipoles containing rota-
o

tional and tensor functions of the momentdirK, and for-

where a=n, m, p, A, nAm, nAp, f,=g,, and f, mally integrating over the momentum solid angle givii§]

=6.1g,. The values of these parameters obtained from R. _ _
Machleidt[12] are given in Table I. These interactions are 0 (1, &p180) =0(18p.80) ~0,(1 8. 6), ®

similar to those used by Jain and Sanfil8] except that here the minus sign comes from an expansion of the trans-
Machleidt’'s interactions are genera“zed to include thalerse ternf(Zb) into Spherica' Operator Componentsl The

nucleon-isobar mass difference. Equati@a) is called the  andp-exchange interactions in terms of the multipole expan-
spin-longitudinal term because classically it becomes maxisjon are given by

mal when the momentum transfer is longitudinal to the spin
and transition spin, whereas H@b) is called spin transverse . <~ [kp ky L

because classically it maximizes for the spins transverse t@ (I, &p. &) = Vam(2lm) X |kpkALkpkA( 0 o0 0)
the momentum transfer. Therefore exchange is associated Kpkal

with the spin-longitudinal term ang exchange is associated ) J

with the spin-transverse term. It will be seen in our calcula- XJ K*dKv (K)[ Ty (K&p)

tions that them-exchange effects are associated with the

forward-backward directions in the pion angular distribu- XTﬁ”A(KgA)].TL(Kr), (78

tions, whereas the-exchange effects are more associated

with the transverse directions in the same distributions. Plots L
of the 7 and p-transition interaction strengths as given in up(r,gp,gA)=\/E(2/7r) > ikp‘kr'-kpkA
Egs. (38 and (3b) as a function of momentum transfer are Kpkal

shown in Fig. 1.

As explained in Ref[15], for producingA isobars in the X > (
target nucleus, the interaction in configuration space in terms k=*1
of the nucleus-nucleus separation distancethe target S(+x S(—x
nucleon coordinaté, , and projectile nucleon coordinafg X[Tk(p )(Kgp)XTk(A (K& Tu(KD),
is obtained by taking the Fourier transform of the (7b)
momentum-space interactions

k, ky L
PoA )fKZdep(K)

k —k O

wherek, is the angular momenturtransferredto the pth

i _ 3 alK- (=& £0), nucleon in the projectiles, is the angular momentutnans-
o1 8p. ) (2m)3 f d’Ke P (K), ferredto thetth nucleon in the target, arld=k,+k, is the
(5) total angular momenturtransferredby the interaction. As
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FIG. 2. (a) Triple differential cross sections in the exclusive reactté@+*C—*C+%°C (15.11 MeV)+ #° as a function of pion angle
in the nucleus-nucleus c.m. frame at 100 MeV/nucleon incident laboratory energy. The full curve corresponds to coherent contributions
coming from the r+ p)-transition interactions and the dashed curve corresponds te-ttensition interaction onlytb) Same aga) except
at 250 MeV/nucleon(c) Same aga) except at 400 MeV/nucleon. All curves are calculated under the conditions th&0 MeV, ¢,
=0% 6p=Pp=0°

described in previous worf6,8,9, the expression&ra) and -

(7b) are inserted into a second-order resonant amplitude be-AEATTJ'\QP(p)(K)=vp(K)Ath(7TJ)PE HﬁTJPL(K)(@gATTJMPE(K),

tween nuclear states to obtain the overall amplitude Xor - (9b)
formation and decay in either nucleus. Also in that work, the

tensors in Egs(7a) and (7b) are described, but suffice it to where the parallel and transverse coupled form factors

say that they are various linear combinations of angular mng JPL(K) and HfTJPL(K) and the constamszﬂp are given

mentum coupled products of spherical Bessel functions, T ,
spherical harmonics, and spin operators in the spherical bd? Ref.[6]. The angular function

sis. The interaction§7a) and (7b) explicitly show that the 3+ 3 L
Fourier transforms of the parallel and transverse interactiong™r Me(g)—| T P Yo MTEMe) Ry
strengths(2a) and (2b) are distributed over various multi- It Jet M: Mp —(Mi+Mp)/ '+

poles of momentum transfer in configuration space. (10
After insertion of Eqs(7a) and(7b) into the nuclear ma-
trix elements, the amplitudes are analytically solved and, fo*;
example, the target-generated pion amplitude

