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The role of nuclear A* excitations for a unified description of pion induced reactions on nuclei in the
medium energy range is discussed. As specific examples we treat the excitation of the 11,7 =1 (15.11 MeV)
state in '2C by inelastic pion scattering and compare it with the single charge exchange reaction and the
radiative capture of pions in flight into the corresponding ground states of the residual nuclei. It is shown
that those reactions provide further useful tools to investigate the multipole distribution of the 4 * excitation

strength and thus complement elastic pion scattering data.
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I. INTRODUCTION

With the operation of the new meson factories,
pion nucleus scattering in the energy range of the
A(33) resonance has received a great deal of theo-
retical interest. In addition to the conventional
quasifree excitation models a new kind of excita-
tion mechanism has been introduced to treat the
interaction of a resonating pion with a complex
nucleus.!™ The basic idea, common to all those
models, is the creation of (AN) particle hole con-
figurations, acting as doorway states for the 1A
reaction.

One of the most important results of such a
many body approach to the 7A interaction is that
each nucleus is characterized by a specific pionic
excitation strength distribution, i.e., a typical
multipole spectrum which dominates the pion nu-
cleus interaction in the corresponding energy
range. This excitation pattern has been calculated
and applied to elastic 7 scattering on several light
nuclei [*He,*™ 12C 17 %0 (Ref. 2—4)] and also con-
sistently to inelastic 7-!?C scattering.”® In con-
trast to the well known N* resonances we prefer
to denote the corresponding nuclear analogs as
A* resonances.?

In this paper we will use the A* model® as the
general framework of our discussion. The main
purpose is to point out the unifying role of the A*
multipole resonances for a description of various
pion induced reactions on nuclei in the medium
energy range. To some extent this has already
been demonstrated in Refs. 2 and 6, where we
have shown that a realistic description of elastic
and inelastic 7-'2C scattering can be achieved
simultaneously. In this paper we want to discuss
specifically the excitation of unnatural parity
states, which carry the pionic signature and which
are connected also to other pionic reactions on

nuclei. As an example we treat the excitation of
the 1* state at 15.11 MeV in inelastic 7-'%C scat-
tering and compare it with the single charge ex-
change reactions (SCE) and radiative 7 capture

in flight (RC F) on **C into the ground states of the
corresponding final nuclei (*?N,'?B), respectively.
We observe a close connection between the SCE
and the corresponding (7,7’) excitation, which
should exhibit very similar cross sections. On the
other hand, we find marked differences between
the 1* excitation and the (7,7) reaction, which are
due to the different nature of the outgoing parti-
cle. Therefore, we have a means to investigate
those A * excitations under quite different condi-
tions simply by changing the final nuclear

state and (or) the outgoing particle in the final
channel. In this sense the selection of differ-
ent reaction channels acts as a kind of multipole
filter, suppressing or favoring certain A* multi-
pole excitations.

The paper is organized as follows: In Sec. II
we briefly review the A* formalism and some
technical details concerning the calculation of the
A* resonances. In Sec. III we shall discuss the 1*
excitation together with the corresponding SCE
reaction. The (7,y) reaction is studied in Sec. IV,
and finally we compare the different reactions
and analyze the corresponding role of.the various
A* multipoles in Sec. V. The Appendix contains
some formal discussion about the relation of the
coupled channels method [and the distorted-wave
impulse approximation (DWIA)] to the present
A*-resonance mechanism.

II. THE T MATRIX

As discussed in the Appendix the resonant part
of the T' matrix for m-nucleus scattering in the
A* model is given by (see Ref. 2)
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Here ¢; (¢;) denotes the initial (final) state of the
target nucleus and k (k') the initial (final) momen-
tum of the projectile. J" and u are the quantum
numbers of the A* resonances, |AX ’™); those A*
resonances are considered as the eigenmodes of
a generalized A-baryon system (here [14A,
(A-1)N]). 87" is the corresponding (complex)
resonance energy and w is the 7 energy in the

TA c.m. system. £, is the usual 7NA transition
operator’

L
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The differential cross section inthe 7A c.m. sys-
tem is then given by
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where M, denotes the target mass and E_ , the
TA c.m. energy.

