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Content

Deconfinement phase transition with heavy 
quarks

● Effective theory for PL coupled with heavy 
quarks

● Critical quark mass and phase boundary
● Quark mass dependence of transition 

temperature



Deconfinement phase transition

● Pure SU(3)
● 1st order phase transition
● Stable against small 

explicit breaking

Pure Gauge

● Heavy quark breaks Z(3)
● Strength    as 

1st order → 2nd order (deconfining CEP) → crossover



Polyakov loop

● Order parameter characterizes the state of the 
system

confined phase:
deconfined phase:

Operator does not respect 
the symmetry





Polyakov loop susceptibilities

●      is complex-valued for SU(3)

● Sensitive to the transition of phases

features peak and width near the transition
● Effective potential: inverse of curvature

real sector:



Polyakov Loop Eff. Potential

<flg =flg

¹UG
T > Tc



Polyakov Loop Eff. Potential

<flg =flg

¹UG
T > Tc



Construction of PL effective model

lattice inputs

Z(3) symmetry, Haar measure...



Polyakov loop Eff. Potential



Polyakov Loop Eff. Potential

<flg =flg

¹UG
T > Tc





PL-heavy quark coupling 

● Fermionic determinant

● Background field approach



PL-heavy quark coupling 

● Fermionic determinant (1 loop)

 Sasaki et al. Phys.Rev. D75 (2007) 074013 



PL-heavy quark coupling 

● Effective potential

● Heavy quark limit

as





       is enhanced near CEP.



       shows monotonic behavior across CEP.



Critical quark mass

● Phase boundary of deconfinement phase 
transition

Pure Gauge



Critical quark mass

● Critical end point results from effective potential

Pure Gauge



Critical quark mass

●       dependence of critical quark mass 

Deconfining CEP



WHOT-QCD Collaboration (Saito, H. et al.) 







PL potential depends 
only weakly on quark masses



F. Karsch, Lattice QCD at high temperature and density



Heavy quark scale

● Typical heavy quarkonium mass scale:



Model dependence of CEP

● Current model:

● Matrix model:



Critical quark mass at finite density

● Phase boundary of deconfinement phase 
transition

Pure Gauge



Critical quark mass at finite density

● Phase boundary of deconfinement phase 
transition

Pure Gauge





Summary of part 1

●          is strongly enhanced in the critical region
probe the location of CEP

●          is insensitive to criticality
                       shows only monotonic behaviors

● Deconfining CEP: 
● lattice estimate: 
●



Summary of part 1

●               increases with 

                            first order region shrinks!
● Results of the CEP are model dependent

                            mandatory to take fluctuations 
of order parameter into account in constructing 
the effective potential 
                   



Studying QCD medium with 
Polyakov loop correlators



Polyakov line correlators

● The Polyakov loop susceptibilities can be 
understood as integrated correlation functions



P. M. Lo, B. Friman, O. Kaczmarek, K. Redlich and C. Sasaki, Phys. Rev. D 88, 074502 (2013)



Polyakov line correlators

● Below       , from Z(3) symmetry

● Above      , Z(3) is spontaneously broken     



Polyakov line correlators

● Below       , from Z(3) symmetry

● Above      , Z(3) is spontaneously broken     

Magnitudes of     's reflect screening properties of QCD medium!



Screening masses of the Polyakov 
line correlators

● The screening masses for these gauge invariant 
correlators have been extracted



Screening masses of the Polyakov 
line correlators

● The screening masses for these gauge invariant 
correlators are extracted

Perturbatively:
starts with 2 and 3 gluons exchange

??

(S. Nadkarni, Phys. Rev. D 33, 3738 (1986))

Effective field theory:
glueball exchange
(E. Braaten and A. Nieto, Phys. Rev. Lett. 
74, 3530 (1995))

(S. Nadkarni, Phys. Rev. D 33, 3738 (1986))



contains the exchange of magnetic photons!



contains the exchange of magnetic gluons 
and glueballs!





Y. Maezawa et al. [WHOT-QCD Collaboration], Phys. Rev. D 81, 091501 (2010)



A. Nakamura, T. Saito and S. Sakai, Phys. Rev. D 69, 014506 (2004)

 electric  

 magnetic  



R-parity

● Longitudinal PL: even, magnetic?
● Transverse PL: odd, electric?

P. B. Arnold and L. G. Yaffe, Phys. Rev. D 52, 7208 (1995)

Y. Maezawa et al. [WHOT-QCD Collaboration], Phys. Rev. D 81, 091501 (2010)



R-parity

● Longitudinal PL: even, magnetic?
● Transverse PL: odd, electric?

electric screening >
magnetic screening

above



P. M. Lo, B. Friman, O. Kaczmarek, K. Redlich and C. Sasaki, Phys. Rev. D 88, 074502 (2013)



Summary of part 2

●             can be understood as integrated 
correlation functions

● From R-parity

electric screening > magnetic screening



Summary of part 2

●             link screening properties and 
deconfinement

Theoretical understanding is still incomplete,
perturbative study is still absent.



Thank You!
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