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•Femtoscopy: Powerful tool to probe space-time dimensions of the particle 
emitting source region on the femtometer scale
• Use final state particle correlations

Quantum statistical effect (QS) :  
Bose - Einstein or Fermi - Dirac

Possible final state interaction (FSI) 
: Strong, Coulomb,..  

Which type of interaction? 
Attractive or repulsive?

Size and shape of the 
particles emitting source 
at kinetic freeze-out

Femtoscopic correlation Sensitive to

Help us to 
measure

Attractive

Repulsive

V0

V0

J. Wang, SQM 2022

Introduction: femtoscopy
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https://indico.cern.ch/event/1037821/contributions/4853846/attachments/2460474/4218528/20220613_CMShighlights_SQM22_JingWang_pdf.pdf


• Why study V0 particles ( ) femtoscopic correlation?

• No coulomb interaction

• Quantum statistical (QS) effect and strong final state interaction (FSI)

• Less resonance contribution (less feed down contribution)

• Size of the particles emitting source

• Interaction between baryons and mesons

‣Strong interaction scattering parameters
➡Scattering length and effective range

•  correlation is relevant for searching bound H-dibaryon

Λ(Λ̄) & K0
S

ΛΛ(Λ̄Λ̄)
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Phys. Rev. Lett. 38, 195

Motivation: V0 femtoscopy
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 S(r) ∼ e−(r/R)2

Assumed Gaussian source

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.38.195


CMS detector and V0 decay
 Λ p⃗p+π−

Collisions point

Decay vertex

p

Pb

Pb

•  [(63.9  0.5)%]

•  [(69.20  0.05)%]

Λ → p + π− ±

K0
S → π+ + π− ±

π−

Λ
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V0 particles reconstruction
• 2018 PbPb collisions @ 5.02 TeV

‣ Minimum Bias

‣ ~ 4 B events

 Λ p⃗p+π−

Collisions point

Decay vertex

p

Pb

Pb

•  [(63.9  0.5)%]

•  [(69.20  0.05)%]

Λ → p + π− ±

K0
S → π+ + π− ±• Signal : triple Gaussian 


• Combinatorial background : 4th order polynomial
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arXiv:2301.05290
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Applied BDT method to 
reconstruct  Λ(Λ̄) & K0

S

https://arxiv.org/abs/2301.05290


cds.cern.ch/record/2736135

Particle 
emitting 
source

 = CK(q) = ∫ S(r) |Ψ1,2(q, r) |2 d3r 1 ± CQS(q) + CFSI(q)
x1

x2

r

p1

p2

Theoretical 
correlation

source 
function

Two-particle 
wave function

Ann.Rev.Nucl.Part.Sci.55:357-402,2005

•In the experiment :  

,  ,


 

 , 


C(qinv) = N [ A(qinv)
B(qinv) ] qinv = |qμ | , qμ = kμ −

k ⋅ P
P2

Pμ

k = p1 − p2 P = p1 + p2 : Signal distribution of pair from same event

: Reference distribution of pair from mixed events


N: Normalization constant

A(qinv)
B(qinv)

  q = p1 − p2

r = x1 − x2

•In theory : 
Correlation function

  K =
p1 + p2

2

 S(r) ∼ e−(r/R)2

Generally we assume 
Gaussian source functionNot known Known

 for identical bosons

 for identical fermions 

+
−
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https://cds.cern.ch/record/2736135
https://www.annualreviews.org/doi/10.1146/annurev.nucl.55.090704.151533


Results: correlation and fi
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arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Results: correlation and fi
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•Different pairs have different shape depending on their correlation features.

arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Results: source size

•Source size (  ) decreases from central to 
peripheral collisions 

•expected from a simple geometric picture

Rinv
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https://arxiv.org/abs/2301.05290


Results: comparison with ALICE
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• Source size is decreasing with increasing 

• Following the trend measured by ALICE

⟨mT⟩

Small source size

Large source size

https://arxiv.org/abs/2301.05290


Results: scattering parameters
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Results: scattering parameters
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https://arxiv.org/abs/2301.05290


Summary

• Source size is extracted from  correlation and it increases from 
peripheral to central collisions as expected.

