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ON THE FLUCTUATIONS OF NUCLEAR MATTER

D.I. BLOKHINTSEV
Joint Institute for Nuclear Research
Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys, (U.S.5.R.) 33, 1285-1299 (November, 1957)

It is shown that the production of energetic nuclear fragments in collisions with fast nucleons

can be interpreted in terms of collisions of the incoming nucleon with the density fluctuations
of the nuclear matter.

1. INTRODUCTION

THE motion of nucleons in nuclei 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 nucleus, they become atomic nuclei of lower mass in a state of fluctuating compression,

In their study ol the scattering of 615-Mev protons by light nuclei, Meshcheriakov and COWOTKErs 2
observed recently certain effects which confirm the existence of such fluctuations, at least for the sim-
plest nucleon-pair fluctuations, which lead to the formatjop of a compressed deuteron.




CBOPHHK

KPATKHE
COOBIMEHN A

HoO

OPU3HNHE

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

Ne 1 gnsapy 1971

AKAJJEMHA HAYK CCCP

Opaena Aenuna

Duauneckuli uncruryr um [TLH. Aebeaesa

Kparxue coobyenus no gusuxe Me 1 snsape 1971

January 1971

MACWTABHAAl MHBAPHAHTHOCTb AOPOHHBIX
CTOJIKHOBEHHH H BO3MOXHOCTb [O/YYEHMA
NYYKOB YACTHLU BbICOKMX 3HEPTHMHA MPH
PE/IATUBHCTCKOM YCKOPEHHH MHOTO3APALAHLIX
HOHOB

A. M. Bannun

[Iyuxu 9acTBI BLICOKHX SHeprufi A0 MOCNedHEro BpeMe-
HH NONYYanuCh HCKIIOYKETENbHO HAa MPOTOHHBIX H 3M€KTPOH—~
HbIX YCKOpHTEnsx, T.e. NpH YCKOpPeHHH 9acTHl, obGnanaio-
IMUX eAUHHYHBIM 3apaAomM. Y ckopeHHe dacThlu, oblanaiomdx
aapagoM 6onbwuM enKHHHUB, KaK H3BeCTHO, B NpEHLENE
gaerT BO3MOMHOCTE NOAYYHTh SHEPrHI0 YCKOpaeMbiX dac-—
tun (nps ONMHAKOBBIX NapaMeTrpax yckopurtens) Gonbuwylo,
4yeM 3Heprus NPOTOHOB, B 4HHUCI/O pa3, paBHOE KpPATHOCTH
sapsina. Tak, sanpumep, Ba [y6Henckom cneExpoda3oTpo-
He, pacCYHTAaHHOM Ha OONy4YeHHe NPOTOHOB C 3Heprueh
10 T'sB, MOXHO nonyauThb fapa renus c sHeprue#t 20 I'ss,
a anpa seona (2apsa 10 e) c sueprmest 100 I'sp, Boamu—
KaeT ecTecCTBeHHbIl BOmpoc, He MOAYYATCH NE B pe3ylb—
TaTe CTONKHOBEHMS C MHMWeHbO sidep, HanpaMmep, HeoHa,
oGnanawpomux sHeprien 100 I'se, nyux® BTOpPHYHBIX 9AaCTHI,
noJqyyeHHble HOKA TONLKO Ha CepnyxOBCKOM yckKopurene?

YrTpepasTenbHbifl OTBET Ha 3STOT BONpPOC O3Hadan Gbl, 4TO
C NOoMOIbI0 YCKOpeHHS THaxenslx aaep, obnanaomux Gonee
BLICOKMM 3apsfAoM, MOXHO OblI0O 6bl CPABHHTENLHO Aeule-
BhBIM CMNOCOOOM B KOpPOTKHE CPOKH HONYYHUTH NYYKH YACTHI
PEeKOpAHO BLICOKHX 3HEprHi,

llene sacrosmed 3aMeTKH — pacCMOTpeTh 3TOT BONPOC
H cAenaTh ompeflelleHHbie MpeACKal3aHHs,