The technical procedure for the calculation of
those A* resonances was similar to that discussed
in Refs. 2 and 6. Therefore we will not go into de-
tail, but mention only the main points. We used
a 10 7iw basis of (AN) states and we explicitly
calculated the coupling of these doorway states to
the elastic channel, formally described by the ex-
change matrix element of the one-pion exchange
(OPE) AN interaction. (In addition we have includ-
ed correlated p exchange and the direct AN inter-
actions, with the same parameters as in Ref. 2.)

The influence of the other channels was taken
into account by a damping width, adjusted to re-
produce the integrated elastic cross sections.?®
For the 7NA transition operator £, we included
nonstatic corrections as described in Ref. 6.
Therefore, for the present calculation, the input
was fixed by the calculations of elastic scatter-
ing. Clearly, for inelastic reactions we need as
additional information the wave function of the
final nuclear state |¢,). This was taken from a
(1p1h) random-phase approximation (RPA) cal-
culation of Ref. 8, yielding a similar wave func-
tion, as quoted by Gillet ef al.®

Finally in the present treatment we have neglect-
ed the nonresonant background interactions, which
seems to be justified in the resonance region from
the satisfactory description of elastic as well as
inelastic 7A scattering.*® In fact, using standard
optical model amplitudes for the nonresonant part
of the T' matrix, their effect on the cross sections
is of the same order as present uncertainties in

the calculation of the resonant amplitude. They
are however, more important far outside the prop-
er resonance region.

III. INELASTIC PION SCATTERING AND SINGLE
CHARGE EXCHANGE INTO ISOBARIC ANALOG
STATES

The connection between these two types of re-
actions on 2C is schematically shown in Fig. 1.
According to the A* assumption, those three
processes

2C(m,m)*3C(1%,15.11), (3a)
2C(r*,1°)**N (1*,g.s.), (3b) ,
2C(n”,71°)B (1%, g.8.), (3c)

are dominated by the same mechanism, the exci-
tation of the intermediate A* resonances and

their subsequent decay into the specific final chan-
nel, as indicated in Fig. 1. Assuming isospin
invariance, the wave function for the different nu-
clear final states are the same (up to Coulomb
corrections). Therefore, we expect the cross sec-

tion to be very similar—if not the same—for the

three processes. Of course, there are slight dif-
ferences, due to Coulomb energy differences in
the nuclear states involved and the mass differ-
ence of the charged and neutral pions, respec-
tively. However, those purely kinematical correc-
tions are found to be small. Therefore, we give

in Fig. 2 only the differential cross sections for
the 1* excitation in inelastic 7-'2C scattering for
several energies in the resonance region.

From those results we can draw the following
conclusions:

(i) The 1* state is much more weakly excited
than the well known excitations of the low lying
2* or 3~ states,® the integrated cross sections be-
ing of the order of 0.3 mb for the 1* excitation,
compared to about 5-15 mb for 2* and 3~ excita-
tions, respectively. Experimentally, only very
scarce information is available about this 1* ex-
citation. In Fig. 2 we show experimental data
points from Binon et al.}° However, in their mea-
surement they could not resolve this 1* excitation
uniquely, so that those numbers are probably too
large. There is a single measurement at SIN** of
the 1* cross section at a pion energy of 7,=148
MeV and at an angle of 6,,,=58° A value of do
of about 40 ub was observed which roughly agrees
with our calculated value of 34 ub.

