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Dubna Seminars 1969 - 2010

° The subsequent seminars of this series were
devoted to the physics of strong interactions,
multiparticle production, relativistic nuclear
physics, quantum chromodynamics, cumulative
n}i?sc{n production, structure functions, EMC-
effect, ...

. The laws governing the limiting fragmentation
of nuclei and the nuclear reactions with large
momentum transfers which were discovered in
the early seventies became the main trends in
the program of investigations of relativistic
nuclear collisions at the Synchrophasotron and
Nuclotron.
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Dubna Seminars 1969 - 2010

* The Proceedings of the ISHEPP VI -XIX
Include talks on hot problems of the
relativistic nuclear physics and reports on
status and perspectives of the important
experiments which devoted to
Investigations of the exotic properties and
pola;ri_zation phenomena of the relativistic
nuclei.

 As arule during the Seminars more
then two hundred participants from 20th
countries presents more then 120 reports.
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Cumulative effect-40 years:
Historical Notes

1. Cumulative processes.
Kinematics.

2. Predictions.

3. Experimenit.
4. Theory.
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Cumulative processes

I:,I A| {X.{

Cumulative
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Sy = ( | )2 kinematics' limit for free
Ay Aqg NN-interaction
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Scumulative — (XI : - X171 - )
Ax Aqr

Cumulative processes -> S_ . i.tive > 90

Xy € [0,A] and Xiy € [0,A;]

Xy = X3y = 1 - for free NN-interaction

11.03.201 TeopemuecrneacnekTul PH®D 9



Cumulative effect
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= C TIOMOIIBIO YCKODPCHHH

PeKOPIHO BLICOKHX JHEprHil.

nuclei with large charges

stuBapb 1971

AKAIEMHA HAYK CCCP

Opaena Aenunma
T suwereud uncruryr us IH. Acbeacna

KOPOTKHE CPpPOKH IIOJYUHTDL IIYYKH YaCcTHII peq

TSOKeJbIX SiAep,
obuagaonux 0oJiee BLICOKHM 3apfijioM, MOYKHO
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...ItIs possible to obtain the record high energy S e
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particle beams by means of accelerating the heavy s sonuye,

D€ KPATHOCTH
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} ¢ sseprame 100 Tse, Boage-
OC, He NOMYSATCR NHE B pe3yib—
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noayHedHbe noxa a CepnyxopcEoM YCKOPHTENE?

¥rpepouTensinit maer“hh&ror ponpoc ocadavan Sk, 4TO
C NOMOOBIO YCKROpeHWUE THxenkx agep, ofnafnawmex Gonee
BMCOKHM 3apA0omM, Momuo Owno Gh CpaBHETeNLHO JeWe-
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The first introduction of the term
“cumulative effect”

——

Bripaxa:n pnySaxywo Snarpaaprocte C, B. Tepacumory,
A. B, Tocopxopy u I, H. Unepbsy za ob6cymiesEe Kano-
MeHFUBIX COooGpaxensR, Kpx wmbe crano ussecrmo, [ H.
$nepcR  eme HeCXONbAKO NETY B34 DBLICKA3LIBAN MWENL O

B CIAMOXKEBIX {m}rm}rrmrgaﬁmx 3@:@@&1‘;){ Opa COYyaapeRARH pe-—
AHTEHUCTCKUX MAep,
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A OEPHARA D H3FHK.MS
JOURMAIL OF MUCLEAR PHYSICS
. 1B, Bein. 1, 1973

HYMYJIATHBHOE MESOHOOEBPASOBAHINE

A. M. BAJNIIHMH, C. B. TEPACHAMORB, H. THOP/JIDHECKY, B. H. 3YEBAPER,
JI. K. HBEAHOBA, A. . KHPMJIJIOEB, BE. A. KY3HEINOEB, H. C. MOPO3,
B. B. PAITNOMAHOB, B. H. PAMMHMH, B. C. CTABMHCKIHIK, M. FI. HIIY TA

OREXREII I ENEF EBEIF IO HTIYFTD ST EPHEBIX MOOJIE IO B 4 B 55
rﬂ'ﬂamrnunﬂ-ujﬁﬂauﬂﬂnmﬂ g8 8 o P E A S rer .z e

