


1 Introduction

In recent years, the pion-nucleus double-charge-exchange (DCX) to the doyble isobaric
analog state (DIAS) at low energies (T=50 MeV) has systematicaily been studied [1]-
[4]. Specially at low energies this reaction atiracted a lot of interest. This is because
in comparison to resonance region, where pions due to the strong interaction mostly
get scattered by the surface of the nuclei, here rather weak 7 — N inleraction allows
a deep penciration. The latter provides a useful mean to probe the nuclear interior.
Moreover, because the pion changes its charge by two units, it should therefore interact
with at least two nucleons. Hence the penetrability of a low energy pion on one hand
and its two-body interactive character on the other provides an excellent ground to
extract information on interesting topics such as: dynamical short range correlation of
nucleons, isospin triplet coupling of nucleon pairs among others.

Globally there are two singular characteristics associated with the low energy pion
DCX to DIAS. In the first, the magnitude of the measured cross-sections are com-
parable Lo those at resonance region. In the second, the differential cross-section is
forward peaked. There are a number of propesed microscopic mechanisms in attempt
to describe these features [4]-[15]. _

Many theoretical efforis have been devoted to clarify the role of the conventional se-
quential mechanism (SEQ-r), when two successive single-charge scattering of & pion by
two nucleons takes place [5]-[9]. One can summarize the results for SEQ-7 mechanism
calculated in the plane wave approximation as foilows: fa) The calculated differen-
tial cross sections reproduce qualitatively the angular distributions and urderestimate
them by more than a factor two. Only in {7] a quantitative description of the DX
scatiering data in the plane wave approximation Lias been obtained. {b) The plane
wave results for SEQ-n are very sensitive to the nuclear structure [6], [5], to the short
range correlation effects [3], to the range of the pion-nucleon form factors {3}, [8] and to
uncertainties i the A-N interaction [5] (especially within the framework of the A-hole
model [6]). : _

In & number of altempts it has been shown that there could be a significant con-
tribution to the DCX via non-conveniional mechanisms such as: 1) Meson-Exchange-
Currents (MEC) [12], [13} and 2) Absorption channel [10], [11]. According to these
reports each one of these individual "exotic” mechanisms at low energies could con-
structively interfere with the standard (SEQ) process and could produce almost perfect
fits to the experirmental DCX angular distributions. It should be stressed that thesc
results have been obiained in the plane wave approximation and hence should not be
compared to data.

The effect of a pion distortion for the SEQ-m mechanism has been studied in several
papers {4], [6]-[9]. The pion distortion comes about both from the distortion of in- and
out-going pion (external distortion) as well as from the distortion of intermediate pion
(internal distortion). In the Bleszynsky-Glauber paper [7] it has been noted thal the
pion distorfion effect at low energies is of no importance and can be neglected. A
strong pion distertion effect (external + internal) has been found in [6] and [4]. Tn the
iast two papers, by turning on the pion distortion, the plane wave results are magnified
by a factor of two. In these papers also it has been pointed out that the main effect
comes from the distortion of the intermediate pion. Turning off the internai distortion



decreases strongly the cross section. On the other hand in [9] it has been noted that
the inclusion of the internal distertion generally decrcases the calculated cross sections.
The effect of external distorticn within the framewerk of the DWIA-approximation has
been studied recently in [8] and authors ciaimed that the distortion of the external pion
considerably changes the plane wave angular distribution, increasing the cross sections
at forward angles and detreasing them at large angles.

From the above it follows so far that the situation with the pion dzstortwn effect is
controversial and there is a need for further investigations. Taking into account that,
first, the DWIA calculations are a very time consuming procedure and, second, there
are several competing dynamical mechanisms, which might contribute to DCX al low
energies, 1t is advantageous to develop an effective approximate method to take into
account the plon distortion effects.

Therefore we studied the disiortion problem from twe different directions. 1) The
intermediate distortion, which is under investigation and the resulis will be reported
later. 2)-The external distortion, which is the subjeci of this paper. It is very impor-
tant to treat the external distortion separately. This is because for nen-conventional,
“exotic” mechanisms only external pions can be distorted.

