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 p1 

  p2 

x1 

 x2 

nnt , t 

, nns , s 

2 

1 

0 |q| 

1/R0 

total pair spin 

2R0  

KP’71-75:             Correlation Femtoscopy 

exp(-ip1x1) 

x = x1-x2 

q = p1-p2 

Fermi’34 
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  b{1+ exp[-(RqT/2)2]}  

Static source: 
disk of radius R 
and lifetime  
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A study of the interference effect in identical particle pairs for 
inclusive p-bar p interactions at 22.4 GeV/c 
Yad.Fiz. 27 (1978) 1556-1564. 

R=2.40.3 fm 
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CF = 1 + a exp[-(RqT/2)2 - 2q0
2] 

 

 
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Velocity dependence of the interference effect  
     an evidence of a non-static pion source 

Example:   pion + Resonance () model 
 
                 l* =  decay length in PRF 
                     =  pdec/(m)     3 fm  
 
       q0=vqL         v = rL  l* 
 
 
Other examples of non-static models 
(radii decreasing with the pair velocity):    
                                strings 
                                hydrodynamic expansion 



Particles on mass shell & azimuthal symmetry  5 variables: 
q =  {qx , qy , qz}  {qout , qside , qlong}, pair velocity  v = {vx,0,vz}  

Rx
2 =½  (x-vxt)2 , Ry

2 =½  (y)2 , Rz
2 =½  (z-vzt)2  

 

 

q0 = qp/p0  qv = qxvx+ qzvz  
 

 

y  side 

x  out    transverse    
                    pair velocity vt 

z  long   beam 

Podgoretsky’83;  often called cartesian or BP’95 parameterization   

Interferometry or correlation radii: 

cos qx=1-½(qx)2+..  exp(-Rx
2qx

2 -Ry
2qy

2
 -Rz

2qz
2

 -2Rxz
2qx qz) 

Grassberger’77 

RL’78 



4-6.02.2006 R. Lednický      dwstp'06 
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3-dim fit:  CF = 1 + exp(-Rx
2qx

2 –Ry
2qy

2
 -Rz

2qz
2

 -2Rxz
2qx qz) 

z x y 

Correlation strength or chaoticity 

NA49 

Interferometry or correlation radii 

KK STAR     
Coulomb corrected 



pion 

Kaon 

Proton 

← Emission points at a given tr. velocity 
px = 0.15 GeV/c 0.3 GeV/c 

px = 0.53 GeV/c 1.07 GeV/c 

px = 1.01 GeV/c 2.02 GeV/c 

For a Gaussian tr. density profile:  
(r) ~ exp(-r2/2RG

2)  

and a linear flow velocity profile:  

F (r) = 0 r/ RG    

0.73c  0.91c  

Rz
2 2 (T/mt)  

Rx
2= x’2-2vxx’t’+vx

2t’2       

Rz      = evolution time       Rx    = emission duration 

Ry
2 = y’2  

Ry
2  = RG

2 / [1+ 0
2 mt /T] 

Rx , Ry    0 = tr. flow velocity     pt –spectra    T = temperature 

t’2   (-)2  ()2 

BW: Retiere@LBL’05 
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π, K, p, Λ  STAR 200 AGeV Au+Au) radii 
show mt scaling expected in hydrodynamics 
due to collective flow 

ππ 

pΛ 

pΛ 

 KsKs 



STAR Au+Au at 200 AGeV         0-5% central Pb+Pb or Au+Au         

Clear centrality & mt dependence         Weak energy dependence         

R ↑ with centrality &  with mt only Rlong slightly ↑ with energy 

     Rside R/(1+mt 
F2/T)½    

 
Rlong  (T/mt)

½ 
 tr. collective flow velocity F   

 Evolution (freeze-out) time  



Femto-puzzle I 

Contradiction with transport  
and simple hydro calcul. 

- Small space-time scales   

- their weak energy dep. 

