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“The high transverse momenta (p > 1 GeV/c) physics and
problems of non-perturbative QCD”

S.S. Shimanskiy (JINR)



HoBble BO3MOXHOCTU — HOBbIE AeTEeKTOpPbI

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

HoBble HanpaBseHUA B HayKe 3anyCKatoTcA HOBbIMM
MHCTPYMEeHTaMmU(meToguKamu) ropasgo yaile, Yem HOBbIMMU
KOHUenuuamm.

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

9¢pPeKT KOHUEeNTyaIbHOU PEeBONOLUN COCTOUT B TOM, UTODbI
06DBACHUTBL CTapble Bely no-HOBOMY. (HYyHHbI HO8ble MoOesu U
meopuu)

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

b PEeKT MHCTPYMEHTANIbHOU PEeBONIOLUN 3aKTIOYAETCA B
OTKPbITUM HOBbIX BeLlel, KOTOpble A0/KHbI 6bITb 06BACHEHDI.
(Hy#HbI HOBblE OemeKmopbsl).

From Freeman Dyson ‘Imagined Worlds’


http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg

A.M. banauH

YHUKanbHaA sHepreTuuecKkana obnacrtb, rae npoucxogurt nepexopn ot
aAPOHHbIX K KBAPK-TIOOHHbIM CTeneHAM cBoboabl.
O6nacTtb rge AOMUHUPYIOT 3aKOHbI HenepTypbaTUBHbIE
KX/ (KoTopble mbl He NOHUMaeM) U Habnrogaerca 6osbLioe YnCno
adPeKToB, HE UMerLWUX gecaTnneTna GusnyecKkoro
AaXe KauecTBeHHOro o6vacHeHuUA.

Mbl UMeeM BO3MOXHOCTb MOHATb 3aKOHbI
HenepTtypbaTtusHon KXl n 06 BACHUTD MHOrUe 3aragKu.



Tam rae He pabotarot neptypbarusHas KX
U NAPTOHHAA moperb.
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MASS ANALYSIS OF THE SECONDARY PARTICLES PRODUCED
BY THE 25-GEV PROTON BEAM OF THE CERN PROTON SYNCHROTRON

V. T. Cocccmi,* T. Fazzini, G. Fidecaro, M. Legros, TN H Lipman, and A. W. Merrison
We present here some results of a mass anal-

ysis of the secondary particles produced at 15.9°
to the circulating beam in an aluminum target
bombarded by 25-Gev protons in the CERN proto
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CERN, Geneva, Switzerland
{Received June 1, 1960)
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pp -> pp (90%

C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967
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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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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

10



Modern Physics Letters A, Vol. 3, No. 9 (1988) 909-916
© World Scientific Publishing Company 100

30
DIQUARKS AND DYNAMICS OF LARGE-P, BARYON PRODUCTION 20(

V. T. KIM 10
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 \/; = 11.5 GeV (IHEP, Serpukhov) to \/—5 = 23.4 GeV
(FNAL) and to \/—; = 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, 01

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

IEE R R RN ENNE RN IR NN N ‘.qq

i

02 04 06 08 X

Diquarks

pp -> p(m)+X, pp -> pp+X 025

Fig. 1. R = p/n " is the particle yield ratio in the pp-collisions. 0.20 i
a) Ocm = 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). 015 )
b) Ocm = 45°: ¢ the CERN ISR data’ at \/; = 62 GeV (E ~ 1900 GeV). 010 i
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 0.05. QQ evevssraesrnnnatarocssoe
the solid lines. The dashed-dotted curves show the calculations with the diquark function

G(x)~ (1 — x)/x at 70 GeV (curve 1) and at 300 GeV (curve 2). 1) - L

3 L 5 6 R, (GeVic)
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Fig. 2. The subprocesses
diagrams giving
contributions to the B= N ,
ALBPHBIX o _
NCCAE10BINN A’ -baryon production in

B B
. 4“9" N +N
d)

B gY &

1Y64 B 8 hard NN -collision: a) the
quark-diquark subprocess;
E2-87-74 N N N N .
b) the diquark-diquark sub-
B
3 d)

0GbEAKHEHHbIR
WHCTHTYT

process; c¢),d) the double
quark-diquark collisions.