The purpose of this paper is, therefore, to characterize the contribution of the pion
external distortion to pion double charge exchangc We have considered this problem
within the framework of the optical model, in which pion-nucleus single and double.
charge exchange to isobaric analog states, as well as clastic scattering, are related to
the strong interaction through isospin symmetry {14 16]. The isoscalar and isovector
terms of the optical potential are taken to be known aund well-reprodice elastic and
SCX to isobaric analog states,

In this theory, the DCX amplitude to DIAS consists of two pleces. The first contri-
bution arises from the iteration of the isovector potential U, representing NDCX medi-
ated by a scattered pion and the nucleus excited to the isobaric anzlog state. In many
cases this piece {called the analog route {AR)) is guite large and is tightly. constrained
by both empirical and theoretical considerations. We take our model of the analog
ronte from Ref. [16], where the isovector interaction includes not only a lowest-order
piece built up in the standard way from the free pion-nucleon scattering amplitude,
but also & second-order piece representing short-range and Pauli correlations.

The second contribution to DCX comes from all other sources, including excitation
of Lhe nucleus through nonanalog-route (NAR) intermediate states and excitation of
{he meson and baryon ficlds themselves. These are represented by an isotensor term 17
in the optical potential. ‘It consists of a coherent sum of plane-wave amplitudes for the
corresponding phenomena, including {among others) DCX mediated by pion ahsorp-
tion channels (%}, by meson exchange currents (U$7FC), and by nonanalog nuclear
states (VA7) One of the ultimate goals is to usé measurements of DOX as a mean
for quantitatively testing models of the isotensor interaction. We will illustrate our
method of including external distortions using only cne piece of the complete isotensor
interaction, namely U2'*®, which is constructed from the SEQ mechanism taken from
Ref. [5). This is built up from excitation of the nucléus to ail intermediate states and
includes the ellects of short-range nucleon-nucieon correlations and an intermediate rho
meson. Details of constructing the isotensor potential &7 are discussed in Appendix
A, where, first of all, an isotensor potential Ufgq is formed from the SEQ model of



Rel. [3] and, secondly, the contributions from analog states, AUAR, are subtracted to
aveid dounle couniing with the anaiog route taken from the theory of Ref. 16],

Ué‘V‘AH = U’—;S'EQ _ AUZAR.

Later, fn Sect. 4, we compare AUS'® with the analog-route contributions obtained
from Ref. {16] to got the differences reflecting the importance of medium modifications
(second-order cffects) in 1.

To calculate the distorted wave (DW) amplitude we have developed a procedure
based on the approximating the given optical potential with a separable interaction.
This makes it possible to present the DW amplitude as a product of the plane wave
(PW) amplitude and the distortion factor at the given partial channel. These distortion
factors are expressed in terms of the pion-nucleus form factors, which determine the
off-encrgy-shell behavior of the elastic seattering amplitude. We obtain the m-nucleus
form factors using the Bateman separable approximation method [22].

This paper is organized as follows. In section 2, we present the general formalism
within the framework of the isospin invariant model: the two potential formulas for the
DCX amplitude is derived and an ecxpression for the DW-amplitude in the separable
approximation is obtained. The section 3 is devoted to the calculation of the r-nucleus
form factors. In section 4 we present results and conclusions. In Appendix A the details
of constructing the isotenser polential UQSEQ and in Appendix B the details concerning
the procedure of calculation the #-nucleus form factors are given.

2 Formalism

2.1 Isospin-Invariant Optical Model

Pion-nucleus isoelastic scattering (if we assume that isospin breaking effects can be
ignored) can be treated theoretically on the basis of an optical potential of the form

U=Uy+Uy($ - T)+ g T ' (1)

where the ¢ {7} is the pion (nuclens) isospin operator [14i. We assume that the
isoscalar (Up) and isovector (Uh) potentials are known and are fitted to the elastic
and single-charge exchange data [14], {15, [16]. The isotensor potential (U2} doesn’t
contribute significantly to the elastic and SUX channels, but dominates in the DX
The m-nucleus scattering T-matrix has the identical 1g0spin structure:

T=T+ T8 T)+ Tl - TV (2)
The DCX scattering amplitude is determined through the isotensor term as
(== DIAS|T{»%; 9.5 = /To(2Ty — 11T, (3)

where T is the z-component of the nuclear isospin; Ty = (N — 202 |g.s.) = Ty, ~ T}
and {DIAS) = |Ty, -1y + 2). The plane-wave Born approximation (PWBA) for 7; is

