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Motivation STAR reslts

One of the key physics cases of the CBM experiment

Is study of hypernuclei:

1. Hyperon puzzle: understanding of YN, YNN
iInteractions

2. Probing medium properties, possible signatures
of phase transition

3. Searching for exotic hyper-systems

Advantages of CBM:
1. Optimal beam energies for hypernuclel
production

2. Excellent vertexing and particle identification
3. High interaction rates capabillity enabling rare-
signal studies, including double-A hypernuclel

Interaction rates up to TO0MHz
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Compressed Baryonic Matter (CBM)

SNN = 2.5-4.9 GeV Au+Au

Compressed Baryonic Matter ///Q\\X
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Fixed target experiment

e Polar coverage 2° < Biab< 25° , full ¢ coverage

 Mid-rapidity coverage for all energies,
extending to low pr
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Compressed Baryonic Matter (CBM)

SNN = 2.5-4.9 GeV Au+Au

Fixed target experiment

e Polar coverage 2° < Biab< 25° , full ¢ coverage

e Mid-rapidity coverage for all energies, extending
to low pr

m?2 [GeV?#/c?

Versatile detector systems

e MVD (Micro-Vertex Detector) — track
reconstruction, excellent secondary vertex

e TOF (Time of Flight) — hadron identification

e STS (Silicon Tracking System) — heavy
fragments identification by dE/dX

e TRD (Transition Radiation detector) — electron
and heavy fragments identification

Tracking fully silicon-based
e Fast and precise track reconstruction

Online event selection and data reduction
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Hypernuclei in CBM at SIS100

Au + Au, 4.72 GeV, 1012 central (b = 0)

UrQMD events, thermal isotropic signal:
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e Simulated with UrQMD + thermal source; reconstruction via KFParticle maximizes signal significance g



PHQMD:
Tue. S. Glessel
Wed.Y.H Leung

Hypernuclei in CBM at SIS100
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Counts (per 2.0 MeV/c?)

PHQMD CBM Geant Simulation

M =2992.6 MeV/c®> o =1.5 MeV/c>

S/B =342 S/\S+B =33.2 S =1426

>H—Her

¢ data
----fit bkg
—fit gaus

L
3.02

" 2.98 3
m.,  {Her} [GeV/c?]

mv

x10°
A I B S B B
| —— Same-Event (SE)  Au+Au 3.9 GeV |
—— Backgrounds (RT) 0-40%
-
—— SE-RT x 4 JIPS
50 — _._-_g_-.:._-g-"'ﬂ-.-* o
o 3H signals = 6445:581
- 3 H pT>O
A -1.5<y<0.0
Qe e e T e 9
297 298 299 3 3.01 3.02

M( °Her) (GeV/cd)

M = 39309 MeV/c®> o =1.5MeV/c>

Au + Au, 4.93 GeV, SM mbias

M = 3930.1 MeV/c®> o =2.0 MeV/c?

M = 4840.4 MeV/c®> o =1.7 MeV/c?

s T £ ol |S/B=155S/(S+B=164S= 287
£ [ |sB=5428/s+B=1728=350 | &£ 150] e ra—
LS HoWer| 5| VHe—Hepr
- o dat B ¢ data
L ata L
150~ - fit bk 100~ -.--fit bkg
B 8 i —fit gaus
Bl —fit gaus ]
100— -
- 50—
50— I
S —ena®-000 ... 00 0 e aa®8®........
Peooes ge® B A il 39 ¢ 302 3.94 3.96
39 3.92 394 396 m. CHepr} [GeV/c?]
m,  {"Her} [GeV/c]
) STAR Au+Au , 3-4 GeV (BES-II)
(\’l\ 40 X1 O' | ' | ' | ' | ' (\’l\ 1 X | T | T T T I I
O
S _ —— Same-Event (SE) Au+Au 3.2 GeV._ § —— Same-Event (SE)  Au+Au 3.2 GeV
% | Backgrounds (RT) 0-40% | % —— Backgrounds (RT) 0-40% .
S —o— SE-RT x 2 . N | —e— SE-RT ++ ¥
N _ H+++:w***"*ﬁ | E’_ ‘He signals = 45146 #ﬁ
O B T _ = +
220 ™" 4gignals = 88962478 | @00 | o -
= | >0 ] S oy
5 "H Pr Q P> Mca “He
S T -1.5<y<0.0 1 O | 45«q<00 *- y
o
i _ ﬂ**‘f +
0 ——= 0 S N *
| | | | | | | | | | | | | | | | | | | |
3.9 3.91 392 393 394 3.95 3.9 3.92 3.94 3.9

M( *Her) (GeV/c?)

M( *Hepr) (GeV/c?)

