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Today we shall discuss the following questions:

%)

- exotic multiquark states (dibaryons, tribaryons etc.);

- nucleus form factors at large transferred momenta;

- deutron as a 6-quark system;
-~ hidden colour inside nuclei;

- quark theory of nuclear forces.
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«l think that the main problem in understanding of high pT
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 pT, we should not
make any certain conclusions about the cumulative
mechanisms.»
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Let us look at the nucleon-nucleon
iInteraction:

The Cold High Dense Nuclear Matter

Internal momentum = 250 MeV/c

e Deuteron is
« Weakly bound

e Large radius
e di-neutron

and di-proton
unbound



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

i Nuclotron-SPS Time (CERN) JEHIC Time(BNL)

t ~ 1990 t ~ 2000
| Quark Gluén _ ark Gluon Tl

AN . Plasma T ™~ Plasma T.B
. . C0101:
Hadron Gas Hadron Gas Superconducto Hadmonic
HB uR Liquid-Gas




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

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



CUMULATIVE PROCESSES
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ne first introduction of the term “cumulative

fect”
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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

PACCEFIHI/IE YACTUL, BbICOKOW 3HEPTUU KYMYJLSITUBHEE HYKJIOHH
KAK METOO WUCCMNEOOBAHWUS ¥ KOPOTKOIEACTBYXUME KOPPEIALMM B AIPE
MANOHYKJTOHHbLIX KOPPENSALMA B M.H.Crpuxvan u I.I.®pasrdypT

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 paccroAHuAX *. (Hymyastusmbivm dactumamm M, caemys [6],
Has3blBaeM BTOPHMUYHEE YaCTHOB, 00pas3yomuecd B KNHEMATHAYCCKOMN
ob6JacTH, B3ampemeHHON i paccesHUs Ha CBOOOJHOM HYKJOHE.
1e3aBUCHMO OT TE€OPETHIYECKOM WMHTEpPIpPeTamul STOT TEePMHUH yH00eH
711 O0O3HAYeHNA yKasaHHOW KWHEMaTHYeCKOM 00JacTH.)

e N CIFLALLALA, aAr .aAse -y sy ——— — o — —— — ——

6. Bamgun A. M.— Kpatkme coobm. mo gusuke, 1971, T. 1, c. 35.
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«DUIHKA 3JIEMEHTAPHbBIX YACTHL H ATOMHOTO AIIPA»
1997, TOM 28, BbBIT1. 1

THERMODYNAMICS OF STRONG INTERACTIONS
V.I.Yukalov, E.P.Yukalova
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Fig.6. Nucleon, 6g—cluster, and unbound quark probabilities as functions of the relative
density at ©@ =0



Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the 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).



Physics of Atomic Nuclei, Vol. 65, No. 11, 2002, pp. 1985-1994. Translated from Yadernaya Fizika, Vol. 65, No. 11, 2002, pp. 2042-2051.

Original Russian Text Copyright (©) 2002 by Leksin.

Methods for Investigating Nuclear Matter

REVIEWS

under the Conditions

Characteristic of Its Transition to Quark—Gluon Plasma

G. A. Leksin
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Fig. 10. A dependence of the nucleon yields normalized _, . . . .
to the number of nucleons in the target nucleus escaping  Fig. 8. Slope of the proton invariant function normalized

at an angle of 120° in the reactions p(7~)A — NX. The to the mean slope versus atomic number A of the target

energies of the incident protons and 7~ mesons are 7.5 nucleus: binding energy versus A (solid curve) and Fermi
and 5 GeV, respectively.

momentum normalized to the mean Fermi momentum
versus A (dashed curve).

