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* The detector design is well suited for iden
produced hypersystems.
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GE% Motivation

Advantages of CBM:

O. According to the theoretical predictions energy region of

CBM is preferable for production of hypernuclei
(confirmed by STAR BES-11 & HADES data!)

« Complex topology of decays can be identified in CBM
with a low background (KFParticle Finder).

* The detector design is well suited for identification of
produced hypersystems.

« High interaction rates, optimal collision energies and

clean identification will allow to search for AA-hypernuclei.
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0-10% collisions
l Au+Au (STAR)
@ Au+Au (STAR preliminary)
¢ Pb+Pb (ALICE)
---Thermal

Coalescence (UrQMD)

2.76TeV

il

assuming B.R.(?\ H —3He + 1) = 25%

3 4 5678910 20
STAR, Phys.Rev.Lett. 128(2022)20, 202301 U SNN [GeV]

ALICE, Phys. Lett. B 754(
T. Reichert et al, Phys.Rev.C 107(2
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O. According to the theoretical predictions energy region of
CBM is preferable for production of hypernuclei

-
o

(confirmed by STAR BES-11 & HADES data!)

—

‘N
L.
)
-+
©
e
o
9
h—
O
©
—
)
-+
<

« Complex topology of decays can be identified in CBM
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with a low background (KFParticle Finder).
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* The detector design is well suited for identification of
produced hypersystems.
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« High interaction rates, optimal collision energies and
clean identification will allow to search for AA-hypernuclei.
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. Au+Au @ 12 AGeV mb A ) ~ PID detectors:

Hypernuclei
selection with e

KFParticle Finder , E R STS heavy fragments
I o i identification by dE/dX

m? [GeV¥c!)

ToF - hadron identification

TRD electron and heavy
fragments identification

dE/dX [keV/(cm)]

50 100 150
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| Charged particles: ex, p=, =, K= p=, d=, 3He%, 4He= |

¥
“‘ Neutral particles: vy, ¥, 7%, o m, AL A, 20, 50
Dileptons Heavy Flavour Strange particles Hypermatter
Charmonium Open-charm Kl —m
Ty —» e+ e Open—.charm resonances K+ — u™ v . Hypemuflé
Ty = particles | 5 D®¥—Dm " =—Amn :%I—li - 3 il
. " . . D' — Dt | K+ — o+ ad — A L 11._ T
. ,LO“' mass D:‘ - }t-fﬁ D* — Dig* K- — o nd = —=Amw Tt—pnd P {}Ei —rw
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N o —ete D0 — KK A —pm 0 — AR TO— A 3#H — Hemw
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o—ee DY — Ko sopw || 0T B DAL | e e
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& — ptpe D- Jhy — AJ =l 5 _ar T S0 — Hepn-
o ¥ —nmw - 43;’ T
D- = 7 —4Hepn~
Gamma Do+—s K+ K-+ I+ —nmt
T ere D+ — Ko 4 T | ‘I,
Fe— ~ H . o T ) 1 €
Ga:l:ma c_leia} : Dr—K%\Krmn Strange resonances Double-A
=Ty D.+— K&K mr o
n —ry D" KoK+ hypemuclei
Al TH 4unH — Y Hen
+ S p— 2 [
Ar—pKm B mesons K™ — KO o+ = — H — 4 Hpr
2 + + - =a s T ™l 5 5 -
Light mesons AF—pmn B- — Dig~ . ) O — SaH — SaHew
and baryons A+r—pKo, B- — Dy K — Ko o 0 fanHe — 3He pm~
e - Ny g
N R Ar—pKhn B — DK+ —_ % Tr
T I At—s A L B- — DIK- - & —4Hm 1 !
T -\: -\ BY —= D-w+ Ex- - ‘J_\ ™ .
+ 77~ AFT— A =0 T+ s A @+ K" - K+m .
— £ 0 om Bl PRI BY —Drx- - B K- " Heavy multi-
L A0 —prm El—=Ewtat B DK+ T AT
AV —pmr BY — D*K- ¢ — KK Ly e
A= —pm* + antiparticles 2 —pK X
A —pw A —pK- =

