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Our goal: to find critical behavior
of the gluon propagators.
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Average value of a dynamical variable F at temperature T
can be expressed in terms of the path integral:

F)= St e Finy = [ Dye el 7l
n ¢(0,X)=¢(1/T X)
We consider ]
¢  gauge field on R® x [O, T] Aﬁ(tE, X)
F: 1. Products of gauge fields Ab(tE,Y)AC(O 0)
2. Asymmetry < Z AaAa>
3. Polyakov loop P exp (/ga fo )dh:-)

and evaluate the parh integral numerically
using lattice regularization.
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Perturbation theory efc:
Uy, = exp (—198A,(x)) € SU(N;)

We use:
Up(x) — Up(x)
A A St ) A
n(X) 2:.a9 traceless
Y Upi g
i 2NC 1
T =z Sg = Z 1— ﬁRe"ﬁrUp
' wl‘ q;p”u wz—l—ﬂa
Ugvy

T
Uxp — wxUx pwxtpa
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R
Gauge fixing

Gauge transformations:
Uep 2 U, = ol Uuwoni, wx € SUNG) .

Vector potentials:

AXM B (Uxu UX“)traceless = A)a(’ﬂ T ’ (1)
The lattice Landau gauge condition
4
(0A)x = Z (Axy —Ax_p.u) =0 (2)
u=1

represents a stationarity condition for the gauge-fixing functional

Fu(w) 4VZ Nc ReTr Ug, | (3)

with respect to gauge transformations gy .
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We simulate an ensemble of gauge-field configurations with the weight
exp (—Sg[U])

so that the average values of F can be determined by the formula

1 N
<F>:N;F”’

and fix Landau gauge d,A, = 0 by finding the minimum of the
functional

1

Ul = NN
c'Vs

mwin ZReTrU)‘ZM,

X1
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Polyakov loop

(X,1/T)
L(X) = Pexp (iga/ AS(X, T)ch7'>

(%,0)

- [2 DA e (— Se(A)) £(%)
D=1 DA e (— Se(A)

1

P T / dR(L(R))

is related to the free energy of a quark as follows:

o (- FALT)

T
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|
McLerran, Svetitsky, 1981

e FoalT o S (sly(0, e FITyi (0, 7)[s) =

=S tsle T (3.7) wi0.7)s)

@)

P(t,F) = Texp (iga/

(7,0)

A4(T, 7')er7'> WP(t,T)
e FalT ~ T (e—F'/ TL(F)/:T(F’))

IF—F — o0 e fa/T 5 |p?
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Au— AN = (AZ)TAL(AZ) + é (AZ)!8,(AZ).

Ay — A = NAN+ é AT,

In the case of SU(2)

(o5 )(0 %))

Gauge transformation is the same on both sides!
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-
Center of the SU(3) group

Center transformations change the Polyakov loop

P ZP
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Center symmetry:

Zz . UX,/L — — UX,,U,

T>T;
spontaneous breaking of Zo

signals transition

Ty, X2, T3 to deconfinement:

Free energy
of a free quark
becomes finite
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Distributions of configurations in the Polyakov loop
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Distributions in a finite volume
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Scale fixing (Lomonosov, Avogadro, Perrin, Gross ....)

100F String tension o: V(r) =or,

exp|- 187 (2] W~ e V(D

W ~ e—(aaz)nrnr
-in(gs4)
102

In(ca®) = f(8) = 5+ In 8+
121
Ol
Sommer parameter fy:
r2F(ry) = 1.65
0.0l 1 1 1
o 1 2 .GS=4»’9§ /8 _ 2Nc

FIG. 34. SU(2) string tension Monte Carlo data vs coupling, g2
3=d/g”
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N2 x Nj lattice with pure glue Wilson action.
SU(2): Ny =8, Ns = 32,48, 72, scale setting [Karsch et al. 1992]:

51 4.25
In(av/o) = ——/3+m In 5+0296+T
Be = 2.5104, \/o = 0.44 GeV, T, = 297 MeV.
SU(3): Nt = 8, Ns = 24, scale setting [Sommer, Necco 2004]:
In rf — —1.6804 — 1.7331(5 — 6) + 0.7849(3 — 6)2 — 0.4428(5 — 6)° ,
0

the Sommer parameter ry = 0.5 fm, /o = 0.47 GeV.

