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Cumulative effect
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QCUMULA TIVE region
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...C TOMOIILK) YCKOPEHHUSI TSKeJAbIX saep,
oOmaga0mKX 0oJiee BLICOKUM 3apsAA0M, MOKHO
ObLJI0 ObI CPABHUTEJIbLHO JelIeBbIM CIIOCO0O0OM B
KOPOTKHE CPOKH MOJYYUTh NYYKHM YACTHII
PEKOPAHO BHICOKUX IHEPIrUid.

...it is possible to obtain the record high energy
particle beams by means of accelerating the heavy
nuclei with large charges

stHBapb 1971

AKAJEMHSA HAYK CCCP

Opacna Aenuna

Dusuneckud uncruryr usw ITH. Acbesesa

HHbBIX
yY4HEHHA
[TPY
BAPANHLIX

nEErO Bpeme—
[ B 3NeKTpoH—
ren, obnanaio—
, obnanaiouux
P, B OpHHELHNE
ppsaeMbIXx 4ac—
na) Gonbiuylo,
Oe KpaTHOCTH
HXpodal3oTpo-
B C 3Heprueh

— ruefi 20 I'ss,
e) c suseprmeft 100 I'sp, Boagu-
oC, He MONYYaTcd NH B pe3ylL—

eHnio siflep, HanpaMep, HeoHa,

5B, OYYKHE BTOPHYHBIX HaCTHI,
noayiesHble NoKa a CepnyXxOBCKOM YCKOpHTene?

oGnapawwmux 3

YrBeposuTenkablifi oTBET TOT BONpOC O3Hadan 6bl, 4TO
C nNOMOmbI0O YCKOpeHHS THaxelblX sidep, obnamawpmux Gonee
BHICOKHM 3apsaaoM, MOXHO Obi10 6bl CPaBHHTENLHO Aelle-
BbiM CcnocoboM B KOpPOTKHE CPOKH HONYYHTH NYYKH HacTHI
PEeKOpaHO BBLICOKHX 3HEprHH,

lHene HacTrofwel 3aMeTKH — pacCMOTpPeThb 3TOT BONDPOC
H ClenaThb ompedelleHHble MpeACKa3aHHS.

O6LiuHO HAa BOHPOC O BO3BMOMHOCTH Nepeaavd Sonbwof
SHEepru¥ COCTABHBIM SOpPOM oThenbHomy (HanpuMmep, ceo-
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The first introduction of the term
‘cumulative effect”
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Fluctuation of nuclear matter

SOVIET PHYSICS JETP VOLUME & (33), NUMBER NAY, 1058

ON THE FLUCTUATIONS OF NUCLEAR MATTER
D. 1. BLOXKINTSEV
Joint Tsatiute for Nuclear Research
Submitted to JETP editor July 1, 19567
J. Exptl, Thecrut, Phys, (US.5.00) 33, 12051299 (Novembur, 3937)

1t in abown that the prodaction of cnergotio necloar frogmests In oollistons with fast reclecns
can be interpreted in terms of collisions of (e incoming nucleca with the deasity flectuations
of the muclear matter,

1, INTRODUCTION

Tm; motion of nwoleons in maclel oxn result La short-lived tight suctpon olusters, In other words, in
density fluctustivos of noclear matter. Einoe such clusters are relatively far removed {rom the other
nucheons of the meoleus, they become atomie noclel of lower mass & a state of flactuating compression,

In their stedy of the xcattaring of (75-Mev protees by light nocle, Meshcheriakov asd coworkers'?
chanrved recuntly certain effects which confirm the of such (] S, at least foe the sim-
plest nuclecs - pair floctyaticns, wiich Jesd to the formatica of & compreased degteron.

We recall in this conaectioa reports in earlier works’* that higa-energy nuclecas cam spilt maole! inse
*supra<barrier® (ragwents, Lo, fragments with an wnergy much larger thas taeir Binding energy and the
energy of the Coulomb barrice. However, there was 4 Jack of quantitative experimental data on walch to
baxe the theoretical amalysls,

Scewe authors related Uiy curious process, withoul foczdaticn, 1o hypothetical lcag-range suclerr for=
oos. Others tried to connect it with noolear many-bady forces.

