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Outline:

QCD-evolution of nuclear structure functions

EMC-effect: ratio of nuclear structure functions

Cumulative processes in OcoldO flucton models

Flucton model EKKLS:
hard nuclear quark sea at large X

Summary
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Cold Superdense Baryon Matter

Hadronic

Liquid-Gas

MN Hg—>

Quarkyonic  state?

L.McLerran & L.McLerran & R. Pisarski (2007)
V. Braguta etal. (2016), E
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Perturbative  QCD: hard process factorization @

Two cornerstones of perturbative QCD
for inclusve hard process description:

- factorization of hard processes

- GLAPD-evolution
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Deep Inelastic scattering (DIS)

- Bjorken Ilimit:s-> !, Q2/s= const

- Bjorken scaling violation due to GLAPD-evolution
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% Deep inelastic scattering (DIS): structure functions @
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Wy(", Q%) I Fo(X)

2mpX

F1(x) = | g>f,(x), qs = parton’s charge

a

- Bjorken Ilimit:s-> !, Q2/s= const

- Bjorken scaling violation due to GLAPD-evolution
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Deep Inelastic process (DIS):

Momentum sum rule:
all partons (quarks, antiquarks and gluons)
carry protonOs momentum

1

parton sum rules

dx X [fu(x) + Ta(X) + Ta(X) + Tg(X) + 1s(X) + Tg(X) + ...] =1

0

Quarks in proton: baryon number conservation

1
Of dx [fu(x) — fa(x)] =

1
Of dx [fs(x) — fe(x)]
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Hard processes in QCD

Perturbative  QCD for hard processes
Q 2/s=x Dfixed,s " | (Bjorken Ilimit)

- Factorization of hard and soft contributions
In leading twist
A.Efremov & A.Radyushkin (78-81)
A.Mueller , J.Collins , D.Soper ,G. Sterman , B

BED = paon L EOCI@ES)ELE (11 @OFS)

- GLAPD Q 2-evolution
V.Gribov & L.Lipatov (71-72), G.Altarelli & G.Parisi (77), Yu.Dokshitzer (77)
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Structure functions of free nucleon and nucleus:
deep Inelastic scattering

Factorization of hard and soft contributions
for DIS on free nucleon and nucleus:

) HARD : parton ! FN(X’ Q 2) T (1/Q 2)

" e = e NGO s ((U(O) 2

factorization does not depend on type of target !

1 . # 8
YRR (OGO = G nF (U2 fau(n,u?)+ O 2

FA(n1Q2)
4
) = 0 dx dx™ f (x);
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Nuclear structure function:
deep Inelastic scattering
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Nuclear structure functions: @

GLAPD-evolution (RG-evolution) for NonSinglet
] ] : #
\\fA = V%V = 7> Na(Q%)  $ Va(n, Q%) = T,°(n) &Vn(n, Q%)
A N
1 X _*d
Vi, @)= TV 1@ TH

1 A
T=T(), VaVn%0$ T%0, TY(y)dy=1.
0)
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Nuclear structure functions: @
GLAPD-evolution (RG-evolution) for Singlet

fi
i

In # Ta

da + C* gn

S(n, QZ) = qu(n) S(n, QZ) T qu(n) G(n, QZ) :

SN(H,GZ) & | i o SA(”:QZ)
0y © 1 fadn) Kol = o
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% Nuclear structure functions: @
GLAPD-evolution (RG-evolution) equations

Sa (X, QQ)— TS(y)S 5 Q% dy

G(x.QY)= TS(y)sN X Q? dy

j ..
gé Va(n, Q%) = TNS(n) 4V (n, Q2) 5 Va(x, Q2) = TNS(y)v £ Q? dy
é Sa(n, Q?) = TS(n) Sy (n, Q%) = g

Ga(n, Q%) = T>(n) &Gn (n, Q%)

HXqd _ #Xg

s i |
HXqd  #Xg R
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EMC-ratio for nuclear structure functions

® BCDMS Fe/D
O Arnold et al. Fe/D
O Stein et al. Cu/D
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SLAC (1987)
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Nuclear structure functions: nucleon distribution

R(05) = 1% !1"k = 1 %! 4
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Nuclear structure functions: nucleon distributions @

A Siremov, A.Kaldalow, VI, G.Lykaseov & N.Slavin = EKKILS (19388)
F.-ratio (Singlet):

S n e 7
S 15 2 4L d To( )1 TR =R
0
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EMC-effect In Deutron : JLAB

Valday ,1June 2018

CJ12

systematic errors
Kulagin and Petti

' W>1.4GeV; 4 GeV data ,
' 4+5 GeV;, W>1.4 GeV; Q >1 GeV? T
-0. 10(5)x+1 03(2)
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dR* ;o /dX

EMC x-slope: R, (A/D)-dependence

0.105(4)Ry, x/dof=1.22
- - - 0.094(3)Ry, x*/dof=1.15

RoN(A/d)

L. Weinstein et al (2011)

J. Arring
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EMC effect: momentum Ore-pumpingO: @

from valence to sea quarks Efremov (1986)

i

12+ N, /D,
) X'/N= 852/12  T/m= 002120002

11l Ke/m= 023120 014

:DQL'}
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1 .

