SU(3) THERMODYNAMICS
AN THE ONSET OF
PERTURBATIVE BEHAVIOUR

SZABOLLS BORSANY!

WUPPERTAL

G. ENDRODI, Z. FODOR, S. D. KATZ, K.K. SZARBO

E
P R R A T B TR T T ¥ T —— e - - - -




1.5

-
N

= .

Pressure/(Ideal Pressure)

-RTURBATION THEORY

[—
=

....................

§‘~
N,

N,
N
Say
o
.....

_y, Dl T

....
- L LT T

L -
—_— e

(Plot: Andersen,Strickland, Su: 1005.1603)



¥

-RTUR

SATION TH

~ORY

PERTURBATIVE RESULTS ARE KNOWN UP TO o (g°log(1/2))
THE g0 COEFFICIENT IS FITTED TO ‘96 LATTICE DATA
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HARD THERMAL LOOPS
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RESCALED TRACE ANOMALY

| 2 — _ -. _ .L(.) HTLpt .......
A O ————— NLO HTLpt
S NNLO HTLpt
0.8} Lattice Data (Boyd et al) |
€ — 3P0 6| @
T°TF 4t _'
O°O:-_—"'""""'"—'"'"-"“-'“.""'.""":'"?"'_"'_"':
T/T.

Andersen,Strickland, Su: 1005.1603



GOAL:

| ATTICE SU(3)
FQUATION OF STATE

6 | B i ol L R R T ARV

BRI B 0 R, A



SU(3) THERMODYNAMICS

1996 BOYD ET AL: ERUATION OF STATE

T<4.5 TC PLARUETTE ACTION ,NT=g)

1998 BEINLICH ET AL: ERUATION OF STATE
T<3 TC(SYMANZIK ACTION, NT=4)

2007 GUPTASKACZ MAREK: POLYAKOV LOOP

T < 24 TC (PLARUETTE ACTION, NT=4)

2009 PANERO: ERUATION OF STATE
O0.8T, < T < 2.4T, (Nc DEPENDENCE)

2010 PATTASGUPTA: ERUATION OF STATE, LATENT HEAT
0.8T, < T < 4T, (Nc PEPENDENCE,CONT.LIM) [TALK LATER TOPAY]

THIS WORK: ERUATION OF STATE + POLYAKOV LOOP
0.8 TC < T < 10000 TC (TREE LEVEL SYMANZIK ACTION, NT=5,6,8)
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CHALLENGES

* SCALE FUNCTION AT HHGH BETA

WHEN DOES THE 2-LOOP RUNNING START?
IMPROVED SCHEMES




ASYMPTOTIC SCALING
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CHALLENGES

* SCALE FUNCTION AT HGH BETA

WHEN DOES THE 2-LOOP RUNNING START?
IMPROVED SCHEMES

* AUTOCORRELATION

DOES IT EXPLODE AS BETA GROWS?
FINITE T BOXES, MODERATE VOLUME, 100000 LONG STREAMS
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CHALLENGES

* SCALE FUNCTION AT HGH BETA

WHEN DOES THE 2-LOOP RUNNING START?
IMPROVED SCHEMES

* AUTOCORRELATION

DOES IT EXPLODE AS BETA GROWS?
FINITE T BOXES, MODERATE VOLUME, 100000 LONG STREAMS

* LARGE (ENoUgH) voLUME
SMALL VOLUME MAY KILL NONPERTURBATIVE EFFECTS

VOLUME EFFECTS ARE STRONGLY SUPPRESSED (for EOS only)

BIG VOLUMES UNTIL T<20T,
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CHALLENGES

* SCALE FUNCTION AT HGH BETA
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FINITE T BOXES, MODERATE VOLUME, 100000 LONG STREAMS

* LARGE (ENoUgH) voLUME
SMALL VOLUME MAY KILL NONPERTURBATIVE EFFECTS

VOLUME EFFECTS ARE STRONGLY SUPPRESSED (for EOS only)

