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This talk will be concerned with pp and pA collisions at √s ~ 20 GeV.

The implications touch all the high energy scale (LHC, cosmic), and heavy 
ion physics.

We introduce a new model, based on the exchange of soft color octets 
(gluons).

We find that the emergence of new color configurations of proton 
constituents provides a new, strong mechanism for baryon stopping.
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Proton-proton
vs proton-nucleus 
collisions

1. pp and pC data from the same  
    NA49 experiment 
   (Eur. Phys. J. C65, 9 (2010),      
    Eur. Phys. J. C73, 2364             
    (2013) ): protons, neutrons.

2. P(1)  - probability of proton        
    collision with one wounded        
    nucleon. 

3. Advantage: we can extract pC 
    collisions in  which the proton    
    collides with multiple (more      
    than one) nucleons.

Diffractive 
peak

NA49, 158 GeV
√s

NN 
=17.3 GeV

a

Jeżabek, Rybicki, PLB 816 (2021) 
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proton 
spectra
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Note: this is like in the
Dual Parton Model. 
A. Capella and J. Tran Thanh Van, 
PLB 93, 1980,
M.J., J.Karczmarczuk, 
M.Różańska, ZPC 29, 1985. 
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String fragmentation 
proceeds through q-q pairs
thus it starts from the
Diquark.

String fragmentation function into protons and neutrons: M.J., A.R., EPJPlus 136 (2021) 971
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Bonus...
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GEM in pp collisions

8/21

PLB 816 (2021) 136200

8/22Note: experimental data come from NA49, EPJC65 9 (2010).

Note: 
NET 
baryons

√s
NN 

=17.3 GeV
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pA collisions
(the valence diquark scenario) 

• GEM calculation is limited 
 to diquark-preserving
 diagrams (c,d) ;

• Exp. data: this                            
  diagram cannot be                     
  responsible for 100% 
 of baryon stopping ;

• Upper limit for this 
 contribution : 48% .

The model calculation 
includes the diagrams (c) 
and (d).

10/22

PLB 816 (2021) 136200

we need to go
beyond valence
diquarks 

Note: experimental data come from NA49, EPJC65 9 (2010), EPJC73 2364 (2013).

√s
NN 

=17.3 GeV
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“Y  object”

M.J., A.R., EPJPlus 136 (2021) 971 
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M.J., A.R., 
EPJPlus 136 (2021) 971 

(valence+sea)

decuplet
exchange

effective
diquark

valence
diquark
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Summary (1)

Five classes of events in the projectile hemisphere of pp/pA reactions: 
 
1. “inelastic diffraction" (→ very fast proton).
 
2. diquark made by two valence quarks (→ like in DPM).
 
3. effective diquark, made from one valence quark and one sea quark
    (→ softer baryon, specific to multiple collisions ).

4. effective diquark, made from two sea quarks (→ still softer baryon, 
    specific to multiple collisions ).

5. decuplet exchange (→ with large probability, no baryon in the
    projectile hemisphere, specific to multiple collisions ).
 

Artistic view of class 4 
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Statistical scheme for color representations of quarks in the proton, 
resulting from multiple gluon exchange.

Artistic view of class 4 

M.J., A.R.,
ArXiv: 2111.03401
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1. Two options:

(a) one gluon brings the projectile valence quarks into the color octet state. 
     N-1 gluons couple to sea quark-antiquark pairs ;

Color representation for valence and sea quarks: 

Effective diquarks: valence-valence, valence-sea, sea-sea .

(b) two gluons bring the projectile valence quarks into the symmetric color decuplet        
     state. N-2 gluons couple to sea quark-antiquark pairs ; 

Color representation:

No-diquark, or effective diquarks: valence-sea, sea-sea .
 

2. We reduce R into irreducible representations. 
 

3. For a given irreducible representation, we assume that the probabilities to form 
    an effective diquark are equal for all allowed quark pairs.

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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                                  24                    15*             6                         3*

15 15 ss diquark!

Dimension = 8

 3. The probability of obtaining an effective diquark of a given type can be obtained
by decomposition into irreducible representations, and assuming that probabilities 
to form a diquark are equal for all the allowed pairs of quarks.

For N=1 :  octet : For N=2 :  octet :

    decuplet :

For N=3 :  octet :

    

   decuplet :

10

15 6* 3

Pvv = 1

P0 = 1 no diquark

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.

Color representations for N = 1, 2, 3 gluons
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color octet
representations
up to 9 gluons

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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color decuplet
representations
up to 9 gluons

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.



 

19/22Marek Jeżabek and Andrzej Rybicki Quark Matter 2022, Kraków, 4-10 Apr  

Octet   Decuplet

no diquark

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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vs

ss

OCTET 94.5%, DECUPLET 5.5%

DECUPLET

CONTRIBUTIONS {

y

vv

Note: experimental data come from 
NA49, EPJC65 9 (2010), EPJC73 2364 (2013).

M.J., A.R.,
ArXiv: 2111.03401,
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N=6

Baryon stopping ≈ 
 

emergence of new color configurations of constituents of the baryon 
(valence-valence, valence-sea, and sea-sea diquarks), as a function of 
the number of collisions.
 

vv

vv

vs

vs

ss

y y

Note: experimental data come from NA49, EPJC65 9 (2010), EPJC73 2364 (2013).
Note (2): this calculation is made in 100% color octet approximation. Quark Matter 2022

M.J., A.R.,
ArXiv: 2111.03401,
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1. Spectra of baryons are governed by color configurations of constituent quarks 
(valence + sea);

2. These configurations depend on the number of exchanged gluons and are 
richer in the multiple collision process, which results in stronger baryon stopping 
as a function of the number of collisions. 

3. We found five classes of events in the projectile hemisphere of pp/pA collisions: 

inelastic diffraction 
valence diquark
 
effective diquark (valence+sea)
effective diquark (sea+sea) 
color decuplet exchange 

Conclusions and Future

Artistic view of class 4 

… thank you !

present already in pp reactions ;

specific to multiple collisions, 
leading to stronger stopping.
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Extra slides
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Constituent distribution  
(x

qi

, x
i
 - momentum fractions, µ-sea quark mass):

PLB 816 (2021) 136200
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vv

vs

y

N=2

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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N=3

vvvs

ss

y

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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vv

vs
ss

y

N=4

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.
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N=5

vv

vsss

y

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.



 

29/22Marek Jeżabek and Andrzej Rybicki Quark Matter 2022, Kraków, 4-10 Apr  

 

IFJ PAN press release
9 May 2019

N=6

vv

vs
ss

y

M.J., A.R.,
ArXiv: 2111.03401,
submitted to PLB.



 

30/22Marek Jeżabek and Andrzej Rybicki Quark Matter 2022, Kraków, 4-10 Apr  

The model calculation 
includes the diagrams (c) 
and (d).

46%  42%  12%

Empirical fit to pA collisions
(1) valence diquark, (2) effective diquark, (3) decuplet.

y

Prior to establishing 
the statistical 
scheme for color 
exchange, we 
attemped an 
empirical fit to the 
exp. data.

→ M.J., A.R., 
EPJPlus 136 
(2021) 971 

The result was 
essentially 
consistent with 
what was later 
obtained from the 
statistical scheme, 
see slide 20 for 
comparison.

M.J., A.R., EPJPlus 136 (2021) 971 

Note: experimental data come from 
NA49, EPJC65 9 (2010), 
EPJC73 2364 (2013).
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