(ii) The most conspicuous feature of the differ-
ential cross section, however, is the fact that it
vanishes for 6=0° and §=180°. This is not acci-
dental, but of purely geometric origin. Without
going into a detailed derivation of the T' matrix



22 . UNIFIED DESCRIPTION OF INELASTIC PION NUCLEUS... 683

2e(w) 2¢m 2¢ (e yimen'2N

QRIERRERRRS
JIURAXK SRIKS
03RRI

[2ciyinen 28|

909620900260 059. 949 %
RIS
RIS *
SRR 1K)
2RISR

|
R |1
i H
hE | ]
Ly N 1
P | my) || o)
rtl } I I {rt' ,’ H:
|| { { | / L1
I [ | L1
o , i
o Pl o
Loy / | { >
{ } ; f-‘—— s II L aigs)
| . -
| | |-——— 396 | 12
[ . 2°4) | ‘A(” N
| *IZC o* L Algs.)

\
FIG. 1. Schematic picture for the A* reaction mechanism of the 1* excitation in inelastic 7-12C scattering [Eq. (3a)]
in the single charge exchange reaction [Eq. (3b)] and in radiative pion capture in flight [Eq. (3¢)].
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FIG. 2. Differential cross sections for the excitation of the 1*, T=1 (15.11 MeV) state in inelasitc r-l2¢ scattering.
Experimental data for w=240-370 MeV from Ref. 10 (see text).
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we may give a simple explanation. Let I, denote
the angular momentum of the final nuclear state
and A;(};) the multipolarity of the incoming (out-
going) pion; if we start from a 0* target nucleus,
A; has to be equal to the angular momentum J" of
the A* resonance, and parity conservation for the
(m,m’) reaction requires (A,+A;+I;) to be odd for

a final nuclear state of unnatural parity. However,
from angular momentum conservation the T ma-
trix contains a vector coupling coefficient

[x,. A If]
—-m; my my

For forward (backward) scattering we then have
m;=m;=0. This implies (; + A;+1I;) to be even in
contradiction to parity conservation.

This purely geometric consideration shows that
do/dS for the 1* excitation has to be zero for for-
ward and backward scattering. Obviously this
conclusion generally holds for the excitation of
unnatural parity states in inelastic 7 scattering
from a 0* ground state. Moreover it is impossible
to excite a 0" state in a (7,7’) reaction. It should
be stressed that those conclusions do not depend
on the reaction mechanism; they are completely
general since they are based uniquely on angular
momentum and parity conservation. Finally it
should be noted that for the 1* excitation one can
easily verify from the above discussion that A;
=2, holds. This is similar to elastic scattering
(A; =1;) except that the 0~ partial wave cannot con-
tribute to the 1* excitation. This restricted inter-
ference pattern is responsible for the strongly dif-
fractive structure of the cross sections of Fig. 2,
a phenomenon which is also observed in the case
of elastic scattering®® [but is by far not as pro-
nounced for the well known 2+ (4.4 MeV) and 3~
(9.6 MeV) excitations of 2C(Refs. 2 and 6)].
Nevertheless the multipole excitation strength
distribution, shown in the upper part of Fig. 4,
is distinctly different from that of elastic scatter-
ing (see Ref. 2) [and of the 2* and 3~ excitations
of 12C (see Ref. 12)].

Summarizing, we can conclude that in a (7,7’)
reaction the different structure of various excited
nuclear states leads to a kind of multipole filter,
which weights the A* multipole resonances in a
distinct and characteristic manner. Therefore a
consistent comparison of several reaction channels
may finally help to identify present uncertainties
in the detailed description of the A* multipole
strength distribution.

IV. RADIATIVE 7 CAPTURE IN FLIGHT (RCF)

The connection of the (7,y) reaction to the pre-
viously discussed processes is also indicated in

Fig. 1. The corresponding T matrix is easily ob-
tained from Eq. (1) by changing the matrix ele-
ment for the decay of the A* resonances. That
means the final channel state consists now of a
photon and the ground state of '*N or ?B, respec-
tively. The yNA transition operator has been
chosen as

£,=5 k&, x T . (4)

This form is the leading term of a nonrelativistic
reduction of the YNA vertex.!®'* St (71) denote
the spin (isospin) transition operators and are the
same as those contained in £,. E, denotes the
photon momentum and € the photon polarization.
The YNA coupling constant has been chosen so as
to fit the dominant M,, multipole in photo-pion
production'®15:16; f%=0.163 fm.