O6hyHO Ha BOOPOC O BO3MOMHOCTH Nepeaavd Gonbuwof
3HEepri¥ COCTABHLIM sApPOM OTOensHomy (Hanpumep, cpo-
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The first introduction of the term
“cumulative effect”
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LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF “FLUCTUONS” IN NUCLEI

V.V. BUROV
The Moscow Stare University, Moscow, USSR

and
V.K. LUKYANOV and A.I. TITOV
Joint Institute for Nuclear Research, 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 (*‘fluctuons’’) at short distances of the nucleon core ra-
dius order, with the mass of several nucleons.
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10°
The purpose of this note is to realize the idea [4] i

that the cumulative effect is connected largely with o=

a suggestion on the existence in nuclei of the so-called 4=

fluctuons. Earlier fluctuons were proposed [7] in order 0}

to understand the nature of the “deuteron peak” in . . . R =

the pA-scattering cross section at large momentum T, (Gev)

transfers [8] and also to interpret the pd-scattering

Fig. 1. (a) Calculations of the invariant pion production cross

. _ ) section for 2C: I — for the frce proton target; Il — with fermi
Cross section [9] Compresmon al fluctuations of mass motion; III — the relativization effect. (b) The contributions

M km of nucleons in the small volume V', = Sarl of separate fluctuons with mass My = kmy, where & is the
k757852015 PANDA A
meeting order of cumulativity. 10
wheresrwngg, ¢ fluctuon radius were assumed



Fluctons Probability inside nuclei
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
[6] A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the 7~ /7" ratio at 180° obtained by
integrating each spectra up to 100 MeV for p-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).



Leksin G.A.
Physics of Atomic Nuclei, Vol. 65, No. 11, 2002,

pp. 1985-1994
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Fig. 3. The coeficient C(Tp =125 MeV) in
the parametrization of the invariant function
f=Cexp(=T/Tpy) in the reaction pA(C, Al Ti
Cu, Cd, Pb) — pX for a proton escape angle of 120° in
the laboratory frame versus the incident-proton energy.
The filled circles refer to the initial energy of 400 GeV.

Fig. 5. Dependence of the slope parameter 1o for the in-
variant function of the protons escaping under the action

of p,7*, K~ ~, 7 with various energies E; the escape
angle is 120° in the laboratory frame.
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Kpamkue coobueruss OHSIH 3[54]-92 JINR Rapid Communications No.3[54]-92
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BO3MOXEH JIM EAMHBIHN MTOAXO0Q
K IMOAINMOPOIrOBbIM U KYMVYIJISTUBHBIM ITPOIIECCAM
B PEJISTUBHUCTCKHMUX SIAEPHBbBIX CTOJIKHOBEHMUSAX?

A.A.Banaunu*

IIpeanaraercs eaAMHbIN NOAXOMN K OMMCAHUIO NOANOPOrOBbIX , KYMYJISTUBHBIX
H ABAXX/AbI KYMYJISTUBHbIX MPOLIECCOB HA OCHOBE 'MINOTE3bl 00 aBTOMOAENBHOCTH
PENSITUBUCTCKMX SACPHBIX CTONKHOBEHMM. Pacuersl, nposeaeHHble B paMKax
NMPEeJ/UIOKEHHOM MOAECAHN, CPABHMUBAIOTCS C Pa3HOOOPA3ZHBIMU 3KCNEPUMEHTAb-
HbIMM IAHHbIMM.

Pabota seinosinena B UHCcTUTYTE sianepubix uccaenosaumii PAH, Mocksa.

Is the Universal Approach
to the Subthreshold and Cumulative Processes
in Relativistic Nuclear Collisions Possible?

