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1 Cumulative particle physies - QCD in nuclear 

matter. 
Inelastic interactions of a high-energy projectile with close groups of nucleollS in II. 

nucleus have been discovered atITEP more than twenty years ~ [lJ, whl\'ll fixed 
nucleMtargets were irradiated with proton beam from ITEP 10 GeV machine and fast 
proton (with momentum up to 1 Gev/c) emission backward in the laboratory frame 
was studied. In the antilaboratory fr&lTle such II. particles exceed the Single' nucleon 
momentum level. These particles are considered as a result of process in which few 
initial nucleon momentum cumulatediuto 'secondary h&dron, a.nd have been called 
"cumulative" [2J. Now this term is i:omnlOnly used for particles emitted bt!YOlld the 
projectile - freenudeon 'kinema.tics, and sometimes also for all fast (T... ::> c , where c 
- binding energy of nucleus) ~ndll.ry particles in nuclear fragmentation region. The 
ft"atures of cumulative particle production in hadron-nurleus interactions have ~ 

investigated in details r3) by large ~oups of physieuts mainly at ITEP (MOlICOw) and 
JINR (Dubna): 

According to modern models the cumulative ~roducts appeaT u a result of in­
teraction of projectile with a dense f1uctuationofl)uclear mattec (flucton).termcd in 
the Iitera:ture either as a short-r&Ilge nucleon correlation {4J or more likely multiquuk 
ba;g 15J. , ' 

Now we have a lot of experimental 'data on cumulative particle production; mainly 
in hadron-nucleus collisions. "Tbelle'data could not be explained as a Whole, in terms 
of tr&ditional nuclear Vhysics.' Some of the most striking and unexpected results 
iUustrateli this statement. 

Fig.1 shvws the cumulative particle spectra in p(lOGeV)TCI -+ h(120·lob.,!,..)X 
, reaCtion 16] as a function of nlinimum target mass Q (in nucleon mal'!< units). Inclusive ... spectra are ~ibedin terms of invariant cross SE'Ction defined as follows 

(I) 

Ont' ail _ fcomthe fignre, thAt experimMltal data "xt.<-nd..d npt"O Q > 3 lUld it 
, is impo~siblc to speak about a small correctioll on Lradit,ional'llu~k·.ar physics pictun' 
du", 1.0 Fermi-motion to explain tbis result. 

" 
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·'.'0" ,.: neo~~~"wt:~~lCWIi..nh~·Oj~~~~"'~'" 
.,.Dnaeter.... ~ Thia .·&be~ w.h.-WPelllf:lV~j)h)'lIia->c 
.whiCh it typiqt.°low ~ ~."""m. It ~.. ~ particle 

.~ 

prodUetion c;aD, be-~ as theproa!lies 1rilh"larp~IUIl~.1'be. 
eharaaeristic: ecale of the me fOr thiii proa* ~ "•• wilele ". iathe~me. . 

.WIIII:!Il the C:mmIMiftl.par\i~apeetrdQl'~t poUr:",hue~~
 
theJ'.L~ofi1lChai¥ec:r-leCtion.tunl oat to befaiut,1O &Jaat (Pol) ,. la-V
 
foro> 1. .' .
 

F"tI;2 shcJwII the A ~ clepeadeDceol ~~ of jacl.ne~ia.__
 
afdivupceol the value of tilia p.varaeter for.~ tarpl.m- tJie __ of. diis·
 
pac.m.r been &~ foralltarpta(71. 0., <;aile tha& lWlj'~ ia _
 
then 2 ~ ,for A > 18 ~Thi8 _lie nracb maaller t~ the .ereace~nUdeal
 

. in· bindillg eDetv f,tId.. meaa' Fermi:- (IlOIDetltum. rt meaaa, tW· thiI aIDpe. is •
 
charuterWk of maclear IJI&tter ( or, more ooi'reCtly, it. den8e ~uatioa)iR C08~ .
 

to Fermi-moIDeniwilaad bi~ euer&Y which ia the chanderistit of • nudt!l&s. .
 
Fil.3 alto.... the _/,mt,io foe cumu!&tiw. DUdeons production in lr*(~V).n­


N(12O"W.fr.fX ieactIon Ai & fUc:tion of. c:wimIatiw _troDB,Md pro&oo..killdic .
 
eneru T (8I.·0De ~ lee UI&t thie raiio (wbicb ia~wilh·re.pect to the
 
initiAl pacticle ~) cWF« frem /IIZratiO (which ~ .. U2 ... Pb). aacI M 1. This
 
is OIIIy ODe e:xample of CODit"adi<:tiDn be\weeuamtuiam. particW-prodRdiac ~
 
lIIldaome of itatriYial iAteFpretations <_ au.cattenlll orfr'asi-ow~rDctcwisl.
 

The similar f$ctone CM_ in Fi,.l: ".+(it- Il:IlforTa audetia(N/Z. 1.48).
 
It ia in~iD& to mnembel'tbat theratioof4/_quarbia ~ theoN/S ...
 
not 10 farfroUt.1: in be&vy nucleus 4/- liIII l.J5.. ,- . ,. .
 

The a clepeodeoc.e -:re similar fordiferent ~,(_ "'tf-l). It· abo .~' .
 
. be ~ asmdireet ~ for quai-k bel of Proceie.()f c:~p8rtide
 
produmon.
 

Aci:lOrdilla olD. hJP01beBia of A.MBaJdin and at_bn(_, fOr example, f9t) the
 
a ~oflJledra of d"dffteDt .C1IIl1t1lative ~iclea is ~ ~.with
 
quark.parton audea.r atrudun! ftulctiori.ID tltis ea.e the ratio 01 iDdlllii., ao.
 