It should be mentioned that the terminology “nuclear
orm factor” as used in particle-hole calculations is a matrix
element of an interaction expanded in multipoles taken be-
- Mo M M tween nuclear states and reduces to an interaction matrix
AR te= 2 Ay 3 (Kp)AyT(Kz), (8)  element of single-particle, single-hole states. The nuclear

IrMr form factors obtained in this work are essentially identical to
the nuclear form factors discussed by Glendeniilg.

The main impact of the-exchange transition interaction
can be seen in Fig. 2, which are calculations of the exclusive
fiK, and the target decay amplitu@év'TT(kW) which gener-  pion angular distributions over the range of incident energies
ates a pion of momenturhk,,, and are summed over the Of 100, 250, and 400 MeV/nucleon fot’C+*C—*C

intermediate angular momentum multipolgsandM,. As ~ +°C+a° in the nucleus-nucleus c.m. The curve marked
described previousl§6,8,d, it is in the formation amplitude 7+ p is the full calculation with bothm- and p-transition
where themr- andp_exchange terms give rise to para”e| and interactions inCIuded, whereas the curve markedontains
transverse angular momentum coupled nuclear form factorghe 7-transition interaction alone. As seen in Fig. 2, mild
The parallel(w) and transversé) formation amplitudes are €nhancements occur in the transverse pion directions ap-

themselves a multipole expansion over the total nuclear arroximately around,=80°. This region is very interesting
gular momentunt. =J;+Jp as because it is also the region where the projectile-generated

pion amplitude interferes coherently with the target-
M Mp(m), 0\ t(m) | Me Mo, A generated pion amplitudd0].
AJTTJPP (K)—Uw(K)AJT JPEL: HJTJpL(K)®JTTJPE(K)’ The points atd,=0° and 180° are also special because
(9a) the p component of the three-body amplitude is identically
zero. To show this, consider the overall amplitude of Bj.
and Since the decay amplitude is proportional to the spherical

which is the product of theA-formation amplitude
AgATJM P(K,) as a function of projectile-momentum transfer
TP
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harmonicYg"T(IQW), then for forward and backward angles Midregion around),=80°. (As discussed previously in Ref.
T [10], the asymmetric shift fron#,.=90° is due to the three-

A";/_eroc 5MT,0' so the only nonzero contribution to the overall body nature of the kinematics and phase-space and the en-
amplitude is whenM=0. In the present calculation, the ergy dependencies in thiewidth.) This also means that only
intermediate, giant spin-isospin, excited state multipoles ofhe m-exchange interaction contributes to the forward-
target and projectile have been chosen to be the physicélackward angles in the pion-angular distributions. Further-
statesLt=0, Lp,=0, and thereforel;=Jp=1. This choice more, since the pion-energy distributions are calculated un-
then limits the total angular momentum valuesLte0,1,2. der the restrictions of forward-scattered projectile and
Therefore, the sums ovérin Egs.(9a) and(9b) are limited  forward-angle pions, then the pion-energy distributions for
to these values only. all pion energies have np-exchange contribution either.
Since the pion distributions are restricted to projectile for-Pion-energy distribution calculations have confirmed this.
ward angles®p=0° which means that the projectile mo- Therefore, the pion-energy distributions under forward-angle
mentum transfer is also in the forward direction, then forrestrictions are a clean picture afexchange contributions
O, =0°, the spherical harmonic in E4L0) reduces to only within the Born approximation. Finally, we can see
qualitatively that thep-exchange contribution is relatively
(Mt M), & L mild because a glance at Fig. 1 shows that the strength of the
YO TP(K)= Jan O(M{+Mp),0- p-exchange interaction is much smaller than thexchange
4 interaction except for extremely small or large values of mo-
mentum transfer. At the incident energies considered here,
the projectile momentum transfers are in a range from ap-
aproximately 0.9 to 2.8 fm?, where thep-exchange strengths
are decidedly smaller than theexchange strengths. The
exchange effect provides only a mild enhancement to the
m-exchange contribution in the midangular region of the
G3l . pion-angular distributions.
There is no dominant channel that explains the mild en-
(12) hancement seen in Fig. 2, however, the following is a sim-
e plifying explanation. First, the cross section, as described in
Eq. (28) in Ref.[6] for pion production is proportional to

