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ABSTRACT 

h distinction Is made between contributions which emphasize the clari
fication of plon-nucleus reaction mechanisms and contributions in 
which one hopes to deduce nuclear structure Information from the 
available data through more or less phenomenotoglcal models. Sone 
atteopts at deducing neutron radii at both low and resonance energy 
•re discussed In detail. 

1 . Introduction 

The present session is devoted to pion elastic scattering in general, froo 
clonic atoms to energies above the (3,3) resonance. 1 will try to set some order 
«nongst the different contributions and relate them to a few actual trends. 1 
apologize to the authors of the contributions which I found difficult to put In 
some orderly frame; i t most probably results from a lack of Information I f not a 
weakness of my judgement. 

A fundamental distinction between the diverse contributions arises I f we ask 
the following question: what is the purpose of measuring plon-nucleus elastic 
scattering data? The goal of the nuclear physicist coumunlty is to understand 
nuclear structure. By nuclear structure one usually means properties of the 
nucleus which are independent of the probe used to measure them. Decades of 
nuclear physics experiments have taught us a good deal about the size and shape 
of the nuclei but, for example, st i l l not much Is known experimentally (or with 
conflicting results) on the neutron distributions 1n nuclei. Due to the strong 
1sosp1n dependence of the pion-nucleon interaction at the (3,3) resonance» nega
tive pions are mainly sensitive to neutrons and are, in principle, an Ideal tool 
to study the neutron structure. But between such a qualitative statement and a 

Îuantftative information about, for example neutron radii , there is a perilous 
IMP. There are two schools of thought: one school states that the Interaction 

of a plon with a nucleus is a complicated many-body problem to which the optical 
models deduced from first-order static multiple-scattering expansions (even with 
non-static phenomenological corrections) are crude approximations and that, before 
the interaction mechanisms are mastered, i t would be illusory to try to extract 
correct and detailed nuclear structure information. A representative of this 
attitude was J. Hiifner in his 1975 review paper1). The other school *.s certainly 
aware of this problem and tries to overcome the corresponding difficulties by 
advocating comparison procedures (between •* and *" scattering and/or between 
pairs of isotopes) In order to reduce the contamination of the nuclear structure 
Information by any uncertainty in the reaction mechanism. 

This dichotomy is also reflected In the experimental approach. I f one wants 
to study the Interaction cechanism what one needs is extensive experiments (both 
In angular and energy ranges, this last point being most important) on nuclei In 
which nuclear structure uncertainties are minimized: "He» l 6 0 , l,°Ca (and eventu
ally l 2 C with some reservation about the structural simplicity of this nucleus). 
I f the nuclear aspects are the subject of interest, scattering on more complicated 
nuclei with neutrons (or protons) excess is to be preferred. Until now the most 
thoroughly studied have been l 6 0 - l 8 0 (contribution 1CJ6) and H0Ca - ^Ca (contri
bution ÎC28) but there are new results on 1 2 C - U C both at low (1C16) and 



resonance energy (1010)» on TL1 CC11), on 2GHg (ICI7) and on various calcius 
Isotopes (1C7). 

In the following, 1 shall describe senri-phenomenological approaches to low 
energy pton-nudeus scattering» discussing In some detail what we have learnt 
«bout nuclear structure effects, and finally conclude on what the future looks 
like for plon-elastlc scattering. 

Z. Elastic pion scattering and nuclear structure 

2.1 Low-energy experiments (Tn < 100 M«V) 

This field bas been reviewed In detail by B. Preedom at the Zurich confer
ence2) and I repeat briefly a few of the major characteristics. First of a l l , the 
experiments are not easy, due to difficulties with large nuon contamination, 
reactions in the detectors, scattered particles escaping out of the detector 
systen» monitoring, etc. . . . Large discrepancies were init ial ly observed between 
data taken at the same energy on the same nucleus for example on n+- i ;C at 50 
HeV4). The gap has beïn bridged after the recent re-evaluation of their data by 
the CHU-New Mexico-Colorado-LAKPF collaboration9) and there is now an overall 105 
agreement between 3 data sets (the other two being from a UBC-TRIL'MF and a VPI-
LAHPF-ORML-South Carolina collaborations). Back angle (150*-180a) data at 30 KeV 
and 20 HeV (contribution 1C2S) extrapolate well with previous measurements"). 
But despite this agreement, there are s t i l l some problems: discrepancies between 
• * - l 2 C data at 35 HeV and 38.fi HeV6) both in shape and magnitude will be described 
at this conference (contribution 1C21). 

