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1. INTRODUCTION 

Considerable progress has been reached in the 
past few years in both the experimental and theo
retical investigations of pion reactions with few 
nucleon systems. The topic has been comprehensi
vely reviewed at the Pitts burgh conference 
one year ago and a l so in Zurich/ 3 / this year. 
There is of course, a certain overlap between our 
presentation and that of Thomas .However, new 
experiments are included here, which have not 
been reviewed previously, and especially the e la s 
tic scattering is discussed from a complementary point of 
view. Some remarks will be made concerning the 
problems common to the current theoretical models 
of pion-nucleus reactions. The extent to which 
these models fit recent experimental data will be 
demonstrated on several typical examples. Finally, 
outlooks and suggestions for the future work are 
presented. 

Practically all microscopic calculations of pion-
nucleus reactions are based on some version of 
many body scattering theory. Except for a very low 
energy region, pion is a relativistic particle (e.g., 
pion with energy 50 MeV is characterized by /3^ -
- 0.46), s o that one usually starts from the Bethe-
Salpeter equation in deriving both the Faddeev 
type equations ' for пй reactions and the opti
cal, model ' , which is currently used for calcu
lations of the pion elastic scattering by A> 3 nuclei 
and of related quantities. An alternative appro-
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ach ' to the construction of optical model relies 
on Goldberger-Watson multiple scattering theory, 
which is enriched by sophisticated relativistic cor 
rections. The calculations based on the Paddeev 
equations differ, of course , substantially from the 
optical model ones . The former can take, in princip
le, fully into account intermediate excitations of deu -
teron (in fact, all present day calculations a r e appro 
ximate in this respect) , whereas the optical model 
allows for elast ic pion-nucleus scat ter ing in the 
intermediate s ta tes only. Nevertheless , some appro 
ximations and shortcomings a r e common in deriving 
the two models. When the 3-dimensional reduction 
of the Bethe-Salpeter equation is performed, all 
left-hand cuts of the pion-nucleus amplitude a r e d i s 
regarded. Moreover, one neglects all mesonic and 
antinucleonic deg ree s of freedom (more precisely, 
s ta tes containing more than one or z e ro pions), what 
has the following consequences , 

(i) Cross ing symmetry of pion-nucleus amplitude 
is lost. It is not yet known, how important these 
effects a r e in the energy region 0-300 MeV. There 
a r e some i n d i c a t i o n s ' 1 1 , that the influence of c ross ing 
terms on the pion-nucleus scat ter ing is not negli
gible for energies below the (3,3) r e sonance . 

(ii) The re a r i s e s a se r ious a m b i g u i t y ' ' 1 2 , 1 8 / a s to 
the definition of relative "N momenta and the two-
body energy-two quantities that a r e n e c e s s a r y for 
evaluation of the ITN amplitude used a s input in 
microscopic calculations. This difficulty h a s pro
bably a ve ry deep origin, consist ing in the fact 
that the trully relativistic theory should be a many 
body one. The re a r e only two possible ways to 
coexis t with the aforementioned ambiguity. Either 
all the particles a r e constrained to their mass 
shel ls and we have the Lorentz invariant but not 
covariant theory (see, e.g., ref. ), or having c o -
variant theory we face the problem of constructing 
nuclear wave functions for off mass shell n u c l e -
ons 6 . Recent calculations / u , 1 5 / seem to indicate 
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that any reasonable choice of the form of relative 
"N momenta leads to ve ry similar wu c r o s s sect ions . 

On the other hand, a specific choice of the two-
body collision energy could have important c o n s e 
q u e n c e s for pion scat ter ing in the whole energy in
terval 0-300 MeV. A s will be d i scussed later, this 
is especial ly true in the c a s e of optical modpl, 
where the two-body energy is essential ly a free 
parameter . 

(iii) True pion absorption is neglected. This means 
that the contribution of the pion absorption and r e -
emission is not taken into account in pion-nucleus 
scat ter ing calculations. Very little is known about 
the effects of absorption on the pion-nucleus sca t te r 
ing and the absorption uself remains the most ob
s c u r e part of mesonic physics . Severa l a u t h o r s / 1 6 - 1 8 / 

have shown that it is not possible to explain the 
recent e last ic scat ter ing data a t ene rg ies 3 0 - 5 0 M e V / 1 9 

without taking into account pion absorption at least 
in a phenomenological way. With dec reas ing energy 
the absorption p r o c e s s e s will apparently play a still 
more important role. 

