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Problem about the group velocity of the sigma mesonic mode

T =5.1MeV p=286.59MeV
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® There is a region where the group velocity of the sigma mesonic mode

exceeds the speed of light. 450

400
350

® One of the possibility of the causes is the employment of LPA. g 300 300
Improvement of the approximation, such as the inclusion 3 230
of wave-function renormalizations might cure the problem. 200 j 200
Y, 150
One of the future works 100 Al \elocity> ¢

o B
0 50 100150200 250 300
pI[MeV]



AR FIVEABDEER
® Definition of G, and G :
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= 2m)*§W(p + Q)G+ (p)

0o

= 2m)*§W(p + Q)G 1 (p)

® G, and G, become meson two-point Green'’s functions at k - 0.

® Using Wetterich eqg. and the ansatz for EAA in LPA, the flow equations for U, , G, and G, are obtained.
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Calculation of the mesonic spectral functions

| 1.0 1.8 1

(L Solve the flow equation for Uy. hUr(c%) = 5 +§ +§

. | | j Y T "

@ Effective potential Flo]/V = Uy(c2) — co gives the chiral condensate g,
and thermal quantities.

(2 Evaluate the RHSs of the flow equations for G, and G, using Uy, and integrate them with respect to k.

The retarded Green’s functions G and Gf are 5. . - - ”
obtained by analytic continuation for G, Lp)=4 » 14 » _% _% Ty Q
Matsubara frequencies. P
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akGng(p) — -1" ’0?" + -1¢ 0" 75 :', ": _5 :" ‘.: + -O
aes® Ceas? salafetas nlafielas
® Since we employ the imaginary-time formalism, analytic continuation from Matsubara frequencies
to real frequencies is needed to calculate the retarded Green’s functions.

=P In our case , it is known that the analytic continuation can be done easily in the flow equations.

R. Tripolt, N. Strodthoff, L. Smekal, J. Wambach, PRD89 (2014); R. Tripolt, L. Smekal, J. Wambach, PRD90 (2014)

(3 Obtain the spectral functions from the imaginary parts of G and GZ.

po(w,P) = 2ImGg (w, P)
pr(w, B) = 2ImG7 (w, P)



Contour maps of the pion channel spectral function p,, near the QCD CP

® We fix T = 5.1 MeV below. (At this temperature, the transition chemical potential is u;, = 286.69 MeV)
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Analytical continuation

R. Tripolt, N. Strodthoff, L. Smekal, J. Wambach, PRD89 (2014); R. Tripolt, L. Smekal, J. Wambach, PRD90 (2014)
K. Kamikado, N. Strodthoff, L. Smekal, J. Wambach, EP] C74 (2014)

® In our case, analytic continuation can be realized easily in the flow eq.
after Matsubara sum.

® This is possible when frequency independent regulator are used. w-plane

® The replacement ng z(E + iwy,) = ng r(E) (w, = 2nnT) before iw, - w + ic
IS needed to realize the analyticity in the upper-half plane.

® Spectral function

1
Pap(w, P) = 2ImGY (w, p) = 2Im

I w, p)

0T _ o yas) N(2)
\— 5o (p)oc(p') (2m)%0 (p+p)Fab (p)




M, [MeV]

The location of the QCD CP

Quark number susceptibility

Mg (normalized by those of a free quark gas)
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® Quark number susceptibility enhances near
the QCD CP as well as the chiral susceptibility M;2.