- Rout/Rside ~ 1 

Basically solved due to the 
initial flow increasing with 
energy  (likely related to the 
increase of the initial energy 
density and partonic energy 
fraction) 
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Cassing – Bratkovskaya: Parton-Hadron-String-Dynamics 

Perspectives at FAIR/NICA energies 



3D 1-fluid Hydrodynamics 

Rischke & Gyulassy, NPA 608, 479 (1996) 

With 1st order 
Phase 
transition 

Initial energy density 0 

Long-standing signature of QGP onset: 

• increase in , ROUT/RSIDE due to the Phase transition 

• hoped-for “turn on” as QGP threshold in 0 is reached 

• decreases with decreasing Latent heat & increasing tr. Flow 

                                                                         (high 0 or initial tr. Flow) 



Femto-puzzle II 

No signal of a bump in Rout 
near the QGP threshold  

(expected at AGS-SPS  
energies) !? – likely solved 

due to a decrease of 
partonic phase at these 

energies 



21 

Imaging 
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                  Conclusions and prospects 

             related to Correlation Femtoscopy 

 
 Wealth of data on correlations of various particle species 

(,K0,p,,) is available & gives unique space-time info on 

production characteristics including collective flows 

 

 Absence of fluctuation & femtoscopic signals of CP and 1-st 

order PT at √sNN < 10 GeV is likely due to a dramatic decrease of 

partonic phase with decreasing energy 

 

 Search for the effects of QGP 1-st order PT (onset and CP) can 

be successful only in dedicated high statistics and precise 

experiments like NICA and FAIR allowing, particularly, to search 

(beyond the usual Gaussian radii) for the enlarged emission 

duration 
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Study of 0 meson spin alignment in pp and pp interactions 
NPB 294 (1987) 1037 
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A strong 0-meson spin alignment observed in the transverse 
system (z  production plane):  00

T > 1/3 
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00
T = 11 + 1-1 

|1-1|  11   ½  a large 00
T requires a small 00=1-211 

                                                                           OK  

Relating  spin density matrix in transverse system  
and any system with the z-axis in production plane  
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As expected, the spin alignment in transverse system 
increases with pt 
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At 12 GeV/c a clear spin alignment 
 effect is seen also in the events with 
identified protons: 00

T = 0.650.12 
 
 The effect is not due to annihilation 

 
Being absent (or small) in pp 
it is likely related with VV contribution 
in the quark fusion (recombination) 
model 
 
The model describes the data 
assuming  00

T = 0.6 for VV fusion 
                   00

T = 1/3 for VS, SS fusion 
 
A possible alignment mechanism is the 
quark polarization in the confining field: 
 

00
T =(1-ij)/(3+ ij)  for ij fusion 

 

i= -j = V  > 0   for VV fusion 

i= -j =  > 0     for SS fusion  ( « V) 
 



                  Conclusions and prospects 

             related to the spin-alignment effect 

 
  The quark (polarization) model is supported by a large 

transverse hyperon polarization observed in the K- 

fragmentation: 

                               P = 32 P = V > 0 

 

   Assuming that the quark polarization arises due to an 

elastic interaction with the color field (i.e. Pq=Aq), one can 

explain also the polarization asymmetry observed in the 

fragmentation of polarized protons to mesons; e.g., using  

     SU(6) WF one has for   p    (Pu = -2Pd = ) : 

                               A+ = - 2A-= 2A0 =  V  > 0 

 

  To clarify the mechanism of the observed spin alignment 

effect as well as the role of a possible coherence of the 

amplitudes, one has to study the effect for other vector 

mesons ( ?) in various reactions 
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 

Contemporary language:  
   kt-dependent PDF’s or PFF’s 
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Deuteron TST inside HBC 
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Спасибо за внимание !  
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Quark densities in transverse momentum plane for a proton polarized in 
the +y direction.  Up and down quarks orbiting in opposite directions?? 