The differential cross sections for some ener-
gies in the A energy range are shown in Fig. 3.
Clearly, the cross section ranges now in the ub

2C(r, v)*N(gs.)

260MeV

280MeV

320 MeV
340 MeV

370 MeV

10 T T T T T —>
30 60 90 120 150 180

FIG. 3. Differential cross sections for radiative v cap-
ture on 12C into the ground state of 12N,
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region (compared to inelastic 7A scattering). This
magnitude, however, is essentially determined by
the ratio of the YNA- and TNA-coupling constants.
The most interesting feature, however, is seen

in the angular distribution of the outgoing photon,
the differential cross section remains rather flat
if we compare it to the corresponding 1% ex-
citation discussed in the previous section (see Fig.
2). In our calculation we assumed isospin invar-
iance; thus from the nuclear point of view, the
final states 2C(1*,15.11 MeV) and '®N(g.s.)
[*2B(g.s.)] are identical. Therefore the striking
difference observed in the present calculation is
exclusively due to the different nature of the out-
going particles, i.e., the pion and the photon, re-
spectively. This will be discussed in more detail
in the next section.

Finally we would like to point out that our results
on RCF have been obtained by a strict resonance
assumption ignoring nonresonant background con-
tributions.’® In the case of (m,¥) [or (y,7)] reac-
tions the importance of the nonresonant mech-
anism is less well established. However, from
present experience, the relatively unimportant
E,. electric quadrupole part of £,,, can be safely
neglected. Therefore, this calculation should be
regarded as an exploratory one, giving some rea-
sonable idea of what can be expected. Further-
more, it is thought to demonstrate the universa-
lity of the A* mechanism to describe various 7-
induced reactions.

V. COMPARISON

In the last two sections we have presented our
results for the 1* excitation (SCE) and the coherent
RCF on '*C. Although both processes are con-
sidered to be dominated by the excitation of the
same A* resonances and although the same nu-
clear states are involved, we observed a quite
different behavior of the corresponding differen-
tial cross sections. The reason for this pheno-
menon is the different nature of the outgoing par-
ticles, i.e., of the pion (07) and the photon (17),
respectively.

To understand this difference we refer to Table
I. The first row contains the various multipolar-

07" (mb) [ 12¢ (rr') 2C (14 15,11)

0.24

0.151

0.14

005

foiub)
304 3

20
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FIG. 4. Partial contributions ¢9” of an A* (J") reso-
nance to the total cross section for the 1* excitation of
12C in (r,n’) (SCE) and RCF.

ities A; of the incoming pion which are (for a 0*-
target) identical to the angular momentum of the
intermediate A* resonance. In the second and
third rows the possible multipolarities A, are
shown for the outgoing pion (A}) and photon (Af),
respectively, with the residual nucleus left in a
1+ state.

Obviously, in RCF each multipole resonance can
decay by emitting an outgoing photon of, generally,
several multipolarities A}, whereas for the pionic
1* excitation the selection rules are by far more
restrictive. In detail, for a given value of A;, the
pion has to leave the nucleus as an M(};) pion,
whereas the photon can be of the E(x; - 1) type.

TABLE I. Multipolarities for the excitation A; and decay A; of an A* resonance of a given
multipolarity J= A;; in the (m, 7’) [Eq. (3a)] or SCE [Eq. (3b)] and RCF [Eq. (3c)], respec-

tively (see text).

JT=2
0- 1- 3* 4~ see
7\; 1* 3* 4= coe
As AF 1- 0*, 1, 2* 1-, 27, 8- 2%, 3%, 4* 37, 47, 5°
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FIG. 5. Total cross section for the 1* excitation in
(r,m’) and in the RCF, respectively.

