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Motivation

Meson mass Is a fundamental quantity to understand QCD dynamics
and the equation of state (E0S).
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Motivation

Meson mass Is a fundamental quantity to understand QCD dynamics
and the equation of state (E0S).
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In lattice QCD, the calculation of M, Is easier than that of M}, as

temperature (T") increases.
» Itis important to construct a formalism for calculating M, and

M. simultaneously in the effective model. 3/15



PNJL and EPNJL model

2 flavor Polyakov-loop extended Namubu-Jona-Lasinio (PNJL) model [1]:
[1] K. Fukushima, Phys. Lett. B 581

L =q(iv" Dy —mo) g + Gs |(@0)’ + (@ir57q)° | +U(®, @, T)

Reproduce LQCD data on
Gs thermodynamic quantities
In pure gauge limit

Background gluon field (4,)

» PNJL model can treat deconfinement and chiral phase transition.

Entanglement-PNJL (EPNJL) model [2]:
» Four-quark coupling strength depends on ®.

Gy — Gs(®) = G - [1_041(1)&)_0‘2 ((I)S—I_(i)g)] G

[2] Y. Sakai, T. Sasaki, H. Kouno, and M. Yahiro, Phys. Rev. D82, 076003 (2010)



Meson propagator in the momentum space

» Quark antiquark scattering in the ring approximation;

O OO - S

Meson propagator;

) Mee (0, ¢%)
0 2 — ¢g\Y,
Xee(0,¢7) 1 — 2G5 ()1 (0, g2)

external momentum: ¢, meson species: &
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Meson propagator in the coordinate space
and Screening mass

Fourier transformation of y > Spatial correlation n

L - ~ ~ ~ qr
Nee(r) = / dq Gxee(0,q%)e™

= —
Am<ar J_

Screening mass M; . Is defined by 7 at large distance (r — o).

1

7756(7") ~ ;6

_A’jﬁ,scrr

At r — oo, we need to integrate the highly oscillating function et4".

» We can consider the contour integral in the complex g- plane.
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Singularity of y in the complex G- plane

In the previous framework [3],
there were unphysical cuts (temperature cuts) in the vicinity of real axis.

Cut in the imaginary axis Img
¢ T — O Contlnuum(?) » \ i
. ~9 q
Pole in the imaginary axis ‘)e. Mg gcr
“ Bound state > NNNNNNANNANNS S Refj
/\/\/\/l/é\
~2 -
[1 o 2G5H§€(07 q )} G=iM¢ sor 0 _Mg,scr
—2M

Cut in the vicinity of real axis

“Finite T continuum(?)”

Hté%m (O, 62)

[3] W. Florkowski, Acta. Phys. Pol. B 28, 2079 (1997) 7 / 15



Our Formalism

We found a new formalism in which there are no temperature cuts.

Meson propagator;

P d

(; O Im§
1 - -

Quark loop; ‘
00 3 (wh p) l L M{,scr
Z ] dp . >Reg
2 ] @) y
=—00 ® —
(wi,p+q) o
¢ _Mth

Integration over p is taken before the summation over w;. i

» Meson propagator is analytic function of g.
» Resultant physical cuts are starting at My, . 8 /15



Our Formalism

We found a new formalism in which there are no temperature cuts.

Cut in the imaginary axis

“ Quark- antiquark continuum” @ @ \ Imqg
Moy — 2 a2 Lo — ot (321 2L
dih = 2\ [ M=+ 7L —cos™ 2 Men

~ 21" (T - oo limit) [ A Mg ser
Here, M is dynamical quark mass; L > >Reqg
M = mo — QGbO' ? _Mf,scr
—M,

Pole on the imaginary axis
“ Bound state (Screening mass) ” M

o~
7 L e Y
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m Meson Screening Mass
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LQCD data taken from [4].

Lattice QCD results exist below M.
» Screening mass Is a pole in the complex G- plane.

[4] M. Cheng et al., Eur. Phys. J. C 71, 1564 (2011) 10 / 15
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m Meson Screening Mass
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LQCD data taken from [4].

PNJL model reproduce M,, <. at low temperature (T < T,) only.

[4] M. Cheng et al., Eur. Phys. J. C 71, 1564 (2011) 12 / 15



m Meson Screening Mass
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LQCD data taken from [4].

EPNJL model qualitatively reproduce Lattice QCD results for all
T(T < 2T,)

» Entanglement coupling is essential around T,
[4] M. Cheng et al., Eur. Phys. J. C 71, 1564 (2011) 13 / 15



Prediction of Pole Mass
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My pole and M, 010 are predicted with the EPNJL model.

Pole masses are similar to screening masses up to 7.
» Above T,, we can predict the pole mass from the screening mass
only by using the effective model. 14 /15



Summary

1. New formulation of screening mass in the NJL-type model

2. Comparison model results with lattice QCD ones

» The model results are consistent with lattice QCD ones.

3. Prediction of the pole masses of pi and sigma mesons

15/ 15



Thank you for your attention!
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Quark loop

» Analytic function of q

(wlyp)
= d>p . 1
£ 18CO-w 5 [ e
(wlap _'_q)

Ml =\/M2+(1)12

Sum over Matsubara frequency w; > Singular at (G + p)? = p*

1 1
2‘E'!I}'F':l E]%-l—q — EE

P

) + F+(E1j+q])

d*p 1 1 o Lo
/ (27)3 [2}3 E2Z — E2 (F (BEg)+F (Ep})+

pPT+q

(F~(E;

p+a

Ep=\/p2+M2



