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Diquark properties.

Confinement laws.

Asymmetries in high p; hadron production

Nature of the huge spin effects.

Deuteron spin structure.

Properties of the plain NA- and NK-

interactions.

Exotic states — H(AA), pentaquarks, ...

Nature and properties of the cold super dense

baryonic matter (CsDBM) (pA and AA).

Dilepton production puzzle in np-interaction.
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Working groups have been set up:

* Interim Steering Committee (13 members)

* Physics program
* Theory (OV Teryaev)
* Simulations (AP Nagaytsev, AV Guskov, SS Shimanskij)

* Local polarimetry (VP Ladygin)

* Detector
e Overall design (VA Anosov, IV Moshkovskij)
* Magnet (AD Kovalenko)
Vertex detector (NI Zamjatin)
Tracking (TL Enik)
FEE - INFN Turin ?
Trigger & DAQ (AV Koulikov, VN Frolov, VM Slepney, |. Konorov)
TOF-RPC - IHEP Protvino ?
ECAL - OP Gavrishchuk
Muon range system (GD Alekseev)

e Software ( OV Rogachevski, A Tkachenko)



Roadmap (cont’d)

* Preparation of the Technical Design Report (2019 — 2020)

* Signing up of contracts for construction of the main detector
systems: magnet, tracking system, muon range system, EM
calorimeter, local polarimetry, trigger and DAQ system, etc.
(2020);

* Construction of the detector (2021-2025)
* First measurements — 2025.



TTOEXANUI



DEUTERON STATIC PROPERTIES FROM
NN-POTENTTALS

Tabmuma 1: CraTnueckne colicTBa IefiTpoHa

Ep(MeV) | Pp(%) | <rh >Y2(fm) | Q(fm?) | n= i—i’ Pan pp(n.m)
Exp. | 2.220579(0) - 1.9560(68) | 0.2850(3) | 0.0271(4) | 0.0776(9) | 0.857406(1)
MU 2.2246 0.78 1.9611 0.2860 0.0271 | 0.07745 0.843
Paris 2.2250 5.77 1.9716 0.2789 0.0261 0.078 0.853
RHC 2.2246 6.50 1.9602 0.2770 0.0259 0.0757 0.840
RSC 2.2246 6.47 1.9569 0.2796 0.0262 0.0757 0.843
Bonn 2.225 4.58 1.86 0.2856 0.0267 — —
Table 1: Deuteron properties in the dressed bag model.
Model E;(MeV) | Pp(%) | rp(fm) | Qu(fm?) | pg (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 5.22 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




probability to find a “parton” i of momentum x p
parton distribution function fi(x;)
p p collision = sum of parton-parton collision

U—/ dx1/ dzs fi(x1) fi(x2)o(ij — X)

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

— [ d'f@)PG — i+ X)

“oen, dfi(x)
dQ)?




MHOT'OKBaApPKOBEE KOHOMUI'ypauum.
Kaxk mMx MOXHO yBMUIETEL M MCCJIemoBaTh”?



[IpaBUIIa KBAPKOBOI'O CcuYeTa

Matveev V.A., Muradyan R.M., Tavkhelidze A.N. Lett. Nuovo Cimento 7,719 (1973);

Brodsky S., Farrar G. Phys. Rev. Lett. 31,1153 (1973)

MpeackasbiBanoCb, YTO ANA P >5B/cunyrnos 0, > 40°

nyyka =
d_O' _ ~—(na+ng+nc+np —Z)f (E)
dt A+B->c+D S

34ecb ny,, Ng, N M Ny YUNC/I0 COCTABIAOWMX KBapKoB B agpoHax A, B, Cu D.