A.V.Efremov, V. T.Kim

DIQUARKS ROLE

IN LARGEp, DEUTERON The proposed mechanism of simultaneous double quark-diquark col-

AND H-DIHYPERON PRODUCTION lision can describe main features of 1argu-gl deuteron production in
IN HARD NUCLEON COLLISIONS Ef

| pp-collisions at {3= 11.5 GeV (IHEP, Earpukhﬂ?f )« The predic-
"Submitted to "Physics Letters' tiﬂnﬂ ﬂ-I"E mﬂdﬂ fﬂr 'the EIIEI,H ‘I-s = 23-4 GEYﬁ

The possibility of the H-dihyperon production in pp-collisions

1987 in the framework of the double quark-diquark collision mechanism is
nﬁteﬂ.-

Exotics states H = AA



PP - > pp.|pp -> D+MM; H + K*K*

Diquark proof




[[Ae MbI 9BHO BUAUM COCTABRAIOWME KBAPKU?



In 1973 were published two artiles
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

do _ S—(nA+nB+nC+nD72)f (2)

dt a+B->c+D

where n,,n,,n., and n, the amounts of elementary constituents in A,B,C
and D.

s=(p,+pg) ° and t=(p,~Pc) %/
do ~ S‘lo and do - S_S
dt pp—spp dt zp-szp

Shimanskiy S.S.
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PHYSICAL REVIEW D

VOLUME 49, NUMBER 1

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 ntp— pr’ 132+ 10
2 T p—pr 735
3 Ktp-pK* 219 + 30
4 K p-pK~ 18+6
5 " p = ppt 214+ 30
6 T p—=pp 9+13
7 Ktp - pK** 291 + 47 - 130
8 K p— pK*~ 15+10-13
9 Kp-sa X2t 50 + 21
10 Kp—=ats- 443
11 K p— An® < 80
12 77p—= AK® <5
13 mtp o> TAT 45+10
14 T p—=n AT 20+11
15 TpoatA” 2445
16 K*p— K*A® <230
17 PP — PP 3300 £ 40
18 ‘ Pp — pp 75+ 8
19 PP oW T T3
20 pp—> KK~ 212

1 JANUARY 1994

Shimanskiy S.S.
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TABLE V. The scaling between E755 and E838 has been measured for eight meson-baryon and
2 baryon-baryon interactions at fc.m. = 90°. The nominal beam momentum was 5.9 GeV/c and 9.9
GeV/c for E838 and E755, respectively. There is also an overall systematic error of Angye = 0.3

from systematic errors of £13% for E838 and +9% for E755.

Cross section

n-2

No. Interaction E838 E755 (% ~1/s"7?)
1 mTp = prt 132 + 10 4.6+0.3 6.7 £ 0.2
2 T p-pn” 73+5 1.740.2 7.5+0.3
3 K*p—pK*t 219 + 30 34+14 8.370%
4 K p—pK~ 18+ 6 0.9+0.9 > 3.9
5 mtp = ppt 214 + 30 3.4+0.7 8.3+0.5
6 T p—=pp 99+13 1.3+0.6 8.7+ 1.0
13 rp o ntAt 45410 2.0+ 0.6 6.2+0.8
15 TTp—arTA” 24+ 5 <0.12 > 10.1
17 pp — PP 3300 + 40 48 5 9.1+0.2
18 Pp — pp 75+ 8 <21 > 7.5

Shimanskiy S.S.



Soft Perturbative QCD* NORDITA-1999/52 HE
hep-ph /9908501
Paul Hover 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].

do f(e) t
= == — = const,
dt sk —2° s '
with K the number of elementary 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 = E722
22 dg 20
Ecn 9 (vd ~pn) / kb GeV
2.0 ¢
- ® Jefferson
1.5 | O,A SLAC
: X Ref. 16
1.0 |
0.5 3 208 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 T 2 3 4 S

E(GeV)