Fly
,,,,,,,,,,,,,,,,, njp
|48 pPb Ph
4
* tyy dfu
oF Tty
0.6
U U
L8H !
----------------- nlp
14F 4 + 1
Lo +*Jr+ fwd/ﬂ
f
0.6 T T
60 140 100 180
Ty MeV

Fig. 12. The ratio of the neutron and proton yields from
isononsymmetric Pb and U nuclei versus the kinetic en-
ergy of the escaping nucleons; the escape angle is 120°
and the initial energy is 7.5 GeV for protons and 5 GeV
for pions. The 7% data are averaged. The dashed lines
represent the neutron-to-proton ratio in the target nuclei,
and the solid lines represent the d /u-quark ratio in the Pb
and U nuclei.
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Fig. 9. Invariant functions of the protons, 7 mesons,

K* mesons, and antiprotons escaping from Cu at an
angle of 119° in the laboratory frame for initial energy of
10 GeV versus light-cone variable (£ — py ) /mn.



Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954 \%

CURRENT EXPERIMENTS USING POLARIZED
BEAMS OF THE JINR VBLHE ACCELERATOR

COMPLEX
F. Lehar

DAPNIA, CEA/Saclay, Gif-sur-Yvette Cedex, France
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Fig. 16. The summary of the data for backward elastic scattering p(d,p)d. The EMD
is extracted from the data presented in Fig. 15. Line — One-Nucleon-Exchange (ONE)

predictions with Paris DWF. The upper scale illustrates the correspondence between 75
and k
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Fig. 13. World data for deuteron break-up on protons and carbon nuclei. The Empirical
Momentum Density (EMD), denoted here as ®?, is defined in the text. Lines are cal-
culated in the quasi-impulse approximation with different models for the deuteron wave
function (DWF) (labels «Paris», «Nij93», «Nijl» for the Paris and Nijmegen DWFs) and
in the model where rescattering effects and final state interactions are taken into account
(«Lyka92»[103, 104]). a) O — H(d,p)X (Dubna); A — d(e,e’)X (SLAC); b) * —
C(d,p)X (Dubna, 1988); O — p(d,p)X (Dubna, 1994); B — C(d,p)X (Dubna, 1995);
c) @ — Saclay (1991); B — ALPHA (1992); & — ANOMALON (1993); A — ALPHA
(1994)




12€ - structure

RNP - program at JINR

V.V.Burov, V.K.Lukyanoy,
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]

JINR - 1977

21.5%

78.15%
0.36%

JLab - 2008 sk
I 3N SRC

19.33%

80.12%

0.55%
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A - dependence (1974-..)

" A—heavy _nuclei
gd—o-(p+A—>7z)~< . .Vy_
d A —light _nuclei

( ASI3
gd—g(p+A—> B)~<A2 for_d
dp A°— for t

.

The same time Cronin team at FNAL have seen about the same
A-dependence for pA(for 200, 300, 400 GeV protons) high p;
Particle production



PHYSICAL REVIEW D VOLUME 11, NUMBER 11 1 JUNE 1975

Production of hadrons at large transverse momentum at 200, 300, and 400 GeV *

J. W. Cronin, H. J. Frisch, and M. J. Shochet
The Enrico Fermi Institute, University of Chicago, Chicago, [llinois 60637

J. P. Boymond, P. A. Piroué, and R. L. Sumner

Department of Physics, Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08540
(Received 5 December 1974)

We have measured, as a function of transverse momentum (p,), the invariant cross section
Edo/d%p for the production of * , K*, p, p, d, and d in proton collisions with a tungsten
(W) target at incident proton energies of 200, 300, and 400 GeV. The measurements were
made in the region of 90° in the c.m. system of the incident proton and a single nucleon at
rest. Measurements were also made with 300-GeV protons incident on Be, Ti, and W targets
of equal interaction length. These p-nucleus measurements, which show a strong dependence
on atomic number at high p,, were used to extract effective proton-nucleon cross sections
by extrapolation to atomic number unity. At large values of the scaling variable x, =2p, Vs,
where s is the square of the c.m. energy, the pion data are found to be well represented by
the expression (Vs)™e~%*L, with n=11.0+0.4 and a =36.0+ 0.4. At x, <0.35, where similar
measurements have been made at the CERN ISR, our data are in good agreement with the
ISR data.
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FIG. 17. Plots of the power « of the A dependence
versus p, for the production of hadrons by 300-GeV
protons; (a) ™, (b) ™7, (c)K*, ()K", (e) p, and (f) p.



