"Multiquark configurations in
baryons and nuclei”

Stepan Shimanskiy (JINR)

22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 1



22.09.2018

PLAN
1.SPD at NICA

2.DIQURKS

3.MULTIQURKS

Shimanskiy S.S. (JINR) ISHEPP XXIV 2018



"
NICA

SPD at NICA

22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 3



22.09.2018

“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’

Shimanskiy S.S. (JINR) ISHEPP XXIV 2018
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The NICA complex NICA

existing facilities to be constructed
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Spin Physics Detector (SPD)

Physics tasks

Timeline
¢ open a project for the SPD design: Jan. 2019
¢ preparation of CDR: 2019
% preparation of TDR (+ prototyping); stage I: 2020-2022

stage Il 2023
% construction of the detector: 2022 - 2025
s first measurements: 2025

 spin effects in production of hadrons with high p-

Polarized beams

« pTpTat Vs,,=12-27 GeV, L,, = 1032 cm2s!
= d7dT at Vs, = 4 - 13 GeV

= Jongitudinal and transverse polarization in SPD and MPD

SPD/NICA will provide a unique opportunity not available at other facilities
to study all the eight nucleon PDF in one experiment
and obtain comprehensive information on the nucleon spin structure

at high statistical level and with minimal systematic uncertainties.
September 20, 2018 V.Kekelidze, SC-124 7



Requirements for the SPD (NTCAS
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- close to 4m geometrical acceptance;

- high-precision (~¥50 um) and fast vertex detector;

- high-precision (~¥100 um) and fast tracker,

- good particle ID capabilities;

- efficient muon range system,

- good electromagnetic calorimeter,

- low material budget over the track paths,

- trigger and DAQ system able to cope with event rates at luminosity of 1032
(cm.s)?,

- modularity and easy access to the detector elements, that makes possible
further reconfiguration and upgrade of the facility.




NICA Collision place for SPIN physics
(deuteron and other beams, the first time all
isotope states for NN system: pp, pn,nn.)

BHCAL&neutron
detector
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The tagging stations can be used as polarimeter!



HIGH p; ISSUES at SPD

. Diquark properties.

. The Confinement laws.

. Nature of the spin effects.

. The Deuteron spin structure.

. FSI (with s,c-quarks participation).
. Nature of CsDBM.

. np dilepton production anomaly.

. Exotic states.

. Subthreshold J/¥ production.
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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

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

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

*

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 number j.
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. (%gqqq), 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.

14



STATIC

Reviews of Modern Physics, Vol. 65, No. 4, October 1993

Diquarks

07.08.2018

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 Stock

Sverker Fredriksson

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

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

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.
Later, Ida and Kobayashi (1966) and Lichtenberg and
Tassie (1967) introduced diquarks in order to describe a
Jbaryon as a composite state of two particles, a quark and
diquark. Around the same time, states having some or
all of the quantum numbers of diquarks were introduced
in certain group-theoretical schemes by Bose (1966), Bose
and Sudarshan (1967), and Miyazawa (1966, 1968).

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
the non-existence of real quarks.

/m, Sweden
led, Sweden

ndiana 47405

Aside from questions of principle, lattice calculations
suffer because an enormous amount of computer time is
necessary to achieve very modest results. Thus, at

present, calculations with lattice gauge theory are not a
satisfactory substitute for calculations with phenomeno-
logical models.

Shimanskiy S.S. (JINR) HSQCD 2018
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Tomasz Skwarnicki (Syracuse, USA)

Exotic hadrons with heavy quarks: experimental
perspective
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(Colored) diquarks in QCD

(antisymmetric)
color
antitriplet

color
sextet

(symmetric)

color color
triplet triplet

q q

repulsive color force

quarks will pull apart in any sextet
attractive color force configuration
(perturbatively: half as strong as in the meson)

STATIC

(qq) diquark Diquark can go in a place of antiquark in a hadron;

. Not a particle, just a antidiquark in place of quark.
@ . . building block in QCD
Exotic Hadron na, 2018 17

Tomasz Skwar



Hadrons from diquarks?

il an open queston STATIC

Role of diquarks in building hadrons?

color
singlet
color J color
color antitriplet singlet
triplet
color color color
triplet triplet triplet

Light and heavy baryon
spectroscopy is sensitive tc
this question

/g\® A@)/?'.\:
o6 /00 /o0
VS.
q q q
attractive color force .
in QCD gluons can attractive color force
(g(qq)) baryon couple to each other (aqq) baryon

quark
q attractive color force
(qq) diquark
color color
color color singlet color color singlet
triplet antitriplet antitriplet antitriplet J

