Non-perturbative behavior of thermal QCD up to the Electroweak scale:
W ICS

Centro Nazionale di Ricerca in HPC,
Big Data and Quantum Computing

&
3
op)
-
—
0 )
=
-
&
—

©J UNIVERSITA'
M
= ONVIIN Id

Computational strategy and screening masses
I N F N Marco Ce a’b, Leonardo Giusti C”’b, Davide Laudicina ¢, Michele Pepe b and Pietro Rescigno A

@ University of Milano-Bicocca, * INFN Milano-Bicocca, ¢ Ruhr-Universitat Bochum

D
(=
D
D

Introduction

Screening masses: inverse correlation lengths of different channels = length scale over which strong interaction is screened when a given particle is placed in the QCD thermal medium

Ly
Extracted from spatial correlators: Cg )(5133) = / dx / dx1dxs exp{iw,zoHO(2)O0T(0)) X exp{—mgL ):cg}(l + O(exp{—Anz3})), w, = 2anT (boson), 7T (2n + 1) (fermion)
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We consider flavor non-singlet mesonic operators P = ﬂ?%w, V, = w?fyuw with both w = 0 and w = 27T, and baryon N = ¢®¢((u®)f Cy3d")d® with w = 7T

High Temperature Effective Field Theory Non-perturbative lattice strategy

T[GeV] ggp(p)
T, 165(6)  1.01636
T, 82.3(2.8) 1.11000
Ty 51.4(1.7) 1.18446
T, 32.8(1.0) 1.26569
T, 20.6(6) 1.3627
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Integrate out non-static gauge fields — 3D EFT tower

T (Hard ) Y, Ay, A;: Non-Relativistic QCD
T ar
Perturbation theory: series in g(7T)

__________________ l

Ay, A; : Electrostatic QCD
Perturbation theory: series in g(7T)

__________________ l

A; » Magnetostatic QCD
t+ ¢°T (Ultra-soft )

Series in g°(T), coefficients from lattice

LQCD at High T— Window problem: a« < T! < M}, < L
Unfeasible for T' > 1 GeV

Solution: non-perturbative renormalization of the coupling 6]

1
G3r(ap, g3) = Gr(p), ap < 1, p= Ly = /2T 1
Contact with hadronic scale at low u, reach high g with non-

)
S(4) 1.4
perturbative RG running 15 12.8 )2 08

Ty 8.03(22) 1.6173
3) 1.7943
) 2.0120

Jar (i)

17 4.91(1
Ty 3.04(8

T|GeV]
Ty 2.83(7)  2.7359

T 1.82(4)  3.2029
Ty, 1.167(23) 3.8643

Finite volume effects exponentially suppressed with ¢*TL

12 temperatures, 3-4 lattice spacings each: 43 ensembles
Lo x L?, Lo/a =1{4,6,8,10}, L/a = 288

e Meson screening masses 271’ (1 +c, - g+ (’)(g3>) 1,2]
e Nucleon screening mass 3771’ (1 +b-g*+ (9(93)) 3]

3 O(a)-improved Wilson Fermions at the chiral limit

e Hyperfine splitting in static mesons: sg* + 0(95) 4,5]

Spectrum hierarchy

From the lattice to the continuum

e Analyze the effective
identify the region where the

mass, High precision:

Screening spectrum, 7o = 51.4 GeV
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Hyperfine splitting

e At LO in EFT [5]:

mVT — mp 4
= (.002376 -
21l 9

e [rom the lattice |7]:
my, —mp # 0 up to T" ~ 160 GeV
Single ¢g* term fits data, but slope is
~ 3% perturbative value
see M. Bresciani’s talk, Fri 12:00

~
£ 0.03-

Py
A
g
|

&~
= 0.02-

e Imposing PT at O(g4>, higer or-

ders (¢° and ¢°) are needed, which

100 GeV

receive non-perturbative contributions
(e.g. string term)

.
we®
.
.
als
.
.
RS e
we®
.
.
Y
PR
we®
we®
.
Y
PR Ae
PR

et
we®
.
.
Y
PR

.
.
.,
.

PR
.e®
Y
we®
.
PR S
PRE

PRe =
.

e

s
s
-
.
.n®
-
Y

Conclusions

Static and non-static properties of hot QCD can be computed non-perturbatively up to

T ~ 160 GeV with sub-percent or percent precision, respectively Want to read more?
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Some sensible quantities (hyperfine splitting) point to the presence of

relevant non-perturbative contributions
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