-=tiona of dilrerellt .~ one can attribute to ~.~
 

One more ddlIil~ be_ill Fis,l:: tbe.ratio K+lff*~ l~ ked·a·. JtiIb.
 
level of this ratio is only _ of.many fact.; wweb supJ)on tile ~ ....__ &.
 

cumu\ati'llll!· particle prochtctioo ~ _'QOP (101 . It.·,cIeac, thatm. the cue
 
of cumulative particle prodUdiciu oae C!'D.III)' about it. small diopIetsclfbaryoD-rich
 
plasma only. . .
 
. Undoubtediy that the experimental study of 'the cumulative particle prodllCtioD
 

provides an iuIoimation which, in pri~ple, can not be obtained in hydrogen target
 
experiments. ,.. well~me questions may COIICel1l the fundamental problems of QeD:,
 

- tbemeuuremeDts of ftudoo s;~ (all a. functiOn of the number ofvaleace quadta) 
wouldsive an information for the solution of confinement Problema . ~. 

- hadroniution in the lIUClear- matter dilrers from the vacuum one so the prodtac­ 41>. 



3 
tion fea.tqres ofdiifereuteumulatWeparticles.at dift"etent· eonditionswc>U1d modify 
and40r ~veadiscriminaJ.esome models"'" hadrOil~ . 

- large energydepa,ition~n1ocaland densefludon would lead 1.0 fo~tioJ\· of 
exot.ic state of lluc1earmaLter, for example droplets of baryori.;,tkh QeD plasma flO]. 

We propose to use the iJewEl.IrojnanEleCtfOn]''aCluty to investigate the ..pr<)p­

ertieaofilucton and mechanism ,o(cllplulative ·pai'ticlepl'GductiOn, because of 'some 
principal advantage of thisfaolity are Very inJPOl'taDt to achieve'the success in this 
,art .of nUdear physics. 

2 Scena..io ofcumwativeparticle production ill 
hA interaction and .its modification for lepton-. 
nucleus 'interaction. 

T() understand ttaeprincipal advantage of neweleqron accelerator in· studying ·of 
cullluJativellrocess onellhould compare the scenario of-cunmJative particle produtt.ion 
in hadron~nudear and lepton-nuclear coUislon Ill]. 

Fig. 4(a.}. hA illterf\CtJOi'I. The incident }Iadron is considered as a qu"rk-!tuon jet. 
"I,idl suexasivcty interacts in the nucK-1\r matter both witb separate nUcleons and 
with ariykind of ftuclons .. These fluctons l11.ay be short.-ra.nge [cw-nudeondQsters 
or multi quark bags (MQfl) with rMJii of al..,.,ut. lfm. The hadronizatioD of bi~h 

energyqtlark-gltion jet. OCCnrs outside the nut'lcus. The products of fragnl<'!l\tation of 
excited fJuclon are badronized hi uudcar nlaUl'r (aud thill iSOllC of ihemost.intrigue· 
ttueStioi1) into different particles(p, n,1l', ¥. A,p... ) indudiug cl,mulatiYc uncs. . 
, A lot ofc:1i:pailllclltal data 'suPJ)()rt.this scenariofot' hA ink...act.ion. "The ·D1ost 

direct confirmation of 8p~~e:til11e picture ofthis proct'8S was obta:loN in l"-orrdatioo 
mcasuretlk!uts fortwo ltadroJ)s at sUI·all retath"e monientmu {12]. Apart of the .data 
on cuuiulativc particle CoI.-relat.ion at ·small· relative momentum 9 [13] iii sllown in 
Fig.5(a,b,c). The- 9 ·depcu<U..'11-ce of oorrelationfWlCtion 

-". ~ 
(2)-J! - .&-.. ..."."

~';P~ 

i. sbowt.in Fig.5a'for vair of P1muh,tiveproilons in p(7./iGeV/t')A{C,PIt) - ppX 
re~tiolU. The ~1'YQm 1;.hisfjg~l't" are the l'eSults of (·alcu.latioufifoT diff~'J"cnt size of 
llle .Jllt~rarliul) region r {12] . • 

Ohe t~aD 5l"e,that t'XJM~iti"""ltaJ l1ata an> inilCcordal1c('withiht'Oretkal l".<tkuJa· 
\ions. Tlw ,"ZI> ~{tbt· inlrra("\ion rt~gioh for 'ht'a\'Y ntld(~us is gH~at.('r tilt'll for ligh1 (:Jltf 

(tht- :t11l<\l1eJ f)oint.ti ~l1<m;\ll 9 th,.. laTgl~ r ). 
to'ig.rih slh)\~'s tlW(It'JW"ltlt>m'"~ of "ur-relation fundioll Ron tht·!.tanl'\·el"l.... illl\t 101)' 

gitudinal ~OlllfMJl"'ubof 9.,011'" nm lI('(~ UK" di·f(""'~lIn~ bch\·('t.'ll tlw~t' two (J('I'I·ndt·n("i(~· 
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.' ':..' .".'>,." :\;~...;.:~,\,:.;,:::;<\,<;.,.>: '. <", 
whicllwu in~(t3J-'1le-~llid--~....bi&itudiDII.. 
Of' the iMendiclln~~'~>r"'~'·IJcidl·theJMp¥aIa.;A ,.raJteI'~«. ,. 
tbe sbeand tliel\.dejJeD~,llltWamapfbe(1"ii.k}aieiD~wjall.tJie,:·,.. 
KleUrioof U~ . ' .. ', '. ..... ,
 

~....mofUcJroprodadlon of ~ti_~e_lIIlWortib11ilC:luaWe~
 
abo. , " .... ,.' '.' ,.... , .' 

