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Introduction and motivations

Study thermal QCD up to electroweak scale non perturbatively (NP)

[LG, Pepe 17]

e Early evolution of Universe
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Introduction and motivations
Why NP up to the electroweak scale?

Because the various (analytic) approximations are heavily limited:

e Matching coefficients of EFTs . -
computable in PT only up to i o g
finite order LT o)

e Perturbative expansion has a very
poor convergence rate

e EFTs must be finally solved and
matched NP
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For the SU(3) Yang—Mills theory, the NP contribution is still ~ 50%
of the sum of all other interacting terms at T ~ 68 GeV 312



Effective field theories at large T: EQCD

e Physics at energies E < 7T is described by a 3-dimensional
effective gauge theory dubbed Electrostatic QCD (EQCD)

1 1
SEQCD:? / d3x {2 Tr[F;iFi] + Tr[(D;Ao)(DjAo)] + m2 Tr [A3] }+. .
E

where the fields are the Matsubara zero-modes of 4D gauge field

e The 4D temporal component Ay behaves as a 3D scalar field of
mass my, in the adjoint representation of the gauge group

e When the QCD coupling g2 is small, perturbative matching gives

3
m> g2T? + ... and gE2:g2T+...

E 5
and at asymptotically hight T, three energy scales develop
&
B <my < T
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Effective field theories at large T: MQCD

e For Physics at energies E = O(g2), the scalar field can be
integrated out, and one is left with Magnetostatic QCD (MQCD)

1 1
SmQep = g2/d3x{2Tr[FUF;j]} +...
E

e This is a 3D Yang—Mills theory which needs to be solved NP. All
dimensionful quantities proportional to appropriate power of gé

e As a result, at asymptotically high T the mass gap developed by
thermal QCD is proportional to g2 = gT + ...

e Quarks have very heavy masses M = 7T (1 + % +...), and can
be considered, in first approximation, as static fields
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Renormalization
Hadronic renormalization scheme is not a viable option because

Mhadron <T

Accommodating 2 very different scales on a lattice is too expensive

Way to go is the NP renormalization of the coupling:

[Liischer et al 91]

e Define the renormalized g2 T -

NP, e.g. SF or GF couplings

e Define quark masses NP by WiIs 0 ‘
AN

space

e Avoid zero-temperature subtraction in renormalization of fields
by adopting shifted boundary conditions, e.g. Equation of State
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Renormalization

a
T
2 i
e Relate g (,uhadron) to Mhadron NP a »:Q: ﬁ
T v
e Determine running of g2(u) NP ot :
g +
vy
e Compute g2(u) for p up to 4
u oty K
electroweak scale ° o
[Bruno et al. 17]
e For each value of T, renormalize ' I o —
.. § 3-loop (SF) — — —
thermal QCD by requiring T : Hoor 9
i 5-loop (MS
0.6 + 4
=2 2 _ =2 S
8sr (80 an) = 8sr(n) S oa | |
with au < land T ~ p r ]
o Jihad ) o per

1[GeV)
e Last condition fixes the dependence of the bare g on a, for

values of a at which  and T can be easily accommodated ,
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Lattice setup

e Wilson (To—Tg) and Liischer-Weisz ( Tg—T11) actions for gluons

e NP O(a)-improved Wilson quarks

e Four lattice spacings for each T,
Lo/a=4,6,8 and 10

e Shifted boundary conditions

e Restriction to zero topology
thanks to the high temperature

T | gsp(p=TV2) | T (GeV)
To - 164.6(5.6)
T, 1.11000 82.3(2.8)
T 1.18446 51.4(1.7)
Ty 1.26569 32.8(1.0)
Ty 1.3627 20.63(63)
Ts 1.4808 12.77(37)
Ts 1.6173 8.03(22)
T 1.7943 4.91(13)
Ty 2.0120 3.040(78)
T | ge(n=T/v2) | T (GeV)
Ty 2.7359 2.833(68)
Tio 3.2029 1.821(39)
T 3.8643 1.167(23)

e The linear extension of spatial directions is L/a = 288, i.e.
20 < LT < 50. Finite volume effects negligible given the mass
gap. Explicitly checked at the highest and lowest temperature
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Screening mass definition
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From the two-point correlators [O = {S, P, V,,, A,}]

Co(xa) =a> Y (0°(x)0%(0))
X0,X1,%2
screening masses are defined as

Co(xs +a) + Co(xz — a)
= h
amo(x3) = arcos { 2 Colxs)
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Continuum limit
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The tree-level improved definitions

mo — mop — [mgee — 27TT]

have been extrapolated to the continuum linearly in (a/Lo)?
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Results for mesonic screening masses

Effective theory + NLO matching predict
mi' =2 T (1+p5"g?)

where p5T = 0.03274. In particular mp and m, are degenerate

NP Results can be fitted by a quartic
polynomial in

In —In
g2(T) 8 MNyg +97r2

1 9 27T 4 < lsz>
ABAS :

where for our purpose this is a function
of T designed to coincide with the NLO
inverse coupling in the MS scheme

Masses non-degenerate even at electroweak scale!
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Discussion and interpretation

Pseudoscalar mass:

mp

=1 PT 52 ~3 ~d
T +py S+ P38+ ek

p3=0.0038(22) and ps=—0.0161(17)

Pseudoscalar-vector mass difference:

(my—mp) 4
wT 8

ss = 0.00704(14)
An effective g* term explain the

difference with PT in both cases
over 2 orders of magnitude in T!

mp /27T — 1 - 0.0327 x §*

— mp)/20T
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Conclusions and Outlook

Possible to simulate thermal QCD for T up to the electroweak scale

First NP results compatible with -
effective field theory expectations E
but not with NLO matching

The strategy proposed here opens the way to study many other
properties of thermal QCD in the high temperature regime:

- Equation of State
- Baryon masses
- Transport coefficients

DEGLI STUDI
Z

=
Z
£
B