A.A.Baldin

The universal approach to the description of subthreshold, cumulative and
twice-cumulative processes based on the self-similarity hypothesis is presented
and applied to the various reactions. Large experimental material including
nucleus-nucleus and proton-nucleus interactions is analyzed:

The investigation has been performed at the Institute for Nuclear Research,
Russian Academy of Sciences, Moscow



A.A. Baldin's parameterization

Phys. At. Nucl. 56(3), p.385(1993)
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Cumulative processes.
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Fluctons
(cumulative particle production)
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Subthreshold flucton-flucton production
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FIG. 2. Comparison of calculated and experimenta
spectra. The input #° absorption cross sections are those
by the upper solid curve in Fig. 1. For the lower solid cu
that figure, the results shown here must be scaled dowr
factor of about 2. The data are taken from Refs. 6 and
the reaction '2C+'*C (upper four curves) and from Ref.
the reaction *N 4+ Ni (open triangles).

de/dT, (nb/ MeV )

FIG. 3. Pion kinetic energy spectrum (solid histogram) in the
laboratory frame for 35 MeV/nucleon N+ Ni integrated over
all pion emission angles 6, (top) and for various 8, bins. For the
meaning of the dashed histograms see the text. The straight

lines represent an exponential with an inverse slope constant of
23 MeV.
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FIG. 4. Experimental pion kinetic energy spectra at 35
MeV/nucleon for the Ni and Al target. The spectrum for the
Al target corresponds to the same measurements as shown in
Ref. 6 but differs from the spectrum shown there by subtraction
of the cosmic-ray background and use of the energy dependent
conversion efficiency as discussed in the text (as compared to no
cosmic subtraction and €, =0.7). The solid and dashed lines are
predictions of Refs. 27 and 30, respectively. The dashed dotted
line corresponds to a thermal spectrum (Ref. 20) with T'=12.2
MeV and is normalized to the data at low kinetic energies
(10—60 MeV).
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Inverse slope for subthreshold production must be the less then T /2
(near the phase space border).
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DIS in the cumulative
region.



Nuclear Physics A532 (1991) 3c-14c
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Region 5: x3 < x < x4
For a nucleus with atomic mass A the quark distributions can in principle extend to
x4 =A. R4(x) is bigger than one. Its behaviour is strongly influenced by Fermi-motion,

final state interactions, nucleon-nucleon correlations, or the formation of multiquark
clusters. Experimentally this region is essentially unexplored.
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PHYSICAL REVIEW C VOLUME 45, NUMBER 4 APRIL 1992

Nuclear structure functions at x > 1

B. W. Filippone, R. D. McKeown, R. G. Milner,* and D. H. Potterveld’
Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125

D. B. Day, J. S. McCarthy, Z. Meziani,¥ R. Minehardt, R. Sealock, and S. T. Thornton
Institute of Nuclear and Particle Physics and Department of Physics, University of Virginia, Charlottesville, Virginia 229017
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FIG. 1. Measured structure function per nucleon for Fe vs x.
The Q? value at x =1 is also listed for the different kinematics. -
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Figure 5. Theoretical predictions for Figure 6. Preliminary results for oFe[aHe
nuclear structure functions at x > 1 from NE-2 at SLAC

32 J. Vary, Proceedings of the 7th Int. Conf. on High Energy Physics problems,
Dubna 1984,147.

N.P. Zotov, V.A. Saleev, V.A. Tsarev (Lebedev Inst.)
Published in JETP Lett. 40 (1984) 965-968, Pisma Zh.Eksp.Teor.Fiz. 40 (1984) 200-203
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Nuclear structure functions in carbon near © =1

BCDMS Collaboration

102 2 2
s Q? = 61 GeV
A.C. Benvenuti, D. Bollini, T. Camporesi', L. Monari*, F.L. Navarria 2 y
Dipartimento di Fisica dell’Universita and INFN, Bologna, Italy 10
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V.I. Genchev5, J. Hladky3, LA. Golutvin, Yu.T. Kiryushin, V.S. Kiselev, V.G. Krivokhizhi
S. Nemegek®, D.V. Peshekhonov, P. Reimer?, LA. Savin, G.I. Smirnov, S. Sultanov®, A.G. Vo 10%
Joint Institut for Nuclear Research, Dubna, Russia

