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CBM

• Compressed Baryonic 
Matter
oFixed target experiment at 

FAIR (Facility for 
Antiproton and Ion 
Research in Europe)

oStudying HIC √sNN=2-5 
GeV –probing matter at 
high density

oOptionally – also studying 
proton-proton collisions https://github.com/tgalatyuk/interaction_rate_facilities
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CBM

• CBM offers:
oGreat PID performance
oGood momentum resolution
oExcellent vertex resolution:

▪ Suppressing residual correlations
▪ Reconstruction of short-living 

particles

https://www.cbm.gsi.de/

Fraction of primary protons 
as a function of DCA 4



CBM

• Year 1 – data taking ~1010 events per sample (per energy, system)
• Heavy Ion experiments – typically ~ 106 -109 events per sample

• Planned systems:
oAu+Au
oOther systems are also considered (p+p, C+C)
oMore details – H. Zbroszczyk talk 
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Motivation

• Goal of Femtoscopy program at CBM – extract the information 
using particle correlations:

𝐶 𝑞 = 𝑝1 − 𝑝2 = ∫ 𝑆 𝑟 Ψ 𝑞, 𝑟 2𝑑𝑟

Extraction of 
• Information about source that emits particles
• Information about interactions between measured particles
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Motivation

• Exploring QCD phase 
diagram at high baryon 
densities
oCritical point/1st order 

phase transition
oSignatures of QGP

https://www.cbm.gsi.de/
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Motivation

• Exploring QCD phase 
diagram at high baryon 
densities

• 3D femtoscopy –
measuring the fireball 
dynamics

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
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Motivation

• 3D femtoscopy
oWorks perfectly for 

pions (Bowler-Sinyukov 
approximation)

oUsed to measure not 
only Rout/Rside/Rlong but 
also tilt angles
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Tilted emitting source in the heavy-ion collisions, Y. Khyzhniak, EPJ 
Web of Conferences 364, 05013 (2026) 



Motivation

• 3D Femtoscopy
o Theoretical studies 

suggest that proton 
femtoscopy can be 
sensitive to EoS

o The problems:
▪ Statistic 
▪ Fitting data
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Directed flow of protons for various EoS.

Systematic study of flow of protons and light clusters in 
intermediate-energy heavy-ion collisions with momentum-
dependent potentials. V. Kireyeu et al.



Motivation

• Neutron star puzzle:
oHow reproduce measured 

sizes with strange baryon 
existence? - measuring 
the interaction between 
NY, NNY etc. -
astrophysics

SQm 2019 presentation – Jacek Otwinowski
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Motivation

• Neutron star puzzle:
o How reproduce measured 

sizes with strange baryon 
existence? - measuring the 
interaction between NY, NNY 
etc. - astrophysics

• CBM – high yields!
• Studying YN, NNY... 

correlations (hyper nuclei, 
3-particle femtoscopy)
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Loosely-bound objects produced in nuclear collisions at the LHC Peter Braun-
Munzinger, Benjamin Donigus. https://arxiv.org/pdf/1809.04681



Motivation

• More than 
astrophysics:
oExotic baryons:

▪ QCD
oNuclei:

▪ coalescence
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https://indico.ectstar.eu/event/61/contributions/1619/attachments/1198/153
4/2019-oct-20-conference_presentation-191010stranex.pdf



Current status 

• CBM – one of the pillars of 
FAIR

• Ongoing construction of 
buildings

• First collisions 
expected at 2029

https://indico.global/event/11677/contributions/131948/attachments/62074/119899/SRoy
_talk_Oberwolz2025-exclusive_pp_version_presented.pdf
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Current status 

• mCBM – mini CBM
o Test of hardware
o Test of CBM data transport 

system
o Test of online 

reconstruction (lambdas)

oMore details – see H. 
Zbroszczyk presentation
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https://www.gsi.de/work/forschung/cbmnqm/cbm/activities
/mcbm



