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“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’



http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg
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NICA operation in Polarized Mode

Fixed POlarized dd — collisions:
BM@N SPI—> LU-20M — NUC|OtI’OI’] — CO”IdeI’

R e
Polarized pp — coII|5|ons
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o r MPD
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smey Polarized pd — collisions:

the sgheme include LU-20 and HILAC both

A.D.Kovalenko DSPIN_2017, Dubna, 11-15 September, 2017



Implementation of polarized beam program

—

‘-‘

Equipment of new polarized ion source SPI and LEBT
part of beam channel to RFQ section

A.D.Kovalenko
DSPIN_2017, Dubna, 11-15 September, 2017



New for-injector LU-20 & SPI NICA

Sus —441.30us OiStop 64/ B4
<

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

May 16 2016: 15t beam in oo o -
June 12 2016: 15t beam from the SPI




Implementation of polarized beam program

polarimeter

D.Krivenkov
L.Zolin,
V.Nikitin,
V.Avdeichikov
M.Aver‘yanov
et al.

Output beam channels from linac LU-20

A.D.Kovalenko
DSPIN_2017, Dubna, 11-15 September, 2017



Implementation of polarization program

»"/tulusmu}"‘

V.Ladygin

et al.

Proton and deuteron polarimeter at Nuclotron ring

A.D.Kovalenko
DSPIN_2017, Dubna, 11-15 September, 2017



Implementation of polarization program

N.Piskunov
R.Shindin
K.Legostaeva
A.Livanov

| et al.

Proton and deuteron polarimeter at Nuclotron extracted
beam (focus F3 point)

A.D.Kovalenko DSPIN_2017, Dubna, 11-15 September, 2017
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Requirements to the facility in polarized mode

d polarized and non-polarized p-; d-collisions
d ptpT(p)at Vs,, = 12 + 27 GeV (5 + 12.6 GeV kinetic energy )

a dtdt(d) at sy = 4 + 13 GeV (2 + 5.5 GeV/u kinetic energy )
0 L,overage ® 1:10E32 cm™st (atvs,, = 27 GeV)

a sufficient lifetime and degree of polarization
A longitudinal and transverse polarization in MPD/SPD
[ asymmetric collision mode, pd, should be possible

We concentrate design efforts at the pp-mode
that need extremely high the peak and average
luminosity

A.D.Kovalenko DSPIN_2017, Dubna, 11-15 September, 2017




Spin Transparency Mode in NICA Collider

Spin transparency < spin tune v =10

~

1-st Solenoid Siberian Snake]

(_

"\

2-nd Solenoid Siberian Snakea

= Solenoid for spin transparency mode:
[SOL, 7] BL = 5+25 T-m (protons)

BL =15+80 T-m (deuterons)

Polarization control insertion based on “weak”™ solenoids with
maximum field integral BL < 0.6 T-m (protons, deuterons)



Colliders with polarized ions

Collider Momentum COH‘fhng Spin | Spin Tran-
range, GeV/c | particles Tune sparency
RHIC
(BNL) 25-250 pp 1/2 _
JLEIC (JLAB) S N ) N
(figure-8)
A 2.5-13.5 NN 0 4

(JINR)




Ion Polarization Control

Spin . Spin Flipping
Collider | Rotators Polarization R | Orbital
Direction at IP SEN rbita
based on Time Parameters
RHIC ‘strong’ Transversal Few
(BNL) magnetic Longitudinal in Change
fields (w/0 deuterons)
JLEIC ‘weak’ Eaﬁ?: ilfleflti?is Few Do not
(JLAB) solenoids ;’ ;11 }}83 ) ms change
y ¢y 9 oo
NICA ‘weak’ Eaﬁ?: ilfleflti?is Few Do not
(JINR) solenoids ;’ ;11 }}83 ) ms change

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




Summary

» 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
atfecting 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.



1. Pabota Ha NICA co cnuH-gpnunnepamum

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

veromuo FHH.o. [ XXX| - - - || - - - X || L

tewonsuo FH+.. |- | HHFLL XXX - - - [ ] - - - x| L

(++) (- +) (- -) (+-)  (++)
| xxx| - poTaTop BK/AOYEH, HET Habopa AaHHbIX

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

6) HeT Nnpobaembl U3MmepeHUua mexKbaHUMBOU CBETUMOCTHU, HET
npobaembl ¢ pasHOU NoaApU3aLUeEN B pasHbIX moaax npu
paboTte ucrouHuka!



Polarization control in the Collider at vs = 0
option 1: combination of the solenoids and RF
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NICA Collision place for SPIN physics

(deuteron and other beams, the first time all

pT
SHe T
d?

_

Magnet

ZD HCALSn|¢ ' _ _

BHCAL&neutron
detector

isotope states for NN system: pp, pn,nn.)

