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In recent years much material has been accumulated on the elastic
scattering of low-energy pions by a considerable number of nuclei (see,
for example, the review/ v ). Purther information on the pion-nucleus
interaction is provided by the data from pionic atom spectroscopy
getting more and more accurste. Thus, the problem of unified descrip-
tion of both the scattering and pionic atom data becomes actual.

A semiphenomenologioal approach to the solution of this problem
has been develaped in /2'4/. Its main idea consists in extrapolating
the Kisslinger-like optical potential 5/ describing pionic atoms to
the region of finite scattering energies. The SMC-potential obtained
in /2,3/ fits the scattering data quite well up to 30MeY but not at
50 MeV. In /3/ it has been shown that the agreement between the theory
snd experiment for 50 MeV pions can be restored if an essential
energy dependence in the imaginary parts of the absorptive parameters
is supposed.

On the other hand, the aralysis of the pion-nucleus scattering
in the framework of +the unitary spproach 1/ indicates an appro-
ximate constancy of the absorptive parameters in the energy range
from O to 50 MeV. It is in agreement with the presupposed dominance
of the two-nucleon mechanism of the pion absorption. This assumption
is used, in particular, to obtain the absorption correction in the
approximation of a local density.

In the present paper we ghow that a good description of the low-
energy pion-nucleus scattering up to 50 MeV can be obtained by using
the SMC-potential with the absorptive parameters fitted to the pio-
nic atom data but changing essentially the extrapolating proocedure
for the single-particle parameters,

The SMC-potential for nuclei with zero spin and isospin has
the form
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where -7
Ly= 71+ .?,?[(‘(z)-r (’(z)]] (2)

is the well-known /5/ Lorentz-Lorenz correction (LLER-effect),
!(Z)=szaf('z) and C(2)= (, P(r)/ F, sre the terms linear in the
nuclear density P(z), AB() =p, B, 9() and (D)= [:, P?(z)/pz
aere the terms quedratic in g , A= £+ /M and o= A+ w/RM are
kinematic factors, < is the pion energy, and # is the nucleon
mags. - .

The parameter /0 takes into account the rescattering of the
pion on a pair of nuclear nucleons

L=+ 8P , #P=-(f2+280¢L) . @
The reciprocal correlation length is represented /2-4/ by its expres-
sion in the Fermi-gas model: <,//'z)=3,(F/2_w', where A, =1.4 .
The single-nucleon parameters ,0; ‘ and ('0‘ ¢ can be calculated by
using the data of the phase-shift analysis of the _rA -scattering.

Table 1. Optical parameter sets for 50 MeV

acattering

Exirapolated
Set A set A Set I Set II

Eo(rm) ~0.046+10.006 -0.057+10.006 -0.057-10.003 -0.053-10.003

Bi (fm) -0.134-10.002 ~0.134-10.002 -~0.134-10.003 -0.,130-10.003

Co(me) 0.66+10.029 0.75+10.029 0.75+10.030 0.75+10.030

C’(me) 0.428+10.014 0.428+10.014 0.428+10.014 0.45+10.014

A 1.4 1.4 1.4 1.4
Bo(fm4) 0.007+10.19  -0.02 +i0.25  0.007+10.19  0.007+10.19
Co(rms) 0.287+10.93  0.36+i1.2 0.287+0.93 0.287+10.93

Qp 0.31 0.31 - -

A (MeV) - - 25 25
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The absorption parameters &, and ('o , and also 4 , are usually
regarded as free and are obtained by fitiing to the data on pionic
atoms. Actuslly, the adjustable parameters also include [; since
a better description of the pionic atom data is achieved at values
of it much larger than suggested by (3). In the firat two columns

of Table 1 we present iwo sets of parameters of the SMC-potential
from ref./3/ for the scattering at 50 MeV. In Set A the absorptive
parapeters are fitted to the pionic atom data and Extr. set A shows
their extrapolated values to 50 MeV in accordance with /9/. It is
seen from Fig. 1 that these sets do not provide good description

of the data. The imaginary parts of the single-nucleon parameters
4,y 8nd (, , have been calculated in /2-4 vy multiplying the ima-
ginary parts of the o4/ -amplitude by the Pauli factor p (x). This
factor for pions has been calculated in 10 for inﬁnite nuclear
matter. It ie obviously a rough approximation to a real situation of
finite nuclei. Indeed, the Pauli factor for infinite nuclear matter
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Fige 1. Elastic scattering

1 of 50 MevEY from "¢ and

1 %0, The curves are cal-

] culated using the parame-
ters given in Table II,

1 The solid curve is for set

I, the dashed is for Extr,

set A and the dotted is

for set A. The data are

from Refs. 13'14/.
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strongly suppresses the forward angle scattering of a pion by a nuc-
leon. To eliminate this unphysical behaviour, angle averaging has
veen performed in /19, purther, the Pauli factor { does not
take into account the excitation spectrum of real nuclei. Thus, it
does not provide a correct quasi-two-particle limit of the theory,
i.e. the imaginary part of the optical potential does not vanish at
pion energies below the threshold for excitation of the nuclear
system,