HMamepena BOPOSTHOOTE POMMICOHNT ME3IOHOB YOoHOPOHITLBIMAE SApaMX JoeiiTopoa, IJEep—
'S BTODPHYHEYX NHOHOD NPeBLIIOAET HPHEeDPrHD OOHOTO HYKIAOHA Aapa meifiTepHEs. OTHOIMeHES
ceTenit POoMmoNHaE MEeIOHROR SAAPAMY OelTepHa K CoYMeHHIO DOMMOeHTES NMROHOR HYRIOHAMIL
NMpH PABHEBIX SHepProBRINCACHHIAAX HE¢ 3IABHCHT HH OT OTHOUIEeHIIA HMIOVIRCA IIHOHA K MAKCH-
MAMLEO DBOIMOMMOMY II0 KHHEMATHKE, HH OT >HeDrHM DePDEHYHEX mefiTpomxon I paBHo 0,06,
CoMa BEMTUMUYMEHA OTHOIISHHI 3 €€ DPHepPreTiYecHas SABHCHMOCTE HEe MOMeT GEIThE oD bBacHeHA
PepMHU-JBHMCEHITCM.
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VoLuMmE 43, NUMBER 24

PHYSICAL REVIEW LETTERS

Energy Dependence of Charged Pions Produced at 1807

10 DECEMBER

in 0.8B—-4.89-GeV Proton-Nucleus Collisions

IL.. 8. Schroeder, 5. A. Chessin,
J. W. Harris, D. L. Hendrico,
Larrrance Berbeley Faboyatory,

J. V. Goaga, J. ¥. Grossiord,{*?

R.
Unfversity af Caléifornia, Boerkeley,

Treuhaft, and K. Van Bibbor
Califoynia 994720

(Recoived 25 Septemboer 1979)

High-enorgy charged pions produced at 180" in 0.8—4_89-GeV preton—nucleus oollis—
fons have been studisd. Both the slopes of the energy apeactra and the T v+ ratlios fn-—
creaasae rapldly with primary energy up to — 3—4 GaV, whore limiting values apponr to
be reached. The dependence on target manas also changes over this energy rango. Un—
like forward plon-production results, baclkward plons at these snergles do not obay

the soaling law suggested by Schmidt and Blankenbecler.
collisions such production is kinematically re-

Weo report on a systematic study of the energy
depondence of charged pions produced at 1807 in
the collisiona of O.B—4,.8H9-CGeV protons with nu-
clei. A principal reason for studying production
of energotic pions from nuclel in the baclkward
direction is that in free nucleon-nucleon (V=)

atricted.

1979

Observation of pions beyond this kine -

matie limit may then be evidence for exotic pro-—

duction mechanisms such as production from
clusters.'"" Early experimenta by Baldin <7
using S.14- and T.52-CeV protons observed

E 1979 The American Physical Society
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FIG. 1. Energy dependence of (a) Ty parameter for
pilons, and (b) the 7~ /n* ratic at 180° obtained by
integrating each spectra up to 100 MeV for f—Cu col—
lisions from 0.8 to 4.89 GeV. The dashed curve in both
cases refers to the predictions of the *f effective-—tar-
Zeot"” model (Refs. 3 and 4),

tering mechanism to one where nucleon clusters
play an ever increasing role. To isolate the pro-
duction mechanism further, experiments are re-
quired which will measure additional observables
such as associated multiplicities and two-par-
ticle correlations, However, it is clear that by
measuring the production of pions in kinematic
regions beyond those available in free N-N colli-
sions, such as at 180° and high energies, one is
probing the short-range behavior of nucleons in
nuclei. This behavior might manifest itself as
large Fermi momenta or nucleon clusters.
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K»¥MM»INATHAEBEHOE MESZOHOOEBPASIOBAHIE

A. M. BAJIIIMH, C. B. TEFPACHMORB, H. TMOPJIDHECKY, B. H. 3 BAFPER,
JI. . MBATFOBA, A. JI. KHPHJIJOR, B, A. K¥Y3IHEIOR, H, C. MOPOI3,
B. B. PAIIOMAHORB, B. H. PAMMHH, B. C. CTABHHCKIHN, M. FI. HIIT¥TA

O B IS ST FE OPE PG ET B8 R FY BC BFOF MCT 3T ST I P I B X B OO0 T IS O 1 A rr a5 ¥k
(IF o o 778 JF Fh 14 % 6B & JP o d @ v i s 5 gheo PEsas ITFT I =)

HiasmepeHRa BODOATHOOTE POMIONHA MeI0HMOB YOKOPOHOMMA AIpaMmia goliTopisa. Dmep-
A ATOPHMYIIEX NHOMOD NIPeRRINAST DHEPTHMIO OQHOTO MY RKJIOHO SOpa el e e, THOUIOHO
CETIaIlE POMIOONH Me3IOHNnOR SApPpAMM JOATEPDHMA K CoeMeHHND POMOSHHA IHOHOB HYHKJIOWDMK
NMpHM PABHLIX SHOProOBRIICACIIMANX IO 3IABIICHT MM OT7 OTHOWOTISINMM MMIOVIALOR IITHOIL 18 MGlKcs-
MASLEG BOAMOMMIHOMY IO HKMHHOMATHKEe, HM OT PHepPrHMi ODepBEHIHRMX nelirTpomos M paBHO 0,06,
CapMa BEAUMEHNINA OTHOIUTCHME T 00 DHOProTHMOCKAS AANIICHMMOCTE MO MOMMeT BRITE o haciiena
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Cumulative particle production
Theory and Experiment