The experimental data on the emission of high-crergy dewtcrons from light nuoles give suppert 1o the
\dea that *supca-barrier® fragments are prodeced aleo by diruct collisten of xn incoming nucleon with
a tight nuclecs cluster that results from dessity OQuctustions of e seclesr mstter, 'We offer in the fol-
lowlng a quantitative argument in favor of the prodoction of fast deutercas axd other “supra~dtarrier™
fragments by such Muctuaticas.

Consernieg the nuchear many-body forces, it should be noted thal, accordieg 1o existing estimates,®
thers 18 po rearan o belleve that they sre conslderadly stronger than the two-body forces. At the instant
of dunsu clusterizg both puired xnd collective isteracticas may take place. However, at prezest thore
exints 00 wapwrimostal informatica which would allow an explanaticn of this interacticn, or in particular |
allow a determination of the relative cootributions of the paired and the ocollective isteractiona.

2, INTERACTION OF DEUTERONRS WITH FAST PROTONS

It was shows experimentaliy’s that scattoring of 675-Mov protons Yy dostorism produces, in additios 9
fcattered nucleoms, a small numbtar of undestroyed dewterons of bigh energy (up to 690 Mev). This s
that in such collisices the nuoleon imparts an apprecialie frootion of ite mamentum to the dewtaros ax
a whole.
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B HacmOFILL(uU 8peMA 8 NPB3 souRNAL OF NUCLEAR PHYSICS
rnposodumcs akcriepumeHm @f1YKTOH

. 18, aam. 1, 1973

HY¥MY@>JIJIJATHBHOE ME3SOHOOBPASOBAHINE

A. M. BAJIAMH, C. B. TEPACHAMOB, H. THOPADHECKY, B. H. 3YBAPEB,
JI. . HBAFIOBA, A. . KAPHAJJIOB, B. A. K¥Y3HEIOB, H. C. MOPO3,
I B. B. PATNOMAHORB, B. H. PAMCHH, B. C. CTABHMHCKHAN, M. F. AII¥TA

OBEEIIH HEHBFLBIH H GCT HITFT AOEFHBIX HCOCJKOIEDO B A B B B
(I o c 772 7 72 12 -2 @& & Ped @214 120 &5 ghespPaan LIS TIF =)

HMamepeHa BepOATHOCTE POMMIOeHHNHA MEe30HOB YCOHKOPEeHHBIMHA HIODPDaM® eifiTepHaEA. JHepD—
THA BTOPDHYHBIX ITHOHOB OPEeBLIINAEST IHePréa Oo4HODIC HYKICHA AApa pefirTepHasa, OrHoIOmeHHES
ceTenHl POMNOeHHES MeIO0HOB AIIpaMJE OelTepHAa K CedeHHN POMMAeHWTHA MHEOHOB HYRJOHAaME
NpH PABHLBIX SHEepProBRIESINeHMAX He 3IAaBHMCcHT HHE OT OTHOUISHIS HMIVIALCA IHMOHA K MaKcH-
MAaJdbHO HO3IMOMHOMY 0 KHHEMATHKEe, HU OT 2HepPrHMH IepDBEHYHBIX DelTpoHOB B paBHo 0,06,

CaMa BEIUYIUHA OTHOIISHMA M €€ sHeDreTHYecoHAd 3aBHCHMOCTE He MOMMeT DBIThE oD biaAcCHeHA
PepMHE-TBEHICHSM .,
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VoLuME 43, NUMBER 24 PHYSICAL REVIEW LETTERS 10 DECEMBER 1979

Energy Dependence of Charged Pions Produced at 180°
in 0.8—-4.89-GeV Proton-Nucleus Collisions

L. S. Schroeder, S. A. Chessin, J. V. Geaga, J. Y. Grossiord, (&)
J. W. Harris, D. L. Hendrie, R. Treuhaft, and K. Van Bibber
Tawrence Berkeley ZLaboratory, University of California, Berkeley, Califorrnia 94720
(Received 25 September 1979)

High—energy charged pions produced at 180° in 0.8—4.89-GeV proton—mucleus collis—
ions have been studied. Both the slopes of the energy spectra and the w~/7n* ratios in—
crease rapidly with primary energy up to — 3—4 GeV, where limiting values appear to
be reached. The dependence on target mass also changes over this energy range. Un-—
like forward pion—-production results, backward pions at these energies do not obey
the scaling law suggested by Schmidt and Blankenbecler.