The Interest of low-energy pian nucleus scattering for nuclear structure 
studies Is due to the large penetration of low energy pions Into nuclear matter. 
I f we naively define the mean free path of a pion by \ = (PO-T)"1 where e is the 
nuclear matter density (P •>• 0.17 fm _ î ) and OT IS the average *N total cross 
section, the nean free path of a 50 HeV pion is of the order of 7 fm. This is a 
result of the smallress of the real part of the free *-N S-wave amplitude b 0 . 
following an accidental cancellation of the isoscalar scatterfng lengths. In 
fact, the mean-free path is even larger due to another cancellation between »-
and p* exchange which reduce the inportance of double-scattering terms. Then, 
as emphasized by G. Brown et a l 5 ) , a 50 HeV pion has a good chance to traverse 
a whole 2 o e Pb nucleus. 

The first attempts to f i t the data with conventional Kisslinger model calcu
lations with free *-N amplitudes, failed" 1» 5» 1 2) and many-body corrections were 
definitely necessary. This has been done more or less phenomenologlcally. The 
simplest completely phenomenological approach, consists in varying the optical 
(complex) parameters b 0 and b] in the Kisslinger potential. 

UKISS " • b o * * p * b l ' ' p * 

Although this does not tel l us much about the interaction mechanism, good 
f i ts to a wide variety of data (on C, 0, SI» Fe) can be obtained with Re(bQ) t -3 
to -4 fur*, compared to a free »*N value Re(>>o)*~0-8 f D | 3 - Contribution 1CZ1 shows 
that when the incident energy is increased, only Re(b0) changes appreciably and 
decreases towards the free "-N value. The only mystery of these calculations is 
why good fits can be obtained at all since there are so irany reasons why i t should 
not be so: many-body corrections must have a functional dependence of higher-
order In P* the off-shell Kisslinger potential diverges linearly, zero-range for 
the *-H interaction Is assumed, some analysis show a lack of unltarity, etc. . . 
A contribution to this conference (1C8) offers an explanation for this strong 
s-wive repulsion in tents of me&on-neson couplings. 
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A more satisfactory approach Is to calculate as well as possible the kine-
natical corrections and use semi-phenomenologlcal parameters only when obliged by 
the lack of relevant data (In the case of absorption for exarple). There are many 
contributions (1C3, 1C4, 1C12, ICI6] offering partial remedies to the defects of 
the conventional Kiss linger potential Including density-dependent pion nucléon 
Interactions (contribution ICI), non-local plon-nucleus interjetions (1C14) or 
strong coupling to inelastic states (1C12). Elaborate optical potentials which 
give good f i t s to a wide variety of low energy scattering datô on nuclei from 
*He to 2 ( r t Pb have been developed by different groups 5 " 1 0 ) . These attempts a l l 
have In common that they start from or can be reduced to a multiple scattering 
expansion with some many-body corrections resting on theoretical models and others 
more or less phenomenloglcally determined. The main characteristics of these 
potentials have been summarized by B. Preedom2). 

He shall discuss In more details the KSU and Colorado potentials In order to 
show what are their salient features. This choice has no meaning of preference 
since a l l these potentials give similar good f i t s to the existing low energy data. 

Colorado potential 6 } 
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k and u are the pion momentum and energy In the plon-nucleus system; p is the 
nuclear density; c, Pi and pz are kinematical factors. U is the zero-range im
pulse approximation term; U^j is due to the angle transformation of the nN ampli
tude into the n-nucleus centre-of-mass frame (2CH - ACM correction); UA is the 
true S- and P-wave true absorption (or annihilation) term. Upg is a S-wave Pauli-
blocking correction and <̂ > is the average inverse correlation length depending on 
the average Fermi-momentum (<Jr> * 1.13 fnr 1 for l 2 C ) . The P-wave Pauli-blocking 
is neglected although the theoretical Issue is not closed. The factor L In U0 is 
given by L = f l + 4=A A-l (Up ) " 1 l f d e v e l ° P e d i n successive powers of e, the 

I -r*7T pfj 
f i r s t (zeroth-order) term would be the p-wave impulse approximation and the higher 
order terms are the Lozentz-Lorenz-Ericson-Ericson (LLEE) corrections 1 1). 

