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BocnoMmunHaHua 06 akapemuke J1.A. ApyumMmoBu4e
MockBa, "Hayka", 1981

cTp.9

"Cenyac yxe Hakonuncsa 60nbLWOon OnbIT B MEXAYHAPOAHOM COPEBHOBAHMMU MO
OCHOBHbIM Hanpas/ieHUAM PU3NYECKON HAaYKN U BbISCHUNIOCH, MPU KaKNX YCIT0BUSAX
MO>HO pacCyYMTbiBaTb Ha NOYETHYIO A0/ B MMPOBOM MPOU3BOACTBE NEPBOKIACCHOM
Hay4YHoOM MHdopMauun. FNaBHasa 3anoBeab B 3TOM fiesie - He UATU Bcnepn 3a
CUJIbHbIM CONEPHUKOM Nno usbpaHHomMmy MM nytu. Ha yskoum gopore TpyaHo
o6oiT MawmHy, mayuyto Bnepean. Hy>xHo cammMm Bbi6upaTb CBOM
CO6CTBEHHbIN NYTb - TOJIbKO TaK MOXXHO AO06UTbCA ycnexa.

ANs TanaHTNMBbLIX NOAEN HA HETPOHYTbIX 3EMNSAX HAaYKM OTKPbIBAETCS Cpa3y MHOIM0
pasHbIX NyTewn.

... Ecnn Bbl ngerte Bcnen 3a KeM-HMbyab, NyCcTb Aa)ke NoyTu no natam, 1o
PaAoCTb NepBbiX OTKPbITUA BaM He yAaeTCs Ucnbitatb, OHa 6yaer yaenom rex,
KTO XOTb HEMHOI0O, HO Bnepean."

J1.A. ApummMmoBunu

23.09.2014 PANDA meeting
Shimanskiy S.S.
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RHIC Physics: 3 Lectures®
" + CERN Yellow Report

Larry McLerran -

Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA 2007 005' p ° 75

September 13, 2003 2008-005
The Evolving QCD Phase Transition

t ~ 1980
. Quark Gluon Critical Temperature 150 - 200 Me}i (hg=0)
Plasma  Critical Density 1/2-2 Baryons/Fm’ (T=0)
Nuclear Physics A 837 (2010) 65-86
Hadron Gas
: RHIC Time(BNL
1 Nuclotron-SPS Time (CERN) me( )
t ~ 1990 t ~ 2000 I
"
T F-. Quark Gluén - ark Gluon e
S T ~ Plasma T [
-~ Plasma 1
i Color
N Superconducto Haaronic
Hadron Gas s Hadron Gas
“‘B }‘I'B Liquid-Gas
23.09.2014  PANDA meeting 4

Shimanskiy S.S.



Magdeburg hemispheres 1656

Edward Shuryak

ICPAQGP, Kolkata, India,
February 8-12, 2005 8-
12, 2005

~ 2 -
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eWe cannot pump the QCD vacuu out L u we
can pump in something else, hamely the Quark-
Gluon Plasma —arguments from 1970’s

e QGP was looked at as a much simpler thing, to
be described by pQCD. We now see it is also

quite:complicated matter, sQGP... 5



arXiv:0911.2987v1 [hep-ph] 16 Nov 2009

Proceedings of the DPF-2009 Conference, Detroit, MI, July 27-31, 2009

Theoretical Concepts for Ultra-Relativistic Heavy lon Collisions

L. McLerran
RIKEN Brookhaven Center and Brookhaven National Lab., Physics Dept., Upton, NY 11973-5000 USA

CGC Initial
Singularity
Figure 1: Ultra-relativsitc nuclear collisions and various o
forms of high energy density matter. ey =t Perfect Fluid
7 Quark Gluon Plasma — Hadronization
/ ™1 10fmi
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/ Glasma —» Density Fluctuations, Thermalization
/4 w0.1-1fmb

Event Honzon
Initial singularity — Quantum Fluctuations
4 w0-0.1 fmic

™ Initial Nuclei as CGC —» Coherent, High-density Gluons

Figure 2: A lightcone diagram for ultra-relativistic
hadronic collisions.
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Where are We on the Phase Diagram

p+p 200, Au+Au 200, 130, 62.4 GeV E866/917 PLB476.1.2000
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Partonic phase at SPS/FAIR/NICA energies

partonic energy fraction vs centrality and energy

' —| Pb+Pb, b=1 fm
041 -
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Dramatic decrease of partonic phase with decreasing energy
and centrality
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Thermalization in Elementary
Beccatini, Heinz, CO”iSiOﬂS ?

