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Road map

What are we pursuing and why? |=:> Physics motivation




QCD phase diagram

Low up, hight T:

e Cross-over transition from hadronic to quark
matter - comprehensive studies of QGP
properties

e No critical point anticipated for ug/T < 3
(LQCD)
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High lig, low T:

e Unknown phase structure (first-order phase
transition, critical point possible, mixed phases,
new phases, ...)

* Properties of matter to determine

e Characteristics of hadrons

e Equation of State (EoS) to establish

e Neutron Star (NS)



Neutron star (NS) puzzle

H.Tamura, JPS Conf. Proc., 011003 (2014)

, To establish the EoS applicable to the neutron star has been one

= of the most important subjects in nuclear physics for a long time
g_ i n - but has not been achieved yet.” T. Hamura
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, To establish the EoS applicable to the neutron star has been one
of the most important subjects in nuclear physics for a long time
but has not been achieved yet.” T. Hamura

Strangeness

mautron urmPe!

M. Kaneta, Department of Physics,
Tohoku University, Japan

Hypernuclei are pivotal for the EoS of the NS

Unstable nuclei
Stable nuclei

e How do nuclei and hyper-nuclei form?
e What are their characteristics?
e How do nuclei (N) and hyperons (Y) interact?
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Search for signatures of Critical End Point: FIuctuations?&
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— Correction of reaction volume fluctuations using mixed
A. Pandav for the STAR Collaboration at CPOD 2024  €Vvents or pion multiplicites, see arXiv:2403.03598
R. Holzmann, A. Rustamov, V. Koch, J. Stroth

Higher-order moments requires prominent statistics
Detailed systematics studies indispensable



E-M probes access the whole collision

Low-mass regime Intermediate-mass regime

’g 10[5 I‘tral‘dt‘ty "o Inscribes matter properties enabling estimation:

= .. - degrees of freedom of the medium

%10_1 B < o = o - fireball’s lifetime, temperature, acceleration, polarization
TE: - transport properties

% - restoration of chiral symmetry

pre-equilibrium

SNLrnnnllrrn]
25 3 3.5

M., (GeV/c?)

late emission <«—————+ early emission

400F . . . . . S
E E STAR Preliminary Thermal dileptons in LMR: Effective size-signal: Sepp ~ R~
350
: E Y% IMR % LMR STAR ° T C|OSG tO TCh and TpC R - |nteract|0n rate
300 ¢ IMR ¢ LMR NA6O (In+In) . . .
2 M e dominantly emitted around phase S - signal
250 F . ) )
o =l i ca dhdi transition B- combinatorial background
150 F——— #'%’ : - . . . .
: I %o Thermal dileptons in IMR: Prominent interaction rate
100 — HotQCD: PLB 795 (2019) 15-21 . .
— o Tis higher than Tj, mandatory
50 :_ Ten SHc'hP Braun-Munzin(:er:'eta Nature 561, 3;h1-330 2018 M
C Ten GC.E/-SCE: STARPRC?)G,OMISID4(2017) ’ i : ° Emltted fom QGP phase
01‘ " Lol " L1l " L1l
1 10 102 10°

g (MeV)



Flow of strange particles
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High g facilities
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https://github.com/tgalatyuk/interaction_rate_facilities
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https://github.com/tgalatyuk/interaction_rate_facilities

Coverage of the QCD phase diagram

CBM / HADES @ SIS100 experimental exploration of the region ug ~ 520 — 830 MeV
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Who is involved?
Experimental facilities

Compressed
Baryonic Matter

How to achieve the goal?