BCDMS (1987)
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Nuclear structure functions at large X:
multiguark  fluctons

Faly) = " ko1 PeFr(y)
F(y) = Gy (k%y)°r
A.Efremov, A.. Kaidalov , VK, G.Lykasewv ., N.Slavin . - EKKLS{1988) =

- Hard quark sea at X > 1: S,(x) ~ S, (x) + A, V,(x)

- Flucton fragmentation based on quark-gluon strings model

Nuclear structure functions at large X
in LO and NLO with TMC and higher twists
VK (199%).
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Nuclear structure functionat X > 1
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Nuclear structure functionat X > 1
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SRC Pair Fraction (%)
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R.Subedi
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Cumulative Processes:

generic definition:

processes beyond one free-nucleon kinematics

- fixed nucleus target: backward particle production

data: G.Leksin

etal. (57), M.Mescheryakov etal. (67), B

- nucleus projectile fragmentation:
particles with momentum > momentum per nucleon

scaling: A.Ba

Hot models:
rescattering
V. Kopeliovich

Cold modeils:

fluctons , short-range nucleon correlations,

D. Blokhintsev
L. Frankfurt, M.

QUARKS2018,

Idin (1971), data: V.Stavinsky etal. (1971)

EfremovOs classification: hot and cold models

. resonances, fireballs, final state interaction,
M.Braun & V. Vechernin , B >I

multiquark

bags, B

, V. Lukyanov , A. Efremov ,V. Burov , A. Titov ,L. Kaptari ,

Strikman , A. Kaidalov , VK, G. Lykasov , B
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Cumulative Processes: definition

OColdO models ->
- Nuclear processes beyond one free-nucleon kinematics

- scaling property

Cumulative processes (definition):

scaling nuclear processes with X > 1
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Cumulative processes: projectile particles
60r

o o i v
e, g+
401 ; e
e PTA
ol ! . &+A
+ « & +A
201 A KK+A
PGl
10 <o (+A
0 | | . .
0,1 1 10 100 1000
E,, GeV

Energy of projectile E :
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Cumulative Processes: scaling properties

How to distinguish “hot” and ‘“cold” models?

“Hot” models:
rescattering , resonances, fireballs, final state interaction, B
may Oingnite O hot medium, etc. ->
dependence on projectile hadron/nucleus

nonlocal interactions ->
no scaling properties !

“Cold” models:
fluctons , short-range nucleon correlations, multiquark bags, B

local interactions ->
scaling properties !
nhuclear parton struction function
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Cumulative processes: backward particles

Exp (-T/T ;)

i
Eds3" /d3p
105 p+Pb —n+X
‘ 7,5 <7=/!
119;
104 -
10°_
2
102 | | | |
0 50 100 150 200
Kinetic energy T, MeV
1 Devaporation
2 Dcumulative
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Cumulative  proceess : superscaling ! @

Ed3" /d3p

e "® 119;
i ® i 119! A.Efremov , A.Kaidalov , VK,
10t ® 1 Gllykasov |, IN:SlavinSs(@Eee)
e | . :za’ ﬁg' prediction for

¢ . 110;  Pure OseaO particles:
19t = * Bt K -
s . & D, 119 _
10% I~ : 4 # 7,97 antiproton
1092 [ o PN
A' ¢

02t - A A ¢

o gt . equal slopes:
10% |- A 3 ¢  superscaling !
o e e . . ITEP data:

& o Leksin et al. (1989)
g "
L/

10E)9 of “
10’&)10 | | | | I |
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| il - X
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Cumulative processes:
~ hard OcollectiveO nuclear sea at X > 1

hard OcollectiveO quark sea in nuclei confirmed by data

X 15 -
o[ h { sz Be
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PE ! 2 X 3 1.2 15 X 20
V. Stavinsky et al. (82) Yu. Kiselev etal. (89) L. Zolin etal. (92)
£ w
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w0l }‘ } }Cu
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beam:

fixed targets: C
FODS-2, Bogolyubsky

Cumulative processes:
Carbon beam @ IHEP NRC KI ( Protvino )

€ 1220 GeV /N forward fragmentation

12’ Pp 207

et al. ( Baldin Conf, 2016)
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7 Cumulative processes at NICA: @
e Cold Superdense Baryon Matter

Cumulative
=5 7

Hadronic

Liquid-Gas

My  Hg—
L.McLerran & R. Pisarski (07)
Lattice: quarkyonic at # >5# , V. Braguta etal. (16)
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Nuclear structure functions at large X
vS cumulative processes

Low Q= :
Flucton fragmentation based on quark-gluon strings model
A.Efremowv, A.. Kaidalow, VK, G.Lykasewv ., N.Slavin_ . - EKKLS{1988) "
Cumulative process JINR, ITERP, IHEP- _ - =~

High-and moderate Q- ~.2:
Nuclear structure functions at large X
in LO and NLO with TMC and higher twists
VK(199%1).
Cumulative DIS process-BEDMS; JLAB __ - ~

Unified description at low, moderate and high Q2: ?
in_progress=<

QUARKS2018, Valday ,1June 2018 Victor Kim PNPI NRC KI , Gatchina & SP bPU



Cumulative processes at NICA: @
Cold Superdense Baryon Matter

How cumulative particle production will shed light on
Cold Superdensed Baryon Matter?

Cumulative process at NICA:
BM@N experiment: X >3 -57

Working group
Cumulative particle production and observables

A. Andrianov , M. Braun, VK, V. Vechernin et al.
A.Stavinsky , S.Shimansky et. al.
(PNPI, ITEP, SPbU , SPbPU & JINR)
IN progress

MC event generator HARDPING with nuclel
Ya.Berdnikov , VK et al.
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Summary

| Evolution of nuclear structure functions at large X

Multiquark  fluctons
EMC effect
Cumulative processes
Cronin effect

' Flucton model and Cold Superdense Baryon Matter:
phase transition?

chemical potential?

Isoscalar dominance?

guarkyonic  phase?
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