In spite of the fact, that the d i scussed models 
have obvious drawbacks , the agreement between 
calculations and experimental data is quite good. 
Except specia l kinematical situations and, maybe, 
some ra re reaction channels , the disagreement is 
not worse than 30-50 per cent. It means that we 
understand well the g r o s s features of pion react ions 
with light nuclei, however, hard work will be needed 
in order we would be able to learn something from 
the pion-nucleus react ions about both the reaction 
mechanism (off-shell behaviour of the twe-body amp
litude, etc.) and the details of nuclear structure. 

Appart from the P a d d e e v type theories and optical 
model, there a r e two important tools of investigation 
of the pion-nucleus react ions - the Chew-^ow theory 
and the Glauber model. We will touch upon the later 
briefly in the following sec t ions . 
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2. PION SCATTERING ON DEUTERON 

Much attention h a s been paid to the * d reaction 
in the past few y e a r s , s ince the three-body problem 
can be solved with high a c c u r a c y and it provides 
a natural testing ground for current theories of 
pion-nucleus react ions. The re a r e specific problems 
in low energy and (3,3) r e sonance energy region, 
s o that it is convenient to split the d i scuss ion into 
two par ts . 

2 .1 . T h e (3,3) Resonance Region 

Rather crude approximations have been done in 
earl ier three-body c a l c u l a t i o n s / 2 0 , 2 1 / . Either the NN 
rescat ter ing / 8 0 / or nucleon spin / 2 1 / have been 
neglected and simple deuteron wave functions were 
used . The main aim of s u c h calculations was to 
check the validity of fixed scat terer approximation 
and the necess i ty of var ious relativistic correct ions. 
It h a s been established that the fixed sca t te re r 
approximation predicts rather poorly the total пй 
c r o s s section and the large angle scat ter ing / . 
Multiple irN scattering gives an effect of лп order 
of 20-30 per cent for the elastic scat ter ing on large 
angles / 2 0 f . 

The importance of NN rescattering h a s been 
pointed out in refs. /21.88/ a n t i clearly demonstrated 
in recent calculations of Rinat and T h o m a s / I 5 / and 
Rivera and Garc i lazo 1 4 / . T h e NN interaction in ^ j 
channel lowers the larger angle part of elast ic dif
ferential c r o s s section by some 30 per cent bring
ing this part of the angular distribution in better 
agreement with experiment (the *S0 channel plays an 
inferior role o n l y / 1 4 / ) . T h e calculated resul ts ob
tained in r e f s . / 1 4 ' 1 5 / a r e in good agreement with 
experiment a t E w • 142 and 180 MeV, however, the 
experimental e r rors a r e rather large ( - 3 0 per cent). 
A more complicated situation occurs at E^ 256 MeV 
( P i g . l), where the three-body calculations cannot 
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P i g . 1. Comparison of relativistic three-body calcu
l a t i o n s / 1 5 / with d a t a / a e / . 

explain the deep minimum at 6~ 110°. Thomas has 
pointed o u t / s / t h a t new LAMPF d a t a / 2 7 / at 234 and 
325 MeV exhibit a similar minimum, s o that some
thing is omitted in the theory. Before being too 
alarmed due to the discrepancy shown in P i g . 1, 
more complete calculations are to be performed. 
These should include NN rescattering in P -waves 
and besides the resonant irN P 3 3 - w a v e a l so the 
remaining P , S and D ones (all these pieces were 
neglected in r e f s . / 1 4 i l 5 / ) . There is another possibi
lity, namely that the relativistic effects are not 
treated accurately enough for energies above the 
(3,3) resonance. In performing the 3 dimensional 
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reduction of the Bethe-Salpeter equation according 
to the standard prescriptions, one looses "cluster
ing" propert ies of dynamical equations. It means that 
in the existing calculations, even if one of the three 
particles is noninteracting, its energy will affect the 
internal energy of the other two particles, and there 
fore their dynamical interaction. It would be interest
ing to s e e the results of three body calculations 
in formalism, which p r e s e r v e s the usual c lus ter 
ing properties (f"?.g., in the formalism of Wightman and 
Gording ) . More generally speaking, the ird 
scattering above (3,3) r e sonance can provide a very 
useful check of validity of approximations used in 
3-dimensional reduction of the Bethe-Salpeter equa
tion. 