(p.d)
Tagging station

=== == — -~ ~ = ~>| ZD HCAL&n

" Tagging station

(p.d)

BHCAL&neutron
detector

¥_

Magnet

The tagging stations can be used as polarimeter!

_

dt

*He T
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NICA proton polarimetry

e The proton beam polarization measurement in the energy range of
NICA can be done using pC CNI polarimeters.

e Since the hadronic spin-flip part of the amplitude at NICA energies
is non negligible, CNI polarimeter is not absolute one!

e To improve the systematic error and to calibrate the CNI polarime-
ter, an absolute polarimeter based on pp elastic scattering is re-
quired.

Therefore, the special interaction point inside NICA ring is necessary
to install the polarized jet target.

e We need to obtain own experience in the CNI polarimetry at Nu-
clotron as soon as possible.
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Design and main dimensions of APol

Parts of APol:

1. Dissociator

. Sextupole magnets

. Nuclear polarization cells

. Turbomolecular pumps
22001/s

. Cryocooler (78K)

. Cryocooler compressor

B w N

3058

. Detector arm

. Collider rings

. UHV valves

10. Turbomolecular pumps
450 1/s

11. Mass-spectrometer

O C0 ~N O U

B 12. Forepumps
i as i 14. Movable frame

15. Fixed frame

N~

16. Cryopump 3200 I/s

)
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T
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1
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Caclulated target thickness
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DEUTERON STATIC PROPERTIES
FROM

6mima 1: Crarimeckne cpoficTsa e

NN- POTENTIAMITT%

Ep(MeV) | Po(%) | <o >Y (fm) | Q(fm?) | = = v | pp(nm)
Exp. | 2.24579(9) - L.9560(68) | 0.2859(3) | 0.0271(4) | 0.0776(9) | 0.857406(1)
MU 26| 678 L96IL | 0.2860 | 0.0271 | 0.0774d 0.843
Paris 2200 | 5.7 L9716 | 02789 | 0.0261 | 0.078 0.853
RHC 226 | 6.50 L9602 | 02770 | 00259 | 0.0757 0.840
RSC 226 | 647 L9569 | 02796 | 00262 | 0.0757 0.843
Bonn 220 | 4B L86  0.285 | 00267 - -

Table 1: Deuteron properties in the dressed bag model.

Model | Ej(MeV) | Pp(%) | rp(fm) | Qu(fm?) | g (puy) | As(fm=2) | n(D/S)

RSC 222461 | 647 | 1.957 | 0.2796 | 0.8429 0.8776 0.0262
Moscow 99 | 2.22452 | 552 | 1.966 | 0.2722 | 0.8483 0.8844 0.0255
Bonn 2001 | 2.224575 | 4.85 | 1.966 | 0270 | 0.8521 0.8846 0.0256

DBM (1) | 2.22454 | 522 | 1.9715 | 0.2754 | 0.8548 0.8864 0.0259

Py = 3.66%

DBM (2) | 2.22459 | 531 | 1.970 | 02768 | 0.8538 0.8866 0.0263
Py =2.5%

experiment | 2.224575 1971 | 0.2859 | 0.8574 0.8846 0.0263
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TaprLe I. Proton-proton clastic scattering cross sections at 90°
in the center-of-mass system.

Frror in

§ TP Po @o/dVWom. (do/db)o.m. dold & da/dt
(GeV /c)2 (GeV /c) (ub/sr) ub/ (GeV /c)2 %
1.946 5.0 8.51 13.74 2.0
1.9093 5.1 7.90 12.45 33
2.039 5.2 7.00 10.93 A
2.086 5.3 6.49 .77 3.6
2.132 5.4 5.53 8.15 3.1
2.178 5.5 1.90 7.07 3.4
2.223 5.6 4.47 6.32 31
2.270 5.7 3.72 5.15 3.3
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 iz 2 I The rate for
; 3 07 : 3
5 SR S L 0% A7 are 1o
2.965 7.2 0.515 0.546 4.0 ~ 30 -2,-1.
3.059 7.4 0.386 0.396 4.8 L 10 cm ec .
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 0217 0.204 135 ~ 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 1.6
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 4.6
3.807 0.2 0.0780 0.0629 4.3
3.002 0.4 0.0676 0.0532 5.3
4.084 2.6 0.0589 0.0453 1.0
4178 o8 0.0536 o. 4.7
4.272 10.0 0.0168 0.0344 4.0
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 4.8
4.644 10.8 0.0303 0.0205 4.0
4.739 11.0 0.0284 0.0188 Xy
4.831 11.2 0.0255 0.0166 5.4
4.024 11.4 0.0202 0.01290 5.4
Rt 18 0:0189 0.00940 3a
5.1 11.8 T i : _
5.208 120 001343  0.00862 5.4 ~n 0.01 C 1
5.200 12.2 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 7.1
5.861 13.4 0.00525 0.00281 5.7
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Multiquark states have been discussed since the 15t 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 n; - 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 = -7, 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
(ggg!l. (%gqqq), etc., while mesons are made out
of (qa), (qgqqq), etc. It is assuming that the lowest
baryon configuration (gqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (g q) 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, ltaly