Helmut Satz
Z.Phys. C76 (1997) 269

arX1v:1207.0341v1 [hep-ph] 2 Jul 2012
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Discovery and Investigation with
Different Probes
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F. Close

Structure of Matter

A — Aty
i.SPECTRA

Two ways that

structure is j>
revealed:

|

AT —>p+rx’

2. SCATTERING FROM "HARY' CENTRE 3

True from atoms
to particles.....
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DIS with Leptons

23.09.2014 PANDA meeting
Shimanskiy S.S.



Nuclear Physics A532 (1991) 3c-14c

A [ : — < K.Rith
o E
A @ @ ® ® z
o2 | | &
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Region §: 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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Figure 5. Theoretical predictions for Figure 6. Preliminary results for oFe/gte
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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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 Institrute 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 22901

10~1
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Vw: Fa ,I"IrA.
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2 + 0O < X

FIG. 1. Measured structure function per nucleon for Fe vs x.

23092014 pANDA meeting The Q% value at x =1 is also listed for the different kinematics. "
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Z. Phys. C 63, 29-36 (1994)

ZEITSCHRIFT
FUR PHYSIK C

© Springer-Verlag 1994

Nuclear structure functions in carbon near © =1

BCDMS Collaboration

10

* = 81 GeV?

7

A.C. Benvenuti, D. Bollini, T. Camporesi', L. Monari*, F.L. Navarria 3
Dipartimento di Fisica dell'Universita and INFN, Bologna, Italy e
A. Argento?, J. Cvach?, W. Lohmann?, L. Piemontese’ 10
CERN, Geneva, Switzerland

10°%
V.L Genchev®, J. Hladky?, LA. Golutvin, Yu.T. Kiryushin, V.S. Kiselev, V.G. Krivokhizhi
S. Neme&ek®, D.V. Peshekhonov, P. Reimer®, LA. Savin, G.I. Smirnov, S. Sultanovf, A.G. Vo
Joint Institut for Nuclear Research, Dubna, Russia

10

D. Jamnik®, R. Kopp®, U. Meyer-Berkhout, A. Staude, K.-M. Teichert, R. Tirler'?, R. Voss', € 102
Sektion Physik der Universitit, Miinchen, Germany!! g

1072
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 200 GeV 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 is found to °

be F{Y = 1.2-107% The = dependence of the structure 10°

function for z > 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 function Ff(m} as a function of =, at three

different values of 2%. The hatched regions show the range of predictions
. of [26]
23.09.2014 PANDA meeting
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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.p + 0er)  3V(A) 4
:R{ZCTEP —+ P'\‘T-'TenJ J"l}?[aHC::I ‘rad:

r(A,*He) = (2)
where Z and N are the number of protons and neutrons
in nueleus A, gen is the electron-nuicleon 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-
tivelyv). In our Q2 range, the elementary cross section

correction factor 3'4';25‘9P+?e“:'. is 1.14 + 0.02 for C and
(z':"ep +a""5"en,|

1He and 1.18 + 0.02 for *°Fe. Fig. 1 shows the resulting
ratios integrated over 1.4 < Q2 < 2.6 GeV?=,
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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 particle (%) 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 +08 | @ -

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

a, ()= 4+2%
a,\(12C) # 20 £ 0.2 + 4.1 % "—t a,(12C) ® 12 £ 4%
a,(PC)~ 4+2%
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V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(X,"M)) + (X,-My) = m_+[X,-M,+X,-M, +m,]

Quark-parton model
(X, P) + (X, Py) = M(X, X))
I:)I

AI { X { Cumulative

_ . particle

Pr P
S0 — (A | A )2
I I

A
1
I:)ll kinematic limit for free NN-
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X >1,

X, >1 S.- kinemat.
XI >1 X, >1
/—\ I /—-\
Yo

Cumulative processes:

1) X; £ 1 and X;; > 1 Fragmentation
2) X SlandXI>1}

3) X; >1 and X;; > 1 Central region

regions
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A.V. Efremov (1976) Parton description

A+B=>C+X

dG

_ j dxdydzF, (y)F, (X)G. (Z)V(xys, tE ! y)

N

X)) X
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Volume 67B, number 1 PHYSICS LETTERS 14 March 1977

T EOPIASK
(TEoPED
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.

