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Projects to explore the QCD phase diagram at large g:

RHIC (STAR) beam energy-scan, HADES, NA61@SPS,
MPD@NICA: bulk observables

CBM: bulk and rare observables, high statistic!

Physics case: Exploring the QCD phase diagram

The equation-of-state at high pg

collective flow of hadrons,
particle production at threshold energies:
multi-strange hyperons, hypernuclel

Deconfinement phase transition at high pg

excitation function and flow of
strangeness (K, A, 2, Z, Q and o)

Chiral symmetry restoration at high pg
In-medium modifications of hadrons (p)
excitation function of multi-strange (anti)hyperons

QCD critical endpoint
excitation function of event-by-event fluctuations
(m, K, p, A, BE,Q...)
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CBM:

unprecedented
(high) rate
capability

determination of (displaced) vertices with
high resolution (= 50 um)

identification of leptons and hadrons

fast and radiation hard detectors
self-triggered readout electronics

high speed data acquisition and

online event selection

powerful computing farm and 4D tracking
software triggers



No data available at FAIR energy

Z
In the AGS (S1S100) energy 10°
range, only about 300 =-
hyperons have been measured
In Au+Au collisions at 6AGeV 10

High-precision measurements of exci-

tation functions of multi-strange 10
hyperons in A+A collision with different
mass numbers A at SIS100 energies

have a discovery potential to find a

signal for the onset of deconfinement in
QCD matter at high net-baryon densities. 10

What about models? ,
10°

107

Pb+Pb, Au+Au (central)

Strangeness world data
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Strangeness results submitted
GSI February 2019

for publication soon
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MSH measurements and models « STAR BES data by

Helen Caines
EMMI Workshop
:ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ¥ STAR BES 1 GSI February 2019
_____________________________ = PHSD

Thermal model

9
o

¥ STAR BES I
= PHSD

Thermal model

|y| <0.5

ok
&

|y| <0.5

- Thermal model by

A. Andronic
32 CBM week

[\
¥

)Y

dAN(A+X

-- PHSD by P.Moreau
SQM 2015

dN(A+X")/dY
=

107!

* \Very reasonable
agreement by both
models

10 20 30 40
\'San (GeV)

« More strangeness
needed (PHSD)

¥ STAR BES 1
B = PHSD
- + NA49

_____________________________________ Thermal model

R — ..................................................................................... ............................................................ *STARBESI

T

< H :

v I e e - PHSD
>

Thermal model

)-/dY|y| <0.5
N

dN(E
-

| | | | | | | | | | | | | A | | 1 0—2 | | | | | | l L L | | | | | | J



QGP and Chiral symmetry restoration

“Chiral symmetry restoration versus deconfinement in heavy-ion collisions at high baryon density”
W. Cassing, A. Palmese, P. Moreau, and E. L. Bratkovskaya Phys.Rev. C93 (2016), 014902, arXiv:1510.04120 [nucl-th]
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Performance of the CBM track finder

) ‘ AUAU 10AGeV/c
Reconstructlon,,j . 165 Tt

170 p
26 K
15 A
20 Kg0
0.3 =-

2 models

 For studies several theoretical models like UrQMD and PHSD are used.

 Track finder is based on the Cellular Automaton method.

« High efficiency for track reconstruction of more then 92%o, including
fast (more then 90%) and slow (more then 65%) secondary tracks.

« Time-based track finder Is developed, efficiency is stable with respect to

the interaction rate.
Low level of split and wrongly reconstructed (ghost) tracks.

minimum bias : 6ms/core track finder, 1 ms/core particle finder




Entries

High rate scenario: event reconstruction with 4D tracking
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100 AuAu 10 AGeV mbias events

Efficiency, % | 3D __| 0.1 MHz mm

All tracks
Primary high-p
Primary low-p

Secondary high-p
Secondary low-p
Clone level
Ghost level
True hits per track

Hits per MC track

92.5 % 93.8 % 93.5%
98.3 % 98.1 % 97.9%
93.9 % 95.4% 95.5%
90.8 % 94.6 % 93.5%
62.2% 68.5 % 67.6%
0.6 % 0.6 % 0.6 %
1.8 % 0.6 % 0.6 %
92% 93 % 93 %
7.0 7.0 6.97

Timeslices from CBMROOT
Timebased digitisation, cluster and hit finder

7 %
96.2%
94.3 %
90.2 %
64.3 %
0.6 %
0.6 %

93%
6.70

V. Akishina



Particle identification with PID detectors

ToF: hadron 1dentification RICH electron |dent|f|cat|on
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TRD d-He separation
s di;n PID detectors:

- ToF (Time of Filght) — hadron identification;
RICH (Ring Imaging CHerenkov detector) —
electron identification;

- TRD (Transition Radiation detector) —
electron and heavy fragments identification.

TOF m® (GeV/c?)?

PID detectors of CBM will allow a clear
Identification of charged tracks.

