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CBM

* Compressed Baryonic
Matter

o Fixed target experiment at
FAIR (Facility for
Antiproton and lon
Research in Europe)

o Studying HIC v/ s\ =2-5
GeV —probing matter at
high density

o Optionally — also studying
proton-proton collisions
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CBM

e CBM offers:

o Great PID performance
o Good momentum resolution

o Excellent vertex resolution:

= Suppressing residual correlations

= Reconstruction of short-living
particles

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

Fraction of primary protons
as a function of DCA




CBM

* Year 1 — data taking ~10'° events per sample (per energy, system)
* Heavy lon experiments — typically ~ 10°-10° events per sample

* Planned systems:
o Au+Au
o Other systems are also considered (p+p, C+C)
o More details — H. Zbroszczyk talk



Motivation

* Goal of Femtoscopy program at CBM - extract the information
using particle correlations:

C(q =p; —pz2) =] SM)I¥(gr)|?ar
Extraction of
* Information about source that emits particles

* Information about interactions between measured particles



Motivation

* Exploring QCD phase
diagram at high baryon
densities

o Critical point/1st order
phase transition

o Signatures of QGP

Early Universe
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Motivation :
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Motivation

* 3D femtoscopy
o Works perfectly for
pions (Bowler-Sinyukov
approximation)
o Used to measure not

only R,/ Rgige/ Riong PUL
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

Au+Au, Ekin = 1.23A GeV, 20-30%, -0.25 <y < -0.15
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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.
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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
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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 - highyields!

e 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
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Motivation

* More than
astrophysics:
o Exotic baryons:
= QCD
o Nuclei:
= coalescence

d, (fm)
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Bound state
(H-Dibaryon?)
https://indico.ectstar.eu/event/61/contributions/1619/attachments/1198/153
4/2019-oct-20-conference_presentation-191010stranex. pdf
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Current status

* CBM - one of the pillars of | -
PAIR B e

. . Wi T A A | FAIR 2028
* Ongoing construction of n . Sl 7 1 Fing

buildi ngs ———

= Next steps

S MSV completion

L] L] L]
* First collisions ; /
Continuation of APPA, CBM - — APPA, NUSTAR and PANDA
and NUSTAR experiments in — investigate options for further
expected at 2029
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Current status

* MmCBM - 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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Current status

* Reconstruction software:
o Switching for event by event simulations to timeslice based simulation

o Development & optimization of:
o reconstruction algorithms (performance - e.g. using GPU)

o Machine Learning algorithms (e.g. VO, cascades) — crucial for exotic particle
femtoscopy

e —t— e o i
- - ’-H m '-W - . t ti
time window1  —e— i time window 2 +®-  eventtime

- hits with their event time range

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

* Reconstruction software:
o Switching for event by event simulations to timeslice based simulation

o Development & optimization of:
o reconstruction algorithms (performance - e.g. using GPU)

o Machine Learning algorithms (e.g. V), cascades) - crucial for exotic particle
femtoscopy —

https://cds.cern.ch/record/2890225/plots
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Current status

* 2025 —first mass production

samples:
o Common 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.
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Current status

* 2025 —first mass production
samples:

o Common data for analysis with
increased statistics

o Testing the computing resources
needed in future for simulations,
reconstruction etc.

G p [%]

e 2026 — further development of
mass production:
o Adding centrality framework
o V0? event plane angle?

Momentum resolution of protons.
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Current status

* Analysis software:

o Software for data analysis

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

= Optimizing code (usage,

performance)
o Software 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

e Current work:

o Developing/testing data
selection algorithms (cuts)

o Automatization (partial)
estimation of systematic
uncertainties

o Both ongoing tasks for proton
and pions correlations
(see Kacper Zieba talk)
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Current status

* Studying the predictions from models:
 PHQMD
* SMASH/SMASH+VvHLLE
« UrQMD

* Main goals:
* Impact of EoS on femtoscopic measurements
* Estimation of data needed for analysis
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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
* ,Semiexotic 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

25



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

CF(k*)

FairQCD

* Better understanding of
small systems:

—— 5.36 GeV pp
—e— 30 GeV pp

* The role of nonfemtoscopic 4 | 30GevpAu

CF(k*)

—s— 30 GeV AuAu

effects (e.g. momentum
conservation)

* Testing the application of

Lednicky-Luboshitz/CATS B L T i . R B w2
formalism to small systems ¢ [Gevi «[Gevie
* Testi ng the smoothness Correlation functions for different systems.

assumption https://arxiv.org/pdf/2512.15986
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Correlation function

CF(k*)

e Cauchy+Usmani |
= 1+ = Cauchy+Usmani Ib
------- Cauchy+Usmani |l
— (GAUSS+Usmani |
= 1= Gauss+Usmani Ib
------- Gauss+Usmani |l

FairQCD

* Better understanding of

small systems: o e [covie

* The role of nonfemtoscopic v
effects (e.g. momentum
conservation)

* Testing the application of gy
Lednicky-Luboshitz/CATS
formalism to small systems CEI——

* TeSting the smoothness Correlation functions for source sizes of 1.0 fm (top panel) and 1.5
assum ptiOn fm (bottom panel) for three different potentials.

https://arxiv.org/pdf/2512.15986
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Summary

* CBM continues preparation for femtoscopic measurements
* Current results looks optimistic

* Still some developments are needed

* Exciting times lie ahead
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