With the additional restriction thaM{=0 which comes
from the decay amplitude, thevi;=M =0 is the only pos-
sible nonzero contribution provided by the transverse form
tion amplitude. The transverse coupled form factor

~n ol I1dpL
L — 1(k) T™P
HJTJPL(K) KZ::L G‘]TLT(K)JTJPL(K—KO

For J;=Jp=1 and L;=Lp=0, the uncoupled transvers
form factors become
JpM JM
. i APVP 4 ATTMT
GﬂL;(KFGj;LP)(K):@FLT:O(K), (12 D A T PP
753 | et mac?—mic?+iT y(e,)12|
MpM

‘ 2

: (14

WhereFLT:O(K) is the nuclear form factor generated by the

particle-hole model and given by E(L8) in Ref.[6]. What  \yhere the sums are over final states. The calculation in Fig.

is now important is that the uncoupled transverse form fac2 was done under the restriction tht=J;=1 so thatM
tors are independent of the sum overTherefore, whenthe —p+1 andM,=0+1 which means that there arex3®

sum overl is taken in Eq(5), and picking up a factor df =9 multipole amplitudes running over all possible values of
and a 3} symbols from each of Eq$6) and(7), the ortho- My andM5. If we consider the 100 MeV/nucleon angular
normality of the 3j symbols gives distribution wheret, =60 MeV and choosing the angle,

=80°, we have compared the nine amplitudes with and

2
~,( Jrdpl [ IrdpL without the p-exchange effect. For reasons of simplicity, set
> L =6 O — . (13 - . My
=0 MtMpO/| k= &0 TP, the projectile-production amplltud@P(A)HPﬁzo, so that we
) . _ can compare the target-production amplitnAﬂx%AMP ., with
Since thek values are restricted te=*+1, and sinceMt ) Tm

and without thep-exchange effect. The numerator in Etg)

=Mp=0, then by orthogonality in Eq13), the p compo- then reduces to

nent of the target-generated amplitudeAE/'TE“P/| F’(p)(K p)=0

for projectiles scattered in the forward directio® {=0°)
under the restriction tha#,=0° or 180°. A similar argu-
ment also holds for the projectile-generatAdamplitude
A'J\"P'j':'T(p)(— K ) for targets scattering in the backward angle where 3 is the factor coming from the sum oW and the
(©;=180°). Here#Kp and #K+ are, respectively, the amplitudes labeled#) and (_p) are due to themr and p-
projectile- and target-momenta transfésee Ref.[11]). exchange terms and t_he minus sign comes from the sign in
Eq. (6). Expressior(15) is a sum over positive terms because

Therefore, thep component of the three-body amplitude is ) : X
zero for the extreme angles of forward and backward piond® Net amplitude is squared. It turns out that themplitude
ontributes only forMp=0 and thep amplitude only for

and forward projectile and backward target angles. The van® Mo ()
ishing of the pion production cross section @t=0° for ~Mp=*1. In detail, A;§\" =0 atMp=*1 for two rea-
transverse interactions is reminiscent of a similar result obsons. Since the projectile is measured at forward angles, ei-
tained Ref[3] for charge-exchange reactions. This result ex-ther the spherical harmonic in EqLO) is zero whenM+
plains whyp contributions are likely to be seen only in the +Mp#0 or for the special case tht==*=1 andMp=

1
Mp(m) _ AMp(p) |2
3Mp§::*1 |AT(A)HT77 AT(A)HTW| ' (15
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+1 when the spherical harmonic is not zero, the sum aver tribution; whereas, with the-exchange contributions, the
in Eqg. (93 is zero due to cancellations caused by orthogo-<ross section is diminished. The diminution is due to the fact

nality relations inHETJPL(K). Therefore, the only contribu- that when ther and p interactions are reexpressed as spin-
tion from a longitudinal orm amplitude for forward going Spin and tensor termd 2], the tensor term in the interac-