Svante Ekelin
Deparrment of Mathematics, Royal Institute of Technology, S-100 44 Stock

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  ]ggical models.

in certain group-theoretical schemes by Bose (1966), Bose
and Sudarshan (1967), and Miyazawa (1966, 1968).
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
Carlos 6ranados and Misak Sargsian

— 1
& I == ST(6), p=1
Eg-'_' | = THquarlk, p=0
Zosf
0.6 === == === mmmm e mp e
I |i+ |+ R
0.2} * *
0510 15 20

35 ';_m
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FIG. 2: (Color online) Ratio of the pn — pn to pp — pp elastic differential cross sections as a
function of s at H{.""'m =000,
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Diquar'ks V.T. Kim (1987)

pp -> p+X, pp -> pp+X
R'B’rj

0.30
025
e
0.5 ¢
oW

é - .

P (Ee%)

Fig, 1, R = P/n"’ -ratio in pp-collisions.a) &UF 90°: 9 - FNAL
detaf16/ at {52234 Gev (B = 300 GeV); A , A — IHEP

(Serpukhov) data/19,20/ at V3§ = 11,5 GeV (B = 70 Gev),

]
b) Jew= 45°: @ - ISK CEEN data/18/ at S = 62 Gev
(B; = 1300 Gev),

The result of celcuations of PP ﬂPPK processesf29[ (syo-
metric -proton-pair production) according $o the formla in work /30 /
for the double inclusive cross seciion, which in general must be &ap-
plied carefully/31/ , is shown in Pig.2, The main contributien o
the cross section of production of proton peirg with transverse mo-
menta opposite and equel in velues is given by dicjuark-diquark gcat-

tering.
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NN Elastic scattering with
polarized deuteron beams :

D T + D T D T + D T for calibration

pT+nTopltanT
NnT+nT>nT+nT _

By the way we will have the
counting rules verification!

— New datal

pd, nd and dd - too!
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Exclusive NN study at x~ 1

N T+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,
N T N T—) AA q+(qq) — (quark —diquark)

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

pl+pl— B+B+MM o _N(z'z") _2  Without
- | T N(2°2°) ~ 7 diquark
pl+pl—=p+p+mm (77 )]  ner)

! N (7z°7%)

— 0  diquark

>
] | ] | ] ]

diquark

A“l(pp) — O Diquark (S=0)
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CsDBM investigation
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12€ - structure

RNP - program at JINR

V.V.B., V.K.Lukyanov, A.L.Titov, PLB, 67,
46(1977)

M 6q

JINR - 1977

) 21.5%

0.36%

B NN

eA - program at JLab

R.Subedi et al., Science 320 (2008) 1476-1478

e-Print: arXiv:0908.1514 [nucl-ex]

I NN
W 2N SRC
B 3N SRC

JLab - 2008
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration
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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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Study of the phase diagram of dense two-color QCD within lattice simulation
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In this paper we carry out a low-temperature scan of the phase diagram of dense two-color QCD
with Ny = 2 quarks. The study is conducted using lattice simulation with rooted staggered quarks.
At small chemical potential we observe the hadronic phase, where the theory is in a confining
state, chiral symmetry is broken, the baryon density is zero and there is no diquark condensate.
At the critical point g = m-/2 we observe the expected second order transition to Bose-Einstein
condensation of scalar diquarks. In this phase the system is still in confinement in conjunction with
nonzero baryon density, but the chiral symmetry is restored in the chiral limit. We have also found
that in the first two phases the system is well described by chiral perturbation theory. For larger
values of the chemical potential the system turns into another phase, where the relevant degrees of
freedom are fermions residing inside the Fermi sphere, and the diquark condensation takes place on
the Fermi surface. In this phase the system is still in confinement, chiral symmetry is restored and
the system is very similar to the guarkyonic state predicted by SU(N:) theory at large Ne.
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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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EXOTICS



Ya.l.Azimov, PNPI Winter School 2013

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 ! )
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SPIN data
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pp - reactions with diquarks and
TeTPaKBApKU

Kim's mechanisms
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d

Exotic states production

PP _ reactions with
pen‘raquagks production

d

d  Diquark proof
\

Kim's mechanisms
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ISSUES

. 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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