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

1 3
- ‘ ) ' ! attractive color force “QQJ(QQ)E)
-7 @ .—:F ((G@)(aq)) tetraquark antiquark attractive color force  pentaguark

attractive color force attractive color force

(aq) diquark (qq) diquark

attractive color force attractive color force
(ag) diantiquark (aq) diquark ".l; .
Exotic Hadrons, Dubna, Sep.18,2018 /

. . . . 18 M H
Tomasz Skwarnicki Does effective mechanism to suppress rapid fall-apart exist?
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Modern Physics Letters A, Vol. 3, No. 9 (1988) 909-916
© World Scientific Publishing Company

DIQUARKS AND DYNAMICS OF LARGE-P, BARYON PRODUCTION

V. T. KIM
Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 101000 Moscow

Received 4 January 1988

In the framework of a diquark model of the nucleon, the strong scaling violation of the
p/n” -ratio in the pp-collisions from \/Ts' = 11.5 GeV (IHEP, Serpukhov) to \/_s_ = 23.4 GeV
(FNAL) and to \/_5_‘ = 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*t/a™ is predicted.
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Fig. 1. R = p/n™ is the particle yield ratio in the pp-collisions. DYN A MIC

a) 9cm = 90°: e the FNAL data' at \/? = 23.4 GeV (E = 300 GeV), A the IHEP (Serpukhov)
data’at /s = 11. 5 GeV (E = 70 GeV).
b) Ocm = 45°: e the CERN ISR data’ at /s = 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 1s denoted by
the solid lines. The dashed-dotted curves show the calculations with the diguark function
GH(x)~ (1 — x)/x at 70 GeV (curve 1) and at 300 GeV (curve 2).



DYNAMIC (NICA

“arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. €83 (2011) 054606
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 (:a',_,""m = 90V,
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How can we prove the existence
of diquarks and determine their properties?

22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 22
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NN Elastic scattering with
polarized deuteron beams :

D T + D T D+ P for calibration

—_

pT+nT— p+n

= New datal

NnT+nT—=n+n

/

By the way we will have the
counting rules verification!

pd, nd and dd - too!

Shimanskiy S.S. (JINR) HSQCD 2018
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Exclusive NN study at x~ 1

NT+N T— BB+ MM
B (p, A.), M(z K, ..)

Mechanisms of hyperons polarization

The counting rules and isotopic symmetry
N T N T_) NN studies, pr ~ 2 6eV/c anomaly

Detail vertexes studies
and spin structure of
the interaction vertex:

N TN T— BB+ zz(KK) D,
NTNTAA d+ (qa) — (quark — diquark)

(qq) + (qq) — (diquark —diquark)

Shimanskiy S.S. (JINR) HSQCD 2018 25



High p; exclusive reactions -> MPI

P T _l_p T_> B + B + A/IM i N(z*z~) 2  Without
NV R= N (z°7°) —7  diquark
plHpl=ptp+mr(n77m)]  New)

i N (z°7°)

—0  diquark

>
] | ] | ] |

diquark

A]( pp) —> O Diquark (S=0)

07.08.2018 Shimanskiy S.S. (JINR) HSQCD 2018 26
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Ya.l.Azimov, PNPI Winter School 2013 w
( NICAS
Status of the pentaquark problem

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

in searches for tetraquarks ! )

22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 28



pp - reactions with diquarks and
TeTPaKBApKU

Kim's mechanisms
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pp - reactions with pentaquarks production

and
d

\_/
d d  AK - interaction
q q

/r__
d
q
A
d
d q
dl Exotic states production
d

30



Exotic states production

pp - reactions with tetraquarks
production
d-bar

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

Kim's-bar mechanisms

31



Exotic states production

pd - reaction with tetraquarks

+pentaquark production

d+d-bar

g-bar

d d-bar

g-bar+d+d

32



MULTIQUARKS
AND
CsDBM investigation

22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 33



Temperature at the centre of the Sun ~ 15 000 000 K

A medium of 170 MeV is more than 100 000 times hotter !!!

34



Strangeness in Neutron Stars astro-ph/0604422 vI 20 Apr 2006

FRIDOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS!