L - tion is opposite that of the tensor term in theinteraction.
projectiles OC,S]E(rpS) only whell p=0. On the other hand, the The spin-spin terms though, add up coherently, but since the

p amplitudeAr ()" ;=0 for Mp=0, again due either to the ensor terms are stronger than the spin-spin terms, there is a
spherical harmonic being zero at forward angles or to theret diminution of the interaction. How is this result recon-
orthogonality conditions irHﬂTJPL(K). Perversely, the only ciled with the slight enhancement seen in our calculation? As
it happens with any multipole expansion, we have restricted
these sums to certain channels of physical interest. Since
both thew andp strengths have been distributed among their
own multipoles, and because of the restrictions placed on the

f ;rrglr;g ng(frs?rz otr:]ﬂerf]) gc?rgt;brgfl\; a_n((j) ?Tnlg/oﬁ?r?bgggrf:ro multipole values, then neither strength is fully developed and
. P_ . . . . . .
When these amplitude values are squared and then added'ta{S plausible that we might find # enhancement for a

small enhancement due to tpecontribution results. res_f_r(ljct:ﬂ;g;g n:rllj(latlgzleu\ll:rlu;%mentum counlinas in this
The amplitude for projectild production is not as simple ' 9 piing

as the target amplitude because the target, which is scattere\sﬁggkii:eadatr?iC"’Iles_tha;';egoietlicr)]f \éa{ﬁfg‘umﬁ\{['g%g;or:]ngé?oggr%
comes out near the backwards direction in the nucleuss °P'¢: P piing 9 P

nucleus, center-of-momentum frame, but no®st=180°. coupling for each nucleus and finally to the internuclear cou-

However, we painstakingly examined the nine multipolesglr'ggthtg Sri;%?(:%esz;ttotal angular momentum. The couplings
and all the contributing factors and found that a large major-

contributions from a transverse pramplitude for forward
going projectiles occurs only wheMp==*1. Therefore,
there is only one nonzero term in E@L5) for Mp==*1

?ty_of these multipoles add in phgse when gheontribution La=lg+1, (169
is included. These changes in sign come about from a num-

ber of sources. First, the angular functi@”g"TE'\:LP(K) is a SA=S,+ S, (16b)
product of a 3f symbol and a spherical harmonic E4G0),

which individually can introduce minus signs depending on Ja=LatSa, (160
the M — values. Next, the parallel and transverse form fac-

torngTJPL(K) and HjTJP,_(K) contain different 3 symbols L=JatJar- (16

that can contribute different signs. Finally, there are parity gqy theA nucleuss, =2 ands,= 3, s0S,=1,2. Only the
phase factors{)"A+1 and (~)"A" that can provide negative ppysical spinS,=1 was considered in the present calcula-
signs. When the nine multipoles for the total amplitude injjon  As in any shell-model calculation, the microscopic
Eq. (14) are considered, again, thecontributes only to the  aticle-hole states are usually truncated and this then trun-
Mp=0 multipole, whereas thp exchange contributes only cates the possible macroscopic nuclear angular momenta val-
to theMp= =1 multipoles of the target-generatats. Thus, | eg given by Eqs(16a—(16d. Furthermore, out of the trun-
the projectile-generated amplitudes are modified in which gated set of values, we chose only certain values due to
large majority of the multipoles increase with inclusion of physical interest. In the present calculation, we included only
the p contribution. It turns out, however, that when the ihe two valence excited statesp(d,1p %) and (2,,1p )
target- and projectile-generated amplitudes are added, siX @f,q the two core excited statess(l1s ) and (%5,,15 " 1).

