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Result: we find that eff. theory in terms of non-perturbative TPCF 

describes the fluctuations at distances gx / p < x < M -1
                            

 s 0 b( ) ~ m2 b( )a b( )                                         GK 2010 

 

Flux-tube scheme: 

§ x ~ m -1  the penetration length of color-electric field 

§ x ~ r
s
    “string”-like radius  

§ l ~ m
f

-1  coherent length of scalar (dilaton) condensate 

§ t = 4 / 3a( )x  formation time of flux tube (®¥ @ CEP) 

 

Ø For SU(3), m » 1.95 s 0                               Baker et al., 1997 

 

ü Lattice: Tc » 0.65 s 0  

 

Effective theory applicable in deconfined phase T
c

< T < 3T
c
 ! 
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Sample with production  

AA  ( pp)® high  T  quark - gluon   bubble ® hadronization ®
® chaotic   pion 's   production   with   different   directions ,   momenta ,   

angles

00    ,  ,


Bose-Einstein Correlations @ finite T

Def.: 

BEC’s are the quantum effect which enhances the 

probability that multiple bosons be found in the 

same state,  same position, same momentum 

What’s happened once the critical T is approached and above

• Shape of correlation behavior?

 Correlation radius size?

 Other characteristics to be measured?
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 Size of the particle source 
· Possible approach to CP study through spatial correlations 

of final state particles     

· Size effect of space composed of “hot” particles !   derive 

theoretical formulas for 2! ,..., N !   particle distribution-

correlation functions (stochastic, chaotic behavior)     
Stochastic scale (size) in C’s Bose-Einstein        GK (2008-2010) 

 

  C2 q, !( ) ! ! N( ) 1+ ! ²( )e² q2Lst
2# %
&,     ! N( ) =

N N ! 1( )

N
2

 

                                                         event-to-event fluctuations 

Chaoticity function: 

! ²( ) =1 1+ ²( )
2

0 < ² < #  , N ~ V d!  m2 1

e
! ! m( )! ! 1

²  

b x( ) = a x( ) + R x( ) !R p
m( ) = ! ² p p( ) ² = a + p( )a p( )  GK’98-02                                                     
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Charactersitic	size	of	the	Correlation	source	

In	terms	of	Ginzburg-Landau	criterium	kGL 	

	

«Radius»	increases	with			n ~ nch

	
R ~ Lst ~

n kGL

2

kT

2  T 3

!

²
#

%
&

1/5

GK	(2009)

	

	
																																																								ATLAS	Coll.,	Eur.	Phys.	J.C75	(2015)	466	
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Dip-effect @ 7 TeV CMS (2011)
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 Random Fluctuation Walk     (BM Þ AM) 
 

Random stochastic (chaotic) walk with respect to quantum 

correlations of identical particles. Cross-over walk.         

                                Model 1D x-oriented       (-¥ < x < ¥) 

P x;l,mc( ) = p l j 1

2

p

t
e-y-

2 j /4t + e-y+
2 j /4t²

# %
j=0

¥

å  

 

y
±

j = xm
c
± a j ,   a = m m

c( ) >1 t = l m
c

 (lattice spacing) 

 

lim
l®0
mc¹0

! P x;l,mc( ) = p l( ) l jp d xmc - a j( ) +d xmc + a j( )%
&
¢

j=0

¥

å  

p l( ) =
1

2p
1- l( ),   0 < l £1,    NC: 2 p + lp + + l j p +( ) =1 

The limit l®1Þ  broad behavior of P: vicinity of CP is approached 

                                   l ® 0  Þ   P x;l ® 0,mc( )®1/ 2p( )     trivial 
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 Random fluctuation weight  !  
                            

Vicinity of CP: theory conformal, scalar dilaton field !  

 

 ! ² ! #( ) = 1+ # N( )%
&
¢

( 2

  stochastic (external) influence strength 

  ! N( ) !
1

n kGL

2
O

m!

2

m2

²

#

%

&
¢                  

Dual Higgs-Abelian gauge model (A
m

! B
m
 ) 

                                    dual superconductor QCD vacuum 

k
GL

m
!

m
B

<1 vacuum type ² I two flux tubes attracted

>1 vacuum type ² II two flux tubes repel

#%

&%
  

  

         CP: kGL ! ²  as ! ~ mB

! 1 ² #  fluctuation length/ 

          penetration depth of color-electric field/radius of the flux tube 
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 Analyticity of probability  P x ! m
c( )     

Large x  (sharp increasing of L
st
) / or k ! 0 (IR analogue) 

To smooth the particularity (speciality) of P x ! m
c( )  

P x ! m
c( ) ² G k ! m

c( ) = p !( ) ! j k

m
c

a j
#
%

&

¢
( G 0 !( ) =

1

2)
j =0

+  

Fluctuation length through the even moments of the order 2s : 

 

!
2s( )

2 ²( ) m
2s( )

²( ) =
#2sG k ² m

c( )
#k 2s k =0

 

 

Ø Finite !  will provide analytical form of G , however 

large ! ²  non-analytical behavior of G  @ k ! 0 

The dual QCD vacuum will influence (through k
GL

) !  up to cross-

over: unified process of phase transition between BM and AM 
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 Analyticity of probability  P x ! m
c( )  cont’d I 