Finally, severa l calculations of ^d elast ic sca t 
tering have been done in framework of Glauber mo
del /г?/As usual, tht? calculations fit the experiment 
ve ry well in the region of small scattering ang les . 
The Brueckner model was applied to the same r e a c 
tion in a n interesting way by Gabathuler and Wil
kin -The successful fit would be probably distroyed, 
if NN rescat ter ing were included . 

The previous d i scuss ion h a s concerned mainly 
the elast ic ffd scattering s ince there a r e no three 
body calculations of inelastic /rd->;rNN reaction. Re
cently, -several m e a s u r e m e n t s / 2 8 ' 3 1 / h a v e been pub
lished on ir- d -• (r±pn and a-+d->n-°pp reactions, which 
could be at leas t qualitatively descr ibed by PWIA 
plus some final state rescat ter ing c o r r e c t i o n s / 3 1 Л 

2.2. The Low Energy Region 

In the energy region E 7 • 40 - 120 MeV, bes ides 
the attraction in the P g a wave, a n important role is 
played by the repulsion in тИ S -waves , and the 
Coulomb interaction becomes more and more impor
tant with decreas ing energy. There a r e only few 
experimental data on п-d elastic scattering in this 
region. The best of them - ird scattering a t 48 MeV-

8 



a r e shown in P i g . 2. Essentially nonrelativistic ca l 
culations done by Thomas / 3 3 / a r e in good agreement 
with the data. It should be mentioned, however, that 
the calculations a r e ve ry sensit ive in the broad 
Coulomb-nuclear interference region to var ious appro
ximations used and to the uncertainties of input 
Espec ia l ly the isodoublet nN phase shifts a r e not 
reliably known at these energies . 

80 120 

P i g . 2. Comparison of 47.7 MeV я-d calculations of 
ref./S3/ with d a t a / 3 2 / . 
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There a r e a l so severa l three-body calculations 
of t h e ird scat ter ing length *„$' 3 4 / In the pioneering 
work of Afnan and T h o m a s / 3 5 / it was realized tliat 
considering the nucleon to be a irN bound state, the 
coupling of the NN and я-NN sys tems could be in
cluded. This bootstrap approach permits, therefore, 
to include the pion true absorption in a rather un-
ambigous way. The obtained &nA is in good 
agreement with experiment, which does not, however, 
represen t a ve ry stringent test of the theory because 
of large experimental e r ro r s . The work of Kopalei-
shvili et a L / 3 e / s eems to indicate, that even ze ro 
energy pion is not a nonrelativistic particle. Their 
va lues of a „ a calculated with and without relati-
vistic cor rec t ions differ substantially. Needless to 
say, that p rec ise measurements of a^ d would be 
of great significance. 

3. PION ABSORPTION AND EMISSION 
REACTIONS 

The reactions (IT,N) and their inverse a r e of 
principal importance for our understanding of pion 
absorption and emission mechanisms in nuclei. 
Because of the large momentum transfer involved, 
the reaction is believed to be unique source of 
information about large momentum component of the 
nuclear wave function. It is well k n o w n / 3 7 / , that 
the single nucleon absorption mechanism is not 
effective enough and some pion rescat ter ing is need
ed to obtain correct order of magnitude of the (w,N) 
rection c r o s s section. A double counting problem 
a r i s e s , taking the rescat ter ing explicitly into account, 
s ince some part of it is a l ready included in the 
nuclear wave function. There is a rather detailed 
d i scuss ion in the literature (see, e.g., r e f s . / 8 8 / ) 
concerning the proper nonrelativistic form of the 
ffNN vertex. 
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In the pas t two y e a r s , new experimental data have 
been p u b l i s h e d / 3 f l ' * 0 / o n both the differential and total 
c r o s s sec t ions of the reaction n& - NN. Green and 
Niskanen / 4 1 / were able to reproduce g r o s s features 
of the total c r o s s section including AN admixture 
in the NN wave function via coupled channel ca lcu
lations. T h e ambitious, rslativistic boundary condition 
model developed by B r a y s h a w / 4 2 / c a n be considered 
a s a n extention of the bootstrap approach of Afnan 
and T h o m a s / S 5 / . The model permits one to t rea t the 
NN-»NN , NNB-, йп and ird-«ird , NNir , NN reactions 
on the same footing. Severa l free parameters of the 
model were c h o s e n s o a s to fit experimental NN-»NN 
and PP -* ir+d c r o s s sect ions . The predicted elast ic 
iru angular distributions a r e in good agreement with 

experiment except for the "difficult" energy region 
E^ >200 MeV. 

