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Physics case:
Exploring the QCD phase diagram

The equation-of-state at high pg

« collective flow of hadrons

« particle production at threshold energies:
Quarks and Gluons open charm, multi-strange hyperons, HN
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Deconfinement phase transition at high pg
« excitation function and flow of strangeness
(K, A, 2, E, Q) and

charm (Jhy, y', DY, D, D%, A))

Temperature T [MeV] [

Colorsuper- [ QCD critical endpoint
Bl °"°““°| . excitation function of event-by-event
Net Baryon Density fluctuations (K/m, ... B/ w, O/ 1)

Projects to explore the QCD phase | ,qo of chiral symmetry restoration at
diagram at large pg:

high p

- RHIC energy-scan, NA61@SPS, ) B .

y('f)kc A MPD@NIgZ\: bulk observables * in-medium modifications of hadrons (p,®,$)
e CBM: bulk and rare observables, o excitation function of multi-strange

Laboratory Experiments hlgh Statlstic! (anti)hyperons (PHSD 4.0)




Experiments exploring dense QCD matter

Interaction Rate [HZ]

high CBM:

WLl world record

densities -

rate capability

- —-E—a—a
- CEM Sta100 « determination of (displaced)
= vertices with high resolution
: (= 50 um)
= BM@NI « identification of leptons and
; MADES X NICA/MPD hadrons
- vy _, | *fastand radiation hard
= STAR FXT /./ - STAR-BES-H detecto I'S
- « self-triggered readout
= 5T /*' electronics
; v * high speed data acquisition and

online event selection

 powerful computing farm and

10 _ )
Collision Energy ({s,,) [GeV] 4D tracking
* software triggers 3
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AGS (EB95-E8946)
SFPS (NA49)
FHIC (5TAFR)
EHIC (BES)
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vield ( A+X")

AGS (EB05 E896)
SPS(NA49) =

JL‘HLI'D ° c:a-ntlal 1| {H.Z

AGS (ES95-E396)
SPS (NA49)
FHIC (5TAR)
EHIC (BES)

A+A 0-5%0 central |v|=

)

vield (

SPS(NA40) =

10 12 14 16 18
Vany [GeV]

AGS (ESTT)
SPS (NA49)

central: 82 (TF) + 16 (PF) ms/co 1 I
mbias : 10 (TF) +2 (PF) ms/cc Vsas [GeV]
up to 80 cores/CPU dp/p = 1.2%




Particle identification with PID detectors

Ni+Ni 15 AGeV
123 1 o, L 1 Z
53 p A T 10 e
6 K* : e =
< -
1.6 K- / = =
/ : :

60 80 100 120
dE/dx [keV/(cm)]

10 12 14
p [GeV/c]

Central event: 40 (TF) + 7 (PF) ms/core with MVD!
(~ 2 faster w/o MVD)



KF Particle Finder for the CBM Experiment
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Entries

Entries

5M central AuAu collisions, 10AGeV
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5M central Au Au collisions, 10AGeV (A)
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5M central Au Au collisions, 10AGeV (E)
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KF Particle Finder with ToF track ID: Au+Au @ 10AGeV
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QGP and CSR signatures at FAIR energies:
Multi-strange baryons and antibaryons

Mult./event

107 -

10°

5M Au+Au central events/point

- Qf 030 .
: PHSD 3-0 n
i ! D 30
" QGP -
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Coog v v b v v v v v v v b by |l
5 10 15 20 25 30 35
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PHSD 4.0 Au + Au @ 10 AGeV

] - -i-H-+ PHSD4.0 CSR
n '{'+ PHSD4.0
3 +

Tty oP *
C + 4
L *'lr M
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[ * ..d‘tl L Ll ! ﬂi._.m [

-2 -1 0 1 2
Y

» Most of the Q+ produced by QGP @ FAIR energy
* CSR increase yield of MS Baryons & Antibaryons
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central AuAu collisions, 10AGeV
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central AuAu collisions, 10AGeV
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PHSD 4.0 (CSR) 5M central Au +Au collisions , M3 (P. Kisel)
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Au+Au 10 AGeV 5M central events

