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More info:
See P. Senger talk at 
14:00



𝐶 𝑞 =
𝑃(𝑝1, 𝑝2)

𝑃 𝑝1 𝑃(𝑝2)
=

𝑁𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑(𝑞)

𝑁𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑(𝑞)

𝑞 ≡ 𝑞𝑖𝑛𝑣 = 𝑝1 − 𝑝2
2 − 𝐸1 − 𝐸2

2

𝐶 𝑞 = ∫ 𝜌 𝑥1, 𝑝1 𝜌(𝑥2, 𝑝2)|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2
𝑑𝑥1𝑑𝑥2

4

𝜌 𝑥𝑖 , 𝑝𝑖 − 𝑝𝑟𝑜𝑏𝑎𝑏𝑙𝑖𝑡𝑦 𝑜𝑓 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑜𝑓 𝑖 − 𝑡ℎ 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑤𝑖𝑡ℎ 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑝 𝑎𝑡 𝑥

|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2
= 𝑞𝑢𝑎𝑛𝑡𝑢𝑚 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 𝑖𝑑𝑒𝑛𝑡𝑖𝑐𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑜𝑛𝑙𝑦 + 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠



Example: non-interacting identical bosons with 
spin =0

𝜌 𝑥 ≈ 𝑒
−

𝑥2

2𝑅2

𝜌 𝑥1, 𝑝2 𝜌 𝑥2, 𝑝2 = 𝜌(Δ𝑥 = 𝑥1 − 𝑥2) ≈ 𝑒
−

Δ𝑥2

4𝑅2

Ψ Δ𝑥, Δ𝑝 = 𝑞 2 = 1 + cos(Δ𝑥𝑞)
𝐶 𝑞

= ∫ 𝜌 𝑥1, 𝑝1 𝜌(𝑥2, 𝑝2)|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2
𝑑𝑥1𝑑𝑥2

5

~1/R

𝐶 𝑞 = 1 + 𝜆𝑒−𝑞
2𝑅2
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Small kT/mT
Large kT/mT

Lack of collectivity

Collectivity

7

Femtoscopy doesn’t measure the actual 
geometrical size of the source
We measure the „homogeneity length” – the 
range of the correlations !

kT –average transverse momentum of the pair ,mT – av. transverse mass of the pair



𝑞𝑖𝑛𝑣 → (𝑞𝑜𝑢𝑡 , 𝑞𝑠𝑖𝑑𝑒 , 𝑞𝑙𝑜𝑛𝑔)
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Z-beam axis
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Crossover Eos
1st order Eos

Correlation femtoscopy study at energies available at the JINR Nuclotron-based Ion Collider fAcility and the BNL Relativistic Heavy 
Ion Collider within a viscous hydrodynamic plus cascade model, Phys. Rev. C 96, 024911, 2017, P. Batyuk, Iu. Karpenko, R. 
Lednicky, L. Malinina, K. Mikhaylov, O. Rogachevsky, D. Wielanek
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Beam energy dependent two-pion interferometry and the freeze-out eccentricity of pions in heavy

ion collisions at STAR – STAR collaboration, 2014 Physical Review C 92(1)

THE BOMBARDING ENERGY DEPENDENCE OF 1r INTEFEROMETRY AT THE AGS, M.Lisa et. al. 199 Book adanvcces

In Nuclear Dynamics
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𝐶 𝑞 =
𝑁𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑
𝑁𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑

= ∫ 𝜌 𝑥1, 𝑝1 𝜌(𝑥2, 𝑝2)|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2
𝑑𝑥1𝑑𝑥2

Known interactions

|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2 Known shape of source

𝜌 𝑥1, 𝑝1 𝜌(𝑥2, 𝑝2)

Shape/size measurements
𝜌 𝑥1, 𝑝1 𝜌(𝑥2, 𝑝2)

Interaction measurements

|Ψ(𝑥1, 𝑝1, 𝑥2, 𝑝2) ቚ
2

„Abundand particles” 
like protons,kaons,pions

„Exotic particles” like 
lambdas, sigmas
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𝑁Λ𝑆𝑇𝐴𝑅
𝑁ΛCBM

≈
16.7

10.8
≈
17

10

𝑁Λ𝑆𝑇𝐴𝑅
2

𝑁ΛCBM
2 ≈

172

102
≈ 3

..but CBM is MUCH faster!

Sub-threshold production of K0s

mesons and hyperons in Au(1.23A GeV)+Au

ΛΛ Correlation function in Au+Au collisions at √[S(NN)]=200 GeV
,January 2015, Physical Review Letters 114(2)
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UrQMD central (0-5% AuAu collisions)



•

•

• 𝑞𝑖𝑛𝑣 = 𝑝1 − 𝑝2

•

•

•
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•

•

•

16

Probably primary

Probably secondary

positive
pions

protons

Time of Flight System TDR
CBM Collaboration 2014
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𝜂 → 𝑅 → 𝜂∗, 𝜙 → 𝑅 → 𝜙∗

Δ𝜙∗ = 𝜙1
∗ − 𝜙2

∗ , Δ𝜂∗ = 𝜂1
∗ − 𝜂2

∗

𝑆𝑇𝑆 𝑒𝑥𝑖𝑡 𝑠𝑒𝑝.
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UrQMD

Reconstructed 
data

Aplly t.t. cuts

Is CF 
flat?

Change t. t. cutsNoYesAdding 
femtoscopic 
correlations



Normalization

Fraction of correlated pairs 

Fraction of desired pairs Theoretical shape of CF (numerical calculation)

𝐶𝑝urit𝑦 𝑞 = 1 − (A + B𝑒−𝑞𝐶)
Impurity

𝐶 𝑞 = 𝑁 1 + 𝜆𝐶𝑝𝑢𝑟𝑖𝑡𝑦 𝑞 𝐶𝑚𝑎𝑝 𝑞, 𝑅 − 1
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Anti-splittng cut – STS exit 
separation

Anti merging cut – Δη*Δφ* cut

21

The feasibility of the femtoscopic measurements in CBM experiment
Proceedings, Summer XLVI-th IEEE-SPIE Joint Symposium Wilga 2020 : Wilga, Poland, August 31- September 2, 2020
D.Wielanek

https://inspirehep.net/literature/1831326
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Χ2 /NDF

Realistic shape of source in CF
Non-realistic shape of source 

in fitting fuction

The feasibility of the femtoscopic measurements in CBM experiment
Proceedings, Summer XLVI-th IEEE-SPIE Joint Symposium Wilga 2020 : Wilga, Poland, August 31- September 2, 2020
D.Wielanek

https://inspirehep.net/literature/1831326


•

• λ
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𝐶𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡(𝑞) = 𝑀𝑝𝑝(𝑞)

𝐶𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡 = 𝐹𝑝𝑝𝑀𝑝𝑝 𝑞 + 𝐹𝑝Λ 𝑞 ෩𝑀𝑝Λ 𝑞 + 𝐹ΛΛ 𝑞 ෩𝑀ΛΛ 𝑞 +⋯

෩𝑀
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p

p
π-

Λ



25



26

nSTSHits>4 nSTSHits>6

STS exit sep. > 1cm



•

•

•

•

•

•

≈ λ ≈ 1.5%
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