Pion rescat ter ing models were used a l s o in ca lcu
lating the (ir.N) reaction on 8He and He n u c l e i ' 4 3 / More 
phenomenological approach was adopted by F e a r 
i n g / 4 4 / who started from experimental ffd-»NN c r o s s 
sec t ions and took into account the pior. and nucleon 
distortion in initial and final s ta tes , respectively. 
P r e s h 8He(ir~,n)d and 4He(»~,n) 3He differential c r o s s 
sec t ions / 4 5 / a r e only marginally fitted by all these 
calculat ions. Especial ly the magnitude of the c r o s s 
sec t ions is not correct ly predicted. More refined 
theoretical models a r e obvioulsy needed for d e s 
cription of (ir.N) reactions on He iso topes . 

4. PION ELASTIC SCATTERING ON 
A - 3 and A - 4 SYSTEMS 

T h e r e is an increasingly large amount of works 
in this field and the most important t rends can only 
be sketched here . In contrast with earl ier belief, 
the optical model appeared to be a very useful tool 
in studying the pion elastic scat ter ing even on such 
light nuclei a s ™ and 4 He, T h e optical model i s un
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derstood he re a s a n approximation procedure, which 
leads to the integral equation for the pion-nucleus 
scattering matrix T (E ) 

<0|T(E)|0>-A<0|t^) |0>{l+G 0 ( p)^i<0|T(E)|0>| . / ^ 

Eq. (l) is usually derived from Watson multiple 
scattering theory in two s t eps , (i) Only the ground 
state elastic scat ter ing is retained in the interme
diate s ta tes (coherent scattering approximation), 
(ii) Scattering by a bound nucleon is approximated 
by the free ITN collision matrix t(E) at some appro 
priate energy Ё" , which is essent ial ly a free para
meter of the model (impulse approximation). Pion-
nucleon phase shifts and nuclear densi t ies a r e 
required in this model a s a n input. 

4 ,1 . Pion Elastic Scattering on 
4 He- Optical Model 

T h e r e a r e new high quality data obtained in 
Dubna / 4 e / a n d C E R N / 4 7 / i n the e n e r g " region 70 -
- 250 MeV, which invoked a cons iderable theoreti
cal activity. Because of simplicity of the target 
nucleus involved, th<= reaction proved to be a u s e 
ful check for var ious sophisticated ve rs ions of the 
optical model. Coordinate s p a c e calculations (CSC) 
including the nuclecn and nuclear recoil were done 
in refs. ' . Severa l off energy shell extrapolations 
chosen for the n-N collision matrix w e r e a l so tested 
in this work, which represen t s a natural general i 
zation of the Kislinger model. L a n d a u / 4 8 / oerformed 
momentum s p a c e calculations (MSC) using a s e p a r 
able form of the irN interaction. Bes ides other cor 
rections, he introduced three-body choice of the 

/49/ 
energy E according to the prescript ions of Revai . 
In this approach, the target nucleon is assumed to 
move in a mean field of the other (core) nucleons. 
Finally, comprehe'Tsive calculations have been done 

12 



by Celenza, Liu and Shakin / 5 0 / using the covariant 
optical model. 

The resul ts of CSC a r e compared with Dubna 
data in P i g . 3 at two energies . Pit of similar quality 

1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 

ы.чытм* 

'*' '*' '»' '*' '*'v 

P i g . 3. Comparison of CSC 
with Dubna data. Two different 
off shell models were used. 

was obtained in the whole (3,3) 
r e sonance region. Severa l qua
litative conclusions can be 
drawn from the aforementioned 
calculations, (i) All the three 
ve r s ions of the optical mode] 
predict correctly the dip posi
tion, which occurs at approxi
mately the same angle in the 
whole r e sonance region. This 
feature of ir4He ct a to is in con
trast with the pion scattering 
on heavier nuclei, where the 
dip occurs ra ther at fixed mo
mentum transfer, (ii) Nucleon 
гесоД correction (the "angle 
transformation") is an important 
constituent of the theory. Inclu
s ion of this effect provides a 

large build up in the region of s econda ry maximum 
bringing this part of angular distributions in better 
agreement with experiment. Moreover, it e n s u r e s a l so 
the correc t position of the dip of calculated curves , 
(iii) Because of the P 3 3 dominance, pions a r e strongly 
absorbed in the elast ic channel . A s a result, ca lcu
lations depend rather weekly on details of pion-nuc-
leus dynamics. If the off-shell behaviour of я-N ampli
tude, choice of the energy Ё and details of nuclear 
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formfactor a r e varied in reasonable limits, a n a p p r e 
ciable effect is observed for pion larger angle scat ter 
ing only. 

