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Summary. The excitation functions of differential cross-sections in
pion-nueleus scattering at intermediate encrgies have been obtained by
iitting in the ¢.m.s. with Legendre polynomials all the existing data on
*H, 2H, *He, *He, 22C and '¢0. The spectra have been deduced by cal-
culating the maximwmn-likelihood Lorentz lines through a Monte Carlo
method. Among the main features, we find a resonant behaviour of the
excitation functions at energies much lower compared to the free
A-resonance position. The shift is angle dependent and 4-dependent.
A possible explanation of the downward energy shift is given on the
ground of the recent developments of the collective isobarie resonance
model.

1. -~ Introduction.

The most striking feature in pion-nucleon scattering at intermediate energies
is the well-known A(1232) P,, resonance in the total cross-section at pion energy

{*) On leave from Institutul de Fizica si Ingineriec Nucleara, Bucharest, Romania.
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17 = 130 MeV and with a width I~ 110 MeV (1. Exeitation functions of
differential cross-sections at all angles exhibit the same behaviour.

A slight downward energy shift of the resonance occars in the pion-nucleon
case (7). Pion-proton scattering below 300 MeV is almost completely dom-
hnated by the [ = 1 partial wave due to the isospin-3. spin-§ P-wave resonance,
At I = 195 MeV, the phase shift for this channel passes very rapidly through
00°. Correspondingly, since this one wave dominates the seatfering, the real
part of the forward-scattering amplitude Ref_ (0°) =0 at I = 195 MeV.
However, because of the momentum faetor 1/L in the expression for the
imaginary part Im f_ . (0°), the Tm /_(0°) has its maximum shifted downwards
slightly to B~ 187 MOV. Since the expression of the optical theorem for the
total cross-section has an additional 1/k factor in front, the resonance is shifted
down further to the experimental value ¥ = 180 MeV.

Measurements of pion-nucleus total eross-seetions show a peak eclearly
related to the 3-3 resonance of the pion-nucleon system (). However, this ex-
perimental peak is broadened and shifted approximately (40--50) MeV down-
ward in energy compared to the peak in o(w, N) (F =~ (130-+110) MeV). Theo-
retical explanations or caleculations of this shift appeaved in several studies (+7).
The resonance shift seems not to be an exotic effect (%), but it is simply a con-
sequence of the passage of the pion through a dispersive, absorptive medium ().
This multiple seattering tends to diminish the energy variation of tlie forward
m-nucleus seattering amplitude £, (0°) and, thus, leads to a broadening. In
addition, including nueleon Fermi motion also broadens and lowers the peak

{*) G. GracoMeLLi, P. PixT and 8. Staeyi: CERN-HERA, 69-1 (1989); F. .J. Bussey,
J. R. Car1ER, D. R. Daxce, D. V. Boaae, A. A. CARTER and ALML R Nuel, Phys. IS,
58, 363 (1973).

(*) R. H. Laxpavu, 8. C. Paarax and F. TaBakix: dnn. Phys. (§. 1), 78, 299 ('19733
(?) N.D. Gasrrzsch, G. 8. Murcurer. C. R. FLercuer, E. V. Huxcerrorp, 1. CouL-
soxN, D. Maxx, T. WrirteN, M. Foric, G. C. Porceres, B, Maves, L. Y. Les, J. I[Uno-
MALY, J. C. ALLrRED and C. Goopyaxx: Phys. Left. B. 47, 61 (1973); . Wirxiy, C. R.
Cox, J. J. DoMixnco, K. GaBATHULER, E. Prproxi, J. RonLin, P. L R‘("u’wx'{ LER and
N. W. TANNER: Nucl. Phys. B, 62, 61 (1973); A. S. Crovau, G TuryNer, 3. W.
ALLARDYCE, C. J. Barry, L. J. Baven, ‘\V J. McDoxarp, R. A J Rpore, L. M.
Warsox, M. E. Cage. G. J. Pyre and G. T, A. SQumer: Nuel. Plsg,us-. B.76, 15 (1974);
AL S, Carrorr, 1. DL Cinaxa, C. B. DOVLR, l. ¥, Kyera, K KLy, POO. Mazogr, DN
Mrcrmasrn, P AL Mocxzrt, D. C. Ransr and R, Rusinstrin: Phys. Ree. (', 14, 635 (1976).
(!} K. BIorNeNAK, J. Fixsorp, P OsLaxp and A, Ruwrax: Nuel, Phys. B, 22,179 (1970):
T, Kt)lI)IURA: Nuel, Phys. B, 36, 228 (1972); C. Sciunrr: Lett. Nuovo Ciento. 4. 454
(1970); L. A. Coarcrox and J. M. Risesserc: clan. Phys. (V. 1), 63. 286 (1971);
W. R. GIBB 2 Phys. Rev. O, 3, 755 (1972).

