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Abstract. The CBM experiment will explore dense baryonic matter at moder-
ate temperatures with rare observables that could not be investigated so far for
this type of matter. Experiments will be performed at the future FAIR facility
with beams from SIS 100 exploring a range in

√
sNN from 2.3 - 5.3 GeV at

interaction rates up to 10 MHz. Within the first few years energy scans in par-
ticular for dilepton and fluctuation observables are planned in order to search
for the predicted first order phase transition and critical point. The status of the
experimental preparations is reviewed in this contribution.

1 Experimental investigation of the QCD phase diagram
The investigation of the QCD phase diagram (fig. 1, left) since many years is in the focus
of various experimental programs with heavy ion collisions. Just recently the ALICE col-
laboration has discussed in a review many details of QCD matter at highest temperatures
and approximately zero net-baryon density [1]. Lattice QCD calculations have shown that at
those conditions there is a crossover between deconfined and confined matter (e.g. [2]), in
agreement with experimental observations. Scanning the QCD phase diagram towards higher
net-baryon densities a critical endpoint is predicted, more recent calculations shift predictions
to rather high µB of about 600 MeV [3, 4]. This region of the QCD phase diagram lies in the
center of the experimental program of the CBM experiment at the future FAIR facility. The
SIS 100 accelerator will provide proton and heavy ion beams in the range of

√
sNN=2.3-5.3

GeV (A+A) corresponding to baryochemical potentials µB from 520 to 785 MeV [5]. The
HADES experiment running at the SIS18 at GSI [6] extends the reach down to

√
sNN=2 GeV,

i.e. µB ≈ 830 MeV. In order to exploit this region of the QCD phase diagram beyond past
and current efforts it will be indispensable to run at very high interaction rates (fig. 1, right)
in order to access rare observables or to extend the statistical reach of certain measurements.
It turns out that rare observables and ever more precise data will be key observables closely
connected to characteristics of the produced dense matter such as the question for its phase
structure, the equation-of-state or the properties of hadrons and limits of hadron existence
[9]. Also, systematic investigations in dependence on energy or size of the system will be
critical to understand the created matter.

2 Key observables
At the critical point or when crossing a 1st order phase transition fluctuations in the den-
sity occur. Measuring those are thus the most interesting signature, however experimen-
tally difficult to realize. The most promising observable is the measurement of cumulants
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Figure 1. Left: QCD phase diagram with freeze-out points from various experimental programs includ-
ing theoretical predictions [7] (and references therein). Right: Interaction rates for various experimental
heavy-ion collision programs worldwide [8].

of baryon number as those measure derivatives in µB [10]. Experimentally, only protons
can be measured, thus event-by-event the difference of the number of protons and antipro-
tons is recorded. Higher moments probe the tails, however this is a very statistics hungry
measurement requiring high interaction rates. The measurement requires to systematically
understand experimental effects such as acceptance, centrality, and - relevant for low center
of mass energies - effects from baryon number conservation. The CBM experiment prepares
for a centrality measurement with a forward calorimeter, independent on measuring the mul-
tiplicity in the event. The setup of CBM also ensures a wide acceptance for protons and
antiprotons covering midrapidity by means of time-of-flight measurements. After three years
of operation CBM aims at a measurement of the 4th order cumulants, i.e. the excitation func-
tion of kσ2 = κ4

κ2
and first results on κ6. Measurements already exist from the HADES [11]

and STAR [12] experiments possibly indicating a change in the CBM energy range which so
far remains unmeasured.

Another key observable CBM is aiming at is the measurements of electromagnetic probes,
i.e. virtual photons. They are emitted throughout the full fireball evolution and their yield and
energy are particularly sensitive to the temperature, duration and density of the dense phase.
Within the first year of running CBM plans an energy scan covering 6 energies, having 5
days beam on target at 100 kHz interaction rate, thus collecting about 2 · 1010 events each.
This statistics will be sufficient to measure di-electron spectra extracting the excess yield
in the low-mass region which is connected to the fireball lifetime. If the system crosses a
phase transition, extra radiation due to latent heat is expected to be seen. Connected to this
observable, a flattening of measured temperatures versus collision energy is predicted. A
temperature measurement will be extracted from the invariant mass slope of di-electrons,
both in the low and intermediate mass ranges. The measurement of the latter will be largely
improved when the muon detector comes into place at CBM.

Strangeness production at CBM energies will also become a rare probe, as threshold ener-
gies for single, double or triple strange hadron production either lie slightly below or within
the collision energy range of CBM. The silicon tracking system right after the target and
within a large dipole magnet will allow for precise tracking, momentum determination and
secondary vertex reconstruction. In particular strange baryons weakly decaying into charged
tracks in the tracking system can be excellently reconstructed including the measurement of
flow, correlations or polarization. For flow measurements, the forward calorimeter will not
only measure centrality but also allow for event plane reconstruction. Beyond the measure-
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ment of Λ, Ξ and Ω baryons, the excellent tracking system of CBM will also allow for the
reconstruction of Σ± baryons decaying into at least one neutral particle such as the neutron.
Tracking algorithms will reconstruct the kink seen in the trajectory of the Σ± and combine
this with a missing mass hypothesis for Σ± reconstruction. A measurement of the Σ−/Σ+ ratio
allows to access isospin dependences and is expected to carry information on the symmetry
energy in the equation of state [13].

Hypernuclei production is predicted to have a maximum in the energy dependence of
their cross sections at CBM energies [14, 15]. The silicon tracking system consequently can
also reconstruct those decays, additional identification of light nuclei is provided by the TRD
detector.

