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Polyakov loop — probes the free

energy of a static quark 1 R
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> Z3 symmetry — explicitly

broken T <270MeV = L=0, Fg =00

Polyakov | i -
> Polyakov loop — approximate T >270MeV = L >0, Fo finite

order parameter
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Polyakov loop susceptibility — peak and width

xa = V(LR = V (L) + (Lr)?) — (VL2 + (L7 2)

In addition
» Longitudinal (real) susceptibility
xe = V{(L)h)e = V ({(L)?) = (L0)?)
» Transverse (imaginary) susceptibility
xr = V{(Lr)*e =V ({(LT)*) = (L7)?)
Polyakov loop in LQCD — renormalization scheme dependent
Ratios of susceptibilities — alternative probes of deconfinement!

_ XA Ry = XT
XL XL

Ra

1P. M. Lo, B. Friman, O. Kaczmarek, K. Redlich and C. Sasaki, Phys. Rev. D 88, 014506 (2013)
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Figure: Lattice data on the Ry ratio in pure gauge! (colored points) and 2+1 QCD? (gray band).
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Figure: Lattice data on the R, ratio in pure gauge® (colored points) and 2+1 QCD? (gray band).
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Pure SU(3): T <270MeV — R ~ 0.43

Gaussian approximation

Z= /dLLdLTe_V“/T, U=aT* (L] +L3),

(0) = %/dLLdLrO(LL,LT)e‘VWT

Susceptibilities

n .7 1 2 1
(IL%)e = (2 2) savts T )e =5

Ratios

Ry =1, RA:2—g~0.43



Ra=xa/xL

Dynamical quarks — explicit Z3 symmetry breaking

In Gaussian model:
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Gaussian model — No SSB
» Rr=1

Generalization — to capture details of phase transition

Uu— hL[_ - U= uG/uon +ulnt

> Ucion — Pure gauge potential
» U — Quark-gluon interaction



Ugiuon: Pure gauge potential

Us _ _%a( T)LL + b(T)In My(L, L) + %c( T)(L+ L)+ d(T)(LL)?

» Reproduces pure gauge P, L, x; and xr1

1 1.4
12 %
0.8
q J ‘I;g’ﬁ
y i
08 £ s b
3
04 e 06
Lo =0 model 0.4 0 model
02 oetal, n= ] Loetal, n=0
48%4 —e— oxt —e— .
] 48%6 —=— 02 :asxs JE— . N
o ") 64°x8 —=— o 64%x6
150 200 250 300 350 400 450 500 550 150 200 250 300 350

TIMeV] TIMeV]



Ugluon: Pure gauge potential

Ug

U Za(TILL+ b(T)In ML T) + 2e(T)(L® +I%) + d(T)(LLY?

» Reproduces pure gauge P, L, x; and xr1

T < 270 MeV T > 270 MeV



UGiuon: Pure gauge potential

Uc

Ti= —%a( T)LL + b(T)In My(L, L) + %c( T)(L + )+ d(T)(LL)

» Reproduces pure gauge P, L, x; and xr1

Une: Quark-gluon interaction:

U 6m?>
7£4t = —[2h(T,m;)+ h(T,ms)] Le, h(T,mq) = e <ﬂ> ’
ho

» m; =6 MeV, mg =20m; = 120 MeV



Rr=xr/x
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Ra=xa/xL

09

0.8
0.7
0.6
0.5
0.4
0.3

TUMQCD fo '
0.5V.hg - O -
Vohy —8—
2Vohy - @- i
t Vo=(7.3fm)> |
o2
50 100 150 200

TIMeV]

Ra=xa/xL

0.9 r

0.8
0.7
0.6
0.5
0.4
0.3

TUMQCD fo '
V,05h) —m—
Vohy —e—
Vo.2h, —a— i
. V | 3 4
4=(7.3 fm)
o2
50 100 150
T(MeV]

200



=XA/%L

Ra

Gaussian Rp(&,R(T)) —— |

V,0.5hq
0.5Vo.hg
Vo.ho
2Vo.hg
Vo.2ho

4

roe0Onm




<L>

TUMQCD
0.5h) —l—
hy —@—
2hy —&—

50 100 150 200 250 300
T[MeV]



Conclusions

» Ratios of Polyakov loop susceptibilities are sensitive to
deconfinement and explicit symmetry breaking strength
» Many properties can be inferred from symmetry considerations
» Useful for constraining effective models

» The model discussed here captures lattice trends for R4 and Rt
ratios
> Model ratios connected by h
> Ra strongly sensitive to volume, Rt well defined in thermodynamic
limit
> We reveal scaling properties of Ra ratio

1Unf’ortunately, current LQCD results suffer from renormalization scheme
dependence



Appendix



Effective gluon potential Ug

Parametrization of the effective potential:

» a(T), c(T) and d(T) of the form:

X1+X2/t+X3/t2
t=T/T.) =
x( /Te) 1+ x4/t + x5 /2

> b(T) of the form:
b(t=T/T.) = xgt™(1 — 2/t?)

Parameters x, can be found in: P. M. Lo, B. Friman, O. Kaczmarek, K.
Redlich and C. Sasaki, Phys. Rev. D 88, 074502 (2013)



R+ for different potentials
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Model Rt for different quark mass profiles
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Matching to Gaussian model

The general form of Gaussian distribution function:

zZ= /dLLdLT exp [—AlLf ~ AolZ 4 HLL]

» |n this case RA(.A17.A27H) = F\’A(f7 RT), with
E=H/(2v/ A1), Ry = A1/ As.
» The R4 ratio — exact:
2 _
Ra(¢,Rr) =1+ Rr +2¢° — aRre % [z(¢, R,

i 2 X2 X2 X2
I(¢,Ry) = —xPraex X e Xy g (X
(& Rr) /dxe ary |0GR)  Kalgeo)

The effective scaling variable £ — Gaussian matching:

_ L(T,h=0)]""
A1, =VT3[2 T,h=0)" H—VT3{h 4< ]
1,2 [2xe,7(T, i, + (T, h=0)