For exunpJe'the ep_time picture ,«tw, inter.actloa i8iv' i.. good ~t*"h '.~ 

'A-dependenc:eof the inclUllive ~ seciioD (14);. The A;.dei»endeJice of ~ive 
particle l'ield in hadrou-Bucleusinter8ctioil has the yOl_ilat~j that ia tbe rewlt 

'0( the increuinJolthe lfiDVh of the interactiOn regioo with increasins or A.. . 
At tbe initiial~tum bisher'dUin several (;eVIe the aIope pAramet~ of ~ 

lathe pamele speCtra does Dot: 'depeDd. OIl the energy [3, nt, A_iHJoes _depend 
on the type of incidentpatticle _ad this feature is valid not only fOr incidellt bat.troo. 
but aIlO foe photons [15, Hi}, and neutrinos [111- .' . 
. ~llperimentalpoilltS'm Fis.6 show the ~ue of norlll&liad.ill\'ll.rii.nt crosa~tioll' 
p. (p =;;)15 & functioltofe&lergyof incid~t })(18, UI. ,WI knCM,Dthi.t the bi&her 
dqmic wCisht the atrou&erenergy depeit~ of yield iii obIcrved; Theexperimelltal 
di.t••now to a-y '\hai t~yid.~ of comw.tive: pam~~.ener&yindepeDdent at 
E > BA. Accordini to the diiscUJSed SU!lario one QIlint~acoucept of s~ific 
etlev' ~of 'beam hadton in BU~ matter. Ita estimatiozi OIl. the baSe of iwtial 
energy d~,cedata ia E ~ 1 - 2GeV pet lIDit ofpMh~~ (lml. The direct 
calculation of the~oftbeflIie~&iesof All ~'paPtidell'em~Ued iIlthenudeua 
fr~tatioar:egion .t1Wllluat the sam~ value of ~fic'enet'Q -laIs. , 

The l~tudinatsizeof reaction region and the. value oflIomuWzed en. sediOll 
"increase with tbe initW energy ifB<BA(_Fig.5c):.Tw()~of~nts in this 
,fi&u~ ~responds \0 interactions,Pb ....~W'for initW momentum 3 CeVfcand 1.5 
GeV/c. Onec:an ICe that; the aize of ~he in~iolltePm;inc.r~.i&hincreasiq 
of the Initial momeutumali ~U lIS with increasing of A.' .... . - , 

Number of f1uctons may be aIlIO estimated by.~sofuimut~ rorrelatiooa Of, 
secondary hadrona•. Azimllth&l correlations are '<lUll to' the momentnmc:oO&ervation 
law and their intensity decreases withrmdtiplitityof secondi.ries n [191 Qr (in our 
acenllrio) with thenilmber of ftuctOUll. The ~haracteriSticof .zimutliaI com:latiooll1 
is defined:' . 

Iiir~ - J.f tI~ . 

.11 = 2· Ift",.+kf <1~ .' . (3)......-1 

We suppose, that multiplicity is proportional to the number of ftuctons and to 
normalized inclusive cross section p alllQ, Therefore the value of /3~1 would depend 

'"1' 

on E ( or " and Q' ) as well as the \'alup. of.p. In pract;ice, rand P dependencies OB 

E and A in 1IA interactions are closely connr-cted (see Fig. 7) [13, 20}. 
The scenario or cumulative particle production process in high energy photon in­

teraction with nucleus ;at small Q2 iii shown in Fig. 4(b). This scenario is very similar 



,$ 

-to the scenario (if hadroo.-nudeusmterictiooa .(fIee FJ8~ c4(a)l. SUch,& photon diuGci­
MeamtOfi .-pair.• 'a periocloftime'1t'biclb·~ ~Oty 10Jl3e1'·tlwltimeaec:eeaary 
to IN* t~AQudeusf211·Themorethe9f -:-pair it ··tile ~jf!ci ~Adi~.ith 
&ben"'" Theexper.jmentalevi~fort1WltJCeD4rionot ae ~._fdrU 
~OD [15, 1:6}1 but. this·scenario f,:Owd be l'~ified.~UBi. tbeexMi­
jug raaclline and properties of this iD~raction soould 'be.imi.,. to tUt of~ energy 
WfOD..ll1ldeua.iuteraction. ' 

The .modifi~iOt1 Of properties of cuJPu1a.tiveparticle produdion '.pt0Ce88 with 
'the tTansiuonfrom tbe~oflowQ' {.(f < O.lGeva} to that ofh~(,J2 
(QI'> lGeV') is Wort.hy ofespeiiQinvestigation.. The ~ ·oftht; .~ .t!£ 
CtUll\llathre partideproduetion in eA.;interaction 'tltlth bigbQ3 iuhown iu Fig. 4(c,d). 
In this case a Yirtual photoDis absorb-ed by a q~ in the vicinity Of tbe pOint ofib 
~ioaby -the electron. 

,The .khemes ·shown in Fig. 4(Cijd) conespolldto the diB'ereflt hadron jet eoeqy 
,,-=:8,-. E' • In the case of low energy Ii (F'1S.4(C» DOtonl)' theprimery .e-ftlletoD 
interad,ipn mayser-ve as a 8OUJ"c.e-()£ cumulatj~ (and other ~)partides.'Addi- , 

. •ti<maJsecoudary u.uclear"'af,ar" woUldbepioduced by ~IquaikifitshadrotUzatioD 
will ot;CUJ'in themattet (tee for instance 122l).This kind of 8cenarioiluimilatto:fm 
Il'A one ~couldbe studied in detail at CEBAF {23] ~Ie of high intensity ud 
full duty 9tle isneededior tbisexperimenh. 