Consequently we generally expect a stronger ex-
citation of higher A* multipoles in the RCF as for
the 1* excitation. Furthermore, this different
importance of a given A* resonance for the two
reactions will also be reflected in the structure
of the corresponding differential cross sections.
This is particularly exemplified in Fig. 4 where
the partial contributions o’" of the various multi-
pole resonances to the total cross section are
shown. We note that the 0™ resonance, which did
not contribute to the 1* excitation, gives some
contribution in the RCF; however, it plays only
aminor role. TheJ"=1*resonance, whichdominates
inelastic pion scattering into the 1* state at low ener-
gies, is less important forRCF (in the same energy
range), whereas the 27 and even the 3* resonances
play a more important role in RCF. As a general
feature, we note that the higher multipolarities
tend to be more important for the RCF. As a con-
sequence the differential cross sections are rela-
tively flattened out for the RCF (see Figs. 2 and 3).
Moreover, we find that the total RCF excitation
strength distribution (see Fig. 4) is shifted towards
higher excitation energies. This is also clearly
seen in Fig. 5 where the integrated cross sections
are shown for the two reactions. It should be
added that this striking difference between reac-
tions with pions and photons, respectively, ap-
pears to be quite general. Similar effects are also
found by a comparison of elastic pion scattering
with the photoproduction of neutral pions into the
target ground state (see Ref. 17).

VI. SUMMARY AND CONCLUSIONS
In Refs. 2 and 6 it has been shown that the A *-

resonance spectrum dominates elastic and inelas-
tic pion nucleus scattering in the region of the
A(3,3) resonances. In this paper we apply the
same reaction mechanism to different pion in-
duced reactions; as particular examples, we
compare inelastic pion scattering, single charge
exchange reactions, and radiative pion capture

in flight leading to the equivalent final states of
the residual nucleus. We found that the various
A* resonances behave quite differently for the
SCE and the equivalent RCF reaction. This leads
us to the observation that, by varying the nature
of the outgoing boson, different components of

the A* spectrum contribute differently to the re-
action cross section. A similar sensitivity of the
reaction cross section is also observed for purely
pionic reactions leading into different states of the
residual nucleus. In this sense the nucleus pro-
vides us with a whole laboratory for the study of
those A* excitations. The selection of different
final channels acts here as a sort of multipole
filter, favoring and suppressing certain multipole
resonances, respectively.

In view of the complexity of the A* spectrum this
sensitivity of the various reaction cross sections
on rather subtle details of the multipole excitation
strength distribution offers an important tool for
reliably disentangling the structure of the multi-
pole resonances. It is obvious that systematic
and consistent data are required for such an an-
alysis and, furthérmore, that a clean separation
of the various-final states is indispensible for
such an analysis.

Obviously, the A* spectrum is much more com-
plex than the elementary N* spectrum simply be-
cause the nuclear many body degrees of freedom
do couple to the internal excitations of an indivi-
dual nucleon.  Unfortunately, however, the var-
ious A* resonances are not sufficiently displacéd
from each other so that we are faced with a rather
complicated excitation spectrum of broad over-
lapping resonances of different multipolarity. In
order to disentangle this complexity and to iden-
tify reliably the excitation strength distribution,
we can make use of the variety of low lying nu-
clear excitations and/or of the different decay
channels as indicated in the present note.

As a byproduct we observe that the excitation of
states of unnatural parity (such as 1*,27,3*) in
inelastic pion scattering leads to an interesting
structure: The corresponding cross sections
have to vanish for forward and backward angles—
irrespective of the reaction mechanism and of
possible distortion effects. This feature is of
purely geometrical origin and depends only on the -
scalar nature -of the pion and the unnatural parity
of the final nuclear state.
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Finally our results call for the use of electro-
magnetic probes (photons, inelastic electron scat-
tering) for the investigation of the nuclear many
baryon system. With photons one can investigate
certain properties of the A* system which are of
minor importance for a pionic reaction. More-
over, real (or virtual) photons are able to excite
the A* states of electric multipolarity whereas
with pions only the magnetic multipolarities are
seen. Therefore the study of electromagnetic
processes is essential for a detailed investiga-
tion of the A-baryon system as it leads to comple-
mentary and new information, compared to purely
pionic reactions.