(%) CoWiILKIN: Proceedings of Spring School on Pion Interactions at Low and Medium
Fnergies, (SIN, CERN) Cern 71-14, 4 August 1971; C. WLk : Lell. Nuovo Cimento,
4, 491 (1970).

"y T. Eo 0. BEricsox and J. IIvryer: Phys. Leti. B, 33, 601 (1970).

() ML P. Locurr, O, 3TEINMANY and N, STRAUMANN: Nuel. Phys. B, 27, 598 (1971).
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slightly.  Multiplication of Iin [ra(0°) by the energy-dependent 1/k term, to
form the total pion-nucleus cross-section, therefore, leads to a considerably
larger shift in the peak position than was found in the corresponding step for
the pron-nueleon eross-section.

Moreover, shape and position of the peak in pion-nucleon seattering depend
on .4, the mass number of the target nucleus. As .1 is increased, the peak be-
cormes broader and its maximum moves to.a lower energy. SEDLAK and FRIED-
MAN (%) have shown that this .f-dependent behaviour originates in geometric
and refraetive features, rather than in mieroscopic nuclear dynamies. This
results from the blackness of the nuclens to the pion wave in the 3-3 resonance
Tegion.

As far as differential cross-sections in pion-nucleus scattering are concerned,
available data on light nuclei give excitation functions with resonant behaviours
at energies much lower compared to position of the A-resonance, especially
at large angles (°). Positions and widths of the peaks depend on the scattering
angle and also on the mass number.

In order to study the excitation functions of differential cross-sections,
comparing hemogeneously data from experiments covering different energy
and angular intervals, we have fitted all the existing data on light nuclei such
as ‘H, *H, ®He, ‘He, 2¢, 190, The main features of the excitation funections
have been then deduced and compared to the elementary pion-nucleon scat-
tering. A possible explanation of the downward energy shifts has been given
on the ground of the recent collective resonance model of Klingenbeck ef al. (1)
and Hindel et al. (*1).

2. - Excitation functions of differential cross-section for light nuclei.

The backward-angle (n#, 12() differential elastic cross-section in the energv
= b D
range. (23--90) MeV has been measured by the authors (*2) with a streamer

() J. E. SepLax and W. A. FRIEDMAXN: LPhys. Rev. ', 16, 2306 (1977).

(*) F. Baresrtra, E. Borrixi, L. Busso, R. GARFAGNINI, (. PIRAGINO, A. ZANINI,
C. Guararvo, R. Scrivacrio, 1. V. Favovkrx, M. M, Kyvryurkix, R. Macu, F. Nicuirio,
G. B. Poxrrcorvo and YU. A. SIHCHERBAKOV: Proceedings of the VII International
Coujerence on Few-Body Problems in Nudear and Particle Physics (Delhi, 1976), p. 315;
TorRINO-DUBNA-TRASCATI COLLABORATION: Frascati Report LNT' 76/50 (1976).

(%) K. Krixeexseck, M. Dizrie and M. G. HUBER: Plys. Rerv. Lett., 41. 387 (1978);
E. Bosciirz: Proecedings of the VII Iniernational Conference on High-Inergy Physics
and Nuclear Structure (Zitrich, 1977), p. 133.

('} R. Hisper, M. Drii¢ and M. G. ITuBER: Phys. Leit. B, 73, 4 (1978).

