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. Achievements: : =gt Visions/Plans:
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pre-seris production . . Experimental access
o Simulations/Performance £ Extreme conditions in the
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precursor Key observables, CBM
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=

Frederlc Ju.Ilan Linz for the CBM Collaboration = #

|| Budapest, Hungary - 04.12.2023




Part |

Physics motivation and
performance studies of CBM
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QCD phase diagram

QCD matter: many body system of quarks and gluons:
> Properties are very different depending on:

<250
>
)] . . .
S R T— o Temperature T (kinetic energy of the constituents)
S 200; o Baryo-chemical potential u; (difference between
g number of baryons and anti-baryons)
£ 15085 = —
o e
F e
100}
Hadrons
50}
ol ‘ . ‘ Nuclei |cas
0 200 400 600 800 1000

Baryochemical potential (MeV)

Borsanyi et al. [Wuppertal-Budapest Collab.], JHEP 1009 (2010) 073
Isserstedt, Buballa, Fischer, Gunkel, PRD 100 (2019) 074011

Gao, Pawlowski, PLB 820 (2021) 136584

Cuteri, Philipsen, Sciarra, JHEP 11 (2021) 141
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QCD phase diagram
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QCD matter: many body system of quarks and gluons:
> Properties are very different depending on:
o Temperature T (kinetic energy of the constituents)

o Baryo-chemical potential u; (difference between
number of baryons and anti-baryons)

Phase transition from hadronic to deconfined QCD matter:
> Atvanishing u, and high T:

o Smooth crossover (lattice QCD)

o Close to perfect liquid

o No indication for critical endpoint for u /T <3

Bazavov et al. [HotQCD], PLB 795 (2019) 15-21
Ding et al., [HotQCD], PRL 123 (2019) 6, 062002
Dini et al., Phys.Rev.D 105 (2022) 3, 034510

> Atlarge uz; and moderate T:
o First order phase transition?
o  Critical endpoint?
o Equation-of-state for baryon-rich matter?
3/35



QCD phase diagram
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Experimental scan with relativistic nucleus-nucleus
collisions in the laboratory. Experimentally can vary:

> Nucleus charge and mass:

Initial baryon number relative to the total number of
produced constituents

— related to baryo-chemical potential

System size

> Beam energy:
Initial energy available to the system
— related to temperature T (also influences uy)

. Foto
Hadrons @*@ I °°
50} L
ol ‘ . ‘ Nluclei
0 200 400 600

Baryochemical potential (MeV)

[HADES], Nature Phys. 15 (2019) 10, 1040-1045
Andronic et al., Nature 561 (2018) no.7723
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800 1000 = Both together define accessible area in the phase diagram
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QCD phase diagram
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, Experimental scan with relativistic nucleus-nucleus
T )4 Quark-gluon plasma collisions in the laboratory. Experimentally can vary:

N
o
o
.
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> Nucleus charge and mass:
o Initial baryon number relative to the total number of
produced constituents
— related to baryo-chemical potential

Temperature (Me
o
o
v LT
=
3
= 3
HH

100} o System size
Hadrons > Beam energy: '
50} o Initial energy available to the system
_— — related to temperature T (also influences uy)
uciei
0% 200 400 600 800 1000 = Both together define accessible area in the phase diagram
Baryochemical potential (MeV)
[HADES], Nature Phys. 15 (2019) 10, 1040-1045 CBM:

Andronic et al., Nature 561 (2018) no.7723

> High baryo-chemical potential: 500 < u_ [MeV] < 850
> Moderate temperatures T ~ 100 MeV
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Evolution of a nucleus-nucleus collisions

Chemical and kinetic freeze-out: particle

Hot and dense fireball production and interaction stops
Initial state created and expands with .

possible phase transition

13
L%
»; v

time ~ 10723 s

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School
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Nucleus-nucleus collisions in the laboratory

Chemical and kinetic freeze-out: particle

Hot and dense fireball production and interaction stops
Initial state created and expands with oo by 4 . .
Mot e T &Y - :
possible phase transition ot e!;.f:,u v Main measures at CBM
W € e el T,

