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Motivation 
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One of the key physics cases of the CBM experiment 
is study of hypernuclei:

1. Hyperon puzzle: understanding of YN, YNN 

interactions 

2. Probing medium properties, possible signatures 

of phase transition

3. Searching for exotic hyper-systems 


Advantages of CBM:

1. Optimal beam energies for hypernuclei 

production

2. Excellent vertexing and particle identification

3. High interaction rates capability enabling rare-

signal studies, including double-Λ hypernuclei

N
u X

u et al., arX
iv:2209.05009

Interaction rates up to 10MHz

STAR results:  
Mon. Y.X. Jin



Compressed Baryonic Matter (CBM)
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√sNN = 2.5-4.9 GeV Au+Au 

Fixed target experiment 
• Polar coverage 2° < θlab< 25° , full φ coverage

• Mid-rapidity coverage for all energies, 

extending to low pT 




Compressed Baryonic Matter (CBM)
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√sNN = 2.5-4.9 GeV Au+Au 

Fixed target experiment 
• Polar coverage 2° < θlab< 25° , full φ coverage

• Mid-rapidity coverage for all energies, extending 

to low pT 


Versatile detector systems 
• MVD (Micro-Vertex Detector) — track  

reconstruction, excellent secondary vertex

• TOF (Time of Flight) — hadron identification

• STS (Silicon Tracking System) — heavy 

fragments identification by dE/dX

• TRD (Transition Radiation detector) — electron 

and heavy fragments identification


Tracking fully silicon-based  
• Fast and precise track reconstruction


Online event selection and data reduction

PID with TRD-dE/dx

1) Separation of d & 4He 
o can not be separated with TOF alone (similar m/q)
o important for reconstruction of ΛΛ6He decay chain

=> very rare signal

2) Pid for hadrons: 
Increase efficiency or s/b
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2Susanne Gläßel, Universitaet Frankfurt 05/03/2024

⇨ PidTrd: 
Tool to calculate energy loss for 
tracks & give pid hypothesis.

TOF v.s. Trd



Hypernuclei in CBM at SIS100
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Au + Au, 4.72 GeV, 1012 central (b = 0)UrQMD events, thermal isotropic signal:

• Simulated with UrQMD + thermal source; reconstruction via KFParticle maximizes signal significance

Expected collection rate: ~60 
 in 1 week at 10MHz IR𝟨

ΛΛ𝖧𝖾



Hypernuclei in CBM at SIS100
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2025-11-05

• Background largely suppressed with the MVD detector — excellent DCA and vertex resolution
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2 = 1.5 MeV/cσ 2M = 2992.6 MeV/c
 = 33.2 S = 1426S+BS/B = 3.42 S/
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2 = 1.5 MeV/cσ 2M = 3930.9 MeV/c
 = 17.2 S =  350S+BS/B = 5.42 S/
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2 = 1.7 MeV/cσ 2M = 4840.4 MeV/c
 = 6.2 S =   43S+BS/B = 7.44 S/

STAR Au+Au , 3-4 GeV (BES-II)

Au + Au, 4.93 GeV, 5M mbiasPHQMD CBM  Geant Simulation

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



TRUE

Mixed pion background

Background Subtraction
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Mixed deuteron background
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2 = 1.5 MeV/cσ 2M = 2993.4 MeV/c
 = 42.2 S = 1814S+BS/B = 49.8 S/

• Primary Λ background strongly suppressed by 
MVD’s excellent vertex resolution

STAR Au+Au 3 GeV
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Reduces both correlated and uncorrelated d–Λ backgrounds

• Mixed-event technique models the combinatorial 
background; its shape smoothly matches that of true 
events

– Event Mixing Technique with MVD Suppression

STAR preliminary

Allows clean signal extraction!
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Differential pT Spectrum and Rapidity Dependence
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• High precision enables study of the detailed 
shape of dN/dy, probing possible changes in 
production mechanisms toward target rapidity
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• Spectator fragments may play an important role in 
hypernuclei production — Λ capture + fragmentation?

