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Introduction and Motivation

Condensation of bosons occur in different context in QCD

Pion condensation at finite isospin chemical potential

Kaon condensation in the CFL phase of dense quark matter
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Lagrangian and conserved charge
2PI−1/N-expansion

Pion condensation

NJL models 2

Lattice QCD 3

Chiral perturbation theory 4

Effective theory: O(N) linear sigma model.
SU(2)L × SU(2)R ∼ O(4) 5
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Lagrangian and conserved charge
2PI−1/N-expansion

Lagrangian

L = (∂µΦ†
i )(∂µΦi)−

H√
2

(
Φ1 + Φ†

1

)
+ m2Φ†

i Φi +
λ

2N

(
Φ†

i Φi

)2

Conserved charge

∂0Φi → (∂0 − µi) Φi

Chiral and pion condensates

Φ1 =
1√
2
(φ0 + iρ0 + φ1 + iφ2)
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Lagrangian and conserved charge
2PI−1/N-expansion
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Lagrangian and conserved charge
2PI−1/N-expansion

2PI−1/N-expansion

Respects Goldstone’s theorem order by order

Selective resummation from all loop orders

Effective action

Γ[φ0, ρ0, D] =
1
2

m2
(
φ2

0 + ρ2
0

)
+

λ

8N
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φ2
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0
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Lagrangian and conserved charge
2PI−1/N-expansion

Vacuum diagrams and gap equations

i i
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Lagrangian and conserved charge
2PI−1/N-expansion

Diagrammatics of gap equation

D−1 = P2 + Π2

Π2 =
∑

ωn=2πnT

∫
d3p

(2π)3
1

P2 + Π2

Π

Π Π+ ++Π =

Summation of daisy and superdaisy diagrams
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Masses
Phase diagram

Masses at T = 0 at the
physical point

 0

 200

 400

 600

 800

 1000

 0  50  100  150  200  250  300

M
i (

M
eV

)

µΙ

σ

π0

π+

π−

(MeV)

Temperature-dependent
masses (µI = 200 MeV)

 0

 200

 400

 600

 800

 1000

 0  50  100  150  200  250  300
M

 (
M

eV
)

T (MeV)

σ

π0

π+

π−

Jens O. Andersen Bose-Einstein condensation in dense quark matter



Introduction and Motivation
Pion condensation

Results
Summary and Outlook

Masses
Phase diagram

Phase diagram
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Summary

Using 2PI-1/N-expansion to determine phase diagram and
medium-dependent masses of sigma and pions.

Goldstone theorem satisfied.

Outlook

Still need to include electric charge neutrality:

∂F
∂µQ

= 0

Apply Hartree approximation 6.

Going beyond mean field, e.g including 1/N corrections.
6
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