A different situation occurs for scattering between 
60 - 120 MeV. It is well known for some time, that 
the standard optical model calculations overestimate 
experimental data in the small angle scattering r e 
gion. The disagreement becomes progress ively worse 
with dec reas ing energy, or given a fixed energy, 
with dec reas ing A. The MCS based on the separab le 
"N interaction ag ree better with experiment in this 
energy interval than CSC, The re a r e two reasons , 
which can explain the difference, (i) The separab le 
model of irN interaction provides a more realistic 
off-shell extrapolation in momentum var iables than 
Kislinger type models, (ii) Salomon's irN phase 
s h i f t s / s l / w e r e used a s a n input in Landau's MSC, 
which give weaker rrN interaction than older p h a s e 
s h i f t s / 5 2 / u sed in CSC. Moreover, uandau used the 
irN p h a s e shifts not directly, but after "Fermi a v e 
raging" procedure, which a l s o tends to lower the 
pion-nucleus c r o s s sec t ions in the energy region 
considered. Although CSC could be a l s o modified 
in this way, the momentum space vers ion of optical 
model is more manageable in practical applications. 

At energies lower than s a y 60 MeV, the differen
tial c r o s s sect ions a t all angles become very s e n s i 
tive to var ious details of the pion-nucleus dynamics 
for the same r e a s o n s a s in the ir& c a s e . T h e Landau 
res luts / 4 8 / a r e displayed in P i g , 4 together with 
Crowe's d a t a / 5 S / a t 51 MeV. The two s e t s of nN 
phase shifts give apparently different resul ts . There 
is a l s o a remarkable sensitivity of calculated resul ts 
to specific choice of the energy E . It should be 
noted, that the inclusion of binding effects means in 
gractice a n ad hoc downward shift of the energy 
E by some 15 - 20 MeV. In order to obtain a n 
acceptable fit to existing data around 30 MeV, it is 
n e c e s s a r y to take into account a l s o true pion abso rp 
tion at leas t in a phenomeno logical manner. Although 
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w * 4He Elastic. 51 MeV 

/48/ P i g . 4 . Comparison of Landau 's calculations 
with Crowe's d a t a / 5 3 / . T w o se t s of ffN phase shifts 
were used : r e f / 5 1 / ( M . S ) and r e f . / 5 2 / (CERN) . 

the recent c a l c u l a t i o n s / 5 4 / a g r e e ra ther well with 
experiment; the agreement may be fortuitous. Having 
in mind the apparent sensit ivity of calculations in 
this energy region to var ious computational details, 
it is well possible, that were some other effects 
included, e.g., optical potentials of higher order, 
the agreement would b e destroyed. Actually, there 
a r e some indications that ir4He elastic scattering is 
affected by virtual excitations of He system. The 
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A 

imaginary part of the forward elastic " He amplitude 
is shown in P i g . 5 . The curve obtained from energy 
dependent phase shift ana lys is of exciting ИНе 
data exhibits a remarkable bump in the region 
20-30 MeV. Since the most pronounced 4 He excited 

-80 -60 40 -20 0 20 (0 60E,(MeV) 

P i g . 5 . ImF(0) for п He elast ic scattering obtained 
from energy dependent p h a s e shift ana lys is / 4 e / . 

s t a t es a r e located in this interval, P i g . 5 s eems to 
indicate that information about these excited s t a tes 
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is contained in the experimental differential and total 
c r o s s sect ions of reaction. It would be interest
ing to s e e calculations in which the low-lying excited 
s ta tes were coupled explicitly to the ground state. 

