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Introduction

� Outlook and conclusions

� High Temperatures: from QCD to the Effective Field Theory  

� A case study: the mesonic screening masses

� Non-perturbative physics: Lattice QCD in the High Temperature regime 



Thermal QCD: from finite to High Temperatures 

Low T regime 
essentially a gas of hadrons

a lot of interesting physics takes place in-between: 
chiral symmetry restoration, QGP, thermodynamics, early universe physics … 

� Finite temperature: a new energy scale, T, influences QCD dynamics  

Extremely high T regime 
a gas of free gluons and quarks

� Idea: when T goes large, the dynamics is ruled by a high-energy scale

asymptotic freedom: the 
gauge coupling g(T) is small

attempt for a perturbative approach
from the Stefan-Boltzmann limit➔

� Thermal QCD: temporal direction is compactified with size      and when it
becomes of the order or shorter of typical length scale of the system …  
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High Temperature Effective Field Theory 

The theory becomes practically static: dimensional reduction

� Quarks are at the lowest Matsubara mode
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� At high T a hierarchy of 3 energy scales shows up 
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⇡T � gT � g2T
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3d Yang-Mills theory with 
gauge coupling                 . 

� Gauge sector

Scalar field in the adjoint rep.
with mass                  .

<latexit sha1_base64="Salg8zd/Gc13eJJfnmnemmItxxg=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkpfewKIris0NZCZyiZNNOGJpkhyQil9DfcuFDErT/jzr8x01ZQ0QMXDufcy733hIngxiL04eU2Nre2d/K7hb39g8Oj4vFJz8SppqxLYxHrfkgME1yxruVWsH6iGZGhYHfh9Crz7+6ZNjxWHTtLWCDJWPGIU2Kd5MvhNfQNl3AMO8NiCZURQhhjmBFcryFHms1GBTcgziyHElijPSy++6OYppIpSwUxZoBRYoM50ZZTwRYFPzUsIXRKxmzgqCKSmWC+vHkBL5wyglGsXSkLl+r3iTmRxsxk6DolsRPz28vEv7xBaqNGMOcqSS1TdLUoSgW0McwCgCOuGbVi5gihmrtbIZ0QTah1MRVcCF+fwv9Jr1LGtTK+rZZa1XUceXAGzsElwKAOWuAGtEEXUJCAB/AEnr3Ue/RevNdVa85bz5yCH/DePgHwj5Dx</latexit>

mE ⇠ gT
<latexit sha1_base64="S8JSXMNmebp0tXYwusN/RulEf5M=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpOh9LEQCiK4rNAXtNOSSTPT0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee7yYM6Vt+8PKbWxube/kdwt7+weHR8Xjk66KEkloh0Q8kn0PK8qZoB3NNKf9WFIcepz2vNl15vfuqVQsEm09j6kb4kAwnxGsjTQMxjcj5woGIwe2x8WSXbZtGyEEM4JqVduQRqPuoDpEmWVQAmu0xsX34SQiSUiFJhwrNUB2rN0US80Ip4vCMFE0xmSGAzowVOCQKjdd3ryAF0aZQD+SpoSGS/X7RIpDpeahZzpDrKfqt5eJf3mDRPt1N2UiTjQVZLXITzjUEcwCgBMmKdF8bggmkplbIZliiYk2MRVMCF+fwv9J1ymjahndVUrNyjqOPDgD5+ASIFADTXALWqADCIjBA3gCz1ZiPVov1uuqNWetZ07BD1hvn0fmkIM=</latexit>

g2E = g2T
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� At high T quarks behave as external sources, and the gauge sector as a 3d confining 
Yang-Mills theory: although       is small non-perturbative effects can be relevant 

spin-dependent
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Thermal QCD: non-perturbative approach

� Perturbatively based approaches have been widely used to have information on 
the behaviour of QCD at finite temperature: thermodynamics, screening masses, …

E. Braaten, L. Yaffe, L. McLerran, 
R. Pisarski, J._P. Blaziot, E. Iancu, 
M. Laine, …

� Method of choice: Lattice QCD, from first principles and fully non-perturbative
BUT

Equation of State 
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A. Bazavov et al.
PRD 97 (2018) 014510

successful but it needs subtraction 
at two scales: 0 and T, T/2 and T

Tmax about 2 Gev

G. Boyd et al.
NPB 469 (1996) 419

� Quite limited range in temperature, especially taking into account the 1/log 
expected dependence of the gauge coupling on the temperature. 