Hanna Zbroszczyk for the CBM Collaboration, New Trends in High-Energy and Low-x Physics, September 1-5, 2024, Sfantu Gheorghe, Romania
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Civil Work Completed
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Compressed Baryonic Matter experiment

Fixed-target experiment — highest rates achievable First beams in 2028/2029
Versatile subsystems — tailored for the physics

program

Silicon-based tracking — fast and precise

Free-streaming front-end-electronics (FEE) = minimal

dead-time while data acquisition

Online event selection — advanced data taking focused

on customized needs

315 full members from 10
countries

47 full member institutions
10 associated member
institutions




CBM subsystems are on the verge of series production

- pre-production is onQOing in all SVStems Ring Imaging Cherenkov detector

1 of 2 photo cameras ready
50% FEE produced

Wi

Micro Vertex Detector

. . Silicon Tracking System
sensor/module integration

Superconducting dipole magnet : it
award of contract to Bilfinger Noell GmbH 20.12.2023

Prototype of CBM online data
processing tests with mCM_

Beam monitoring system
e |

Forward Spectator
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FLES processing Free-streaming

nodes o CBM data transport

time slice building

event reconstruction Pre-series productions of
FLES entry nodes & selection

all CBM detector systems
CRI'FPGA archiving

uSlice building — High-rate studies up
(bAQ container) ' to 10 MHz coll. rate

optical g R NN i in nucleus-nucleus

. fibers

collisions
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Compressed Baryonic Matter experiment

Fixed-target experiment — highest rates achievable
Versatile subsystems — tailored for the physics
program

Silicon-based tracking — fast and precise
Free-streaming front-end-electronics (FEE) = minimal
dead-time while data acquisition

Online event selection — advanced data taking focused
on customized needs

First beams in 2028/2029

Years 1-3: first energy scan, improved
statistical uncertainties of factor 10 with
respect to STAR

Years 4-8: high-statistics measurements:
di-lepton IMR, ultra-rare probes

315 full members from 10

countries

47 full member institutions
10 associated member

institutions
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T, 4 Experimental facilities

Compressed
Baryonic Matter

How to achieve the goal?

What is the plan?

—— — Key measurements
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Interaction rat

Key observables

Systematic measurements:

e Fluctuations: System alteration through first-order phase transition, critical point

e Dileptons : Emissivity: system’s lifetime, temperature, density, in-medium characteristics

e Hadrons (Strangeness, Charm, Hyper-nuclei, Bound states): EOS: vorticity, collectivity,

correlations: NN, YN, YY, multi-body interactions
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A high interaction rate is desired to reduce
uncertainties and enable measurements
that have so far been unattainable.



Fluctuations

Corrections for volume fluctuations and conservation laws
e Event-by-event changes of efficiency

* Proper selection of y — pr interval

* (Net-)baryons vs. protons, neutrons, nuclei
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Expectations after ~3 years of running

- Full coverage of K4 (E) for protons

- First results of K¢

- Possible addition of strangeness: k4 ()
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Hanna Zbroszczyk for the CBM Collaboration, New Trends in High-Energy and Low-x Physics, September 1-5, 2024, Sfantu Gheorghe, Romania




Dileptons

Electron thermal radiation, corrected for acceptance and efficiency,

Dominated by p contribution at LMR,

Can be reconstructed with 1.5-4.5% of precision,

Gives access to to the fireball lifetime and electrical conductivity (transport properties)

T vs. baryon density effects from partonic to hadronic fireballs
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Flow, polarization, correlations

40

p., GeVic

Excellent acceptance coverage

Reconstruction efficiency ~30%

e Precise measurements of flow for S=1, 2, 3

> 0.2

0.1

MC, {5, = 4.9 GeV, centrality 10 - 30 % A
DCM-QGSM-SMM, 1M events
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e Polarization measurement with precision of ~5%

e Thorough multi body N and Y correlations of S=1, 2, 3

achievable
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CBM aims to answer fundamental
guestions about the structure of the

What are we pursuing and why? QCD phase diagram at high ug

Wher‘e are we nOW? Already operating at high g experiments are

Qb e complete and exploration of new physics needs

- higher interaction rates

—

—
.

= ¢ Who is involved?
' Many world-wide existing and planned facilities
complement each other programs

Compressed Baryonic Matter experiment with

How to achieve the goal? high interaction rates will explore the region of
the energies of the highest importance

What is the plan?

To start these exploration in 2028 and to
answer fundamental questions in the first
year of CBM running



Prague, September 2024

CBM is o?en for new
|

participation



Thank You for your attention
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