These potentials do not contain truly free parameters but same terms are 
phenomenologically adjusted. The complex absorption parameters (B_ and B, in the 
Colorado potential, B0 and C0 in the HSU potentialj account for true pion-absorp-
t fon. The real part accounts for the «NN-* NN - RNN process in which the pion is 
absorbed in an intermediate state; the imaginary part accounts for pion absorption 
in the f inal state "NN * NN. The S-wave part is obtained from pionic atoms and 
P-wave part 1s scaled with n+d + pp and * n d -* pn absorption data, and is then 
energy-dependent. 

HSU potential 7) 

U0PT • U0 + UAT 4 UA 
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Despite some strong similarities, noticeable differences are observed which 
underline the degree of approximation in deriving the optical parameters from 
first principles. In the Colorado potential, the parameters b 0 and bj art 
obtained from «N phase-shifts; 1n the 160 potential the real part of in and c. 
are the effective *N scattering lengths and they are deduced from pionic atom 
data; their Imaginary part (responsible for quasi-free scattering processes) are 
taken from «N phase-shifts and multiplied by a Pau11-b1ocfc1ng factor ranging from 
0.19 at 30 HeV to 0.31 at 50 HeV. This simplified procedure replaces the Pauli-
blocklng term Uon (which is due to the tang-range NN correlations) in the Colorado 
potential. ™ 

The UEE correction Is included in the HSU potential but not In the Colorado 
one, and has the effect as a consequence of NK short range corrélations, of weak
ening the P-wave attraction by inhibiting second order scattering I f the >H P-wave 
Is of short enough range. Detailed studies have led to conflicting conclusions 
about the need of such a term and various contributions to this conference under
line the 1nsens1t1v1ty of LLEE corrections at low energy (IC3, 1C4, 1C18). What 
Is clear Is that corrections depending on hlgner-order terms In P are definitely 
needed to reproduce low energy pion-nucleus elastic scattering. They can arise 
from different mechanisms (true pion absorption, UEE term, strong interaction 
form factors» t - and p-meson exchange in intermediate states, etc. . ) Since 
there is no unique theoretical description for these effects, they can be simu
lated, in f irst approximation, by a o' dependence phenomenologically adjusted to 
f i t the existing data but the actual tendency Is to try Co calculate these cor
rection paraneters front f irst principles [ r e f . 1 2 * 1 ' ) and contribution 1C6J. 

In a contribution to this conference (1C16), W. Gyles et al present new data 
of *" elastic scattering on '2^K at 29 and 50 HeV and on J 6 t i a 0 at 29 HeV. The 
ratios of the cross-sections for each pair of isotopes are compared to the 
Colorado and KSU potential models. In order to obtain good fits to the angular 
distributions for 1 2 C and 1 6 0 , the absorption and LLEE parameters were varied 
freely. Then the Isotopic ratio R was fitted with the proton and neutron radii 
of 1 3 C and l f lQ as free parameters. The authors show that the neutron r.m.s, 
radii they obtain, r n - 2.35 ± 0.03 fm for 1 3 C and 2.81 ± 0.03 fm for 1 8 0 are 
fairly stable whatever the model used (Fig. 1J. An interesting feature of these 
calculations Is the alleged insensitivity to the proton radius (Fig. 2). Thus, 
1n contrast to resonance scattering, low energy scattering may give absolute 
neutron radii and not values of r n - r p . 

