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p.Xiv

"Spin plays a dramatic Jekyll and Hyde role in the theatre of
elementary particle physics, acting sometimes as the harbinger of
the demise of a current theory, sometimes as a powerful tool in
the confirmation and verification of such a theory”.

"CnuUH urpaeTt apamatudeckyro ponb [xexkunn wu Xauaa B Teatpe
(PU3UKU 3NIeMeHTApPHLIX YacTUL, UHOTAG BLICTYMNAs B KavecTse
npeaBeCTHUKA YNaaKa CylecTsyHOlen Teopun, a UHorAaa,
BLICTYNASA B KaYeCTBe MOLWHOrO OpyAus NMpoBepKU U
NOATBepXAeHUS TAKOU Teopumn' .



Plan

. Which Spin and other problems
at NICA energies are interesting
to study at high p; range?

. How we could make discoveries.



Non polarized processes and problems



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 5 ~°. 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 evidently the data do not seem to follow this
kind of a power law.
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Multiquark states have been discussed since the 15" page of the quark model

A SCHEMATIC MODEL OF BARYONS AND MESONS

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

Received 4 January 1964

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

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

*

ber ny - 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 assm‘n to the triplet t the followmg
properties: spin 3, z = -3, and baryon mlmlme:r1
We then refer to the members u3, d-3, and s-7 of that it would never

. . ) for stable quarks of
the triplet as ""quarks’ 6) q and l‘.he members of the di-quarks of charge 2 or +} or +% at the highest

(dd or ud or uu)

n det cted. A search
% or { and/or stable

anti-triplet as anti-quarks q. Baryons can now beé Tenergy accelerators would help to reassure us of
constructed from quarks by using the combinations the non-existence of real quarks.

(@gqq), (gigqqq), etc., while mesons are made out

of (qa), (@qaqq), 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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ON QUARK MOLECULES

A.D.DOLGOVY, LB.OKUN and V.I. ZAKHARQV
Institute for Theoretical and Experimental Physics, Moscow, USSR

Received 7 March 1974

The nonrelativistic quark model with three triplets and an octet of coloured gluons is examined. The interaction
energy corresponding to certain quark molecules is calculated. It is shown that systems of qqqq and qqqqq are more
strongly bound than qq and qqq. Thus in order for the model to be valid there must exist exotic particles.




How Often Do Diquarks Form? A Very Simple Model

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

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

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

Published in: Phys.Rev.D 94 (2016) 3, 034039; e-Print: 1606.07108 [hep-ph] 10


https://arxiv.org/abs/1606.07108

Phys.Rev.C 83 (2011) 054606
arXiv:1007.4705v5 [hep-ph]2010
Carlos 6Granados 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 #~ = 90°.



Quark counting rules



In 1973 were published two articles :

Matveev V.A., Muradyan R.M., Tavkhelidze A.N. Lett. Nuovo Cimento 7,719

(1973);

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

Predictions that for momentum p,___ 2 5 GeV/c in any binary
large-angle scattering (0., > 40°) reaction at large momentum

transfers Q= ./_t

A+B->C+D

~

gfz —(nA+nB+nC+nD—2)f(£)
dt A+B->c+D S

where n,,n,,n, and n, the amounts of elementary constituents
and D.

s= (p,+Pg) 2 and t=(p,-P.) %/

do _10 do

e =S

dt pPp—>pp

8
and At vooro S

in A,B,C

13
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Scaling Laws at Large Transverse Momentum¥*

Stanley J. Brodsky
Stanfovd Lineay Accelevatov Center, Stanford University, Stanford, California 94305

and

Glennys R. Farrar
Califovnia Institute of Technology, Pasadena, California 91109
(Received 14 August 1973)

The application of simple dimensional counting to bound states of pointlike particles en-
ables us to derive scaling laws for the asymptotic energy dependence of electromagnetic
and hadronic scattering at fixed c¢,m, angle which only depend on the number of constitu~
ent fields of the hadrons. Assuming quark constituents, some of the s —=«, fixed-t/s pre-
dictions are (d0/d )y — 1y~ ™8, (d0/dt)yy > pp~ sV, (d0/dt)yy o ny~ s, (do/dt)yp vy,
~s78, Fr(g))~(@g)1, and F »(@)~ (@) ™2, We show that such scaling laws are character—

istic of renormalizable field theories satisfying certain conditions.