TWPA = (7 DIAS|Ual7* g.5.) ey

\



In recent years many theoretical efforts [31-[16] were directed toward different mech- -
anisms contributing to U;. Tn the present paper we are interested in the calculation of
the effect of external pion distortion on the plane-wave resulis within the framework
of the optical model. ‘

2.2 'Two-potential Formalism

Let us represent the optical potential Eq.{1} in the following form

U=V+R (5)

where
V=Us+ Ui T) - (6)
R=U,16- TR . : (7)

Since Uy << Uy << Uy 6], the isotensor term Uz could be considered as a per-
turbation to the elastic and SCX channels. Therefore within the framework of the
two-potential formalism {17] we obtain the following expression for the total scattering
matrix :

T =Ty + Q07 R+ AGLT RN, (8)

where gﬁj’) is a full Green function

_ g = [B-Hxig, - (9)
for the Hamiltonian ‘

H=K,+Hy+ 0. ' (10)
Here Ty is & scattering matrix and _QE,*’ 15 & Moller operator for the Hamiltonian

) Hy = K, + Hy + V, (11)

where K is a pion kinetic energy operator, H, is the nuclear Hamiltonian and V. is
given by Eq.(6). The M&ller operator is expressed in terms of the Ty-matrix as:

08 =1 4 paHITE, (12)

where G{*! is a free Green function

GENE)Y=(E - K, - Hy £ i6)7? (13)
and P = |0)(0] is a projection operator into the nuclear isobar analog states {ground
states). ) ' ’

For DCX scattering to DIAS we get
(#7; DIAS|T 7% g.5.) = TP + /To(2T, — 1) TPV BA {14)
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Here 79 is the contribution io DCX through the analog route transitions {at least
two actions of the isovector potential). If we neglect in Eq.(7) with the higher order
terms in ~ R we are getting the distorted wave Born approximation (DWBA) for the
isotensor amplitude, where

TPWEA (Lf,gl(w*; DIAS) UM (r+: g.5.)) (15)

here

¢ = B (16)

From Fgs. (14) and (16} it {ollows that the procedure of taking into account the
pion distortion consists of (a) replacing the pion plane-waves in Eq.(4) by the distorted
waves , and (b} adding the term 7' whicl describes the contribution to DCX through
the analog routc transitions.

2.3 Distortion Factors y

Iniroducing in Eq.(15) & complete set of intermediale pion-nucleus plane-wave states
(15

one can rewrite Eq.(15) in the following form:

TOVPNE) = 3 D B BN, G DIASIT Y BA Bt s ..y

§1.92
D,E.:J‘g',_(ffh & E) (17)
where the distortion factors D) are defined by
g = iy P
Dk, ¢ B) = (RO (19) = 2r P8k - §) + 190 7 1) (18)

E— Elq)£i6

The sum over ¢; and ¢, is

S ] dz, / 7

= 9713 9713

9192 (ZT) ( ‘}

and & = F{k;) = F(k) is the scattering encrgy. In Eq.{17) we neglected the stmall
contributions, which might come from the single isobaric analog intermediate states.
:T}[/i n Eq.(18) are the elastic pion scattering amplitudes in the initial and final chan-
nels. For nuclei such as: ¢, 80, which have the isospin 7y = 1, one may rcalize
that by ignoring the Coulomb petential the distortion factors of initial and final states
could be identical and, thercfore,

D&),Dms = D(ﬁi) . (19}

~.g.s.



2.4 Partial Wave Expansion

Let us decompose all quantities in Eq.(17) into the partial wave series

(FOL _4,2%' BYLDOuk, ), (20)

where a denotes the quantum numbers of a given partial channel such as: the orbital
_angular momentum (1), total angular momentum (I),-isospin (T), etc. To simplify
formulation we consider the case of the spinless nuclet having isospin 75 = 1. In t.h]s
case a = {1,]}, where ] = Tp £ 1, T() For the partial wave of TEWF4 we obtain

2d. 2d
TDWE'%E) f e mf G982 i (1 g EYTEYBA gy, 0y EY DL (g2, b B} (21)

" -where the partial components of the distortion factors are:

- - :
DENE ¢ E) = 22 k28(k — ¢) + TSNk, g3 B) m——r—s (99
o ( s 4 ) 71',” ( q) o (kQI)E*E(Q)iﬂs { )

