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- LHC has provided new 900 GeV and 7 TeV pp collision data.
- First pion 1D and 3D correlation radii have been measured.
- LHC  Pb + Pb collisions at sqrt(sNN) = 2.76 TeV is planned in 
November, 2010.

- The Quark Gluon String Model (QGSM) describes well the  dN/dη 
dN/dp

t
 and <p

t
> of charged hadrons etc in pp collisions at LHC.

- It is natural to check how well it can describe the femtoscopic 
momentum correlations
 General motivation: Within hydrodynamic models kT dependence 
of the correlation radii is considered as a signature of
collective flow.
Transport models, considering the full microscopic picture  of the 
particle production/emission/rescattering processes, might throw 
light on the other mechanisms generating the observed k

t
-

dependence of the correlation radii in pp and heavy ion collisions.   

MotivationMotivation



Femtoscopy in pp STAR dataFemtoscopy in pp STAR data

 

 

Mt dependence (“x-p” correlations) in 
very small systems (pp, e+e-) is 
usually attributed to:
   -string fragmentation
   -resonance contribution
   -Heisenberg uncertainty
   -jets

All Kt(mt) dependences of correlation 
radii observed by STAR scale with pp (!?) 
although the expected origins of these 
dependences are different.

ALICE didn't observe a strong Kt
dependence (!?)







Microscopic Models

• The Ultra relativistic Quantum Dynamics Model 
(UrQMD) is a microscopic transport model 
designed for hadron-hadron, hadron-nucleus and 
nucleus-nucleus collisions, based on the Lund 
model.

• The energy range is from a few MeV to hundreds of 
GeV.

• At lower energies collisions are described as 
interactions between hadrons and their excited 
states, at higher energies particle production is 
described in terms of string fragmentation.

• http://th.physik.uni-frankfurt.de/~urqmd/







  

Correlation Functions

• The correlation function is defined as
• In the model P(q1,q2) is obtained from weighting 

pairs from same events.
• In the model the “pure weights method” can be 

used:  Q(q1,q2) is obtained from unweighted 
pairs from same events.

• In experiment Q(q1,q2) is obtained by mixing  
particles from different events.

• By using this method on the model data we 
obtain a more realistic correlation function.

C=
P q1,q2

Qq1,q2



  

Fitting 1D correlation functions
• We use a gaussian fitting function for the 

correlation function.

• The factor D(q
inv

) accounts for long-range non-

femtoscopic correlations

• We use D(q
inv

)=1 for “pure weights method”

(no non-femtoscopic correlations)

• D(q
inv

) = aq
inv

² + bq
inv

 + 1 was used to fit the

non-femtoscopic correlations first.
• The parameters a, b, and c were then fixed 

when fitting the correlation function.

C=N 1e
−qinv ²Rinv ² D qinv



  

π+π+ Correlation function 
UrQMD pp 200GeV “pure weights”



  

π+π+ Correlation function UrQMD 
200GeV with mixed pair backround



  

R
inv

 for pp 200GeV UrQMD



  

3D Correlation functions

 - 3D fit  CF=1+ λexp(-R
out

2Q
out

2  -R
side

2Q
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2  -R
long

2Q
long

2  )

• We have extracted correlation radii in out-
side-long directions from both UrQMD 
and QGSM models.

• We have calculated with both pure and 
mixed backround.



  

Correlation radii, UrQMD and QGSM 
200GeV



  

Correlation radii, UrQMD and QGSM 200 
GeV with mixed pair backround



  

• The more realistic mixing method gives larger 
radii and steeper K

t
 dependence than the 

“pure weights” method.

• A strong K
t
 dependence is observed in pp 

collisions in both UrQMD and QGSM models
• Radii are too large in UrQMD and QGSM 

models
• What is the origin of the Kt dependence ?

Resonances ? String fragmentation ?