1. KF Partiglé Finder — M. Zyzak, “Online selection of short-lived particles on many-core computer architectures in the CBM experiment at FAIR,” Dissertation
thesis,/Géethe University of Frankfurt, 2016, http://publikationen.ub.uni-frankfurt.de /frontdoor /index /index/docld /41428

All decays are

ontains essential
racking and detecter

Hypernuclei selection
with KFParticle Finder

s Complex topology of decays
can be identified in CBM withja
low background
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dN/dy (NF, HN)

.
L‘ PHQMD: Fragments & Hypernuclei at CBM energy range

5M Au+Au events at /(s) = 3 GeV

Parton-Hadron-Quantum-Molecular Dynamics - A Novel Microscopic N-Body Transport Approach for Heavy-lon Collisions, Dynamical Cluster Formation

and Hypernuclei Production
J. Aichelin, E. Bratkovskaya, A. Le Fevre, V. Kireyeu, V. Kolesnikov, Y. Leifels, V. Voronyuk, G. Coci, Susanne GldBel -
J. Aichelin CPOD 2024

Phys.Rev.C 101 (2020) 4, 044905

TAR prefiminary)
LICE)

Excitation function dN/dy of deuterons at midrapidity

STAR
— Hybrid URQMD . .

W kinetic

MST stabilization

dN/dy (lyl<0.5)

10 30
Vs [GEV]

Cluster #
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PHQMD: Fragments & Hypernuclei at CBM energy range

Parton-Hadron-Quantum-Molecular Dynamics - A Novel Microscopic N-Body Transport Approach for Heavy-lon Collisions, Dynamical Cluster Formation
and Hypernuclei Production
J. Aichelin, E. Bratkovskaya, A. Le Fevre, V. Kireyeu, V. Kolesnikov, Y. Leifels, V. Voronyuk, G. Coci, Susanne GldBel

Phys.Rev.C 101 (2020) 4, 044905 - OD 2024

F @ Au+Au 0-10% (STAR)
£ @ Au+Au 0-10% (STAR preliminary)
E + Pb+Pb 0-10% (ALICE)

N Y.H. Leung STAR
TR, QM 22

4 —1t=80fm/c
AH — 1t =85fm/c

Au-Au 0-10% — ;:g fm/c
3 GeV *

5M Au+Au events at /(s) = 3 GeV

PhsPh
276TeV
L] 8 -
/L

L
Central Au+Au
— Hybrid URQMD
— Coalesc. (JAM)
-=- Goalesc. (DCM)

T

e PHQMD
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="rig + ) = 25%(50%)
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Tools for high rate scenario: event reconstruction with

StsHit.{Time:
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R event builder ** mCBM experiment data

\ n LJM_ lIA HL L i u ‘“ h L iL allows us verify the time-

2000 3000 4000 5000 6000 7000 3000 H000 10000

time (ns) based MC simulation
1. VASSILIEV SQM 2024 STRASBOURG 10

s
=

=




All CBM subsystems tested with mCBM and ready to series production

Superconducting dipole magnet Micro Vertex Detector Silicon Tracking System Ring Imaging Cherenkov detector

award of contract to Bilfinger Noell GmbH sensor/module integration > 100 modules need assembled 1 of 2 photo cameras ready MUon CHamber system
50% FEE produced

Beam monitoring system Prototype of CBM online data

processing tests with mCBM

Transition Radiation Detector Time of flight detector

Forward
Spectator
Detector

ki ovn A candidate
CPOD 2024 —— Event mixing

+ Data - Event mixing
—— Fit (gaus + poly(2))
- Residual bkg (poly(2))

Mean: 1.11197 (GeV/c’]
‘Sigma: 0,00819 [GeVic®] =
Signal counts; 1535.0 2 66.8 ¥
Significance: 23.0

