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Motivation: two kinds of 
inhomogeneous phases

Pictorial description of the LOFF pairing,
Which carries the nonzero total momentum
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Phase diagram for the NJL model, allowing for chiral density wave 
(CDW)-type modulations
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The NJL Lagrangian

Under the mean field approximation
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Making the chiral field transformation
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introduce the auxiliary quark fields

The partition function can be obtained by integrating over the fermionic fields
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subtract the unphysical divergence term proportional to Λ2q2
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For LOFF part, we apply He’s subtraction scheme
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The T −μ phase diagrams for GD = 0.7GS and GD = 1.2GS at δμ = 
0

The T −μ phase diagram
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The order parameters as function of μ for GD = 1.2GS at δμ = 0 and q′= 0.
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The T −μ phase diagram for GD = 1.2GS at δμ = 0.05GeV and δμ = 
0.1GeV
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The μ −δμ phase diagram

The GD = 0.6GS.
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The transition between SNCh and 2SC phase is first order
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The transition between NCh and R phase is first order
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The transition between Ch and NCh phase is first order
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The GD = 0.7GS
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summary
We have studied the competition between the CDW and LOFF phases in 
the framework of two flavor NJL model in chiral limit at finite temperature 
and density. We find the HP phase with M ̸= 0,Δ ̸= 0, ⃗q = 0, ⃗q′ = 0 will 
occur between the chiral phase and SNCh phase if GD is large enough.

A first order phase transition connects the chiral density wave and LOFF 
phase if the ratio of GD/GS is less than 0.68, which is independent of the 
relative direction of chiral wave vector ⃗q and LOFF pair momentum ⃗q′. 
There are two tricritical points in which chiral density wave, LOFF, 2SC and 
restored phase coincide, respectively.

When GD/GS is approximately larger than 0.68, the inhomogeneous chiral 
condensate is separated with the LOFF by 2SC and restored phase. There is no 
physical tetracritical point in the μ −δμ phase diagram
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Outlook
n Other regularization schemes
For example: Pauli-Villars schemes, proper-

time scheme, four momentum cutoff

Thank you !


