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CBM at FAIR

Bengt L. Friman
J(c')a”‘:‘é'akﬂgnne The theoretical foundation of the Strong Force, Quantum Chromodynam-

Stefan K.K. Leupold ics (QCD), is well established, as part of the Standard Model of Elementary
i{;ﬁ%ﬁ';g;”dr”p Particles, with quarks and gluons as the fundamental degrees of freedom.
E;}g{?enge' However, key phenomena in strong interactions have evaded a profound un-
derstanding to date, most notably the confinement of quarks and gluons into

LECTURE NOTES IN PHYSICS 814 hadrons and the generation of mass. These phenomena are believed to be
2 intimately related to phase changes in strongly interacting matter, which is
The CB M PhyS|CS one of the main motivations for the research addressed in the present book. In
nature, hot deconfined matter (the so-called Quark-Gluon Plasma) filled the

BOOk early universe, just a few microseconds after the Big Bang, while present-day
compact stars may contain cold and baryon-rich quark matter in their inte-

rior. The prospect of creating and studving this fundamental form of matter

Compressed Baryonic Matter in in modern-day laboratory experiments is truly fascinating. It enables a close
Laboratory Experiments interplay of experimental data and the?retical interpretation which is piv-
otal for scientific progress in this field. Nearly forty years of nuclear collision
experiments, at laboratories across the world, have led to spectacular new
insights, including the discovery of new forms and novel properties of matter.

@ Springer

Some of these developments have identified the regime of high baryon den-
sities as a particularly interesting one. This is the main motivation for the
proposed C-Dmpressed Baryonic Matter (CBM) experiment at the Facility for

“Antiproton and Ion Research (FAIR) at GSI in Darmstadt. Closely related
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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
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Where are We on the Phase Diagram
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Partonic phase at SPS/FAIR/NICA energies

partonic energy fraction vs centrality and energy

' —| Pb+Pb, b=1 fm
041 -

0.4

— Pb+Pb, 158 A GeV I :

03l T_[A GeV]
_ 10
0.2 20 -
— 40

=80

0.1

partonic energy fraction

partonic energy fraction

0.0

0 0 3 5 & 10 13 15 18 20
t [fm/c] t [fm/c]

Dramatic decrease of partonic phase with decreasing energy
and centrality
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CDBM

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

2. Dense - 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.
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CDBM - continuation

3. Baryonic Matter - enhancement of
baryonic states and suppression of sea
and gluon degrees of freedom (mesons
and antiparticle).
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The discovery and study of
CDBM.
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F. Close Structure of Matter
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DIS with Leptons

27.05.2015 PANDA meeting
Shimanskiy S.S.



Nuclear Physics A532 (1991) 3c-14c
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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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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
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FIG. 1. Measured structure function per nucleon for Fe vs x.

27052015 pANDA meeting 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/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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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]
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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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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
7.85.2015  PANDA meeting 3 order of cumulativity. 20

wheresrwng%r; ¢ fluctuon radius were assumed



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

 A—heavy _nuclei
gd_O-(p_I_'A‘_)ﬂ-)N< n>1 -Vy_ ;
d A" —light _nuclei

‘A5|/3_f
gd—g(p+A—>B)~< , or_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 pr
Particle production

27.05.2015 PANDA meeting
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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
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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

V.V.B., 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]

JINR-1977 Emm
B °q
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Correlation Measurements

Why need 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

27.05.20¢arreldtibis fif tHecdeuteron are discussed as well.

SNMANSKSS number(s): 13.75.Cs, 25.10.4s, 25.40.Ep

27



E850/EVA (BNL)

Proton Solenoid

SEEANEEE T
Proton % \l \\ \\ \\\ “]l ‘ll "l ]'k
I Y A W A O B
Array 3 Neutron
Array 1 Array 2

1 meter

Fignre I.3: A schematic view of the EVA solenoid and the neutron counters in the 1998
03:201 28
measiireihent.



r r r k d
VOLUME 90, NUMBER 4 PHYSICAL REVIEW LETTERS pee e Sneng

31 JAMUTARY 20035

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,®
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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
triple coincidences of the neutron with the two high energy protons emerging from the
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S EC [ reaction. The sguares are for the 5.9 GeV /e incident beam and the triangles

27.059815° (Pp A0 ArRGLiy Juares are for / AT £ ang
are {':§‘S .0 GeV /e, The dots are preliminary unpublished data from the 1998 runing
é{-( o

Shlm]a:-r:]*sil'ﬁl We associate the events in the upper right corner with NN SRO.