(*) F. BaresTra. L. Busso, R. GARFAGNINT, (. PIRAGINO. R. BARBINI, C. GUARALDO
and R. Seriyacrio: Leil. Nuovo Cimento, 12, 851 (1975); 13, 673 (1975); F. BALESTRA.
L. Busso, R. Garracyini, . Prracino, (. GuaraLpo, A. MAGGIORA, R. SCRIMAGLIO
and P. Caxwara: Phys. Lelt. B, 80, 203 (1979).
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chamber speetrometer (12} exposed to the pion beam of the LEALE Laboratory
of Frascati. The spectrometer consisted of a self-shunted streamer chamber
filled with *He at 1 atm and placed in an electromagnet. In this way the chamber
visnalized the incident and the secattered pions for events occwrred both in
the 22C external target and in the filling gas.

The corresponding excitation function for 2C is reported in fig. 1. The
solid line is the maximume-likelihood Lorentz function obtained with a Monte
Carlo calculation. Our lower-energy values (E < 20 MeV) ave presently under
analysis, however, the figure seems to show a resonant behaviour. The peak
position is shifted to an energy much lower compared to the position of the
A-resonance in pion-nucleon scattering.
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Fig. 1. — Excitation function of (n=, 12C) differential elastic cross-scetion at (175 -+ 5)°.
Experimental data: ref. (*2). Symbols: a (x-, 12C). a (=%, 120). The solid line is the
maximum-likelihood Lorentz function obtained with a Monte Carlo calculation.

Two large-angle (=, ‘He) values, ((150--10)° and (165--15)°) have been
measured (%) with a streamer chamber with 81 MeV 7~ and 33 MeV =nt. In
fig. 2, the corresponding execitation funections have been deduced from these
data and large-angle elastic data from other experiments (3%). The Lorentz
lines show a maximum at £ = 73.5 MeV at 0 = 150° and at J = 72.6 MeV
at 0==165°,

(13) . BaresTra, L. Brsso, R. (arvacNiNL. G. Piracivo, R. Barsini, . GUARALDO,
R. Scrivacrio. I V. Favowxiy, M. M. KoLyukix and Yu. A. SHCUBRBAKOV: Nuel
[nstrum. Jethods, 119, 347 (1974); 125, 157 (1975).

(*) F. Bavrestra, M. P. Boussa, L. Busso, R, GarraeNing, ( PIRAGING, . GUARALDO,
AL Macotora and R. SCRIMAGLIO: I press.

(*) Yu. A. Bubacov, P. T, Ervorov. T. A, KusoNiresko and V. 1. MoOSKALEV:
Sov. Phys. JETP, 15. 824 (1962); M. E. Norvpera and K. F. Kinsey: Dhys. Letl,
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Fig. 2. — Excitation functions of (nz, *He) differential elastic-cross scctions at
(150 2-10)° and (165 & 15)°, upper and lower part, respectively. Experimental data:
triangles ref. (1); circle ref, (15). Symbols 4 and e (=, ¢He), » and o (rr, *e). The
solid curves are Lorentz lines.