*Fermi1 motion (1.S.Shapiro, ... )

eResscattering (V.B.Kopeliovich, G.1. Lykasov, ... )
*Tube Model (K Takagi, ...)

sModel of the Fireball (UM Zinoviev, ... )

s Diguark Model (S.Fridriksson, ... )

sCorrelated Clusters (CC) (1. Fyjita, VI.Komarov, ... )
eFluctons (D.1. Blokhintsev, A. V. Efremov, V. V. Burov,
VK Lukyanov, A.LTitov, ... }

sMultiquark Systems (..., VA.Matveey, ... )

o xperiment (V.S.Stavinsky, A.I.Malakhov, L.S.Zolin, Yu.A.
Panebratsev, L.S. Azhgirei, G.A.Leksin, S.S.Shimansky,
A.G. Litvinenko, L.S. Strunov, N Piskunov, . A.
Strokovsky, ... )



Fermi motion

pA-> 1, K, JE X

o, 0 nk)-c(NN = m,K + X)

PA->p,n+X

on [ nk)- o,
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Fluctons

pA > h+X
oy U Py -Gy x (K)

1957 — Idea of D_I Blokhintsev
about fluctuation of the nuclear malter,

based on experniment M.G_Mesheryakov,
L.S. Azhgirei, G.A_Leksin
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SOVIET PHYSICS JETP VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

L. 1. BLOKHINTSEV
Joint Institute for Nuclear Research
Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys. (U.5.5.R.) 33, 1225-1293 (Nowember, 1957)

It is shown that the production of energetie nuelear fragments in collistons with fast nucleons
can be interpreted in terms of collisfons of the incoming nucleon with the density fluctuations
of the nuclear matter,

1, INTRODUCTION

THE motion of nucleons in nuclef can result in short-lived tight nucleon clusters, in other words; in
density fluctuations of nuclear matter. Since such clusters are relatively far removed from the other
nucleons of the nueleus, they become atomie nuelei of lower mass in a atate of Muctuating compression,

Tn thelr study of the scattering of 675-Mev protons by light nuclel, Meshcheriakov and coworkers'?
obaerved recently certain effects which confirm the existence of such [luctuations, at least for the sim-
pleat nucleon-pair fluctuations, which lead to the formation of a compressed deuteron.

We recall in this connection reports in earlier works®? that high-energy nucleons can split nuclei into
*supra=barrier”® [ragments, i.e., fragments with an energy much larger than thair binding energy and the
energy of the Coulomb barrier. However, there was a lack of guantitative experimental data on which to
base the theoretical analysis.

Some authors related this curicus process, without foundation, to hypothetical long-range nuclear for-
cos, Others tried to connect it with nuclear many -body forces.

The experimental data on the emission of high-energy douterons from light nuelei give support to the
idea that “supra-barrier” fragments arc produced alzo by direet collision of an incoming nucleon with
a tight nucleon cluster that regults from density Ouctuations of (e nuclear matter. We offer in the fol-
lowing a quantitative argument in favor of the production of fast deuterons and other “supra-barrier®
fragments by such Muctuations.

Concerning the suclear many-body forces, it should be noted that, according to exlsting estimates,*
there Is no reason to believe that they are considerably stronger than the two-body forces, At the instant
of dense clustering both paired and collective intéractions may take place. However, at present there
exists noexperimental information which would allow an explanation of this interaction, or in particular
allow a determination of the relative contributions of the paired and the collective interactions.

2. INTERACTION OF DEUTERONS WITH FAST PROTORS

It was shown experimentally!s? that scattering of 675-Mev protons by deuterium produces, in addition to
scattered nuclecns, a emall number of undestroyed deutercns of high energy (up to 880 Mev)., This shows
that in such collisions the nucleon imparts an appreciable fraction of 118 momentum to the deutersn as
a whole,
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Volume 678, number 1 PHYSICS LETTERS

(TEoPHSH

14 March 1977

LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF **FLUCTUONS" IN NUCLEI

V.V. BUROV
The Moscow Srare University, Moscow, /SSR
and
VK. LUKYANOV and A.L. TITOV
Jorinr Inseiture for Nuclear Researeh, Dubna, USSR

Received 27 January 1977

It is shown that in proton-nucleus collisions, the production of pions with large momenta can be explained by the

assumption of the existence of nuclear density fluctuations (*fMuctuons™) at short distances of the nueleon core ra-
dius order, with the mass of several nucleans.

