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Polyakov loop and QCD critical dynamics

Larry, in collaboration with Ben Svetitsky,
Introduced Polyakov loop as an order parameter
for deconfinemnet in SU(N) gauge theory

Deconfinement in SU(N) gauge theory
and Polyakov loop Fluctuations
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Modelling deconfinement in the limit of heavy
guarks at finite density and magnetic field

S, Polyakov loop fluctuations in the presence of
' dynamical quarks

— : In coll. with: Bengt Friman, Olaf Kaczmarek,
Professor Larry McLerran (2017) Pok. Man Lo, Larry McLerran,
Chihiro Sasaki, Michal Szymanski



Polyakov loop on the lattice needs renormalization
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To probe deconfinement : consider fluctuations

SU(3) pure gauge: LGT data
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Fluctuations of the real and imaginary part

of the renormalized Polyakov loop

Real part fluctuations

Thn = 3% [(LF"?) - (L§")7]

Imaginary part fluctuations

3
Txr = w% [((LF")?) — (L))
Pok Man Lo, B. Friman, O. Kaczmalrnek, C. Sasaki & K.R., PRD (2013)

Lr

10 | ] 10 ¢ . . . . ,
: TY, : 3234 —e— ]
[ 48x4 —e— 1 |
187x6 —— |
L i 18%%8 —v— |
; : 647xg i
1 3 1
l:' u:'zi
ﬂ‘n.m
'3'.15' u
oE i
W _
- o ¥ | ez
|:|-]. " o ':l.'::llz'
0.85 0.6 0.05 1 1.06 1.1 1.1 Z § 0.85 0.9 0.95 1 1.05 1.1 1.1§
L L J
] R UL
' 0.01 F B R ]
¥ ] ' . B - L] T/T.1
d ¥ ] i ] c]
* & ng 8 T."'ITC -] w! - : =
* g ] B




Compare different Susceptibilities:
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Ratios of the Polyakov loop fluctuations as an
excellent probe for deconfinement
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In the deconfined phase R, =1
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Ratios of the Polyakov loop fluctuations as an
excellent probe for deconfinement
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In the confined phase R, =0.43

Indeed, in the Z(3) symmetric phase,
the probabillity distribution is Gaussian
to the first approximation,

with the partition function
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Ratio Imaginary/Real of Polyakov loop fluctuations

Pok Man Lo, B. Friman, O. Kaczmarek,
C. Sasaki & K.R., PRD (2013)
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In the confined phase for
any symmetry breaking
operator Iits average
vanishes, thus

7, =<L2>—<L>*=0 and

X =Xr—x thus | ygr =1,

In deconfined phase the
ratio of X,/ X #0 and
Its value iIs model dependent



Ratio Imaginary/Real and gluon screening
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String tension from the PL susceptibilities

Pok Man Lo, et al. (in preparation)
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The minimal potential needed to incorporate Polyakov
loop fluctuations and SU(3) thermodynamics

Z = J dLdLe™MV () ) — La(T)LL + () In M (L, L)

+1e(T)(L* + L*) +d(T)(LL)?,

Pok Man Lo, B. Friman, O. Kaczmarek, C. Sasaki & K.R.
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Deconfinement phase transition in the heavy quark region
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Modelling the partition function
mqcrit 7 — J‘deL+e—,BVU(L,L+)+Indet[Qf]
background field approach
Qr = (=0, + p+igA)Y’ +17-V — Mg

nf=1

Kenji Fukushima
T T

3
Indet[Or] = V2N, / A7k

(27)
g= =1+3{L, I_/}e_ﬁEi + 3{L, L}e_zﬁr"Ei + e 3PE"
E* = E[k] ¥ u

E[k] = (k* + M&)*/?

3BE[K] +Ing* Ing]




PL and heavy quark coupling

Critical quark mass Effective potential
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The critical point of the 2" order transition

Pok Man Lo, M. Szymanski, C. Sasaki et al.
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Critical masses and temperature values

Pok Man Lo, et al.
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Different values then in the matrix model by
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Susceptibility at the deconfinement critical point
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Deconfinement in the background magnetic field | B|

In the constant magnetic field background,
the motion of charged particles undergoes
the Landau quantization in the transverse plane ,|
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In the presence of Z(N) symmetry breaking

term, the Polyakov loop fluctuation ratios
exhibit similar “asymptotic” behavior as in the

pure gauge theory.