20. 692 (1966); K. M. CrowE, A. PAINBERG, J. Mrrrer and A. 8. M. Parsox: Phys.
Rev., 180, 1349 (1969); R. Bareiny; L. Busso, S. CosTa, R. GARFAGNINI, C. GUARALDO.
G. Piracino and R. SCRIMAGLIO: preprint LNTF 72/62 (1972); Yu. A. SHCHERBAKOY.
T. AxgELEscU, [. V. Faromrix, M. M. Kuryuxkix, V. 1. Lyasaexxo, R. Macir, A. MiuvL,
N. M. Kao, F. Nicuiro, G. B. Poxtecorvo, V. K. SARYCHEVA, M. G. SAPOZIINIKOV,
M. SEMERDJEVA, T. M. Trosuev, N. I. TRoSHEVA, F. Barrstra, L. Busso, R. Gar-
FAGNINI and G. PIRAGINO: Nuovo Cimento .1, 31, 249 (1976); F. Bivox, P. DurtElL,
AL Govarxikre, L. Hueoxw, J. Jaxszx, J. P. Lagyavux, M. Parnvsky, J. P. PEIGNEUX,
M. Sricuern and J. P. StrROOT: Phys. Rev. Lett., 35, 145 (1975); Nuecl. Phys. 1, 298,
499 (1978); I. V. Favomxin, V. L. Lyasnexko, G. B. PoNTECORVO, YU. A. SHCHER-
Baxkov, T'. BALESTRA, R. GaARFaGNINI, G. PraciNo, T. ANeELESCU, A. MinuL and
F. Nrcmitiv: Nuwovoe Cimento 4, 43, 219 (1978).
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2\ similar behaviour can be found for the large-angle excitation function in
(=, *H) scattering. In fig. 3 is reported the exeitation funetion of the differential
cross-seetion at (133 - 5)° from the experimental data available in the literatare
ot pion-deuteron secattering (16). The figure shows a peak again at a much
lower energy (£ = 93.7 MeV), compared to the free A-resonance.

2._
!
T | |
5 \
£ /T I
5 o | 1
chis ‘
- |
5 v/ N
/ \
= Q\
Iy
<£;§/ Q\\o—
1 i i i i
0 100 £(MeV) 200 300
Fig. 3. — Exeitation function of (x=, *H) differential elastic cross-section at (155 + 5)°.

Fixperimeutal data: ref. (18). Symbols: o (==, 2H), o (==, *II). The solid curve is a
Lorentz line.

In order to obtain the excitation functions of differential cross-section
from light nuclei and to compare in a homogencous way data from different
experiments, we have fitted in the c.m.s. with Legendre polynomials all the
existing data on 'H: vef. (1), 2H: ref. (1), 3He: vef. (17), +He: ref. (p18y12(],

a

vef. (1218), 160: ref. (). The excitation functions have then been deduced

(%) K. RoeEr and L. M. LepErRMaN: Plys. Rev., 105, 259 (1957); A. M. Sacms,
H. Wixtex and B. A. WoorEx: Phys. Rev., 109, 1733 (1958); E. G. PrwrrT, T. H.
Frerps, G. B. Yopir, J. G. FErxovicu and M. DERRICK: Phys. fev., 131, 1826 (1963);
J. I Norex: Nuel. Phys. B, 23, 512 (1971); K. Gasatuvrir, C. T. Cox, J. J. Douixe,
J. Romrix, N. W. TANNER and C. WiLkiN: Nuel. Phys. B3, 53, 397 (1973); R. H. CoLE,
J.80Me Carr, R. € Mivensrr and E. A, WapriNesr: Phys. Rev. ', 17. 681 (1978).
(Y Yu. A SocuErsarov, T. Avgerescu, I. V. Facowkry, 3. M. Konyormny, V. L
Lyasiexko, R. Maci, AL Minvn, N. M. Kao, T. Nicnorio, (0 B, Povtecorvo, V. K.
Sarveneva, M. Go Sarozavixov, M. SexerDIeva, 1. M. Trosury, N. 1. TrRosarva,
. BALESTRA, L. Bwsco, R. Garracsini and G. PIRAcINO: Nuovo Cimento A, 31,
2652 (1976), and vef. (13).

() I Byrmerp, J. Kezsper and L. M. Leopervax: Phys. Ree., 86, 17 (1952): W, T.
Baxker, M. Byrienp and J. RaNwarer: Phys. Rer., 312, 1772 (19538); R. M. EpBL-
<reiNs WO T Baker and J. RAINWATER: Phys. fev., 122, 252 (1961); F. DIxox.
PoDoremL, J. P Garros, J. Goreres, L. Heeox, J. P PrreNeex. O Senyir, M. SpraHen
and Jo PLoStroor: Nuel. Phys, B, 17, 168 (1970); . DornLarp. K. L. Erbpyay, R. R.
Jonxsrox, T. Mastersox aud . Warpex: Phys. Lett. I3, 63, 416 (1976): J. Pirra-
perer, R Cowrre, J. Pl Becer, P, Gretinear, C Lovse. O Perriy and B, Scnwarz:
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calculating the maximum-likelihood Lorentz lines through a Monte Carlo
method.