102 | ZEng—gé(mb GeVed) b
o' | ]
10° |
The purpose of this note is to realize the idea [4] i

that the cumulative effect is connected largely with 10

a suggestion on the existence in nuclei of the so-called 1071

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

to understand the nature of the “deuteron peak” in 00 o T e =

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 free proton target; Il — with fermi

cross section [9]. Compressional fluctuations of mass motion; III — the relativization effect. (b) The contributions
Mk km of nucleons in the small volume V 7”.3 of separate fluctuons with mass My = kmp, where k is the
3.89.2014 _ PANDA meeting 3 order of cumulativity. 24

wheresrwng%r; ¢ fluctuon radius were assumed



Fluctons Probability inside nuclei
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A - dependence (1974-...)

8Cé—g(p+A—>7Z)~<

- A—heavy _nuclei

do

e—(p+A—>B)~+
dp

The same time Cronin team at
A-dependence for pA(for 200,

‘Particle produétion

A™ —light _nuclei

A _for d
- A’ — for _t

FNAL have seen about the same
300, 400 GeV protons) high p+
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201

I | v T T k | T 1 ] T _']
2
e0 — et —
=Y 1 a
s0 3 —
i T (a) ]
= : o ¥ cont
g a0 7 © T D s 3
= ?
= w Reference ©
30— /4 B
20 - —
o - =l
S - ¢ t —
10— — ——— . vy — —
os }— _’.
5 ] ]
E os L t t
5 |
o4 - (bl
. * e Present experiment
4 v Reference &
Q.2
| | Y4 ) =] 1 1 i —. —
o ] z 3 g S & 7 8
To {GeV?

FIG. 1. Energy dependence of (a) 7; parameter for
pions, and (b) the 7=~ /w* 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).
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12€ - structure

RNP - program at JINR  eA - program at JLab

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

JINR-1977 EEw|| JLab-2008 mmosre

I 9 I 3N SRC
21.5% 19.33%
78.15% ' 80.12% '
0.36% 0.55%
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Correlation Measurements
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And why high p; probes?
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PHYSICAL REVIEW C YOLUME 51, NUMBER 2 FEBRUARY 1995

Probing short-range nucleon correlations in high-energy
hard quasielastic pd reactions

L. Frankfurt,* E. Piasetsky, and M. Sargsyan'

Raymond and Beverly Sackler Faculty of Ezact Science, School of Physics
and Astronomy, Tel Aviv University, Tel Aviv, 69978, Israel

M. Strikman
Pennsylvania State University, University Park, Pennsylvania 16802
and St. Petersburg Nuclear Physics Institute, St. Petersburg, Russia
(Received 4 May 1994)

The main new result of this paper is the calculation of the initial and final state interaction
in a hard exclusive proton-deuteron reaction. We find that for spectator momenta < 350 MeV/c
and p; ~ 0 the effect of initial and final state interactions can be accounted for by rescaling the
cross section calculated within the plane-wave impulse approximation. We show that the strong
dependence of the amplitude for NN hard scattering on the collision energy and the exclusive
nature of the quasielastic large-angle pd scattering can be used to magnify the effects of short-range
nucleon correlations. The feasibility to investigate in this Kinematical region the role of relativistic
effects in the deuteron wave function is demonstrated by comparing the predictions of different
relativistic approaches. It is demonstrated also that in these kinematics the final and initial state
interactions reduce sensitivity of the cross section to uncertainties in the high-momentum component
of the deuteron wave funciion. We also nnd that for p, ~ U an g > Pt 2
initial and final state interaction strongly reduce the cross section while relativistic effects are very
small. This kinematic is optimal for color-transparency studies. Binding effects due to short-range

23.09.20 égrreldtibus Hif tHecdeuteron are discussed as well.