5=(pA+pB)2 " t=(pA'pC)Z'

rae P, — YeTbipex-umnynbebl agpoHos. Hanpumep:

do S—lO do S—s
hebedl - y Ho —
dt pp—>pp dt =

The way the differential large angle 2 — 2 particle scattering cross sections should scale with
energy (momentum transfer) was envisaged by the so-called “quark counting rules™ [26].

do f (@)
dr ~ K2’
with K the number of elementary fields (quarks. photons. leptons, etc.) among / inside the initial and
final particles.

t
— = const,
s

For example, in the case of the deuteron break-up by a photon, v+ D — p + n. we have K =
1 4+ 6+ 6 = 13 (a photon and 6 quarks inside the initial deuteron and another 6 in the final proton and
neutron). So. the differential cross section is expected to fall with s. asymptotically. as s~ = E=22

cam. -’
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Figure 5: Comparison of photoproduction data with the dimensional counting power-
law prediction. The data are summarized in Anderson et al.[70]



PHYSICAL REVIEW D

TABLE I. Measured reactions presented in this paper.
The reactions are written as (beam + target) — (spectrome-
ter particle + side particle). Reactions 1, 2, 3, 17, and 18 were
measured with either final-state particle in the spectrometer.

Meson-baryon reactions

1 ntp = pr’
2 T p—pnw
3 Ktp - pKt
4 K p—-pK~
5 ntp — pp*
6 wp—pp
7 K*p— pK*t
8 K p—opK*™
9 K p—or Tt
10 K p—ontE~
11 K p— Ar®
12 7 p = AK®
13 wtp > nt At
14 mp—amr At
15 T p—owtA”
16 Ktp s K*tAat

Baryon-baryon reactions

17
18
19
20

pp—pp
pp = pp
p— atw
pp—> KYK~

VOLUME 49, NUMBER 1

Comparison of 20 exclusive reactions at large ¢

1 JANUARY 1994

TABLE V. The scaling between E755 and E838 has been measured for eight meson-baryon an
2 baryon-baryon interactions at f..m. = 90°. The nominal beam momentum was 5.9 GeV/c and 9.
GeV/c for E838 and ET755, respectively. There is also an overall systematic error of Angy, = +0.

from systematic errors of +13% for E838 and +9% for E755.

Cross section n-2
No. Interaction E838 E755 42 ~ 1/s"?
1 Tp — prT 132+ 10 4.6 +0.3 6.7+0.2
2 T p = pmw 73+5 1.7+ 0.2 75+0.3
3 K*p—pK™* 219 + 30 34+14 8.31%
4 K~ p— pK~ 18+ 6 0.9+0.9 > 3.9
5 mtp — ppt 214 + 30 3.4+0.7 8.3+ 0.5
6 T p— pp~ 99 + 13 1.3+0.6 8.7+ 1.0
13 mtp o ntAT 45 + 10 2.0+0.6 6.2+ 0.8
15 T p— A 24+ 5 <0.12 > 10.1
17 pp — pp 3300 £ 40 48+ 5 9.1+0.2
18 Pp — PP 75 + 8 <21 >7.5
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FIG. 26. The scaling between E755 and E838 has been
calculated for eight meson-baryon and 2 baryon-baryon inter-
actions at f..m. = 90°. The beam momentum for E838 was
5.9 GeV /¢, corresponding to s = 11.9 GeV? for meson-baryon
reactions and s = 12.9 GeV? for baryon-baryon reactions. For
the 9.9 GeV/c momentum of E755, the corresponding values
of s are 19.6 and 20.5 GeV?.
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SETUP s4
D - diamond target
K1,K2Z - celh.'mators. L1,L2 — lense doublet
SM1,SM2 - sweeping magnets BM - bending magnet

PSM — pair spectromerer (PS - 30)

L2 - liquid deuterivm{hydrogen) target
T1,82 - converters

SF,BF,BE,SB - scinrillation counters of PSh4
31-34 - scintillation counters of VIS
H1,H2HSE - scintillation hedoscopes

L]

‘/ PSM

]

D Kl K2 C1
SM1 SM2

1 -18 — neutron counters of NS
% - vero counters of NS

MM - fast monitor

2 - quantorneter

Pb - lead shield

ROW 1-6 NS

FROM THE
FRONT

COLUMN 1-3

Fig. 2. Experimental Setup. In the frame, the neutron spectrometer NS-18 from the front.
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X for #, = 90 in the cms.
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Indication of asymptotic scaling in the reactions dd — p®H,
dd — n®*He and pd — pd