 

 G k ! m
c( )   in terms of CBE function C

2
q !( )                         

 

G k;! ,mc( ) ~
const

C2 q;!( ) ! 1
,   C2 q;!( ) ²

C2 q;!( )
! N( )

,   0 < ! # 1 

 

CP:   
! ² 1

! l h s ² #        and     

! ² 1

! r h s ² #  

Fluctuation length result:  !
2s( )

2 ²( ) = p ²( )
a j

m
c

#
%

&

¢
(

2s

² j

j =0

)

a =
m

m
c

>1 

Converged @ a m
c( )

2s

! <1, !
2s( )

2 ²( ) # p ²( )mc

2s 1+ a 2s²( ) finite 

                      If m ! m
c

 and  ! ² 1   ! ² #   divergence of  ! ²  CP 
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 Analyticity of probability  P x ! m
c( )  cont’d II 

§ Infinite # of divergent (singular) terms in G k ! m
c( )    

Why?  

Because wide range of  ! m ; singularity @ k << m
c

k ! 0( )  

§ To find non-analytical part @ k ! 0  

G k ! m
c( ) =G

BM
k ! m

c( ) +G
AM

ak ! m
c( )  linear non-homog. eq. 

 

BM   G
BM

k ! m
c( ) = p !( ) k m

c( )   regular if k ! 0 , for all !  

 

AM   G
AM

k ! m
c( ) = ! G ak ! m

c( ),  for  a ! 2 < ² <1 

 

G
AM

k ! m
c( ) ² 0 if ! ² 0    The phase with BM does exist only 

       While G ak ! ² 0 m
c( ) ² 1 2#( ) km m

c

2( )  Finite 
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 Special solution for AM 
 

GAM k;! S( ),mc( ) = C ! S( )( ) k / mc( )
! ² S( )( )

Q k( )   

 

 ! ² S( )( ) = ln
Q k( )

Q ak( ) !! S( )

²

#

%

&
¢ / ln a,   a >1   

 

                     !  associated function of the 1
st
 order to the 

measure !  with the proper function of the operator of dilatation 

transformation u : uQ k( ) = Q ak( )  

For any a = m m
c( ) >1:            Q ak( ) = a !Q k( ) + a ! a( ) ²Q0

k( )  
Vicinity of CP (a  close to 1 from above)   Q ak( ) ! Q k( ) 

Finally, ! ² S( )( ) ! ²
ln ! S( )

ln a
+!

#
%

&

¢
(, 2 S +1( ) ! ! ln a ² ² S( ) > 2S ! ! ln a  
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 Fluctuation length (cont’d)  @ CP 
 

 The solution of Q k( )  through the functional dilatation 

equation u Q k( ) » Q a × k( )  
 

Solution with smoothly changing function, e.g., the log-

periodic one with the period a( ) 

 

Method:   k ® k( ) a × k ® a( ) = k( ) 

Q k( )
1

a
b

m
2pm

k

a
+ J

m

#
%
%

&

¢

(
(m=0

¥

å  

If b
m

=1 J
m

= 0Þ Q k( )
1

2 a
1+ d

k( )
a

- m

#
%
%

&

¢

(
(

m=-¥

+¥

å
+

,

.

/

0
0
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 Solution for AM phase 

 G
AM

k ! m
c( )

i ² #2

² #1( )
%

² #2( )
2 !( )

k

m
c

²

1

a
b

m
2&m

k( )
a

+ ¢
m

(

)

+

,m=0

.

/  

Divergent if a) ! ² 1 because of ! ²( ) 

                    b) a =
m

m
c

! 1 from above 

 

Ø C ! S( )!² #=
i! %2

& ! %1( )
!

² %2( )
2 !( )       used within calculation 

 

The AM disappears if  
! S( )

S
² 2 as  S ! ²  at ! S( ) ² 0 
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Results: 

 
a).  C2

exp  is the monotonous function with the Dip-effect  

     @ small N , far away from CP. 

b). Hot emission volume: CP signature: C2

exp =1. 

                                       Dip-effect disappears as N >>1,  

c). Source size Lst  increases (smoothly) with N  at low T . 

d). Lst  blows up as T ! Tc due to ! N( ) ² 0, mh ! 0; 

     Lst  singular @ transition point, CP. 

e). !!  decreases with kT ; !! ! 0 as T ! Tc  where ! ! ² . 

 
Too rapid phase transition can include the explosion of a 

“hadronic fireball” just after a phase transition 
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 Results to RFW 
  

1. Theoretical search for CP, cross-over between BM and AM 

in 1D random fluctuation walk accompanied by the CBE. 

2. Main points: ! , ! ²( ), m
2s( )

!( ) ²
2s( )

2 !( ), a = m m
c( ) >1, k

GL
. 

3. Solution: BM (regular) + AM (singular). 

4. Smooth ! ²( ) #  BM 

                  ! ²( ) # 1 (strong particle chaoticity)          !  AM 

                  asymp. behavior at k ! 0  (IR), large x  is approached 
                                                                                !  

                                                         infinite size of particle source. 

5. Close to AM: k
GL

!
1

n

2

m m
c( )

2

² 1
 

                                                     CP (cross-over)   k
GL

! ²  at m = m
c
.  
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