. . 1 ) event display
online tracking R et i Ni+Ni 1.93 AGeV
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Entries

» Forward rapidity coverage
7 PIDatn=09to0 1.5

» Borrowed from CBM-FAIR
# Ready in 2019

M = 2991.3 MeV/c® o = 1.5 MeV/c?
S/B=3.485S/{S+B=855= 93

TH—dpr

3 AT T2
m,,, {dpn’} [GeV/c’]
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Entries

Entries 7.296268e+08

q/lq| * p (GeV/c)

M = 3922.5 MeV/c? o = 1.5 MeV/c?
S/B=0.835//S+B=31.15=2132

‘H—*Hern

TPCor eTOF or BTOF

4 ar
m,,, {"Her'} [GeV/c?]

P
10° =
3 d
0w s .
g [eTOE - BTOF
6* "

Enies 21325436408

M = 3922.7 MeV/c? o = 1.5 MeV/c?
S/B=1945/{S+B=11.95= 214

H—*Hert

TPC +eTOF

39 4 A1
m,,, {*Her’} [GeV/c?]

width of pion band fit for 1.0 GeV < p < 1.5 GeV

10°

S

<

100
counter Nr.

About 30% more deuterons
selected with eTOF

low rapidity region covered
by eTOF




Hypernuclei in STAR with Express Analysis

Express Production
(selection) jobs on HLT
farm (300-500 job slots)

i Detectors /
: Trigger on He has been

> = , intfroduced to enhance
Event Builders hypernuclei.
L Production Controller: 437M AuvAu HLT triggered events at 3 GeV
. : ‘pﬁo ‘ +  submit jobs

"'+ track job status

- xCal, xProd, xPhys

HLT Good Events
June 2021 (mb+He tr)

[
[—d
<=

STAR Preliminary
Express Stream Production

dE/dX [keV/em]

Read: 2GB/s .
Write: 1GB/s (Q) Distr; buted Capacity: 30TB
Stcirage (extendable)

(extendable) ceph

10°
102

10

Full chain of express production and analysis has been running since 2018

Save HLT good events to a local disk directly LR .
PicoDst files produced in hours (collisions) or days (FXT) after data taking . ‘ 4 5
p/q [GeV/c]
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ction

o X10° [~ M=2991.2 MeV/c? " — M =3922.4 MeV/c?
2 c=18MeV/c? S=160154 -2 o =1.8 MeV/c* S = 17067.2
R
=50 S/B=-004 S/S+B=-258 | E S/B=0.25 S/{S+B=58.0
Entries 3.841103e408 = 3 il 4
“H—Her 10- ‘H—*Her

STAR Preliminary
xpress Stream Production

STAR Preliminary
Express Stream Production

L L T L 1
39 4 4.1

R
3 3.1

10* m, {*Her’} [GeV/c?] m, , {*Hen’} [GeV/c?]
" — M =23921.8 MeV/c? " — M =4839.9 MeV/c?
2 o=15MeV/c® S=521.1 = co=15MeV/c® S=118.4
E . S/B=1.86 S//S+B=184 S S/B =248 S/S+B=9.19
r 50
200+ - .
, ‘He—*Heprn >He—*Hepr
[ STAR Preliminary STAR Preliminary )
100; Express Stream Production Express Stream Production
g . ' ‘ 0 ]
L . akt fnininlnad n
=20 -10 0 10 20 39 K] a1 49 5
X [em] m,, {*Hepr} [GeV/c’] m,  {*Hepr} [GeV/c’]

We reconstruct vertices from pileup and interaction with the pipe. Tracks from these vertices are removed from further consideration.
The procedure allows to noticeably reduce the background in 3-body channels.