Lines of Constant Physics 
parameters unknown to perform 

Monte Carlo simulations:              .
Screening masses 
Tmax about 1 Gev

(no cont. limit up to 2.5 GeV)

A. Bazavov et al.
PRD 100 (2019) 094510
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A stairway to High Temperature 
Thermodynamics

M Lüscher et al. 
NPB 359 (1991) 221

QCD in a moving reference frame 

SHIFT
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TIME

L0
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Lines of Constant Physics 

Finite volume coupling
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<latexit sha1_base64="pkMA7wrZ8YC+YcN5JC8T0SLkKlQ=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJSmlj13BjcsK9gHtUDJppg3NJEOSEcown+HGhSJu/Rp3/o2ZtoKKHrhwOOde7r0niAU3FqEPb2Nza3tnt7BX3D84PDounZz2jEo0ZV2qhNKDgBgmuGRdy61gg1gzEgWC9YP5de7375k2XMk7u4iZH5Gp5CGnxDppOAo1oSnO0lo2LpVRBSGEMYY5wY06cqTValZxE+LcciiDNTrj0vtoomgSMWmpIMYMMYqtnxJtORUsK44Sw2JC52TKho5KEjHjp8uTM3jplAkMlXYlLVyq3ydSEhmziALXGRE7M7+9XPzLGyY2bPopl3FimaSrRWEioFUw/x9OuGbUioUjhGruboV0RlwK1qVUdCF8fQr/J71qBdcr+LZWbtfWcRTAObgAVwCDBmiDG9ABXUCBAg/gCTx71nv0XrzXVeuGt545Az/gvX0ChwKRYw==</latexit>

1

4

<latexit sha1_base64="/Y4LcdstrJa6R6+8yUp7XZo0Uao=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPoTuELLeAF48JmAWSIfR0epI2PQvdPUIY8gVePCji1U/y5t/Yk0RQ0QcFj/eqqKrnxVJog/GHs7G5tb2zm9vL7x8cHh0XTk67OkoU4x0WyUj1Paq5FCHvGGEk78eK08CTvOfNrjO/d8+VFlF4a+YxdwM6CYUvGDVWapdHhSIuYYwJISgjpFbFljQa9TKpI5JZFkVYozUqvA/HEUsCHhomqdYDgmPjplQZwSRf5IeJ5jFlMzrhA0tDGnDtpstDF+jSKmPkR8pWaNBS/T6R0kDreeDZzoCaqf7tZeJf3iAxft1NRRgnhodstchPJDIRyr5GY6E4M3JuCWVK2FsRm1JFmbHZ5G0IX5+i/0m3XCLVEmlXis3KOo4cnMMFXAGBGjThBlrQAQYcHuAJnp0759F5cV5XrRvOeuYMfsB5+wTG2Yzk</latexit>

2
<latexit sha1_base64="qpt2O71Cy/eI+PD1FoctQ4E7qmA=">AAAB5HicdVDJSgNBEO2JWxy36NVLYxA8he4QstwCXjxGMAskQ+jp1CRteha6e4Qw5Au8eFC8+k3e/Bt7kggq+qDg8V4VVfX8RAptCPlwClvbO7t7xX334PDo+KTknvZ0nCoOXR7LWA18pkGKCLpGGAmDRAELfQl9f36d+/0HUFrE0Z1ZJOCFbBqJQHBmrHRbG5fKpEIIoZTinNBGnVjSajWrtIlpblmU0Qadcel9NIl5GkJkuGRaDylJjJcxZQSXsHRHqYaE8TmbwtDSiIWgvWx16BJfWmWCg1jZigxeqd8nMhZqvQh92xkyM9O/vVz8yxumJmh6mYiS1EDE14uCVGIT4/xrPBEKuJELSxhXwt6K+Ywpxo3NxrUhfH2K/ye9aoXWK7Tcrm3CKKJzdIGuEEUN1EY3qIO6iCNAj+gZvTj3zpPzum4sOJuJM/QDztsnXreLvA==</latexit>

4

Alpha Coll. 2016, 2017, 2018
M. Bruno et al. PRD 95 (2017) 074504

no need to work
at two different T

� theoretical and numerical challenges are overcome 

L. Giusti and M. Pepe, PRL 2014, PRD 2015, PLB 2017

M. Dalla Brida, L. Giusti and M. Pepe, JHEP 2020

EoS in SU(3) Yang-Mills theory up to 
230 Tc with 0.5% accuracy

data            at high energy
<latexit sha1_base64="T0BZJkbdZYiGes7cMeikNKSJBrs=">AAAB8nicdVDLSgMxFM34rPVVdekmWIS6KZNS+tgV3LisYh8wHUsmzbShyWRIMkIZ+hluXCji1q9x59+YaSuo6IELh3Pu5d57gpgzbVz3w1lb39jc2s7t5Hf39g8OC0fHXS0TRWiHSC5VP8CachbRjmGG036sKBYBp71gepn5vXuqNJPRrZnF1Bd4HLGQEWys5I2HN3cVWBqI5GJYKLpl13URQjAjqF5zLWk2GxXUgCizLIpghfaw8D4YSZIIGhnCsdYecmPjp1gZRjid5weJpjEmUzymnqURFlT76eLkOTy3ygiGUtmKDFyo3ydSLLSeicB2Cmwm+reXiX95XmLChp+yKE4MjchyUZhwaCTM/ocjpigxfGYJJorZWyGZYIWJsSnlbQhfn8L/SbdSRrUyuq4WW9VVHDlwCs5ACSBQBy1wBdqgAwiQ4AE8gWfHOI/Oi/O6bF1zVjMn4Aect08N5pBt</latexit>

g2R(µ)