SNMANSKSS number(s): 13.75.Cs, 25.10.4s, 25.40.Ep
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Proton Solenoid
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Figure,I.3: A schematic view of the EVA solenoid and the neutron counters in the 1998
0:201 33
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n-p Short-Range Correlations from (p, 2p + n) Measurements

A Tang,'! W Watson,' J. Aclander.”® J. Alster.” G. Asrvan,*” Y. Averichev.” D. Barton,* V. Baturin,*”

M. Bukhtoyarova,** A. Carroll,* 8. Gushue.* S. Heppelmann.® A. Leksanov.” Y. Makdisi,* A Malki.* E. Minina,®

I Navon,® H. Nicholson.” A Ogawa.” Yu. Panebratsev.” E. Piasetzky.” A. Schetkovsky,™ S. Shimanskiv.® and
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Figure 1.5: The vertical component of the target nucleon momentum vs. the total neuntron
momentum. The positive vertical axis is the npward direction. The events shown are for
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Short-Distance Structure of Nuclei
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Shimanskiy S.S.

D W Higinbotham', E Piasetzky” and S A Wood!

1 Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA
2 Tel Aviv University, Tel Aviv 69978, Israel

E-mail: doug@jlab.org

Abstract.
One of Jefferson Lab’s original missions was to further our understanding of the
short-distance structure of nuelei. In particular, to understand what happens when

two or more nucleons within a nuecleus have strongly overlapping wave-functions:; a

phenomena commonly referred to as short-range correlations. Herein, we review the

results of the (e, e ), (e,e'p) and (e, e'plV ) reactions that have been used at Jellerson
Lab to probe this short-distance structure as well as provide an outlook for future
experiments. I
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Probing Cold Dense Nuclear Matter
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O. Glamazdin.'6 J.-O. Hansen ! D. W. Higinbotham,“* T. Holmstrom.'” H. Ibrahim, '3
R. Igarashi,'® C.W. de Jager.!! E. Jans,?® X_ Jiang,'® L.J. Kaufman,”?? A. Kelleher.'”

A. Kolarkar.*® G. Kumbartzki.'® J. J. LeRose.'! R. Lindgren.'* N. Liyanage,'*

D.J. Margazio'tis.,4 P. Markowitz 1 S. Marrone.?* M. Mazouz.2® D. Meekins.!! R. Michaels. !
B. Moffit,!” C. F. Perdrisat,!” E. Piasetzky,? M. Potokar.?® V. Punjabi,>” Y. Qiang.’

J. Reinhold.'® G. Ron.2 G. Rosner.”® A. Saha,!! B. Sawatzky.'*?” A. Shahinyan.*’ S. Sirca,?¢3!
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The protons and neutrons in a nucleus can form strongly correlated nucleon

pairs.
with hich momentum transfer and high missing momentum, show that in 2C

Scattering experiments, where a proton is knocked-out of the nucleus

the neutron-proton pairs are nearly twenty times as prevalent as proton-proton

pairs and, by inference, neutron-neutron pairs.

This difference between the

types of pairs is due to the nature of the strong force and has implications for

un%ﬁ:ﬁﬁ?&fﬁ@%}ﬂ“ﬂeme nuclear systems such as neutron stars. 36
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Figure 7. The fractions of correlated pair combinations in ecarbon as obtained
from the (e,e'pp) to (e, e'pn) reactions [48], as well as from previous (p,2pn)
data [45]. From Subedi R et al. (Hall A) 2008 Science 320 1476. Reprinted with

23_'09'201_4 PANDAHBDﬁHT@siDn from AAAS. 37
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The Correlation Measurements with hadrons

23.09.2014 PANDA meeting
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pA->h+X
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SPIN Magnet b

Spectrometer
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Flucton fragmentation - same side flow

