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SEARCH FOR ONSET OF THE TRANSITION REGION |radrons — q,g

“One of the outstanding issues of strong interaction physics is understanding the
dynamics of the transition between hadronic to quark-gluon phases of matter”.

F. Gross, P. Klempt et al., 50 Years of QCD, Eur.Phys.J.C 83 (2023) 1125;
e-print: 2212.11107[hep-ph]

Three remarkable phenomena in
the transition region:

COLOR TRANSPARENCY A(p,2p)B
CONSTITUENT COUNTING RULES
MULTIQUARK CONFIGURATIONS

Double polarized pp-elastic scattering at 90°
includes all these features 3.1 <. /v <550Ge1

NN —
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Indication to octoquark configurations
in hard double polarized pTpT-> pp




SPIN-SPIN EFECTS IN HARD pp ELASTIC SCATTERING

PHYSICAL REVIEW D VOLUME 23, NUMBER 3 1 FEBRUARY 1981

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
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pp(90°)-dynamics at very short distances:

Js =5-7GeV ,~t =5-10GeV? : 1, ~1/—t <0.1 fn

Three aspects of QCD dynamics in pp(90°)-elastic:
) Jdo™ (5,9 =90°) ~s7", but unexpected oscillations at s=10-20 GeV?

d —d
i) Aw= d{;?&;_l_d:g”; experiment contradicts to pQCD : A,=1/3

iii) Bump in color transparency in A(p,2p) at 4 9GeV < s <5.5GeV
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S.Brodsky, de Teramond, PRL 60 (1988) 1924. NRTT 8
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Possible explanation for all three observations: X
N Qh'_’_ v N

I

assumes octoquarks at the thresholds §5,cc 1 B

PP =24 PQD = 2y PRD =4 rCF () F )t —md)/ (u —mg) + (u<>1)1e’®

b=MO—) oAy =g 10 =34, [ 42D ==

I

3 pQCD QIM
Vs (1/2)rPP(s)
=127 41 (6 ,
o em T

Interference of pQCD term and non-perturbative resonance term
allows one to explain all three above features

Octoquark resonances: J =L =S =1 yudssuud /s =3GeV

uudccuud s =35Gev pp = plJ /1w p]

7



VOLUME 60, NUMBER 19 PHYSICAL REVIEW LETTERS 9 MAY 1988

Spin Correlations, QCD Color Transparency, and Heavy-Quark Thresholds
in Proton-Proton Scattering

Stanley J. Brodsky and Guy F. de Teramond

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 14 lanugry 1988)

0 5 10 6 8 10 12 14
(GeV/c) Plap  (GeVrc)

FIG. 1. Prediction (solid curve) for do/dr compared with
the data of Akerlof et al. (Ref. 16). The dotted line is the
background PQCD prediction.



CT for baryons

A(p,2p) PUZZLE

D. Dutta et al. / Progress in Particle and Nuclear Physics 69 (2013) 1-27 U“EXpECtEd dl’Op Of T il’l
A(p,2p) at high P_L is not

T T T T T T T T e A understood:
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D. Bhetuwal et al. (Hall C), PRL 126 (2021) : CT is excluded in 2C(e,e’p) for Q2 up to 14 GeV? 9
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Another explanation of pp-oscillations and CT bump:

J.P. Ralston, B. Pire.
PRL 61 (1988) 1823;
PRL 49 (1982) 1605

Nuclear filtering mechanism for CT
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Similar data on Ay, in pn-pn elastic scattering would be very valuable due to
different spin-isospin dependence of p-n (T=0) as compared to p-p.
This can be done at NICA SPD.

How to get a double — spin correlations
AP" in pnspn from dd->pnpn?