FIG. 2. The vd — pn cross section at 89° multiplied by
24, as a function of the photon beam energy [3].
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g L Measurement of the cross-section asymmetry of deuteron
W [ ] L ] [ ] [ ] [ ] L ]
photodisintegration process by linearly polarized photons in the
energy range E, = 0.8-1.6 GeV
| T .
0.5 - T s . F. Adamian®, A. Aganiants', Yu. Borzunov?, S. Chumakov?, N. Demekhina®, G. Frangulian', L. Golovanov?, V.
[ e A ] Grabski':*, A. Hairapetian', H. Hakobyan®, I. Keropian®, I. Lebedev!, Zh. Manukian®, N. Moroz2, G. Movsesian!, E.
I # + A a=10 Muradian!, A. Oganesian', R. Oganezov®, Yu. Panebratsev?, M. Rekalo®, S. Shimanski?, A. Sirunian', H. Torosian,
I + B A. Tsvenev?, H. Vartapetian', and V. Volchinski!

0 N ! Yerevan Physics Institute, Armenia
) 2 Joint Institute for Nuclear Research, Dubna, Russia
? Kharkov Institute of Physics and Technology, Kharkov, Ukraine

. == Yarevan 1987 HHC .
‘. == Yerevan 1998
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Fig. 8. The energy dependence of the cross-section asymmetry
Y for 6, = 90° in the cms, -
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Indication of asymptotic scaling in the reactions dd — p®H,
dd — n®*He and pd — pd

Y. IN. Uzikov)
Joint Institute for Wuclear Research, LNFP, 141980 Dubna, Moscow region, Russia

Submitted 11 January 2005
Resubmitted 28 February 2005

It is shown that the differential cross sections of the reactions dd — m®He and dd — p®*H measured at

c.m.s. scattering angle f.,;m = 607 in the interval of the deuteron beam energy 0.5—1.2 GeV demonstrate the
scaling behaviour, do /dt ~ s *?, which follows from constituent gquark counting rules. It is found also that the
differential cross section of the elastic dp — dp scattering at &.,, — 125—135% follows the scaling regime ~ s ©¢

at beam energies 0.5—5 GeV. These data are parameterized here using the Reggeon exchange.
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Fig.2. The differential cross section of the dd — n®*He and
dd — p°H reactions at 8., = 60° (a),(b) and dp — dp
at fe.pn = 1277 (c),(d) versus the deuteron beam kinetic
energy. Experimental data in (a), (b) are taken from [20].
In (c), (d), the experimental data (black squares),(o), (),
(open square) and (e) are taken from [22 — 28], respectively.
The dashed curves give the s 22 (a) and s '® (c¢) behav-
iour. The full curves show the result of calculations using
Regge formalism given by Eqgs. (2), (3), (4) with the fol-
lowing parameters: (b) — C1 = 1.9 GeV?Z, R} = 0.2 GeV 2,
Cy = 35, RE = —0.1GeV~?; (d) — €, = T7.2GeV?,
R? = 05CGeV™ 2, Ca = 1.8, RZ = —0.1GeV %, The up-
per scales in (a) and (c¢) show the relative momentum ggn
(GeWV /¢) in the deuteron for the ONE mechanism



F. Lehar, Current experiments using polarized beams of the JINR LHE accelerator complex,
Phys.Part.Nucl. 36 (2005) 501-528
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COIOI‘ Transparency arXiv:1208.3668v1 [nucl-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 1s recent experimental progress, and this 1s
reviewed briefly.

The basic 1dea 1s that some times a hadron 1s in a color-neutral point-like configu-
ration PL.C. 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 1s 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 ¢ 24



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).

L(p+"p —p+p)

IS do
7 (p+p—p+Dp)

©

Shimanskiy S.S.
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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.?
S. Heppelmann.,® T. Kawabata.® Y. Makdisi.® A. Malki.! E. Minina,” 1. Navon.! H. Nicholson.” A. Ogawa,’
Yu. Panebratsev.® E. Piasetzky.! A. Schetkovsky.>* S. Shimanskiy.® A. Tang.? J. W. Watson.”