Momentum up to 6.5 GeV/c and p; up to 3.5 GeV/c

23.09.2014 PANDA meeting
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W/C

Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213-1218
+
h* - spectrum

CnnowHble kKpusble: HUING 1.3 http://www-nsdth.Ibl.gov/~xnwang/hijing/doc.html
MyHKTUPHbIE KpuBble: UrQMD 3.3 http://urqmd.org/
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A-dependence

-l g. A
f IR

0.8

Ly b vy by b e by b by gy
0.6 T
0 05 1 1.5 2 25 3 3.5 4

P1(Gev/c)

We deal with multinucleon configuration, but local this interaction?
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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

U3MEPEHWE CEYEHHN OBPA30BAHNS AJJPOHOB
C HIMIYJIBCOM JI0 2 I'sB/e¢ B IPOTOH-AlEPHBIX
CTOJKHOBEHUAX IIPU[7Z0 TaR]

BAPKOB JI. M., 30JIOTOPEB M. C., KOTOB B. I.Y, JIEBEJIEB IL K.,
MAKAPBUHA JI. A.»), MHIDAKOBA A. IL 2, OXATIKHH B. C., P3AEB P. A. "),
CAXAPOB B. II. 9, CMAXTHH B. II., IIUMAHCKIH C. C.

HHCTH?YVT ALEPHOH SHIHKH C0 AH CCCP

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

(Hoemynuaa 6 pedanyuio 2 astyema 1982 2.)
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Puc. 6. CpaBHeRHe OTHOmICHWH BEIXOJZOE aHTHOPOTOHCB H OTPH-
MaTeNEHBIX OHOHOB miad W m Al MAmened B SaBUCHMOCTH OT
mMynbca TacTan (@ —[1t], O — gagmana paboTa)
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Ratio p/n* (2013)
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

23.09.2014 PANDA meeting
Shimanskiy S.S.
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Semak A. ISHEPP XXIl 2014
Average baryon number <B>

s KA O S S [

14— #* W E

Y =I E—— T S B

A CH S— T -

115_ ........................... % ..... ;} ............ i ........... i ........... i ..... ................................. ...............

09— %_ ........... R % ................. .................................. .................................. .................................. ...............

1 .

0 312 T—— Lo BE, ................................. .................................. e .................................. ...............
] : : :
2

0.7

23.09.2014 PANDA meeting

Shimanskiy S.S. 48



The PANDA Detector p+ p(A) - p+{X}

target

=
generator
= muon counters
_) EM and hadron

TOF stop cajorimeters

.r‘ﬁ

solenoid

[;f?\ NG ——

,,,,,,
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drift or wire
chambers
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2l interaction ( pa @ﬂ -
point —
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PANDA expermment at FAIR

(INR Participation) JINR PAC, 2010
2.2. High pt pp collisions and deep inelastic nuclear reactions with PANDA
(5.5.Shimanskiy)

PANDA experiment provides an opportunity to study the properties of the color
high density nuclear matter (CHDNM), which differs from Quark Gluon Plasma
(QGP) state [1]. To detect the CHDNM one has to study the p A - collisions in
kinematical region beyond the kinematical limits for interacting with free
nucleons (named as cumulative processes).

We propose [7] to perform the measurement of three deep inelashc antiproton-nucle:
processes (DINP):

# The first one 15 a DINP E— A— E— < mN >, where m 15 an average number of nucleons.
2p;

Vs
the dependence on the cumulative number X SEC mechamism predicts =m>= = 1 and no
dependence on X.

# The second process 15 the subthreshold J /¥ (and D-mesons) production:

E+:1+ JIY+ X =y +X at E,__ 22-3GeV. Dimuon pair mmst have

The final state antiproton must have x, =

~1, where 5={p—y—p,,}3.T]1eaimis to see

E™ 21.5GeV. The aim is to measure the cross section of this process which can be greater
than the subthreshold cross section of antiproton production p+ A4 — p+X [8] which s

already measured [4]. There 15 a prediction that the case GI:E+ A= TJ/I¥+X)=al
p+4— p+X) can be treated in favor of “flucton” hypothesis.

