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PANDA Spectrometer

Detector requirements:
e 411 acceptance

e High rate capability:
2x107 s' interactions

e Efficient event selection

W > Continuous acquisition

' | ¢ Momentum resolution ~1%
| & Vertex info for D, K%, Y

(ct =317 um for D#)
= > Good fracking

\& | @ Good PID (y, e, p, , K, p)
221 | ® Cherenkov, ToF, dE/dx

V4

e y-detection MeV - 15 GeV
> Crystal Calorimeter ~ _.o.. |

L. Schmitt, Overview of PANDA PANDA Russia Workshop, May 26th, 2015



Studies of extremely dense matter in
heavy-ion collisions at J-PARC
J-PARC-HI Collaboration

(H. Sako (JAEA, Ibaraki & Tsukuba U.)
for the collaboration). 2019. 4 pp.
Published in Nucl.Phys. A982 (2019)
959-962
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NICA
(NICA)

Main advantages

The unique beams: — wide range of kind of the beam
particles (especially antiproton and polarization) and Ap/p up
to 10

The unique detectors: ACQ2 ~ 4mt (exclusive reactions,
correlations, backward range); detection all kinds of particles
(especially neutron); working at luminosity up to 103° - 1032
cm? st(the rare event can be investigated); PID — close to full

energy range.



Some unique features for NICA

Ion Polarization Control

Spin Polarization Spin Flipping
Collider Rotators Direction at IP Reversal Orbital
based on Time Parameters
RHIC ‘strong’ Transversal Few
(BNL) magnetic Longitudinal in Change
fields (w/0 deuterons)
JLEIC ‘weak’ éﬁf ilifflt:?is Few Do not
(JLAB) solenoids . d, H, ...) ms change
NICA ‘weak’ éﬁf ?Sfflt:?is Few Do not
(JINR) solenoids 7 ;1, HE, ) ms change

Spin Flipping System allows one to make spin reversal during an
experiment (high precision experiments with polarized 1ons).




Some unique features for NICA

» Spin transparency mode 1n the NICA collider provide
unique opportunity for efficient spin manipulation of any
particle species (p, d, °He, ...) in any orbit place without
affecting of the collider orbital characteristics.

» Both vertical and longitudinal directions of the beam
polarization in MPD and SPD detectors are available.

» Spin flipping system allows one to carry out high quality
experiments with polarized proton and deuteron beams.



Some unique features for NICA
Working with spin-flippers at NICA
a) 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):

g FHFLL [ XXX - - || - )X A || L

andring o || AL XXX - - -l ] - - - x| L
(++) (- +) (--) (+-) (++)

| xxx| - 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!



Some unique features for NICA

NICA Collision place for SPIN physics
(deuteron and other beams, the first time all
isotope states for NN system: pp, pn,nn.)
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Fundamental problems and why /syy < 10 GeV



SPIN IN PARTICLE PHYSICS ]
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Imperial College, London
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Preface

In purely hadronic physics, too, there are tantalizing questions regarding spin
dependence. There exists a whole array of semi-inclusive experiments like pp — P nX
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 — P 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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SUMMARY

| For the past 30 years QCD-based calculations have continued to disagree with the

T=m ZGS 2-spin & AGS 1-spin elastic data and the ZGS, AGS, Fermilab & RHIC inclusive data.
BN * These large spin effects do not go to zero at high-energy or high-P, as was predicted.

* No QCD-based model can explain all the large spin effects.

BASIC PRINCIPLE OF SCIENCE:
If a theory does not agree with reproducible experimental data,
then the theory must be modified.
These precise spin experiments provide experimental guidance for the
required modification of the theory of Strong Interactions.
Elastic do/dt, A, and A, experiments at higher energy and P, could provide more guidance,

just as the RHIC inclusive A, experiments confirmed the similar Fermilab experiments.
(E-704 Yokosawa et al.).
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Energy dependence of spin-spin effects in p-p elastic scattering at 90°__, | q IC A_