11




At NICASPD d'd" = p(90°)+n(90°)+ p.(0)+ n.(0)

Transversally polarized deuterons. Hard pn elastic scattering
at 90°. Nucleons p (0) and n(0) are spectators.

d, n(0) The S-wave dominates in the deuterons at ¢, =g, =0
D > S-waves : . N
/D p,=d,/2sn =d,/2 (1)
dd pn pn o
/ \ A]V]V — A]V]V (gcm = 90 ) (for any OZ) (2)
> StD-waves: g 4011 02,4,20MN 0z 0z|| beam
(0) Crr—C
d, p A;flz :>A§U§ _9%9,,"% v 3)

Crprt0 5,

ISI@FSI and deviation from the conditions of Eq. (1) are under estimation
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Elements of formalism for dd->pnpn

Me: = Z ﬂf[(dl — 12’)?:TNN(2’F3! — 23)?:]\/1({5 — 3"'4)
Lfi = (p3, — m3%, + i€)(p3, — m3 + ie)

! !
0503

d,

M(dy — 12") = —(e + ¢7 /m) < x1x2|dxr > /2mp2m,2my
1 1

1
= —(e+ ¢ /m)u(q) Ve (501 502 11Aq) \/2fm,p2?’n,n2md
T

d

ﬂf’fﬁ = Z 2mg < X1X5‘¢h1 > < X%Xﬂ(b;z > TNN(QI?)! — 23)

! !
0,503
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1 0109030 0102030 *
doxoe =3 D M%7 (dd — prpn) (M) 3727 (dd — pnpn))* =
01020304
1
=5 2 | <xea@Xas B)ltunlxo,r-0r (D)X =xa s (1) >
01020304
1 1 5,1 1 9 5 5
X(—O'l—)\l —O'1|1A1) (—0'4—)\2 — O'4|1)\2) U(ql) U(QQ) .
2 "2 2 2
A =+1LA ==%1
dox,=1n=11 = Y u(q1)*u(g2)*] < X2 (2)Xos Btpn|Xo, =41 (P)X0, =12 (n) > |7
doa=110=—1= Y _ u(q1)’u(q2)?| < Xos(2)Xos 3)ltpn|Xo, =11 (P)Xg,=—1 (n) > |
0203

Using Rsz—invariance

dc,, =do,_, =do_, =do,, =do. dG_iy =d0
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Polarization of the beam

m==1,0

Unpolarized deuteron beam

Py =

N_|_:N_: 0o="n
Pyy

m=+1 m=—-—1 m=20

2
N,=2n 0 n= Py = §,Pyy =0

2
0 N =2n ?’LZ?*P}/:—g,,Py}/:O

Vector and tensor polarizations:

Nm:—}—l _Nm:—l
Nim=41 +Nm=—1+Npm=o’
- Np=—i1 + N1 — 2N5—0

B Nm:+1 + Np=—1 + Nm=o
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PHYSICAL REVIEW C 82, 014003 (2010)

Vector and tensor analyzing powers in deuteron-proton breakup at 130 MeV

E. Stephan,'-" St. Kistryn,” R. Sworst,2 A. Biegun,1 K. Bcndek,2 L. Cicpal,2 A. De]tuva,?‘ E. Epelbaum,* A. C. Fonseca,’
J. Golak,? N. Kalantar- Nayeqtanakl H. Kamada,” M. Ki%.° B. Klos,' A. Kozela,® M. MahJour Shafiei, 6f A, 1\/Iicherdzir’1ska,'*I
A. Nogga R. Skibinski,’ H Wltala A. Wronqka J. Zejma,” and W lepcr

AnA A wr

TABLE 1. Set of the polanzatlon states used in the 'H(d, pp)n
breakup experiment. The maximum polarizations Pz, Pzz (for
100% efficiency of transitions in the ion source) and corresponding
combinations of the magnetic fields are shown. The x indicates that
the magnetic field is switched on, whereas the—indicates that the
magnetic field is switched off. I, denotes the full beam intensity. In
the case of transitions with medium field on, the beam intensity is
reduced to 2/3 of /1in the case of 100% efficient transitions.

