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SEARCH FOR ONSET  OF THE TRANSITION REGION ,hadrons q g→

Three remarkable  phenomena:
COLOR TRANSPARENCY    A(p,2p)B
CONSTITUENT COUNTING RULES
MULTIQUARK CONFIGURATIONS
… Double polarized  pN-elastic scattering at 90o

includes all these features 3 5.5NNGeV s GeV≤ ≤

“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,  e-print: 2212.11107[hep-ph]; 
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1. DIBARYON RESONANCES
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DIBARYONS  IN pp  and pd  collisions

ANKE@COSY

Tetraquarks, pentaquarks at LHCb …  Octoquarks(?)
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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, S. Brodsky; 1982) 

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 necessary condition for factorization in exclusive hard processes

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



3. Constituent Counting Rules

Matveev, Muradyan, Tavkhelidzhe - self silimarity
Brodsky, Farrar    - pQCD
Polchinski, Strassler - AdS/CFT duality 



Indication  to  octoquark configurations
in hard  double polarized pp-> pp 
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90cmϑ = 
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SPIN-SPIN EFECTS IN HARD pp ELASTIC SCATTERING



pp(90o)-dynamics at very short distances:
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25 7 , 5 10 : 1/ 0.1NNs GeV t GeV r t fm= − − = − − ≤

Three aspects of QCD dynamics in pp(90o)-elastic: 

i) but   unexpected   oscillations at s=10-20 GeV2

ii) x experiment  contradicts to pQCD : ANN
pQCD=1/3

10( , 90 ) ,pp
cmd s sσ ϑ −= 



iii) Bump in  color transparency in A(p,2p)  at 4.9 5.5NNGeV s GeV≤ ≤
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S.Brodsky, de Teramond, PRL 60 (1988) 1924. 
Possible explanation   for all three observations:
assumes octoquarks at the thresholds ,ss cc
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Interference of pQCD term  and  non-perturbative resonance term 
allows one to explain all three above  features 

Octoquark resonances: 1J L S= = = uudssuud 3s GeV=

uudccuud 5s GeV= [ / ]pp p J pψ→

pQCD QIM
3 ( , )Mφ = +− +−





● J. Ralston, B.Pire, PRL 61 (1988) 1823
Nuclear filtering : 

- quark counting (PLC -size);
- Ladshoff (normal size);

Attenuation  for        in nuclear medium

● due to intermediate (very broad,
)              resonance formation 

at the charm threshold , S. Brodsky , G. F. 
de Teramond, PRL  60(1988) 1924

PUZZLE
Unexpected drop of T in  
A(p,2p) at high  P_L is not  
understood:

15

CT for baryons
A(p,2p)

1GeVΓ  6qcc

pp QC Lf f f= +
QCf
Lf

Lf
?

D. Bhetuwal et al. (Hall C), PRL  126 (2021) : СT is excluded  in 12C(e,e’p)  for Q2 up to 14 GeV2
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J.P. Ralston, B. Pire.
PRL  61 (1988) 1823;
PRL  49 (1982) 1605

/
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Nuclear filtering mechanism for CT

Another explanation of pp-oscillations in d\sigma/dt  at 90o and CT bump:
( but not for ANN )
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J.P. Ralston, B. Pire, PRL 61 (1988) 1823 A. Carroll et al. PRL 61(1988) 1698 ; A(p,2p)

For future:
i) s-dependence at 
Ii) 

60cmϑ = 

p pπ π→
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About  phenomenology of pN- elastic  scattering at           = 3-6 GeV

pp-Regge, see also:  A.Sibirtsev
et al. EPJ A(2010)
PL=3 - 50 GeV/c
-t< 2(GeV/c)2

W.P. Ford, J.W. van Orden, PRC 
87 (2013) 014004,
“Regge-model for nucleon-nucleon 
spin-dependent amplitudes”, s= 6 
GeV2

NNs

No model predictions in hard  pN- region



How to get a double – spin  correlations in 
pn->pn from dd->pnpn?
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Similar data on ANN in pn-pn elastic scattering will 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.
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Double spin correlations in pn->pn

A -> 0
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Polarization: 53%  for n, 75% for p

d p pnp↑ ↑ →
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Transversally polarized deuterons.  Hard pn elastic scattering 
at  90o. Nucleons p (0) and n(0) are spectators. 
The S-wave dominates in the deuterons  at 

( 90 )dd pn pn
cmNN NNA A θ⇒ = 

   

(90 ) (90 ) (0) (0)s sd d p n p n↑ ↑ → + + + 

1 / 2; / 2s s dp d n d= =
 

 

ISI@FSI and deviation from the  conditions of Eq. (1) are under estimation

(1) 

(2)

1 2

, ,
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Z Z Z Z
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S-waves :

S+D-waves: OZ || beam

(3)

(for any OZ)

1 2 0q q= =
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At  SPD NICA
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Pyy=0  for  Py=+2/3, -2/3

In this case measurement of Ayy in dd->pnpn
seems to be similar to that for pp->pp
( See Crabb et al. PRL 1978)

Comment  by N.M. Piskunov
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Elements of Formalism for dd->pnpn
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1 21, 1λ λ= + = ±
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But what about                   ?0λ =
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What about                   ?0λ =

N+=2n

N-=2n
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Two sets  of deuterons  beams:

N1 N2
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where
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OUTLOOK

●We do not  have good understanding  of  the most fundamental
process, as hard elastic NN-scattering , in particularly  at                          
and their relation to QCD  (CT,CCR… )

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

● A similar  data on ANN in hard pn->pn will provide  important
independent information  on the short-range NN-dynamics

● Measurement of Add
yy in 

will  provide Apn
yy in case of the S-wave  d.w.f.  dominance

(90 ) (90 ) (0) (0)s sd d p n p n↑ ↑ → + + + 

3 10s GeV= −
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S-wave

D-wave



Nucleon momentum distribution
in the deuteron
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CT for mesons production is well established
4

( , )He pγ π

70 90cmϑ = 

2.25E GeVγ =
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1.1 GeV 1.4 GeV

Excitation of the deuteron  to 
the D03 in pd->pd*(2380)

N.Tursunbaeyv, Y. U. in: Recent Prog.in Few-Body
Physics, (Eds. N.A. Orr et al.,2018) Chapt.76, p. 467-470
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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 (I=2) dibaryons.

Indication to the  D21:
P. Adlarson et al. PRL 121 (2018)
in pp->pp𝜋𝜋+𝜋𝜋-
at 1 GeV

DIJ
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P. Jain, B. Pire, J.P. Ralston, Physics 2022, 4, 579-589

QC

Landshoff
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