In fig. & the excitation functions of differential cross-sections at 30°, 60
and 1207 for light nuclei such as 2H, *He, ‘e, = and %0 arve reported, togethoer
with the cavves relative to clementary == g attering,
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Fig. 4. — Ixcitation functions of differential elastic cross-sections of == on proton
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Lhys. FLett. B, 67, 289 (1977); 5. A. Dyrvax, J. . AMANN, P D. Barxes, J. N. Crare,
K. G. R. Doss. R, \. Eisesteiy, J. D. SrErMaN, W. R. Winarsox, R. J. Prrursox.
G. R. Burrrmsox, 5. L. WerBECK and H. A, Tiigssey: Phys. Pev., 38, 1059 (1977).
(*y D. J. Marsroceir. ¢ W Darpex, R. D. Epcs, T. Marks, B. M. PREEDEOM.
R. i Bewarax, M. AL Moixestek, R. P, RepwiNg, F. E. BErtraxp, J. P. CLEARY,
E. I Gross, C. A, Lupevaxy and K. Gorow: Phys. Ree. O, 17, 1395 (1878); J. .
Avusaxess, J. Arvigox, k. Boscrurz, C. H. 0. Inaran, L. Prrue, C. WIENDER and
3. Zieny: Phys. Lett. B. 73, 119 (1978).
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3. — Analysis of the excitation functions.

The following main features can be drawn from the analysis of the ex-
citation functions.

a) The excitation functions of (7=, p) differential cross-sections show a
resonant behaviour peaked at the same energy of the free resonance A over the
whole angular interval.

b) The excitation funections of w-nucleus differential cross-sections show
a resonant behaviour peaked at energies much lower compared to the A posi-
tion. The shift is angle dependent and A-dependent: it is as much pronounced
as the angle increases and the nucleus is heavier. All this is stressed in fig. 3,
in which are reported the angular dependences of the peak positions for the
considered nuclei, compared with the behaviours of the elementary processes.
A-resonances do not exhibit nearly any angular dependence, as is known and
appears also in the figure. On the contrary, the positions of the peaks of the
excitations functions of differential cross-sections secem to decrease with the
scattering angle, the angular behaviour becoming flat only at backward angles.
Moreover, the angular behaviours of the peak position show an A-depen-
dence: steeper slopes and lower-energy values for heavier nuclei.

200k ceeene
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Pig. 5. - Angular behaviours of pealk positions of the excitations tunections. Solid

line: (=7, p); dotted line: (== p). Symbols: e (x=, 2H), o (xv, 3He), a (n-, 3He),
a (=*, 4He), a (7=, 120), o (=*, 1%0). Thev represent peak positions at L0 intervals,
except for the lack of experimental data. Lines are drawn as a guide to the eye.

What is significant to stress is that, at forward angles, angular behaviours
and peaks positions are close to those of the elementary resonances.

¢) The angular behaviours of the momentum transter q,, corresponding

to the energy value £ of the peaks, show (see fig. 6) the significant feature
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of the existence, for each nucleus, of some characteristic maximum angle 0
such that for 0 <2 6 the ¢, values are close to those of (%, ), while for 0 =1
the Dbehaviomrs become nearly flat. Again, the 6, values are .d-dependent:
higher for lighter nuclei. Moreover, the 0, values scem to be close to the first
diffraction minima in the differential elastic cross-section.
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Fig. 6. — Angular behaviours of the momentum transfer ¢, corresponding to the peak
positions of the excitation functions. The symbols are those of fig. 3. Lines are drawn
as a guide to the cye.

d) Excitation functions widths at forward angles scem to be almost
equal to the A width value, while at large angle the peaks are as much narrow
as heavier is the nucleus.