STAR Au+Au 3-4 GeV 
(BES-II)



Differential pT Spectrum — Probing the Hypertriton 
Wave Function
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Coalescence: arXiv: 2510.06758

B3(3
ΛH) ≈ 3

m2

2s3
ΛH + 1

(2sN + 1)3 (2π)6 ∫ d3rpn ∫ d3rΛ |Φ3
ΛH(rpn, rΛ) |2 𝒮3(rpn, rΛ)

• Wigner-function coalescence: coalescence probability given by 
overlap between  wave function and nucleon/hyperon 
distributions at freeze out

𝟥
Λ𝖧

• Congleton wave function 
describes spectra at 3 GeV𝟥

Λ𝖧

•  yields are sensitive to 
the short-distance structure 
of the wave function

𝟥
Λ𝖧

F. Hildenbrand, H.-W. Hammer, PRC 100(2019)034002

F. Bellini et al., PRC 103 (2021) 014907
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Multiplicity Dependence S3
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S3 =
3
ΛH

3He × Λ
p

Coalescence: arXiv: 2510.06758

Year Setup Reaction TLab (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 → 1010 each EB mBias

1 ELEHAD C+C 2,4,6,8,10,max 18 (3 each) 4 → 1010 each mBias

1 ELEHAD p+Be 3,4,8,29 12 (3 each) 2 → 1011 each mBias

2 MUON Au+Au 2,4,6,8,10,max 30 (5 each) 2 → 1011 each mBias

2 MUON C+C 2,4,6,8,10,max 18 (3 each) 4 → 1011 each mBias

2 MUON p+Be 3,4,8,29 12 (3 each) 2 → 1012 each mBias

3 HADR Au+Au 2,4,6,8,10,max 12 (2 each) 4 → 1011 each EB + Selectors

3 HADR C+C 2,4,6,8,10,max 6 (1 each) 8 → 1011 each –

3 HADES Ag+Ag 2,4 28 (14 each) 1010 each –

3 ELEHAD Ag+Ag 2,4 8 (4 each) 2 → 1010 each mBias

Table 1: CBM beam time plan (N. Herrmann, Theme Meeting on CBM: Science

and Technology, Jatni, India, Feb. 2023).

1

Reflect relative production 
probabilities of nuclei ( ) and 
hypernuclei ( )

3He
3
ΛH

• CBM’s high precision across 
different energies and system 
sizes will better constrain the 

 wave function𝟥
Λ𝖧

N.Herrmann, Theme Meeting on CBM: Science 
and Technology, Jatni, India, Feb. 2023



Light Nuclei - Λ Correlation
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• Light nuclei - Λ correlation functions provide further 
insights to hyper-nuclei structure and properties

CF(k*) = ∫ d3r* S(r*) |ψ(r*, k*) |2

QM 2025, X. Jiang

Bethe formula:



Light Nuclei - Λ Correlation
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• Light nuclei - Λ correlation functions provide further 
insights to hyper-nuclei structure and properties

CF(k*) = ∫ d3r* S(r*) |ψ(r*, k*) |2
STAR Au+Au 3 GeV 

(BES-II)

• STAR has measured d/t–Λ and ³He–Λ correlations at 3 
GeV

Bethe formula:

QM 2025, X. Jiang
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• Overall Λ–α interaction is constraint by BΛ of , but the 
short-range part still differs among models


• CΛɑ at small size is highly sensitive to short range part of 
UΛα

𝟧
Λ𝖧𝖾

A. Jinno et al., PRC 110, 014001 (2024)

• With multiple system sizes and higher statistics, CBM will better constrain the 
short-range YN interaction

• CBM’s higher statistics will extend 
these studies to heavier systems 
such as α–Λ for the first time

E864, PRC 65, 014906 (2001)

Light Nuclei - Λ Correlation



Successful Phase-0: HADES, STAR, E16
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• Demonstrate performance of 
major detector subsystems


• Physic results validate CBM 
detector systems and software 
framework



Testing to Scale
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miniCBM test setup

• Silicon Tracking System (STS)

• Muon Chamber system (MUCH)

• Transition Radiation Detector

system (TRD)

• Time-Of-Flight detector system

(TOF)

• 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)

No B-field



Testing to Scale
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• Λ reconstructed using 
KFParticle in CBMRoot


• Topological cuts 
suppress combinatorial 
background from 
primary tracks


• Measured Λ lifetime: 
256 ± 7(stat.) ± 27(syst.) 
ps — consistent with 
literature

Mixed-event background 

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

All major detector subsystems are under installation, 
keeping CBM on track for physics data taking by 2028!