PHILIP ROSENFIELD gtuae:rk—hybrid

traditional neutron star

hyperon

star neutron star with

pion condensate

H~ 10% Gs
Fe

color-superconductin 6 3
strangeguark matterg 10 " glcm
u,d,s quarks

E~ 1019 V/Cm (tds quarke) 10" giem 3
2sC  Sir o+ 10™ giem 3
2SC+s

~-__ Hydrogen/He
atmosphere

strange star
nucleon star

R~10 km

Fig. 1. Competing structures and novel phases of subatomic matter predicted by theory to make

their appearances in the cores (RSS km) of neutron stars?.

significant range of chemical potentials and strange quark masses®. If the strange
quark mass is heavy enough to be ignored, then up and down quarks may pair in
the two-flavor superconducting (2SC) phase. Other possible condensation patters

Cflor—supercEndLﬁ;ting/ K. Rajagopal and F. Wilczek, The Condensed Matter Physic:ss of QC'D, At the Frontier
(U d Sauhrk) e 7 of Particle Physics / Handbook of QCD. cd. M. Shifman, (World Scientific) (2001).
Y M. Alford, Ann. Rev. Nucl. Part. Sci. 51 (2001) 131.



Remnants of the collapse: Neutron
stars

NS internal structure is determined
by equation of state which is poorly known

M ~1.4 M, R~10-14 km
— 8: BGN1
2.5 7 .
2 _
5: SLy i
o A 4: BBBZ
2 15 1 -
= ]
1 ]
EOCS in the ss,” 3: FPS ]
coreisa C ,/’ 2: BGN1H1
MYSTERY: 0.5 _ , _7 1: BPALIZ
soft? N - ,..l-- ol I
moderate? ~(3-9)p, Pe=2.8x10" g/cc= 0 5 10 15
stiff? g nuclear density R [km]

P=4x10" g/cc=
neutron drip
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SOVIET PHYSICS JETP VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

D.I1. BLOKHINTSEV
Joint Institute for Nuclear Research
Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys. (U.8.5.R.) 33, 1285-1299 (November, 1957)

It is shown that the production of energetic nuclear fragments 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 875-Mev protons by light nuclei, Meshcheriakov and coworkers!»?
observed recently certain effects which confirm the existence of such fluctuations, at least for the sim-
plest nucleon-pair fluctuations, which lead to the formation of a compressed deuteron.

We recall in this connection reports in earlier works®? that high-energy nucleons can split nuclei into
“supra-barrier” fragments, i.e., fragments with an energy much larger than their binding energy and the
energy of the Coulomb barrier. However, there was a lack of quantitative experimental data on which to
base the theoretical analysis,

Some authors related this curious process, without foundation, to hypothetical long-range nuclear for-
ces. QOthers tried to connect it with nuclear many-body forces.

The experimental data on the emission of high-encrgy deuterons from light nuclei give support to the
idea that “supra-barrier” fragments are produced also by direct collision of an incoming nucleon with
a tight nucleon cluster that results from density fluctuations of the nuclear matter, We offer in the fol-
lowing a quantitative argument in favor of the production of fast deuterons and other “supra-~barrier”
fragments by such fluctuations.

Concerning the nuclear many-body forces, it should be noted that, according to existing estimates,?
there is no reason to believe that they are considerably stronger than the two-body forces. At the instant
of dense clustering both paired and collective interactions may take place. However, at present there
exists noexperimental information which would allow an explanation of this interaction, or in particular
allow a determination of the relative contributions of the paired and the collective interactions.

2. INTERACTION OF DEUTERONS WITH FAST PROTONS

It wag shown :metimcntallz‘" that scattering of 675-Mev protons by deuterium produces, in additionfo]

scattered nucleons, a small number of undestroyed deuterona of high energy (up to 660 Mev), This shows

that in such ecollisions the nucleon imparts an appreciable fraction of its momentum to the deuteron as
a whole,




CBOPHHK

KPATKHUE
COOBIMEHUA
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OPU3HUKRE

Jeinuary 1,1971

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

Kpareue coofyjemun no dusuxe N¢ | amsape 97T

MACIITABHAA MHBAPHAHTHOCTb ANPOHHHIX
CTONKHOBEHHA H PO3MOMHOCTE NOMYYEHWA
MYYKOB YACTHU BLICOKHMX 3IHEPrHH NPH
PEJIITHBHCTCKOM YCKOPEHWH MHOMO3APAAHLIX