Y. IN. Uzikov)
Joint Institute for Wuclear Research, LNFP, 141980 Dubna, Moscow region, Russia

Submitted 11 January 2005
Resubmitted 28 February 2005

It is shown that the differential cross sections of the reactions dd — m®He and dd — p®*H measured at

c.m.s. scattering angle f.,;m = 607 in the interval of the deuteron beam energy 0.5—1.2 GeV demonstrate the
scaling behaviour, do /dt ~ s *?, which follows from constituent gquark counting rules. It is found also that the
differential cross section of the elastic dp — dp scattering at &.,, — 125—135% follows the scaling regime ~ s ©¢

at beam energies 0.5—5 GeV. These data are parameterized here using the Reggeon exchange.
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Fig.2. The differential cross section of the dd — n®*He and
dd — p°H reactions at 8., = 60° (a),(b) and dp — dp
at fe.pn = 1277 (c),(d) versus the deuteron beam kinetic
energy. Experimental data in (a), (b) are taken from [20].
In (c), (d), the experimental data (black squares),(o), (),
(open square) and (e) are taken from [22 — 28], respectively.
The dashed curves give the s 22 (a) and s '® (c¢) behav-
iour. The full curves show the result of calculations using
Regge formalism given by Eqgs. (2), (3), (4) with the fol-
lowing parameters: (b) — C1 = 1.9 GeV?Z, R} = 0.2 GeV 2,
Cy = 35, RE = —0.1GeV~?; (d) — €, = T7.2GeV?,
R? = 05CGeV™ 2, Ca = 1.8, RZ = —0.1GeV %, The up-
per scales in (a) and (c¢) show the relative momentum ggn
(GeWV /¢) in the deuteron for the ONE mechanism
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Multiquark states have been discussed since the 15 page of the quark model

A SCHEMATIC MODEL OF BARYONS AND MESONS

M. GELL- MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken '‘eightfold way" *~ }, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical ""bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

*

ber ny - nf would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon numberj.
We then refer to the members ui, d-3, and s-3 of
the triplet as ""quarks" 8) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
tgggh. (gigqqq), etc., while mesons are made out
of (qa), (@gqq), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.
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that it would never have been detected. A search
for stable quarks of charge -3 or +% and/or stable
di-quarks of charge -% or +} or +% at the highest
energy accelerators would help to reassure us of
Reviews of Modern Physics, Vol. 65, No. 4, October 1993 the non-existence of real quarks.

Diquarks

Mauro Anselmino and Enrico Predazzi

Dipartimento di Fisica Teorica, Universita di Torino and Istituto Nazionale di Fisica Nuci,
Sezione di Torino, I-10125 Torino, Italy

Svante Ekelin

Deparrment of Mathematics, Royal Institute of Technology, S-100 44 Stockhdélm, Sweden

Sverker Fredriksson

Department of Physics, Lulea University of Technology, S-97187 Ldled, Sweden

D. B. Lichtenberg
Department of Physics, Indiana University, Bloomington/Indiana 47405

Among the useful phenomenological ideas is thg/no-
tion of a diquark. Gell-Mann (1964) first mentioned the
possibility of diquarks in his original paper on quarks. Aside from questions of principle, lattice calculations
Later, Ida and Kobayashi (1966) and Lichtenberg and suffer because an enormous amount of computer time is
Tassie (1967) introduced diquarks in order to describe a  necessary to achieve very modest results. Thus, at

Jbaryon as a composite state of two particles, a quark and  present, calculations with lattice gauge theory are not a
_diquark. Around the same time, states having some or  gatisfactory substitute for calculations with phenomeno-
all of the quantum numbers of diquarks were introduced  ]pgical models.

in certain group-theoretical schemes by Bose (1966), Bose
and Sudarshan (1967), and Miyazawa (1966, 1968).