• Is it possible to decrease the radii ?
1) play with resonances/direct ratio

 2) decrease the fragmentation time

 



Source functions of direct pions and pions from different Source functions of direct pions and pions from different 
resonances in QGSM pp 200 GeVresonances in QGSM pp 200 GeV

Kt ~(0.15-0.25) GeV/c 

Direct pions  source size  < 0.5 fm

 ρ0 →π-π+  ,  ρ+ →π0π+    

K*+→Kπ+      
   

    ω→π-π+π0    maximal source size 
   

Interplay between contributions of  
different resonances and direct 
pions determines the source size.



        Kt (GeV/c)                                   (0.15-0.25)    (0.25-0.35)   (0.35-0.45)  (0.45-0.6)
    
      direct pion                                        26 .0 %        26 %               26 %              28 %
       

          ρ0 →π-π+  ,  ρ+ →π0π+                        41.3 %          45.5  %           48.7 %          50.6 % 
                   

      K*+→Kπ+                                          12.8%            12,0 %            10.9 %          9.6 %

       ω→π-π+π0                                                                       12.3  %          10.5%             8.9 %          7.5 %      
   

  η→π-π+π0   ,  η'→ηπ-π+  ,  Δ++ →pπ+         7.6  %           6.0%              5.5 %          4.3 % 

Relative contribution of pions from ρ increases with kt, when the relative 
contribution of   ω, K* falls. It leads to decrease of correlation radii with kt. 
But  the source size is too large (blue squares on slide 22) !

Relative contributions of direct pions and pions from 
different resonances QGSM (1:3)



        Kt (GeV/c)                                   (0.15-0.25)    (0.25-0.35)   (0.35-0.45)  (0.45-0.6)
    
      direct pion                                        39 .2 %        40.7 %               43.1 %          46.7 %
       

          ρ0 →π-π+  ,  ρ+ →π0π+                        33.7 %          36.0  %           37.3 %          37.1 % 
                   

      K*+→Kπ+                                          9.7%            8,9 %            7.9 %                6.8 %

       ω→π-π+π0                                                                       10.3  %          8.7%             7.2 %             5.9 %     
    

  η→π-π+π0   ,  η'→ηπ-π+  ,  Δ++ →pπ+         7.1  %           5.7%              5.5 %          3.5 % 

Relative contribution of direct  and pions from ρ increases with kt, when the 
relative contribution of   ω, K* falls. It leads to decrease of correlation radii 
with kt. Decrease of ratio “pions from ρ to direct pions” leads to requested 
decrease of the correlation radii (green circles on slide 22).

Relative contributions of direct pions and pions from 
different resonances QGSM (1:1)



          Kt-dependence of correlation radii 
            pp at 200 GeV/c with QGSM (“pure weights”)

          There is strong Kt dependence in QGSM.
   One of it's origins is the resonances. String fragmenation ?



Example of source function of  pions from  Example of source function of  pions from  
different processes QGSM pp 200 GeV different processes QGSM pp 200 GeV 

Relative contribution of pions from different processes determines the 
source size through the number of produced resonances.  In one-pomeron 
exchange process more resonances are produced than in many-pomeron 
exchanges. 



          Correlation radii pp at 900 GeV/c with QGSM



          Kt-dependence of correlation radii 
            pp at 900 GeV/c with QGSM

          Radii are almost the same as at 200 GeV/c



QGSM shows smaller correlation radii then in experiment (red squares). 
What if we play with number of direct/rho here ? 
If we take only pions from  the inelastic secondary interations and resonance 
decays (black points)  the correlation radii  drastically increase and become 
close to STAR experimental data 

          Kt-dependence of correlation radii 
            AuAu at 200 GeV/c with QGSM



Conclusions

• Mixed pairs backround method increases 
both 1D and 3D radii.

• Increasing ratio of direct to resonance pion 
decreases the radii.

• We do not see any major difference 
between 200GeV and 900 GeV pp 
correlation radii.
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