=

02 | 2[-:“%[mb Gevid - I
The purpose of this note is to realize the idea [4] o' | 2 I
that the cumulative effect is connected largely with 10° | p=gs S8
a suggestion on the existence in nuclei of the so-called 107
fluctuons. Earlier fluctuons were proposed [7] in order 104 B
to understand the nature of the “deuteron peak” in 071 T
the pA-scattering cross section at large momentum Lt L\
transfers |8] and also to interpret the pd-scattering 0.0 08 00 0.4 0.8
Tq (Gev)
cross section [9]. Compressional fluctuations of mass Fig. 1. () Celeulations of the invasian pion production cross
M = kmg, of nucleons in the small volume Ve =%¢rr§ :;Zﬂuﬁ 1 _Sﬁcl r;l.i‘:trv:‘.fl:;f:cci:;:clfr:‘i:?r%h:. i;l;..:t:l:iﬁfr t
where r, is the fluctuon radius were assumed. LRl EhTRS With M My < Frep Wiere & i the

order of cumulativity.
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vPHIHFRKA 3S3IAFEFMEHTAPHBIX YACTHII H ATOMHAOIO HIPA»,
7982, moac 13, amn. 3

YAK 539.171.1

KBAPK-NMAPTOHHASA KAPTHMHA
KYMYITIATUBHOTIO POXIOEHWNA

A. B. Eghpemoa

OGbvepMHEHHBIA HHCTHTYT AOepHbIX HMCocchepoBaHWMik, [ yGSHa

nﬂﬂmﬂ KagyeCTBSeHHOS COOOCTABJEHHEe PA3JIAYHLIX Mﬂnﬂﬂﬁﬁ'_ REYMYyJIATABHOIOD
PO IIeHHA Me30HOB C BEGHBPHHBHTIJ]I:EHMH A8HHBIMM.

BOOPOCH. MHE B OCHOBHOM OrpaHMYMINCH KYMY/JISTABHHM POKICHIEM
ME30HOB, IJie CUTyanusa, Ha HaIml B3TJAJN, KaKEeTCA HECKOJIbKO Ooiee
OPOCTOH H OIPeNieIcHHOM, 9eM B POKIEHUA TAKONKX JacTaI. B peayis-
TaTeé MH NPAXOJAM K B3aKJIIOUYEHHI0, 9T0 (QIYKTOH HABIASAETCA HEKHM
KBasupesoHAaHCHHM 00pasoBaHmeM, CYMECTBYIOIIEM B s7ipe BHe BCA-
KO CBA3M C HAJIETAIOHICH 9aCTHUIC, A KYMVAATABHEIM Me30H B MCCJe-~
MOBAHHOM Ceilgac 06siacTH pOKAAETCA B OCHOBHOM B Pe3yJbTaTe NHC-
conmanne QIayKTOHA.
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e HINEA STEMENTAPHMX TACTHE H ATOMHOIO 84PAs,
1984, TOM 15, BWIL. &

YAR 6381207

MHOIOKBAPKOBBIE CUCTEMbl B AAEPHBIX
MPOLIECCAX

B. B. Bypos, B, E. Tyxevanos, 4. H. Tumos

DOwogHHGR WA RECTETYT AASpHKE WO D00 HHA, .I.'fl.'m-l-

OWe YA I0TCH SKCIE PIMEHTATIMIINE YRAZANRA CYIECTHORANLA MEOIOHELPROBEY
cucres (MHC) B Agpax. Copuyanpopana TeOpHA CBASN ANPONHOTD W KREPHODOTD
KANAZOH B ANPAX, B HA 08 OCHOBE PACCTATANE AMIINTYTM WECTEKBAPROBME COCTOM-
puit o geftrpon W mx mApmad. [Tposeen anaaus pymasnn MEC na g:upmtlmw
pefirpona u *He, oa noanpRaanmm . Hecaegonana poas MHC s oponeccax
rayGoOKONeyTPYTOM PACCENINA ASMTOHOR, W YACTHOCTH, AA-3ADMCHMOCTE CTPYKTYp-
Noil GYHKIHN W f¢ ToBeeHEe NpE BoILMEX INAYCNNAS MacmTaluoi nepesemnoi =,
Illl:ln cpulﬂelﬂil & COOTEETCTIY IO M :IIE"EPMBT&JI“H MIl AWM.

Experimental signs for the existence of multiquark systems (MQ3) in nucled
are dixmd‘ We have formulated a lh:;rly of coupling ol the hadeon and quark
channels in nuclei and using it we have calculated amplitudes and widths of six-

uark states in the deuteron, The influence of MQS on the deuteron and helium-3
orm factors and on the deuteron polaritation is analysed. We have also studied
the role of MOS in lhn&rﬂu-!!e! of deep inelastic scattering of leptons, in particular,
the A-dependence of the structure function and its behaviour at ]-l-_l‘!'! values of
scale variable r. Comparison is made with the corresponding experimental data.