E. A. Crosbie, L.. G. Ratner, and P. F. Schultz
Argonne National Laboratory, Argonne, Illinois 60439
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The energy dependence of the spin-parallel and spin-antiparallel cross sections for p, 4+ p,—p + p at 90°,_ was
measured for beam momenta between 6 and 12.75 GeV/c. The ratio (do /dt), Hdo /dE ) at 90° is about 1.2
up to 8 GeV/c and then increases rapidly to a value of almost 4 near 11 GeV/c. Our data indicate that this ratio
may depend only on the variable £, ?, and suggests that the ratio may reach a limiting value of about 4 for large P, 2.
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INCLUSIVE PION PRODUCTION al s e '_
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INCLUSIVE PION ASYMMETRY IN PROTON-PROTON COLLISIONS
C. Aidala SPIN 2008 Proceeding and CERN Courier June 2009
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INCLUSIVE HYPERON POLARIZATION

Devlin, Pondrum, Bunce, Heller et al. 1976-80 B (GeV/c)
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No data for pn- and nn-interactions
PHYSICAL REVIEW LETTERS 1 OcTOBER 1979

VoLUME 43, NUMBER 14

Spin-Spin Forces in 6-GeV/c Neutron-Proton Elastic Scattering

D. G. Crabb, P, H. Hansen, A. D. Krisch, T, Shima, and K. M. Terwilliger
Randall Laboratovy of Physics, The Univevsity of Michigan, Ann Avbov, Michigan 48109
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FIG. 2. The spin-spin correlation parameter, 4,,,
for pure—initial-spin-state nucleon-nucleon elastic
scattering at 6 GeV/c is plotted against the square of
the transverse momentum. The proton-proton and

neutron-proton data are quite different.

This large negative A,, for n-p elastic scatter-
ing is quite unexpected. No theoretical models
predicted this effect, although a very recent con-
stituent-interchange model* predicts A,, = — 44%.
This may support the suggestion that large spin

effects are related to the composite nature of the
nucleon,”'™ An earlier Regge-model prediction'*

is inconsistent with our data. It seems somewhat
surprising that A, is so large at a P,? of only 1
(GeV/c)%

2G, R. Farrar, S. Gottlieb, D. Sivers, and G. H.
Thomas, Phys. Rev. D 20, 202 (1979).
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CURRENT EXPERIMENTS USING POLARIZED 3}
BEAMS OF THE JINR VBLHE ACCELERATOR |_\| ICA

COMPLEX Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954
F. Lehar
DAPNIA, CEA/Saclay, Gif-sur-Yvette Cedex, France
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Fig. 13. World data for deuteron break-up on protons and carbon nuclei. The Empirical
Momentum Density (EMD), denoted here as ®?, is defined in the text. Lines are cal-
culated in the quasi-impulse approximation with different models for the deuteron wave
function (DWF) (labels «Paris», «Nij93», «Nijl» for the Paris and Nijmegen DWFs) and
in the model where rescattering effects and final state interactions are taken into account
(«Lyka92»[103, 104]). a) O — H(d,p)X (Dubna); A — d(e,e’')X (SLAC); b) * —
C(d,p)X (Dubna, 1988); O — p(d,p)X (Dubna, 1994); B — C(d,p)X (Dubna, 1995);
c) @ — Saclay (1991); B — ALPHA (1992); & — ANOMALON (1993); A — ALPHA
(1994)



Non-polarized particle beams
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PP -> pp (909 ®icH)

C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967
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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 evidenily the data do not seem to follow this
kind of a power law.
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Color(nuclear) transparency in 90° c.m.

quasielastic A(p,2p) reactions

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

G+ "p" — p+p)

Z% (p+p—p+p)