• First measurement of  correlation in PbPb collisions at LHC
‣  interaction : Attractive

➡ Indicating non-existence of bound H-dibaryon of two 

•  interaction : Repulsive
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arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Thank you for your kind attention !


🤓
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Backup



V01

V02

Positive track1

Positive track2

Negative track1

Negative track2 V02
V01

Positive trackAn example of duplicate 
reconstruction

Negative track1

Negative track2

• Removed duplicate V0 (sharing common daughters):

• If  between V0 daughters with same charge, remove one V0 randomly|Δχ2/ndf | = 0

Duplicate V0 removal
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,  , 

Ameasured(qinv) = fssAss(qinv) + fbbAbb(qinv) + fSbASb(qinv)

Ass(qinv) = [Amesured(qinv) − fbbAbb(qinv) − fSbASb(qinv)]/fss

fss =
( s

2)
(s + b

2 )
fbb =

(b
2)

(s + b
2 )

fSb = 1 − fss − fbb

Where:
s = pure signal, 
b = pure background 
S = signal + background  (s+b)

Ω(qinv) = 𝒩(1 + α1e−(qinvR1)2)(1 − α2e−(qinvR2)2)

Total correlation function will be:

CFit(qinv) = Ω(qinv) × C′￼

Fit(qinv)

• All the non-femto parameters, , were 
treated as free parameters during fitting

𝒩, α1, α2, R1, and R2

Theoretical 
fitted function

Pair purity Non-femtoscopic background

 ≤ 4σ  ≥ 4σ | ≤ 2σ |

Applied on signal and 
reference samples

Sov. J. Nucl. Phys. 35 (1982) 770. 

Correction to the correlation

arXiv:2301.05290
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https://inspirehep.net/literature/167537
https://arxiv.org/abs/2301.05290
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Rinv
|2 (1 −

d0

2 πRinv
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2
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qinv /2 − iγ′￼
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1
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8
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qinv
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dx
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invR2

inv
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invR2

inv

qinvRinv

Sov. J. Nucl. Phys. 35 (1982) 770. 

K0
SK0

S

ΛK0
S ⊕ Λ̄K0

S

ΛΛ ⊕ Λ̄Λ̄

QS FSI

, , ,  and  are the free parametersRinv d0 ℜf0 λ N

, , , ,  and  are the free parametersRinv d0 ℜf0 ℑf0 λ N

,  and  are the free parametersRinv λ N

f(qinv /2) = (
1
f0

+
1
8

d0q2
inv − i

qinv

2
)−1

Fitting function: Lednicky model
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https://inspirehep.net/literature/167537
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Transverse mass
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arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Results: Scattering parameters

        Raghunath Pradhan, UIC                            SQM-2024, 3-7 June 2024, Strasbourg                                                                     20                                                             

1.5− 1− 0.5− 0 0.50.5−

0

0.5

1
CMS

PbPb collisions

 (fm)0 fℜ

 (f
m

)
0 f

ℑ

S
0KΛCMS (5.02 TeV): 

S
0KΛALICE (2.76 TeV): 

Im
ag

in
ar

y 
sc

at
te

ri
ng

 le
ng

th

Real scattering length

arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Fitted parameters
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arXiv:2301.05290

https://arxiv.org/abs/2301.05290


Non-prompt fraction
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• HYDJET: 85%  produce directly and 15%  from secondary decay

• HIJING: 39%  produce directly and 61%  from secondary decay

Λ(Λ) Λ(Λ)

Λ(Λ) Λ(Λ)



Strong parameters fi
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ΛΛ ⊕ Λ̄Λ̄ΛK0
S ⊕ Λ̄K0

S
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