-11111; 1 IT-l_ll'L
0 20 40 60 80 100 120 140 160

(TRD dE/dx) (keV-cm?/g)
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KF Particle Finder for the CBM Experiment

Charged particles: ex, pu=, =, K=, p=. d=, *He=, 4He=
v
T ™ Neutral particles: vy v n0.n. o AL A =0, =0
o
Dileptons Heavy Flavour Strange particles Hypermatter More than 150 decays'
| e All decays are reconstructed
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Multi Strange particle reconstruction performance

O

5M central AuAu collisions 10AGeV/c
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« CBM will allow clean reconstruction of rare strange probes with high efficiency and high statistics.
 Tools for the multi-differential physics analysis are prepared.
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Multl strange hyperons reconstruction

with missing mass method
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5M central AuAu collisions 10AGeV/c

« Comparable efficiencies, better control over the
systematic errors

« 2+ and Z- physics: completes the picture of
strangeness production
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Entries

Entries

Entries

CBM KFParticle Finder test @ STAR 4.4M Au+Au events sqrt(s) = 7.7
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« CBM KF Particle Finder is successfully applied to the STAR data in a wide energy range.
« STAR data are excellent platform to test and improve our reconstruction software.
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Testing CBM algorithms online: STAR express analysis

Maksym Zyzak, 33d CBM Collaboration Meeting, Darmstadt

2020, 2021

- The standard calibration, production and
analysis remain unchanged.

« Start the calibration procedure as soon as data
become available.

« Make possible physics analysis of the data as
soon as the calibration is reasonable.

« Unify approaches in extended (x)HLT and
online (0)RCF to speed up the express
workflow.

« Combine high competence of xHLT and oRCF
experts involved in online operation.

« Provide PWGs with instant and uncomplicated
access to the data, like picoDST etc.

thir = tbaa + 18

txcal = tbag + TW

xProduction
CA Track

txProd = txcal + 1W

txPhys = txProd xPhysics xPhysics xStorage

*

K.F Particle Finder KF Particle Finder

fcai=trun + 1M Calibration
Disk

terod = tcal + 6M Production Tape
SHUCA Track Finder

Disk

¢ ¢ +6 tHun tCaI thd tF'hys ;1"
s = LpPr m
s = e BESI= 2021+ 6m+1m+6m+6m= 1+2y = 2021+2022 ==

teesn=2021+6m+2m+ 1y +1y =2+3y=2023+2024 ., PWOStandad

time



Hypernuclel production in A+Acollisions

: ' - ~B0 6
g - N 5M mbias events Au+Au at 10AGeV/c Expected collection rate: ~606  He
S T 50 sec at 0.1MHz IR (1.8 k/sec) In 1 week at 10MHz IR (not day-1)
:; “’:ff Thatte o’ x10° 3H ¢ = 1.8 MeVi/c? . — ° He o=31MeV/c’
2 o — g ' S/B =2.09 &, =12.7% £ |bgscaled | S/B=0.33 ¢, =1.3%
=] C (- B E |
Q2 10= s LL| | 6 5 ; *
: 4 h - He—>He prn

T - | SH—3Hen | AATETATIER

107 = - 50+ | _.

102E | . oL - ) +

109 ¢ — ! i CBM Simulation

10.4;" ; _’J L""‘-'-“'.- T 10* Au+Au events

m-ﬁ-_llll Iml NG o o E “..‘,.I' | | | | """'""‘I "I"O"'-"'T""-tlhwj I | | | | I 'ISNN:AIrJ GeIVO-:Il.% |

) ° 11j‘a\:s— (GeV) 3 Sy 5 6 o
S1S100 S m_ {Her’} [GeV/c?] m;,, CHe pr} [GeV/c?]

A. Andronic et al., Phys. Lett. B697 (2011) 203

P "H.
 According to the current theoretical predictions CBM will be able to |

. . . \-topolo
perform comprehensive study of hypernuclel, including: PRIOJY
- precise measurements of lifetime;

- exclitation functions;
- flow.
» [t has a huge potential to register and investigate double A hypernuclel.

16



Day-1: Expected particle yields

Au+Au @ 6, 10 AGeV

Particle Multiplicity | Multiplicity yield in yield in
IR
(mass central ev. | central ev. decay 0 90 days 90 days
) BR £ (%) MHz
MeV/c?) 6 AGeV 10 AGeV mode 6AGeV 10 AGeV
A (1115) 5.1-103 0.041 ptrt 0.64 19.7 1.2-108 1.0-10° 0.1
= (1321) 0.11 0.36 NTT 1 9.9 2.0-10° 7.0-10° 0.1
=+ (1321) 1.8:103 | 1.5-1072 AT 1 8.7 3.0-107 2.5.108 0.1
() (1672) 6.8-10% 4.4-103 NK- 0.68 4.4 4.0-10° 2.6-107 0.1
R 7.0-104
+ .10-5 .10-3 + .107
Q* (1672) 1.4-10 2.6-10 NAK 0.68 3.9 (0 wio QGP?) 1.4-10 0.1
3 \H (2993) 4.2-10° 3.8:102 SHetr 0.25 12.7 2.7-108 2.5-108 0.1
4\He (3930) 2.4-103 1.9-103 SHeptr 0.32 11.4 1.7-107 1.4-107 0.1
> He(5047) 5.0-10° SHe2p2t 0.01 3 15 250 0.1
6, \He(5986) 1.0-10 “He2p2m 0.01 1.2 0.1
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Summary

CBM detector 1s an excellent device to measure not only bulk observables, but strangeness, hypernuclel and other
rare probes with high statistic.

The CBM experiment will provide multidifferential high precision measurements of strange hadrons including
multi-strange (anti)-hyperons.

High precision measurements of excitation functions of multi-strange hyperons in A+A collision with different mass
numbers A at SIS100 energies have a discovery potential to find a signal for the onset of deconfinement in QCD
matter at high net-baryon densities

The discovery of (double-) A hypernuclei and the determination of their lifetimes will provide information on the
hyperon-nucleon and hyperon-hyperon interactions, which are essential ingredients for the understanding of the
nuclear matter EoS at high densities, and, hence, of the structure of neutron stars.