* The collected statistics is enough to measure yields, lifetimes and spectra of these hypernuclei

I. VASSILIEV SQM 2024 STRASBOURG



Entries

CBM is-sensitive to light hypernuclei containing a single-A within current

-
-

i

M = 2992.5 MeV/c? o = 1.9 MeV/c? -

S/B=302 S/S+B=220S= 646 | -2

e

*H—>Her =
rH—"Hen

eff, = 14.3%

tad —

S 32
m,,, {*Her'} [GeV/c?]

P55

M = 3930.1 MeV/c? ¢ = 1.7 MeV/c?
S/B=220 S/{S+B=9.8S= 101

‘He—*Hepn

eff,, = 8.0%

3.95 4.05 4.15
m,,, {*Hepr'} [GeV/c?]

M = 3930.3 MeV/c? o = 1.7 MeV/c?
S/B=4.41 S/{S+B=11.7S= 167

‘H—*Hern
o

PHQMD
eff, = 12.0% 0

4 a1
m,,, {*Her’} [GeV/c?]

M = 4840.2 MeV/c? o = 1.3 MeV/c?
S/B=inf S/{S+B=41S= 17

‘ eff, = 4.2%

L]

93

8

>He—*Hepr

4.9 5
m,,, {*Hepr'} [GeV/c?]

predigctions of their multiplicities and STAR BES-11 measurements.
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1M mbias events Au-

10 sec (1) at 0.1M

Eff (%), Entries

Y, = 1.26

0.

PHQMD




10 — - 2 10° 4 —2 2
s X aH o=2.5MeV/c 7 = nH o=24 MeV/c sasurements
= I S/B=1.19,¢, =23% = S/B =018, ¢, =3.1% .
=100F : S04 : lei.
= 2 1 2 H=3H pr O
i 4 Ho4Her - AA A _
A, 1T A yperpuclel a}nd the
o Sor ~2.10% in 90 days fetimes will provide
i peron-nucleon and hyperon-
[ 02 . , Which are essential
0=—771 12 13 408 il 10 114 the unders_tandlng of the nuclear
m; . {f\Hern'} [GeV/c?] m, {iH p} [GeV/e?] at high densities, and, hence, of the
s - - - - ture of neutron stars.
10° _— =z — =2. i - -
g [ il o=23 lelle” g T whle o =28 Hevle xpected collection rate: ~60 ,°\He in a week
Z S/B=0.02, ¢, =2.0% = . S/B=041,¢,_=12% at maximum IR
= = 5 -
= = | ,nHe—7He px I

~yHe decay topology.

AH—:'f\Herc'

504 506 508 s %6 605
m,,, {{ Hex'} [GeV/c’] m,,, { He p’} [GeV/c?]

mv

AuAL, A0 AGeV, 1012 central UrQMD events equivalent
thermal isotropic signal, TOF PID.
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0 (2028%*) ELEHAD C+C, Agt+Ag, AutAu 2,4,6,8,10, max 60 Commissioning
1 ELEHAD AutAu 2,4,6,8,10, max 30 (5 each) 2-10'° each EB mBias

1 ELEHAD C+C 2,4,6,8,10, max 18 (3 each) 4-10'0 each mBias

1 ELEHAD ptBe 3,4,8,29 12 (3 each) 2-10"" each mBias

2 MUON Au+Au 2,4,6,8,10, max 30 (5 each) 2-10'"!" each mBias

2 MUON C+C 2,4,6,8,10, max 18 (3 each) 4-10"" each mBias

2 MUON pt+Be 3,4,8,29 12 (3 each) 2-10'2 each mBias

3 HADR Au+Au 2,4,6,8,10, max 12 (2 each) 4-10"" each EB+ Selectors
3 HADR Cc+C 2,4,6,8,10, max 6 (1 each) 8-10'"! each

3 HADES AgtAg 2,4 28 (14 each) 10'° each

3 ELEHAD Ag+Ag 2,4 8 (4 each) 2:10'° each mBias

Focus on beam energy scan:

* 60 days / year beam on target
» factor 100 more statistics w.r.t. STAR FXT
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