BBE/|[EHHE

ATOMHO® AP0 — CHCTEMA BIAMMONOHRCTRYIOMEX HYKIOHOB, HYKIO-
Wi — GecopeTERe Tpexkeapronse kascreps. Tawxmwm ofipasom, B sAfpax
0 AASPHHEY OPONEeccAX MOrYT ROSHHHATE HETPHENANLALE MEOTORBAPRO-
pue encremnd (MKC), n nepnyw ouwepens Bg-, 9¢-, 12g-cucrems. Ecre-
CTREHND 0HRMJATE, YTO B OCHoBHMX B caaboposbhysaenmuax COCTOAHMAX
anep (E &= M, & AM, rie £ — smeprus cucremul, M — macca HyKao0-
na) oHN cocTaBAART HeGOALITAe DPAMECH K OCHOBHOMY, HMYyKIOHHOMY
ramaay B neanodl poapopoit §yERIME Aapa

o o, |C(E s AM) |* < 1. BepostaocTs Takumx npusmecedi Mo#HO

OUEHITH KK BEPOATHOCTE K HYRAOHAM [annmuﬂ CHYEAONHOTO rasas
ns FACTHEN OKAZATRCA B Manou ofneme Py [1

b= () (Verav 1 = (i) (rra-oiar-s, (2)

Baecy ry = 1,2 ¢m — cpepunil pagnyc HyKIOH-HYKIOHHOTO B3amMO-
neficrenn B sppe, a mapamerp ry == 0,75 ¢ — nopagka pagmyca Kopa
NN-cna. Nocaepunii, ecTecThenno, censad ¢ paamnycom xompalfinsenta.
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Haen gayrTonos okasatack Dodesuoll nps onucanum AREPHEY Peakimi
npn BECOKMX 3nepruAx. Taw, oHa sneprMe NOIROAWIA NPOMETE PHpHETH-
poBaTh peakgun subusannna JefiTponos w3 AZep npu GoNBIINX Hepela-
Bux usmyascax [2]; sares maeR RYMyIATHBHLX peaxiuil, sHIBNHYTAN
u pafore [3], Owaa peaamaosada © HONOJAbIOBANHEM NPEICTARNSHMI
o dayerorax (oM., uaup:uaﬁ. [4, 51); ua 7oit we ocuone ¢ npuRIeveHREM
npasun keaprosoro caera (6] raun paccwutans Anepuse dopsdartopu
npit GoabIUX MEpelaHNMX EMOYALCAX B TAVOOKOHEYHPYroe paccemnine
na mapax (wanpusep, [Th.

Mpupoay fAVETOHOR MOKHO NOHATH, ECAN BRECTH KONUEIINI O MEO-
rogeaprosux cucresax. Ho yise nepose pacuerd MUOroRBAPHOBMX MeLI-
won [8, ¥ noxasanm, 9To mX MAcCW IHANATEIBHO NPEBHNIAKT MACCH
CODTRETCTBYIMINX saep, T. 0. £, = M, 4+ A, rae A, =02 TaB.
Takwsa ofpasom, stH coctoanun MEC apanwrcn cnenudmqecknMm ®
MONHCEN NPOABTATHCA KAk PO3ONAHCH B COOTBOTCTBYIOMINK AMIINTYIAX
paccennus. B atoil ofaactn suepraft noanas ATepHAA ROIAHORAR GyHKIAL

MAOMMERA TWMeTHE BRI
W o2 O (349, (3}

rae | C(E = E,) |* =~ 1. B sactonmes spesa ecTh YRaJANNA HA Poao-
naHcHoe nosegesue gas 'Oy w *Fy nykaow-nysIonHoro paccesHER
8 ofidacte moanoll AHEPrER CHCTEME E{ =22 TaB [10].

Tawuwm oGpazom, OCHOBHKEE COCTOANNA ANCP MOTYT HMeTh Heboabmue
opusecn MKC, a wnctwe MEC smoryr npospaateca co aHadmTedbHodl
BEPOATHOCTEM) IPH SHEPIHAX BHIIE MACCH COOTRETCTRYKOINX ALEp Ma

0,2 TaB n foace xax Anfapronu, tpubapnons n 1. 4.