- S/B=7.44S/\S+B=62S= 43
S > He—*Hepn
20— ¢ data
i ----fit bkg
i — fit gaus
10—
- A R
4.8 4.82 4.84 4.8 4.88
m,,, {‘Hepr} [GeV/c’]
. x1 0°
§ 0.6 -e- Same-Event (SE) Au+Au 3.0 GeV
% - — Backgrounds (RT) 0-40%
o | -+ SE-RT $
N 4_ t 5 H
L 0. i ,5\He signals = 731+45 A e
0 I
c
3 | 1.0<p_<5.0 . v #‘t;
— T
© 0'2_ -1.0<y<0.0 A **ﬁ ¢ +¢”‘$$g¢$i
¢.—¢-
_— *
0 * %
i | | | | | | |+ | | | ! , |
4.8 4.82 4.84 4.86 4.88

M(*Hepr) (GeV/c?)

e Background largely suppressed with the MVD detector — excellent DCA and vertex resolution
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BaCkg rOund Su btraction — Event Mixing Technique with MVD Suppression

STAR Au+Au 3 GeV
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LICE 3 H:

Mon. C. Jauch
* Primary A\ background strongly suppressed by

MVD'’s excellent vertex resolution
Reduces both correlated and uncorrelated d-/\ backgrounds

e Mixed-event technique models the combinatorial

background; its shape smoothly matches that of true
M(A) +M(d) ~2.9913GeV/c?2 events

Mixed deuteron background
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Differential ptr Spectrum and Rapidity Dependence

STAR Au+Au 3-4 GeV
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Differential pr Spectrum — Probing the Hypertriton
Wave Function Coalescence: arXiv: 2510.06758
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Multiplicity Dependence S3

Coalescence: arXiv: 2510.06758 1
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e CBM’s high precision across
different energies and system
sizes will better constrain the
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Year Setup Reaction Trab (AGeV) | Days on Target | Number of events Remarks
0 (2028*) | ELEHAD | C+C, Ag+Ag, Au+Au | 2,4,6,8,10,max 60 — Commissioning
1 ELEHAD Au+Au 2.4.6,8,10,max 30 (5 each) 2 x 100 each EB mBias
1 ELEHAD C+C 2,4,6,8,10,max 18 (3 each) 4 x 10'° each mBias
1 ELEHAD p+Be 3,4,8,29 12 (3 each) 2 x 10! each mBias
2 MUON Au+Au 2.4.6,8,10,max 30 (5 each) 2 x 10! each mBias
2 MUON C+C 2.4.6,8,10,max 18 (3 each) 4 x 10*! each mBias
2 MUON p+Be 3,4,8,29 12 (3 each) 2 x 10'? each mBias
3 HADR Au+Au 2,4,6,8,10,max 12 (2 each) 4 x 10! each EB + Selectors
3 HADR C+C 2.4.6,8,10,max 6 (1 each) 8 x 10! each -
3 HADES Ag+Ag 2.4 28 (14 each) 10*° each =
3 ELEHAD Ag+Ag 2,4 8 (4 each) 2 x 10'? each mBias 10




Light Nuclel -
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» Formalism with Lednicky-Lyuboshitz (L-L) model:
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N ' | ; jsae U LT Messsssssssissssesesssisessasssssaisasansnssy . . .
This study World average A_, h: Coulomb 1nteract10n factor
ALICE 2023 . : : : : :
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QM 2025, X. Jiang




Light Nuclei - A Correlation YWY
QM 2025, X. Jiang
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Light Nuclei - A Correlation

102_.

E864, PRC 65, 014906 (2001)

[(2J+1)7p)™" d*N/dy dp; (c?/GeV?)
o'o|o|o|ololololol‘_; 5
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—

P, N ® Stable Nuclei
A Strong Unstable Nuclei
O Excited Nuclei

e CBM’s higher statistics will extend
these studies to heavier systems

o P 1 9 -l‘ T | -l-\ 'Ah"l]

such as a-A for the first time

A. Jinno et al., PRC 110, 014001 (2024)
U..: (Aa potential)

—— Chi3

\ —re Chi3 w/o mom -
v\ asesaes LY-1V

—40}_.~ ===- Isle + g2} ---- Isle
miam G —— SG
-60 ' ‘ ' ‘ ' ' ' ' '
0 1 2 3 4 5 O'OO 50 100 150 200 250 300
r (fm) q (MeV/c)

e Overall A—a interaction is constraint by Ba of f\He, but the

short-range part still differs among models
e Caa at small size is highly sensitive to short range part of
Una

e \With multiple system sizes and higher statistics, CBM will better constrain the

short-range YN interaction
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Successful Phase-0: HADES, STAR, E16