H. Yoshida.® and D. Zhalov?®

B.Van Overmeire, J.Ryckebusch, nucl-th/0608040 J. Aclander et al., Phys.Rev. C 70, 015208 (2004)
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J. Aclander et al., Phys.Rev. C 70, 015208 (2004)
COLOR TRANSPARENCY FUTURE ?g‘[;]r? the nuclear transparency stops rising at ~9.5 GeV/¢

(3) At the higher energy ranges of these experiments the
spin effects are expected to be greatly diminished. However,
they continue to persist, as shown in both single and double

VIIL. SUGGESTIONS FOR FUTURE EXPERIMENTS spin measurements [34,57]. So it is important to see. In
, . o . quasielastic scattering inside a nucleus, whether a relatively
Clearly there remain a number of inferesting investiga- pure pQCD state is selected. and if the spin dependent effects
tions involving nuclear transparency of protons and other are attenuated.
hadrons. A revival of the AGS fixed target program [44]. or (4) Measurements of nuclear transparency with antipro-
the construction of the 50-GeV accelerator as part of the tons, pions, and kaons will be informative. These particles
J-PARC complex in Japan [55]. would provide excellent op- have widely different cross sections at 90, . For instance.
portunities to expand the range of these nuclear transparency the pp differential cross section at 90, is 50 times larger
studies. Some of the remaining questions are the following. than the pp differential cross section [19]. How should this
— (1) What happens at higher incident momentum? Does small size Gf the pp cross section affect the absorption of p’s
nuclear transparency rise again above 20 GeV/e, as pre- by a;m%latmp‘é on of exclusively produced 1
— dicted in the Ralston-Pire picture [S6]? (5) The production of exclusively produced resonances

rovides 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
asymmetries disappear for reactions which take place in the
nucleus?
(6) Measurements in light nuclei that determine the prob-
FO D s (I H E P Pr. o-'-v i n o )l ability of a secpnd hard scatter after the first hard interaction
0 . 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 mteraction [58].

(2) A-dependent studies in the 12 to 15 GeV/c range:
~—  will the effective absorption cross section continue fo fall

Shimanskiy S.S.
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E. Leader, Spin in Particle Physics
© Cambridge University Press, 2001

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”.

"CnUH UrpaeTt apamatudeckyro ponb [xekunn u Xavaa B Teatpe

PU3UKU 3NIEMEHTApHbIX YacTUL, MHOrAA BLICTYNAS B Ka4yecTBe npefBecTHUKA
ynaaKa cyLecTsyrolen Teopum, a UHOrAa, BbICTYNAg B Ka4ecTBe MOLHOMO
OpyAus NpOBepKU U NOATBepXAeHUS Takou Teopun”.
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Alan Krisch
DSPIN'O9, Dubna

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.
* 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.).

Shimanskiy S.S.
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Energy dependence of spin-spin effects in p-p elastic scattering at 90°__,

E. A. Crosbie, L.. G. Ratner, and P. F. Schultz
Argonne National Laboratory, Argonne, Illinois 60439

J. R. O’Fallon
Argonne Universities Association, Argonne, Illinois 60439

D. G. Crabb, R. C. Fernow,* P. H. Hansen,' A. D. Krisch, A. J. Salthouse,’ B. Sandler,® T. Shima, and
K. M. Terwilliger -
Randall Laboratory of Physics, The University of Michigan, Ann Arbor, Michigan 48109

N. L. Karmakar
University of Kiel, Kiel, Germany

S. L. Linn! and A. Perlmutter
Department of Physics and Center for Theoretical Studies, The University of Miami, Coral Gables, Florida 33124

P. Kyberd
Nuclear Physics Laboratory, Oxford University, Oxford, England
(Received 31 March 1980)

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), (do /dt) 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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FIG. 2. Plot of the spin-spin correlation parameter
A, for p+p—p+ p at 90°, . as a function of incident
beam momentum, The dashed and solid lines are hand-

drawn possible fits,

10

8
P (GeVic)

FIG, 3. Plot of the ratio of the spin-parallel to spin-
antiparallel differential cross sections, as a function of
P2, for p-p elastic scattering, The squares are the
fixed-angle data at 90°, ,, , with the incident energy var-
ied. The circles are data (Refs. 5, 11) with the momen-~
tum held fixed at 11.75 GeV/c while the scattering angle
is varied. The dashed and solid lines are hand-drawn
possible fits to the 90°, ,, data,

Shimanskiy S.S.
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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
An
o)

T s T L T
- 24 GeV CERN

m 28 GeV AGS
. @24 GeV AGS .