BIG VOLUMES UNTIL T<20T,

s STATISTICS (NT=5,6,82)
SIGNAL-TO-NOISE RATIO DROPS QM!CKLY WITH TEMPERATURE
LARGE SCALE SU(3) PROJECT
RPACE
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TRANSITION REGION
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THERMAL GLUON GAS
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HIGHER TEMPERATURE
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-MPERATURE

HTL NNLO

HTL NLO

Lattice, Nt=5
Lattice, Nt=6 ——
Lattice, Nt=8 —=— -

SIMULATED IN “PERTURBATIVELY” SMALL VOLUMES,
BUT THIS OBSERVABLE (S INSENSITIVE TO THAT.
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POLYAKOV LOOP

A RENORMAULIZATION SCHEME INDEPENDENT COMBINATION:
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SUMMARY

THERMODYNAMICS OF THE SU(3) THEORY HAS BEEN
SOLVED UP TO THE TEMPERATURE WHERE ORDERS OF
HTL PERTURBATION THEORY START TO AGREE.

PERTURBATIVE BEHAVIOUR FROM ABOUT & T,

Glueball gas HTL NNLO HTL NLO

| | |
\ Condensate? \ \
| | |
| | |
| | |
i | |

10° 10’ 10° 10°
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THE LOW TEMPERATURE REGION IS RESOLVED WITH
PRECISION: THERMAL GLUEBALLS DOMINATE

POLYAKOV LOOP RATIO HAS BEEN PETERMINED FOR ALL
TEMPERATURES.

REFINED EsTIMATE: T, /A(MS) = 1.24(8)
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POLYAKOV LOOP

A RENORMAULIZATION SCHEME INDEPENDENT COMBINATION:

L= LolA) w2 ()3

L.(2xT) = Lo(B) * Z(B)N+/?
L.(T) Lo(5; Nt)

Ly (2 T)]2  |[Lo(B; Ne/2))2

T

HE RENORMALIZ ED POLYAKOV LOOP IS KNOWN TO
LEADING ORDER IN HTL PERTURBAITON THEORY.
THIS COMBINATION, TOO, IS ACCESSIBLE.

SEE ALSO: GUPTASEKACZMAREK 2007
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LAT TIC

- VOLUMES

STANDARD RUNS: 40°X5, 483X 6, 643X
BlG VOLUMES: 603X5, 120°X5
TREE LEVEL SYMANZIK ACTION \DOTS Nolnng

RENORAMAULIZATION:

-+ $

(1) = 3p(T) _ «(T/2) — 3p(T/2)

¥ T4

COARSE LATTICE'S CONTRIBUTION IS
SUPPRESSED BY 1/16
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0+ + GLUON MASS VS TEMPERATURE:

mg(T)[MeV |

-RMAL GLU

BALLS

I I I | | I I I | | I I I | | I

1500 - |

1 i

by o

- —— (C-max cond. RS

1000 L7 iln(;-min 001|1d. | -
| | | | | | | | | | | | | | |

100 150 200 250 300
1TMeV]

THERMAL GLUEBALL MASSES: ISHII ET AL 2002 |

26



IMPROV

FREE ENERGY AT (N

FINITE TEMPERATURE

D ACTIONS

1.4
FOUN o
1.2+
1 ———%
0.8
A
0.6 I 2) ik
RG —o—
0.4 ¢
0.2 ¢ | | | | i
4 6 8 10 12 14 16

27



(e-3p)/ T - (e-30)/ T 6 vorume

SCALING WITHVOLUM

10° ¢

—h
OI

—h
OI
N

—h
OI
(08

—
ol
AN

o O

T=6/Ty i
T=9.1T. —e—
L-3.07(283

N

LT

28



=N

T
O

-NTROPY

0
&
=
=
—
=
Q.
2
c
)
i stout, Nf=3 4
stout, Nf=2+1 O
0 . ,95 perturbative
=y 400 600 800

T [MeV]

100C

29