APPENDIX: COUPLED CHANNELS APPROACH FOR
THE T MATRIX

There has been some discussion in the literature
about the description of the SCE reaction in the
Isobar Doorway Model (IDM) (Refs. 18 and 19) as
an explicit coupled channels problem, which also
applies to inelastic scattering. Therefore we will
show in the following that the coupled channel T'
matrix leads to precisely the form of Eq. (1). Of
course, consistent with the assumption of the A*
model, we will neglect nonresonant interacts (“A
dominance assumption”).

To make this connection we will also use the
general projection operator formalism of the
IDM.! That means we divide the whole Hilbert
space for mA scattering into the following sub-

spaces:

(i) P space. It contains the elastic channel [4)0)
and a specific inelastic channel l¢1>' Accordingly
we have

P=P+P,. (A1)

(#i) D space. It contains all [A, (A —1)N]
doorway states.

(iii) R space. It contains all the remaining un-
specified channels.

We denote the corresponding orthogonal projec-
tion operators by P,, P,, D, and R, respectively,
XHY is abbreviated by Hyy.

Before going into detail let us briefly discuss
the resonant part of the 7' matrix of the IDM,
which has been derived in Ref. 1 using the doorway

hypothesis:
J

1
Tyo= <¢1| (1 +Hyp — Hpy
D +
w -‘H“ —-H“)""'_HD
€p

1

1

1

Ty= <¢

where ¥C,, is the Hamiltonian for the [A, (4 ~1)N]
system including the coupling to all the various
decay channels in P and R space

HPD

Hpp ¢i> , (A2)

w =3Cpp

5pp=Hpp+ Wip+ Wip+ I’i}DD (A3)
with
1
() [
Wpb "'HDPV w* —HPVPV Hpp, (Ada)
~ 1
Wpp=Hpgr————Hzgp . (A4b)
DD DR 7 RD

If we denote the eigenmodes of ¥C,, by |A:),
the corresponding eigenenergies by 8 »» and iden-
tify Hpp with £, ,,, we immediately recognize
that this formal expression of the IDM T matrix
is equivalent to that of Eq. (1).

Let us now discuss the coupled channel approach
and its relation to Eq. (A2). It is easily shown'®
that with the above projection operators the Schro-
dinger equation for 7A scattering can be trans-
formed into the following set of coupled equations:

(w —3@00)P0¢=3601P1¢ y (Aba)

(w —L}Cu)Plll):JCmPOZP, (A5Db)
with

¥ y=H;;+H;p H, (i,j=0,1).

w*=Hpp =Wpp 4

(Abc)
In Eq. (A5c) we have further introduced Hpipj
=H;;. Neglecting nonresonant interactions we have
H;;=0for i+j. From Egqs. (A5a) and (A5Db) the
T matrix is given by*

T10=<X1IR10|P0¢>.- (A6)

P} is the exact solution for elastic scattering;
it is a solution of

(‘" —Hy—Hop "’_*1"‘('17 HDo)Po‘/J: 0 (A7)
ep—Wpp
with ep=w* = Hpp — Wy,
X, describes the “elastic” scattering on the final
nuclear state (without coupling to channel [0));
it is a solution of

[w-Hy ~H,, (1/ep)Hp ] %, =0. (A8)

Inserting Py and y, from Eqs. (A7) and (A8) we
obtain for the T matrix

1 1
o« — H,
1 )H].D ep Do

1 H

X (1+
w =-Hy=Hyp —=oa7 H
00 oD , W(l.) DO

H )
oD 1) “*po
ep=Wpp

¢o) : (49)
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where ¢, and ¢, are the homogeneous solutions of Eqs. (A7) and (A8), respectively. To proceed further

we need the identity

1 1
D—D +D_LDHPi
€p €p

w—H;;—H;p z Hp,;
D

where Wi} has been defined in Eq. (A4a). We now
apply this identity to Eq. (A8) with 2, =ep; the
resulting equation can again be rewritten with the
same identity of Eq. (A10) if we identify ,=¢,
-W{). We then finally obtain

)
(a11)

H 1
Y w—Hpp =W =Wpp =Wy
which exactly agrees with the expression of Eq.
(A3) and which is equivalent to the amplitude of the
A* model, as discussed below Eq. (A4).

