
Journal of Physics: Conference
Series

     

OPEN ACCESS

Status and Challenges of the Compressed
Baryonic Matter (CBM) Experiment at FAIR
To cite this article: Hans Rudolf Schmidt and the CBM Collaboration 2014 J. Phys.: Conf. Ser. 509
012084

 

View the article online for updates and enhancements.

You may also like
The compressed baryonic matter (CBM)
experiment at FAIR—physics, status and
prospects
Kshitij Agarwal and for the CBM
Collaboration

-

Characterization of silicon micro-strip
sensors with a pulsed infra-red laser
system for the CBM experiment at FAIR
P. Ghosh

-

A First-level Event Selector for the CBM
Experiment at FAIR
J de Cuveland, V Lindenstruth and (forthe
CBM Collaboration)

-

This content was downloaded from IP address 3.14.130.24 on 26/04/2024 at 00:21

https://doi.org/10.1088/1742-6596/509/1/012084
https://iopscience.iop.org/article/10.1088/1402-4896/acbca7
https://iopscience.iop.org/article/10.1088/1402-4896/acbca7
https://iopscience.iop.org/article/10.1088/1402-4896/acbca7
https://iopscience.iop.org/article/10.1088/1748-0221/10/03/C03029
https://iopscience.iop.org/article/10.1088/1748-0221/10/03/C03029
https://iopscience.iop.org/article/10.1088/1748-0221/10/03/C03029
https://iopscience.iop.org/article/10.1088/1742-6596/331/2/022006
https://iopscience.iop.org/article/10.1088/1742-6596/331/2/022006
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjss-1MAchqAjD1rxtRWQ4CGH2S2RH9k28CdGhgU9Y9eACAp3bQtTUAEx3cu2CzAgeBKy_vyTxrLEy9HWlKpsfjio1noobRwOpkPGOeRisi5gQ0tU_KSQDWnzbAcwvYSbj9heTyV9_UHE9LRW0IkwxjVrFzyvF3nyiNlCkN8N_oUz803uMlo1mBZwhl1v45L8BPvvqPl0uidmEo2Jh_hYcQ2kMeg5UjxWa-au-aHwo2mpDTjmstgDun-sq61mkpcttH9SrHe2nvaUsgOdynwN4i0g9QLRyIf7KF2d9ubyKivpx35yBbZcMisdZLIKnnU3UxklBQQFh8XGOc3snxuj_t_y9fK80w&sig=Cg0ArKJSzF9mBOpieukV&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


 

 

 

 

 

 

Status and Challenges of the Compressed Baryonic 
Matter (CBM) Experiment at FAIR 

Hans Rudolf Schmidt for the CBM Collaboration 

University of Tuebingen, Auf der Morgenstelle14, Tuebingen, Germany 

Hans-Rudolf.Schmidt@Uni-Tuebingen.de 

Abstract. The CBM experiment is one of the four scientific pillars of the Facility for 

Antiprotons and Ion Research (FAIR) in Darmstadt, Germany. Its discovery potential – 

complementary to heavy-ion experiments at colliders – is based on high-luminosity ion 

beams. This enables access to extremely rare probes such as charmed particles, vector 

mesons or multi-strange hyperons with high statistics. However, 3rd generations readout 

systems and detectors are required to handle the large interaction rates (up to 10 MHz for 

Au+Au) with sufficient precision and bandwidth. In this contribution we will outline the 

unique CBM physics program focusing onto rare probes. 

1.  Introduction 

The observation of a mass                neutron star [1] has spurred interest into models of 

nuclear matter capable to stabilize nuclear matter at high densities [2,3,4], i.e., to prevent the collapse 

of heavy neutron stars into black holes. The relevant degrees of freedom in nuclear matter at high 

densities are nucleons and hyperons; as well as quarks in the case of the onset of a deconfinement 

transition.  

The future experiments at FAIR (Darmstadt) or at NICA (Dubna) will employ high intensity 

heavy-ion beams in the range 2-35 AGeV (√                 and √             , 
respectively. These experiments will allow to investigate rather exotic matter at baryon densities up to 

      with good statistics for the first time. This will enable to explore yet uncharted territory with 

rare probes, such as charmed particles, di-leptons, double hypernuclei or multi-strange hyperons [5,6].  