Note that for the isoelastic scatiering (k; = &;) there is the identity:
DI (kg B) = DL e, b 1) (23)

2.5 On-Shell Distortion Factor
If we neglect in Eq.(22) the off-energy shell part of the Green function by combining
the on-energy shell of Eq.(22) with (21) and integrating over the g; and g, we get
TEVBA(k;, kivon — shell) = 377 (ky, k)T EA (ki ks E(B)) (24)
where the distortion factor ¥(k;, k) is defined by:
'}Ew(kf,ki';on~ shell) = (1 + vk Folkp) ) (1 4 thiFolk:)) (25;

Here F,(k) is the #m-nucleus elastic scaitering arnpliiude given by:

Falb) = =5 Ti (k. ki E(E)), Y

where @ is the reduced pion-nucleus mass.

2.6 Off-shell Distortion Factors

The most difficulty comes from the problem of taking into account the effects of the
off-energy shell pion distortion, which is related fo the principle value integration in
Eq.(22). We use an approach based on the approximating the given optical potential
with the separable interaction. Here we use the rank-one separable potential. Within
the framework of this mode] the off-shell T-matrix is expressed in terms of the on-shell
scattering matrix



ol ) = Tl s (1) 2 L0 )l (27)

Here the g(g) is the plon-nucleus form faclor defiped in Sect. 3. i is also natural
te assume that identical form {actor could be used for the oft-shell hehavior of the
plane-wave amplitude in Fq.(21}. Using Eq.(27) we obtain

TEVBA(L ke ) = Ik, k)T EA ey, s B, (28)

where

and

U [ g .l
k) = f‘i (9) (309
‘ o
Here e, 4(k) = &2/[27%dE(k)/dk] = ko/27% is the scattered states density. For the
isoelastic scattering & = Es. I we neglect the principle value part of the integral in
Eq.(30}, the distortion facto (29) could be reduced to the on-shell result given by
Eq.(25). ’

3 Pion-Nucleus Form Factor

In this section we outline the procedure of determining the 7 — A form factor following
Bateman method [22]. This method is based on an assurnption that af, low energies the
‘7 — A elastic scattering could be analyzed in terms of a separable rank-one poteniial.
There are a number of different optical potentials, which equally well describes the _
low energy 7 — A interaction [18]-21}, It has been shown yet {19] that all these poten- -
tials are closely related to Kisslinger potential. This globally patameterized potential
is given by
—20 - = w
—;D(T‘) = beffﬁ(r) - cefpr(r)V + Ceffzﬂ/f
where & is the m — A reduced mass, p{r) is the nuclear density, and b.;; and Cess ave the
complex energy dependent parameters. To apply the separable approximation method
following Bateman, momentum space representation of this potential is decomposed in
the partial waves. So, a partial wave component of the rank-one potential is given hy:

Vin(r) (31)

- VilE, 5)Vi(s. k)
Vil k) = VUK k) = lim SRS 8 :
k) = VDK, ) = fi = (32)

It is shown in Appendix B that Eq.(32} leads for the 7 — A optical potential given
in Eq.(31) to the following w-nucleus form factors

L2 Z
~k? fde K k
gr(k) = kre /ey _ A~ ﬁﬂa)z} (33}
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where

G =[w(l+ Ln) ~2eR(1 4 w(L + %)]UDL

B8, =2weR/ D), (34)
L(2L 4+ 1)

2L i3 7

.3
DL:1+Lrj+w(n+;;)(l+

n=2(1-¢)R

Here e = @/M, M is the mass of the nucleon, R = ac.rs/besy , where a and w are the
parameters determining the nuclear matter densily, which is taken in the form

olr) = ool + war®ezp(—ar?) (33

i
J

4 Numerical Calculations, Results and Conclusion

Here we present the results of the analysis of the external distortion effects for the
double isobaric analog transitions for **C, re. the “C{xt, v )MO(DIAS) reaction at
the pion kinetic energy 7, = 50 MeV. We consider here the SEQ mechanism, which

51

has been studied in details in the plane wave approximation in [5]

4.1 Distortion Factors

According to Eqs.{25) and (29), we write the distertion factors as a sum of two terms

YW kg ki) = 2 (ke by on— shell) + 7P (ky Ky of £ — shell), (36) .
where the on-shell distortion factor is expressed in terms of the elastic scattering am-
plitudes by Eq.(25), the off-shell distortion factor, which is determined by the principal
value part of the integral {30), depends, in addition, on the nion-nucleus form factors.