D. Jamnik®, R. Kopp®, U. Meyer-Berkhout, A. Staude, K.-M. Teichert, R. Tirler!?, R. Voss!, € 10
Sektion Physik der Universitit, Miinchen, Germany!! =

107
J. Feltesse, A. Misztajn, A. Ouraou, P. Rich-Hennion, Y. Sacquin, G. Smadja, P. Verrecchia, )
DAPNIA-SPP, Centre d’Etudes de Saclay, CEA, Gif-sur-Yvette, France 1o
Received: 1 March 1994 10° |

Abstract. Data from deep inelastic scattering of 200GeV o

muons on a carbon target with squared four-momentum x
transfer 52GeV? < @Q* < 200 GeV? were analysed in '

the region of the Bjorken variable close to & = 1, which -

is the kinematic limit for scattering on a free nucleon. At )

this value of z, the carbon structure function 1s found to *

be Ff = 1.2-107% The z dependence of the structure 10°

function for > 0.8 is well described by an exponential B

FE x exp(—sx) with s = 16.5 + 0.6. © o7 o8

Fig. 7. The nuclear structure functicn F?‘F'(m) as a function of z, at three
different values of ¢2%. The hatched regions show the range of predictions
of [26]
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Phys.Rev.Lett. 96 (2006) 082501

Measurement of 2- and 3-Nucleon Short Range
Correlation Probabilities in Nuclei

K.S. Egivan,! N.B. Dashyan,! M.M. Sargsian,'® M.I. Strikman,?® L.B. Weinstein,”” G. Adams,*® P. Ambrozewicz,*”
M. Anghinolfi,'® B. Asavapibhop,?? G. Asrvan,! H. Avakian,* H. Baghdasaryan,” N. Baillie,*® J.P. Ball 2

A(20., + 7o) 3V(A)

oA 3 _
A e = s T N AY(He)

Caar (2

where Z and N are the number of protons and neutrons
in nueleus A, gen is the electron-nucleon cross section.
YV is the normalized yield in a given (Q2,xg) bin [30] and
C'4 | is the ratio of the radiative correction factors for A
and “He (C7!, = 0.95 and 0.92 for *C and "°Fe respec-
tively). In our Q2 range, the elementary cross section

correction factor S?éi:;iﬁ?;:i) is 1.14 4+ 0.02 for C and

4He and 1.18 + 0.02 for °*®Fe. Fig. 1 shows the resulting
ratios integrated over 1.4 < Q2% < 2.6 GeVZ2,

'K B

I ] | 1 ] | |
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75
X
B
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JLAB Phys Seminar DecO5 K. Egiyan

Having these data, we know almost full (+x99%) nucleonic picture of nuclei with

A < b6
Fractions Single patrticle (%) 2N SRC (%) 3N SRC (%)
S6Fe 76 +0.2+4.7 23.0+02+4.7 0.79 £+0.03+0.25
12C 80+02+4.1 19.3+0.2+4.1 0.55 +0.03+0.18
‘He 86+0.2+3.3 15.4+0.2+3.3 0.42 +0.02+0.14
SHe 92 +1.6 8.0 +1.6 0.18 + 0.06
2H 96 +0.8 4.0 +0.8 | @ -

Using the published data on (p,2p+n) [PRL,90 (2003) 042301] estimate the isotopic composition of 2N SRC in 12C

a,(C)~ 4+2%
an(12C)~20£0.2+4.1% e 5 (2C)~12+4%
an(2C)® 4+£2%
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12€ - structure

RNP - program at JINR

V.V.Burov, V.K.Lukyanov, A.l.Titov, PLB, 67, 46(1977)

eA - program at JLab

R.Subedi et al., Science 320 (2008) 1476-1478
e-Print: arXiv:0908.1514 [nucl-ex]
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High py processes



Knot out cold dense nuclear configurations

SRC configuration

<B> ~ 1

<B> ?