1. BRCNEFHMEHTA/BHBIE YHASAHHA CY¥IMECTBOBAHHA MEC

Kysyantsunmwme opounecest. B nactonmes spesa KyMyIATHEALE ALep-
HElE PEAKINN XOpOImo naysens (cu., sanpusep, [11, 12]). Hezasno [13]
ua ocuone GoNBMOrs JHCHAPHMEMTANLUOTS MATepuata 6ua noimenen
HTOT AHAJARAA CEMCHNA KYMYIATHRROTO POMICHIA MEOHOB B PEAKUEAX I
(8.8 TaB/e) +- A = e + X; (e = n%, K¥). Ulnapy#&eso, Bo-nepsux,
970 B TRKAX Oponeccax nabmoasercs npeleAbHAaR QPATMEHTALNA AZEp,
uatnnan ¢ E » 4 [9B, u cooTeTcTBYOmMEe COUSHNE MAPAMETPHSYETOA
# DaKTOPUIORAMMOM BRIE:

E. 4% =f (A, ph o, X)= 4" ® (pL) 6 (3), ()

rie A — ATOMHBI HOMOD AAPA-MEIIEHH, A
® (p) = 0.9 exp (—27p4) + 0.1; 5)
G (2) = Ggexp (—aliz) (x) = 0,14, {6}

[pu Goawmmmx sxeproax macmrabran nepesennan == (p5 + E7)(p+E).

Mpeaneaaran, 1o pMoyase P pacopegeaen 8 MRC, coctoamedd na &
nywioson ARpa, 1. 6. P o= kP, (E = kE,), rae P, — muuyase #a ogus
nykaon MECG, noayqaes ofuuyn npololbayie MacmTabaymn nepesen-
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Pae. 1. Hosapeaurmse ceocnmd ofpatosamis ugimimlnu: MEAOHOE B PpA=CTONK-
wopemmax Fg - 9.54 Mol

HYI0, OTHOCANIYIOCA K oJUoMY HyERony-swumenn, r = kX. Orciofa nui-
10, BO-BTOPMX, TTO KYMyAATHBHAA 06JaCTh onpeneaneTca Kak obaacts,
JANPeNERIAR N0 KHUEMATHKS JUIA BIAMMONEHCTEHA ¢ ONBAM HYRIONOM
#apa, 1. e. ¥ = 1 (B npuniuns Teieps ¥ = 1 u B npegeae k — A nseed
= A). Tenepn MOMIHO TOBOPMTE. 9T0 I MMCET CMHCH HaCTH MAccH
0610514, OTHECORHON K Macce mywiona. Ma puc. 1 mwamo [13], w70 ipo-

nece BAGAKIARTCA MPH IMATEHNHN T, HIMERANMEMCH BIAOTE N0 3 m aane-

11.03.2011

1352 B. B, GYFOB. B. K. IVHLAHOR, A. #. THTOR

pAd=a5KTp
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Pue. 2. Ommomennn f (A} App/
Af (App) B JaRNCEMOCTH OT
ATOMEOTD NOMepa A #I8 pas-
JAMMHEY HEMOYILLO0D B yTaos
DMECCHN  UACTHN], POMIEHEHX

B pA-REaMoTeBcTIRAL

s = L aE"
L {wmrunﬂ!: ﬂ;n;m?.
SO0 MuB/c; = DROKMC AMDYIS00M
400 Mall'e m yraosm suEccmm S0
¥ — mnond ¢ maymscos 167 Male,
yroa 16§ - — Ol € EWOY b=
com B00 MaBje, 180°% 3% — MoacHM,

P o= B0 MaB/e, 188°

Fme. 3, Omiomenne mEsspRramT-
HMX cEgemmii:

O—oFtpD BA - p' + .. )%

& — P - + ...

& — oPPoAlipA = m + o .0
7= oPlplipA = R+ .. .0
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L2} The gawrting Feles besed of the shors
rorgo K-% interacticn driscvine thn
bebavicer of the fregmestetlon -ross
seetice.

(1] Generally good sgreement wikk sxpari-
meni fos baen ehiained for onn simpls
medels dav. vECLICE @xchEnge wlth morp=
pola Form fFactors AL oACh wertTox:
whict alao agrozs with cther data.

12) “he vector exemangm rodel with moncoole
form factors hea the samo coanting
rulgn an She guark dircrsional cownting
model. Ihis is perhaes scepelsaing
brisuse *he witargiic Ssud Sod Ldw ta
sxcite the queth dagmner of Fresdom,

) Tme powor g is Iinceazendant >7 ensrgy.
G0 The modwl Fils quasi olealde svettering.

71 The prediciicne for scatioring at haszk-
ward gnglee can bEm coscksd.

(6] Tae mndal ollows one To dasesihy C
regfon ¢f thu weve fancticr which
cerrot bo desacrihed ir moar=-releilivisbis
eaeerien.