In concluding this section I would like to comment 
on the choice of energy E. In spite of the fact that 
three body choice u s e d by Landau / 4 8 / and Landau 
and Thomas / 5 4 / brings differential c r o s s sect ions 
into better agreement with experiment, it has two 
obvious drawbacks . Firstly, the distinguishing 
between "valence" and "core" nucleons is more 
justified in heavier nuclei than A a 3 or A = 4 s y s 
tems. Secondly, using J h e three body choice (as 
well a s the s tandard E-E one), one needs to eva 
luate the sN collision matrix at all energies from 
(-<») to some finite positive value. It follows from 
the transformations of the irN collision matrix from 
two body c m . to pion nucleus c m , system. We 
know practically nothig about the form of the colli
sion ffN matrix in the nonphysical region and there 
a r e no a priori r ea sons , why it should be approxi
mated well there by the separab le model. This may 
be of particular significance for the low energy 
scattering, s ince the energy region lies с1оье to 
the nonphysical one. 

In this context it i s interesting to remind the 
prescription given by G o I d b e r g e r / 5 5 / a couple of. 
y e a r s ago, according to which the energy g is 
defined a s the mean sum of pion and nucleon ki
netic energies in the initial and final s t a t e s . T h e 
»rN collision matrix i s required in this c a s e at pos i 
tive energ ies only. Adopting this choice, the Is n -
mesoatomic level shifts and widths were estimated 
in ref. 5 6 . The results are encouraging,, and they 
seem to indicate that this choice of energy E 
enables us to take into account a good dea l of 
true pion absorption (of course , in a phenomenolo-
gical way). 

Need less to s a y that new prec i se experiments 
on nnle elastic scattering and total c r o s s sec t ions 
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at energies lower than s a y 40 MeV would be of 
great significance for investigation of both the nuc 
lear excitation effects and the true pion absorption 
on *He. 

о 
4.2. Pion Elastic Scattering on He - Optical 

Model 
The experimental situation is l e s s favourable than 

that in the c a s e of He nucleus, however, much 
progress h a s been made in the past y e a r s . Till 
recently, only data from Dubna-Torino g r o u p / 5 7 / 

were available in the energy region 70 - 210 MeV. 
New measurements including я Н elastic scattering 
have been reported at Zurich conference 5 8 / . 

The " He scattering obeys severa l attractive 
features one of them being connected with nonzero 
spin and isospin (J-T*l /2) of the target nucleus. 
Spin-is ospin formalism was introduced into the op
tical model and an important cancellation was 
e s t a b l i s h e d / 6 0 / between var ious parts of the optical 
potential in the c a s e of л Не scattering. The poten
tial h a s t i e form 

У Ф - ( ( В 0 + 2 - ^ - В 1 ) р ( г ) - ( С 0 +2-^ Т -С 1 ) V -p(r)V + 

? л , n o ^ n t l dp(t) ,* ( 2) 
+ 2 ±L (D n - 2 Г. f D, )-L J & & - 1Ф . 

where the coefficients Bj , Ci and Dj(i»0,l) a r e 
expressed in terms ofrrN p h a s e shifts and t* is the 
pion isospin operator. S ince 2(t .T)- - 2 holds in 
the 1-1/2 channel (I-T + T ) , the isospin-flip and 
isospin-non-flip parts of the potential will interfere 
destructively. However, a n opposite situation occurs 
for the spin-orbit (J. 1) terms. In the 1=3/2 channel, 
2(t .T)=l holds , the constructise interference among 
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isospin-non-flip and isospin-flip terms l a k e s place, 
while the spin-orbit terms almost cancel out. The 
consequence is, a s can be s e e n from P i g . 6, that 
minima of "+ He angula r distribution a r e deepe r than 
those of the n~ He reaction. Grea te r sensitivity to nuc 
lear s tructure details can further be expected in 
n~ 3He reaction a s opposed to n

+ 3He one. 

P i g . 6. Comparison of optical 
model calculations with Dubna 
data. full calculations, 
- . - . _ spin and isospin terms 

neglected. 

