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Fundamental problems and why 𝒔𝑵𝑵 < 𝟏𝟎 𝑮𝒆𝑽



Preface

In purely hadronic physics, too, there are tantalizing questions regarding spin 
dependence. There exists a whole array of semi-inclusive experiments like pp —► πΧ 
with a transversely polarized proton beam or target, or pp —► hyperon + X, with an 
unpolarized initial state in which huge hyperon spin asymmetries or polarizations — at 
the 30%-40% level! — are observed. These experiments are very hard to explain within 
the framework of QCD. The asymmetries all vanish at the partonic level and one has to 
invoke soft, non-perturbative mechanisms. All such mechanisms predict that the 
asymmetries must die out as the momentum transfer increases, yet there is no sign in 
the present data of such a decrease. 

In exclusive reactions like pp —► pp the disagreement between the data on the 
analysing power at large momentum transfer and the naive QCD 
asymptotic predictions is even more severe, but here at least there is an 
escape clause: the theory of exclusive reactions in QCD is horrendously 
difficult. 
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A.Krisch, DSPIN 2009

And extension into non polarized phenomena!



A.Krisch, DSPIN 2009

pT ~ 2 GeV/c region



Non-polarized particle beams



C.W. Akerlof et al., 
Phys.Rev., vol.159, 
N5, 1138-1149, 1967
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pT ~ 2 GeV/c region
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Cumulative processes

Color (nuclear) transparency

RAA, v2, p/ …?

B.Van Overmeire, J.Ryckebusch, nucl-th/0608040



DIQUARK COMPONENT
Can be as candidate for 
subcomponent of hadrons
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Hadrons from diquarks?

vs.

Light and heavy baryon 
spectroscopy is sensitive to 
this question

Role of diquarks in building hadrons?

Still an open question! 

Additional motivation for 
existence of tetra- and 
penta-quarks.

Does effective mechanism to suppress rapid fall-apart exist?Exotic Hadrons, 
Dubna, Sep.18,2018 
Tomasz Skwarnicki

STATIC



𝒔𝑵𝑵 < 𝟏𝟎 𝑮𝒆𝑽All these phenomena are happened in the

No explanations up to now!



Unique experimental features
That will open possibility to
provide unique experiments



Studies of extremely dense matter in 

heavy-ion collisions at J-PARC, J-

PARC-HI Collaboration (by H. Sako

for the collaboration), 2019, 4 pp. 

Published in Nucl.Phys. A982 (2019) 

959-962

http://inspirehep.net/record/1716729
http://inspirehep.net/search?p=collaboration:%27J-PARC-HI%27&ln=ru
http://inspirehep.net/author/profile/Sako%2C H.?recid=1716729&ln=ru


The unique beams: – wide range of kind of the beam 
particles (especially antiproton and polarization) and p/p up 
to 10-5.

The unique detectors:  ~ 4π (exclusive reactions, 
correlations, backward range); detection all kinds of particles 
(especially neutron); working at luminosity up to 1030 - 1032 

cm-2 s-1 (the rare event can be investigated); PID – close to full 
energy range.

Main advantages
16



Some unique features for NICA



Some unique features for NICA

а) new ring fill modes (all bunches with the same polarization in 
both rings) and the work (sequential switching-on of the spin-
flippers in the rings):

1st ring             +++… |ххх| - - -… |----| - - -… |xxx| +++ |----| +++…

2nd ring      +++… |----| +++… |xxx| - - -… |----| - - - |xxx| +++…

(+ +)           (- +)             (- -)           (+ -)        (+ +) 

|ххх| - spin-flipper switching-on, no data taking

|----| - spin-flipper switching-off, no data taking

b) there is no problem with measuring interbunch luminosity, no 
problem with different polarization for different modes of the 
source!