PQCD = A,=0at: |
High P,” and high energy

;ﬂgyi'ﬁ J‘Wf']ﬂr#‘ / — n
S NE




INCLUSIVE PION PRODUCTION

200 GeV Polarized Proton Beam
from Polarized Hyperon Decay
1990s Fermilab E-704
Yokosawa et al.
Phys Lett B264, 462 (1991)

A .~ 40% <<
QCD said A~0
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INCLUSIVE HYPERON POLARIZATION

Devlin, Pondrum, Bunce, Heller et al. 1976-80 PL (GeV/C)

Fermilab 400 GeV p+p => Lambda ---- O

Plot by Heller ~1980
with KEK & ISR data

P ~15-20 %
QCD says P~ 0

=~

e .l .6 S8 10 12 14

r"\ | v | v | T | T T T I e
-
S« 400 GeV o
b Y el
-~ ‘\é 2 F‘to/gzqu
TNy f
p +Be=A+X
12 Gev KEK X~ 5
. v ' T T T | iy
k\" 1 E B | i )
\“
| 400 gev—"X _

P+p=A+X i\"j“‘f“’“

= 2000 GeV Isp X~4
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KAKUE TTPOBJIEMbI MbI MOXEM PEWNTDb
HA KOMTTNEKCE HUKA N ... (?)



Nuclotron energy range

sqrt(2+0.938%(0.938+sqrt(0.88+x"2)))-2*0.938

3

2.5

sqrt(s)-2m_p 2

1.5

1

0.5

IIII]IIII]IIII|Illl]llll|llll|l

10

12

P_beam (GeV/c)




N

g-hwmu

NouU bdw

HIGH p; ISSUES at SPD and ..

NN - interactions mainly

. Flavor universality (pp- and nn-interactions) and polarization

unique possibility for SPD.

. Diquark. Proof of the existence and to define the
properties.

. Exotic states H(AA), tetra and pentaquarks, ..

. Nature of the huge spin effects (spatially in exclusive
reactions).

. FST (with s,c-quarks participation).

. AN - hypernuclei ?

NA- and AA - interactions

. Nature of CsDBM and CT (deep inelastic fusion).
. Subthreshold J/¥ production (polarization).

. The Deuteron spin structure at small distance.

. np(nn) dilepton anomaly.



NN Elastic scattering with
polarized deuteron beams :

0 T+pTopT+pT
oT+nTspTtant

for calibration

= New datal

NnT+nT>nT+nT _

By the way we will have the
counting rules verification!

pd, nd and dd - too!

38



Exclusive NN study at x~ 1 for \/syy < 6 GeV
(correlation for higher energies)

N T+N T— BB+ MM
B (p,n,@g, M(rz K, ..)
Mechanisms of hyperons polarization

NTNT— NN

Detail vertexes studies and
spin structure of the
interaction vertexes:

NTNT-BB+zz(KK) & ., o quark—quark)
N T N T_) AA q+(qq) — (quark —diquark)

(qq) + (qq) — (diquark —diquark)
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How can we get evidence for the existence of diquarks?

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

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

|/

% e |/
Sw. | #
S

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%. ~V/
We put qualitative characteristics of process with diquark and ways to distinguish

) ) ) ) Figure 4: Kinematics of particles in pp collision in the case of diquark-diquark scattering.
it from quark scattering in model-independent way.



High pr exclusive reactions -> MPI

do(pp — ppr’n’) 12 |- With uu and ud

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

RN T)_2  without

.\ - N(=%7%) 7 diquark
pl4pl—=p+p+a' 7 (@ 7). Naw)

= —>0 Diquark ud onl
! N(7Z'O7Z'O) q Y

>

diquark

A1(pp) —> O Diquark (5=0)
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High p; exclusive reactions -> MPI

p+ p - > An + KN




Exotic states production

pp - reactions with direct pentaquarks production

qq baryons
4

d d

pentaquarks
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Exotic states production

pp - reactions with direct tetraquarks production

tetraquarks

d — diquark I
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THE END
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