> Strangeness production (from bulk):
- o  Equilibration of the system and density of
. the created matter

A, > Event-by-event fluctuations:
tme ~ 10775 s DR A o First order phase transition,

) critical end point, susceptibilities to restrict
equation-of-state (EoS)

> Collective behavior and correlations:
o Vorticity via (global) spin polarization, YN
& YNN potentials

> Dileptons:
o Emissivity of dense baryonic matter:
lifetime, temperature, density, in-medium
properties

> Hypernuclei

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 7135



Nucleus-nucleus collisions in the laboratory

_ Chemical and kinetic freeze-out: particle
Hot and dense fireball production and interaction stops
Initial state created and expands with Yo B

possible phase transition Main measures at CBM:

> Strangeness production (from bulk):
o Equilibration of the system and density of
the created matter

center-of-mass
frame

> Event-by-event fluctuations:
o First order phase transition,
critical end point, susceptibilities to restrict
equation-of-state (EoS)

> Collective behavior and correlations:
o Vorticity via (global) spin polarization, YN
& YNN potentials
> Dileptons:
o Emissivity of dense baryonic matter:
lifetime, temperature, density, in-medium
properties

> Hypernuclei

\/

fixed target
experiment
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Experimental challenges for CBM

'ﬁ'1 08 E T T T T L L T T T T T T 17 ‘ T 2
L. , E A — Heavy ion collisions
102 ok kA E
—— E 2 3
© - ]
— 6 g

c10°=: oo, E
e = NAB0+@SPS .
B, [ oo A .
e . ALCE3@LHC ssseerres ]
S 10 = LAvPS ¢ gEMeN ALICE@LHC — — = =
Q SERAR SPHENIX@RHIC ]
4L HADES@GSI MPD@NICA R —
£10°: 0oon E
- o 3
- Yeoietetede A= NAB1/SHINE 7
10°E STAR FXT STAR@RHIC —
= ):( =
10°e d e
- : ]
1 0 ;_ 1 1 1 1 11 11 l 1 | 1 1 | | l 1 = _E

1 2 3 4567 10 20 30 100 200

Collision energy \syy [GeV]

T. Galatyuk, NPA 982 (2019), update 2023
https://github.com/tgalatyuk/interaction_rate_facilities

CBM, EPJA 53 3 (2017) 60
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Investigation of rare probes requires high statistics
to reach high sensitivity

> High intensity beams

> Capable detectors

@)

@)

(@)

High primary and secondary vertex resolution

Large detector acceptance and high
efficiency

Free streaming read-out electronics

Light material budget (control beam
backgrounds, ...)

High radiation tolerance

> High performance computing

@)

Online event selection instead of hardware
triggers

9/35


https://github.com/tgalatyuk/interaction_rate_facilities

The Compressed Baryonic Matter experiment

MVD

Micro Vertex Detector*

STS

Silicon Tracking System*

* inside magnetic field

MUCH or RICH

Muon Chamber System /
Ring Imaging Cherenkov Detector
TRD

Transition Radiation Detector
TOF

Time-of-Flight Detector

PSD

Projectile Spectator Detector

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 10/35



The Compressed Baryonic Matter experiment

New components due to loss of | | L '-:*r ~
VD Russian collaborat [
Micro Vertex Detector* usstan coffaborators K
STS

Silicon Tracking System*

* inside magnetic field

MUCH or RICH

Muon Chamber System /

Ring Imaging Cherenkov Detector
TRD

Transition Radiation Detector
TOF

Time-of-Flight Detector

FSD

Forward Spectator Detector
(similar to HADES Forward Wall)
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The Compressed Baryonic Matter experiment

Detector acceptance RICH electro

(5= 2.86 GeV Sun= 4.9 GeV

n-pion separation

p., GeV/c

Au+Au CBM simulations | s § ’E 10 I s
Protons || 10° @ 3 S
™
. = J
a2 10
1.5 =

110

—_

LA L L Y L L Y L B

10°

0.5
10?