¢) The ratio between the (=%, p) differential cross-seetion values corre-
sponding to the excitation function maximum is, on the average, 9.05-4-0.1 over
the whole angular interval. This is, as is known, the A++/A® ratio value and it
means that, at the resonance, there is almost no contribution from the 7' =}
state in (=, ) interaction. Moreover, it is a good check of our analysis method.

f) Peak intensities of the excitation functions of light nuclei at forward
angles seem to be Z multiple of the (==, p) value. In table I the light-nuclei peak
intensities and their ratio R, to the (=7, p) ralues at 20° are reported. In fig. 7
the angular distributions of the normalized ratios R? = R |/Z are shown. The

Tapre 1. — Pealk inlensities of the excitation junctions of light nuclei at 20° and relafice

ratios R, to the (=7, p) tolues.

(=+,p) (7=, P) (=, 2H)  (=—.%He) (re=,4He)  (7=,120) (==, 1800

27 400) peaye (0==207) 33.87 4.17 33.65 26.30 76.87 275.16 318.87
. 1 1/8.12 0.99 0.78 (%) 2.27 8.12 9.41
T=RZ 1 1/8.12 0.99 0.78 (%) 1.13 1.35 1.18

i) In this case Iy is defined as the ratio with (=-, n)x= (=7, D) eross-section.
b) Tu this case RY = R 1(A—2).
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[(0.) values range from about unity at forward angles, to about 0.1--0.03
for all the examined nuclei.

9) The normalized ratios I}, plotted as a function of 42a*, where q, 18
the momentum transfer corresponding to the peak enevgy and «a is the equi-
-alent spherical radius of the nucleus, show (see fig. 8) torm-factor-like hehav-
iours. It is interesting to note that deuteron behaves ditfevently from all the
other light nuclei.
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{. — Discussion.

The diftyaetive nature of pion scattering on light nueler explams immediately
many of the gross features of the exeitation funetions. On the basis of the
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impulse approximation the main features of the analysis can be qualitatively
understood. Qualitatively (if on negleets Fermi motion and oft=shell effectsy,
the Impulse approximation cross-section is

'do doy |
—_ _ i Z«‘ |2
((l.(’))nnc!ens (d»f‘))x ((1) b

? in (2 sin (072
F(q) = Jfﬂx]) lig-r]o(r) dr® = iin (2hr sin (0/2))

A T F L FL N I TR
2hr sin (0/2) o) !

For a given angle, the energy dependence of the m-nueleus cross-section ix
determined by the =-nuecleon cross-section, on the one hand, and by the nuclear
form factor, on the other hand.

For very small angles the energy dependence of (dojdw), is dominant, for
large angles that of the nuelear form factor. Furthermore, for large ¢ the mo-
mentumn transfer dependence of F(g) i§ steeper, the larger the nucleus. This
qualitatively explains the A-dependence of the peak positions in the execitation
funections as well as the narrowing of the peak with increasing 4 at lavge angles,

As far as the peak intensities at forward angles are concerned, one ex-
pects in a single black-dise optical model for forward scattering

do 7
(oo

For a finite small angle the nuclear form factor will lead to o weaker Z-
dependence, thus explaining the experimental result. In this way, the points «), ¥)
(partially), d), f) and g) of sect. 3 can be gualitatively explained.

However, the large energy differences between peaks positions and A(3, 3
free at large angles remain unexplained.

On the other way, as far as the diffractive nature of =-nucleus angular dis-
tribution is concerned, the angular position of the first minimum is independent
of the pion incident energy in pion-‘He scattering, whereas the first minimum
takes place at approximately costant ¢ in the pion-C case. This probably
means, according to BINow ¢f al. (**), that in the *He case this minimum is
connected with the zero of the spin-nonflip =-N amplitude, rather than being
of diffraetive nature.

Moreover, it is well known that also the various improved optical poten-
tials do not fit equally well large-angle data (29).

(29) R. Il. LaxDAv: Phys. Ree. €015, 2127 (1977); J. . Mamer. J. . DeboxNp:r
and C. Scumirr: Nuel. Phys. .1, 316, 267 (1979); B. M. K. NErge~N=: preprint UCLA-
10-025-45 (1978); M. WakaMarst: Nuel. Phys. .1, 312, 427 (1978).
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In this context, explaining all the features of the above-obtained excitation
functions of differential cross-sections seems to ask for a more refined descrip-
tion of the w-nucleus scattering which gives more insight into the dynamics of the
clementary processes.