2.  Rare Probes 

Rare probes such as low mass di-leptons, charmonium  and open charm will allow to characterize the 

medium at high net baryon densities much more detailed then previously possible. While bulk 

observables (flow, spectra of hadrons) as well as correlations and fluctuations are accessible to all 

experiments (STAR/PHENIX@RHIC, NA61@SPS, MPD@NICA) at the relevant low beam energies 

(√               the above mentioned rare probes can only be measured at CBM@FAIR. 

In this paper, however, we will not further focus on leptons and charm. Instead, we will discuss 

more exotic probes of dense matter: strangeness in the form of multi-strange hyperons, double-strange 

hypernuclei and multi-strange di-baryon, the latter also called MEMOs (metastable exotic multi-

hypernuclear objects). 
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2.1.  Multi-strange Hyperons 

The yields and phase-space distributions of multi-strange hyperons (   ) are promising tools to study 

the properties and the degrees of freedom of QCD matter at extreme nuclear densities. In particular, 

these particles may serve as unambiguous messengers of a high-density phase: for hyperon production 

binary reactions proceeds like            or              and have accordingly high 

thresholds of     and        , respectively. In dense baryonic matter, however,    and    can also 

be created via strangeness exchange reactions like        and         or         , with 

the   and the    previously produced in independent reactions such as         and    
        which require only 1.6.and 2.5 GeV, respectively. Alternatively, three-body collisions 

involving     or kaons open new production channels for   and   with respect to    reactions. The 

production of multi-strange hyperons is thus expected to be enhanced at high densities, and their yield 

to be sensitive to the baryon density reached in the fireball. Moreover, the energy distributions of 

multi-strange hyperons provide information on the fireball temperature and the radial flow at the time, 

when they are emitted. Therefore, systematic measurements of    and    production as function of 

beam energy and size of the colliding nuclei offer the possibility to study the nuclear matter equation 

of state, or baryon density fluctuations as they are expected to occur when the system undergoes a 

first-order phase transition or approaches the  QCD critical endpoint. 

Existing data on the production of multi-strange hyperons in nuclear collisions at SIS-100 beam 

energies are scarce [7]. In particular, no data on production below          √              
exist, except for 312    measured at 6 AGeV at the AGS [8]. A systematic measurement of multi-

strange hyperons as diagnostic probes of dense nuclear matter at SIS-100 energies has thus a 

substantial discovery potential. 

 

Energy [AGeV]         ̅   ̅   ̅  

4.0                                         

6.0                                          

8.0                                         

10.7                                          

Table 1: Expected hyperon yields [9] measured per week at a minimum-bias interaction rate of         . 

The minimum bias multiplicity is assumed to be 25% of the one in central collisions.  

A prerequisite for these measurements is sufficient statistics in finite time. Table 1 shows that 

already at       minimum-bias interactions the accumulated data exceed previous measurements in 

terms of yield. 

2.2.  Search for Double Hypernuclei 

Up to now, only a handful double hypernuclei have been seen, mostly in emulsion experiments. 

Hypernuclei, i.e. nuclei containing at least one hyperon in addition to nucleons, offer the fascinating 

perspective to explore the third, strange dimension of the chart of nuclei. Their investigation provides 

information on the hyperon-nucleon and even on the hyperon-hyperon interactions, which play an 

important role in neutron star models. 

The conventional production mechanism is rather complicated, e.g., via the following chain 

reaction employing a kaon beam:                              
 . Hence the 

production cross sections are exceedingly small. On the other hand, heavy-ion collisions offer the 

possibility to produce (double) hypernuclei via coalescence of     with nucleons or light fragments in 

the final state of the reaction. In high-energy nucleus-nucleus collisions, Λ hyperons are produced 

abundantly. Their maximum yield is observed at beam energies between    and 

                                            . At         still 15     are produced. The 
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coalescence probability of   with light nuclei is highest at low energies yielding, according to hadron 

gas model calculations [10, see also 14],            
             

  and              
 per central 

collision at            This would give, with the foreseen CBM interactions rates about 120 

           
  and still 3.6           

  For the detection of the double hypernuclei, the decay chain 

has to be reconstruction in the tracking detectors, e.g.,                  
 
 

  
 . 

 

Figure 1: Energy dependence of hypernuclei yields at mid-rapidity for     central       events as 

calculated with the statistical model [10]. The predicted yields of     and     are included for comparison. 