Forsufficientlyhigb value of energy (11 ~ lO('hV for iDtennediate nucleua} the. 
hadronizationofknocW quark .kould 'OC¢ur outside ofthe 1J-.cl<msf22; 24} {Fig.4d). 
Tbereforetbe products ofitshadron~would DOl take pari in the generation 
fJf etunul-uve (and flODcumlllative)parti6~.ln(hj8(;Me -the cumulathe ~ 

'should be: prodllCed only .a result Of tbe badroni~ioa of Uae ~ fPl&l'b.t1f 
~Wthac:tonjnWhich the virt1iaJphoton lui_been abeorW. '­

It.~. ofwiw:sly thatmdy this sCbenteofe-nucleus iuterac:tio.ll at the limit high pad
fP- glWJttbepossibility to inv.eatigate. the illtnD8ic fe&tUlft 'GlOBe ..~fI~ 
Themaia advanta,g. of this case are follows: 

·&)~One can COIlttol the ene{gy·andmomeutUl tr~.,to'fiucLon.Th1s aim­
~'evenfOr8ingle~ivepartide spect.ra.aa4 in partt~yfor~iao 
"~~'(251. ltis itt\podaat, -th4t ODe QU. eoDtrol ·the .aizeof. the.~_ 
ilePm·wbidt~sOD Qt.ADd iJ. . 
b}.1'bc~defpladideS ··frOm· 4ifkrent.fluctona .whkhis .UDd8iralJle :iD 

~«abOrt'living secosidafies(for eum~Aor.p')and akofctr _121.t~ 
~,~~,Utf"siseo! ~Buctoo.. forexample}_ emaller lhtm in 
Wton.Duclew~. . 

One Of the- .nao&t.import.atJtc:haracteFlstia.Of theftucLon it its trize aad me&ulik-- ' 
Urne.'fbe direct way 1;0 meas,ure:tbiaparamel.-er ill tostucly the! correlationbetwaan 

_---..:.._-----------~-~~--_--:..>'.,~ 
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.size Clnhehctoar,S~rl, PrOria ~ amiD,~ _ ClIW:bt.D'~ 
tW the:.eillft~rt'<2Ji*tl3J. '., .'." ~., " ... , ­

To aUiDate theDtelNl~Jite.;cime·of tM 1'1Id000'ClIMl" ~ .eompare the tw··ClOID>­
pcIIlflM' of the_riD(.'" is the ~~-aDd.oqt. of pIa_. Now we ~.
 

ooly quaJitaiiYe ~ diattbeM t_aim~01 the "'b.ut~.me«(fer
 
ohaJue{13lt1t _Uiat c·'" S '), the simeauel ~ IlJe.time of lbefl~
 

. bOth are thecbaraCteristicsof fJudOl1 whiCh ~Id be IIlE'.Ulmld at EEF (\leO ~o
 
at. r!&,4d) with ~., SOO<l .ccuracy. (~ to the Btdbod'. '~"lllQ o,:l.Ia)~ whiclt· it
 
important fOr estimatioo ofthe eOecgy deDsity iu the ~.VOlume.' 

Olle of the simplest but very importantchatatten.tK: 'Of ,\heiuctGn .....~ 

~biilclUsiRapedTL Tbieparau:ieter ~vel-n'~;n~­
nudilus CQlIisiOQ -for ~ secen~ (Fig.l); AA it _ mlllltiooechbcn",UU, 
parameter l8 iJ)depcndeDt 08. initial eIlftIT wbile this eneqr ~GDeottwo GeV. 
DH ~ttu. reul>D _ QII repids U- int~ iU&clrlUltiOuwith 8~.as 

~iodepeudera. c:oIlisiOBa. . 
. ~. amal1iiliti&1 eoergy, ~ of the.1oPe paraQletetia.. ·nlUCIG fwvery 
aimpJoe procedU", ill data analysis:. one.··c:Aoc:ooaider thepPlllieDtdata. cae data at 

, infinite ieitial. eoergywitbout r"gdbmaaii -~IIoIltioo(6J.Butdae~-of 
sc:aIilJ! in lew (leV hadroo· nw;Ieus eoIIi3ioo.ctD be. to-tJ.eeoWlmeaa -V 
'-{ ~lGeV}inh~-~iotenldioD. . 

hi, the cue alde!!p ine\aaik dedroiI:-audeal~0l1e IIbOIlld Ii- ia-miDd 
two pouiblevariaDu:the lint ..nut. the s1ape~,.in~t0Il~ 
at higb,Q' ,AJICltber _. theiD~DgOCtlliiparaaadetwithm~If•. The 
difference betweeQ·d1eee variaab,may be fltUcial. b the probleau:i lr-ene me-. 
~Uin dtlpendetlce for the cumUaiiw Particle'pl'Ochu:tioo..~ ~·of. this. 
depeodeoce is a:~ aired ill coaiparUou ~k a.~.of~ a.- sectiOas. 

Tbeotbei.-~ticoftbelhtcklilis ~ quark ~iaa:'limaybeobt.u.ed 
from die t'atiOs. of Cl'OS8'~.'<Jldiffoereo& ~dario'~ the"iaaM tiIiematicaI 
coaditiOus (_'aIso YJg-:t aueI t~ fitst .~o! tlIN piupo.at):.l'Otenmp1e die 
iuaoeul~ortbe ratio at cross seCtion Of ~ .is important ~GlQGP;Far 
~v-= puticle Produttiollthest~yield at 8t,rau~ particle is ~ from & 

n\lmbetatexperiments {2fi). But. thep£O(ednre of fixing of the ciRe~icaI c:oodit.iOu 
depends on initial eDugy.So, this conditions one can bed more earteedy ouJj for 
lepton-nucleus colliSions at high Q2 regioo(ooescenario at F"'8.4d). 

Some of the important ~tiOs in~_ ~he uDS~ble pa,rl~e: ~.t: .'fh.e~Mtw~ 
was measured in [271' and ia-aboutfew pen:ents. nu. ratio"maylse.a&ed fOr choice 

'of the model of cumulative pacticle productionba;ause oOarge difFerenoe-betWGMl 
quArk (28} &!!'i. DuclOOn {29} inodelsprcdicticms. TOdetermbJe Utis-ratio ~.hoJJkt 
takes into accounttbe badcground of particles from cftffiftnt tludonswheD iDYariant 

. V:~~ 
i' 
t·""'" 
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,~crlSk;ilnttioD ... au.lyJectl\i&,bAekpwnd'wilfbesma1lel' in.~'-nudeus 