Are There Diquarks in the Nucleon?
arXiv:hep-ph/0410304 v3 23 May 2005

M. Cristoforettia b, P. Facciolia ¢, G. Ripkaa d, and M. Trainia

We study in detail the physical properties of the 0+ diquark, using the Random Instanton
Liquid Model. We find that instanton forces are sufficiently strong to form a diquark bound-
state, with a mass of ~ 500 MeV, which is compatible with earlier estimates. We also compute
its electro-magnetic form factor and find that the diquark is a broad object, with a size

comparable with that of the proton.
G650

| E;’-‘
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FIG. 6: The mass of the u-d diguark, computed in the Random Instanton Liquid Model, as a

function of the v and d bare quark mass. 26



ANEPHASA ®H3HKA, 2011, mom 74, Ne 3, ¢. 438—446

AJIEMEHTAPHbBIE YACTULbI U MMOJIS

QUARK—-DIQUARK SYSTEMATICS OF BARYONS:
SPECTRAL INTEGRAL EQUATIONS FOR SYSTEMS COMPOSED
BY LIGHT QUARKS

© 2011  A. V. Anisovich, V. V. Anisovich”,
M. A. Matveev, V. A. Nikonov, A. V. Sarantsev, T. O. Vulfs

Petersburg Nuclear Physics Institute, Russian Academy o] Sciences, Gatchina
Received May 7, 2010; in final form, August 30, 2010



How Often Do Diquarks Form? A Very Simple Model

Richard F. Lebed®
Department of Physics, Arizona State University, Tempe, Arizona 85287-1504, USA
(Dated: June, 2016)

Starting from a textbook result, the nearest-neighbor distribution of particles in an 1deal gas, we
develop estimates for the probability with which quarks g in a mixed g, § gas are more strongly
attracted to the nearest g, potentially forming a diquark, than to the nearest q. Generic probabilities
lie in the range of tens of percent, with values in the several percent range even under extreme
assumptions favoring gq over gg attraction.

We have seen that the large relative size of the
short-distance attraction between quarks in the color-
antitriplet channel compared to the attraction between a
quark and an antiquark in the color-singlet channel leads
inexorably to a given quark being iitially attracted to
a quark rather than an antiquark a sizeable fraction ot
the time. We interpret this initial attraction as the seed
event 1n the formation of a compact diquark gq rather
than a color-singlet gq pair.

28



Tetraquarks (X, Y, Z)

Molecular states:
6§) * Loosely bound states of a pair of mesons,
Y * bound by the long-range color-singlet pion exchange,
@ * weakly bound, mesons tend to decay as if they were free.

Tetraquarks:
* bound states of four quarks,
* bound by colored-force between quarks,
* decay through rearrangement,

* many states with the same multiplet, some are with non-
zero charge, or strangeness

Hybrids:
* bound states with a pair of quarks and one excited gluon
m - Lattice and model predictions for lowest lying charmonium

hybrid m~4200 MeV
29



Ya.l.Azimov, PNPI Winter School 2013

Status of the pentaquark problem

* 1% relatively certain theoretical suggestion
of mass and width
Diakonov, Petrov, Polyakov, Z.Phys., A359 (1997) 305.
* Experiment : about ten papers with positive evidences;

about ten papers with negative results

(some of them with higher statistics ).
e Common opinion and PDG position
(since edition of 2008) :
Pentaquark is dead !
(Note, at the same time, great enthusiasm

in searches for tetraquarks ! )
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DIQURK DYNAMIC
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Kim V.T. E2-87-75
Diquarks as a Source of Large-P, Baryons
in Hard Nucleon Collisions

The production of nucleons, symmetric nucléon pairs,
and A°-hyperons with large p, in pp-collisions 1s discus-
sed in the framework of a dominatiing scalar (ud)-diquark
nucleon model, The necessity of making allowance for hig-
her twists-diguarks for explaining strong scaling breaking
in p/n* ratio is shown. The approximate equation A/p~k*/#*
is predicted in this model.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR. '

Preprint of the Joint Institute for Nuclear Research. Dubna 1987




Diquar'ks V.T. Kim (1987)

pp -> p+X, pp -> pp+X

40§ ey
(RePler D gdediegg | R= e S
::: Jen=90° s 1 . 0-50-"1-“;1(1 b) 9‘“,45' ]

| ~~qd a25}
i az0}-
015 F
0.10~
0ir Q.05
0 s

Fig. 1. R= P/IT'" -ratio in pp-collisions.a) &CH= 90°: @ — FNAL
dataf16f at {s5= 23.4 GeV (BEp = 300 GeV); A ;A —~ IHEP
(Serpukhov) data/19,20/ at VS = 11,5 GeV (B, = 70 GeV).
b) Jem= 45°: @ — ISK CERN data/18/ at fgi' 62 Gev
(B, = 1300 Gev),