Current status

• Reconstruction software:
oSwitching for event by event simulations to timeslice based simulation
oDevelopment & optimization of:

o reconstruction algorithms (performance – e.g. using GPU)
o Machine Learning algorithms (e.g. V0, cascades) – crucial for exotic particle 

femtoscopy
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Free-Streaming Online Tracking in CBM, October 2025The European 
Physical Journal Conferences 337:01291



Current status

• Reconstruction software:
oSwitching for event by event simulations to timeslice based simulation
oDevelopment & optimization of:

o reconstruction algorithms (performance – e.g. using GPU)
o Machine Learning algorithms (e.g. V0, cascades) – crucial for exotic particle 

femtoscopy

17https://cds.cern.ch/record/2890225/plots



Current status 

• 2025 – first mass production 
samples:
oCommon data for analysis with 

increased statistics
o Testing the computing resources 

needed in future for simulations, 
reconstruction etc.
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Efficiency of proton reconstruction. Efficiency after applying cuts 
used in HBT analysis.



Current status 

• 2025 – first mass production 
samples:
oCommon data for analysis with 

increased statistics
o Testing the computing resources 

needed in future for simulations, 
reconstruction etc.

• 2026 – further development of 
mass production:
oAdding centrality framework
oV0? event plane angle?
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Momentum resolution of protons.



Current status 

• Analysis software:
oSoftware for data analysis

▪ Development data selection 
algorithms (e.g. PID)

▪ Optimizing code (usage, 
performance)

oSoftware for data 
postprocessing:
▪ Development of code for data 

visualization
▪ Development of software for 

data fitting (recently 3D in SH + 
visualization)
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Current status 

• Current work:
oDeveloping/testing data 

selection algorithms (cuts)
oAutomatization (partial) 

estimation of systematic 
uncertainties

oBoth ongoing tasks for proton 
and pions correlations 
(see Kacper Zięba talk)

Proton correlation function – pure MC =2.909 +0.005 fm
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Current status 

• Studying the predictions from models:
• PHQMD
• SMASH/SMASH+vHLLE
• UrQMD

• Main goals:
• Impact of EoS on femtoscopic measurements
• Estimation of data needed for analysis

22



Plans

• Step 1 – general overview
• Goal:

• Test of detector with real data
• Perform basic analysis and comparison with existing experiments

• Analysis:
• Pion Femtocopy (1D & 3D)
• Proton femtoscopy (1D 3D?)
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Plans

• Step 2 – sophisticated analysis
• Goal:

• More sophisticated physics
• Extending our knowledge about phase diagram QCD and strong 

interaction

• Analysis types:
• Proton azimuthally sensitive femtoscopy
• „Semi exotic baryons” – lambda, hyper nuclei femtoscopy
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Plans

• Step 3 – very advanced analysis
• Goal:

• Pushing the CBM to the edge of capabilities
• Detailed program depends on results of Stages 1 & 2

• Analysis types:
• Very rare baryons/mesons
• Three-particle correlations
• New techniques, if they emerge
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Fair-QCD

• SIS-100 should provide also beam of pions, protons and 
deuterons

• We can use it for femtoscopic measurements
• More details https://arxiv.org/pdf/2512.15986
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https://arxiv.org/pdf/2512.15986


FairQCD

• Better understanding of 
small systems:
• The role of nonfemtoscopic 

effects (e.g. momentum 
conservation)

• Testing the application of 
Lednicky-Luboshitz/CATS 
formalism to small systems

• Testing the smoothness 
assumption

27

Correlation functions for different systems.
https://arxiv.org/pdf/2512.15986



FairQCD

• Better understanding of 
small systems:
• The role of nonfemtoscopic 

effects (e.g. momentum 
conservation)

• Testing the application of 
Lednicky-Luboshitz/CATS 
formalism to small systems

• Testing the smoothness 
assumption
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Correlation functions for source sizes of 1.0 fm (top panel) and 1.5 
fm (bottom panel) for three different potentials.
https://arxiv.org/pdf/2512.15986



Summary

• CBM continues preparation for femtoscopic measurements
• Current results looks optimistic
• Still some developments are needed
• Exciting times lie ahead
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Köszönöm a figyelmet
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