
・Hamiltonian

・Assumption: separated two particles & semiclassical approximation

・Wigner transformation 𝜌 → 𝑓

・ Initial state of 𝑓: 𝛿 function

・Inverse Wigner transformation 𝑓 → 𝜌

・(Anti-)symmetrization 𝜌 = 𝜌ଵ + 𝜌ଶ + 𝜌ଷ + 𝜌ସ

・Density matrix with momentum diffusion in medium

ABSTRACT

Medium effects on two-particle correlations
based on the theory of quantum open systems
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・Time evolution equation
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1. Introduction
Koonin-Pratt equation in HBT-GGLP interferometry

𝐶ୟୠ = 1 ± exp(−2𝒒ଶ𝑅ଶ)

Purpose:
Conventional framework is valid only in vacuum.
→ We investigate medium effects on the two-particle correlation functions.

2. Formulation

Physical interpretation

𝛷 𝒒, 𝒓 ∝ exp 𝑖𝒑ୟ ȉ 𝒙ୟ exp 𝑖𝒑ୠ ȉ 𝒙ୠ ± exp 𝑖𝒑ୠ ȉ 𝒙ୟ exp 𝑖𝒑ୟ ȉ 𝒙ୠ

∝ cos (𝒒 ȉ 𝒓)

𝑠(𝒒, 𝒓) ∝ exp −
𝒓ଶ

2 𝒓ଶ

Relative momentum independent Gaussian source

𝒓ଶ = 𝑅ଶ homogeneity size

quantum statistics

Koonin-Pratt equation

Quantum open system

3. Results

𝐶ୟୠ 𝒒 = 1 + exp(−𝒒ଶ(2𝑅ଶ + 𝑎ଵ
ଶ + 𝑎ଶ

ଶ))

𝜌୲୭୲ = ෍ 𝜆ఈ|𝜑ఈ⟩ൻ𝜑ఈ|

ఈ

𝜌ୱ୷ୱ = Tr୉𝜌୲୭୲

𝜌 𝑡, 𝒌ଵ, 𝒌ଶ, 𝒌ଵ, 𝒌ଶ  ~ 1 + exp − 𝑎ଵ
ଶ + 𝑎ଶ

ଶ 𝒌ଵ − 𝒌ଶ
ଶ cos [ 𝒌ଵ − 𝒌ଶ ȉ (𝒙ଵ − 𝒙ଶ)]

𝜅 𝑎

𝑅ୱ୭୳୰ୡୣ
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1

2
(𝑎ଵ

ଶ + 𝑎ଶ
ଶ)

𝑅୤୧୬ୟ୪
ଶ "HBT-GGLP radii" extracted from 

two-particle correlation function

𝑅ୱ୭୳୰ୡୣ
ଶ

=
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boson → symmetrize + ,  fermion → anti-symmetrize (−)

S. E. Koonin, Phys. Lett. B 70, 43 (1977); S. Pratt, Phys. Rev. D 33, 1314 (1986).
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𝑅 The medium deflects momentum of the particles.
↓

The source size is apparently broadened by diffusion.

Substitution of the density matrix with momentum diffusion in medium
into Koonin-Pratt equation

Koonin-Pratt equation is formulated by convolutions of the source function and the two-particle wave function in vacuum. However, 
produced particles are affected by a medium during traversing it. We extend the conventional framework of the HBT-GGLP 
interferometry by considering effects of a medium. We find that a medium affects the two-particle correlation function and that the 
resultant source size is apparently broadened due to diffusion.

4. Summary
・We investigated medium effects on HBT-GGLP radii using the theory of quantum open system.
・Momentum diffusion due to fluctuating force of the medium leads to the correction to HBT-GGLP radii.

The actual size at the production of particles can be extracted from the conventional HBT-GGLP radii by quantifying the size of diffusion.

𝐶ୟୠ =
𝑁ୟୠ

𝑁ୟ𝑁ୠ
 

𝐶ୟୠ = න 𝑑ଷ𝒓 𝑠(𝒒, 𝒓) 𝛷(𝒒, 𝒓) ଶ

𝐶ୟୠ: correlation function
𝑁ୟ, 𝑁ୠ, 𝑁ୟୠ: particle distribution

𝑠(𝒒, 𝒓) 𝛷(𝒒, 𝒓)

in vacuum 𝑠(𝒒, 𝒓): source function
𝛷 𝒒, 𝒓 : relative wave function
𝒒: relative momentum
𝒓: relative coordinate
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𝑅

Modeling medium with fluctuations

apparent source size 

actual source size 

broadened

Quantification of 𝑎ଵ and 𝑎ଶ allows us to extract the source size
at the beginning of hadronic stage.

Tr୉

Tr୉

Parameter 𝑎 determined from

momentum diffusion 𝜅,
time during traversing a medium

etc…

𝐻୲୭୲ = 𝐻ୗ⊗𝐼୉ + 𝐼ୗ⊗𝐻୉ + ෍ 𝑉ୗ,୉
(௜)

௜

system environment interaction

𝜆ఈ : weight of state, |𝜑ఈ⟩ : state vector

time evolution equation 
in quantum open system

Tr୉ : partial trace 
over the environment

“OPEN”

momentum diffusion

time evolution equation
(von Neumann equation)

particles exchange
𝒌𝟏  ⇔  𝒌𝟐

𝜕௧𝑓 𝑡, 𝒙ଵ, 𝒙ଶ , 𝒌ଵ, 𝒌ଶ = −
𝒌ଵ

𝑚
ȉ 𝜵ଵ −

𝒌ଶ

𝑚
ȉ 𝜵ଶ + 𝜅

𝜕ଶ

𝜕𝒌ଵ
ଶ +

𝜕ଶ

𝜕𝒌ଶ
ଶ 𝑓 𝑡, 𝒙ଵ, 𝒙ଶ , 𝒌ଵ, 𝒌ଶ

𝜅𝛿௜௝ ≡
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න 𝐷෩(𝒒)
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𝑓 𝑡, 𝒙ଵ, 𝒙ଶ, 𝒌ଵ, 𝒌ଶ =
1

2𝜋𝑎(𝒌ଵ, 𝑡)

ଷ

exp −
(𝒙ଵ − 𝒓ଵ − 𝒌ଵ𝑡/𝑚)ଶ

2𝑎ଶ(𝒌ଵ, 𝑡)
×

1

2𝜋𝑎(𝒌ଶ, 𝑡)

ଷ

exp −
(𝒙ଶ − 𝒓ଶ − 𝒌ଶ𝑡/𝑚)ଶ

2𝑎ଶ(𝒌ଶ, 𝑡)

𝑠(𝒒, 𝒓)

vacuummedium

𝛷(𝒒, 𝒓)
𝑅ୱ୭୳୰ୡୣ

𝑅୤୧୬ୟ୪

diffusion