To analyze the effect of distertion it is convenient to tepresent the distortion factors
as

va =y et (37)
In the Table we present the numerical results, which demonstrates the contribution to
the overall distortion effect of the on- and off-energy shell distortion factors.
The pion-nucleus scattering amplitudes ate calculated using the program PIESDEX,
‘which is described in {16]. The parameters of the pion-nuclens optical potential [16]
and the parameters of the nuciear density Eq.(35) for ' also are taken from {15].

The pien-nucleus form factors are calculated for the optical potential Eq.(31), the
parameters of which are taken to be

bess(frm) = —0.074 + i0.018

Cop ) = 0.427 + 10.040 (38)
These values correspond to Set E of the MSU opiical potertial [18] which provides the

i

best fit of the 50 MeV elastic scattering data for this potential.
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Contribution of the on- and off-energy-shell distortion factors to the
external pion distortion effect for the separate partial waves. The meaning
of the definitions is given in the subsection 4.1,

On — shell Off — shell l Full i
Yo | Faldeg 1TV T] 8, [deg. ] | 7T Paldeg ] |
0.694 | —23.33 { 0.187 | ~61.28 [ 0.849 | 3111 |
0.727 1 2307 [ 0575 | 60.08 | 1.936 | 3532 |
0.508 | 14.21 [ 0951 [ 3498 | 1828 | 24.84
09921 230 70549 [ 1291 [1.535 | 6.20
0.999 | 026 |0.266 [ 6.25 | 1264 152
5.1.000 ) 0.02 0131|7384 [1.134 ] 047

(6 [ L0007 0007 [0.071 T =550 | 1071 | —6.29 |

g | e pa| | ol e~

|
|

The m-nucleus form factors Eq.{33) due te the complex optical potential parameters
Lq.(38) are complex. However, in our calculations, we neglected the imaginary parts
of the parameters b.;; and c.;;, i.e. we use for B in Eq.(34) ’

A= a—-—Receﬁ

/‘f(ibg_ff
This approximation is justified by the following reasons. First, from Eq.(34} it follows
‘that the parameter 4 is real for the S-wave, which gives the main contribution to the
distortion effect. Second, we estimaled the imaginary parts of the parameters B2 and
have found that their imaginary parts are negligible in the low-encrgy region.

From the Table it is seen that the external distortion strongly influences the angular
distribution. The absolute value of the distortion factors (see Eq.(37)) IW2Y| reaches
the value ~ 2 for ihe D-wave decreasing then to unity with increasing of the orbital
momenium. The phases ¢, of the distorlion factors alsa change strongly the plane
wave resulis especially for 5- and P-waves.

The results presented in the Table also show that both the on-shell and off-shel
distortions are important though the major contribution comes (rom the on-shell piece.

4.2 Distortion effect for SEQ

In Fig.1 we prescnt results of cur calculations of the differential cross section for DX to
DIAS for M using UZSEQ taken from {5). The planc-wave result is given by the dashed
line. The on-shell external distortion (short-dashed line} decreases substantially the
plane wave angular distribution aver ihe wholc range of the scattering angles. Turn-
ing on the off-shell distortion {solid line) changes qualitatively the plane wave resylt.
increasing it at forward angles and decreasing at large angles. The same gualitative
effect of the external distortion has been obtained in [8] (DWIA approximation).

The results in Fig.1 arve unrealistic for several reasons. One is that the pion wave
internal to the amplitude is taken to be a plane wave n [3). Thus the calculation
in Fig.1 is only meant to illustrate our method and not 1o be final result. Effects of
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Figure 1: Differential cross sections for DCX “C(z?, 77 )"0 to DIAS at T, = 500 eV,

Calculations have been done for sequential mechanism. Dashed line corresponds to the

plane wave results [3], solid line is for full and short-dashed line is only for on-shell
. external pion distortion calculations. The experimental data are taken from [4].

internal distortion will be considered in a subsegquent publication. Secondly, the AR
contribution implicit in U752 is not realistic, as discussed in Introduction.