.~i9D'.t ~'Q"'aRcI,"••d,8JtClllciad Of'ratiPi~becJe~. __aecV~• 
.. .•" "Somcoftbe~·~..v08involvei tne:pattic:1ewbith \., be ~oO.Y .. "&this,tl_ergyqanaferred to:~;AthiJb" ad,Q",one (:aD stu4y thepfQQuction 

Qf cumlJlatl~ J ,ana.~pattide.. " ,', . ,,' " 
Stu4, (l the th¥medparticle plOdOiClifJoin~inelastjcractionseaD &i\~ & 

vni<ue iDfonn&i~, onthein~~ ~&rmcomponeDt ofauucleon'-.nd nuc~L ,Cu­
mUla.~jve ~m'pa;;ticlCs ~aucti6Dis ~ltinteresting·pheaOmenOli' .It.s;~~ 
imentaJi~vesUgationaUowsto ~ntb', a: .mc:Cb~ for formation of thebe&vy-quark 
<:om~ blnudei, and C&O give anirilporlaut insigbtinto tbepn»b1em of U1ebe8.vj­
q"k ~with lluc1eaT matter in the e}."1remaJ'C'JCJJldi~ona. It is Possible to 
exl*ta.re\ati_ ~or char~ pattide production in,eunaulativepiucesses in 
the wq ·as ij is observed forstran~ particles. . . ' , 

The aeXt~adeti&tic of the fluctcmie·the moment'lin distfjbutiou ofiw eon­
.utuellts. One em hope tQ obtain ~:dala about thi. distribUt~ \fto,uazimut.h&l· 
correlatiQu&ofcumul!ltive,particlea. , . . . 

~One caD see from this sectionlllat OUt',lmowledge or alLpJ.operties of tl1e fiueton 
.-y he ,~,acrl4:ally utipc .t~iEF. 

.. 'Nudearstr~ture·func:tiontor X > 1 

As it • .a,a IlJ&l1tionedabove.aec:ordinstobypotln~iS or' A.MBaldid and coworken(9] 
the a ~pendcrKeotspcettaof different <;tltlJUlative pa~idea is doSely c:onil«ted with 
~~partoe mJde., st.rqd:ure funaioa. IJut t~ $ICJ.e.tstruc~lSre fuuaiourould be 
~djm:tl:rmde;oep' ine~ :cA ec..,tering.· 'It i•. ;otere&tin, to .cou1pMe, the 
.~9ro·rtl~whidii.obtained fioln dirtdmeasutmnenk au fromoonulati¥e 
partiele jnUducticJu. &11(1 to\'erjfyt~ Batdiu'sbypotllt:!2lis. . 

. :~Int5ldle kanait~from stmcture ftmd.iOa ,~" cunlUlathtepar1ide .peet,. i• 
• t1Jl:WronizatioD$~e. l'he ,oomhi~ .a.ualy$is ~rdata, oopudear stiU4are 

.fwKt" aRd~aetionsuf.cunmlathre padideprududion will all<>w 10 UJ~~ 
tfte had.u~ioRpNCe16 in ibcuOOcar matter. " . '. :'" 

The'df'.taired11lf'all.riD~ or A:-d("ende~l("..e of the struct.ure fUDC't.iomlwill atIOiW\o 
estimate"he <'tN\tribut.i&m.<4d~i1l...itb <lijfere.d,~indiircteQt a.neWi•.The 
C'OInp~!i$<f. wi~ thc<data· • tuw.:or Ql(30}\\"iP,alluw'to in~igatc,tlre~it~fnml~ 
,q,\YBi·Glaldi(:.... 4~ iJlt"laStit-reglfllt· at.,~ >.1. .' -., 

TIle rilMlillrillgof tbe;- 5t.rurittrc (ulu:iwD,61 ~ > l' Sh.'e, dle ,ipfonnation abO\lt tM • 
'lH'cscmce of tbt'high monll'ntum quark in nuckar matter but sucbindusivemeUOFe­
n*~Jt.s ("mild notptovide the fullil.tu--uaat.ion a'bodt the,properties of fluet.nat ion wlUcb 
istbe. sou.rCc of t1lis qUl\rk.. Theiti\ltlSligatioll or c:umi&Jalivc particle production (in 
p,ut.klliarlycorrdat.it)ll mt'asun',llCf~s ) givl"S, In prindJlle more ~>ta.ikd itlformation 
lnll it, thill ccu;e tllt.~onl(ir of ('t~JilUlati\'ity (xl .. the dtara,c.t.rristia <0(' fluct~l) and of 

r' .~ the Itadronizati(~n st.age• 
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. ~"""'Bitlep.:.1U ~.,'if'~""'.''''~a., . ..... (...'.~tlA '..;aL ..GF'f31D',.....,... ·c 
obWat1le adaitioia&l. -HDifea.t~ ••uudunral.·~-:IQ'" 

UatetatiaC'~fbr""..,.iatceftinc......,... er.' 
croslectiouct~~f,""",·""'.'''f .': 

THODlT.....~at:.>t..'1>.lO(QeVfcr-che.,..__....· 
· efBCJ>MS{32J wllidl.-re thowaialbeF..... Aulle :a <.O.8theJe--detaiWet_.r 
ate f331_dSLAC[MJ. At Q'<'I«(JeVlc)l.th8reare dataof&.Day-{:JDJ,.'obtaQuId· , 
.. StAC, but, in ''-ease tb8inclUsi-ve seattermgcftlss -=tioaisltUic:allt cletetmin_ . 
"r tfitt quai ewtk~eri1l&OIl' tbe. bound QucteQw: .TIl. procteIt .is...~ 
t., the addmoDal' ~'~_c:e efthe el&rii~nudeonform.faet4)r.F.t,-,(_J-oa>-"
"" aadib ~lnDutioawifl~Degficibleai·tr> '10(a.Y/~)a:.,
 

fa ....w.Hnatep,08liWe ~ i_astic seatterias C!OD·sectiona.•• :>1~ we
 
· ,use the It,approximatiQo at tow.and Q'R# 10«(1c1(/cr ia tlififorn1 {35J::'.
 