HADESJRICHphotodetector upgrade employing CBM technology
Fast on-line dilpton spectra from 2025 Au+Au, 800 AMeV
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52 i ‘ g 60, s%%ﬁ +>& \\ \\‘\ //..\\ e
< ’ | » __.q%. \\\\\\\ l,
3 40 | A s
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e All triggers ’ S. Klm
10"° |- HADES Oniine 20 @ '
Events = 1.810.‘?49*09 ‘ Nuclei | QM25
0 02 04 s -y 0750 800 850 900 _ 950 1000
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L ok |
3 .F ] o Result of E16 pilot run
s f (b+A collision) ~20h
& 30— .
8 E data taking
251
20 & Yuhei Morino, QM25
150
10—
5|
: R TS T =

T PSR | N | T E
: BG(polynomial fit) M, (GeV/c?

—— : gaussian fit
10 pre-series odules were built, assembled and tested at GSI and are
installed as innermost tracking detector of the E16 experiment at J-PARC

p/q (GeV/c)

provided by CBM-FAIR, crucial for
BES-II, especially for the FXT program

0
. ' Collider -0 .5<y<0.5 e
» @ BESN = HRG CE
b B[ Tesmd mmuow-asees _
| T Mluow-osyy0 | Zachary Sweger, QM25
3 4 5 6780910 20 30

Collision Energy s, (GeV)

e Demonstrate performance of
major detector subsystems

e Physic results validate CBM
detector systems and software
framework 14



MiniCBM test setup
No B-field

* Silicon Tracking System (STS)
* Muon Chamber system (MUCH)

* Transition Radiation Detector
system (TRD)
* Time-Of-Flight detector system

(TOR) e
* Ring Imaging Cherenkov |

detector system (RICH)
* Forward Spectator Detector

system (FSD) with the Neutron
Calorimeter (NCAL)

* Time-zero detectors of the Beam
Monitoring system (BMON)

TRD-STD top view

ROOT geometry

/ mCBM 2024
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Testing to Scale

2500

N
-
-
o

—A
-
-
o

HIII'IIIIlIIII
R s
o‘b

Counts per 2 MeV/c?

500

o

1500

_ mCBM 2024, Ni+Ni T=1.93A GeV
Mixed-event background

| T

Data
Comb. bkg
Data - Comb. bkg

' o
%

Mean: 1.1151 [GeV/c?]

0

. Sigma: 0.0069 [GeV/c?]

X Signal counts: 24578 =+ 170
Significance: 144.8

S/B: 5.8

N S R N NN R T SR N | --
1.1 1.15 1.2

dN/d(L/By)[arb. units]

® Data

---Fit, ct =256 = 7 [ps]

| I | —

| I | | | |

5

A R R
10 15

L/By[cm]
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* A reconstructed using
KFParticle in CBMRoot

e Jopological cuts
suppress combinatorial
background from
primary tracks

e Measured A lifetime:
256 + /(stat.) + 27(syst.)
ps — consistent with
literature

Demonstrated the complete data processing chain — from front-end acquisition to
high-level analysis of a rare signal — validating the performance and readiness of
hardware and software components for CBM measurements
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Towards Detector Installation

CBM Cave

A dedicated cave with a massive
beam dump for high-intensity, high-
energy beams

e CBM Cave/Building shell completed

e Technical Building Infrastructure in

2025/2026

CBM Installation

e CBM installation activities (platform)
started in June 2023

e Ready for beam by 2028, ~ 12
months contingency for CBM global
commissioning

All major detector subsystems are under installation,

2023

Platform
(steel)

2024

2025

2026

Technical Building Infrastructure

oundation

Roadlclrane

Concrete, Rails, Services, infrastructure

keeping CBM on track for physics data taking by 2028!

2027

2028

Upstream det.

Magnet install./SAT

Downstream detectors

— —
CBM pre-commissioning

.......

Global
commissioning

- =7 mp o R
b o ol B ™ A
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Probing the Hypertriton (; H) Wave Function

® Wigner-function coalescence: coalescence probability given by overlap
between ?\H wave function and nucleon/hyperon distributions at freeze out

%

—— Congleton (3-body EFT)
—— Congleton (2-body)
—— (Gaussian

n

G

° f\H: loosely bound hypernuclei 5
(B, = 0.164 £ 0.043 MeV) :
3 -
=,
® (Gaussian: Osy(r,,,ry) = : 46_45]2;_3% 107
- AHp TAS T 37?2[95;119/2\ &
bA =7.2fm Phys.Rev.C 103, 014907 (2021) E
2 ~o
5 o L5107
e Congleton: @, (g) =A S
g sH@A\G PR
o Z'bOdy mOdel Of ?\H J.Phys.G 18, 339-357 (1992) 10_3
(Or, ay) = (1.17,0.068)fm™!
0