In this paper, to allow for nuclear medium effects in pion-
-nucleus scattering we use the aV ~amplitudes modified in the fol-

lowing way 2160(('0? (K,Kd)
Sy () > j “(x) = ) (4)
where the factor
_ E(Ky (Ka)
5‘ (K, KA) - 3 (K)) é((A’)
Here {’” is the free 74 - amplitude, o= (//;I)labels the quan-
tum numbers of the ¥ -system; &(x)= A3/[2n2dE,(0/x]is the

level density; £,(x) is the collision energy; the form factor L ()
of the rank-one separable potential

W (K K) = O Gy (K) G (&) (6)
takes into account the off-ghell behaviour of the A4 -scattering
amplitude. In the caloulations, we have used

L) = k) k*+ pr18 M
1

2 KE (KJKA)

(5)

with ﬁ: 2. 1 fm~' corresponding to the pion-nucleon phase-shift de-
ta from ref. /n/ (RSL- x# ).

The shift of the x4/ -amplitude from the energy shell is esti~
mated by the parameter A which is a certain mean excitation ener-
& of the nuclear system. It has entered into the theory (see below)
due to the use of the completeness approximation in deriving (4). The
momentum 4, is determined by the equation

E (k) - E,(Ka) — A =0 (8)

The parameter A depends, in general, on the energy of the incident
pion. As it will be ghown below (see, Pig. 2) the value of A ~20 MeV
will provide the beat description of the differential cross smectiona
in the whole energy region 0-50 MeV. The same values for A have
been got in 7 from the anmlyeis of the scattering data in the fra-
mework of the unitary approach.



Expression (4) provides a correct threshold behaviour of the
pion-nucleon amplitude in nuclear medium. At low energies, as A, 1%
( K < Ko~ y2ma » 77 1is the reduced mass of the ¥ -nucleus
system) the parameter }:‘-»Oand fo‘ becomes real

J": = LS (x)

Then, if A >0 or K >>A,, the factor f;(dvj, and Z‘ coincides
with the free 4 -amplitude. Unlike the Pauli factor [, , the
factor 5( has a nontrivial dependence on quantum numbers of the

JN -channel o,
26+
& (k) ~ (Kafu)T7,

The second change concerns the S -wave parameter /a in (3).
In /2-4/ its imaginary part is formed only by the imaginary paris
of the single-nucleon parameters, As it has been shown by Thies 2 N
some additional contribution comes from the imaginary part of the
pion propagator in !(2). Following /12/, but taking into account
the influence of the nuclear medium on the pion rescattering, one

can get at low energies that
<.§-> — <T:—> -+~ {Akg;(K,kd) ’ (9)

where <1/%> = Fkr/2X and &, is defined in (5) for /A=o0.

Expressions (4) and (9) are the main results of the present
paper, Both the modifications concern mainly the imaginary part of
the optical potential (1). The factor f-:‘ provides a correct thre-
shold behaviour of the potential part of (1), which in the low-energy
limit becomes Hermitian,

In Table 1 we represent two sets (I and II) of the parameters
for 50 MeV pions. In both the sets the absorption parameters are
the same as in the pionic set A, and the imaginary parts of the sing-
le-nucleon parameters ¢, and (., have been calculated by using Eqs.
(4) and (9) for A= 25 MeV. The real parts of 4, and C(, in set I
are the same as in the extrapolated set A. In set Il we also repre-
sent the calculated values for A I_o and Ae C, which are very close
to those in the extrapolated set A, Thus, set II represents the pure
theoretical calculations of J., and {, . In the calculations, the
R SL.-aN-phase shifts /m have been used.

The result of the elastic scattering calculations with set I
(s0lid curve) is shown in Pig. 1. We see that the modified SMC-poten-
tial provides a good description of the data /12¢1%/ witn the pionic
absorption parameters.

In Fig. 2 we demonstrate the sensitivity of the calculations to
the second-order corrections and to the parameter A . The dashed line
corresponds to g‘?-o and A =0 . The dotted and the solid curve show
the full calculations for A=0 and A=25 MeV, respectively.,

The mean excitation energy parameter A =~ 20+25 MeV provides the
best fit of the scattering data. The same value for A has been ob~-
tained in 1/ from the analysis of the pion scattering on 126 and 1 0

at 50 MeV in the framework of the unitary approach /1/- It is natu-
ral to suppose (see 3150/7/) that the ~ 20 MeV value for A ref-
lects the dominant role of the resonance mechanism in the formation
of the pion-nucleus inelasticity parameters.