0|1|l||1|1||l|ll|1||l|1||

0 ) 0O 2 4 6 8 10 12
oM p [GeV/c]
€ ©
S
10° o
Hadron ID . UE_ TRD+TOF PID
with TOF N 0 O via energy loss
5 10
o
-10 -8 -6 o 0 2 4 6 8 10 s Pl e
qp, GeVic 0 20 40 60 80 100 120 140 160

(TRD dE/dx) (keV-cm?/g)
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C,/C, )

4 LB T T L
I 5

o 3¢ = STAR (0 - 5%) —
2 E g 3 @ net-proton -
8 2 —‘é’% f O proton —
GC) | 22 *:J (Iyl<05, 0.4<p (GeV/c) <20) |
g L s ___T% h___$_—
E T o E:é % ri@
STl T T Tl T
= | HRG CE i
= =1 (05<y<0) N

| (0.4 <p, (GeVrc) <2.0) et » proton

1 1 1 11 1 1 | | 1 | AL 4 ‘ 1 1
2 5 10 20 50 100 200

Collision Energy s, (GeV)

STAR, PRL 128 (2022) 20, 202303
HADES, PRC 102 (2020) 2, 024914

1st order phase transition:

>

BM phy5|cs goals: critical fluctuations

Thermal susceptibilities for baryon number:

o"(p/T%) _

= s /T)"

Cp ~——

n-th order
cumulant

6th order derivative particularly sensitive to phases in

the QCD diagram

Requires measurement of higher order moments of

net-proton number distribution:

mean : M = (V)
variance : 0% = ((6N)?)
skewness : S = ((§N)?) /o®

kurtosis : k = ((0N)*)/o* —

— Cla
- 027

03/03/2,

= C4/C3.

Discontinuity of the density = non-monotonous behavior of higher order moments of particle number

distributions

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School

13/35



CBM performance: critical fluctuations

10°
10°
10*
10°
10?
10
1

LI LA L L LB R TTT T T T T T

> Important to have precise (independent) centrality determination!

E T T T T K

L AurAuE,=10AGV w (05)% 1 Experimental challenge for CBM:

E UrQMD + CBM GEANT3 ) (5-10) % 3

i Of«p c20(GeVE) i (10-20)% o > Higher order moments probe the tails of the distributions:

% ~ 1.08<y<208 (20-30) %
S, §3°j4° ok o Large statistics required for most central collisions (0-5%)

( =
(
(

URELLL L R

o  Control of volume

E ) =
E Q - ﬂ u Ctu atIOI’\S -—fug CBM simulations I
EQo & N E = AutAu (5yy=4.7 GeV 8]
. X ‘;:/%F’ | - DOM-QGSM + Geant3 | | °
N \+‘ \ \ it | ﬁ(l:%\&l s :
0 10 20 30 40 50 60 70 80 90 v (proils .
AN (N - N_) A corrected profile E
P P - — corrected fit -
> Measure excitation function for ka?=C,/ C, =X,/ X, 0l 10
(improve STAR stat. errors by factor 10) I
i _ 0.2
> Precise results for CG(Nproton anti_proton) I
> Extension into strangeness sector (e.g. net-A number fluc.) i ‘ ‘ | e
00 I ‘ 0.2 — 0.4 ‘ ‘ 0.6 ‘ ‘ 0.8 l 1 1
IV‘STS/MSTS

'max
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CBM physics goals: spin polarization

Joys

Fireball

Vortical structure of the QCD matter?

Reaction plane: > Non-central heavy-ion collisions:

P, \ o ’ i
YA
impact . 3 7
% parameter o Large orbital angular momenta ~10°-10"h
J
S

> Vorticity couples to the spin degrees of freedom of the matter

Forward-going
beam fragment
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CBM physics goals: spin polarization

Jos
sys

Vortical structure of the QCD matter?