2.2 Experiments at energies around the (3,3) resonance 

At the (3,3) resonance negative pions are nainly sensitive to the neutron 
distribution and positive pions to the proton distribution. I f one corcpares «* 
aad «" scattering on a nucleus with a well-known proton distribution (through 
electron scattering and nwonic atom experiments), one can then hope to deduce 
Information about the neutron distribution. One difficulty comes from the fact 
that, due to the large quasi-free absorption, the mean free path of 200 HeV oions 
1n nuclear matter is of the order of only 0.5 fm and so the pions will sense only 
the surface of the nucleus. This is evident, for exaicple, from the strongly dif-
fractive structure of the 16D HeV data 1 * 1 * 1 5 ) . A simple eikonal approximation to 
diffraction scattering 1 6) gives an effective radius of 4.64 fm for ' ' t a (against 
an r.n.s. radius of 3.43 fm far 164 HeV pion scattering). At such a radius the 
critical density fs t>c -> 0.13 oQ where c 0 is the centra) density (at 130 HeV 

.Pr *> 0.20 P D). So pions at the resonance are mainly sensitive to the outer tal l 
or the nucléon density distribution and to deduce r.n.s. radii, one must assume a 
given siiaps for the density fall-off. 
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Fig. 1 . x- elastic scattering on l60 and 1 9 0 at 29 HeV. On the left side are 
differential cross sections and on the right side their ratio for i e 0 / l Ê 0 , 
The fits are optical model calculations. 

»' Contour Plot for '"O/'^O Ratio 

! • " 2.5? Î .6I M S 

Proton lUdiirt ( f ) 

Fig. 2. x2-contour plot for i B o / l b O ratio showing the relative i«sensitivity of 
the neutron radius (ordinate) to the proton radius (abcissa). 



To decrease the sensitivity of the nuclear structure effects to reaction 
mechanism uncertainties, comparison procedures have been advocated at SIN (on 
l c O - 1*0 and *°Ca - *8Ca) and LAMPF, on the Ca isotopes. The Idea is to get the 
best parameters which f i t n+ and i - scattering on a nucleus for which the geomet
rical constants are reasonably known (like l 6 0 or *°Ca), and then to use these 
parameters to f i t data on isotopes having neutron excess, by varying the density 
distribution parameters. In such a procedure most effects due to the model-
dependence are expected, or supposed, or assumed (depending on the author's 
opticrfsn) to cancel out. 

i«0 . u p M l j r 
The nucleus l 8 0 is the one which has been studied thr nost with pion spectro

meters. There are 1* and *- angular distributions at 164 MeV rceasured both at 
LAHPF1') and SIN 1 B ) , at 180 MeV at SIM1 9) and 230 HeV at UWPF"). A reraark 
should be <nade about the experimental accuracy of the results. The two 164 MeV 
data sets have been carefully compared by Ingram2*): differences arise in the 
position and depth of the first diffraction minimum and In the amplitude of the 
maximum around 60". The SIN data have been reanalyzed recently using an elaborate 
off-line program which takes Into account the true transmission of the spectrometer 
as a function of the Incident and scattered beam phase-space29). This new analysis 
brings the Inelastic Sit) data back In agreement with the LAMPF data for the 2+ 
state. The new result for the *~ to »* cross section ratio, averaged over the 
angles 2Ç° to 99" Is ft « 1.70 : 0.12 (compared to 1.86 t 0.16 for the LAHPF 
data 1 7 ) . For Ita elastic scattering i t is 1.11 ± 0.02 (against 1.06 ± 0.07) and 
for the 3~ state I t 1s Û.8S ± 0.04 (against 0.83 t 0,03) 1n agreement with former 
values. The differences between the old and new analysis are explained by an in
complete subtraction of a contamination of the 2 + state by the elastic peak. The 
agreement between the Inelastic data is good over al l the angular range and makes 
the still-existing disagreement in the elastic scattering around 60s difficult to 
understand. This discrepancy plays a negligible role in the détermination of the 
neutron radii but i t would be important anyway for these data to be checked. 

Various models have been used to analyze these data. In the simplest approach 
a f i t is made with a complex-zero formula"), and the black-disk radius extracted 
from the position of the first minimum. The black-disk radius Is the radius at 
which the Bessel function J|(qR), where q=2k slnS/2 is the transferred momentum, 
has Its f irst zero. The black-disk radius difference R"-R* between »" and »* is 
0.17 fm at 164 HeV18) and 0.19 fm at 180 HeV 1 9). Such a calculation does not take 
into account any difference which culd be due to the Coulomb interaction and does 
not te l l anything about r.m.s. radii. 

