EXPERIMENT CBM - VESMIRNA
HMOTA V LABORATORI



Soucasna predstava

Standardni model
e 3druhy Castic: kvarky, leptony, nositelé sil
ostatni ¢astice s jsou slozené:
- baryony (proton): 3 kvarky
- mezony (pion): 2 kvarky

* 3druhy interakci: silna, slaba, elektromag. g
Interakce vznika vyménou nositel(:
-elektromagneticka: foton,
-slaba: Z a W Castice
-siln&: gluon

* Higgslv boson — dodava ¢asticim hmotu
predpovézen 1964, objeven 2012

* Graviton — hypoteticky nosicC gravitace
zatim neobjeven
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Fazovy diagram vody

* Rozmanita struktura generovana
elektromagnetickou interakci
— 15 fazi, 16 trojnych bodd,

— 2 kritické body
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Silna Iinterakce

* Matematicky popis velmi podobny
elektromagnetické interakci
- kvarky ale maji silny naboj -interaguiji
* Potencialni energie mezi kvarky roste se

vzdalenosti
— analogie s natahovanim struny
— dusledek — uvéznéni kvarkt v hadronech
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Fazovy diagram jaderne
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E. Fermi: Notes on Thermodynamics and Statistics (1953)
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BARYON DENSITY

Phase diagram of nuclear matter in
equilibrium, and how it can be exploret
in ultrarelativistic heavy ion collisions,
from the 1983 NSAC Long Range Plar



QCD fazovy diagram
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Jak se méni vlastnosti
jaderné hmoty v
extrémnich podminkach
(tlak, teplota)?
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Experimentalni zkoumani fazového diagram
jaderné hmoty
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Experimentalni zkoumani fazoveho diagram
jaderné hmoty

% 2005_ ‘ Potencialné komplexni struktura!
= | sgvw. Quarks and Gluons
~ 559 S *  PFivelké teploté spojity fazovy
z % "y prechod do QGP (LHC, RHIC),
2 onﬁn@me,,, - *  Privelké baryonové hustoté
T ool l > Hadrons i fazovy prechod prvniho druhu
£ | . b : (RHIC BES, FAIR)
= 3 Qyons Rees *  Existuje kriticky bod?
Colorsuiie *  Chiralni fazovy prechod/
Neutron stars  ¢conductor kvarkyonova faze?
oS . ( - 't‘: ;’rym ity . Exotick’é faze pfi extrémnich
Compact_Stars no=0.16 fm_é’ hustotach?

Tim, Ze ménime energii sraZzek, mizZzeme zkoumat rlizné ¢asti fazového
diagramu. P¥i nizkych energiich oblast vysokych baryonovych hustot -
stlacena baryonova hmota ...



Stlacena jaderna hmota ve vesmiru

Neutron stars Neutron star merger
Temperature Temperature
T < 10 MeV S T <50 MeY
Density Density
p <10 p, p<2-6p,
ifati Reaction time
L.Flt_"_?’t-lm’g finit (GW170817)
T~ 10 ms
Heavy ign collisions at SIS100 Temperature
T <120 MeV
# Density
p <8p,
Reaction time
i~ 10*5s

Isospin symmetric matter
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Baryonic Matter
(CBM, HADES)
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Primary Beams

¢ 1012/s; 1.5 GeV/u; 23828+

e 1019/ 23832+ yp to 11 (35) GeV/u
¢ 3x10%3/s 30 (90) GeV protons
Secondary Beams

 radioactive beams 1.5 - 2 GeV/u

* antiprotons 3 - 30 GeV
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V cem je CBM unikatni:
* Velmi vysoka frekvence : 10*5
- 10"7 Au+Au srazek/s

* flexibilni urychlovac
schopny stridat rtizné
nabité ionty

* Rychlost a radia¢ni
odolnost detektort a
elektroniky

* Kontinualni vycitani a
online zpracovani dat
- 1TB/s

* Méreni tzv. ,rare probes” s
vysokou presnosti



Groundbreaking
4 uly.2017 | Darmstadt

Current schedule landmarks:

2017 Start of excavation

2018 Finished S1S18 tunnel upgrade

2022 CBM cave ready

2025 SIS100 commissioning with beams
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CBM detector subsystems

Dipole Magnet

e bends charged particle's trajectories
(inside

dipole l l STS (Silicon Tracking System)
magnet) charged patrticle tracking

MVD (Micro-Vertex Detector)
secondary vertex reconstruction

STS RICH TRD TOF ECAL PSD

RICH (Ring Imaging Cherenkov)