Reaction plane: > Non-central heavy-ion collisions:

impact
parameter O

P, \ 0 ’ 4
A
i i JS

Large orbital angular momenta ~103-107h

Fireball
Forwart-gok > Vorticity couples to the spin degrees of freedom of the matter
beam fragment
§ | e PRC103 (2021) 3, L031903, HADES p €[0.2,1.5] GeV/c ye[-0.5,0.3]
‘—'< | Au+Au, b=6fm, |y|<0.5 Au+Au: Ag+Ag:
o gl— == hadronic E0S m  10-40% ® 10-40%
. . . . . . | = CIOSSOVEr EOS [u] -40% o -40%
> Experimentally accessible via parity violating _ == 1PT EoS LSl e
PRC104 L041902 (2021), T
Weak decayS eg N z Au+Au, bosfm, <1, p. 0420 4 PRC76 024915 (2007)
’ g | s AMPT model ¥ Nature548 62 (2017)
o A —p + 1 (proton predominantly emitted C 4y MR e TR
in the direction of the lambda Spin) 4__ / ¢ PRC101 044611 (2020)
| STAR 20-50% p_€[0.7,2.0] GeV/c ye[-0.2,1]
> Strong rise of the A polarization function I ¥ PRE10Y, LomRe 1aat)
towards lower energies - 4 {
. - ~t 4 J
> Sensitivity to EoS? ] e =t
L IIIILII 1 1 lIlIII| 1 1 lIlIIll 1 1 Illllll 1 1 11 11
1 10 10? 10°

VS - 2My, [GeV]

HADES, Phys .Lett. B 835 (2022) 137506

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School
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CBM physics goals: collective flow

non-central

colision radial flow directed flow elipcflow  Flow coefficients describe emission
A4 4 anisotropy in momentum space:
@ﬁ P //4 \\1/ ) .,
> Radial flow (v,=1) sensitive to
e ‘ expansion velocity and temperature
/ ¢\ } '// @" T\ > Higher order harmonics sensitive to
il EoS, nuclear mean field, ...

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 17/35



CBM performance: spin polarization & directed flow

non-central

. radial flow directed flow
collision

@w
@ /L@u

Relation between polarization and directed flow v.:

> Both sensitive to the initial velocity field
> Directed flow measure momentum distribution

Different behavior in peripheral events:

> Polarization mechanism?

> Simultaneous description of v, and P,?
> Differences between p and As?

P [%]

elipticflow  Flow coefficients describe emission

anisotropy in momentum space:

\I/ . "
> Radial flow (v,=1) sensitive to
expansion velocity and temperature

/\ > Higher order harmonics sensitive to

[\ 5

22 EoS, nuclear mean field,
[ » ? 0.2~ CBM projections:
F CBM projections: 2 x 10' minbias AuAu collisions o
;— i st Ak BE G B 2 x 10'"° mbias AuAu collisions|
- ! HADES 10-40% p _: (0.2,1.5] GeV/c y: [-0.5,0.3] I ] " A, p,>0,0-40%
3 O Ag+Ag/ AutAu I I ® A p,>0, 0-40%
- STAR 20-50% p :[0.5,6.0] GeV/c | nl<1 i | ® & p,>0, 0-40%
o + 2 A PRC76/ Nature548 / PRC98 0.1~ ‘ o E895 pT > 0 GeV/c, midcentral
- m + ) A Nature548 F % ‘
B _ 1 “  STAR P, > 0.4 GeV/c, 10-40%
o = PRLIZG L I
:— " J ALICE 15:50% p : [0.5,5.0] GeV/c ly|<0.5 ! | v -

n & PRC105 029902 (2022) | Ny, = 10" ¥ 5
e T ﬁ
i g + | ) e
f ¥
wl \ wl 1 |

10 10 10° VS - GeV
\spy - 2my [GeV]

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 18/35



CBM physics goals: dileptons

beam axis

GEmm -+
i

10 -5 0 5 10 15 -15-10 -5_0 5 10 15
X (fm) X (fm)

~0.01

-0.02-

r T T T T T
- inmed. p spectral function with hydro evolution -
|- — cross-over .
R ' order phase transition .

Au+Au at |s = 2.4 GeV
b = 2fm

P IR I MU NI R}

_000>||. L P PR
“0 02 04 06 08 1 12 14

M., (GeV/c?)