Multiquark
configuration
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Flucton case

Knock out of a nuclear fragment

<B> > 1

Collision with hot flucton - small explosion

<B> < 1

Vv




Flucton case

Knock out of a flucton in an excited state

<B> > 1 (?)
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beam line #8

SPIN — narrow acceptance spectrometer, \S‘7ﬁ in

protons
1012 - 1013/s
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Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213-1218
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d?6/dP/dQ, mb c/{(GeV sr)

N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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Particle Production at Large Angles by 30- and 33-Bev Protons

Incident on Aluminum and Beryllium* o
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MASS ANALYSIS OF THE SECONDARY PARTICLES PRODUCED
BY THE 25-GEV PROTON BEAM OF THE CERN PROTON SYNCHROTRON

V. T. Cocconi,* T. Fazzini, G. Fidecaro, M. Legros, TN H Lipman, and A. W. Merrison

CERN, Geneva, Switzerland
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FIELDS, PARTICLES,

AND NUCLEI

Knockout of Deuterons and Tritons with Large Transverse Momenta

in pA4 Collisions Involving 50-GeV Protons

N. N. Antonov?, A. A. Baldin®, V. A. Viktorov?, V. A. Gapienko® *, G. S. Gapienko?,

V. N. Gres™, M. A. Ilyushin ¢, V. A. Korotkov’, A. I. Mysnik’, A. F. Prudkoglyad®,
A. A. Semak?, V. I. Terekhov?, V. Ya. Uglekov?, M. N. Ukhanov*,

B. V. Chuiko?", and S. S. Shimanskii®
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Why CDBM?



CsDBM

1.Cold - exists inside ordinary nuclear matter as a
quantum component of the wave function (with some
probability and life time).

- several nucleons can be in a volume
less than the nucleon volume. The mass will be
several nucleon masses. The small size means that
the multinucleon(multiquark) configuration seeing as
point like objects in processes with high transfer
energy.

3. Baryonic Matter - enhancement of baryonic
states and suppression of sea and gluon degrees of
freedom (mesons and antiparticles production).
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FUTURE



From the inclusive experiments to the
correlations and the exclusive experiments
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FLUKTON

Recoil arm: will be almost similar to existing SPIN arm but added with

tracking system based of hodoscopes
Forward arm: consists of several hodoscope stations and 100 modules

of hadron calorimeter. Distance between target and calorimeter — 700 cm

hadron
calorimeter

tracking
hodoscopes
in forward arm

tracking hodoscopes
in the recoil arm



FODS
(proton energy 20-50 GeV and
nuclear beams up to 30 GeV/u)

TOP VIEW

SIDE VIEW (ALONG THE ARM AXIS)

STEEL
MAGNET ¢ pc, bc,bc, bc, D,

NS AN RN RSN
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PANDA Spectrometer Q‘;‘g EL

(Y

Detector requirements:
e 411 acceptance

e High rate capability:
2x107 s! interactions

e Efficient event selection

8 > Continuous acquisition

e Momentum resolution ~1%
e Vertex info for D, K%, Y

(ct = 317 um for D#)
2 Good tracking

\& | ® Good PID (y, €, p, T, K, p)
- | > Cherenkov, ToF, dE/dx

V4

e y-detection MeV - 15 GeV
\. | ? Crystal Calorimeter _o.. |

FAIR -

L. Schmitt, Overview of PANDA PANDA Russia Workshop, May 26th, 2015



NICA Complex
Baryonic Matter at Nuclotron (BM@N)

SPD (Spin Physics Detector)
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«OH3HKA SJEMEHTAPHBIX YACTHI[ H ATOMHOIO AJPA», 1980, MATEPHAJIH Xll SMMHER UKOJH JHA®

TOM 11, BhIII. &

1978
YAK 539.171.1 I41

PACCESIHME YACTUL, BHICOKOM 3HEPTUM KYMYIATHEEHE HYKIOHH
KAK METO[ WUCCIEOOBAHUS T .
MATNOHYKINOHHBbIX KOPPENSLIUA B M.H.Crpmxvan u 1.1 SpasKiypr