the nine multipoles foMp==1 andM;=0=1 exactly or  gince only intermediate-excited-state giant monopole modes
app;r(?mmatteh]/c carl]ncel bﬁ(]:autie they are ?XaCtlyltC_Jr ﬁllppf?xvvere considered, we sdt,=0. Because a 3- symbol

m : ree remaining multi My La | - - - -

cance and an examination of these values shows that two GELINgLa=0 requires that,=I, and thus determines the

the multipoles that add in phase are larger than the remainin@"CBrOSCOD'C Set.tOf dpar'_ucle-hé)le statesﬂ?s chlosen ;bove. id
out of phase multipole. The final result is that there is a net ecause exciied spin modes were the only modes consid-

in-phase increase when thecontribution is included and ered_q_Td= I;;’]:_O‘)]’ t_hfn_me rf1uclhear angglardm(r)]mental were
hence the cross section is slightly enhanced inptsensitive ~ 'estricted toJr=Jp=1. This further restricted the total an-

region aroundd,=80°. This occurs for all the angular dis- gular momenta td.=0,1,2.[In the actual calculation only
tributions ShOquT1 in Fig. 2 even-values of. survive because of orthogonality and sym-

An interesting question arises about the role of fhe metry propertie”s of 3-symbols i’;lssociated with the coupled
exchange contribution between nuclei as compared to itform factors Hy ;. (K) and Hj ;. (K).] Therefore, the
contribution in the barean—nA channel. This effect has truncation of the microscopic particle-hole states and the in-
been studied in Refl16] within the Bonn model. In that terest in the physical giant resonant spin modes leads to a
work, a modified version of the Bonn model in momentum highly restricted calculation which limits the full strength of
space, referred to as “peripheral,” is used for comparisonboth them- and p-exchange interactions.

This version provides less short-range repulsion by suppress- And finally, the energy-dependent fraewidth T'} (e,,) in

ing thep exchange in theA channel(as well as applying a the Breit-Wigner denominatofBWD) in Eq. (14) follows
weakerw coupling. As a consequence, ten—nA differ-  the parametrization of Guet, Soyeur, Bowlin, and Brown
ential cross section is enhanced without thexchange con- [17] and has been discussed in Refl]. As discussed, the
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free width was modified ta\-in-nuclei values which were marginally enhances the pion angular distributions in the
taken from Ref[18], where theA at resonance has a mass 30 midregions of the angular distributions calculated for excita-
MeV lower and a width 40 MeV larger inside nuclei. This tions to giant spin modes under the Born approximation. Be-
parametrization rests on a low-energy approximation, butause of angular momentum symmetry properties, ghe
was used to begin these calculations so that at least an estixchange interaction gives no contribution to the pion energy
mate of the magnitude and shape of pion distributions can bdistributions which are calculated under the restriction of
made. Since the present calculation assumes the Born afprward-going projectile, backward-going target, and
proximation, medium effects on thk resonance are not yet forward-angle pions in the nucleus-nucleus c.m. system. This
fully included. However, the calculations at present are valumeans that under the Born approximation, pion energy dis-
able in assessing the relative effects due tosttendp con-  tributions are a clean picture af-exchange effects only. On
tributions. A fuller treatment of the complete energy depen-the other hand, the pion angular distributions have won-
dence will be the subject of future work. As a test separatéributions at extreme pion anglé®_.=0° or 1809. The p
calculations of these widths for all the pion angular distribu-contributions are mainly seen in the midangular region. The
tions in Fig. 2 were done and show that they are almost flahngular momentum coupling involved in this calculation
over the pion angles and never exceed the value of approxieads to a stacked set of angular momentum values and by
mately 170 MeV in the case of 400 MeV/nucleon. Further-truncating the microscopic particle-hole states as well as con-
more, calculations df1/BWD]? over the same angles, show sidering only certain excited giant resonant spin modes of
that the effect of the resonance denominator is even flattemterest, the calculation includes only those channels neces-
This means that the energy dependence is almost constantsary to excite these states. The pion angular distributions
far as the pion angular distributions are concerned. When then include only partial strengths of the and p-exchange
comparison of ther and p contributions for pion angular interactions due to the truncation and selection of certain

distributions is made for fixed pion enertly and angled ., multipole values. To within the excited multipoles selected,
the energy dependence is essentially canceled out so a reltis seen that collectivity is strong in the longitudinal chan-
tive comparison is meaningful. nel and quite weak in the transverse channel.
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