10"
-15 -10 -6 5 10 15 -15-10 -5 _ 0 &5 10 15 -15-10 -5_ 0 5 10 15 -15-10 -5_ 0 5 10 15
X (fm) X (fm) X (fm) X (fm)
(Virtual-)Photons:
> No strong interaction involved = sensitive to all stages of the
evolution:
o Lifetime of the fireball, temperature, restoration of chiral
symmetry, polarization, emissivity, ...

Elliptic flow:
> Initial positive v,(proton) —positive v,(dilepton) ?

o  Sign of elliptic flow sensitive to phase transition ?

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 19/35
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CBM phyS|cs goals dlleptons

& 102 ; Thermal excess radiation:
0 2
S 10°f Au+Au s \=2.42GeV 1 >  o-meson spectral function:
S, g (Tiropar = 71-842.1 MeV/k, 3 o Strong in-medium broadening
9 10—4'g J In-medium sgﬁctral function
= g 3
S F ] dNpyi- o, L(M* 4 N
% 10_5? ?; d4d41}' = - 7T3 M2 f (q07T) ImHem<M7 q, T7 :U’B)
525 10—6:g a: McLerran - Toimela formula, Phys. Rev. D 31 (1985) 545
© = = . T . . .
o 57k 8- HADES data 0-40% 1 > Consistent description of in-medium spectral function from
E  — in-medium p spectral function 5 .
5 N ; (‘;A"/(T;” : = many body theory from SIS18 to RHIC, LHC energies
= — Mg’ x exp(-M_ & . .
108 = o Baryonic effects crucial
ST R R ] Y P A e — Rapp and Wambach, Adv.Nucl.Phys. (2000) 25
0 02 04 06 0.8 1 1.2

HADES, Nature Phys. e*e” invariant mass [GeV/c?]
15 (2019) 1040
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CBM physics goals: dileptons

1072

10°°

s ) =71.8+2.1 MeV/k,

fireball

107

/dM,,, [GeV/c?]!

107°

4m
eXcess'

107

-# HADES data 0-40%

—
=
~

OIHIIHII lHIIﬂT] IIIHHTI Hlllml IHHITTI Hlllml TT1

-~ in-medium p spectral function

— MEZ x exp(-M, /(T)

1/N_, dN

1078

| il lllllujl xlmml umm] llmml R

by b 1l | - )
02 04 06 08 1 1.2

HADES, Nature Phys. e*e” invariant mass [GeV/c?]
15 (2019) 1040

Chiral symmetry:
> Spontaneously broken in vacuum
> Restoration at finite T and high p:
o Mixing of vector and axial-vector mesons

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School

(@)

dNpy—

"""""""'"""""";Thermalexcessradlatlon

Au+Au \s\=2.42GeV |1 > o-meson spectral function:
Strong in-medium broadening

In-medium sgﬁctral function

L(M2 'd N\

2
(0
i fB(q07T) ImHem<M7Q7T7:U’B)

didix w3 M2

McLerran - Toimela formula, Phys. Rev. D 31 (1985) 545

> Consistent description of in-medium spectral function from
many body theory from S1S18 to RHIC, LHC energies

o Baryonic effects crucial
Rapp and Wambach, Adv.Nucl.Phys. (2000) 25

4=0MeV
1500 a, Jung et al., PRD 95,
036020 (2017)
Ewoo}/ Hohler and Rapp,
2 PLB 731 (2014)
P Degeneracy of
500 chiral partners
00 50 100 150 200 250 300

T [MeV]
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CBM performance: dileptons

dielectrons

UL L L L
CBM Simulations
Au+Au |s\,=4.9 GeV
min-bias, /R=100kHz

Dielectrons:

—— 2x10"° ev 'measured'
—— thermal radiation
—— Rapp in-medium SF -

Rapp QGP

cod vl s

_._A_k_k
o o o o
A &b o I

T T T

|

1/N,, dN/dM., (GeV/c?)"
3

> Excessyield in LMR

-
S
(=]

0%l vl vl vl

107
10°E
~10:i L | | narn N i
107 05 1 15 2 2.5
M., (GeV/c?)