A natural way of introducing many-body effects is the explicit inelusion
of the isobar degrees of freedom of bound nucleons. For such a description of
pion-nucleus scattering various more or less closely related models have been
developed during the last few years: the isobar doorway model of Kisslinger
and Wang (21), the colleetive model of Dilling and Huber (22) and the multiple-
seattering approach of Lenz et al. (2%); velated aspects have been discussed by
Browxy and WEISE ().

Following the collective-model approach, KLINGENBECK et al. () and
HAXDEL ef al. (**) have recently given a new description of pion-nueleus scat-
tering, which treats the isobar on the same footing of the nucleon. The model
has been applied to elastic and inelastic pion-carbon scattering and to elastic
pion-deuteron scattering. The starting points is the assumption that the in-
coming pion exeites a bound nucleon into the A-resonance, thereby creating
an isobaric particle-hole (AN) configuration. Since the A interacts strongly
with the surrounding nucleons, the various (AN) configurations of the same
quantum numbers are coupled, thus leading to new eigenstates }Aj:> of the
whole nueleus. Those nuelear excitations can decay by emitting a pion, thereby
leaving the target nucleus in its ground or one of its excited states, respectively.

The propagator of this system

(1) o) = {H (o) — o}

contains an (energy dependent) AN interaction, V.., and can be expressed
the eigenstates [A7> of the AN Hamiltonian as

PR Ed
\ L:1n> <An|

e (0) — o

(2) Glw) =

where ¢ (w) denotes the complex eingenvalues of the A* excitation.
n tel

Y L. 8. KissLiveer and W. L. Waxa: Phys. Rev. Lett., 30. 1071 (1973); dnn.
Phys. (N. ¥.), 99, 374 (1976).

22 M. Dienie and M. G, Huser: Phys. Leit. B, 48, 417 (1974); in Mesonic Ljffects
in Nuclear Structure, edited by K. Brrvier (Mannheim, 1875). p. 80; Interaclion
Studies in Nuclei, cdited by H. Jocimy and B. ZIEGLER (Amsterdam, 1975), p. 781
Yy F. LeNz: cluen. Phys. (N, T, 95, 348 (1976); F. Lrxz and E. J. Moxiz: Phys.
Rev. €. 12. 909 (1973); F. LENz: in Proceedings of the International Conference on Meson-
Nucleon Physies, edited by P. D. Barxgs, R. A. BseNsTEIN and L. ¥, KissLiveeR
(Carnegie-Mellon. 1976), p. 403; M. Hirara, I Lexz and K. Yazaxr: SIN preprint
(1976); M. Hirara, J. H. Kocu, F. Lexz and E. J. Mox~iz: SIN prepunt (1977).
(4 Gr E. Browy and W. Wrisk: Phys. Rep.. 22,909 (1975); W. Wurse: Nuel. Phys. 4y
278, 402 (1977).
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The sum of these 4* resonances, which differ in their position and width.
as well as in their multipolarity and parity, builds up the scattering cross-
section.
The relevant role of ¥, becomes obvious if one considers the limiting ease
of no AN interaction: then the quasi-free scattering amplitude is recovered
from eq. (1):

(3) viif-l»o G(w) — G () = {e,,, — w}1.

Thus the deviation from quasi-free scattering amplitudes reflects the eftects
of the AN interaction. In particular, the detailed structure of the A% resonances
is expected to manifest itself in a sensitive manner at backward angles, where
the deviations from the quasi-elastic picture are expected to be more pronounced.
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Fig. . — Ixcitations funetions of (r, 12C) differential elastic cross-sections. Triangles
have the same meaning as in fig. 4. The solid lines represent the prediction of the
eollective resonance model (1%). The dot-dashed curves are Lorentz lines.
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As far as the AN interaction is concerned, since very little is knowrn about
it it, is has been eonstructed in a frame of a one-boson exehange (OBIL) model,
taking into account explicitly additional contributions resulting from ; and ¢
exchange.