23.09.2014 PANDA meeting

Shimanskiy S.S. 20



Exclusive reactions as way to resolve problems

Bp A A)M((x K, I.)

p+p—BB+MM

23.09.2014 PANDA meeB

Shimanskiy S.S.
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
Carlos Granados and Misak Sargsian
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FIG. 2: (Color online) Ratio of the pn — pn to pp — pp elastic differential cross sections as a
function of s at H;"m =909,
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YBaxaemsbIe Konneru,

C HenaeHero BpemeHU MHOronapToHHuIe B3aumopeiicTesma (MPI) npusnekaror

NpUcTanbHoe BHUMAHUE KAK TeOpeTUKOB, TAaK U 3KCrepumeHTatopos. .. . Ha ceroaHawHuiA
AeHb TeopeTUKU pa3paboTanu aAekBaTHLIA UHCTPYMEHT AN ONUCAHUA ABOUHBIX XKECTKUX
coyaapeHuir - 0606LWEHHOe AByxXnapTOHHOe pacnpeaeneHue (generalized double

parton distribution) 6. AnexkeaTHbie MOHTekaprioBckue moaenu ans onucaHua MPI Haxopartca
B cTaaum paspabotku. Mcnonbsya aaHHere HERA no enekTpopoxaeHUO BeKTOPHBIX Me30HOB,
CTPYKTYypYy 3TOro Hoeoro obbvekra MOxXHO npeackasatb B obnactm 0.001 < x < 0.1. B 10 xe
Bpemsa, B obnactm x > 0.1 uHpopmauma o 6 npakTudecku ortcytcreyert. TleptypbaTtueHbre
3(pPeKTLI B G (Becbma cepbésHbIe NpU 60MbLWINX NOMEpeYHBIX UMMYJSbCAX PerucTpUpyembIx
yacTuu u/unu cTpyu) Haxoaatca noa KoHtponem. OaHako, o HenepTypbaTuUsHOU Koppenaumm
NApTOHOB BHYTPWU BOJIHOBOU (PYHKLIMU GAPOHA UH(POPMALMU y Hac HeT. bes npamou
3KCNEepUMEHTaNbHOU UHPOPMALIUKU Nporpecc B 3Tou obnacTu spaa nNu BO3MoxeH. BaxHo,

4YTO ANSA 3KCMEepPUMEHTANbHOrO U3yYeHUs 3TUX Koppenauuii He HyXHbI CBepXBLICOKUE 3Hepruu.
HocTaTtouHo NpaBuUnbHO 3aAGHHLIX BOMPOCOB U MPAMOTHOrO MOCTABMIEHHOTO 3KCMepUMeHTa.
UpesebIvaiiHO BaXXHOW NpeACTaBnsAeTCs BOSMOXHOCTb pasdesieHUs npoLeccos no prieiABopy
Y4acTBYHOWMX NAPTOHOB. M3mepaTb KOppenaumm Y4acTuL, B KOHEYHOM COCTOSHUU BMeCTO
QAPOHHBIX CTPYW MpeAcCTaBnseTcs MHe npeanoututencHeIM. [eno B Tom, yto 3Ta Habnropaemas
COAEPKUT TY XKe UHPOPMALMIO O KOoppenauum HAYasIbHEIX NApPTOHOB, YTO U U3MepeHue CTpYW,
opHako csoboAHa OT HeonpefenéHHOCTe, CBA3AHHLIX C BLIGOPOM U UCMONb3OBAHUEM
QNropuTMa no onpepenieHUuro CTpyu. ...

HO. [oxwwuuep

27.02.2013

23.09.2014 PANDA meeting

Shimanskiy S.S. =



PP studies at x; ~ 1

PP — PP

— — The counting rules and isotopic symmetry
studies, py ~ 2 6eV/c anomaly(?)

pp —>nn-7? Pr ’

E p — E p + 72-72-( KK) Detail vertexes studies:
— — q(q) + q(q) — (quark — antiquark)
p p % /\ /\ —|— KK (72'72', lLllLl) q) +9q9(qq) — (quark — antidiquark)
qq+ aa — (diquark —antidiguark)
pp > AA

23.09.2014 PANDA meeting
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Where is the most interesting
range for study?

Pt . 2 6eV/c anomaly

23.09.2014 PANDA meeting
Shimanskiy S.S.
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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
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.»