29



Correlations
arX1v:0908.0062v1 [nucl-ex] 2 Aug 2009

Short-Distance Structure of Nuclei

27.05.2015 PANDA meeting

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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arX1v:0908.1514v1 [nucl-ex] 11 Aug 2009
Probing Cold Dense Nuclear Matter

R. Subedi.! R. Shneor.? P, Mouflghan' B.D. d&11(1(331 son.! K. Aniol.* J. Annand.” J. ~\_11i112t011
H. Benaoum.”® F. Benmokhtar,” W. Bertozzi,® W. Boeglin,!” J.-P. Chen.* Seonho Choi.*?
E. Cisbani.*® B. Craver.* S. Frullani.1® F. (Jraub.alu:h.13 S. Gilad? R. Gilman_ 1115
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!
K. Slifer,'* P. Solvignon.?” V. Sulkosky.'” G. M. Urciuoli.'® E. Voutier, 25 ] W. Watson, '
L.B. We1115tel11.18 B. \Uoﬁsekhowsm,“ S. Wood M X -C. Z]lEllg,3 6,14 and L. Zhu??

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%ﬁﬁ?ﬁ?&fﬁ@%}ﬂ“ﬂeme nuclear systems such as neutron stars. 31
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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
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The Correlation Measurements with hadrons
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pA->h+X

XT"'l
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SPIN - Magnet | "1&

Spectrometer

1012 - 10:;!'LI,HI{J'I \
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Flucton fragmentation - same side flow

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

27.05.2015 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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Ratio p/n* (2013)
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Ed sldp” (mbe® GeV?)

SP IN da‘l‘a JETP Letters (RUS), v.101, N 10, 746(2015)

Published 25.05.2015
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

27.05.2015 PANDA meeting
Shimanskiy S.S.

43



Semak A. ISHEPP XXIl 2014
Average baryon number <B>
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Romanov D. ISHEPP XXII 2014

Experiment MARUSYA-FLINT at JINR

7
M2 &
NV - % .
M = l ZIX( Scheme of experimental set-up

1K200 11 [ 2K200

MARUSYA-FLINT: ST - target station,
M1, M2- scintillation monitors,

DM- multiplicity detectors,

H- scintillation hodoscopes,

ZDC - hadron calorimeter,

PC - proportional chambers,

C — cherenkov counter,

ML17, K100 - quadrupole lens,
SP-57, SP-40 - dipole magnets,
ECal - electromagnetic calorimeter

Magnetic spectrometer:

For P, = 0,3-0,8 GeV/s used magnet SP-57

For P, = 0,6-2 GeV/s used magnet SP-57 and SP-40

Coordinate system on scintillation hodoscopes provide resolution 2-5% in
area 0,3-0,8 GeV/s
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Gapienko V.A. ISHEPP XXIl 2014

Proposed structure of the two arms FLUKTON detector and

70,007
L0000
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M3

location in 23rd proton beam line at U70




Awvailable online at www.sciencedirect.com
ScienceDirect NUCLEAR
PHYSICS A

Nuclear Physics A esee (sses) sss—asee

www.elsevier.com/locate/muclphysa

ELSEVIER
Towards the heavy-ion program at J-PARC
H. Sako *®*, T. Chujo ¢, T. Gunji“, H. Harada®. K. Imai *, M. Kaneta®“,

M. Kinsho®, Y. Liu’, S. Nagamiya *#', K. Nishio*, K. Ozawa ',
P.K. Saha®, T. Sakaguchi". S. Sato®, J. Tamura®
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Fig. 2. A schematic view of the preliminary experimental setup.
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Main PANDA advantages

The unique beam - no worldwide
(FNAL closed antiproton activity) and
Ap/p ~ 10-5,

The unique detector - AQ ~ 4n -exclusive
reactions investigation (correlations, backward
range). working at luminosity ~ 1032 cm-2 s-! - the
very rare event can be investigated; PID - close
to full energy range and high momentum resolution.
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Exotic Spectroscopy



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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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
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pp->pp+ X, pp->D+X
reactions with diquarks

d
d ﬁ L d Diquar-k pr'oof
d

I d

q
d q
| Exotic states production

dd

Kim's mechanisms

55



We must not allow the life FAIR
turned into a FIR forest!