Extended KFParticle Finder 4, He

150~ ~ 1 min. of data taking!
- iHe — SHe+p+r
100
- eff =14.7%
B c=1.6 MeV
i S/B ~ 50
50— BR~0.2
Oglitmﬂmgﬁd« “ b o te o soustbaatid s eotet o ittt P H, 000 a4 o

»
=

4 4.1 4.2
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3 prong detached vertex is good signature of 4,He decay
M from J. Steinheimer et al., Phys. Lett. B714, 85, (2012)
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m? [GeV¥c?*]

5M mbias AuAu collisions, 10AGeV
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DCM with CBM detector 5M mbias C + C collisions

A.S.Botvina, K.K.Gudima, J.Pochodzalla.
Production of hypernuclei in peripheral relativistic ion collisions.
Phys. Rev. C, v. 88, p. 054605, 2013.
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5 _ :
N 10°
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é _10*
: 10°
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: 10
51 il
- 107
0 et
TS0 100 130
dE/dx [keV/(cm)]
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DCM with CBM detector 5M mbias C + C collisions
About 10 sec of data taking assuming 5*10° IR
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4 AH decay reconstructed with CBM detector
19



5 \He decay reconstructed with CBM detector
20



Double-A'hypernuciei
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AuAu, 10 AGeV, 102 central events, TOF PID

High statistic measurements at 107 interaction rates will allow to
measure double-A hypernuclei



Expected particle yields Au+Au @ 6, 10 AGeV

Particle M_ul_ti- M_ul_ti- yield yield yield in yield in IR
(mass plicity | plicity | decay BR |e (%) (s (s 10 weeks | 10 weeks MHz
MeV/c?) |6AGeV |10 AGeV| mode 6AGeV [10AGeV| 6AGeV |10AGeV
A (1115) |[4.6-10%4| 0.034 pTt | 0.64 | 11 1.1 81.3 6.6-106 | 2.2-108 10
= (1321) | 0.054 | 0.222 NTT 1 6 | 3.2:10% | 1.3-104 | 1.9-10%° | 7.8-101° 10
=+(1321) |3.0-105|5.4-10%4| Am* 1 3.3 (9.9.101| 17.8 5.9-106 1.1-108 10
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3,H (2993) |4.2:10?| 3.8:10? | 3Hem | 0.25 (19.2| 2-10% | 1.8-10% | 1.2:10%° | 1.1.10%° 10
4,He (3930)|2.4-103| 1.9-103 | 3Hepm | 0.32 |14.7 110 87 6.6-108 5.2-108 10
5 He(5047) 5.0-10% [BHe2p2m| 0.01 | 1 5.10°3 3.10% 10
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High rate scenario: MSH reconstruction with 4D tracking
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V. Akishina

100 Audu 10 AGeV mbias events

__Efficiency.% | 3D __| 0.1MHz | 1MHz | 10MHz_

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%
98.3 %
93.9 %
90.8 %
62.2%
0.6%
1.8%
92%
7.0

93.8%
98.1%
95.4%
94.6 %
68.5%
0.6 %
0.6 %
93 %
7.0

Timeslices from CBMROOT

93.5%
97.9%
95.5%
93.5%
67.6%
0.6 %
0.6 %
93 %
6.97

91.7%
96.2%
94.3%
90.2 %
64.3 %
0.6 %
0.6 %
93%
6.70

Timebased digitisation, cluster and hit finder 24
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High rate scenario: MSH reconstruction
with 4D tracking
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High rate scenario: MSH reconstruction
with 4D tracking
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High rate scenario: MSH reconstruction

with 4D tracking
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60 Institutes, 600 members

Summary:

CBM detector is an excellent device to measure
not only bulk observables, but strangeness,
hypernuclei and other rare probes with

S PN
¥ | = ﬁ Vo r
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