A further step Is to take the Coulomb interaction into account (at least in 
an approximate way) by measuring a + and n- scattering on l 6 0 and l d 0 at the sane 
energy. At 164 HeV the angular sh i f t 1 0 ) betweun *" and e* at the first ninimun 1s 
0.9° for 1 6 0 and 2.3* for **0 so one gets a (crudely) corrected shift for I B 0 of 
1.4° which has been fitted with an eikonal approximation to the black-disk 
model*6). The corresponding Coulomb corrected difference R" - R+ in effective 
black-disk radius 1s 0.10? fm. In order to relate this quantity to a difference 
1n r.ni.s. radii, two types of oscillator wave-functions have been used, [ f one 
assumes that the neutrons in 1 8 0 have the same harmonic oscillator density distri
bution as the protons {and then the same proton and neutron r.m.s. radii) one 
finds that 65K of the «" - « + shift (Coulomb corrected) Is accounted for. I f the 
two extra neutrons are assumed to be in the 2s. - IdL shell with the mixture given 
by the Lawson wave function2") (predicting r n * r p »'* 0.14 fm) the calculated shift 
is 305 larger than the experimental one. Then the 164 HeV SIN data are roughly 
consistent with small differences in neutron and proton r.m.s. radii (0 < r n - r D < 
0.14 fm). H 

The next step is to compare the data with optical models calculations, in 
which one takes into account properly the CovloaA effects and the differences in 



scattering amplitudes between • - and • * for H < 7. nuclei (due to the 1 so vector 
part of the pion nucléon amplitudes). The 164 HeV LAKPF data have been analyzed 
with a configuration space standard Klsslinger potential with the optical para
meters b 0 and b] averaged over S protons and 10 neutrons25). I t Is found that 
when talcing r n • r p a 2° **/*" shift Is accounted for, leaving only a 0.3 6 - 0.3 d 

shift to be explained by a larger neutron radius. This can be Obtained by an 
Increase In the r.m.s. radius for neutrons of Ar„ - 0.03 ± 0.03 fm. 

The best optical model calculations for 1 , 0 at medium energy have been done 
with the Orsay cade and are submitted to this conference (contribution 1C6}. They 
are finite range and correctly take Into account the 2CM * ACM kinenatical trans
férai» Fermi motion, binding and recoil corrections, but they do not Include Paull-
blocklng and true pion absorption26). A f i t to the SIN 164 HeV data on '6*1*0 has 
been done. In order to get a good agreement with the position of the absolute 
nrinlaa of the «* and •" angular distributions on ' 6 0, the optical potential had 
to be evaluated at an effective "Coulomb corrected" energy E~*f * E - Vc where 
Vç • ±4 MeV Is the «lue of the »- - 1 C 0 Coulosb potential at the r.m.s. radius. 
Both harmonic oscillators (HO) and Hartree-Fock-BCS (HF3CS) wave functions have 
been used. The best overall f i t is obtained with an hanronic oscillator density31*) 
for which r„ - r„ % 0.14 fn but a phenonenological density with r n = r„ gives 
results of almost the same quality (Fig. 3). 

F 1 ' ' 3 " Ratio R(e) = ojH-j + o | * * | f o r l 6 ° a t , M H e V * T h e f l t s a r e opMeal 
model calculations with a harmonic oscillator density and rn=r0«2.585 fin (solid 
Une); r-n=2.657 fm and r p = 2.529 fin (dashed '.inc) and a Hartree-fock (HFGCS) 
density with rn*2.798 fn and rp=2.618 fm (dotted line). 



The results of these different analyses are swmarlzed in Table 1 In which ft 
Is an effective radius and r labels an r.m.s. radius. 

Experiment «-nucleus nodel density R_-R0 '"n"rD Reference 

0.17 > 0 l B ) 

<0.)4 i e ) 

Ï 0 " ) 

0.14 " ) 

0.03 l ï ) 

0.19 l 9 ) 
(Neuchatel -
Grenoble group 

Table 1 

In conclusion, when phenomenolgical densities and simple modâ UJ are used, 
small differences between neutron and proton radii are required to f i t the data. 
With more elaborate models and wave functions, good overall f i t s can also be 
obtained with Hartree-Fock density distributions predicting rather large d i f fer
ences between r p and r n . In short, the answer is strongly model dependent although 
within each model, some consistency of the results can be observed. 