HOHOB
A, ™M, Banouy

[yvEy 9acTED PUCOKEX SHEPTrER 00 OOCAEOAHETrD BReMe—
HE MOAYYANMCH NCKMOYETENLHO HA OPOTOHHBIX H 3J8K TpoH—
HLX YCEOPUTENAX, T.8, NpH YCKOPEHEE WACTHI, ofnalaio—
mMEX COHHHYHLIM 3apaAoM,. YCoKopedie 9ACTHEL, ofnanalomnax
Iapanos OoOLWHM SOMHMUL, KoK H3PECTHO, B OpHEALENe
OA8T DBOIMOMHOCTE OOAYIUTE PHERCUK YCEODAEMBIX “ac-
rul (Npe OOHHAKOBHIX NAPAMETpAX YCKODHTENa) GoMNbiuyio,
HeM SHEPrES HNpOTOHOB, B YUCAO pA3, PARHO® KpDATHOOTH
sapana. Tax, sanpumep, sa [lyGaedckom chuxpodasoTpo-
He, pACCYETAHHOM Ha NONYy4YeHHEe OpOTOHORB C sEeprueh
10 TI'ss, MOMHO DOAYTHETH RApa renud ¢ svepraed 20 I'asm,
a sinpa weowa (3apsn 10 e) c sseprmeg 100 se, Boamu—
KAET EeCTeCTBedHull Bonpoc, He NONYNATCH A B peayib—
TATE® CTONKHOBEHHS C MUWCHED S0ep, HampEMep, Heola,
ofnanawiux ageprieh 100 Mss, Oy9KE BTOpPHYHKE YacTHI,
AOAYHeHENE noxa Tonkko #a CepnyXobcromM yCcrROopaTena?

AKAJIEMHA HAYH CCCP

Opaerna Aenuna

Dy puvecsud pncruryr us JILH. Aebeacna

¥ reepaETenbLEn i OTBET HA BTOT BONpOC O3HaYan Gbkl, 4TO

NOoMOMEBL YCKOpEHESE THMenux @fep, ofnagawlnkx Gonoco
DEHTOKHM 38pS0osM, MOMHO G0 G CPABEHTEALED Oewe—
BLiM CHOCOGOM B XOPOTXHE CPOKH NOMYSHTE OYYEH YACTHO
PEEODAHO BLICOKHX 3HEDrHA,

Uent sacroameR samerks - pacCMOTPETE aTOT BONpoc

H clenaTh oOpefefleHHME OPeICKA3LHHH.
O6MYHO HA BOOPOC O BO3SMOMHOCTH Hepelsul GOMLwol

IHEPrHd COCTABHLIM SApOM ornenbHoMy (HanpuMep, cao—
35



F. Close

Two ways that

structure is j>
revealed:

U

Structure of Matter
A — A+y er
1. SPECTRA

AT —>p+xa”

2. SCATTERING FRoM "HARY' CENTRE 3

True from atoms
to particles.....

40



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 B
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the 7~ /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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Fig. 3. The coeficient C(Tp =125 MeV) in
the parametrization of the invariant function
[=Cexp(-T/Tp) 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. 5. Dependence of the slope parameter Ty for the in-
variant function of the protons escaping under the action
of p, K~ .~. 7 with various energies Ey; the escape
angle is 120° in the laboratory frame.
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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 2 Eng—g’;(mb Geva?d) b
10" ]
10°
The purpose of this note is to realize the idea [4] i

that the cumulative effect is connected largely with o=

a suggestion on the existence in nuclei of the so-called 4=

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

to understand the nature of the “deuteron peak” in . . . R =

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] Compressmn al fluctuations of maSS motion; III — the relativization effect. (b) The contributions

M, = kmp of nucleons in the small volume V, =% Trr of separate fluctuons with mass Mg = kmy, where & is the
07.08.2018  where r, is the fluctuon radius were assumeéf"mamk'y 5.5. (JINR) HSPfES™0f gumulativity. 43
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Nuclear structure functions at x > 1

B. W. Filippone, R. D. McKeown, R. G. Milner,* and D. H. Potterveld’
Kellogg Radiation Laboratory, California Institute 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 229017
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FIG. 1. Measured structure function per nucleon for Fe vs x.
The Q7 value at x5 ks alsp listed for.the different kinematics. " "
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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., + 7o) 3V(A)

A 3 _
A e = s N AY(He)

Caar (2

where Z and N are the number of protons and neutrons
in mueleus A, gen is the electron-nucleon cross section.
YV is the normalized yield in a given (Q2,xg) bin [30] and
C'A | is the ratio of the radiative correction factors for A
and “He (C7}, = 0.95 and 0.92 for *C and *°Fe respec-
tively). In our Q2 range, the elementary cross section

correction factor S?éi:;iﬁ?;:i) is 1.14 4+ 0.02 for C and

4He and 1.18 + 0.02 for °*®Fe. Fig. 1 shows the resulting
ratios integrated over 1.4 < Q2% < 2.6 GeV?Z2,
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Having these data, we know almost full (x99%) nucleonic picture of nuclei with

a,,(tC)~ 4+2%

an(12C)~20£0.2+4.1% ) o (20)~12+4%

a,,(*C)= 4+2%

A < b6
Fractions Single patrticle (%) 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 | -

12C
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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]
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

Shimanskiy S.S. (JINR) HSQCD 2018
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)

Average baryon number <B>

* C
* Al

Cu
* W

.............................................................................................................................