T1.B.F Ty=w (25 'Ihgurjgi

& numbkr 5F <0Cels bazwd ot variatiang of
e cumd-sbive el fpct havg DOEr ATE 20rud
recenlly. Fer exwrple curov et 81,271 pave
speculates on 12 powalsle existeqze of
Fluobuots in auclul ard tho relo they nright
P-4y in she production of garticles jmto
the shater wirasmabic teglors of Fig:. 1.
Bacizsliy & Fiuobtyon dim & losaltizwd

I= 2.0 = 0.7 #=) dansdty flictuetion which
can ceeL™ wher mors tRan crne nuclnan Finos
fleglf Er & mwull wvalwi. Actov sl al.
firet abhew Soot Lo pion producticn orsan
gectiars of the Dibra groups?t. szennot be
asplninmd «Ith an (rzapeedert particls
macrl using rormel Farmi-motionm and bxking
tnte sucuwel reletivistic sffacts of e
Faglecns e Ehe rocleus. By inveking
TFluzEacnn Hul-:.' affnctivaly increama “re
imuy cf Lie Lutgel snd teocd Lhie wnstpy
aviflehlg to produce plens. Théy use £
wirple Fair forr the nucisor wave funztion
v ciloulate thea relocive probotilizy of
Finding b = 1.€.3,0.. rwGleans fneida &
el ] volure oFf radbdg (P % 0.5 - 0.7 %],
Fern ko is She srdar of cumulstivity. The
suhsanquent Fita ko the data ere shown in
Fig. 3, Thkuy ihar orvelcp & mlzreacople
thanry oF plea pradeetice from scelei ir
which the fluctuors aro the Lausie consils
tuwnts. Thais “Foasry has ebvilous efnilearity
le tFrak oF S=mmidt And Dlénkenbaclei. They
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Tw calzuletion oF the pinn preductiss
tavariart cress ssetiar on 10

I ths prozucklizr om nuclovrs o rest,

 § teking into scocourt tha Feaced mation,

I:1 tearing inte sfcount B05 recstiviclhis
chifactey

L)

tre contribitiore to the croés secticrs
“ron seproetc Fluciluore with mase Py = &
wheFe h ia ERg ardas Re —w‘Na!a*‘v‘-t:.r.-

(1 S )

Fig. o4

T ootmpariser with nupirjrr(:n_‘E or 4ka pize
procuniion zrees cactian nn 192 21 8 = 0.2
Gri 1, wheire § 1z a fizied paroemies
nworce in =rder to ssccusk four Lhe nor-
arypptotic Ineomlng Aceergy.

tgn gpurammtsdze tiwlr structure furcklene
wf the fiactuons

¥. 04 oo TR e B{E-1)
Gj_,kmhj-'uxk ] [ &) hh' b ¥

whetem d,; = pltl}p{,l. Loig thim madel thmy
got goos Fits: to Sre dacs for bath pion and
erston inclusive aprolis (Fig. 34 apd

26



11.03.2011

275

2 E,,ggélrnb Geve?
i2 C [ 12c

'E E
08 00 ok 0.8
T, Gev)  b)
Fig. 33
a)

invariant cross section on
L the production on nucleons at rest,
LI taking into account the Fermi matian,

II1 taking into account the relativistic
effectes;

The calculation of the pinn1grnductinn
L

b)

the contributions to the cross sections
from separate fluctuons with mass Mg = km
where k is the order of cumulativity.
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Fis. 35

Comparison of theoretical cross sections
in the resctions of cumulative production
of protona on nuclel with expecimaent.

Fig. 35). They conclude that the idea of
nuclear fluctuakticnes makes it possible to
guantitetively understand the main reguls-
ritiece of Lnclusive spoctra rosulting from
proton-nucleus collisfions. In this approach
the sxperimants yiald Information about the
probabilities of Ffincing nucleone in a
small velume ef the crder of the nucloon-
nucleon cora, which is a slightly different
woy of saying tkat such experiments
determing the small digtance behavior of
the nuclear wave function. They sugpest
that it would be of conalderable interest
fer axperimentalists te study processes on
nuclei irvolving momentum transfors
considerebly larger (e.g. 7 - 10 fm~ 1) than
those investigated at present.

Ir qnuthfr variant of the game general idez
Fl..-,,'-itaz'-‘r introduces the concept of
cerrelatod clusters as & machanism for tho
cumulative effect. The ppint hare is that
collisfons somgtimes teke plece from & more
extended group of nuclecns which stay as
they are during fast collisions at high
erergies. He finde that clusters involving
up ko four nuelacno are neaded to Fit the
%g;hwaru scattering data of Frankel et al.
Ja.