The formalism for taking into -account the contribution of the AR transitions for
the DCX scattering to DIAS (within the framework of the isospin-invariant optical
model) has been developed in Subsects. 2.1 and 2.2, where the two-potential formula
(14) for DCX amplitude has heen derived. For the SEQ mechanism, the isotensor part
[/, of the optical potential, which determines the isotensor amplitude (15), reads as
{see Appendix A) )

U = UPAR = U559 — AUPR.

Here AU is the intermediate state contribution, which Is subtracted to avoid double
counting. Below we show the contributions of the AR and the isotensor potential AR
separately. The amplitude corresponding to U{™E wie label as T,(VAR), to AUM a5
7:(AR), and the AR (which is taken from Ref. [16]) as 747

4.3 Analog Route Transition

Consider first the contribution of the AR arising from the lowest-order optical potential
{(see Eq.{A.5) in Appendix A}
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Figure 2: Contribution of analog route to differential cross sections of Fig.1. The
meaning of the curves is the same as in Fig.1

The contribution of the AR,

T AR) = (7 (" DIAS) AU (x5 9.5.)),
to the isotensor potential U“DQ is shown in Fig.2. The dashed line shows the piane-
wave approximation. The on-shell external distortions (short-dashed line) decreases
. substantially the plane-wave angular distribution over the entire range of sc.ittermg
angles. Turning on the off-shell distortion {selid line) changes qualilatively the plane-
wave result, increasing it at forward angles incfea.sing it beth at small and large angles,
" and decreasing at angles around 90°, '

In Fig.3 we compare the AR with external distartions (short-dashed line) takea
from Fig.2 with the corresponding AR calculation (dashed curve} taken from Ref
{16} (calculated with the lowest-order optical potential !, This resuit includes the
internal as well as external distortions of the pion, as 1t resultz from a full optical
potential calculation. We see that the internal distortions, at least for the AR plece
of the amplitude, changes drastically the cross section increasing il by an order of
magnitude at forward angles.

The lowest-order optical potential does not contain the isevector correlation term
(ELIV) which strongly effects on the 50X and DCX cross sections as it has been
demonstrated in (16] (see Figs. 3 and 4 therein}. The solid cdrve in Fig.3 shows the
result of the optical-mede! calculation including the full U {including the isovector
ELIV term and the second-order isovector absorption-dispersion term of Ref. [16),
needed to hnprove the small angle SCX cross section). We see by comparing the dashed
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Figure 3: DCX differential cross seciions for analog route YOt n7 )10 to DIAS
at 30MeV. Solid curve represents ihe AR transitions calculated within the program
PIESDEX [16] with the U]F?) contribution, dashed curve is the same bul, without ELIV
term of isovector potential, short-dashed curve corresponds to the solid curve of Fig.2.

and solid curves that the second-order 1sovector effects are very jmportant corrections

for the AR.

4.4 Nonanalog Route Transition

In Fig.4 we show the effect of external distortions on (AR The plane-wave result
is given by the dashed line. The on-shell distortions {short-dashed line) decreases
substantially the plane-wave angular distribution over the entire range of scattering
angles. Turning on the off-shell distortion {solid line) changes gualitatively the plane-
wave result, increasing it at forward angles and decreasing it at Jarge angles. The
results are qualitatively similar {o the results oblained for cases shown in Fig.l. The
difference between the solid line and the long-dashed line ithe SEQ with external
distortions, taken from Fig.1} shows the AR contribution to the SEQ amplitude.

As we said earlier these resulis may be changed when the internal distortions of the
pion are considered. It will interesting io sec whether the internal ‘distortions have as
large effect for 4% a5 they are in Tig.3 for AUSR,

4.5 Combined results

In Fig.5 we show the analog route contribution as the short-dashed curve (same as
in Fig.3) and the nonanalog route contribution as the dashed line (same in Fig.4).
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Figure 4: Contribution of nonanalog route to differential cross sections of Fig.1. The
meaning of the curves is the sarme as in Fig.1. The full distorted wave sequential
mecharism resulted in long-dashed curve is also presented.

The combined amplitude {14} is shown as the solid line. We see that the result is
comparable to the experimental data throughout the whole angular range.