1\(&) =- ...:(t, - at)U+ 1.1·'{.f - -I·' (4) . 

Thea ~e QIlsuppose .that f.'the ..." tleaucle8r dnlcttuefilac.tiOlt••'>--..
 
hu aD 'e~nentiatwl F ~UP;P'. We:~m.tIleO'~.&t.·
 
~ fimdiOo<(35f- rono..:
 

8s(~,~ =' Ed».10}.~":.(o.lI;;" e._n. (3) 

...'tbedescriplioDofUae BCm.fS data we obtaiGecltlae VII_ .,"_«$1.aad
 
~= O.m. Points in the Fi&.8s1iows how mea$Ured Yalaes at 10,< ~ < 15{GeVlcf
 
wiI·JGoiia the we of 41t ~J" andhamiDOSity, lo-tm~,,"'~~"hloo.

hOur. lUlL . . / 

It .. pQai1Jle,. tfiat UUsesCimatMi (see 1"'1&.8) isratherCGllMl:'Vatiw;~tDUte 

· ~" ~lwisia'19I; tt.e skJpe' of cumutativepioD.~... ~owitllthe , 
slope oltbe auclear struct1l1'e imctioa al.lar. » by simple', teIatioo8bip.... We~. 

expect ·hmtbie known: experi~taI dataOll eumuJatj-}'ioaproduc;$_ [I) tII.e' 
".(_ • .",,_·0..14 ".&>1.2.·' . . 

Some ~·estimat_ll &t80 _wa iaF'.g~8 .. SOlid c:urYd. in tW.·tigtue:ftP" 
resent the results of alcu1atiOnswhett eftecq ol~moUoa, ~~. aa4 
NN·CorrelAtiOPaiR nuda were taken into M:C01DIt. (3ft 37J. Dahetlm-nq.reaeJll 
pout1M contribution of lti".quaricbagS in this region [38, 39). 

The theoretical estimat5 of the Sq-bas itrudnre, fUnctiOn perfonnedhy J;Vary 
[39l slves essentially more weak ~ -dependence of Fi(s- ~CU6) At s:> 1.2. /' 

, Dotted nne repreSeot!J our calculation ofF:z(z). By the cakulatioft of the hudear 
strudure. function Pj,(z) it is suggested that some Blultiquark confisuratiofts· exist 

, in the nucleus [1}. The probabilitieS of such cOnfigurations werec:alcuJ.ated in the 
framework of usuafstatiatictheory [5, 4tlJ. The function F%(s) accordiog to· (SI' was 

-


". 
,~. 



'9 
~i1l'the~~';> 

, .. .. 

y. • FaCe) =1:'= lt1hoj~~(.) 

.. :"~ ~:ia U. ~iy Oft.he ~ce of 1t~"Blicleon"ebi.ierin A nuc_
 
~~1l~",~\bet~keOlor~c:hJster·~I. " , ' .'
 

ThcfuncUOn Js.4tll)bu t..e ~·~tOtbe form of the destrib~tioli.
 
quM1ca~~entiaOff-i~riu& e.(.)l~4iJ. i:eo, . "
 

" 'Ju(z)=¢...r2(*-~)I(,'~a(O)x..lJ+J(~l)M~~~) .' m 
wbere blf(qS) is "the fuuction t4killl into ~unt,~ qt.~utiou of the usual 

nucleoli strQCtut:e fUlIdi08. At,~ Q: ";3 -~Gevfc)' ,••(Qg) =0 bttl +it, when! 
"W is the v&ue caklilat.ed i~therramework c:itbe quark.gluon ,;trinl' mocIeI [42J, tit 
iat~ someparameter ""hicbia~ ill order to let 6...(Q:) ,=3-.3.5143); 0.(0) is 
tbe..__~c ioiivcept of ~baryontr.jedo.ry,aecordinC tol~l crs(O) z: -e.OS";' ~,1. 

:5 ., M~~eilts\VhichareproposedtorEt1:F: ", 

AI _.bIt we e.a PropoIIe ~ment& prog8m 'with the loals of studylal 
.1Jie fuuduoental dilll'aderisticof Ducllli • their stl'ndure fuuctioD 

" .ihe'eumu~i\oe pmicle prod~J(ijODand hadroniiaiiOll;.lnecbanism 
, ·,the properties of tJuetDQ. 

'. We-auaest to mea3lJre , , 
'})Deep-fucla8tic eA IClItter;uI Cf08ll eed~oil in readlDR.;IlA- e'X for tbn>e er . 

,fourDuc~ (frOm Jigbtwh~vy;C,-Ti, Ph forex~mplc) lit z =~froiu" 0:5 up " 
to :::J 1.5-2'{_·bip _ posSible) in the regioo of hi~q'~·5 - 10(GcV,f;:)1 • 

, The anglibU-tanp b~~y elOOrOos in thiscxptTill)el1tsis'~'''''W (lee 
Fis.9); the itionlCmtU'D :acauiloCy ~ 1 • 2 peix"enb. .. 

. .. 2) SeQ1iiDC1.,..i~clou acction orcu~ulati\'C pankle production in reactiOlltA ..... 
*'AX fortbe..n~1iclQfIl\lCIcuSand QI >J(GeV/c)' ....sioo for widell ranlt' (ftom
kWCeV qp~ ..... j~ia1-«Y). .',.. . - .. ' ,.. '.. 

MininJal clecttOll Klt~tcril1t;AUlle d~pendg Upoll the raill;e u{" and .Q'.. Flit 
ql2;:I(<hV/<:r (et..W··iUt'lastic regKm) .,j,d " > 5Gel' lui,uiuw e1.",.tnJllprodul--ti<iJI 
aIltle wiU·tJt, ~ 2" ;u Il.b:fOl' E~ =:IOGeV amI lit: 4' in lab. fur E. ,., J5GeV . 
Maximal d«t.ron scattcring.iluglt· willlujl t'XCt'n1.:I0· ill lab. 