Working with spin-flippers at NICA



Some unique features for NICA
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DIQUARK DYNAMIC 
MANIFESTATION
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. C83 (2011) 054606
Carlos Granados and Misak Sargsian

Manifestation of Diquark
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+ d/p problem

p/ ratio



V.T. Kim

p/ ratio



Ratio d/p

D(H)



How can be resolved these problems?
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From the inclusive experiments to the
correlations and the exclusive experiments.
We haven’t the theory but we will have new 

experimental set ups. 

NN – interactions mainly
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NN Elastic scattering with
polarized deuteron beams at NICA:
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New data!

By the way we will have the 
counting rules verification!

pd, nd and dd – too!
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B (p,n,, …), M (, K , …)

B MMN BN → ++

Exclusive NN study at xT ~ 1
Hadron reactions when all particles in high pT region
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isotopic symmetry (quark universality)
studies, pT ~ 2 GeV/c anomaly 

Detail vertexes studies and 
spin structure of the 
interaction vertex:
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Mechanisms of hyperons polarization  

PANDA
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pp -> D(H + N + N ) + … reactions with diquarks

( + N + N+ … )



Exotic states and 
flavor universality
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pp - reactions with pentaquarks production 

Exotic states production
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pentaquarks
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pp - reactions with tetraquarks production 

Exotic states production



Direct reaction to tetraquarks production in 

d-bar
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q-bar

q

qq-bar

Diquark proof

Exotic states production

pp
PANDA

tetraquarks



- reaction with tetraquarks +pentaquark 
production
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q-bar

D

Exotic states production

pd

p
d
d

PANDA

tetraquarks 

pentaquark 
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MULTIQUARK(MULTINUCLEON) COMPONENT
CUMULATIVE PROCESSES
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+ d/p problem,
cum. Region ~0.25

p/ ratio ~ 20



N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)p + A -> c (350
lab) + X

Ep=50 GeV
SPIN data



Ratio d/p
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SPIN data
FODS data

p + A -> c (350
lab) + X

Ep=50 GeV

p + A -> c (900
cms) + X

Ep=70 GeV
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Knot out cold dense nuclear configurations

SRC configuration

Flucton configuration

p

<B>  ~  1

<B>  ?

ഥ

ഥ𝒑 at PANDA
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Flucton case

<B>  >  1

<B>  <  1

Knock out of a nuclear fragment

Collision with hot flucton - small explosion
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Flucton case

<B>  >  1 (?)

Knock out of a flucton in an excited state

? for SPD and PANDA



Average baryon number <B>

43 N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)SPIN data
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SPIN data
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D.I. Blokhintsev prediction 1957



46

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

2. superDense - 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).

CsDBM



HIGH pT ISSUES at SPD, PANDA and J-PARC-HI

1.Flavor universality (pp- and nn-interactions).
2.Diquark properties. 
3.Exotic states.
4.Nature of the spin effects.
5.FSI (with s,c-quarks participation).
6.N – hypernuclei.
7.…

8.Nature of CsDBM and CT.
9.Subthreshold J/ production.
10.The Deuteron spin structure.
11. np(nn) dilepton anomaly.
12.… 

NN – interactions mainly

NA- and AA – interactions

http://inspirehep.net/search?p=collaboration:%27J-PARC-HI%27&ln=ru


Thank you!
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B.Van Overmeire, J.Ryckebusch, nucl-th/0608040

J. Aclander et al., Phys.Rev. C 70, 015208 (2004)

pT ~ 2 GeV/c region



50

PHYSICAL REVIEW C 70, 015208 (2004)

COLOR TRANSPARENCY



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)

V.S. Pantuev Physics of Atomic Nuclei, 2009, Vol. 72, No. 12, pp. 1971–1981

pT ~ 2 GeV/c region
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pT ~ 2 GeV/c region
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1978
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Ya.I.Azimov, PNPI Winter School 2013
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The rate for
L~ 1030 cm-2c-1:

~ 0.2 c-1

~ 0.01 c-1