4.6 Conclusion

The purpose of this paper is to study the role of the external distortion effects in plon-
nucleus DCX to DIAS reaction at low energies. The main results could be summarized
as following. .

We propose an effective method of taking inte account the external distortion effects
based on the separable approximation of the given optical potential. Due to this fmethod
the resulting DW amplitude-is given as 2 product of the plane wave amplitude and
the distortion factor, which are expressed in terms of the picn-nucleus form factors. It
should be stressed that this method can be aiso applied to study the effects of external
pion distortions in various reaction in which a pion appears in the initial or final
states such as in the photo-pion absorption and production reactions, pion absorption
processes, etc. _ '

As the particular example of the application of this method we studied the external
distortion effect for the sequential mechanism for the DCX to DIAS for. It is shown
that the distortion strongly influences the plane wave results increasing the angular
distribution at forward angles and decreasing at large angles. The same qualiitative
effect of the external distortion has been obtained in 8] (DWIA approximation}. [t-is
also shown that both the on-shell and ofl-shell distortion are of an importance.
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Figure 5: Differential cross sections for DCX MR, 770 to DIAS at S0MelV.
Dashed curve tepresents the distoried wave NAR contribution, short-dashed curve
corresponds to the solid curve of Fig.3, solid curve is a summary of given ahove NAR
and AR mechanisms.

We investigated the effect of the analog-route trausitions for the DOX to DIAS.
for “C at 50 MeV within the framework of the isespin invariant optical model. The
1sovector part of the optical potential is fitted to the SCX data. It is shown that the
AR contribution to the isotensor SEQ — = amplitude is moderately small (see Fig 4},
but the AR-amplitude interferes constructively with the isotensor NAR-amplitude, and
the combined result is comparable to the experimental angular distribution.

We also studied the effect of the internal distoriion on the AR transitions, and it
is shown that this effect strongly changed the cross section calculated in the distoried-
wave appreximation in which only external distortions are taken inte account (see
¥ig.3). This result indicates am importance of the study of the effect of distortion of
the virtual pion in the SEQ — 7 mechanism. This problem is under investigation now,
and the results will be reported in a subsequent publication.
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Appendix A

In this paper we have adopted the plane-wave sequential DCX amnplitude T959 = UZSEQ
described in Fig.1(a} of Ref. [5] as basis of the lsotensor interaction (short-range
repulsive correlations acting between the two nucleons are implicit in the figure). This
amplitude entails a sum over all intermediate nuclear states, including a piece of T48
(our Eq.(14)} as taken from Ref. [16]. In order to aveid double counting, we must -
rermove the intermediate analog state contribution

AULR = P po Eyu™ (4.1)
where U]m is the isovector part of the lowest-order optical potential (1) corresponding te

the pion-nucleon scattering amplitude employed in [5]. Therefore, the DCX scattering
amplitude is determined now by Eq.(14), where Eq.{15) is replaced by

TPVEE = (7 (7 DIAS)UF A (n gis.), (A.2)

where the isotensor potential IJ¥*% is given hy

UNAR = 5P _ Ap#R, , (A3
The analog route contribution, 748 in Eq.(14) is calculated with the lowest-order
isovector optical potential following Ref. [16].
in this Appcnd]x we describe our procedure of calculating the analog route contri-
bution to U ¢ which in terms of the scattering amplitude reads as
AFAR = —;AU;R, (A4)

" where @ is the reduced mass of the pion-nucleus syqtcrn
To be consistent with the calculation of T#%, we take the lowest. order optical
potential in the following form (compare witk Eq.(31))

2 (1) 1)
‘EU( r)=1b ffP( J—c ffvp( )V-{—CE”WVE plr }_ (A.5)

where the parameters 65, and ¢ are determined (see Ref. [16].) as
P ef 5 cfJ L
o = e rana

and

SV =\
Cofy = Ay /47;—‘[

The parameters ,\‘1} and )\(]) are related to the st'lﬂlemucleon parametlers b; and ¢ of
the MSU optical potential [] 8] as

by = AN k2 /37 py),
=2V /8m),
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where py = (L +¢€}/(L+¢/A), € = we /My, w, is the pion energy and My is the nucleon
mass. In the plane-wave approximation the expression for A F4R ig