0.32

How these properties are modyfied by

~dynamical quarks?



Polyakov loop and fluctuations in QCD

Smooth behavior for the Polyakov loop and fluctuations
— difficult to determine deconfinement temp.
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The influence of fermions on the Polyakov
loop susceptibility ratio

Z(3) symmetry broken, however ratios still showing deconfinement
Pok Man Lo, B. Friman, O. Kaczmarek, C. Sasaki & K.R.
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The influence of fermions on ratios of the
Polyakov loop susceptibilities
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Z(3) symmetry broken, however

ratios still showing the transition
Pok Man Lo, B. Friman, O. Kaczmarek, C. Sasaki & K.R.
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Polyakov loop susceptibilitY_ ratios still
|

away from the continuum limit:
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Susceptibility ratio renormalization with gradient flow

A. Bazavov, N. Brambilla, H. -T. Ding, P. Petreczky, H. -
P. Schadler, A. Vairo, J.H. Weber, Phys.Rev. D93 (2016)
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Susceptibility ratio renormalization with gradient flow

R; decouples from 14
unity at0.15<T <0.16, thus
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chiral crossover T 1t
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Conclusions:

Ratios of 2"d order Polyakov loop susceptibilities absolute to real
R, and imaginary to real R, are excellent probes of deconfinement in
SU(N) gauge theory

The R; ratio can be used to signal deconfinement in QCD

Further MC studies of these quantities is needed to understand
renormalization and quark mass dependence of R;

Interplay of the Polyakov loop and quark number fluctuations is not
to be excluded ?



Probing deconfinement in QCD

Pok Man Lo, B. Friman, O. Kaczmarek, C. Sasaki & K.R.
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Change of the slope of the
ratio of the Polyakov loop
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at the same T where the
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In the presence of quarks
there is “remnant” of Z(N)
symmetry in the Inl xR

ratio, indicating deconfi-

nement

Still the lattice finite size
effects need to be studied
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String tension from the PL susceptibilities

Pok Man Lo, et al. (in preparation)
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Ratio Imaginary/Real and gluon screening

WHOT QCD, Call:

Y. Maezawal, S. Aoki2, S. Ejiri®, T. Hatsuda* In the confined phase
N. Ishii*, K. Kanaya?, N. Ukita® and T. Umeda® _ 2
Phys Rev. D81 091501 (2010) ZR,(1) —47’j dr r°Ce 1) (r)

myg, /T —o— | CR’(,)(I’) =< LR’(,)(I’) LR’(l)(O) >
N E‘] % et ‘j | = WHOT QCD Coll. (Y. Maezawa et al.)
10 | % - g MRS

. %l{j%l 163><4 mPS/m\/ =0.6 ] CR,(|)(r)r—)oo _)yR,“)(T)T

6 i e & ; | and wHoT-coll. identified Mg, as
& : :
| | 1 the magnetic and electric mass:
2-flavors of improved Wilson quarks - 2 2
- y, ocl/ms,  y.ocl/mg

1 15 2 25 3 35 4+ Since
T/ T

mZ >>m, = 7, << ¥n




Probing deconfinement in QCD

16° x4 lattice with p4 fermion action

I I “I I | I I I I | ] ] ] ]

5 ® Pok Man Lo, B. Friman, (013) -

5F 0. Kaczmarek, C. Sasaki & K R The change of the slope of
(A4 . ® S.Ejiri F Karsch & KR (06) | the ratio of the Polyakov
| A2 m, =0.77GeV, u;=0 loop susceptibilities zx / x~
e | T, 200 MeV - appears atthe same T

1 _#? R where the kurtosis drops

! %,. ﬁ . from its HRG asymptotic
L | ] value
- Xal Xw _

=L | | In the presence of quarks
- o . there is “remnant” of Z(N)
I : i _ L L
- BARYONS | ., OUARKS | symmetry in the Xa /ZR
B |"_."__.‘_."’_.mf__T‘_."".‘_’m."‘1/9 ratio, indicating deconfi-

0.5 1 1.5 T/T nement of quarks ?