The coupling between the various (AN) configurations is dominantly due
to their individual coupling to the pion-nuecleus continuum channels. In the
OBE description, this manifests itself by the fact that the exchanged pion can
be areal pion, propagating on its mass shell and, thevefore, leading to a com-
plex and energy-dependent AN interaction.

Summarizing the features of this approach, the excitation spectrum of a
complex nucleus in the region of the A-resonance is characterized by a nwmber
of broad resonances of different multipolarity. Beeause of the similavity in
the description, the occwrrence of these 4% colleetive resonances can be con-
sidered as giant (3-3) or giant isobaric rvesonances (GIR).

The significant point, which allows for a counection with the main feature
of the experimental excitation spectra of differential cross-seetions, is that au
A* resonance, whose energy is pushed down below the free A(3,3) position,
may be the dominant one, as stressed by HANDEL ¢f al. in ref. (11).

On the other hand, drastic variations in the excitation functions of dif-
ferential cross-sections at some large angles, due to the interference of collective
resonances of different multipolarities, are clearly observable, as pointed out
by KLINGENBECK ef al. (quoted in BoscHITZ, ref. (19)).

In fig. 9 we have reported the excitation functions at some angles for pion-
carbon secattering, as resulting from our analysis of the experimental data,
together with the predictions of the collective resonance model., The qualitative
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Iig. 10. — Lixeitation {functions of (=, *H) differential  elastic cross-sections  at

0= (155 == 5)° Lxperimental data: ref. (). Swvmbols: e (==, 2, o (x*.21I). The
crosses and the solid and the dashed lines vepresent the predictions of the eollective
resonance model obtained for different AN interaction parameters (1Y), The douv-dashed
curve is a Lorentz line.
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agreement among shapes, widths and positions seems to indicate that the
pasic ideas about the excitation of isobaric nueclear resonauces ave realistic.

A similar qualitative agreement ean be found for the exeitation function
in pion-denteron scattering. In fig. 10 our analysis of the large-angle exper-
imental data is reported, together with the colleetive resonanee model predic-
tion, obtained from the angular distributions at various energles caleulated
by HANDEL ¢f af. in ref. (). The peak position, far from the free A-regonance,
is reproduced. In the figure another excitation curve is also reported peaked
at an cnergy bigher than in the experimental result. It corresponds to a dif-
ferent choice of the coupling constants fI /4w, fiay/47, foas/d used in the
construction of the one-boson exchange AN potential and thereby it corre-
sponds to different angular distributions ().

This indicates, as stressed before, that the collective resonance model results
to be strongly dependent on the model assumptions: for example, on the coupling
constants, or on oscillator parameters, or on the size of the configuration space.

Despite the qualitative agreement found in the two cases now considered,
in order to explain all the physical features of the excitation functions of dif-
ferential cross-sections, the influence of those uncertainties must be thoroughly
investigated.

The authors are grateful to B. Borrixt for the valuable contribution in
the early stage of the analysis and to T. BRESSANT, F. CaxnaTa, R. Mac,
P. Quarati and M. G. Sarozixtkov for the helpful diseussions.

® RIASSUXNTO

Sono state dedotte le funzioni di eccitazione delle sezieni d’urto differenziali di diffu-
gione elastica di mesoni = da I, 211, 3He, 4He, 12C e %0, analizzando nel s.c.m. tutti
i dati sperimentali esistenti con polinomi di Legendre. Gli andamenti cnergetici sono
stati dedotti calcolando le eurve di Lorentz di massima verosimiglianza con il metodo
di Montecarlo. Tra le caratteristiche generali si nota che le funzioni di eccitazione hanno
andamento risonante con il massimo ad energie assai pitt basse della posizione della
risonanza libera A. Lo spostamento & dipendente sia dall’angolo sia da 1. Una possibile
spiegazione dello spostamento a basse energie o dato ncllambito dei recenti sviluppi
del modello delle risonanze isobariche collettive.
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