Coherent tubes??) provide s%ill sncther
pletvre wheresy sevaral nucleons ect Jointly
in producing particles end this model. too.
has been successfully used to describe many
of the goreral foatures of tho data.
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Fig. 35). They conclude that the idea of
nuclear fluctuations makes it possible to
quantitatively understand the main regula-
rities of inclusive spectra resulting from
proton-nucleus collisions. In this approach
the experiments yield information about the
probabilities of finding nucleons in a
small volume of the order of the nucleon-
nucleon core, which is a slightly different
way of saying that such ‘experiments
determine the small distance behavior of
the nuclear wave function. They suggest
that it would be of considerable interest
for experimentalists to study processes on
nuclei involving momentum transfers
considerably larger (e.g. 7 - 10 fm~1) than
those investigated at present.
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Fig. 35

Comparison of theoretical cross sections
in the reactions of cumulative production
of protons on nuclei with experiment.
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C KYHYRATUERCM CEPASOBAHEH TNOHDE R ALEPHHK CTORKHOEEHHAL
B,3.bypos
flockoBpCKER TOCYZAPCTEEHHMA YHHBEPCMTET,  MocEBA, EHH
E.i Fykpancs, A.H,Tuzos
OdsemAensl WHCTATYT ANeDHME HooncpoBawal,  [ydua

AtEQTALMA

Hoonepyetodl KyNYAATMERGE OOQARDBAHHE NHOHOH ¥ pd— H pﬂ -
CTONKHONCHHAX B OGBACTH SparMenTaluy AedTpoHs M RARE COOTHET-
cTROHHGO. POCONOTPOHN CCHBOBHHE MAEM BHTSPNPETEUNM BTOTC AENBHER.
Noxeaeno, 4fe y4eT GepMA-ZEMESHMR CERIANEMX NPOTOHOY ¥ peadaTH-
PUSLLMA WX BORMOBNX dynkne® He No3p0RADT OOGLAGHMTL HYMIRATHEHHA
sdfent. AHANMIWPYSTCA CHASL 2TOTO ALAGHER ¢ AOBORGHMEW RAEPHWX
Sopufanropol k XBAIRYUPYTEM DNOHPEHASM EXACTOPOE C COADEMMR nNe-
PERAMEME MMNYRDCG. NPoBeJeHM DACNETH W QUHO KaieuTBEHHOR O0BAC-
HEHME NOBSARHMA COYRHAR RYMJARTASHOTO [WOHODORAZCBAHRE BA OCHO-
36 NPEINORCEENAH O CYRECTECEEHMR B Aapax "JARETONOET - QUDETYA-
LM AAOTHOCTH AREPHOTC PENSCTES B MANWX oO0BEMAX,

Abstrach
Sl AT

The cuzulative plon productiom ie imvestigated in the pd-
and pa~collisions lo the remions of the deuteron and nuclear
fragmentation, respectively, The mein ldeas advanced to interpret
this phencmenon are considered. Tt is shown that taking into mo-
count the Perai moticn of bound nucleona and the relsbivization
of their wave funetiona does not pormit the interpretation of the
cumelative effect. The relotionship of this phencmencn with the
behaviour of nuslear form factors and quagi-elastic knock-ous of
clusters at large moméntum transfors ie slso considered, The cal-
culatlons performed apd the qualitative explanatiocn c¢f the cumi—
lative pion production sre based on the assumption of the cxisten—
ce of miclear "fluctons™; i.e.,ouclear density flustustions in
small regicns of the nueleus,

432
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SAKAPYEHRD

I. Vueonyecn Z3BHHE N0 EYMYAATWBHOMY NKOHOOOPS30BAERN B DE—
gKuuaXx QparveHrauupr AeUTpPOHQY He NO3IBOAADT HHABATH MEXAKKHSM
PeaKINE,

e, HynmyxsrHBEHB 3dPerT B peanOmEX QParveHTELHH CAOKKEHX
ANep HEe JrAercH OOBACHWTE TOABKO JepMa-ABHXeHHEM HYKJIOHOE.

3. SPbeRTH PENHATUBABALUM BOXHOBOR QYHENMK AAEPHOre HYHRJIOES

HECYRECTECHEY B HMCCASNOBAHEOR OCJHBCTH KyMYJNATABHOO We208Q000pa-
30BSHHA .

4, [lo-BrEvMOMYy, KYMYASTHBHHE 2@JexT HoKOOnEe HAPKO BHABIAELY
Te NPOGAEMN, KOTOPHE BCYpPEUSNTCA B DANe ABaeHull Azepeol Quawxm
¢ Goxbumolt nepepauedl wMnynbca.

5. ¥aen Azepuix HADKTYANUMA ZaeT BOBMOREOCTD KAYECTEEHEO NO~
HATH CCHOBANE DAKOHOMCPHOCTH KAK KBASUYAPYroro BHOKBSHMA KB AZEp
KJacTepor, 18K ¥ ERYMYASTHBHATO ME3Q0HOOUpPA3OBAHUE,
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