From this derivation it is clear that those ef-
fects, which are occasionally referred to in the
literature as distortions, pion rescattering in the
final channel, or final state interactions, are
naturally included in the A* Hamiltonian. There-
fore, if we calculate the properties of the A* res-
onance, those final state interactions are included
(of course in practical calculations only to the
extent that the corresponding effects are incor-
porated either explicitly in the configuration space
or implicitly by appropriate effective interaction
operators). Finally let us briefly comment on the
technical procedure used to calculate the A* spec-
trum in the present paper and its connection with
the present derivation. In Sec. II we made two ap-
proximations: Firstly, we explicitly took into
account the coupling to the elastic channel, only;
secondly, we represented the [A, (A — 1)N] system
by (1p1lh) configurations (AN) neglecting more
complicated (zp,nh) structures.

In the notation used in this appendix the first
approximation corresponds to an evaluation of
all the matrix elements of W\ in a given re-
stricted configuration space. The influence of the
remaining channels has been taken into account
only insofar as the matrix elements of W,

+ ng; are replaced by a state independent damping
width. For the calculations of elastic scattering®®
this procedure turned out to be an effective way

to sum up the influence of those complicated
channels. Since the inelastic cross sections are
only a small fraction (about 1% or 2%) of the
elastic cross section at resonance,® the inelastic
width is expected to be small compared to the
elastic width—the latter being of the order of
several hundred MeV. Therefore it appears

T10= <¢1 HDo

1

1
P,HD—D= ~—D
P w10

justified to also incorporate the effects of W)
into this damping width.

Concerning the choice of the configuration space
it seems technically impossible to enlarge it for
the explicit inclusion of (nprh) configurations with
n>1. Already the (ANNN) states (with » =2) would
blow up the configuration space to an unman-
ageably large size. However, for specific in-
elastic channels, those (2p2h) configurations might
be quite important via the transitions (AN NN)

-~ (NN) or (ANNN) ~ (NN NN). As mentioned above,

there is certainly no way to include rigorously

those complicated configurations in an explicit cal-

culation. To approximately include their effects,

one could introduce distorted waves to write the

T matrix of Eq. (Al) as '
40)-

1
Tyo= <X1
(A12)

W =Hpp= Wil =Wpp
Here, we may obtain the distorted wave x, from a
potential model. This, however, might lead to
serious double counting problems. An appropriate
approximation, however, can be derived from
Egs. (A6), (A7), and (A8). If we also use in Eq.
(A6) the homogeneous solution (distorted wave)
Xo of Eq. (ABa), instead of P, (this amounts to
neglecting the presumably weak coupling of the
elastic channel to the inelastic one), we obtain,
after applying Eq. (A10),

1 1
1+H, ,— —_—
( T €p Ho, w+-"‘c11>
1
1P w*_HDD-WE)OI;-WDD

H, H

Do

Tm=<¢1

xH HDD

).

(A13)

Obviously, Eq. (A13) is very similar to Eq.
(A11); however, we have eliminated the coupling
to the inelastic channel from the A* Hamiltonian
3, [see Eq. (A4)] and instead treat this coupling
as a final pion rescattering, as we can see using
the expansion

1
D1 w-«- _3(:11

- 1 1 n
=‘E (HlD;;HDleTTIT) (A14)

n=0

1
1+H1D—e—D—H

in Eq. (A13). In a microscopic calculation of this
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rescattering mechanism we can have a pertur-
bation scheme to take into account systematically
the effects of the isobaric (2p2h) configurations
without including them explicitly in the calculation
of the doorway propagator. The convergence of
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this expansion is presently under study. Of course,
for an outgoing photon (as in the RCF of Sec. IV)
this final rescattering can be safely neglected,
facilitating the evaluation of the amplitude from
this point of view.
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