Bc = 6.06 and L =063 = T.=294 MeV
Jo
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o SU(2) a; = 0.084 fm, L = 2.6 = 6.6 fm
B8 2508 2.510 2.512 2513 2.515 2.518
T -0.008 -0.001 0.005 0.008 0.015 0.025

o SU(3) a; = 0.083 fm, L = 2.0 fm

I3 6.000 6.044 6.075 6.122
T -0.096 -0.026 0.025 0.104
We use variable 7 = T—Te
Te
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Definition of the longitudinal (L) and transverse (T)
propagators:

DE2(p) = dab (P, (P)Dr(p) + PL,(P)DL(P) ) -

where PJ,;L(p) - orthogonal transverse (longitudinal) projectors are
defined at p = (P # 0; psy = 0) as follows

Pi(p) = (50—’%), Pla(p)=0; (4)
PL(p) = 1; PL(p)=0. (5)
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Two scalar propagators - longitudinal D;(p) and transverse Dr(p) - are
given by
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|
The Chromo-Electric-Magnetic Asymmetry

(Ag) = GP(AI()AI(X)), (6)
(Ay) = G(AFN)AT(X)).

The quantity of particular interest is the
chromoelectric-chromomagnetic asymmetry

A2 1 A2
A= < E> T23< M> ) (7)
which can be expressed in terms of the propagators,

" 2NGNy(N2 — 1)
BaeN3

Z2_ 2
Di(0)-Dr(0)+) (%Tm Di(p)— gDT(P)>]

p#0

We work in the Landau gauge J,A7 = 0
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_
What has been done before? SU(2)

v 16'x4 m 24'%6 s 32'x8

s. ]
W il ‘ fit (VT =15 ... 6.2) 1 s
-~ ' =-=- high-T limit of the fit Fosl_
N't lii (%]
< 2 : 0al
il

0.3

0.2
S I L LB £ -y
/T, :
Chernodub, Maas, Pawlowski
llgenfritz 2008 von Smekal, Spielmann 2011
1
A Me = ——

v/Dr(0)
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N
What has been done before?

Phase transition vicinity |

= 0.6
L SU(3)
E0.5_—
: ¢
04 1
L me = —
0.3:— DL(O)
i s ﬁi A .Maas et al., 2011
L - s 07
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What has been done before? SU(3)

35 :IIIIIIIIII|ll||||llII||||||||||||II|||||I|||||I||IIIIIIIIII:

= (0,0.0,0) —o— 3

30 E + (11070v0) e —E

X LL0.0) -oorme

25 E_ + 1117170 X _g

— g (2117170)_E_§
& 2:2.1,0) ——-emm 3
|> 20;_ (1770) he _g
XL e :
Q E° @ 3
we o
SExxx , ¢ E

E 0] E

£ w % E
0EII?IEII#II?IIIQIIIIlglIIIIIII‘IIIIIIIIIIIIIIIIIId E

0. 1 1.5 2 2.5 3 3.5

T/T.,
D;(pn) as a function of the temperature, R.Aouane et al., 2011
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In 2018 we argued that

e correlation between the asymmetry and the Polyakov loop
@ univerasality hypothesis

implies coincidence of the critical exponents
of magnetization in the 3D Ising model
and of A and D;(0) in SU(2) gauge theory

If <A>(77) is a smooth function:
A= Ag + BarP4 +0(754)
then

B =B =0.326419(3),
Bs = AiB = —54.02(24)
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Distributions of configurations in the asymmetry
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wb R "% — 1 We consider conditional CDF F(A|P) of
E’j: TR 1 the asymmetry at a given value of Polyakov
Ful £ loop and the conditional average

