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Why 4 loops 3-d SU(3) free energy?

The free energy i1s related to the mean value of the trace of the pl
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The first three coefficients have already been computed™ while th
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Without repeal%lng the concgpu%a(i an computatlcyna rame of this work,

let’s directly merge into its core, that is the partition function of the
theorv :

/= / Dliet(~ T 4D, (¢)4m? )€™ ~20F = / [Dglew>6r=orr

where _— \\/\

2

Sw = 6oy Tr(l—1II,) 017;’1/ > ¢,‘f(n)¢ﬁ(n)> Gluon mass term

p N,y A

_ Po_ < 51, A 2

Sar = 1 @' > 0/p,(n) Gauge parameter

A ALl
Spp = =Tr|ln (— Z 8,5’ Du[Cb] *@T/—\ Ghost mass term

y

with
. ‘ 1 1 1 X
Dul6) = |1+ Lou(n) = 56820 — = 8L(n) — 56 (n) + 0103 (m)] | 0F + iy, ()

European Centre for Theoretical studies, Trento - Italy September 9,



Workshop on weak-coupling expansion for the pressure of hot QCD
Because of Langevin equation, we have to face the expression
“11l AT A
Vipp = —VT’I“[Z’NB] = —TTWBB ] wit Bl|g] = - P 8£Du[¢] +m?

: h
whose treatment shows two interesting

features:
1) B inversion 2) Trace computation
B_l = [B():_l + TI'[VBB_I] _— ZZ,](VB)ZJBJZ —
By By[By| " + >k §i(VB)ij Bjrdy
Bo By[By| "t - B;'By[BY, +... with (&&r) = O

|

It’s necessary to invert B, only! No explicit ghost fields!
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Let’s resume the global strategy:

First you fix a lattice size and a mass value, perform
simulations for different discretized stochastic time T, take
the average on the thermalized signals and then extrapolate

to =0 &

Repeat the procedure for different lattice sizes
fitting the results to obtain the infinite

volume value &

Repeat the procedure for different masses,
subtract the logarithmic divergence from
the fourth loop and finally extrapolate to

Z2€ro mass
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Reliability check I: comparison between numerical values and
analytic ones at first loop for the plaquette.

- | | | M | An. value | Num. value
| C 02 26230 [ -26240(16)
| k 0.4 23605 | -2.5583(15)
21 k 06| -24643 | -24642(14)
22 k 08 23442 [ -2344(19)
23 : 10 -2.2003 | -22011(11)
2.4, : 12] -2.0674 [ -2.0677(11)
25 - : LA] -1.9243 | -1.9239(9)
= e | 16] 17842 | -L7847(8)
=75 0.5 1 1.5
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Reliability check II: comparison between zero mass extrapolated

values and the expected ones. F. Di Renzo, A. Mantovi, Y Schréder, V.
P '177*05“ — Comparison of the third loo
| N values at different lattice

> fsstllzoeosp (Latticd |ze = 7)
el ] o
M J ;'_T&mﬁ;pﬂhva Ext. value
ol = Rl B
T8 | 6A08(16) | -6.392(14)
2] 63T(1) | -6.9(36)
g U 16| 6668(9) | 6641030
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Let’s take a reliability check of this last reliability check, that is let’s see
how stable are the coefficients of the various powers of the extrapolation

Expected value:
-6.307(21)
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Masses | m'coeff | m’coeff | m*coeff | mPcoeff | mbcoeff | mYcoeff | m"coeff
L 63| 1346 | 921 | - - -
5 62000) | B0 | B9 | 630 | -
6 | 62731) | 1605 | 017 | 1346 | 332 | -
T I65(®) | 165 | 303 | 04 | 862 | 15l | -
§ |-6.303(40) | 1678 | -2471 | 2381 | -13.69 4.15 -().90
N— S —

The leading coefficients appear to be quite stable
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Conclusions and perspects

First results appear encouraging since they behave as
expected

Extrapolation to infinite volume seems to be tougher at
small

masses but it will be possible to get precise values by
means of
Suhssapgntegmotion of IR divergence and extrapolation to

zero mass appear feasible with good accuracy

The same algorithm could be used to determine any
observable

at fixed covariant gauge
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