Other processes to investigate the high dense state
of the cold nuclear matter - high p; physics. Stavinsky
tried to describe by the same way as cumulative

processes.

Kparxue coobwyernusns OHIH N°I8-86 JINR Rapid Comrnunications No.18-86
YOK 539. 12. 01

EAUHBIA AJIFOPUTM BbLIYUCITIEHUA MHKIO3UBHBLIX CEYEHMUNA
POXAOEHMA YACTUL C BOJIbWMMKU NMOMEPEYHBIMKU UMMNYIbCAMU
M AAPOHOB KYMYJIATUBHOIO TUNA

B.C.CtaBuHCKUmM

IIpenjioxeH eOHHBIN aJITOPHTM BBIUHCIIEHHS HHKIIIOSHBHBIX
CeuyeHHUuH POXIOEeHHSsI 4YacCcTHUll C O6OJIBIHMH IIOMNMepEeUYHbBIMH HMIIYJIb—
caMM H aOpPpOHOB KyMyJIATHBHOI'O THIIa. BO3MOXHOCTE €OHHO—
'O OINIHMCAaHHsA STHX IIPOIeCCOoOB OO0yCJlJIoOBJIeHa BBeOeHHEeM HO—

BOI'oO apryMeHTAa — MHHHMAJIIBHOM SHEepI'HH CTAaAJIKUuBAalIMXCSs
KOHCTHTYEHTOB, HeOob6XoOumMOM IIJIS POXIOeHHsI HaGJogoaemMor
gJacTHUbl. lIlpoBenmeHO CpaBHEHHE C SKCIIepHMeHT aJyibHbIMHA

OAHHBIMH .
Pa6orTa sBbpOoioJjitHeHa B JlabopaTopHH BBICOKHX SHEepIrudi#
Oousin.

Unique Algorithm for Calculation of Inclusive
Cross Sections of Particle Production

with Big Transverse Momenta and of Cumulative
Type Hadrons

V.S.Stavinskij

Unique algorithm is proposed for caiculating in-—

clusive cross sections of particle production with
big transverse momenta and cumulative type hadrons.
A possibility of unique description of these proces-—
ses 1is due to introduction of a new argument — of mi-
nimal energy of colliding constituents needed for the
production of observed particle.

The investigation has been performed at the Labo-
ratory of High Energies, JINR.



The variables X, Q, N,

«Cumulative processes» - in the kinematic forbidden
for the free nucleon-nucleon interactions.

h+A-c+X

pt Nmin'm —> M, + [ Nmin'rn + A]

for E,>>m;, E,

(Ec — B, - P -cos6;)
m

><:NMn:QE{

}+...z X, (X)) stavinsky (1970’s)

The variables from the «quasibinary» kinematic!



Fragmentation regions

pt |\Imin'rn — M + [ |\Imin'rn + A]

for E,>>m;, E,

(Ec — B, P -cosb;)

X:Nmin:Q m

112

+...= XI(XII) Stavinsky (1970’s)

Common case for AA-collisions

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(X M) + (X; M) - mg + XM, + X, M +m, ]

Smie = min(SY%) =min[(X, - B + X, - B 2]

min



A.A. Baldin's parameterization

Phys. At. Nucl. 56(3), p.385(1993)

1 P01
HZE(XIZ_I_XIZI +2X| 'Xll .7/|,||)2 :2msr%|n
(B -By)
V1 M, M,

Inclusive data Parameterization

d3c st 3 st I
E.cml.AIS 3 .Al?i 3 .

C, = 2200[mb -GeV 2 -¢c3-sr1],C, = 0.127



Cumulative processes. Twice cumulative processes.
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Subthreshold flucton-flucton production
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Inverse slope for subthreshold production must be the less then T /2
(near the phase space border).

T T T T T T T T T
30
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-Pc.mn ~ EeXp (_TfTﬂ) = -Psubfhresh ~ eXp (_T/Tﬂ) - exp (—T/TD) ~ X (—T/(Tﬂ/?):]
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High p; processes



Color(nuclear) transparency in 90° c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 GeV/c,
corresponding to 4.8 <Q? <12.7 (GeV/c)-.

iii_c;(p+aapaa_>p+p)

Z% (p+p—p+p)
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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
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Flucton case

Knock out of a flucton in an excited state

<B> > 1 (?)