©
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Energy Dependence of Nuclear Transparency in C(p.2p) Scattering
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The transparency of carbon for (p.2p) quasielastic events was measured at beam momenta rang-
ing from 5.9 to 14.5 GeV/c at 90° ¢.m. The four-momentum transfer squared (Q?) ranged from 4.7
to 12.7 (Ge\//c)? We present the observed beam momentum dependence of the ratio of the carbon
to hydrogen cross sections. We also apply a model for the nuclear momentum distribution of carbon to
obtain the nuclear transparency. We find a sharp rise in transparency as the beam momentum is increased
to 9 GeV /c and a reduction to approximately the Glauber level at higher energies.
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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 « 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°. For the new
data, a similar angular region is covered as is discussed in the
text. The 1988 data cover 81°—90° c.m.
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787 (NfCﬁAS
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the 7~ /#* ratio at 180° obtained by
integrating each spectra up to 100 MeV for p-Cu col-
lisions from 0.8 to 4.89 GeV. The dashed curve in both
cases refers to the predictions of the ‘ effective-tar-
get’”’ model (Refs. 3 and 4).
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Physics of Atomic Nuclei, Vol. 65, No. 11, 2002,
pp. 1985-1994

( T, MeV
[50F Pb* /J- 60
s ;D o - +
/° 4—{rgd— O kr ol —hﬁ ——————
[00F ¥ c ; 40+ .v’ '
r"/ 4 i _____ . p
52 ;%i, :; LoTi I ' X i;i
SD' sz " n : Al 20_ . s K
5 S S 5
) i o VA
/‘; V [} | Lot | ||||||||. L
| 5 7 E[]a Ge 10—1 10[1 10| 102 10';

. , E,. GeV
Fig. 3. The coeficient C(Tp =125 MeV) in
the parametrization of the invariant function
f=Cexp(=T/1y) in the reaction pA(C, Al Ti
Cu, Cd, Pb) — pX for a proton escape angle of 120° in
the laboratory frame versus the incident-proton energy.
The filled circles refer to the initial energy of 400 GeV.

Fig. b. Dependence of the slope parameter 1% for the in-
variant function of the protons escaping under the action
of p, 7%, K~ ,~, 7 with various energies Ep; the escape
angle is 120° in the laboratory frame.
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DIQUARK COMPONENT
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Volume 8, number 3

PHYSICS LETTERS 1 February 1964

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 - ni 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 number 3.
We then refer to the members u3, d-3, and s~3 of
the triplet as ""quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(gggh- (gig qqqd), etc., while mesons are made out
of (qa), (qaqq), 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.
that it would never have been detected. A search
for stable quarks of clllarge ;-% or +% and/or stable

- - +3
energy accelerators would help to reassure us of
the non-existence of real quarks.

)
NICA
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AHNEPHAS PH3HKA, 2011, mom 74, Ne 3, ¢. 438—446
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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. Vulis

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



Hadrons from diquarks?

color
singlet
color g
color antitriplet

triplet

attractive color force

(a(aq)) baryon

attractive color force

q .
(qq) diquark
color
color color singlet
triplet antitriplet

attractive color force

((@@)(aq)) tetraquark
attractive color force attractive color force
(aq) diantiquark (aq) diquark b

q q

Exotic Hadrons, Does effective mechanism to suppress rapid fall-apart exist?

Dubna, Sep.18,2018
Tomasz Skwarnicki

VS.

PO TS

color
antitriplet

'
STATIC Nea

Still an open question!

Role of diquarks in building hadrons?

color
singlet

color color color
triplet triplet triplet

q q q
in QCD gluons can attractive color force
couple to each other (agq) baryon

color color 5?:|T;T
antitriplet antitriplet g

attractive color force attractive color force

(qq) diquark. (aq) diquark

ol

Light and heavy baryon
spectroscopy is sensitive to
this question

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

arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. €83 (2011) 054606
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 #Y = 90°.
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Komy Stepan
OTBETUTL bzk@mpi-hd.mpg.de
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«| think that the main problem in understanding of high pT hadrons
at the energies of Serpukhov is why you see more protons than
pions. This was claimed long time ago by the Sulyaev's group and |
remember hot debates in that back in the 80s. Those debated ended
up with no clear conclusion. Much later an excess of baryons was
observed by the STAR at RHIC and was called "baryon anomaly".
Again, no good explanation has been proposed so far. | might have
my own explanation, but haven't written anything so far. Anyway, my
point is, if we do not understand the mechanism of production of
baryons dominating at high pT, we should not make any certain
conclusions about the cumulative mechanisms.»
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V.T. Kim N’fC A
DIQUARKS AND DYNAMICS OF LARGE-P, BARYON PRODUCTION