(p+q+r)/2 (p+ry/2 (pra+ri/2 (p+r)/2
Our central result for exclusive scattering' is (MHW% ST (pTa ST
(do/dD) g5 cp ™ ST "A(L/S) (D e G a3 /3 a3
p/3 3 (P+a)/3  p/3 § (P+a)/3
(s =, t/s fixed). Here n is the total number of p/3 N (pray/s  p/3 Em“"‘““
leptons, photons, and quark components (i.e., .
elementary fields) of the initial and final states. . / .
This result follows heuristically if the only phys- +
ical dimensional quantities are particle masses p/2 (p+a)/2 p/2 (pra)/2
and momenta. We begin by considering a world p/2 (pray/2 P72 (pray/e
in which a hadron would become a collection of te)
free quarks with equal momenta if the strong in- H o
teractions were turned off. Note that the dimen- :«5«’“ =
’ i o

IThis result for elastic scattering has been obtained
independently by V. Matveev, R. Muradyan, and A. Tav-
khelidze, Joint Institute for Nuclear Research Report
No. D2-7110, 1973 (to be published). We thank J. Kis-
kis for bringing this work to our attention.

(d)

(e}

FIG. 1, Typical Born diagrams for large-momentum-—
transfer elastic scattering in the quark picture. (a) @
—7mp (quark scattering), (b) mp — 1P (quark interchange),
(c) em—em, (d) an irreducible loop diagram, (e) a re-

ducible loop diagram.
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PHYSICAL REVIEW D VOLUME 49, NUMBER 1 1 JANUARY 1994

Comparison of 20 exclusive reactions at large ¢

C. White,* R. Appel,">! D. S. Barton,! G. Bunce,' A. S. Carroll,!
H. Courant,* G. Fang,** S. Gushue,! K. J. Heller,* S. Heppelmann,?
K. Johns,*$ M. Kmit, "l D. I. Lowenstein,! X. Ma,® Y. I. Makdisi,’
M. L. Marshak,* J. J. Russell,®
and M. Shupe*?

TABLE IV. Cross sections at 90 degrees and 5.9 GeV/c incident beam momentum. Reaction
number refers to Fig. 27. The values represent interpolations where the range spans 90°.

Number Reaction Cross section [nb/(GeV/c)?]
1 mp - prt 132+£10
2 T p—pr 7315
3 Ktp-pK* 219 + 30
4 K™p—pK~ 18 46 TABLE V. The scaling between E755 and E838 has been measured for eight meson-baryon and
5 T"p— pp* 214£30 2 baryon-baryon interactions at 6., = 90°. The nominal beam momentum was 5.9 GeV/c and 9.9
6 T p—pp 9 +13 GeV/c for E838 and E755, respectively. There is also an overall systematic error of Angye; = +0.3
7 K*p— pK** 291 447 - 130 from systematic errors of +13% for E838 and +9% for E755.
8 K p—pK™~ 15+10-13
9 Kp-nXt 50 £ 21 | Cross section ‘ n-2
10 K p-ntE~ 413 No. Interaction E838 E755 (%’ ~1/5"7%)
11 K™ p— An® < 80 1 T p—=prt 132+ 10 4.6 0.3 6.7+0.2
12 7 p— AK® <5 2 T p—pmT 7345 1.740.2 75403
13 rtp— At 45 + 10 3 K*p > pKt 219 + 30 3.4+14 8.31%%
14 T p— At 20 + 11 4 K p—pK- 18+ 6 0.9+0.9 > 3.9
15 Tp—oatA” 2+5 5 m+p = pp* 914 + 30 3.440.7 83405
16 K*p— KtA* < 230 6 T p—pp” 99 +13 1.3+0.6 8.7+ 1.0
17 pp = pp 3300 + 40 13 mtp o rtAt 45+ 10 2006 6.2+0.8
18 Pp — pp 75+ 8 15 Tp—=rtA” 24+5 <0.12 >10.1
19 pp—= 7o 743 17 Pp — PP 3300 =+ 40 4845 9.1+0.2
20 pp— K K™ 242 18 Pp — pp 75+ 8 <21 > 7.5
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Soft Perturbative QCD* NORDITA-1999/52 HE
hep-ph /9908501
Pa.u]_ H(:“.-'Q]_‘ August 30, 1999
The way the differential large angle 2 — 2 particle scattering cross sections should scale with
energy (momentum transfer) was envisaged by the so-called “quark counting rules™ [26].