'The· !M!('ondMy ha<lrons (,,-rz,K*,n,/\,w·,A.,p, .~•.. ) "'0..111 1M- Jn~as ..red ill 
lIIioo. antullll' (3" < g.< liO· in I"h,{ratne) ,uill for kint·tic t'lwrg,)' fr(JlII :::; 30Me:V 
up w the statistkalliniit whid. d"J)(,lId~ 011 polar anglc Dlldof tit<' OrdtT of IC,,·V. 
The an&1I1ar and I1'lOI11f'IItnlllucuracy in t"i~ casc are lIof. auciAl and should be ollly 
hat~er then th., tn.ii,'" villuc of lflopt' paralllt'l.'f (l{t\J(' illdusiVt' 8J..'drum: . 6f lit: ..r 10 - 2OMeV/c( 1·2p..rn.'Il~ ). 

,,~. 

-.,. 
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to 
:I) Conela*ns between mDJdative p6rticKsi.ale ..aiC:CiolfeA .... dtiJ. ai'
 

highQI > l(ChVlc)'fesi.cm.
 
WeptOposeto pay t~paJticukrlyatteD~t)I)f~~..~~......
 

.aative mornentumof seeondarie"o8tud,.the~time4a~~oftMiuter­

Idiou and in the case of sinateBnttGi mtftactiofl regi~ ~time.drarac:teristic;8
 
of ftuctoo.
 

To obtain the informatiOn on· the size and'shape oft1lefhtcton one would obtained ­
the relative momentum i and its component dis~ribution for SllCOndary pions (bons) 
or(and) nucleons in the regiOft q-~ O.2GeVIc. For illustration the relative momentUQl 
distributionsofaecondary protODs and pions is sbown in Fig~lO(a,b). This is the data 
from eA interaction at initial energy 5GeV (ARGUS, {161 ) and model calculation [441 
&it thi5 interadi~. Such distribution do not change radically iothe case ofEEF 
experiment~ 'One CAD see from this :figure that oaly a small p<~rt of -distribution is in 
the region -i < O.2GeVIc -. . 

The-relative momentum"accuracy whidl neededfot thj8'experi~nti••boutlo-I5
 
MeVIc ( <: ~ -). _For this measurements a good effici.mcy for small ~lative nlOmelltum
 
(up to s:=- 10 - 15MeVIl: ) Deeded.
 

Another kind of proposed correlatiOn meastirementli • !O called azimuthal corre­

lations. These measurements neec-l the absenc-c of secondary particles c.orrelatiQD in'
 
trigger. .
 

4) Semiincl~siw cross.sectiQn-or particle produetioll in ~adioB cA ~ e'i.)( for
 
X > 1 and Q~ > l(GeVlc)' region for eledlOD.
 

Small croSs section of the proposed reactions aDd many ~rticletf\oalstatewlUre­

quire the hi&h luminosity, f~nduty cycle and la.rgeaccept~ncedetcctQt.The demand.
 
on Q'andll lead to the beam energy.not less thaD 15 ~V. .
 

Detector, counting-rate,.lid'triggers~ 

We -co.D$idcr our propQSal as apart of physi¢al program· for the Large Acceptance
 
Detector, for varia.ntMEMUS !oteltample (seethe t'fl.port 9fG.Fburnier et: &1. at.
 
Mainz Workshop [45}). This detector provide a possibility of operation at L uJ)to _
 
lOX.m-1.ee-l per nucleon: ,
 

The main experinleDt~fproblemfor registration ofdeep indastic electron l;catiet­

rug in large acceptance detector is the small; ratio ill the region of small energy and
 
large angle of se<".ondarres. High ~ rejection value have been obtained for PEGASYS
 
conditions (see [46] ), in tbis case; rejection of ::::::l 1000 .
 

Toinvcstigate the pr:operties of source of cumula.tive particles, i.e. the features of
 
particle production from nuclear fragmentation rcg10n tbe trigger conditions in the
 
fonn of different II and ~ >. I{Gd'lc)2 are VfrJ suitable.
 

Tab~l illustrated the statistic level for E" = 15GeV, L = 10alsm-l sec-1"ucleoo-1 

. and t ;:: 10 hours in the form of Q2, v (in GcV and (GeVlc)' ) plot. . 



~ 

8<; Q"­2<(1­ 4<~ 1~<.fP1-<',.: 
"" 

'- ­1 <,,<2' 7.0·10-.' 6.0-1:U·l f· .­5.0·11)4.0,1 1.0·'1
 
3<Y<ll:4
 
~ 11<3 

8:2~ HI' -2.0' ·13:5·) 2.0· t<r 
U .} (,ij·Joa3.1~.1 8.8·10'.·~ .. <5.
 

5<1'<6
 2.5·) 1.0 ·}Os.o ·10 "0· U)"
 
6< .. <7
 7.0 ·10' 1.0·Ut' 2.0 ·1D­.2.1 ·1 3 
7<,,<S­ 1.7·] 4 
8< p-<9 

6.0·10 6.0 ·10'!.l·W 
1).0 ·}O 1.0·1l.5 ·1 1.1·-10 2.0·1 

9<11<10' l.l.ll} 1.0·1 ,..4.9·)0 9.0 ·1
 
10<.11< 11· 1.2; 1
 

l.3··l 
4.8. HI. 3jj·1.
 

11 <I' < 12
 
1;2 ·10 2:0 ·1 

2.0·1 8.0·1
 
12<v<13
 

1.0',1 ·... 4..7 ·10' 1.2 ·10 
2;9·}14 

13< v.< 14 
4;5·10 1:2·101.0·1 2.0·J. 