Modern Physics Letters A, Voi. 3, No. 9 (1988) 909-91¢6

© World Scientific Publishing Company

In the framework of a diquark model of the nucleon, the strong scaling violation of the / T r‘ a-'-i o
p/n -ratio in the pp-collisions from \/E = 11.5 GeV (IHEP, Serpukhov) to \/—5 = 23.4 GeV P

(FNAL) and to \/—E = 62 GeV (CERN ISR) is described. A fairly good description of the
magnitude of cross sections for single protons and for symmetric-proton-pairs with large-p,

1s obtained. In the model with the dominating scalar (ud)-diquark, the yield relation
A%/p~K*/n* is predicted.

100
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R?P/'ﬂ’" ! ' ' ' ‘ T Y — .
o R=r/ACt b)
3'0I‘ 0_30 L@c“z 450 i
2.0_ qd + dd 4qq
10| 0.25) i
: 0.20| .
[ 0.15| |
01 0101 {\L_
~
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0 /4 i -t 1 s

3 4 5 6 P, (GeVi)
Fig. 1. R = p/m ™ is the particle yield ratio in the pp-collisions.

a) Ocm = 90°: » the FNAL data' at \/_v = 23.4 GeV (F = 300 GeV); a the THEP (Serpukhov)
dataat /s = 11. 5 GeV (E = 70 GeV).

b) Bcm = 45°: « the CERN ISR data’ at \/; = 62 GeV (E ~ 1900 GeV).

The dotted curve shows the contribution of the gg-subprocess, the dashed one shows the contribution
of the gd-subprocess. The total contribution of the gg-, gd- and dd-subprocesses is denoted by
the solid lines. The dashed-dotted curves show the calculations with the diquark function
GHix) ~ (1 — x)/x at 70 GeV (curve 1) and at 300 GeV (curve 2).



38

VoLuME 5, NUMBER 1

PHYSICAL REVIEW LETTERS Juiy 1, 1960 NfCA

p/m

MASS ANALYSIS OF THE SECONDARY PARTICLES PRODUCED
BY THE 25-GEV PROTON BEAM OF THE CERN PROTON SYNCHROTRON

V. T. Cocconi,* T. Fazzini, G. Fidecaro, M. Legros, TN H Lipman, and A. W. Merrison

CERN, Geneva, _Stvitzerland + d/p pr0b|em
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Ratio d/p Kim's mechanisms in exclusive reactions NICA

pp - > pp + X, pp -> D(H) + X
reactions with diquazks

Diquark proof
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per circulating proton. The dashed portions of the curves indicate
regions where the corrections due to multiple scattering exceed
15%. At the time these data were taken no effort was made to
detect He?,
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p+A->c(359,)+X SPIN data N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015) NfCA
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Knot out cold dense nuclear configurations

SRC configuration

<B> ~ 1

<B> ?

Multiquark
configuration
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Flucton case

Knock out of a nuclear fragment

<B> > 1

Collision with hot flucton - small explosion

<B> < 1

NICA
(NICA)
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Flucton case

Knock out of a flucton in an excited state

<B> > 1 (?)

-——
pp—
—

? for SPD and PANDA

——— =
-———

NICA
(NICA)



N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015) "
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FIELDS, PARTICLES,
AND NUCLEI

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

N. N. Antonov“, A. A. Baldin®, V. A. Viktorov’, V. A. Gapienko® *, G. S. Gapienko?,
V. N. Gres™, M. A. Ilyushin %, V. A. Korotkov?, A. I. Mysnik’, A. F. Prudkoglyad®,
A. A. Semak?, V. I. Terekhov?, V. Ya. Uglekov?, M. N. Ukhanov?,

B. V. Chuiko?’, and S. S. Shimanskii?

= = A A
. N E-n d o
dp - dp;
Cinel GPA Cinel &Pp
Mean values of the B, parameter
Target C Al Cu W
B, x10%, GeV2/c? 1.41+0.10 1.56 £0.08 1.51+£0.07 1.41+0.06
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SOVIET PHYSICS JETP VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

D. I. BLOKHINTSEV

Joint Institute for Nuclear Research
Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys. (U.S.S.R.) 33, 1295-1299 (November, 1957)

It is shown that the production of energetic nuclear fragpments in collisions with fast nucleons

can be interpreted in terms of collisions of the incoming nucleon with the density fluctuations
of the nuclear matter.