2.3.  Search for Meta-Stable Multi-Strange Objects 

Metastable objects with strangeness, e.g. strangelets and (strange) di-baryons, were proposed long ago 

as collapsed states of matter, consisting of either baryons or quarks [11,12]. Up to date, none of these 

objects have been observed. Their existence or absence is an open issue in high-energy physics (cf. 

[13]). 

High-energy nuclear collisions, with kaons and     being abundantly produced in a single event, 

could provide a tool to create such composites objects with multiple units of strangeness. Recent 

calculations within a hybrid (microscopic transport + hydrodynamics) model predict 

multiplicities/event of about        for the        in central collisions at 35A GeV [14]. Owing to 

the finite lifetime of such an object its decay, e.g.,          , should be detectable via displaced 

vertices (            [15]. Indeed, simulations show that          can be reconstructed with a 

signal-to-background ratio above 200 for      central events [16,17]. 

Most of the strange di-baryon searches were done via the         reaction (cf. [18], and Refs. 

therein), which is not directly comparable with the production of di-baryons in heavy-ion collisions. 

The nearest equivalent to heavy-ion reactions is a result reported by the KTeV collaboration [19] at 

Fermilab, were lightly bound   -dibaryons produced in   -collisions were searched for. However, 

the acceptance of the experimental apparatus was optimal for a decay length          , and thus 

the reported limit are not applicable for the search range of           accessible in the CBM 

experiment. 
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Figure 2: Reconstructed invariant-mass distribution of    candidates 

3.  Summary 

Heavy-ion collisions in the SIS-100/300 energy range are an ideal tool for the production of 

hadronic matter at neutron star core densities, and hence offer the unique opportunity to investigate 

fundamental properties of strongly interacting systems and its constituents: the nuclear matter equation 

of state, exotic new phases such as quarkyonic matter, in-medium modifications of hadrons as a 

signature for chiral symmetry restoration, hypernuclei and multi-strange objects, charm production at 

threshold beam energies, and charm propagation in nuclear matter.  

 

 

References 

 
[1]  P. B. Demorest, T. Pennucci, S. M. Ransom, M. S. E. Roberts, and J. W. T. Hessels, Nature 467, 1081 

(2010). 

[2]  I. Sagert, L. Tolos, D. Chatterjee, J. Schaffner-Bielich and C. Sturm, Phys. Rev. C 86 , 045802 (2012) 

[3]  M. Orsaria, H. Rodrigues, F. Weber, and G. A. Contrera, Phys. Rev. D 87, 023001 (2013) 

[4]  G. Colucci and A. Sedrakian, arXiv:1302.6925 (2013) 

[5]  B. Frimann et al. (eds.), “The CBM Physics Book”, Springer Lecture Notes in Physics 814  (2011) 

[6]  P. Senger and V. Friese, https://www.gsi.de/documents/DOC-2011-Aug-29.html 

[7]  C. Blume, J. Phys. G 31 (2005) S57 

[8] P. Chung et al., Phys. Rev. Lett. 91, 202301 (2003) 

[9]  A. Andronic, private communication 

[10]  A. Andronic et al., Phys. Lett. B 697 (2011) 203 
[11]  A. R. Bodmer, Phys. Rev. D 4 (1971) 1601 

[12]  R. L. Jaffe, Phys. Rev. Lett. 38 (1977) 195 

[13] H. Clement, Prog. Part. Nucl. Phys. 67, 486 (2012) 

[14]  J. Steinheimer et al, Phys. Lett. B714 (2012) 85 

[15]  J. Schaffner-Bielich, R. Mattiello and H. Sorge, Phys. Rev. Lett. 84 (2000) 4305 

[16]  I.Vassiliev, private communication 

[17]  I. Vassiliev, I. Kisel, and D. Malakhov, CBM Progress Report 2009 

[18] R.W. Stotzer et al, Phys. Rev. Lett. 79, 3646 (1997) 

[19] A.Alavi-Harati et al., Phys. Rev. Lett. 84, 2593 (2000) 

14th International Conference on Strangeness in Quark Matter (SQM2013) IOP Publishing
Journal of Physics: Conference Series 509 (2014) 012084 doi:10.1088/1742-6596/509/1/012084

4

https://www.gsi.de/documents/DOC-2011-Aug-29.html