The rTesult of celcuations of pp ﬂPPK processesf29/ (aym-
metric -proton-pair production) according %o the formula in work f30/
for the double inclusive cross section, which in general must be &ap-
plied carefully/31/ , is shown in Fig.2. The main contribution %o
the cross section of production of proton pairs with transverse mo-
menta opposite and equal in velues is given by diqua.rl-:-ﬂiqua.rk gcat-

“tering.

33



arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
Carlos 6ranados 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 (J’,_:"'m =90,
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Kakue coctosHua y aaepHou
Martepum MoryT 6bITb?
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RHIC Physics: 3 Lectures™

) +
Larry McLerran CERN Yellow
Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA Report

September 13, 2003 2007-005, P75

The Evolving QCD Phase Transition

t ~ 1980
Quark Gluon Critical Temperature 150 - 200 Me}f (1 B = 0)

! Plasma  Critical Density 1/2-2 Baryons/Fm” (T=0)

Hadron Gas
Hp
t~ 1990 t ~ 2000
T F-. Quark Gluon - Quark Gluon Tl
) T h Plasma T,

RS . Plasma

~
A
s\

Hadron Gas "\ Hadron Gas

Color

Superconductos Hadronic

”‘B “’B Liquid-Gas

Figure 4: A phase diagram for QCD collisions.
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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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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]

B NN
M 69
I 9q

JINR - 1977

21.5%

78.15%

0.36%

I NN
B 2N SRC
I 3N SRC

JLab - 2008

19.33%

80.12%

0.55%
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Ham Heobxoammo oTeeTUTb Ha
BOMNPOC:

- eCTb Nn
MHOT OHYKOHHbIE(MHOIOKBAPKOBbLIE)
COCTOSHUA B 06bIYHOU 94epHOU maTepum
Unu peanusyetca cueHapmuii SRC ?
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration
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PHYSICAL REVIEW VOLUME 126, NUMBER 5 JUNE 1, 1962

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

V. L. Frrcm, S. L. MEyER,T anp P. A. Provk
Palmer Physical Laboratory, Princeton University, 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 133° 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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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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pp->p+ X, pp->D+X '
reactions with diquark
S

Kim's mechanisms
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FIELDS, PARTICLES,

AND NUCLEI

Knockout of Deuterons and Tritons with Large Transverse Momenta
in pA4 Collisions Involving 50-GeV Protons
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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).

48



“New directions in science are launched
by new tools much more often than by
new concepts.

The effect of a concept-driven revolution
is to explain old things in new ways.

The effect of a tool-driven revolution is to
discover new things that have to be
explained”

From Freeman Dyson ‘Imagined Worlds’
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The tools



NICA project NICA

new design & conception
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New for-injector LU-20 & SPI (NICA)

Sus —441. 30ns OiStop B4/ B4
‘ B - -

i
T20. 00000H= 2G5 100k pts RTC:2016/05/19

¥/l - RUN #52, d+
b : Energy 750 MeV/u, intensity 10°

May 16 2016: 1s' beam in LU-20 S —— -
June 12 2016: 15t beam from the SP!
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ﬁic A Possible layout of the SPD.

YcTaHOBKa MOXET COCTOATb U3 3-X OCHOBHbIX YacTeli: 6appenbHOi U ABYX TOPLEBbIX.
AnvHa ycTaHOBKWU — OKONO 6 M, AnameTp — A0 4 m.

Range System " 7 Ty

EM Calorimeter 7

Coordinate Detecfurf\

Silicon Vertex -
Detector ;,k{’

\
S
Torroid Magnet "~
System b

Moka3aHbl OCHOBHbIE [EeTEKTOPbI YCTAHOBKM:
KPaCHbIM — TOPPOUAA/IbHbI MarHuT,

XENTbIM — 3/IeKTPOMArHUTHbI KalopuMeTp,
MIOOHHasi CUCTEMA - Bblje/ieHa CUHUM LBETOM.