1. INTRODUCTION

THE motion of nucleons in nuclei can result in short-lived tight nucleon clusters, in other words, in
density fluctuations of nuclear matter. Since such clusters are relatively far removed from the other
nucleons of the nucleus, they become atomic nuclei of lower mass in a state of fluctuating compression.

In their study of the scattering of 675-Mev protons by light nuclei, Meshcheriakov and coworkersi#?
observed recently certain effects which confirm the existence of such fluctuations, at least for the sim-
plest nucleon-pair fluctuations, which lead to the formatjop of a compressed deuteron.




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).



NN - interactions mainly

How can be resolved these problems
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NN - interactions mainly

From the inclusive experiments to the
correlations and the exclusive experiments.
We haven't the theory but we will have new

experimental set ups.



Way to resolve these problems -
MPTI and Exclusive reaction

p . p h,
h, h,

a 6



NN Elastic scattering with
polarized deuteron beams :

pT+pT> p+p
pT+nT—> p+n—

for calibration

. New data!

NT+nTon+n _

By the way we will have the d
counting rules verification! P

., nd and dd - too!
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Exclusive NN study at x; ~ 1 (NICA)
Hadron reactions when all particles in high p; region

N T+N T— BB+ MM

B (p/@,?)/ M (72-/ K / /Ll)
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) q+ (@)~ (quark —quark)
N ~ g+ (qq) — (quark —diquark)
N N | — AA (99) + (qq) — (diquark — diquark)
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. . ) ]
High p; exclusive inelastic reactions -> MPI @ICA
pl+pl— B+ B+ MM

L
R_N(ﬂ'ﬂ')zz

— Z  Without
pl4+pl—=p+p+r'a’(zTa) N(z°z") 7 diquark
T i _
p |R= N (7[+7Z ) —> (0 diquark
L N (72.072.0)

Diquark (5=0)

'A\w(pp) —0
With out qq pair A+ 4+



pp -> D(H + AN + 2N ) + .. reactions with diquarks @@

Double gd-scatering
Diquark proof
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Exotic states and
flavor universality
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Exotic states production

pp - reactions with pentaquarks production

qqq
A4
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Exotic states production

pp - reactions with tetraquarks production
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PANDA R
Direct reaction to tetraquarks production in pp

d-bar

d-bar Diquark proof

q d-bar
d g-bar

Exotic states production

d d-bar

NICA
(NICA)
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PANDA (NICA)

Exotic states production

pd - reaction with tetraquarks +pentaquark
production

d+d-bar

g-bar
d-bar

g-bar+d+d



NICA
(NICA)

Tetraquarks in the light meson sector

Light meson sector: scalars!

[d3] [u3]
x°(800) x+(800)

([uti/dd)

af(980)

a; (980) a (980)
v £0(980)  £o(500) o (92
|da] s3] [u@/dd) fudl
x~(800) R°(800)
Pentaquark Tetraquark - (sd
[dsua) [uzdd,
x°(800) 1 (800)
[ui@/dds5]
agy (980) 03(980) g ag, (980)
[diis5] 10(980) Jo(500) [udss]

[uii/dds3] [udd)

£~ (800) R°(800)
[s@dd) [sdu]

Christian S. Fischer (University of GieBen) X(3872) as a four-quark state



Petersburg Nuclear Physics Institute

@

Study of feasibility to detect

pentaquark 67(07) in PANDA

S.Belostotski, S.Manaenkov, V.Petrov, D.Veretennikov

PANDA collaboration meeting 19/3,

Panr o f— November 4-8, 2019, GS|



Exclusive 87 (07) production in p anti-p collision

Pentaquark production by
K-meson exchange

DL =] = OS]

Differential cross-section
(V.Petrov, S.Manaenkov)

do g* (Mg — my)* — t]?