CBM Cave

• A dedicated cave with a massive 

beam dump for high-intensity, high-
energy beams


• CBM Cave/Building shell completed

• Technical Building Infrastructure in 

2025/2026

CBM Installation

• CBM installation activities (platform) 

started in June 2023

• Ready for beam by 2028, ~ 12 

months contingency for CBM global 
commissioning



Backup
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Probing the Hypertriton ( ) Wave Function3
ΛH
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• Wigner-function coalescence: coalescence probability given by overlap 
between  wave function and nucleon/hyperon distributions at freeze out3

ΛH

• : loosely bound hypernuclei3
ΛH

p
n

Λ

• Gaussian: 

• Congleton: 

bΛ = 7.2fm Phys.Rev.C 103, 014907 (2021)

• 2-body model of 3ΛH
(QΛ, αΛ) = (1.17,0.068)fm−1

J.Phys.G 18, 339-357 (1992)

• 3-body effective field theory
(QΛ, αΛ) = (2.5,0.068)fm−1 Phys.Rev.C 103, 014907 (2021)

Phys.Rev.C 100, 034002 (2019)

(  MeV)BΛ = 0.164 ± 0.043

Φ̂3
ΛH(dΛ)(q) = A

e
− −q2

Q2Λ

q2 + α2
Λ

Φ3
ΛH(rpn, rΛ) = ( 1

3π2b2pnb2
Λ )

3
4

e
− r2pn

4b2pn
− r2Λ

3b2Λ



Coalescence calculations (arXiv:2510.06758)
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B3(3
ΛH) ≈ 3

m2

2s3
ΛH + 1

(2sN + 1)3 (2π)6 ∫ d3rpn ∫ d3rΛ|Φ3
ΛH(rpn, rΛ)|2 𝒮3(rpn, rΛ)

Phys.Rev.C 103, 014907 (2021)

Wave function Nucleon 
source

• Assuming an isotropic Gaussian nucleon source

𝒮3(r12, r3) = 1
(12π2R4

inv)3/2 exp −
r2
12 + 4

3 r2
3

4R2
inv

• Use ALICE baryon-baryon correlation 
function data to estimate  for high 
energy collisions

Rinv
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+B1/3〉η/dchdN〈×A

ALICE, arXiv:2505.01061



Coalescence calculations (arXiv:2510.06758)
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• Use deuteron data to estimate  for BES energiesRinv

• Calculate B2 as function for pT and centrality using data

• Use coalescence formula with Argonne 
v18 wave function to obtain Rinv

B2(d) ≈ 2(2sd + 1)
m (2sN + 1)2(2π)3 ∫ d3r|Φd(r)|2 𝒮2(r)

10 210 310

1

2

3

4

5

10 210 310

1

2

3

4

5

10 210 310

1

2

3

4

5

10 210 310

1

2

3

4

5

10 210 310

1

2

3

4

5

10 210 310

1

2

3

4

5

Au+Au3 GeV 7.7 GeV 11.5 GeV

14.5 GeV 19.6 GeV 27 GeV

〉 η/dch dN〈Charged-particle multiplicity 

 [f
m

]
/A

 =
 0

.7
5 

G
eV

/c
Tp|

in
v

R

2estimated from B
UrQMD

10 210 310
〉 η/dch dN〈Charged-particle multiplicity 

1

2

3

4

5

6

7

 [f
m

]
/A

 =
 0

.7
5 

G
eV

/c
Tp|

in
v

R

3 GeV
7.7 GeV
11.5 GeV
14.5 GeV
19.6 GeV
27 GeV
39 GeV
62.4 GeV
200 GeV

Au+Au
NNs   

5020 GeV

Pb+Pb
NNs   

 + B 1/3〉 η/dch dN〈 × = A invFit: R



Coalescence calculations (arXiv:2510.06758)
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• Calculations describe triton data well 