Polarization Magnetic fields Beam
states SF1 — ME WE intensity

Py Pzz

0 0 — — — - Iy
+1 +1 X — — - I,
+L - x - - I
0 +1 X — X - % I

0 -2 - X - 21
+ % 0 X — — Ij
-2 (. - - X I

P,=0 for P =+2/3,-2/3

Comment by N.M. Piskunov

In this case measurement of A, in dd->pnpn

seems to be similar to that for pp->pp
( See Crabb et al. PRL 1978)
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Two sets of deuterons beams:

/ T

Pi=t2.Py= 42 2 2
1 — gi 2 — g P1:+§1P2:—§
N1 \ / Nz
Adr_ﬁ _Nl_NE
YY TN NG

In terms of doy, .,

2 - 2dﬁ++ -+ 2dU+{} -+ 2dJn+ + dogo — (2 . 2dU+_ + 2dt’)‘+n + 2dog_ + dﬂ'{}n)

Add —
YY" 9. 2oy, + 2doy g + 2dog, + dogo + (2 - 2doy— + 2do . + 2dog_ + dogg)
Using Rs—invariance Aﬁ _ dG, 1 —dO, _4 AY“;,N
S
dG, 41 +d0, + Edo'njn ?

Yu.N. Uzikov, A.A. Temerbayev, Phys. Part. Nucl. 55 (2024) 895;
e-Print: 2311.12605 [nucl-th]



OUTLOOK

e \We do not have good understanding of the most fundamental
process, as hard elastic NN-scattering , in particularly at s =3-10GeV
and their relation to QCD (CT,CCR...)

® Available data on double spin correlation in hard pp->pp are
intriguing. Theoretical interpretation is questionable.

e Asimilar data on Ay, in hard pn->pn will provide important
independent information on the short-range NN-dynamics

e Measurement of A% in a'd" - p(90°)+n(90°)+ p,(0)+n,(0)

will provide AP" ~in case of the S-wave d.w.f. dominance
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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 Laboratory of Physics, The University of Michigan, Ann Avbor, Michigan 48109

Measurement was made of do/dt forny +py—n +p atP;?= 0.8 and 1.0 (GeV/c)? at 6
GeV/c. The 6-GeV/c 53%-polarized neutrons from the 12-GeV/c polarized deuteron
T T beam at the Argonne zero-gradient synchroton were scattered from our 75%-polarized
d p —> pnp proton target. Both spins were oriented perpendicular to the scattering plane. We
found large unexpected spin-spin effects inn-p elastic scattering which are quite dif-
ferent from the p-p spin-spin effects.

onance by a factor of 12.5. By carefully tuning
the pulsed quadrupoles, the ZGS staff was able
n to jump this 0 - v, resonance and obtain a beam
n of 12-GeV/c deuterons with a neutron polariza-
tion of Py =(53+ 3)%.
N/ Measuring the polarization of these neutrons
p P was also a new problem., A fast “uncalibrated”

Polarization: 53% for n, 75% for p

20



Double spin correlations in pn->pn

LS N B B LS (R B |
1902

C NUMBER 14 PHYSICAL REVIEW LETTERS 1 OCTOBER 1979
IL p. [ 3
o 5‘1 { & - Spin-Spin Forces in 6-GeV/c Neutron-Proton Elastic Scattering
I . ]
K \"‘i . }i ] D. G. Crabb, P, H, Hansen, A, D. Krisch, T. Shima, and K, M. Terwilliger
o_ h%i’ — Randall Laboratory of Physics, The University of Michigan, Ann Avbor, Michigan 48109
A, )
al Lomudl (do/at)yy =(do/dl) (1 +2A +An),
: - 6 GeV/c
r Jf ] (do/dt)yy ={do/at) (1 - 2A +A,,),
-2 ; (do/at)y, = (do/dt) yy=<do/dt)(1 = Ay
PR ST S S S R T ] A -> O
1 2

P’ [(Gevic)?