U
d%g-

u - d

P u : 3/
d 5

Ky

ml )

P @ = A\
7 - k

dt  16ms(s — 4mZ) (M2 — t)?

Total cross-section

Otot = 16Ts(s—4my)

0* total width
_ 9°Ps
n[(Mg + my)? — MZ]

FI’.GE

my is nucleon mass

M, is K® mass

Mg is pentaquark mass

s, t are the Mandelstam variables

(Mo — my)? = MEP? [ -

2
MK —tmax

P, is momentum of K% in
0* rest system



HIGH p; ISSUES at SPD and .. (NICA)

NN - interactions mainly

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.AN - hypernuclei.

7...

NA- and AA - interactions

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



Thank youl
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B.Van Overmeire, J.Ryckebusch, nucl-th/0608040
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] J. Aclander et al., Phys.Rev. C 70, 015208 (2004)
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COLOR TRANSPARENCY

PHYSICAL REVIEW C 70, 01%208 (2004)

VIII. SUGGESTIONS FOR FUTURE EXPERIMENTS

Clearly there remain a number of jnteresting investiga-
fions mvolving nuclear transparency ¢f protons and other
hadrons. A revival of the AGS fixed tgrget program [44], or
the construction of the 50-GeV accqlerator as part of the
J-PARC complex in Japan [55], woulll provide excellent op-
portunities fo expand the range of thgse nuclear transpalency

(2) 4 depeneu dre 5 GeV/c range;
will the effective absorption cross section continue to fall

after the nuclear transparency stops rising at ~9.5 GeV/e
56]?

3) At the higher energy ranges ol these experunents the
spin effects are expected to be greatly diminished. However,
they continue to persist, as shown in both single and double
spin measurements [34.57]. So it is important to see. in
quasielastic scattering inside a nucleus, whether a relatively
pure pQCD state is selected. and if the spin dependent effects
are attenuated.

(4) Measurements of nuclear transparency with antipro-
tons, pions, and kaons will be informative. These particles
have widely different cross sections at 90c - For mnstance,
the pp differential cross section at 90, _ is 50 times larger
than the pp differential cross section [19]. How should this
small size of the pp cross section affect the absorption of p’s
by annihilation?

(5) The production of exclusively produced resonances
provides a large testing ground for nuclear transparency ef-
fects. This is especially true for those resonances that allow
the determination of final state spin orientation, such as p’s
or A’s [19.36]. Will the interference terms that generate
asyminetries disappear for reactions which take place in the
wcleus?

(6) Measurements in light nuclei that determine the prob-
ability of a second hard scatter after the first hard interaction
are an alternative way to study nuclear transparency effects.
With the proper kinematics selected, the probability of the
second scatter 1s dependent on the state of the hadrons at the

first hard interaction [58].

)
NICA
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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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R
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W0-10%,62.4 QeV | — Coalescence + jet, 62.4 GeV E E
O 0-12%, 200 G§V «++« Coalescence + jet, 200 GeV a | 1 § |
1.4 [ Baryon junction + jet, 200 GeV %
L0 — ¢ 2 P
0.6 :\t\\\ﬁi .
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0.8 FIG. 20. Comparison of the eross-section ratio p/n*
0.6 measured on tungsten at Vs =23.7 GeV (closed circles),
04 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).

pr, GeVie

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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NICA
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Session of Nuclear Physics Division of Russian Academy of Science.
5-8.11.2013. Protvino

p

Baryon anomaly in Pb-Pb

r ~ 2 6eV/c regio

n

Pb-Pb at | 5,,=2.76 TeV, |y|<0.5

A— 0-5%
—m— 20-40 %
—¥— 40-60 %
— 44— 60-80 %
—&— 80-90 %

—— ppatis=7TeV, |y|<0.5
—&— ppat\s=0.9TeV, |y|<0.75

systematic uncertainty

R
14

C L L . . . . . ) L |
E T 0 2 4 6 8 10
p, (GeV/c) P; (GeV/c)

« 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

05.11.2013 ALICE overview 18



Resume
XIT Advanced research Workshop on High Energy Spin Physics
(DUBNA-SPIN-07)