............................................................................................................................

49



VOLUME 5, NUMBER 1 PHYSICAL REVIEW LETTERS JuLy 1, 1960

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, Switzerland
(Received June 1, 1960)

We present here some results of a mass anal-

a {2) POSITIVE PARTICLES (c) RATIO DEUTERONS/PROTONS
ysis of the secondary particles produced at 15.9 emitted at 6,,: 15.9° as a function of momentum
. and measured at 61 m for particles amitted at EIIL='|5.9-°
to the circulating beam in an aluminum target from the farget o )
bombarded by 25-Gev protons in the CERN proton 11} tmgfemzat | cop e
mg; em . &
synchrotron. 10[- ""’9*“{19.,,9;“.,:: Pt 2| e
g 1 L*t“fﬂ [ 1 1 L 1 1 L
B
sk Pt-target ayl Al =target
21 o
7 1
1 1 | L | |
5[ l___%:m
5L Al-target (b) MNEGATIVE PARTICLES
emitted at 8 = 169°
b= P Al-target | and measured at B1m from the target
Tt
3 3%
AL -target
2 2
1 L+{ﬂ-‘g;:| Al-target 1
o+
| 1 L L A 1 1
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pp - >p + X, pp -> D + X reactions with diquarks

Kim's mechanisms
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Particle Production at Large Angles by 30- and 33-Bev Protons
Incident on Aluminum and Beryllium™

V. L. Frren, S. L. Mever,f anp P. A. Pmovt
Palmer Physical Laboralory, Princeton Universily, 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 131° 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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U Tritons from Be were not measured. For general remarks refer to
Fig. 2 caption.
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F16, 2, Momentum spectrum of particles emitted at 90° from a
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regions where the corrections due to multiple scattering exceed
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SPIN data

N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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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).
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Iy )
mﬁfm% Tapre I. Proton-proton clastic scattering cross sections at 90° I A
A ' in the center-of-mass system.

Frror in

Poon® Po @o/dDo.m. (do/dl)o.m. do/dQ & do/dt
(GeV /c)2 (GeV /c) (ub/sr) b/ (GeV /c)2 %
1.946 5.0 8.51 13.74 2.9
1.003 5.1 7.90 12.45 3.3
2.039 5.2 7.09 10.93 31
2.086 5.3 6.49 9.77 3.6
2.132 5.4 5.53 8.15 3.1
2.178 5.5 4.90 7.07 3.4
2.223 5.6 4.47 6.32 3.1
2.270 5.7 3.72 5.15 3.3
2316 5.8 3.37 4.57 3.3
2.363 5.9 2.74 3.64 3.5
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 37
3086 o6 107 155 2z The rate for
; 6. 07 1 3
= o = i = 0 s
2965 7.2 0.515 0.546 ao L~ 1030 cm-2¢-1:
3.059 7.4 0.386 0.396 4.8
3.151 7.6 0.305 0.304 5.4
3.247 7.8 0.253 0.245 4.5 -1
3.338 8.0 0.217 0.204 15 ~N 0.2 C
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 4.6
3.618 8.6 0.127 0.110 4.6
3.713 8.8 0.103 0.0871 4.8
3.806 9.0 0.0809 0.0667 1.6
3.807 9.2 0.0780 0.0629 4.3
3.002 0.4 0.0676 0.0532 5.3
4.084 2.6 0.0589 0.0453 4.9
4178 o8 0.0536 0.0403 4.7
4.272 10.0 0.0168 0.0344 4.9
4.364 10.2 0.0441 0.0318 4.8
4.461 10.4 0.0386 0.0272 4.7
4.554 10.6 0.0356 0.0246 48
4.644 10.8 0.0303 0.0205 4.9
4.730 11.0 0.0284 0.0188 5.5
4.831 112 0.0255 0.0166 5.4
4.024 11.4 0.0202 0.0129 5.4
s.018 11.6 0.0190 0.0119 52
5.11 11.8 0.01 .009 : -
5.208 120 0.0133 0U.00862Z 5.4 ~n 0.01 C 1
5.200 122 0.0118 0.00699 5.3
5.392 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 5.7
5.674 13.0 0.00739 0.00409 5.9
5.770 13.2 0.00722 0.00393 71
5.861 13.4 0.00525 0.00281 5.7
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