TRD (Transition Radiation Detector)
electron identification

TOF (Time of Flight detector)
hadron identification

MUCH (MUon CHambers)
muon tracking & identification

ECAL (Electromagnetic Calorimeter)
electron/photon identification

T PSD (Projectile Spectator Detector)
collision centrality and
reaction plane determination

FLES (First-level Event Selector)
online reconstruction / event selectior

MVD MUCH
(inside
dipole magnet)




Fyzikalni program

QCD eqguation-of-state
* collective flow of identified particles
* particle production at threshold energies

Phase transition
* excitation function of hyperons
* excitation function of LM lepton pairs

Critical point
* event-by-event fluctuations of conserved quantities

Chiral symmetry restoration at large =

* in-medium modifications of hadrons
* dileptons at intermediate invariant masses

Strange matter
* (double-) lambda hypernuclei
* Search for meta-stable objects (e.g. strange dibaryons)

Heavy flavour in cold and dense matter
* excitation function of charm production

Eur.Phys.J. A53 (2017) 60

I'he European Physical Journal volume 53 « number 3 « march - 217

A

@ Recognized by Europaan Physical Socisety

Hadrons and Nuclei
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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.
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Rekonstrukce rozpadu

* Rozliseni 50um pro sekundarni rozpadové vrcholy

* KF ParticleFinder — vice nez 100 rozpadt rekonstruovano naraz
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Podivnost

Neni pfitomna v pocatec¢nim stavu - produkovana béhem reakce

V interakci hadron (e. g. p+p -> KAp): m, = 500 MeV >> T,
V interakci partond (e.g. g + g -> s sbar): m_= 100 MeV <=T,,
=>zvySena produkce v QGP

Zatim Zadna méreni hyperon( pfi nizkych energiich.

Testing tools in real environment @ STAR 4.4M Au+Au events sqrt(s) = 7.7

all centralities, no cuts on rapidity
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« CBM KEF Particle Finder is successfully applied to the STAR data in a wide energy range.



Eniries

Entries

Eniries

Podivnost

Neni pfitomna v pocatec¢nim stavu - produkovana béhem reakce

V interakci hadron (e. g. p+p -> KAp): m, = 500 MeV >> T,
V interakci partond (e.g. g + g -> s sbar): m_= 100 MeV <=T,,

=> zvysena produkce v QGP

Zatim Zadna méreni hyperon( pfi nizkych energiich.
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Studium produkce hyperjader

Expected collection rate: ~60 hHHe
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Produkovany zachycenim lambda baryonu na lehkych jadrech
* CBM v oblasti maximalni produkce (termalni model)

* C(Citlivé na na vlastnosti hmoty (transportni modely)

* Meéreni: toku, excitaCni funkce, doby Zivota, vazebné energie
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Studium produkce hyperjader

Expected collection rate: ~60 hHHe
in 1 week at 10MHz IR (not day-1)
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PGvab (c-kvark)

* Dulezity zdroj informaci o vytvoreném médiu
— Propagace c-kvarku jadernou hmotou

— Potlac¢eni produkce J/psi v QGP
* Vyhoda nizkych energii (below top SPS):

— N, << 1->neexistuje reepnerace :
veeys V4 7 o
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Sub-threshold production through heavy baryonic resonances:
N*—=> A +D and N*=>N+J/



mCBM - data campaign 2021 F-\lRm

CBM Progress Report 2020 (2021) [10,15120/G51-2021-00421 Beam time schedule and goals 2021
(1) Commissioning of upgraded data transport and detector subsystems & high-rate det. tests
mCBM@SIS18 208Pp beam, March 2021 and 7Kr beam, May 2021

(2) Commissioning of benchmark runs (A production) incl. online reconstruction & selection
%0 beam, June/July 2021

The CBM Collaboration
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application

Compressed Baryonic Matter Experiment
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N.Herrmann, SQM2021

Momentalné probiha testovani prototypt (modulii)
detektort a vycitaci elektroniky na urychlovaci SIS-18.




CVUT @ CBM

Detektor PSD — Projectile spectator detector

Technical Design Report
for the CBM Experiment

* Spoluprace s UJF

* Fakulta strojni — vyrobila a dodala nosnou strukturu

. . . , 7w Projectil tator detect PSD
* FJFI — optimalizace simulatoru odezvy (Lukas Chlad) ojectile spectator detector (PS

. . ;e . . The CBM Collaboration

* - simulace optimalni geometrie beam-pipu
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The support structure of the PSD at GSI




CVUT @ CB

KF Particle Finder

Implementace a testovani na experimetnu STAR
“CBM-like” fixed target

Otimalizace rekonstrukce podivnych a ptivabnych
castic
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CBM collaboration
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The FAIR Project
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Final state particle abundance
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