The spin physics attracts great attention since the 70 when at the energy of
beams ~ 10 GeV. In reactions with hadrons in complete contradiction with
predictions of QCD that polarization characteristics must disappear at high
energies the huge spin effects were discovered. The begun detailed studies with the
higher energies showed that the observed spin effects do not disappear even at
energies of hundreds GeV. The deep inelastic lepton scattering on polarized targets
in 80th and 90th of the past century led to the problem named "spin crisis". Until
now the spin effects have not found complete physical explanation in the
framework of QCD. The situation when there is no adequate understanding of
polarization phenomena at the energies — 10 GeV 1s real challenge to nowadays
theoretical models. This energy region becomes especially important in connection
with the increasing interest to the astrophysical problems, where enormous
magnetic fields up to ~ 10'® Gs have been discovered. Strong magnetic fields can
be as indication to an enormous role of the spin effects in processes of the massive
star evolution, the nucleosynthesis of heavy elements and the solution of the
mystery of the supernova explosions. One of the most important problem for high-
energy physics remains until now is understanding the nature of the spin and, in
particular, skill to calculate the spin of hadrons from constituent spins.

In the program of the intemational conference DSPINO7 the results of
activity with polarized beams of the LHE JINR accelerator complex have been
presented. These reports have reflected: the development of new methods to
preservation of polarization in the nuclotron for polarized protons and the lightest
nuclei; the project to create new polarized ions source (in plan to use components
from IUCF CIPIOS source); the proposals of further spin research with polarized
beams of modernized nuclotron-M and in a future with NICA-collider beams. All
these proposals are actually the substantiation of the project for creation on
nuclotron-M the center for spin studies in the region of energies — 10 GeV. The
acceleration of the lightest polarized nuclei will make possible for the first time
studies of the polarized nuclear matter collisions (dTdT, dT’HeT and *HeT°HeT),
for the first time study of the complete set of the isotopic states of the nucleon-
nucleon interactions ( pTpT,. nTpT and nTnT) and study of the of orbital angular
momentum contribution to the nucleon spin. Accelerator complex with such
possibilities will not have a concurrence from other activities which will lead
polarization studies and obtained data will help to resolve the riddles of the spin.
which do not have the solution since 70th. Materials which have been presented on
DSPINO7 confirm high level and urgency of JINR polarization studies and the
undoubted realizability of the proposed project of creation of a unique center tor
polarization studies. Spin community (presented on DSPINO7) expresses their
complete interest 1n realization of polarization project on nuclotron-M and future
development the spin program on NICA-collider.
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«PH3HKA SHTEMEHTAPHBIX YACTHI] H ATOMHOIO AJPA», 1980, .
TOM 11, BhIII. 3 NICA

YAK 539.171.1
PACCESIHUE YACTWUL, BLICOKOWM 3HEPIUU MATIERARL S0 AR, SN a0 1078
KAK METOL WUCCNELOBAHMS k=
MATOHYKITOHHBIX KOPPEMSILIMM B it
NEMTOHE M SOPAX ¥ HOPOTHOTEICTEYTANE. KOPPRIION 5 SUIPE