® 3-body effective field theory . .. .o osi00s o)
(Or,ap) = (2.5,0.068)fm_1 Phys.Rev.C 103, 014907 (2021)




Coalescence calculations (arXiv:2510.06758)

Phys.Rev.C 103, 014907 (2021)

B:CH) ~ — > (27:)6 A, | ra| Psy(r,,. 1 )\2 r
3\A 2 (2S 1)3 A 3H pnc A pn’ A

Wave function Nucleon

source
- Assuming an isotropic Gaussian nucleon source PN — ,
- Pb+Pb s, =2.76TeV Q
7‘122 -+ i}"32 __ 5: @ pipVs=13TeV ) '
0533(7.12 r3) — exp —_— é B A><<chh/dT|>1/3+B Q
’ 2 R4 )3/2 7 = 4 )
(127 1nV) 4R- ¢ 7
o 3 .
e
* Use ALICE baryon-baryon correlation o ‘
function data to estimate R._ for high R
energy COIIiSionS ALICE, arXiv:2505.01061 O:‘"'/' I T T
0 2 4 6 8 10 12 14

1/3
< chh/ an >hq|<o.5 20



Coalescence calculations (arXiv:2510.06758)

 Use deuteron data to estimate R;_, for BES energies

» Calculate B2 as function for pT and centrality using data

» Use coalescence formula with Argonne
vis wave function to obtain R

[fm]
c).II [

0.75 GeV/c

pT/A =

I:{invl

o))

A

7

S (©))
T 1 I I

N
T T 1

} Au+Au
S

Pb+Pb
S

- NN NN
e 3 GeV 05020 GeV

[« 7.7 GeV %]
11.5 GeV Jf

14.5 GeV L ’

~ * 19.6 GeV

« 27 GeV 4 i

-+ 39 GeV ¥

- < 62.4 GeV Lt

» 200 GeV

Fit: R,,, = Ax (dN_/dn )" + B

10 10° 10°
Charged-particle multiplicity { dN_ /dn )

[fm]

0.75 GeV/c

pT/A =

RinvI

2(2s,+ 1) 3 y
B)(d) ~ 5 3 dr| D@ (r)|* Sy(r)
m (2sy + 1)2(27)
-  3GeV T AutAu  7.7GeV:  11.5GeV:
E_o estimated from B, _ I ]
- o UrQMD ®
i Q — GPP ®®
_ C>Q;?2i’ _ m(De ¢ ®(D®
. o ‘o |

_ _ ot 3
. ¢ °® R o of - ORI ®
S R B 4;

T T T T T, ST T R, SR To:

Charged-particle multiplicity ( dN_ /dn )
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Coalescence calculations (arXiv:2510.06758)

10_1=_ """""""""" _gé_l L L L '_éé_l L L L Y '_E . . .
N 206V I AAuL 7.7 GeV 11.5Gev: o (Calculations describe triton data well
102k o e IMMON = E3 Coalescence -
: R I s AVI8
107°F .- ~©- —z; ;z—o—_._ £ ‘ E
.- —o— e e 3 zz_.__._
107 D e NN TR, Teom T Teaw ‘
T 00-10% 1 . Tl —&— i
10 ot0a0 N e S F T, T
© [ =40-80% - -
S 10 E_} ————————————t+———— :_:_} ——+— } — :_T*'i_! } } } :4.___} ——— } — :_tl —+ :_:qai_%: .__
O M- 14.6 GeV | 19.6 GeV ! 27 GeV ]
SD._.'/ 107%F ‘@‘;"‘ . E3 —o—_._+ E3 E
- o & _6-—69- _e— F —0—_._
Q_ 5 - —B- P - —GB-_.—_._
S 10°F . % T, | o N E3 o ;
> - - - : —b-
©O » _+_ - —._—-- )
o 4oL - 1 \ R N
E - b !
Al T - N $
\\-/ | | —Ti_*— | | | —+— |
Z H""i""iu"i"Ll LI B i i Tt
Y ~ 39 GeV | - 62.4 GeV 200 GeV
10 e e L e N S -
i -~ _®_++
- —— i - tp- T =
105k & b 1 $$ RS |
- —b— _-__*_ F —-—_._ —B- 3
_.__*_ + _*_ —-
. _ S
b RN NN SN
— 1 1 ﬂ
PR B .I. VN I T T N T N T S T T T T T (U A N IS T T N T W T S TSN T (Y A R B

1 2 3 4 1 2 3 4 1 2 3 4
Transverse momentum P [GeV/c]
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