32



beam line #8

SPIN — narrow acceptance spectrometer, \S?p in

protons
1012 - 1013/s



A-dependence

U.SIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.8

WiC

h+

MokasaTenb cTENEHHOW 3aBUCUMOCTH
ceyeHMs OT aTOMHOW Macchl,
npusedeHHbIN Kak yHKUWS
NnonepeYyHoro MMnNynbca.

() m ()

c

Habniogaetca cunbHaa A-3aBUCUMOCTD,
YTO XapaKkTepHO AN KYNATUBHbIX
npoLeccoB
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W/C

Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213-1218

h* - spectrum

CnnolwHble Kpusble: HUING 1.3 http://www-nsdth.Ibl.gov/~xnwang/hijing/doc.html
MyHKkTUpHbIE KpuBble: UrQMD 3.3 http://urgmd.org/

w/c W/ Cu

WiCu
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Fig.5 Ratio of cross sections of negative pion production on different nucleir multiplied by

inverse A-dependence (see the text). The lower axis shows the momentum. the upper axis,
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T /T
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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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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Scaling Behavior of Spectra of Protons, Deuterons,

and Tritons Produced with High Transverse Momenta
in p4 and *CA Collisions

N. N. Antonov’, A. A. Baldin®, V. A. Viktorov’, A. S. Galoyan’, V. A. Gapienko* *,
G. S. Gapienko?, V. N. Gres’?, M. A. Ilyushin’, A. F. Prudkoglyad”, D. S. Pryanikov*,
V. A. Romanovskii?, A. A. Semak?, 1. P. Solodovnikov?, V. 1. Terekhov?,

M. N. Ukhanov’, and S. S. Shimanskii’



The first data on the yield of the lightest nuclear fragments (protons p, deuterons d, and tritons 7) with high
transverse momenta p at an angle of 40° in the laboratory reference frame from nuclear targets bombarded

by 50-GeV/c protons and 204-GeV/c carbon nuclei obtained in the SPIN experiment (IHEP, Protvino, Rus-
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Fig. 4. Exponential dependence of the cross sections on I'1
for (circles) protons, (squares) deuterons, and (triangles)
tritons. The dashed lines represent the function

exp(—I1/0.172).

sia) have been reported. It has been shown that the p4 and CA data can be described within a common scaling
approach, which possibly indicates that the mechanism of formation of high-pr nuclear fragments is common

for these reactions.
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Particle Production at Large Angles by 30- and 33-Bev Protons
Incident on Aluminum and Beryllium*

V. L. Frren, S. L. MEyer,f axp P. A, Pirouk
Palmer Physical Laboratory, Princeton Universily, Princeton, New Jersey
(Received February 12, 1962)

A mass analysis has been made of the relatively low momentum particles emitted from Al and Be targets
when struck by 30- and 33-Bev protons. Measurements were made at 90° 45° and 131° relative to the
direction of the Brookhaven AGS proton beam. Magnetic deflection and time-of-flight technique were used

to determine the mass of the particles.
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Mean values of the B, parameter

Target C Al Cu W

Bz><1[]2,Ge’ﬁ.ﬂ,ﬂ'c3 1.41+0.10 1.56 £ 0.08 1.51+0.07 1.41+ 0.06
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Beck(Editor), Clusters in Nuclei Volume 1,2010

p.v
A great deal of research work has been performed in the

field of alpha clustering since the pioneering discovery, by D.

A. Bromley and co-workers half a century ago, of molecular
resonances in the excitation functions for 12C + 12C
scattering. The aim of this new series of Lecture Notes in
Physics entitled Clusters in Nuclei is to deepen our
knowledge of this field of nuclear molecular physics whose
history was so well recounted in 1995 by W. Greiner, J. Y.
Park and W. Scheid in their famous book on Nuclear
Molecules (World Scientific Publishing Co.).