der F(e) t

= —; — = comnst,

dt gk —2° s '

with /& the number of elemeniary fields (quarks. photons. leptons. etc.) among / inside the initial and
final particles.

For example. in the case of the deuteron break-up by a photon. v + D — p + n., we have K =

1 +6+ 6 = 13 (a photon and 6 quarks inside the initial deuteron and another 6 in the final proton and
neutron). So. the differential cross section is expected to fall with s, asymprotically, as s~ 11 = £ 22
22 dg 20
Ecnd9(vd ~pn) / kb GeV
2.0 ¢
- ® Jefferson
1.5 | O,A SLAC
: X Ref. 16
1.0 |
0.5 5 208 0§ 5 o ® 290
O O - 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | 11 1
0 1 2 3 4 S

E(GeV)

FIG. 2. The vd — pn cross section at 89° multiplied by
K24, as a function of the photon beam energy [3].
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Fig. 8. The energy dependence of the cross-section asymmetry
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Measurement of the cross-section asymmetry of deuteron
photodisintegration process by linearly polarized photons in the
energy range E, = 0.8-1.6 GeV

F. Adamian', A. Aganiants', Yu. Borzunov?, S. Chumakov?, N. Demekhina®, G. Frangulian®, L. Golovanov?, V.
Grabski'»®, A. Hairapetian', H. Hakobyan', I. Keropian', I. Lebedev!, Zh. Manukian!, N. Moroz?, G. Movsesian®, E.
Muradian®, A. Oganesian', R. Oganezov®, Yu. Panebratsev?, M. Rekalo®, S. Shimanski®, A. Sirunian®, H. Torosian’,

A. Tsvenev?, I Vartapetian!, and V. Volchinski'

! Yerevan Physics Institute, Armenia
2 Joint Institute for Nuclear Research, Dubna, Russia
* Kharkov Institute of Physics and Technology, Kharkov, Ukraine
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SPIN IN PARTICLE PHYSICS
ELLIOT LEADER

Imperial College, London

© Cambridge University Press 2001

Preface

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




A. Krisch, 28.02.2010 LHEP Seminar

SUMMARY

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

| ZGS 2-spin & AGS 1-spin elastic data and the ZGS, AGS, Fermilab & RHIC inclusive data.
B * 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.).

NICA energy range?
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Answer to Questions by Profs. Weisskopf & Bethe
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AGS 1985-1990 A_
PERTURBATIVE QCD =

An =0 at HIGH P,2 and HIGH ENERGY

Avz0>
PROBLEM with PQCD?

NO MODEL can EXPLAIN ALL
HIGH-P, 2 SPIN EFFECTS (An & Ann)

GOAL
MEASURE An (and Ann)

upto P 2 =12 (GeVlc)

3

J
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o)

T s T L T
- 24 GeV CERN

m 28 GeV AGS
. @24 GeV AGS .

PQCD = A,=0at: |
High P,” and high energy
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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 PL (GeV/C)
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VOLUME 43, NUMBER 14

PHYSICAL REVIEW LETTERS 1 OcTOBER 1979

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 Labovatovy of Physics, The Univevsity of Michigan, Ann Avbor, 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.

and

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 A4,, = — 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, 2 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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North-Holland, Amsterdam

Fig. 1 - The analyzing power A for np elastic

SPIN EFFECTS IN HAORONIC RERCTIONS scattering at 6 Gel/c {taken from Ref. S)
J. SOFFER 0.3 | ] i I | T |
0.2} } -
phn—=pn & GeV/c
o - Jf* + } —
— |
g I-:' T T
< -0 * =
0.2} ' -
0.4~ 6, mr90° { _
~0.5 | | LY | | *
i 2 3 4 5 6 T 8
It (GevE)

Unfortunately the enerqy is too low 1o drow definite conclusions on
the nature of this effect and hopefully it will be remeasured at
higher energies with the polarized proton beam on a deuterium

target at BHL.



