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Abstr d

We will review recent theoretical developments in I.11“ area of meson-nucleus
intcrxdcns with an em@asis on - lxhavior of barycmrcscmnm in rmclei.

1. IntrodMt.loo

To begin+ we want to indicate tk connection of meson-nucleus scanciing, a

_ ~ of informadon ab.u baryon rmcmmccs in nuclei, to an emerging area of
rhcorcdcal physics: ckvclcpncnt of medds of nonpcrmrbative QCD [1-3] that rchue the
propn.k-s of Mlrons to ccdensates of quarks ad gluons. Since properties such as mass
change In nuclear mailer (an effect that k been quantified crn~kally for rhc nuckm and
the A3(1232), ad, in the strange sector, W A(l 115)), the possibility of ext.endng *
smnc mcdmda to study Mrom in nucki naturally arises.

71w ❑ethod of QCD sum IUIU has iii f~t been applkd to study & behavior of
the nuclccmin nuclcarmatlcr in recent years [4-6], In the work of Dmkarcv and Lcvin [4],

a IiKu3rcticalestimate of the fadhr twoquark cmkawtc in IUJckarmatur was @vcrh@
it w8s alwwn that this COrbdena.atcis appreciably modified from Its free-space value.
Otlwa, partlculady tlM fourquark condensates, arc considerably less well known in
nuclear matlcr, These have been the subject of study in models [7], but they may also be
dctcnni.ncd horn maon-nucleus stand.ng data For example, in [8], the mass of the A=
In IJE nucleus, flint deducxd from x scattering measurements [9], was used to obtain a
value for h fourquark condensate indicathg a significant correction to the factorized
result. TIMmupling g~A provides even more in.fomnation[8].



SinCCmay new cmdc~ arise M the fourquark level, one mecls dditional
anpkal information incmierto @y QCDsum ruh to nuclei. Modified values for ttm
mast, M:, widh r~, and pion cmupling g“-.,, to IMIYOnresonances I, which may Ix
otlaimd from meson d yw =ring cmnwki, are suitable for his purpcw by cxtemling
Ref. [8] LOhigkr-lying barym msauums.

L M~n-NwAeus Scattering Theory

How diES m ohain the prqmies of baryon resonmwes from meson scattering?
~ basic element of scattering is W meson-nuclem (and, for ptmto .w, Lhc ~nucleon)

~ t-mahx, which may lx divided into remmrwx [W,, and background !nr parts
for msolWuX h

(i)

The amplitude tra,,may be expressed in a Bmit-Wigrm form, chamcterized by a free-
P CIAC Widti (pWdOIWI to gti.,, ), mass Mj , A W width rj,

t
8~N”,j

,=

‘“ (k+ p)’-M; +wfjr, “
(2)

Hem k is h meson (m) and p is the nucleon (N) four momentum. The parameters have
been detcnnitwd empirically for numerous baryon resonances formed in %,kaon, and y
sc-allcfig from isolated nwlems. For k remainder of W talk, I shall deal mostly with x
scm.crlng and its relationship to ncmstrange baryon msonrmccs in nuclei. Similar consid -
etadons would apply to K- scactwing, which is an imptant source of h.formtion akmt
strange IeWrlamzs.

Sc.attcting frun W nucleus is often calculated from & opical potential, which is
fouml by averaging W sc-aaering amplitude over @ nucleus. This has hen done both
@Ewmcmlogica.Uy [9] ad rnlcroampically [10,1I ] for z scattering in the region of the
~ “Hnancc with considerable success. More rccau.ly, vtious attcmps have been mde
to u.m.lerstandz smttdng W *C tlw Am remance, w e.g., Refs. [12-19]. Different
groups have cmphasiucl differcnf approximations and meMds, inc’.uding semi-classical
approwhcs [12,13,15], optical mdel approaches [14,16,17], and comparisons bewecn
them [14,16]. Incmtmst to tk shuaticm in k vicinity of the A33, the off-shell t+avior of
tbc amplitude does nol seem to be a very important consideradon for W tdgher energies
[19],