3 Experimental preparation

The construction of the FAIR facility is progressing continuously: The SIS 100 tunnel is
available, technical installations are ongoing and the CBM cave is built and first user instal-
lations have been made. Thus, also CBM experimental preparations are progressing well
targeting at first beams in 2028.

Figure 2. mCBM setup at SIS18 including prototypes of all subdetectors.

One major challenge of the CBM experiment will be to cope with the high interaction
rates necessary to access rare and statistics hungry probes. In order to run and trigger the
experiment at up to 10 MHz, a free-streaming readout concept with online event reconstruc-
tion and trigger decisions is foreseen [16]. In order to prepare for a smooth start of the CBM
readout, the mCBM (mini CBM) experiment (see fig.2) has been constructed at the SIS 18 ac-
celerator at GSI. Prototypes of the various detector components of CBM have been combined
for a full system test and verification of the free-streaming readout relying on precise time
stamps for detector signals and precise time synchronization of the CBM detector elements.
The setup was run successfully at interaction rates up to 10 MHz delivering well synchronized
signals, see e.g. [17]. The next milestone will be online reconstruction of Λ-baryons.

Preparation of the detectors is progressing well with first (pre-) series construction of
various parts ongoing, see fig.3 for an impression.
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Figure 3. Top left: Pre-series STS modules. Bottom left: RICH photodetector plane. Right: Pre-series
TRD modules.

4 Summary

The CBM collaboration prepares for first beams with the CBM detector at the FAIR SIS 100
accelerator in 2028, allowing for a detailed investigation of dense baryonic matter in the QCD
phase diagram. The CBM collaboration will contribute to open QCD questions such as the
phase structure of QCD at finite baryon density and the characterization of dense baryonic
matter including the question of formation and correlation of hadrons and hypernuclei.

References

[1] ALICE collaboration, arXiv:2211.04384 [nucl-ex]
[2] A. Bazavov et al., Phys. Lettl. B 795 (2019) 15.
[3] W. Fu, J.M. Pawlowski and F. Rennecke, Phys. Rev. D 101 (2020), 054032.
[4] P. Gunkel, C.S. Fischer, Phys. Rev. D 104 (2021), 054022.
[5] A. Andronic et al., Nature 561, no. 7723, 321 (2018).
[6] G. Agakishiev et al., Eur. Phys. J. A 41 (2009) 243.
[7] T. Galatyuk for HADES, Nucl. Phys.A 967 (2017) 680.
[8] T. Galatyuk for HADES, Nucl. Phys.A 982 (2019) 163.
[9] T. Ablyazimov et al. [CBM], Eur. Phys. J. A 53 (2016) 60.
[10] V. Vovchenko et al., Phys. Lett. B 811 (2020) 135868.
[11] J. Adamczewski-Musch et al. [HADES], Phys. Rev. C. 102 (2020) 2, 024914.
[12] M.S. Abdallah et al [STAR], Phys. Rev. Lett. 128 (2022) 20, 202303.
[13] G.C. Yong et al., Phys. Rev. C 106 (2022) 2, 024902.
[14] A. Andronic et al., Phys. Lett. B 697 (2011) 203.
[15] J. Steinheimer et al., Phys. Lett. B 714 (2012) 85.
[16] J.D. Cuveland et al [CBM], Technical Design Report for the CBM On-

line Systems – Part I, DAQ and FLES Entry Stage, GSI-2023-00739,
https://repository.gsi.de/record/340597.

[17] M. Becker et al. [CBM-RICH], Nucl. Instr. Meth A, 1059 (2024) 168832.

References

[1]  ALICE collaboration, arXiv:2211.04384 [nucl-ex]
[2]  A. Bazavov et al., Phys. Lettl. B 795 (2019) 15
[3]  W. Fu, J.M. Pawlowski and F. Rennecke, Phys. Rev. D 101 (2020), 054032
[4]  P. Gunkel, C.S. Fischer, Phys. Rev. D 104 (2021), 054022
[5]  A. Andronic et al., Nature 561, no. 7723, 321 (2018)
[6]  G. Agakishiev et al., Eur. Phys. J. A 41 (2009) 243
[7]  T. Galatyuk for HADES, Nucl. Phys.A 967 (2017) 680
[8]  T. Galatyuk for HADES, Nucl. Phys.A 982 (2019) 163
[9]  T. Ablyazimov et al. [CBM], Eur. Phys. J. A 53 (2016) 60
[10]  V. Vovchenko et al., Phys. Lett. B 811 (2020) 135868
[11]  J. Adamczewski-Musch et al. [HADES], Phys. Rev. C. 102 (2020) 2, 024914
[12]  M.S. Abdallah et al [STAR], Phys. Rev. Lett. 128 (2022) 20, 202303
[13]  G.C. Yong et al., Phys. Rev. C 106 (2022) 2, 024902
[14]  A. Andronic et al., Phys. Lett. B 697 (2011) 203
[15]  J. Steinheimer et al., Phys. Lett. B 714 (2012) 85
[16]  J.D. Cuveland et al [CBM], Technical Design Report for the CBM On

line Systems – Part I, DAQ and FLES Entry Stage, GSI-2023-00739,  
https://repository.gsi.de/record/340597

[17]  M. Becker et al. [CBM-RICH], Nucl. Instr. Meth A, 1059 (2024) 168832

4

EPJ Web of Conferences 296, 08004 (2024)	 https://doi.org/10.1051/epjconf/202429608004
Quark Matter 2023