Dielectrons/-muons:
> Slope of invariant mass spectra
o Flattening of the caloric curve (T vs. beam energy)
m Evidence for phase transition

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School

o Measurement of fireball lifetime < 10% errorson T

>  o-meson contribution dominates at low masses < 1 GeV/c?

fireball

o Transport properties - electrical conductivity

o High precision to observe 1st order phase transition?

dimuons
‘;\10_1§IIITIIIIIIYIY![TIII{IIY\
R F CBM Simulations
S 1025 AutAu |5,=4.9 GeV
8 _33 min-bias, IR=1MHz —e— 6x10'" ev 'measured'
‘;10 E —— thermal radiation
= - —— Rapp in-medium SF
4L
% L - Rapp QGP
S 105k KT prepan = 165.9 + 15.0,,, MeV
5 F
< 1043;
e =
10‘7§
1045*
10"95—
-10:..”|....HH\.HH
s 05 1 15 2 2.5

M, (GeV/c?) 22/35



CBM performance: hypernuclei

Three-dimensional nuclear chart

al n Extending nuclear chart in strangeness direction:
(Kaneta M, Tohoku University, Japan)

> Increasing baryon density: hypernuclei production
o  Search for multi-strange hypernuclei

A

Strangeness

> Flow pattern

>  Lifetime measurements Lifetime measurement

> 105§ T I £ F
z [} F | ———— . 5 E
% 2 10 I r 3 1=199.51+22.16 ps
© 10 e > SHo p . BRSO 3 .
% o F £=1.2%, S/B=0.4, 6=2.6 MeV/c? 10°F ’ Sl
& V02 - E simulated lifetime T = 200.0 ps
\_>; E —=— 1.6x10'? ev 'measured' /R=500kHz K
Stable nuclei % 10? : tcr:)earlrgsacl:ence - :
. . = L B & .
Relation to neutron star physics: s 0 10°F
107 - &
> Lifetime of hypernuclei sensitive o2 Z
to YN- and YY-interaction ot 2 5 28 il
o EoS of high density matter 14 :
> Explain mass vs. radius relation e R B KT 0
of neutron stars Collision Energy \/% (GeV)

D. Lonardoni et al. PRL114 (2015) 092301
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Part Il

Construction and preparation status
of CBM
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Linearbeschleuniger  Ringbeschleuniger Ringbeschleuniger
S18 /

UNILAC N SIS100

Produktion
neuer Atomkerne

Produktion von &4 ™N 3 \ . \ 2 - .
Antiprotonen Ve > R < A ’ o Facility for Antiproton

and lon Research

ee—
100 Meter in Europe GmbH
-

Experimentier- und [l existierende Anlage

Speicherringe [l seplante Anlage

[l Experimente




Start of operation in




CBM construction

Recent achievements:

> CBM building (cave, control room, ...) has been
constructed, upstream platform installed

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School 27135



CBM construction

Recent achievements:

> CBM building (cave, control room, ...) has been
constructed, upstream platform installed

> First prototypes of the beam pipe are tested
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CBM construction

Recent achievements:

> CBM building (cave, control room, ...) has been
constructed, upstream platform installed

First prototypes of the beam pipe are tested
Technical design finalized for beam monitoring system

v

v

BMON

TO

station
Halo
station

Sensor
'S
arrangement e -

lem
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CBM construction

Recent achievements:

> CBM building (cave, control room, ...) has been
constructed, upstream platform installed

> First prototypes of the beam pipe are tested
Technical design finalized for beam monitoring system
> Alternative solution to missing Russian components:

o Dipole-magnet (key element for tracking/PID)
m Offers by companies solicited
m  Ongoing process of signing the contract
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CBM construction

Recent achievements:

> CBM building (cave, control room, ...) has been
constructed, upstream platform installed