(FAPAR(PW )Ry = & / o (g0 (a6

2 ) {27)3

Decomposing AF7 into the partial wave series (see Eq.{20)), and using the rank-

one separable approximation Lo the ontical potential {A.3) (see Fq.(32) and Appendix
B}, for a partial wave component we obtain

1
Lik) = L{g) £

AFMPWY = — (2 )k{/lmkf kU ke ke Wk, k), (A7)
where
g“l(kf.k;j . /q2d7 9alq) 1 - (A8)
@ ’ tlE,—A 2\‘9‘,,, I\,f q,.”L)Jl‘ )7E(q)+?5 :
Q

The partial wave components U(o) of the optical potential (A.1) and the corre-

sponding pion-nucleus form factors 4alk) are determined })y Egs. {B.4) and (B.13),
- where the parameters o; are rclated to the parameters befj arnd r,ijf as a; = be”\
ar = e (@/2M) and o5 = (1 — G/2M1).

To calculate the effect of external distortion of the pion wave we use same procedure
as for USEQ (see Subsections 2.3 - 2.6}. Using (28] we obtain

AFMG b DW= T by ROAFA Rk by PW, (A9

where the distortion factors 7% are determined in (29).

Appendix B

In this Appendix we present the procedure of obtalmng the pion-nucieus form-factors
for a given piom-nucleus potwtlal using Bafteman’s separable approximation method

[22]. :
The 7-nucleus potential (31) in the momentum space is of the lorm:
VIR, k) = =—— UK ) = o', F)ay + asl B + K2 + ap (8 E3), (B.1)
where a1 = bepy, iy = Copp/2M as = Cepi (1 —w/2M) and

R B = [ aret By (B.2)
is the nuclear form factor.

Expanding this potential into the partial wave series:

(ELE) = Y (84 DR (k&) (B.3)

i=D



we obtain

azkk’

VK K) = pulK, B)as + as (K + B7)) + BT

lpia (B B + ({4 Ljpa (K, k)], (B.4),

where

= 4;. drr? p(r) 5, kr Vi kr) (B.5),

DL‘*-sS

71{£) is the spherical Bessel function.
The Bateman methed consists of an approximation of any short-range interaction
by the separable potential of the rank:N using the following procedure [22]

N
VLR kY = VR k) = 3 VLR sld ) Vis B), - (BS),

f=t
where d;; = Vi(s:,5;} and s; are given values of k¥ and ¥ at which the approximate
3] 3 g PP

potentfal surface V, M(k’ k) coincides with the initial surface ¥y (k') ).
For the Gaussxan type nuclear density

alr) = po{l + wortlexp(—ar?), ‘ (B.7),

the partial wave component of p/{&', k) is

2r? kK kk'

UK K) = i n s DK I+ (1 = S0+ w0 ID1 () + Di (. ),
{8.8),
where
CORTEER kK :
(A k) = —&-e:i:pl o ]15) (B.9),

Taking into account that the modified Bessel function IL+1/2(2) ~ 22 e 2
one can factorize a trivial power dcpende,nce of momenta (k&) in the partial potential

VL(K'E), i

VLIR B) = KRSV (K &) (B.10),

Now the potential Vi(k', &) has a pronounced bell-like shape for all partial waves.
This makes it possible to obtaiti & good approximation for V(¥ k) by the rank-one
separable potential [22]

V(K k) = VD m—thL L sWVils, k)/Vi(s, s), (B.113,

using the same value of s = 0 for all partial waves.
Using (B.4), {B.8) and (B.10) we obtain the following approximation of the given
potential V(K k)



VL(R &) = gL (B)gn k), (B.12),
where the m-nucleus form-factors are of the form .

gulk) = krexp(—z)[ = fiz — By2), = = k¥ /4o, {B.13),

the strength parameter
27 1 /7
L CY AU RGPS TASIRY i Gi,

L+3 Z 1
E5) + 2aar 4wt Yy, (B.14),

- 2
Gr = gl (1 +w

and the parameters 3, and 3, are
By = fw(l +Lrym4aw(1 + wl(L +3/2) )]/D L,

3q =4aa—w/DL, (3.15),
1

Dy =1+ Enp+wll +3/2)(1 +

7 = Jeragfa;

Here ay, a; and a; are the parameters of the opticat potential (see Eq.(B.1)}, and gy,
wand & = 1/a? are the parameters of the nuclear density.
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