M. H. Cmpurnan, J. J. ®panrghypm M.H.Crpurman u J.I.PpaskdypT

JIEHUHrPaACKUIA WHCTUTYT AfepHoW pHsuKM WM. B. M. KoHcTaHTHHOBa, JleHnHrpan

572 M. 1. CTPUKMAH, JI. JI. DPAHROYPT

MaJIBIX PaCcCTOSHUM B AAPax M 0 cunocobe UX ONMCAHUA MpPeNCTaABIAET
CaMOCTOATEJNbHBIX HHTepec. Ilear o0630pa — mokaszaTs, 9To 0TGOP
COOBITHI, COfepKAMUX KYMYJIATUBHbIE JAaCTUILI, YBeJIWYWBAET OTHO-
CUTeNBHBIA BKJIAX OT KOHQUIrypanmuii B BOJHOBOX QYHKIUE SAMApAa,
COflep;KaIMMUX HEeCKOJbKO HYKJIOHOB (IIBa, TPM) HA MAJHIX OTHOCHUTEJb-
HEIX paccroAHuAX *. (Hymyastusmbivm dactumamm M, caemys [6],
Ha3bIBaéM BTOPHUYHBIC YaCTHIEI, 00Pa3VIOIMHECd B KUHEMATHUYECKOMN
ob6JacTH, B3ampemeHHON i paccesHUs Ha CBOOOJHOM HYKJOHE.
Fle3aBHCHMO OT TEOPETHIECKOM HHTEPIPETAamUM DTOT TePMUH yHo0eH
IJIA ODO3HAaUCHNA yKa3aHHOU KHHEMAaTHYECKOM O00JIaCTH.)

i oy W ’ s ———— v — =

6. Banman A. M.—— Kpatkme coo6m. mo ¢usmke, 1971, . 1, c. 35.
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Ya.l.Azimov, PNPI Winter School 2013

Status of the pentaquark problem

o 15 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 ).
* Common opinion and PDG position
(since edition of 2008) :
Pentaquark is dead !
(Note, at the same time, great enthusiasm

in searches for tetraquarks ! )



Tapre I. Proton-proton clastic scattering cross sections at 90°
in the center-of-mass system.

FError in

-l“c.l'n.a Po (da'/d&))o,m, (dd'/dt)o.m. dd/dﬂ & dd’/dl
(GeV/e)2  (GeV/e) (ub/sr) ub/(GeV /c)? %
1.946 5.0 8.51 13.74 2.0
2.035 32 709 10.03 33
7 : 00 10.9 1 Th -'- f
2.086 5.3 6.49 .77 3.6 e ravte ior
: . 00 ; : - -
2223 5.6 a.a7 6.32 31 L~ 1030 cm 2C 1.
2.270 5.7 3.72 5.15 8.3
2.316 5.8 3.37 4.57 3.3
2.363 5.0 2.74 3.64 3.8
2.409 6.0 2.44 3.18 31
2.456 6.1 2.19 2.80 3.7
2.503 6.2 1.83 2.30 3.7
2.595 6.4 1.50 1.82 3.7
2.686 6.6 1.07 1.25 4.7
2.779 6.8 0.796 0.900 a.7
2.873 7.0 0.645 0.706 a1
2.965 7.2 0.515 0.546 4.0
%??,‘f ;.g o.gsg 0.3(9)2 3.2
z > 0.30 03 -
3.247 7.8 0.253 0.245 4.5 > ~ 0.2 ct
3.338 8.0 0.217 0.204 4.5
3.386 8.1 0.169 0.157 3.0
3.434 8.2 0.172 0.157 4.4
3.480 8.3 0.154 0.139 3.8
3.527 8.4 0.153 0.136 1.6
3.618 8.6 0.127 0.110 4.6
3.713 3.8 0.103 0.0871 4.8
3.806 9.0 0.0809 0.0667 4.6
3.807 0.2 0.0780 0.0629 4.3
3.002 0.4 0.0676 0.0532 5.3
4.084 0.6 0.0589 0.0453 1.0
4.178 o8 0.0536 0.0403 4.7
4.272 10.0 0.0168 0.0344 4.0
4.364 10.2 0.0441 0.0318 4.8
47461 1014 0.0386 e 4 > ~ 0.01 c?
4.554 10.6 0.0356 0.0246 4.8 "
4.644 10.8 0.0303 0.0205 4.0
4.739 11.0 0.0284 0.0188 5.8
4.831 11.2 0.0255 0.0166 5.4
4.024 11.4 0.0202 0.0129 5.4
5.018 11.6 0.0190 0.0119 5.2
5.112 11.8 0.0153 0.00910 5.4
5.208 12.0 0.0143 0.00862 5.4
5.200 12.2 0.0118 0.00699 5.3
5.302 12.4 0.0116 0.00676 5.a
5.490 12.6 0.00953 0.00545 6.3
5.579 12.8 0.00867 0.00488 S.7
5.674 13.0 0.00739 0.00409 5.0
5.770 13.2 0.00722 0.00393 7.1
5.861 13.4 0.00525 0.00281 5.7