"PÇa - "aCa 
This pair of isotopes has been studied at SIN at 130 HeV 2 B), 18D and 230 HeV 

(contribution 1C28 to this conference) and at LA'tfF at 180 HeV. The 130 HeV data 
are consistent with rather large differences between neutron and proton black-disk 
radii both for ' • ^ {-v 0.20 fm) and for I |6Ca (*>. O.S0 fn). An eikonal approxima
tion to the di f fract ion theory which takes the density diffuseness into account 
[grey-disk model of Bethe and Johnson16)] gives a neutron-proton difference in 
r.m.s. radii s l ight ly smaller than calculated by Hartree-Fock theories but in good 
agréèrent with other experiments l ike high-energy proton scattering* 9). 

A detailed study of optical model ambiguities in 1 < 0 , l , 9Ca has been done using 
a Kisslinger potential with a LLEE correction* 0). The authors show that there is 
a strong correlation between the P-wave parameter b; and the neutron density para
meters, which condemns any analysis in which the optical parameters are varied 
freely. Since different parameter sets predict different total cross sections, 
i t is proposed to use differences in the "aCa - ""ta total cross sections to select 
out the correct set of optical parameters and then to obtain the correct value for 
a r n C*aCa - , , 0Ca). But i t is well known that total cross sections predicted by 
optical models which do not contain any true absorption, are too large by about 
2QÏ (when the true absorption is taken into account, i t removes SORK flux froo the 
elastic and quasi-etastic channels and the total cross section is paradoxically 
decreased). Then, i t is unlikely that the use of total cross sections would sup
press the mocfel-dependence as long as unrealistic models are used. There are two 
contributions to this conference (1C7 and 1CZ8) dealing with, analysis of pion 
elastic data on Ca isotopes. 

SIN 163 HeV black-disk H.0. 
(Karlsruhe-
Grenoble group) 

•' black-disk shell -
model 

H O.H. (Orsay) H.0. 

O.K. (Orsay) HFBCS 

LAHPF 164 HeV O.H. (Kiss11nger) H.0. 

SIN 180 HeV black-disk H.0. 



3. New aoonMches to plan nucleus scattering 

At low energy the *N amplitudes are small and change slowly with energy Hik
ing perturbation theories a good starting point. At redfum energy the *N anpli-
tude Is doninated by the P33 resonant phase-shift which Is large and varies rapidly 
with eneroy- The ir«an free path of the pion Is of the order of the 6-11 fe tine 
and ù's can be treated as separate entities, this interpretation being supported 
by the quark picture of baryon resonances1i). The assumption that the *N Inter
action con be represented by an overall potential becomes, at least, doubtful. 

Attempts' 2*") have been made to derive fully rctatlvlstlc plon-micleus field 
theories like the Chew-Low theory which has been so successful in explaining irfJ 
scattering3**). Contributions 1C25 and 1C27 are related to this approach that I 
Mould call "particle-physics-minded". 

In the "nuclear-physics-mlnded" approach (so-called because i t makes use of 
nuclear physics concepts like isobar-doorway states) the dynasties of the pion In 
the nuclear medium is taken into account through the propagation of the & and the 
subsequent i-twle Interactions. These node's nave been developed by different 
groups and given various generic names (isobar-doorway, isobar-hole, collective H" 
resonances, glan (3,3) resonances, resonance fluorescence, etc.) but they contain 
essentially the same ingredients 3-" 3 3). There are contributions to this confer
ence dealing with comparisons of these models with recent elastic scattering 
(ÏC22, 1C24) and charge-exchange reaction data (1C15). 