23.09.2014 PANDA meeting
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pr ~ 2 GeV/c region

C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989
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This experiment

Katz et al.

Cryzewski ef al.

Eide et al.
Buran et al.
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Fig. 3. The pp and pp elastic differential cross sections at 90° CM
as function of the square of the CM energy, s. Open circles are pp
data from ref. [6]. These data fit well to the drawn curve propor-
tional to s ~°, The remaining points are pp data. Shaded from this
experiment. Otherwise from ref. [7] (open square), ref. [8]
(open triangle) ref, [9] (shaded triangle) and ref. [10] (shaded
square ). The lower curve is an 5~ fit to four data points of this
experiment, neglecting systematic errors. One obtains
n=12.310.2, but evidently the data do not seem to follow this
kind of a power law.



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 <GP <12.7 (6eV/c)?.

proton;

protony

doc/dt for /'

12 ==V
C

proton,

Tpp=

Z do/dt for \ proton,
oroton, /

23.09.2014 PANDA meeting
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Color(nuclear) transparency

VOLUME 87, NUMBER 21 PHYSICAL REVIEW LETTERS

19 NovEMBER 2001

Energy Dependence of Nuclear Transparency in C(p.2p) Scattering

A. Leksanov, J. Alster,! G. Asryan.>? Y. Averichev,® D. Barton,®> V. Baturin.>* N. Bukhtoyarova,>* A. Carroll,>

S. Heppelmann,? T. Kawabata,® Y. Makdisi,> A. Malki,! E. Minina® I. Navon,! H. Nicholson,” A. Ogawa,’
Yu. Panebratsev.® E. Piasetzky,! A. Schetkovsky,>* S. Shimanskiy,® A. Tang,” J. W. Watson.”

H. Yoshida,® and D. Zhalov®

Tey =T | da | d*Prrn(a, Per)
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FIG. 2. Top: The transparency ratio Tcy as a function of the
beam momentum for both the present result and two points
from the 1998 publication [3]. Bottom: The transparency T
versus beam momentum. The vertical errors shown here are
all statistical errors, which dominate for these measurements.
The horizontal errors reflect the a bin used. The shaded band
represents the Glauber calculation for carbon [9]. The solid
curve shows the shape R™' as defined in the text. The 1998
data cover the c.m. angular region from 86°—90°. Fpr,the new
data, a similar angular region is covered as is discuﬁgd in the
text. The 1988 data cover 81°—90° c.m.



The nuclear modification factor
at RHIC and LHC

* quantify departure from binary scaling in AA
- ratio of yield in AA versus reference collisions
« e.g.: reference is pp 2> R 4

* ..or peripheral AA - Rcp (“central to peripheral”)

23.09.2014 PANDA meeting
Shimanskiy S.S.
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high p, suppression seen by all experiments

Raa=yield(AuAu)/N ., yield(pp)

S1.4

1.2
1
0.8
0.6
0.4
0.2

CT region

Au+Au — h™ @ \syy = 200 GeV [
‘4 STAR (0-5%)

@ PHENIX (0-10%)
= PHOBOS (0-6%)
v BRAHMS (0-10%)

) T[O

23.09.2014
Shimanskiy S

* all expts. see large
suppression in AuAu

* 1V lower than h*

* 1o suppression in dAu
rather

Cronin enhancement
— medium effect, not
icoming partons

- reasonable agreement
between 4 experiments

PANDA meetinglOhanna Stachel

.S.
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pr~2 6eV/c anomaly at high energy

: llll'llllllllllllll

Pb-Pb \[5gy = 2.76 TeV

e 0-5%
o 70-80%

I

0.1

lllllllllllllllllll

______

5

10

23.09.2014 PANDA meeting

Shimanskiy S.S.