FAIR -> FIR
APMAPKA -> EJb
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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
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PANDA experiment at FAIR

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

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.



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

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

liands.2015  PANDA meeting
Tmanskiy S.S.
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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)?

27.05.2015 PANDA
meeting Shimanskiy S.S.
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Ng 1,January1971

Ne 1 amsapv 1971

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

Kparkue coofiyenun mo @usuxe M | amsaps 1971

MACIITABHAA MHBAPHAHTHOCTb AINPOHHHX
CTONKHOBEHHH H BO3MOXHOCTE NONYYEHWA
MYYKOB YACTHLU BHICOKMX 3IHEPMHH MPH
PEJIATHBHCTCKOM YCKOPEHWHM MHOMO3APAAHLIX

HOHOB

A, M, Banouu

]._I:F‘IIH TACTHOD BRICOHHEX ';IIEFI"'IR 00 ODCNeEOHErD BPEkMe—
HE NOAY4ANECE HCEMKYETENLMO HA NPOTOHHMX H 3JIeKTpOoH-
HLX YCEODMTERAX, T.2, OpH YCKOPOHEE WACTHI, OfRalaio-
MEX COHMHEYMLMM 3apaiomM. Yoxopesde 9a8cTEl, obnanalomux
aapaaos GonLweEM SOMHHUL, KOK HAPECTHO, B OpPEHLHENE
OaeT BOIMOMHOCTE OOAY9IUThE SHERPrMK YCKOpHeMBIX “ac-
run (Npe OOHHAKOBEIX NApAMEerpax yCKopuTend) Gonbuyio,
HéM PHEPrEE OpOTOHOBR, B 4MUECAO pA3d, PABHOES KDATHOOTH
sapsna. Tax, sanpumep, ga [lyGaesckom cuuxpodasorpo-
Be, PACCYE TARHOM Ha nonyieame OpoToOHOB O BHEP[‘HER
10 I'se, MomHO DonyYETh ROpa renud ¢ sueprael 20 Tse,
a sapa #eosa (sapan 10 &) c aseprmes 100 I'ss, Bosss—
KQeT eCcTecTBeddufl monpoc, He NONYNATCH [ B peayib—
TAT® CTOMIKHOBEHHA C MHWeHBERD TOep, H-ﬂr{pzu&p, HedHa,
ofnanawiwex agepruyel 100 [ss, Oy9KE BropHYHLIX 9ACTHL,
MOMyHeHUEd noka Tonkko sa CepnyxXobCcromM ycropaTenae?

AKAJIEMHA HAYH CCCP

Opaera Aenuna
Dy puvecuud uncruryr us JILH. Aebeacna

NOMONELEKD YCKOpeHUE THwmenux sSfep, oSnagawluux Sonee
Okithd 3apagom, smomuo Guno 6M CpaBENTenLEC Jewe—
Biin cHOoOCOBOM B EOpOTE He CpOHH DOAYY9HTE OYUIEH YWACTHU
pPEXOPAMO BLICOXHX SHEprui,

'gr;epﬂurenhuuﬂ OTBET HA BTOT BONPOC O3HAYAN OH, %TO
Bk

Uene sacroamel samMeérks - paccMOTpETh aTOT BOOpOC
K clenaTh ompefdefleHHbME OPeICKA3LHHS.
O6uuHo HA BOOPOC O BO3MOMHOCTH Hepelsul GOMLwofl

IHEPrHM COCTABHLIM SApoM ornensHomy (HanpuMmep, cao—
as



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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