> First prototypes of the beam pipe are tested

\l

Technical design finalized for beam monitoring system

> Alternative solution to missing Russian components:

o Dipole-magnet (key element for tracking/PID)
m Offers by companies solicited
m  Ongoing process of signing the contract

o New forward wall (FSD) based on HADES concept in
preparation (first prototypes, software development)
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CBM constructlon pre-serles production started
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The mCBM experiment at GSI / SIS18

mCBM@SIS18

top view
mCBM 2022
benchmark runs

BM experiment
at GSI SIS18
~ March 27,2022

RPC

> Testing of the detector components: > Verification of data acquisition
o High rate tests < 10 MHz collision rates o Benchmark with A reconstruction
> Testing of the triggerless streaming read-out > Use mCBM data to validate online

reconstruction and selection algorithms
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The mCBM experiment at GSI/ SIS18
= 60_‘ [

Milestones reached with mCBM campaign in 2022:

>

Y VYV

>

Stable operation over long periods
Verification of the CBM read-out concept
High rate validation of detector components

A reconstruction in Ni+Ni@1.93AGeV (400-500kHz
average collision rate, offline analysis)

Demonstration of vertex reconstruction using CA tracker

Ni+Ni 1.93 AGeV

vertex scan using the CBM CA track reconstruction (incl. STS, TRD, TOF)

> Ry o4 2 Ef z£i9 0%
(3 o e
3 %

10
xvx (cm)

Yiel

>

Y Y VY

—Same event
Mixed event
- Same - Mixed
40 B Mean 1.1159 GeV
Width 7.2511 MeV
i Signal 613
S/B 6.565
Sgnf 21.10
- H Prob 1.01e-06
20 - preliminary
'L data analysis
L | in progress
l"l 1111 I L1 I L1l l 11

1.1 1.9 12 125
M., [GeV]

mCBM in 2024-2025:

Approved by GSI-PAC

Preparations for upcoming beam times
N\ excitation function in Au+Au & Ni+Ni
Installation of new prototypes (e.g. FSD)

Online reconstruction/selection

Frédéric Julian Linz - CBM Collaboration - 04.12.2023 - Zimanyi Winter School

34/35



Summary: CBM facts

> Rich physics program:
o Strangeness, EbE fluctuations, collective behavior, dileptons, hypernuclei, etc.
o Extending of physics program with proton induced reactions

> CBM preparations are progressing towards the SIS100 beams
o Finalization of detector design
o CBM cave ready, platform installed
o Pre-series production started
Evaluation of ultimate supporting structures for detectors and beam pipe (additional background)
Performance studies from upcoming mCBM beamtimes using new prototypes
Final review —Start of series production (end of 2024/2025)
CBM pre-commissioning: 2026-2028
Ready for data taking in 2028

Y V VY Y Y
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Properties of Quantum Chromo Dynamics

main difference compared to QED MiCI’OSCOpiC consideration:

> Interaction of quarks and gluons which both carry color

charge!
o self-interaction among gluons

> leads to a "running” coupling constant ag: dependence
on momentum transfer Q (or distance R)

> two distinct extremes:
(1) confinement of quarks and gluons in hadrons

(large R, small Q)

% , : iu QcD (2) asymptotic freedom (small R, large Q) = hot
o3l \  Far ity . | and dense matter
ey e > QCD Lagrangian:

\ v pp —> jets (NLO)

\ 1 _ .. .
| \\§ ] gQCD = _ZGEVGZW-F an(l}/u(au_lgAu)_m)abqb

\\\ _ w,d,s
0.1} | \%%g%ﬁ% : .
— QCD oy(M,)=0.1185+0.0006 Can only be solved using perturbation theory for (2);
1 10 Q[GeV] 100 1000 in case of (1), effective Lagrangians, hadronic models,
€

discretization via space-time lattice, ...
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QCD phase diagram |l

. Neutron stars/neutron star mergers:

5 | «£ > Similar densities and temperatures in HIC and NSM
) L o Densities: p/p,= 3
o Temperature: T < 70 MeV (~10'2K)
-20 -10 X(gmj 10 20 -15 -10 75”2"‘ 5 10 15 -15 -10 -5 X(?(m)s 10 15 =15 =10 -5 x(gm)s 10 15 > Observation Of neutron Stars’ for instance
mass-radius relation
3 - D. Lonardoni et al. PRL114 (2015) 092301
oal PNM
T T T e P T T T T T | TR —— w— Bl el A
> Hyperons naturally appear at high densities AN + ANN (Il PSR J1614-2230
o  Softening of the EoS —lower maximum mass predicted = 6
> Hyperon-nucleon interaction play a fundamental role: = 12y AN + ANN (1)
o 2-body and 3-body (YN and YNN) interactions are s |

important to understand the inner structure of neutron

stars 0.4 AN \\\

> Stronger constraints on the hyperon-nucleon force needed 0.0 r” e ra r
o  CBM can contribute here! R fkm

15
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Collective flow coefficients

HADES, Phys.Rev.Lett. 125 (2020) 262301

— > Measure harmonics of azimuthal angular distribution w.r.t.
Au+Au \s  =2.4 GeV H . —_ _
Aushu (5, reaction plane: Ap = ¢ - W,
N
y 1 dN 1 —
% ——— =1+ 2v,cos(nA¢)
e 85 Nall dA¢ 2T —
0:6 tral
=03 non-centra radial flow directed flow elliptic flow
In collision
W,.s 4 f/
- - ®
Vg
X Ky
S\
z c SR EEEAIREEEN REEEN RAEED LA EERLE ER
> v, sensitivity to the EoS of the hadronic medium G A Awmamace =£ 3
P. Hillmann, J. Steinheimer, and M. Bleicher, J. Phys. G45, 085101 (2018) g Tsd
P. Hillmann et al., J. Phys. G47, 055101 (2020). § 28 ]
_ . , : " 3 1 HADES,
> v, constraints to nuclear mean field at high bayron densities g o lPhys.Rev.Lett. 125
P. Danielewicz, Nucl. Phys. A673, 375 (2000) oak 1 (2020) 262301
> Constraints to theoretical descriptions: B
2 — . .
v,(P)/V,%(p,) = 7 (ideal fluid) ;

N. Borghini and J.-Y. Ollitrault, Phys. Lett. B642, 227 (2006)
Centrality [%]
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dv,/dy(C)
"I e High A reconstruction efficiency

L V™ x8y averaged

| 5M Au+Au ‘P(R:’“E). x&y averaged
0-04

04-08

08-12

1.2-16

Connection between spin polarization & directed flow

J ;
i Py ‘ 6" ’ Ta
% A : ela}l*_z_chalﬂed ‘
4 Iy B .
) n<o0 VL >0 z 02k "
Fireball % ) ef .
. ,. [ [ ‘l L +
0w [ =

-O-ﬁ
dv/dy

Py GeV/c

Forward-going W 0.1 L * = +
beam fragment . ‘() (§He [ e L]
On n "
0 “ = ¥ |
5 ® HADES Ag+Ag S, = 2.55 GeV [ L] T
E 10— UrQMD-+therm.vorticity, PLB803 135298 (2020) [ +
| p €[0.2,15]GeVic 0.1 Yo
y €[-0.5,0.3] oy .
6/~ o STARAu+Au S, =3 GeV ++ _0261|02I03|04|05I06|0 .|-. -7'9/- Large statistics = p.re(_:lse .
Al ++ ceal-* - measurements multi-differential!
+ + i HADES AutAu (Syy = 2.4 GeV
T ¢ A R
+ : 1.6:— \7; Deuterons il i -
% 1 2 30 20 E“ i e E
centrality [%] | L ‘ ‘ -
. . of. » 2 =
Different centrality T s [
dependence! W il 0o o
K o s o o
N LT ‘ ]
04 o) 3
o2k 3 HADES, Eur.Phys.J.A
Cf.‘,m",‘,‘,4‘,‘,_‘,"‘,‘,“m,m ] 59 (2023) 4, 80
0 5 10 15 20 25 30 35 40

Centrality (%)
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