Some of these calculations modeled x scancring using W me z-nuclecm
scattering a.rnplltudc. While there Is genera! quantha.t.ive agreement among tlM different

mcb in MO Wwximtion, the expctlmcntal data generally disagrees with tlwm,
Experience with h A33ti the failure to explain %~ri.ng using free-space amplitudes,
suggests modified values, M:, r:, and g~.,,. A recent study within a conventional
many-body approach [18] found it very difficult to calculate medium effects rcllably as the
energy is miscd. A more phcnomerwlogical approach to detcrmlrdng them was taken In



Ref. [19], *man effcm was male to combin Y and x-nuclear* in Ihe GeV energy
region. I willrmt discuss tlmdata within hconteaoftitlnm~ of Ref. [19] as appiied
toxscandng ftomnC. This results wereobtaimd fromali.mited datasctoftocd cross
scdorw [2021] ml angular dititmdons [22]. The recent release of k new KEK angular
disuibtion dala [23] at several emrgics provides a basis for kesting M conclusions of this

-.

3. Andy&is of ~Nucleuu ●nd x-Nuckua Scattering Data

TIE pmbkm of Ck3em’nil’tingtiw Profxrks of W baryon reWnamxs above the A3
is more complicated than it is for the Am itse!f because at k higkr energies the res -
ommxs are overlqing. Consequently, one needs to consider all mmes of information
avai.labk Plmmwhr -- are wmpkmeruary to z w.lmirrg, 9mx the resmwus
cauplechffercmly todw yard x. ‘fW mosl direct way to determi.rw g~.,i is of course to
use z beams, although photopcm production could also provide Lhisinformation-

Messurements of total cross sect.icm wi~ energetic y up to 1 GeV have already
&m used for an ern@k.al study [24,25] of the more highly excited baryon resonancs in
lluClei. l%e~inem~ forth? DD(1520) and FU(1680) resonmces, present for lhe
free nucleon, were found to di~ar in h ~nuclear measurements, This result is
interpmed in Ref, [24] as the combined effect of furni avenging, Pauli blocking, plus
Mklidalal UNlisicmbmddng. m monance md.ificalions in the nuclear medium were

23RIJ The rewmnt amplitude fordetermined fhere from tk tolal y cross section on .
foward Compton scattering was taken to Ix nf the form of @. (2) with gfi~m,~ +

g~-,j. ~ m- Ofh ~? -Mereleh at their free valws because W ydal.a do
rmt exhibit visible peaks from which they could bt cktermined; dw total widths r: for ei@
rcsmances were tkn detcrmhted by varying a colliSon brcmlening term until a fit to W
total Cress SecticmWMo&ahEd.

Although the baryon mcmames couple differently to y and to z, the in-medium
mawa and widths (rewnwux prcpr self enwfiesj thal enter into W Sca&teringamplitude
of Eq. (2) are the same for both. ~s is bmuse Lheproper self energy characterizes the
rcmnancz ad not the projxtiic, ml also bmuse the X, as well as the ~, can penetrak
rmrly to the center of ‘2C. Nou that tlw x, at energies above the An, is the second
we.akc-sof W strongly intcm hxirrms (behind the K+) [16]. Medium modiflctions
to W sclf+mergia of the tuuyon u.-s are thus i.mmrporatedin Ref. [19] in the spirit
of Wfs. [242]; ~ b, tru,j is uxuned to k increased by t.lwfermi motion ad collision
Ixo&kni.ng. Scvemi sirnpi.lflcadonshave tucn made to W mcxiel of Ref. [24], which are
descrikd furtkr in Ref. [19]. The @ysical origin of resonance broadening Is presunmbl y
W addhiona.1decay chanrds available to a msonamx created in W medium, Picm produc-
tion ard akuorp.ion are two exampica of charmla lhat can contrknm 10@ decay of h
resonances in & nucleus. Another possibility h that l.hc heavier resonances, once
produced in*. nuclcut4 hnmexliatclydecay txcausc they flnclthemselves in direct contact
with many nucleona due to the larger radial size of them remnama [26].