M dF(A[P)

10F o T E — d 8

(p)= [T ada

It can be fitted by the formula
E(A[P) ~ Ag + Aq Re P + Ay(Re P)? (9)

assuming its independence of Re P
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T
ol T/T,=0.904 T/T,=0.904
0.974 10 |-
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show correlation with neither Re P nor Im P
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Homoscedasticity
- Independence of the variance of the conditional distribution on the

predictor (independence of the variance of (D;(0)|P)) on Re P).

Homoscedasticity is severely broken

Non-Gaussian behavior in the SU(3) case:

The Kolmogorov-Smirnov test for the D;(0) distribution at
—0.005 < ReP < 0.005 indicates that
the probability that it is Gaussian is less than 0.002.
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Correlation length & and the screening mass

A popular defnition of screening masses [Maas 2011]:

1 1
, M2y = — .
D.(0) M~ Dr(0)

2
It depends on renormalization and is very sensitive to finite-volume
effects and its relation to screening is not clear.
The screening concept itself stems from considering Yukawa-type
potentials

e m|X| 2
= g— — Fourier Transform — V = %
4r|X| |pe + m
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The relation
Vem(B) = 9°D17(po = 0,P)
is valid
@ in nonrelativistic approximation
(for an interaction of static sources or currents)
@ if one-particle exchange dominates.

Screening is an adequate concept concerning the shape of the potential
provided that V/(|X|)

@ is a monotonous function

o decreases rapidly as |X| — co
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The above conditions should be considered
in view of the following definition:

1 [ dxdXD(xq, X)X
2 [dxudXD(x4, %)

09 2 (@)

i=1

52

I
o

B

Then the screening mass
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Since

€@ / dXV(F)XE

@ The correlation length does exist only when the integral in the

c

above formula converges (V < |)_(,|—5+6)

e Small ¢ implies small radius of action of the potential
provided that V(X) does not oscillate.
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When mg — oo, one-gluon exchange dominates in the interaction of
static color charges and, therefore,

Vem(P) = / dZ V() = ¢?D, (0, B)

| 1
l E meg The parameters
- — 7 of the potential well
mg | are determined
@ 5 E by the screening mass and
a ! zero-momentum value
« + ! of the propagator.
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2 2 2 2

ReP>0] ReP<0O | ReP>0| ReP <0
20.096 | 0.373(31) | 0.214(31) | 0.638(34) | 0.642(39)
-0.026 | 0.445(71) | 0.136(11) | 0.609(24) | 0.586(32)

(24)
0.025 | 0.523(56) | 0.0498(38) | 0.672(37) | 0.565(18)
0.104 | 0.95(20) | 0.0272(11) | 0.664(43) | 0.611(8)

Tabauma: Values of the chromoelectric and chromomagnetic screening masses
(in GeV?) in different Polyakov-loop sectors. No difference between sectors (/)
and (/I) has been found, they are referred to as “ReP < 0”.
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Bubbles of glue in the deconfinement phase

Interaction
of color charges
G in the bubbles with
ImP #£0
differs from that
in the conventional

Y deconfinement phase
2r
Py ==
)=
i
arg(P) = — 3
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Conclusions

@ Both the asymmetry A and the zero-momentum longitudinal
propagator D;(0) have a significant correlation with the real part
of the Polyakov loop P.

o We determined critical behavior of A and D;(0) in the
infinite-volume limit. No discontinuities at a finite volume can take
place.

e Chromoelectric interactions relative to chromomagnetic are weakly
suppressed and short-range in the sector ReP > 0 and moderately
suppressed and long-range in each sector with ReP < 0.

To be studied: Dependence of the conditional variance of Dy (0) and
Dy 7(0) and Dy 7(Pmin) on lattice volume in the SU(3) case
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