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System under 
consideration

+Ĥex−exĤ =
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System under 
consideration
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Small effective mass, therefore 
hight transition temperature

Long range order and 
superfluidity
ρ(r − r′) ∼ 1

|r − r′|α

α =
mT

2πns

  System under consideration is two-
dimensional, therefore there are no bose 
condensate at finite temperature and 
transition into superfluid state is of 
Berezinskii-Kosterlitz-Thouless type
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Effective action

Z =
∫
Dψ̄Dψe−S

ψ = ψl + ψsh

ψl =
√

ρ0e
iϕ ψsh = ψ̃eiϕ

∂µ(eiϕ(x)f(x)) = eiϕ(x)(∂µ + i(∂µϕ(x))f(x))

S = S0 +
∫

dτd2xJµ(x, τ)Aµ(x, τ) +

+
1
2

∫
dτd2xdτ ′d2x′ δJµ(x, τ)

δAν(x′, τ ′)
Aµ(x, τ)Aν(x′, τ ′) + ...

Aµ = ∂µϕ Jµ =
δS

δAµ
Kµν =

δJµ

δAν



Effective action

Πµν(x, τ, x′, τ ′) = 〈 δJµ(x, τ)
δAν(x′, τ ′)

〉 − 〈Jµ(x, τ)Jν(x′, τ ′)〉

Seff =
1
2

∫
dτd2xdτ ′d2x′Πµν(x, τ, x′, τ ′)Aµ(x, τ)Aν(x′, τ ′)

Πµν(q, iωn) = 〈Kµν(q, iωn)〉 − 〈Jµ(q, iωn)Jν(−q,−iωn)〉

〈Jµ(q, 0)Jν(−q, 0)〉 = χl
qµqν

q2
+ χt

(
δµν −

qµqν

q2

)
, q → 0

Kµν(0, 0) = χlδµν

In the zero frequency and low momentum limit

One can show the following relation from the Sum 
Rule



Effective action

Πµν(q, 0) = (χl − χt)
(

δµν −
qµqν

q2

)
, q → 0

Seff =
χs

2T

∫
(∂µϕv(x))2d2x

χs = χl − χt



Considered 
approximations



Result of calculations
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Transition temperature
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Conclusions

• Theory of superfluidity in polaritonic 
system are developed;

• Superfluid density are calculated as 
function of temperature;

• Temperature of Berezinskii-
Kosterlitz-Thouless transition are 
obtained for weakly interacting bose 
gas of polaritons.