4.0·}l" 
1.<.. <1~ 

-0.9.1 2.0·14.3 ·10' 1.2 ·10 
{U·lo-· 3.0-11.4.0 ·10 1.2·10 7.0··1l" 

TIle. ~lity of regilltratloo u- aoe cumulative particle in deep. i~ic eA 
imeractioftis about 0.1. To obte.iu natisiiaJ1eve1 of iDelusive -arid correlahon data­
compcabIe wiih ~lIucleaii~tiononeoeedJ ol~he <lI'der olIGO hOurs nJn . 
for eadl. oftbree i4qet.a. ..' . . 

For1:Ondation ..~ (ill peitiaalady DUToW eoridatiOlls) sp&tial·lNOhJ· 
.boa for twodc.e trades ( ohhe order of 5 Dun) ,. peeded.. . '0 

Tl.bte 2 WuetrUed .tlie f4atj,tk Jevelfor Eo =}~Vt L .,; lo-.,..-t.~-lii.er--1 .' 
aDllt .... :UI9&oiminlbe form of Q2;z .pIot~. Tbepol~_llle of ~is 3'< '<fJf', 
.-.- "" 2GeV" .... . 

". 5 <tJ3 < 10 10 <(F < l~ 15<Qz <20 2O<Q' <25 
0.2 <X <0.3· 2.3. J.,I" 

O.3<X <0.4 2.4·1 .,. 1.7 ·1D-· 
0.' < X < 0.6 2.2 .} ... 3.4 ·10 1,6 ·10' 
0:6 < X <0.8 2.6·}0 5.8· 1(1" 1.2 . 10" 7.1 . 10' 
0.8< X< 1;-& .L3·10" 2.8 ·10' l,O·IO' 2.0 ·H" 
l.O<X< 1.2 U ·.10" 1.4, lot .4.8 .19" 2.3 ·19" 
1.2< X < 1.4 3.6· 10" 6.a ·10' 2.3 ·ut' \.0 ·10' 
1.4 <: X < \.6 1.5. H" 3.4 ·10 1.1·10 4.9 
Hi< X <\.8" 5.6 I.S 0.6 0.2 " , 

,I
 
j Tht'&l.atisLk.al limit (for l00hotn's run). is z ::::<1.6 - 1.8 .
 .. 

:./. 



I2 
Thesiniplest vatiantof thetriger is: electron atlatgeQf,v. ~'C&1llleefrom 

~ Table 1,2 that· the mmWerOf ~tS' depen9s. strongly on the erand ·n<>t_very 
strongly on II • ForQ' >l(GeVle)J.,and 2< v < 12GeV(E = 15GeV) the number 
of events is alxuit ::::.1 6 • 1()4..e:c-1 for 100 

To l'educethe co.nnting rate ane can suppress the Q%. < 5(ChVle}2 iegi~ by factor 
::::: 100. . 

~. 

7. Conclusion 

Thus, the main purpose of the discussed experiments is to investigate the character­
istic features ofloeal fittCtuations of dense nuclear matter~ Such a Hudon -the source 
of cumulative particles- termed in the literature-either as a short-range nucleon cor­
relationar a multi quark bag. In this case high-energy deep-inelastic eA scattering 
gives new and unique possibilities. 

Experimental program for.41r detector consists of several main points. 
L The regime of maxim~ nuclear transpa.ren<:y should he used, where tbe only 

source of cumulative particles is the primary e-flucton interaction. 
Then we must confirm that only one 1c?cal source of secondaries exiSts. This 

condition·is very crucial . 
2. If such a ';urce exists the wide experimental program Would be developed to 

investigate features and nature of Hucton. It's possible: 
to measure the size a.Jl<l the density of HuctoQj 
to measure the energy deasity in this process 
to measure_the composition of ftucton and momentum distribution of constituents. 
3. To measure the structure function at :I; > 1 that gives the direct way to confirm 

the existence-of such a fluctuation. This point eonsists frorntwo subsections 
the information about the presence of the high momentuQ;l quark in nucleus. 
the coincidence measurements between"cumulative" lepton and secondary hadrons. 
()pera.tion time needed for this program'~300 - 400 hours for luminosity level up 

to ro"'am-:f.ec-l per nucleon and acceptance:::: 411" • 

,...
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The A-dependence of the elope par&lhetcr cif tbe in.clusiYe ipectta 0( cumulative pro­ ,';1 

tODI ID terms of divergence of the value·of lhlsparatneter for separate 1arset frolll the i 
:':.vallie of tbis parameter been avcraced lot all iargehl7J (0 ). ". .
 

The BOlid line represent thlil diVtlrseDC8 in Fernii-lIIOmentum IUId the dashed line· In
 
binding ener~v.
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Figure 3~ 

The ratio of yieJdsoI c.umulative neutrO!lfl and protons as a fun~i,>n of it$ kinet.ic: 
energy {8J . Experhnental data for 1f*{5GeVt-Pb interactions are symmetrized with 
respect to the initialp."\fLidecbarge. The dash~d line represent thei ratio for Ph. 
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figul''; 4. 
Th~ sc:enliOO ofcJJmula.tiVl~ pllrtidt.· produdion. 
a).hA interact-jun. 
b). eA intcr-ai'fQ at lImaU Q'J n-~(m. 

t). eA interl,dion a.t high q' /t••,J ,;mall" . 
d). eA intrtiidlon at high Q'a.nd big}J " . 
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a). t1ae·f~""c:MlelMiaG&lIC:tioilOf~¥Clpcot.clM''*:1rA(C.rP6liiMr''<·· 
Idions. ll\iti.,l1llOlPel1tumcU GeVIJ:,:~ -ele'9f~,"'._~' 
11'- pC, .-..- pr~. TIie cU;Yl[i;Iare t!ie'NtuJts Gf~iou n"I:~Iridr,n2J'
 
which bdiIe into accoullt tliei~e &oci final sta&e i~tioL ' .
 
b)..r&e .. - ., lIIId IJ.L - 0 depetldencia. Of~0Il rUBdioll in the P{7.SG.VIe)Pb
 
iMeradw.~ The c:Pmpkmlentliry component .ol~l&tiYe momentum <O.04GeVlc.
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