The rcmdtsof Ref. [19] wem obtahwd using W covarimt Wory of Ref. [11], but
here we use the eikonal themy of Ref. [16]. ‘I’hetwo approaches may be considered
khdcal for the purposes of this talk, Fcnni motion is included, but the wnvent.ional



smxmd-on&r and mcsammm cmreakm titi~tihutd;m~ Dk
**

Fil’WOfdl, W ~~ Of~. (2) is lid by d@Sti~ g~.,j tO fith flU Z-
nuclmn elastic anplitutks of Ref. [27], and the total cross sections am then calculated
from-using tlweikmaltheuq. The results areprewnted in Fig. lasafwmionof
I.abatory kimtic emgy tir z+ M ‘Cmdcom@ todata [20&23]. ~ mw KEK
data [23] weremXavailabk wMItkmdy of Ref. [19] wasmde.) ‘Ikdaskllinc isthe
rw.lt of& calculation in the aktwwc of collision broadening, showing W combined
effect of fermi averaging arul multiple w.attcring. Wlmn W collision brmkdng is w.lde.d,
as&terrnhwd from theytotal crcmsscctionin Ref. [24j, ttEdash4xted cImeiso&airEd.

Although lb irMxc&w in wicttlw has a rw4iccableeffect on the predicted cross sections, me
result is sukingly snail ad has th: wrcmg sign abcw XXIMeV. Changes in the masses
of* remmmes wi. llhavevqli akdd.iticd effeasimx ~~ intk model arc
(@c IXod.

‘l?u mom irucredng feature is nm tlw effect of k medium modifications per se,
bt~rhtqe di~ytim wti-~~tiwotiwe wilht.hc
data. Ttie div.-y is abotjt 20% and is qqxoximately eurgy irdqmulent. Ilis could
im$cale a failure to include sane impcmam piece of the rwxion mechanism. However, w
expect that t.tmmmion c.hmmls are daninakd in tis erergy region by the rcsonanas
themselves, so Ihat these effects arc included automatically in our phermmenological
description of cd.1.isicmtmdming.* from ~nde.ar dala

A particularly intriguing pxdility is that the coupling of k z to the mcmamxs is
modified in the nucleus. In the eikonal Ltbeory,a Pherwmerdogical increast of the x-
rwclecminterxlion i.nthemediumby 20%wi.U reprcxlucetlwolderdaQas isslmvnbytk
@d curve in Fig. 1. 1%.iswould comcspond w a 10% (20% in the tkory of Ref. [IO])
increase in the z-nuclccm-resonance coupling constant, gin,, ~, in all (including
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Fig, 1. Total cross secticm fors cm12C, Data arc from Rcfs. [20,21] and the Calcula[ioll,
arc dcscrlbcd in h text.



~)~tiwtiwaQ@tiwm*oftiomtim for
mminingtiE fourqMrkcu—Kkwm inmxki. Thissitu8tk81is Kminkumofwhatt’wl
hm[n]h K+-mlm B*, *mm* Mtibadm~
lying CmskmuJ yaktut20% txlowtidaQ ardsu~sting [29]anirmcwxlc 0uphngof

mcsmstotknuckcn
To ckck k comismncy of W theory of Ref. [19]. we have compared it to the

IWXntKEK data [23]. TIER arc two pohu.s to make: (1) the angular diSUibUtiOflS are

pmallybnpfovedbyt he20%mno nnaltibuttkm inimain thetheoty wcgeneral.ly
toockep. ~tititirnm xm~ymti d~oftin~ilu~[~]~
arc tkefom partkddy ~mitive to h mas.sesof k mmnares in * ndeus; (2) if the
KEK total cross sections are taken seriously h coupling comaru enhatwment may lx
cnmgy- (or msonamx-) dependent ad, in particular, will have to be reduced below WKl
Mev wherettw~ Ixglns todani.natc.

4. Condu.dons

Baryon ~nancc properties in nuclei. which can be deduced from meson and y
x-attering from nuclei, provide an empirical probe of four-quark condensates in nuclei.
Pion scam-ring dm including angular disuiburkms taken receruly at KEK, arc consistent
with a substantial broadening of resonances ad an enhanced Z coupling 10 the more
massive baryon resonances in nuclei. Before one can make a more quantitative
demrminaticm of h propmies of baryon rcsonarbus above lhe A~~, additional data is
needed. A simple but inctirect approach for obuining the infomnation is to fit the

Wp* of k ~ *W h q. (2) to elastic scalmnng as in [9] fortk An. A
more direct and promising type of experiment is to detect the outgoing z or y in
wi~i~u with h poton arising fi.omdecay of excited baryon tewm~ [31].
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