In FPig. 3 we also present the calculated result for the X 12('—
differential cross section at lower energy (30 MeV), It should be
noted that at energies below 30 MeV, the sensitivity to 4 becomes
weaker because the imaginary part of the optical potential is formed
mainly by the absorption channel.
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Fig. 2. Blastic scattering of ©cm. (deg)

50 lleVI" from 120. The solid

curve and the dotted one show Fig. 3. Elastic scattering of

the full caloculations for A = 30 MeV Xt trom 120. The solid
=25 MeV (set II) and for A =0, curve is calculated using (4)
regpectively. The dashed line is and (9) and the pionic absorp-
forg(q =20 and A =0. The data tion parameters from set A. The
are from /13'14/. data are from 15,



Now we outline briefly the basic elements of the derivation of
(4) and (9). The detailed derivation will be reported in the exten-
ded version of the paper, The starting point is the equation for the
auxiliary operator 7;

TE) = v o+ A QEET(E). (10)
In terms of this operatorAthe optical potential is
Vope (£) = 23 Ti(€) . (11)

Here £ is the collisionjenergyt GE)=(F* ﬁ) is the Green func-
tion, A=K, +#, , Ay 1is the pion kinetic energy operator, N
is the nuclear Hamiltonian; & = Zh>o|~n)<n]is the operator of
projection onto excited state of nucleus.

The goal is to get an appropriate approximation to the many -
-body operator 7 (£) by some two-body scattering matrix z‘ which
is defined in the space of plane waves., To do this, let us utilize
the completeness approximation by setting in the second term of Eq.
(10) £ =F,+&, = £F,+4, where &, is the energy of the ex-
cited state of the nucleus measured from the ground-state energy,
and A is a certain mean excitation energy of the nuclear system,
This approximation makes it possible to get

AQe ) = J(w=23), (12)

where ¢(w)is the free Green function, (v is the emergy of the ¥ -
subsystem, and A= (7}7///) A, f snd /%7 are the reduced masses
of the xA and >4 - systems, respectively.

The approximation (12) is valid if only the pion-nucleon inte-
ractions, which can effectively be considered as reascattering of
the pion on the same nuclear nucleon by & given _rA/-potential (the
diegrams a) and b) in Pig., 4), are taken into account. Thus, from
eq. (10) we obtain the following approximate equation for the two-
-body Z: -matrix:

Zow)= % + Yy glw-E3) T, (W) (13)
Hence, it follows that 7 (©) is the off-shell extrapolation

of the free A -scattering matrix., Using the rank-one separable
potential (6), one can show that

-~ 2
Z ok, w@) = T 4 (k,,ky; (k) = (14)
F2 (ka)
208, (Ka)
= _4 [e ™. 4],
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Pig. 4. Graphycal representation of the pion rescattering by the
nuclear nucleons. The dashed line is for pion; the solid
is for nucleon, the waved labels the excited nucleus (8) ;
the open circle ~ v, ; the black circle - Zyx 3 wnd the
shaded circle - the nuclear wave function Im) .

where (U (4,)= (O(x)~ A4, and the factor }; is defined in (5).
Paking into account that at low energies

S (k) = 84 (Y E, (K, Kp)

we get expression (4).
The same consideration of the pion rescattering on the two nuc-
leons (the diagrem c¢) in Pig. 4) leade to the formula (9).

The authore wish to thenk V,B.Belyaev, R.A.Eramzhyan, A.B.Ku-
repin and R.Mach for discussions and helpful advice.
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XauxacaeB M.X., Tomunbckasa H.C. E4-88-36
OnTHUeCKHil MOTeHIHMAN 4718 NHOH-AOEepHOr0 pacCCesHHA
[IpH HH3KHX SHepr uax

Ilpegnaraercs HOBAas Iponeaypa pacdyera MHHMMOH 4acCTH H3—
BecTHOro SMC-nmorenpuana. OCHOBHBIM ee 3JIEMEHTOM ABISAETCH
npubIIHXeHHOe BhpaXeHHe OJIA AMIUTHTY[Ih [MHOH-HYKIOHHOTO pac-—
cessHHA, ydyHThBawomee sddpekTl AODepHOH CTPYKTYpe. llokasano,
4YTO IOJIydeHHbHi TakuM 06pa3oOM IOTEHIHAJI C apaMeTpaMH No-—
TJIOmMEeHNs , OonpedelyieHHbIMH IO [MHOH—ATOMHhIM OAdHHEM, obecnedu—
BaeT CcTrabHjibHOe ONMHCAHHE OJAHHBIX pACCEeSsAHHS IpH 3HepruAx
oo ~ 50 M»sB.

Padora BeimonHeHa B JlabopaTopHH TeopeTHYeCKoOH ¢H3HKH
10)75:17

Mpenpur O61eNHHEHHOTO HHCTHTYTA ALEPHLIX KecnenoBannii. [ly6ua 1988

Khankhasayev M.Kh., Topilskaya N.S. E4-88-36
An Improved Optical Potential

for Low-Energy Pion-Nucleus Scattering

A new procedure for calculating the imaginary part of
the Stricker, McManus and Carr (SMC) optical potential is
proposed. It is based on an approximate expression for
the pion-nucleon scattering amplitude including nuclear
structure effects. It is shown that the resulting poten-
tial with the absorption parameters fitted to the pionic
atom data provides a good description of the scattering
up to 50 MeV.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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