New detectors —> new capabilities

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

HoBble HanpaBaeHMA B HayKe 3aMyCKaloTcs HOBbIMM
NHCTPYMEHTaMKU(MeToaMKaMM) ropasao Yalle, Yem HOBbIMMU
KOHLeNUUAMM.

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

3¢pdeKT KOHLENTYANbHOM PEBONOLMN COCTOUT B TOM, YTOObI
06BACHUTb CTapble BeLU No-HOBOMY.

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

IPDEKT UHCTPYMEHTANIbHOM PEBOIIOLIMM 3aKOYaAETCA B
OTKPbITUM HOBbIX BELLEN, KOTOPbIE A0NXKHbI ObITb 06bACHEHDI.

From Freeman Dyson ‘Imagined Worlds’
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NICA Collision place for SPIN physics

(deuteron and other beams, the first time all

pT
SHe T
dt

—

Magnet

ZD HCAL&n|¢ ' _ _

BHCAL&neutron
detector

(p.d)
Tagging station

" Tagging station

(p.d)

BHCALé&neutron
detector

The tagging stations can be used as polarimeter!

\¥_

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

= = = > ZD HCAL&n

Magnet

_

dt

*He T

pT
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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 operation (sequential switching-on of the
spin-flippers in the rings):

srng  FHFoL [ XXX - - || - )X A ||

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

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

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

b) there are no problem with measurement of the bunch 2
bunch luminosity and no problem to reverse the polarization at
the ion source during ring fillings!
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PHYSICS OF ELEMENTARY PARTICLES
AND ATOMIC NUCLEIL EXPERIMENT

Program of Polarization Studies and Capabilities
of Accelerating Polarized Proton and Light Nuclear Beams
at the Nuclotron of the Joint Institute for Nuclear Research

S. Vokal®, A. D. Kovalenko?, A. M. Kondratenko?, M. A. Kondratenko?, V. A. Mikhailov®,
Yu. N. Filatov?, and S. S. Shimanskii?

(i) investigate pp, pd, dd, p*He, d*He, *He’He colli-
sions with polarized beams, which will allow one to
solve the puzzles of the spin structure of nucleons and
lightest nuclei and elucidate the apeciﬁu features of the

spin structure of interaction in the region of nonpertur- - (1) study mldetml the problems of P and T parity
bative QCD: it is especially lmpm'tant that it will be violation in NN interactions;
possible for the first time to study the interaction of (iv) solve the problem of the nature of cumulative

polarized nuclear matter whose properties may deter-

! . . subthreshold) processes:
mine the structure of the core of massive stars with ( )P

great magnetic fields; (v) elucidate the nature of quark counting rules vio-
(i1) elucidate the nature of strong polarization effects li_-ltlml f}nd dE‘IIE['II]lI’lE:I the region of thﬂ"_' applicability
in NN interactions at py,, > 6 GeV in the region of lim- (including at interaction of lightest nuclei);

iting large py, which has not been explained yet, and
find out how these specific features are related to the
change of behavior of valence quarks in this kinematic
region; the availability of polarized nuclei at a collider

wﬂl allow one to study the complete 1sotopic set of
states of nucleon—nucleon svstem (nxn. pn. and for 34

(vi) solve the puzzle of resonance behavior of color
transparency at p,, ~ 9.5 GeV/c (py~ 2 GeV/e).

the first time:




NN Elastic scattering with
polarized deuteron beams :

0T+pTopT+p?T
oT+nTpTtant

for calibration

= New datal

NnT+nT>nT+nT _

By the way we will have the
counting rules verification!

pd, nd and dd - too!
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Exclusive NN study at x1 ~ 1

NT+N T— BB+ MM
B (p, A.), M(z K, ..)