We report on a systematic study of the energy collisions such production is kinematically re-
dependence of charged pions produced at 180° in stricted. Observation of pions beyond this kine -
the collisions of 0.8—-4.89-GeV protons with nu- matic limit may then be evidence for exotic pro-
clei. A principal reason for studying production duction mechanisms such as production from
of energetic pions from nuclei in the backward clusters.’”® Early experiments by Baldin e# al.®
direction is that in free nucleon-nucleon v -N) using 5.14- and 7.52-GeV protons observed

© 1979 The American Physical Society 1787

] T T T T T T
: tering mechanism to one where nucleon clusters

. T ’3*—— Rt play an ever increasing role. To isolate the pro-
o ~ - (@) duction mechanism further, experiments are re-
g ﬁ/ < ) Seiten: quired which will measure additional observables
T sob 4 v [Reference s such as associated multiplicities and two-par-

20 ticle correlations. However, it is clear that by

10 measuring the production of pions in kinematic

o ; , , , , regions beyond those available in free N-N colli-

ol N . v o sions, such as at 180° and high energies, one is

o8 probing the short-range behavior of nucleons in
:\'; o.e s nuclei, This behavior might manifest itself as
& large Fermi momenta or nucleon clusters.

o4 (b)

+ ® Present experiment

i T AMepuKaHCKasi 2&yMaHUmMapHasi

1 1 1 1

o 1 2 3 4Tp(GeV5) = 3 o HOMou‘b KyMyﬂﬂmueHOMy

FIG. 1. Energy dependence of (a) 7T arameter for
pions, and (b) the 7~ /n* ratio at 180° oollzi.ta.ined by 3¢¢ekmy' W U
integrating each spectra up to 100 MeV for 2 —-Cu col-
lisions from 0.8 to 4.89 GeV. The dashed curve in both
cases refers to the predictions of the ‘“ effective—tar—

get’” model (Refs. 3 and 4).
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Cumulative particle production

Theory and Experiment

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

*Resscattering (V.B.Kopeliovich, G.I. Lykasov,...)

*Tube Model (F.Takagi, ...)

*Model of the Fireball (U.M.Zinoviey,...)

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

Correlated Clusters (CC) (T.Fujita, V.I.Komarov,...)

Short Range Correlations (L.Frankfurt, M. Strikman...)
*Fluctons (D.1.Blokhintsev, A.V.Efremov, V.V.Burov,
V.K.Lukyanov, A.l.Titov, ...)

*Multiquark Systems (A.V.Efremov, V.V.Burov, V.K.Lukyanov,
A.l1.Titov, V.A.Matveev, J.P. Vary, H.J. Pirner, G.I. Lykasoy,...)
*Experiment (V.S.Stavinsky, A.l.Malakhov, L.S.Zolin, Yu.A.
Panebratsev, L.S.Azhgirel, G.A.Leksin, S.S.Shimansky, A.G.
Litvinenko, L.S. Strunov, N.Piskunov, E.A. Strokovsky, ...)



12C - structure

RNP - program at JINR  eA - program at JlLab

V.V.Burov., V.K.Lukyanov, A.l.Titov, R.Subedi et al., Science 320 (2008) 1476-1478
PLB, 67, 46(1977) e-Print: arXiv:0908.1514 [nucl-ex]

B NN
Ml 2N SRC

B 3N SRC

y

0.36% 0.55%

JINR - 1977

JLab - 2008

21.5% 19.33%

80.12%
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Dubna Seminars 1969 - 2018

. The subsequent seminars of this series were devoted
to the physics of strong interactions, multiparticle
production, relativistic nuclear physics, quantum
chromodynamics, cumulative meson 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.