(do/dt) vy + (do/dt) 14

A

—i

(da/dt) 4y
FIG. 2. The spin-spin correlation parameter, 4,,, —
for pure-initial-spin-state nucleon-nucleon elastic (d O ‘I,.-"rl d .}:' ) * I'

scattering at 6 GeV/c is plotted against the square of
the transverse momentum. The proton-proton and
neutron-proton data are quite different.
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Concerning the counting rate NV of this process one
should note that differential cross section of the pp-

elastic scattering at /syy =5 GeV and 0_, = 90° is

~107 ub/sr [2]. For the luminosity ~10” cm™s™ in

pp-collision |[24] this corresponds to N ~ 10_3/5.

However, for the scattering angle 6., = 50° this num-
ber increases by two orders of magnitude [20].

[=1,(1+ %};Ay ¥ %PfAj ¥ ggg?"cy,y)

P =pP =2 Nyp = L2 X2d6,, +2do,, + 2dG,, +doy,),
3 Ni, = L(2X2do,_ +2dG,, + 2dG, + dG,,),
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1. DIBARYON RESONANCES

WASA@COSY

H. Clement / Progress in Particle and Nuclear Physics 93 (2017 ) 195-242
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DIBARYONS IN pp

and pd collisions
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PHYSICAL REVIEW C 107, 015202 (2023)
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PHYSICAL REVIEW C 107, 015202 (2023)

ANKE@COSY

Resonant behavior of the pp — {pp},7° reaction at the energy /s = 2.65 GeV

D. Tsitkov®,! B. Baimurzinova®,"%3" V. Komarov,' A. Kulikov®,! A. Kunsafina®,""*? V. Kurbatov,’
Zh. Kurmanalyiev ®,"%3 and Yu. Uzikov® 43

Tetraquarks, pentaquarks at LHCb ... Octoquarks(?) 24



2.COLOR TRANSPARENCY

Color transparency (CT) is an unique prediction of QCD:

in the final (and/or initial) state interaction of hadrons
with nuclear medium must vanish for exclusive processes at
high momentum transfer (A. Mueller, . Brodsky; 1982)

CT is necessary condition for factorization in exclusive hard processes

For latest review of CT see:
D. Dutta, K. Hafidi, M. Strikman, Prog. Part. Nucl. Phys. 69 (2013) 1;
50 Years of QCD (2022), G. Sterman, P. 5.10

CT is well established for meson production,
for baryons is questionable (see A.B. Larionov, PRC (2023) and references therein).
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CT for mesons production is well established

H e( 7/ o T p ) D. Dutta et al. / Progress in Particle and Nuclear Physics 69 (2013) 1-27 15
g * JLab E94104 508 « JLab E94104
5 W Glauber with CT & SENE Glauber with CT
] il Glauber 5 Glauber
£ £
o7t Sort

E,=225GeV | \\\\\
P %\\\\\
0.6 F 0.6 I

0.5 — 700 0.5 |

0.4 . I . I . I . 0.4 . I . | . I . I . I .
0.5 1 1.5 2 2.3 1 1.5 2 25 3 3.5 4

Iti[{GeV)7] [ti[{GeV)?]

Fig. 13. The nuclear transparency of *He(y, prr) at 87, = 70° (left) and 6T, = 90° (right), as a function of momentum transfer square |t| [80]. The inner

error bars shown are statistical uncertainties only, while the outer error bars are statistical and point-to-point systematic uncertainties (2.7%) added in
quadrature. In addition there is a 4% normalization/scale systematic uncertainty which leads to a total systematic uncertainty of 4.8%.
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DIBARYON RESONANCES

F.J. Dyson, N.-H. Xuong,
PRL 13, 815 (1964):

Search for non-strange
isovector (I=1) and
isotensor (1=2) dibaryons.

Indication to the D,;:
P. Adlarson et al. PRL 121 (2018)

in pp->pprtm
at1 GeV

TABLE III. The mass of non-strange dibaryons (MeV).

DIJ

y s 17 [f] M Mexy,
Dy, 2 0 0 1 [33] 1876 1876
D, 2 0 | 0 [42] 1883 18787
Dy, 2 0 0 3 [33] 2351 2380
D+, 2 0 3 0 [6] 2394 ?
D> 2 0 1 2 [42] 2168 21487
D>y 2 0 2 1 [51] 2182 21407
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