15 20
P, (GeVic)

0.1

(RHIC and LHC)

llllllllllllll'l

o ALICEPb-Pb \[55, =276 TeV (0 - 5%)
STAR Au-Au \[5,,, = 200 GeV (0 - 5%)

= PHENIXAu-Au \[s, = 200 GeV (0 - 10%)

LI B

| S B | l | I == L B | l 1

| I |

0

15

20
P, (GeVic)



Charged hadron suppressuon in Pb-Pb
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EPJC 72 (2012) 1945
For central collisions:

A pronounced minimum at Pr = 6 — 7 GeV where Ry4 = 0.2
At higher Py Ry 4 rises and levels off above 40 GeV
Suppression at high Py at the same level as jet suppression
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J.W. Cronin et al., Production of hadrons at large transverse momentum at 200,
300, and 400 GeV, Phys.Rev. D, v.11, N 11, 3105-3123 (1975)
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FIG. 20. Comparison of the eross-section ratio p /n*
measured on tungsten at Vs =23.7 GeV (closed circles),
with that obtained by extrapolation to A =1 (open circles).
Ratlos obtained from the British-Scandinavian collabor-
tion (Ref. 23) at Vs =23.4 GeV are also plotted (closed
squares).
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Fig. 3. [10] Ratio of the cross sections for the production of protons and charged pions as a function of the transverse
momentum for various degrees of centrality and two beam energies of 62.4 and 200 GeV: (points) results of the STAR
experiment and (curves) results of model calculations.
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Baryon anomaly in Pb-Pb
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+ Baryon to meson ratio increasing with centrality for p; < 8 GeV/c.

« Enhancement at moderate p+ is consistent with radial flow

. May be explained by quark recombination from QGP (coalescence model)
+ For p;> 8 GeV/c no dependence on centrality and collision system

« Consistent with fragmentation in vacuum
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PHYSICAL REVIEW D 76, 051106(R) (2007)

Inclusive cross section and double helicity asymmetry for ¥ production in p + p collisions at
/s = 200 GeV: Implications for the polarized gluon distribution in the proton

PHYSICAL REVIEW D 79, 012003 (2009)
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for higher py. This is the basis for applying the pQCD iy #° production at pr ~ 2 GeV/c. A similar conclusion
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Review

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

A 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

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/¢
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.

Onset
Exclusive processes

© 2012 Elsevier B.V. All rights reserved.
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Figure 3. Proton effective momentum density distributions in 3He extracted from
3He(e.e'p)pn three-body break-up (3bbu) is shown as the open black circles and
the 3He(e. e’p)d two-body break-up (2bbu) is shown as open black triangles. The
three-body break-up (3bbu) integration covers Ej; from threshold to 140 MeV.
The results are compared to calculations from J.-M. Laget [25] which explain the
dominance of the continuum cross section at large missing momentum as a strong
interference hetween short-range correlations and final-state interactions. Reprinted
wightprermission from Benmokhtar F et al. (Hall A) 2005 Phys. Rev. Lett. 94 0832305,
Copyright 2005 by the American Physical Society.
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CURRENT EXPERIMENTS USING POLARIZED
BEAMS OF THE JINR VBLHE ACCELERATOR
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RHIC press release after analysis of first 3 years

Bﬂﬂﬂkﬁ’ﬂiﬂ

NATIONAL LABORATORY

Contact: Karen McNulty Walsh, (631) 344-8350 or Mona S. Rowe, (631) 344-5056

RHIC Scientists Serve Up “Perfect” Liquid

New state of matter more remarkable than predicted -- raising many new questions
April 18,2005

TAMPA, FL -- The four detector groups conducting research at the Relativistic Heavy Ion Collider (RHIC) -- a
giant atom “smasher” located at the U.S. Department of Energy’s Brookhaven National Laboratory -- say they’ve
created a new state of hot, dense matter out of the quarks and gluons that are the basic particles of atomic nuclet,
but 1t 1s a state quite different and even more remarkable than had been predicted. In peer-reviewed papers
summarizing the first three years of RHIC findings, the scientists say that instead of behaving like a gas of free

quarks and gluons, as was expected, the matter created i RHIC's heavy ion collisions appears to be more like a
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2-X NAPTOHHLIA + 3-X NAPTOHHLINA + ...

p p collision = sum of parton-parton collision

0—/ daz1/ dzs fi(x1) fi(x2)o(ij — X)

but if you look closely (high Q?), partons split further
DC%LAP equation

» / dz' f;(2')P(j — i + X)

dQ)?
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