RELATIVISTIC NUCLEAR PHYSICS
Now NICA is In progress!

25.02.2021 BanguH. ®dusmka. CemuHap. 14
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Dubna Seminars 1969 - 2018

* The Proceedings of the ISHEPP VI -XXIV
iInclude talks on hot problems of the
relativistic nuclear physics and reports on
status and perspectives of the important
experiments which devoted to
iInvestigations of the exotic properties and
polallri_zation phenomena of the relativistic
nuclel.

« As aruleduring the Seminars more then
two hundred participants from 20th
countries presents more then 150 reports.
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Baldin ISHEPP XXII. Opening.
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Baldin ISHEPP XXII

Participants — 217 |
Young scientists — 47
From 17 Countries
Talks — 16

\\\\\

25.02.2021 BanguH. ®dusmka. CemuHap. 17
KnsHb.



A.M. banguH n B.B. bypos

25.02.2021 BanguH. ®dusmka. CemuHap.
KnsHb.

18



25.02.2021

»
&
, - ~
B
\ ('.‘
\ \

,—sr -

A
- Ay

banguH. ®usmka. Cemunnap.
KnsHb.

19



25.02.2021

banouHckas OceHb

banguH. ®usmka. Cemunnap.
KnsHb.

20



Baldin ISHEPP XVII. Boat Trip.
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l (:—%E. RFBR
</

JOINT INSTITUTE FOR NUCLEAR RESEARCH

XXI1F INTERNATIONAL BALDIN SEMINAR
ON HIGH ENERGY PHYSICS PROBLEMS

RELATIVISTIC NUCLEAR PHYSICS
& QUANTUM CHROMODYNAMICS

September 19-24, 2016, Dubna, Russia

Seminar Topics

« Quantum chromodynamics at large distances
« Relativistic heavy ion collisions

« Hadron spectroscopy, multiquarks

« Cumulative and subthreshold processes

« Structure functions of hadrons and nuclei

«» Dynamics of multiparticle production

« Polarization phenomena, spin physics

« Studies of exotic nuclei in relativistic beams

- Applied use of relativistic beams

« Accelerator facilities: status and perspectives

TO THE 90 LhAN NIVERSARY » New projecf .NICA!'MI?D (Nuclotron baseq lon
Collider fAcility/ Multipurposed Detector) at JINR
OF ACADEMICIAN A.M.BALDIN « Progress in experimental studies in high energy
centers — JINR, CERN, BNL, JLAB, GS, etc.
Organizing
Committee International Advisory Committee
Burov V.. fco-Chaimar; A Andrianay {Russia) A Kuwshinay !ekanis) 2. Sanger {Germany)
| A. Antonoy H. itachner {Germary) A, Shel l
Ts. Baztar (Mangol 3l L. Majling (Czech Repuhlic:

1, Carbanell {Francel "R}

Fo yd
Russakovid

anov {Uchekistan)
Anisimov¥y S Piskanay N, M {!auan) A, Thorvas (USAY
Baldi Plekhanov E. B ssie) H.
Bogu Starchenku B. i, & a(Slovek Republic) £ Tomesi-Gusta‘sson {France)
Gerasimov S, B. Terye W. Gazezicki (Poland/Germany} Tserruya (lsrael)
Kavalenio A D, TonzesV. [, ) V. Yaronoy LINK)

0 (CERN)

vpyanow A5

Lukyanav V. K Vol fmany) . Geemany) Su K (U5}
Migulinal. | Zsrubina . C. (laiwan} G.Salma (italy) G. finovjey (Useraine)
PakilyakS. / Zarubin P | AL Saurin (Russia)

Panchrazses i & 1. Schraeaer {1ISA)

Addresses for Correspondenci
Dr. Elena Rogochaya
and Raldir: |3

firelnp jinrrufis

ishepadtheotjintm
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