OEUTOHE U AOPAX

M. H. Cmpurmarn, J. JJ. O panrgdypm
JleHUHr paACKUH WHCTUTYT AAepHo#H husMkn um. B. M. KoHcTanTHHOBa, JleHnHrpapg,

572 M. 1. CTPUKMAH, JI. JI. DPAHROYPT

MaJIBIX PaCcCTOSHUM B AAPax M 0 cunocobe UX ONMCAHUA MpPeNCTaABIAET
CaMOCTOATEJNbHBIX HHTepec. Ilear o0630pa — mokaszaTs, 9To 0TGOP
COOBITHI, COfepKAMUX KYMYJIATUBHbIE JAaCTUILI, YBeJIWYWBAET OTHO-
CUTeNBHBIA BKJIAX OT KOHQUIrypanmuii B BOJHOBOX QYHKIUE SAMApAa,
COflep;KaIMMUX HEeCKOJbKO HYKJIOHOB (IIBa, TPM) HA MAJHIX OTHOCHUTEJb-
HEIX paccroAnHUAX *. (Hymyastusmbivm dactumamm M, caexys [6],
Ha3blBaeM BTOPHMUYHEE YaCTHOB, 00pa3yiomuecd B KNHEMATHYCCKOMN
obJacTH, B3ampemeHHON A paccesHUs Ha CBOOOJHOM HYKJOHE.
fle3aBUCHMO OT TE€OPETHYECKOM WHTEpIPeTamuh STOT TEPMHUH yH00eH
i1 O0O3HAYeHUA yKasaHHOW KWHEMaTHYeCKOM 00JacCTH.)
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Tema Re: Cumulative at highp T

Ot Boris Kopeliovich
Komy Stepan

OTBETUTL bzk@mpi-hd.mpg.de
[aTa 23.01.2012 7:42

«l think that the main problem in understanding of high
p_T hadrons at the energies of Serpukhov is why you see
more protons than pions. This was claimed long time ago
by the Sulyaev's group and | remember hot debates in
that back in the 80s. Those debated ended up with no
clear conclusion. Much later an excess of baryons was
observed by the STAR at RHIC and was called "baryon
anomaly". Again, no good explanation has been proposed
so far. | might have my own explanation, but haven't
written anything so far. Anyway, my point is, if we do not
understand the mechanism of production of baryons
dominating at high p_T, we should not make any certain
conclusions about the cumulative mechanisms».
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Production of anti-protons in the proton - nucleus interactions at 10.1-
Gev/c. A.A. Sibirtsev, G.A. Safronov, G.N. Smitnov, Yu.V. Trebuchovsky
(Moscow, ITEP). 1991. Published in Yad.Fiz. 53 (1991) 191-199

Local processes in NN kinematic

p+A—h(0%)+X

W3MEPEHNE CEYEHUI OBPA30BAHNS ATTPOHOB
C IMIYJIBCOM 10 2 I'sB/e¢ B IPOTOH-ITEPHBIX
CTOJKHOBEHMAX IPU[Z0TaR)

BAPKOB JI. M., 30JI0TOPEB M. C., KOTOB B. I. 1), JIEBEJEB II. K.,
MAKAPBHHA JI. A.», MHIUIAKOBA A. IL », OXAITKHH B. C., P3AER P. A. 9,
CAXAPOB B. IL. ), CMAXTHH B. I, IIHMAHCKH# C. C.