A detailed phase shift analysis of the SIK e* - 1 € G data"0) between SO and 
340 HeV reveals the main differences between a static and a dynamic approach to 
f-nucleus scattering1*1 ) . A best-fit parametrizafion to the data has been obtained 
using as starting values and theoretical guidelines, the phase shifts obtained 
with the first-order momentum space code PIPIT1*2) or with an isobar-hole model''3). 
The energy at which each amplitude crosses the real amplitude axis Re a, 
("resonates") is shown in Fig. 4. Apart from the S- and P- waves which correspond 
to inner Interactions and are not well determined in any model due to the limited 
mean-free path of the pions, tne PIPIT phase-shift resonates at a fixed energy 
around 1G0 HeV, when far the isobar-hole phases the resonant energy varies with 
up to L * 5 an'J stays constant thereafter. 

f ig . 4. Energy at which the real 
amplitude Re(aL) is zero as a 
function of energy in a phase-
shift analysis of * + - l i 0 between 
SO HeV and 340 HeV. The curve 
labelled Pipit 1s obtained by 
using phases frora a first-order 
static approximation as starting 
values. The curve narked Lenz 
started from a fiobar-hole model. 

120 140 160 180 200 220 

E R (MeVÏ 



The following physical picture emerges from this result: for a f irst order 
static model like PIPIT the resonance In each partial wave Is generated by pion 
multiple scattering and Is just the reflexion of the «N (3,3) resonance at 190 
KeV shifted towards lower energy by the Fernl momentum of the nucléons Inside the 
nucleus. In the Isobar doorway model A-hole excitations are coupled to strongly 
collective Isobar doorway states: the A kinetic energy and other Interactions of 
the & with the nuclear medtun represented by a spreading potential lead to the 
l-dependent shift observed In the <-esonant energy position. For the peripheral 
partial-waves the nuclear density becomes low and the a 1s almost produced on-
shell. The strong collectivity Is then lost and the resulting Interaction Is just 
the free pion Interaction corrected far klnematlcal effects. This effect could 
explain the fact that Isobar-hole peripheral amplitudes (L > 5) resonate at a 
fixed energy. The resonance energy Is shifted upwards from the PIPIT values by 
effects due to nucléon separation energy and a-kinematics. The better fits to the 
experimental data obtained In the phase-shift analysis, strongly support a dynami
cal approach. An example of i + - l c 0 total cross section calculation using an 
Isobar-hole model containing no adjustable parameters"*) 1s shown in Fig. 5. 

vr'o 
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1 lind. trut obsorphon) 

F1<j. S. Total cross section 
calculations with the Isobar-
doorway model'''•j. 

The calculations made with the isobar-hole models have been limited so far to 
simple light nuclei Crie, 1 2 C and 1 6 0 ) since they require a microscopic (shell-
model) description. A new paraaietrizatian of the isobar-doorway model should 
make I t possible to study «ore complicated nuclei (contributions 1C15 and 1C22). 



4. Conclusions 

. I t 1s time to go back to the question asked in the t i t l e : what have we 
Çearnt fron pion nucleus elastic scattering? About static properties of the nucle

us I would say: "not much yet", but whet the nex data tell us Is that the 
Interaction of a pion with a nucleus Is a complicated many-body mechanism which 
cannot simply be reduced to a first-order static potential. 

At low energy soma progress has been made towards the understanding of the 
corrections needed and good fits to a wide range of data can be obtained (which 
does not mean that the physics is completely understood). 

At medium energy» any theory which takes the nuclear "blackness" Into account 
gives qualitative fits to the data. This interpretation is misleading because the 
pion absorption predicted by first-order theories is almost entirely due to quasi-
free knock-out. Vcrious models of strong excitation of Isobars in nuclei and 
their subsequent propagation and interaction In the nuclear radium have been pro
posed* which take naturally into account the true pion absorption in the Interre-
dlate and final states. They have strong implications on all reaction channels 
[elastic, deep inelastic» absorption, charge-exchange, (* ,BNT reactions] and to be 
meaningful a comparison bstHeen theory and experiments nust be made with all avail
able data. Once the correctness of the new theoretical approaches Is assessed on 
simple nuclei, pion-nucleus elastic scattering will at last become a privileged 
tool for nuclear structure studies. 

On the experimental side, data with very small statistical uncertainties are 
being obtained now at the meson factories, thanks to the increase In plon-fluxes. 
but the systematic errors seem not yet sufficiently mastered and a realistic 
estimate of these must be made. I t hould also be useful to have data at more 
energies, In particular in the transition region between low- and medium-energy 
(80-150 MeV). Finally, data on other reaction channels are needed, (they are 
beginning to appear, see Session IE) since the understanding of the pion-nuclcu? 
Interaction depends as much on these as on the elastic data. 
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