Mechanisms of hyperons polarization

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

(qq) + (qq) — (diquark —diquark)
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DIQUAKS

arXiv:2109.12025v1 [hep-ph] 24 Sep 2021
Physics of Atomic Nuclei, Vol. 85, No. 2, 2022

Qualitative analysis of proton inelastic scattering for diquark
searching

VLADIMIR V. BYTEV,”! STEPAN. S. SHIMANSKIY®

@ Joint Institute for Nuclear Research.,
141980 Dubna (Moscow Region), Russia

Abstract

In this paper we discuss exclusive reactions which analysis can be used to receive
direct indication of diquark existence. We make estimations of diquark scattering
process measurement in inelastic proton-proton collisions. It was shown that putting

special restrictions over kinematics and particles in final state of process it will be

possible to enhance potential diquark contribution to scattering up to 10%. Figure 4: Kinematics of particles in pp collision in the case of diquark-diquark scattering.
We put qualitative characteristics of process with diquark and ways to distinguish

it from quark scattering in model-independent way.



High pr exclusive reactions -> MPI

do(pp — ppr’n’) 12 |- With uu and ud

do(pp — pprtn—) 7 ' diquarks
pl+pl1— B+ B+ MM : o

=N ) _2  \ithout

—\ 4 ) N(z77°%) 7 diquark
pl4pl=p+p+a' 7 (x 7)) N@a)

= 0 Diquark ud onl
- N(2070) —> iquar only

-

diquark

A1(pp) —> O Diquark (S=0)
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High p; exclusive reactions -> MPI

p+ p - > An + KN (nK + AN)




Ya.l.Azimov, PNPI Winter School 2013
Status of the pentaquark problem

* 15t 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 ! )

40



Exotic states production

pp - reactions with direct pentaquarks production

qq baryonss
4

d d

pentaquarks
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Exotic states production

pp - reactions with direct tetraquarks production

tetraquarks

d — diquark l

42



Thank you for attention



Color Transparency .xiv:12083668v1 nuck-th] 17 Aug 2012
Gerald A. Miller

Physics Department, Univ. of Washington, Seattle, Wa. 98195-1560, USA

Abstract. Color transparency is the vanishing of nuclear initial or final state interactions involving

_specific reactions. The reasons for believing that color transparency might be a natural consequence
of QCD are reviewed. The main impetus for this talk is recent experimental progress, and this is
reviewed briefly.

The basic idea is that some times a hadron is in_a color-neutral point-like configu-
ration PLC. If such undergoes a coherent reaction, in which one sums gluon emission
amplitudes to calculate the scattering amplitude, the PLC does not interact with the sur-
rounding media. A PLC is not absorbed by the nucleus. The nucleus casts no shadow.
This is a kind of quantum mechanical invisibility.

Progress in Particle and Nuclear Physics 69 (2013) 1-27
Review

Color transparency: Past, present and future
D. Dutta®*, K. Hafidi®, M. Strikman ¢
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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).

_ czli_c;(p+aapaa >p|p)

Z% (p+p— p+p)

©
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Energy Dependence of Nuclear Transparency in C(p.2p) Scattering

A. Leksanov,” J. Alster.! G. Asryan,>? Y. Averichev,® D. Barton,® V. Baturin,>* N. Bukhtoyarova,>* A. Carroll,?
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FIG. 2. Top: The transparency ratio 7¢y 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 e« 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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PANDA Ep studies at x; ~ 1

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

pp = pp + nn(KK)
pp = AN + KK ()

Detail vertexes studies:

q(q) + q(g) — (quark — antiquark)

pp —» BB + 171~ v A
s — L q(g) +qqg(qq) — (quark — antidiquark)
pp — MM + 171 qq + qq — (diquark — antidiquark)

CKauoK B ceYeHUM Yynpyroro pacceaHmnaA?
47
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PANDA _
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

48



29.08.2023 PANDA

Exotic states production

pd - reaction with tetraquarks +pentaquark
production

d+d-bar

g-bar
d-bar

g-bar+d+d



a.y Petersburg Nuclear Physics Institute @

udy of feasibility to detect

1taquark 67 (67) in PANDA

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

PANDA collaboration meeting 19/3,

Pamnda  oembess oms,6s
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