Pa6ota Ha NICA co cnuH-gpnunnepamu

a) HOBbIN peXXuMbl 3anosiHeHue Konewy (Bce 6aHuM c ogHoOM Nnonapusauuei B o06ounx
Konbuax) n pabotbl (noouepépHoe BKAOUEHMNE CNMUH-GAUNNEPOB B KO/bLAX):

revonsuo o [ XXX| - - - |- - - x| A || L
tewonsuo FH+.. |- | FHFLL XXX - - - || - - - x| L
(++) (- +) (--) (+-)  (++)

| xxx| - poTaTop BKAOYEH, HET Habopa AaHHbIX

|----| - poTaTop He BKAtOYEH, HET Habopa AaHHbIX

6) HeT Nnpobaembl UI3MmepeHUua mexKbaHUMBOU CBETUMOCTHU, HET
npobaembl ¢ pasHOU NoaApU3aLUen B pasHbIX moaax npu
paboTte ucrouHuka!



NICA Collision place for SPIN physics
(deuteron and other beams, the first time all
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Exclusive NN study at x1~ 1

NT+N T— BB+ MM
B (p, A.), M(z K, ..)

Mechanisms of hyperons polarization

N T N T_) NN }The counting rules and isotopic symmetry

studies, pr ~ 2 6eV/c anomaly

Detail vertexes studies
and spin structure of
the interaction vertex:

N TN T— BB + zz(KK) D,
NTNT— AA g+ (qq) — (quark — diquark)

(qq) + (gq) — (diquark —diquark)
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High p; exclusive reactions -> MPI

pT+pT—=B+B+MM ) 2 Without
0 00 R = N (z°7°) —7  diquark
plHpl—=pt+p+m o (m 7 )] Nar) |
R = —5- —> 0  diquark
i N(z"7z")
diquark

A"(pp) > O Diquark (S=0)
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pp - reactions with pentaquarks production
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q q
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dl Exotic states production
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PP studies at x; ~ 1

PP — PP

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

p p > NN — ’) Pr Y

Detail vertexes studies:

Ep —> Ep+7m(KK)

q(q) + q(q) — (quark — antiquark)
)+ aa(qq) — (quark —antidiquark)

pp = AA + KK (77, 1)

qq + qq — (diquark — antidiquark)

pp — AA
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Exotic states production

pp - reactions with tetraquarks
production

d-bar
d d-bar Diquark proof
d
g-bar| q
q d-bar
d g-bar
| Exotic states production
d d-bar

Kim's-bar mechanisms
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Exutic states production

pd - reaction with tetraquarks

+pentaquark production

d+d-bar

g-bar
d d-bar

g-bar+d+d
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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)

T T T
I t s )
. 8 ; .
pr ~ 2 GeV/c region - £
= $
° - |
o t {
R
© i
g [ 14
1.8 - - 4+ . —
W0-10%,62.4 QeV | — Coalescence + jet, 62.4 GeV E E
0 0-12%, 200 GRV «++« Coalescence + jet, 200 GeV a | ¢ § |
1.4 [ Baryon junction + jet, 200 GeV %
L0 —§ 2 P
0.6 :\t\\\‘i .
02 0 1 | | | | |
B 2 4 6
i p; (GeV/c)
0.8 FIG. 20. Comparison of the eross-section ratio p/n*
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" Ratlos obtained from the British-Scandinavian collabor-
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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.

V.S. Pantuev Physics of Atomic Nuclei, 2009, Vol. 72, No. 12, pp. 1971-1981
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« Baryon to meson ratio increasing with centrality for p; < 8 GeV/e.

« 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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High pr Measurements at the CERN SPS
C. Blume arXiv:nucl-ex/0609022v1 15 Sep 2006
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Fig. 6. The baryon/meson ratios as measured by NA49 at /s = 17.3 GeV [32],
compared to results from RHIC at | /sy = 200 GeV [33,34]. Please note the different
scales of the plots.
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