The aim of the more detail
ed calculations performed by 
L a n d a u - / 4 8 / in momentum s p a c e 
and by M a c h / e , / in coordinate 
space was to investigate the 
sensitivity of elastic scattering 
to some details of 3N wave 
function. Landau character ized 
the He nucleus by four form-
factors derived from electron 
scattering experiments on He 
and 8H , while Mach used a 
semirnicroscopic nuclear wave 
function with a reasonable a d 
mixtures of the S'- and D -
s ta tes . It is evident that these 
two approaches differ by the 
different treatment of meson 
exchange currents . Within the 
formfactor method one a s s u m e s 

that ttie meson currents a r e the same a s in the 
electron-nucleus scattering, in the second approach 
they a r e neglected completely. In became c lear that 

» to «о во «о no mm to 
" C m 

the IT" He reaction is more sensi t ive to the spin d is t -
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ribution in the nucleus (especially in the dip region) 
than the v+ Heone. Never theless , all attempts to 
extract quantitative information a r e somewhat prema
ture a t the present level of a c c u r a c y of both the 
theory and experiment. 

q . 
4.3. Pion Elastic Scattering on He and He -

Other A p p r o a c h e s 
The re a r e no a priori r easons , why the Glauber 

model should work well for energies l e s s than 
- 500 MeV. Nevertheless , the model provides 

usually a better description of the small angle part 
( 0 1 70°) of differential c r o s s sec t ions than more 
ambitious calculations even in the region of the 
(3,3) r e sonance . Severa l Glauber model calculations 
have been performed / e a , e 3 / for pion scat ter ing on 
8He and 4He at energ ies E ^ 100 MeV. The Glau
ber model т -nucleus amplitude contains information 
on nuclear correlations and a l s o about nucleon spin-
and isospin-flip p r o c e s s e s in the intermediate s ta tes 
(even for J - T -0 nuclei) which a r e completely or 
almost completely disregarded in the optical model. 

Spin- and isospin-flip effects and especial ly the 
nuclear recoil correlation tend to lower the c r o s s 
sec t ions particularly for the low energy tail of the 
r e sonance . Recent calculations based on the second 
order optical p o t e n t i a l / 6 i / exhibit similar t rends and 
sensitivities of the c r o s s sec t ions to nuclear recoil cor re 
lation a s the Glauber model (spin and isospin-flip effects . 
were not included in r e f / 6 4 / ) . I t c an be concluded that the ' 
Glauber model can give qualitative information about the 
significance of s u c h effect, which a r e too complex to 
be treated otherwise. 

The Glauber model a s well a s the optical one 
permit to calculate the total pion-nucleus c ro s s s e c 
tion, too. However, the agreement between calculated 
and experimental resul ts is slightly worse than in 
the c a s e of elast ic scattering. More careful t reat
ment will be n e c e s s a r y of both the pion true a b s o r p -
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F i g . 7. Comparison of Dubna 
data with Glauber model r e 
s u l t s / 6 3 ' ' — full calculations, 

spin and isospin neg
lected, correlation a l so 
neglected. 

tion and its e s c a p e from e l a s 
tic channel, in order the total 
c r o s s sect ions could be ca l 
culated reliably. 

Severa l ir3He and n He ca l 
culations have been d o n e / 6 5 , 6 6 / 

via direct summation of the 
multiple scat ter ing s e r i e s in 
the fixed sca t te rer approxima
tion. Taking into account the 
"angle transformation" and 
some binding effects, Gibbs 

/ 8 S / 
et al . were able to repro
duce rather well the * 4 He 
elastic scat ter ing in the energy 
interval 24 - 190 MeV. Inte
resting calculations based on 

approximate Paddeev-Yakubovskij equations for я-3Не 
and n scat ter ing a r e being continued by Belyaev 
and Wrzec ionko / , The most attractive feature of 
the model i s possibility to avoid the impulse app ro 
ximation in a ve ry consequent way. 

5. PION INELASTIC REACTIONS WITH 
A-3 AND A- 4 SYSTEM 

Although the elast ic scat ter ing is probably of 
principal significance for our understanding of the 
pion-nucleus reaction mechanisms, other p r o c e s s e s 
have a l so been comprehensively studied in the past 
few y e a r s . T h e two topics d i s c u s s e d he re reflect 
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author 's taste ra ther than a representat ive sample 
of work done. 