Nuclear clustering remains, however, one of the most
fruitful domains of nuclear physics, and faces some of the
greatest challenges and opportunities in the years ahead.
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SOVIET PHYSICS JETP VOLUME 6 (33), NUMBER 5 MAY, 1958

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.S.R.) 33, 1295-1299 (November, 1957)

It is shown that the production of energetic nuclear fragpments 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 of the scattering of 675-Mev protons by light nuclei, Meshcheriakov and coworkersi#?
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.
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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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DEUTERON STATIC PROPERTIES FROM
NN-POTENTTALS

Table 1: Deuteron properties in the dressed bag model.

Model E;(MeV) | Pp(%) | rp(fm) || Qa(fm?)|| pa (pn) | As(fm=/2) | n(D/S)

RSC 2.22461 6.47 1.957 0.2796 0.8429 0.8776 0.0262

Moscow 99 2.22452 5.52 1.966 0.2722 0.8483 0.8844 0.0255

Bonn 2001 | 2.224575 4.85 1.966 0.270 0.8521 0.8846 0.0256

DBM (1) 2.22454 H.22 1.9715 || 0.2754 0.8548 0.8864 0.0259
P, = 3.66%

DBM (2) 2.22459 | 5.31 | 1.970 || 0.2768 || 0.8538 0.8866 0.0263
P, = 2.5%

experiment | 2.224575 1.971 0.2859 0.8574 0.8846 0.0263

Problem to built SPIN from the constituents
- for deuteron tool
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Energy Dependence of Nuclear Transparency in C(p.2p) Scattering
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A.V. Efremov (1976) Parton description

A+B2>C+X

32‘; | d%(y)a(f)sc(nv(xys,tg
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Kim's mechanisms in exclusive reactions

pp - > pp + X, pp -> D(H, NA..) + X
reactions with diquagks

Diquark proof

g_bar
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Review

Color transparency: Past, present and future
D. Dutta®*, K. Hafidi®, M. Strikman ¢

2 Mississippi State University, Mississippi State, MS 39762, USA
b Argonne National Laboratory, Argonne, IL 60439, USA
¢ Pennsylvania State University, University Park, PA 16802, USA

ARTICLE INFO ABSTRACT
Keywords: We review a unique prediction of Quantum Chromo Dynamics, called color transparency
QCD in Nuclei (CT), where the final (and/or initial) state interactions of hadrons with the nuclear medium

Color transparency
Onset
Exclusive processes

must vanish for exclusive processes at high momentum transfers. We retrace the progress
of our understanding of this phenomenon, which began with the discovery of the J/y
meson, followed by the discovery of high energy CT phenomena, the recent developments
in the investigation of the onset of CT at intermediate energies and the directions for future
studies.

© 2012 Elsevier B.V. All rights reserved.
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Distortions of the Spectra of Cumulative Mesons by
Multiscattering in Nuclei

V. F. Peresedov and L. S. Zolin
Abstract

The quantitative estimates of multiscattering distortions of momentum
spectra for cumulative pions and kaons in p + A = n(K*) 4+ X reaction at
angles close to 180° are reported. The calculations for C, Al, Mo, W nuclei
were made by using Monte Carlo simulation on the basis of the intranu-
clear cascade model. The fluctuon model of cumulative particles generation
was used to give initial momentum and angular distributions of mesons.
Multiscattering on the intranuclear nucleons causes the difference between
the initial and observed (distorted by FSI-final state interactions in nuclei)
meson spectra, which increases with increasing of atomic number. Due to
the rescattering and absorption of pions and kaons by intranuclear
nucleons their absolute yields decrease by about 2—»5 times in the momen-
tum range p = 0.3-1GeV/ec for medium and heavy nuclei. The relative dis-
tortions of the slope parameters ol the momentum spectra are 3-10%. The
correction of cross sections with account of FSI leads to the amplification
of A-dependences for =, K* and to their bringing together, Taking into
account FSI is also important when the ratios of particles yield of different
types are considered. The K™ /K ~-ratio corrections can reach a factor of
about 3. Obtained values of distortions effects for cumulative reactions
demonstrate evidently the necessity to account of ISl lor data obtained In
xperi ts with nuclei at momenta of reaction progucts < - c. 58
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