HHCTHTYVT ALZEPHOH SHIAKH 0 AH CCCP

Sov.J.Nucl.Phys.37:732,1983

(IMoemynuaa 8 pedanyuio 2 astyema 1982 ¢.)
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Figure 1.3: A schematic view of the EVA solenoid and the neutron counters in the 1998

measurement.
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n-p Short-Range Correlations from (p, 2p + n) Measurements

A Tang,' I W Watson,' I. Aclander.” I Alster.” G. Asryan,*” Y. Averichev,” D. Barton,* V. Baturin,®”
N. Bukhtoyarova,*® A. Carroll.* 8. Gushue,* S. Heppelmann,” A. Leksanov,® Y, I'-Iak-:lis'],_i A Malki,” E. Minina,”
I. Navon,” H. Nicholson,” A. Ogawa,” Yu. Panebratsev.” E. Piasetzky,” A. Schetkovsky™ S. Shimanskiy.® and

D. Zhalov®
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Figure I.5: The vertical component of the target nucleon momentiuam vs. the total neatron
momentum. The positive vertical axis is the npward direction. The events shown are for
triple coincidences of the neutron with the two high energy protons emerging from the
QE Cip, 2p) reaction. The sqguares are for the 5.9 GeV /¢ incident beam and the triangles
are for 7.5 GeV /¢, The dots are preliminary unpublished data from the 19953 runing
period. We associate the events in the upper right corner with NN SRO.



«DUIHKA BIIEMEHTAPHBIX YHACTHL H ATOMHOTO AIIPA»
1997, TOM 28, BbII1.1

THERMODYNAMICS OF STRONG INTERACTIONS
V.1.Yukalov, E.P.Yukalova

e

L. 3. ' PR U Y U RS S Ry SV PUp—

1520 25 P,

'Fig.ﬁ. Nucleon, 6g—cluster, and unbound quark probabilities as functions of the relative
density at © =0
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SRC in VBLHEP

Eli Piasetzky

P
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o
I e SRC@
II Technology atiNuclotron ?

64



SRC and Fluctons

* Cold Dense Nuclear
Matter (CDNM) e
fluctuations can come in
various forms.

* We deal with nucleonic
degrees of freedom at
medium densities
(p=2-3p,)

* At higher densities
(p=5-10p,) partonic
degrees of freedom
dominate (i.e. Fluctons).

From S. 5. Shimanskiy, arXiv 1411.7211 (2014)




Color Transparency
arXiv:1208.3668v1 [nucl-th] 17 Aug 2012
Gerald A. Miller

Physics Department, Univ. of Washington, Seattle, Wa. 98195-1560, USA

Abstract. Color transparency is the vanishing of nuclear initial or final state interactions involving
specific reactions. The reasons for believing that color transparency might be a natural consequence
of QCD are reviewed. The main impetus for this talk is recent experimental progress, and this is
reviewed briefly.

The basic idea is that some times a hadron is in a color-neutral point-like configu-
ration PLC. If such undergoes a coherent reaction, in which one sums gluon emission
amplitudes to calculate the scattering amplitude, the PLC does not interact with the sur-
rounding media. A PLC is not absorbed by the nucleus. The nucleus casts no shadow.

This is a kind of quantum mechanical invisibility.

Progress in Particle and Nuclear Physics 69 (2013) 1-27

Review

Color transparency: Past, present and future
D. Dutta®*, K. Hafidi®, M. Strikman ¢
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RHIC Physics: 3 Lectures®
Y + CERN Yellow Report

Larry McLerran 2007-005' p . 75

Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA 200 005
September 13, 2003

The Evolving QCD Phase Transition
t~ 1980

Quark Gluon Critical Temperature 150 - 200 MeV (P g = =0)
Critical Density 1/2-2 Bmyons/Fm (T=0)

Plasma

Nuclear Physics A 837 (2010) 65-86

Hadron Gas

1| Nuclotron-SPS Time (CERN) JEHIC Time(BNL)

t ~ 1990 t ~ 2000
L Quark Gludn - ark Gluon T

T| ™~ Plasma .8

RN . Plasma

N
b
A

Hadron Gas “s Hadron Gas

Color

Superconducto Hadronic

Liquid-Gas

HB up
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Temperature at the centre of the Sun ~ 15 000 000 K

A medium of 170 MeV is more than 100 000 times hotter !!!
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