5.1. Single Charge Exchange on A - 3 System 
з з 

T h e react ion H(n+,n°) He going to the analogous 
s ta te of the initial nucleus h a s many common featu
r e s with elast ic scattering. In spite of this fact, the 
similar reac t ion on 1 3 C represen t s one of the most 
puzzling pion-nucleus p roce s s . The total c r o s s 
sect ion of 1 3 C(ir + ,n°)tsti reaction calculated using 
DWIA / 6 8 ^ or optical model / 6 9 / , exhibits a deep mini
mum in the (3,3) r e sonance region, while the e x p e 
rimental data lie one order of magnitude higher. A s 
was pointed out by E i s e n b e r g / 7 0 / the reaction goes 
predominantly via excited intermediate nuclear s ta tes . 
Recent calculations of Я(п*,п°) He reaction perform
ed either in optical / 4 8 - в 1 / or Glauber / 7 1 / models 
show a broad maximum shifted considerably down-
.vards in energy. It will be interesting to s e e , 
whether future experiments will confirm these calcula
tions. In any ca se , experiments around 180 MeV 
would shed a light on the role of incoherent virtual 
p r o c e s s e s in reaction with A - 3 system. It should 
be noted in this context that the first experimental 
differential c r o s s sect ions of 8H(ir + , i r°) 3 He reaction 
have been reported at the Zurich Conference 

5,2. Pion-Induced Knock-Out Reactions 
on *He 

The s tudy of the(ff,irN) react ions in the region 
of (3,3) r e sonance h a s a long history. Experimen
tally bes t known a r e the excitation functions for the 
react ions 1 2C(ff ±,n-N) 1 1C (bound).which invoked a con
siderable theoretical ac t iv i ty / 7 8 , l t is well established that 
the ratio R c-<7( I EC(*-.ir-nf 4j)/(a( I 8C(,r +.fr +nJ^ho^ 2C(n+.tr^jh)) 
depends rather strongly on energy, reaching the 
value E c -1.5 near the resonance: f*osition, whereas 
a value near 3 is expected on the bas i s of FWIA, 
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This apparent conflict indicates a remarkable role of 
initial and/or final s tate interaction in pion-induced 
knock-oui reactions on carbon. Recently, new expe
rimental da ta of Tor ino-Frascat i group have been 
published / 7 4 / on the differential and total c r o s s s e c 
tions of the react ions 4 He( f f + f f -p) 3 H(I), 4 He(* + , n+n)8 Не(П) 
and 4 Не( с т

+ , я °р) 3 Не(Ш) a t E ^ , - 110 and 160 MeV. The 
ratio R^e»<T(I)/(ff(II) + a(m)) turned out to be not more 
than one half of the PWIA estimate. The subsequent 
c a l c u l a t i o n s / 7 5 / have shown, that PWIA fails to repro
duce a l so differential c r o s s sec t ions of the reactions 
I, П and Ш. Therefore, the distortion .s very impor
tant in knock-out react ions even on such a light 
nuclei a s 4 He , Much better resul ts c a n be obtained, 
if the 3N exchange mechanism is considered in add i 
tion to the usual PWIA. In other words, a n antisym
metric final s ta te wave function was used in ref. / 7 5 / 

in eval.jating the differential and total c r o s s sec t ions . 
Unlike the PWIA, the model containing the Pauli 
principle terms predicts correctly the dip position, 
a s well a s it explains the exis tence of the secondary 
maximum ( F i g . 8). The cu rves calculated for r e a c 
tions I and П were scalled in P i g . 8 by the factor 
a(exp)/a(th) = 3 - 5 . Although the ratio R H e yielded 
by the model l ies much c loser to experiment than 
the PWIA value, ratios of the type а(1)/<7(П) or 
ст(Г)/ст(Ш) a r e predicted incorrectly. We can con
clude that the ratios R c or R H e being frequently 
studied in the literature a r e riot ve ry sensi t ive to 
the reaction dynamics. 

6. SUMMARY 

At present , the elast ic scattering a p p e a r s to be 
the most important tool in studying the pion reactions 
wifh very light nuclei. The re exist, or will exist 
ve ry soon, both the good quality experimental data 
and refined calculations. Inelastic and pion produc
tion or absorption react ions a r e investigated to a n 

23 



160 tUV 

^+*±± 

4jf'-'H« — » ' . f . ^ . 
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P i g . 8. Comparison of T o -
rino-Prascati data with cal
culations. PWIA, 

PWIA+Pauli prin
ciple terms. 

increasing extent. The main 
task of theory seems to be a 
more reliable description 
of relativistic effects a s 
well a s a more explicit 
treatment of the nuclear 
side of the problem in the 
c a s e of A - 3 and A - 4 
nuclei. When this program 
will be accomplished, the 
pion reactions with very 
light nuclei will become 
surely an important source 
of quantitative information 
on the nuclear structure 
and pion-nucleon dyna
mics. 
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