� strategy: use            to determine 
at temperature 

<latexit sha1_base64="T0BZJkbdZYiGes7cMeikNKSJBrs=">AAAB8nicdVDLSgMxFM34rPVVdekmWIS6KZNS+tgV3LisYh8wHUsmzbShyWRIMkIZ+hluXCji1q9x59+YaSuo6IELh3Pu5d57gpgzbVz3w1lb39jc2s7t5Hf39g8OC0fHXS0TRWiHSC5VP8CachbRjmGG036sKBYBp71gepn5vXuqNJPRrZnF1Bd4HLGQEWys5I2HN3cVWBqI5GJYKLpl13URQjAjqF5zLWk2GxXUgCizLIpghfaw8D4YSZIIGhnCsdYecmPjp1gZRjid5weJpjEmUzymnqURFlT76eLkOTy3ygiGUtmKDFyo3ydSLLSeicB2Cmwm+reXiX95XmLChp+yKE4MjchyUZhwaCTM/ocjpigxfGYJJorZWyGZYIWJsSnlbQhfn8L/SbdSRrUyuq4WW9VVHDlwCs5ACSBQBy1wBdqgAwiQ4AE8gWfHOI/Oi/O6bF1zVjMn4Aect08N5pBt</latexit>

g2R(µ)
<latexit sha1_base64="WijaEWqooMiTOu5ZtvJ3vvSIP5Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCp9AdQpZbwIvHCGaBJISeTk/SpGehu0YJQ8Bf8eJBEa9+hzf/xp4kgoo+KHi8V0VVPTdS0gAhH05mbX1jcyu7ndvZ3ds/yB8etU0Yay5aPFSh7rrMCCUD0QIJSnQjLZjvKtFxp5ep37kV2sgwuIFZJAY+GwfSk5yBlYb5E4b7Snig5XgCTOvwDo+HZJgvkCIhhFKKU0KrFWJJvV4r0RqmqWVRQCs0h/n3/ijksS8C4IoZ06MkgkHCNEiuxDzXj42IGJ+ysehZGjBfmEGyOH+Oz60ywl6obQWAF+r3iYT5xsx813b6DCbmt5eKf3m9GLzaIJFBFIMI+HKRFysMIU6zwCOpBQc1s4RxLe2tmE+YZhxsYjkbwten+H/SLhVppUivy4VGeRVHFp2iM3SBKKqiBrpCTdRCHCXoAT2hZ+feeXRenNdla8ZZzRyjH3DePgEhv5WS</latexit>a $ g0

<latexit sha1_base64="jalfzLYq7oP7tfs9RSM4g2a+Aas=">AAAB/nicdVDJSgNBEO1xjXEbFU9eGoPgKUyHkOUW8OIxQjZIhtDT6Uma9Cx01yhhCPgrXjwo4tXv8Obf2JNEUNEHBY/3qqiq58VSaHCcD2ttfWNzazu3k9/d2z84tI+OOzpKFONtFslI9TyquRQhb4MAyXux4jTwJO9606vM795ypUUUtmAWczeg41D4glEw0tA+beGB5D4oMZ4AVSq6w4MgGdoFp+g4DiEEZ4RUK44h9XqtRGqYZJZBAa3QHNrvg1HEkoCHwCTVuk+cGNyUKhBM8nl+kGgeUzalY943NKQB1266OH+OL4wywn6kTIWAF+r3iZQGWs8Cz3QGFCb6t5eJf3n9BPyam4owToCHbLnITySGCGdZ4JFQnIGcGUKZEuZWzCZUUQYmsbwJ4etT/D/plIqkUiQ35UKjvIojh87QObpEBFVRA12jJmojhlL0gJ7Qs3VvPVov1uuydc1azZygH7DePgF6H5XN</latexit>

T $ µ
L. Giusti and M. Pepe, PLB 769 (2017) 385

M. Dalla Brida, L. Giusti, T. Harris, D. Laudicina, M. Pepe
JHEP 04 (2022) 034



Mesonic screening masses 

� They characterize the behaviour of spatial 2-point functions

in which the fermionic bilinear operators are 

� numerically simple to compute non-perturbatively on the lattice

<latexit sha1_base64="cI/o3i5O/KyHagsig/Ygr6LsEzQ="></latexit>

CO(x3) =

Z
dx0dx1dx2 hO

a(x)Oa(0)i ⇠ e�mOx3

<latexit sha1_base64="VebY29h9oRHYhjpqdrZSl3yEYMA="></latexit>

O
a(x) =  (x)�O T a  (x) where

<latexit sha1_base64="O1G3kgdPT03dILUZPgVXC9POAjs="></latexit>

�O = {11, �5, �µ, �µ�5}

� response of the system to the insertion of    
<latexit sha1_base64="1ul++SdOypyTsLslrkawEQUiZuU=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKeyEkMct4MWbEcwDkzX0TibJkNnZZWZWCEv+wosHRbz6N978G2eTCCpa0FBUddPd5UeCa+O6H05mbX1jcyu7ndvZ3ds/yB8etXUYK8paNBSh6vqgmeCStQw3gnUjxSDwBev404vU79wzpXkob8wsYl4AY8lHnIKx0m3SpyDw1fwOBvmCW3RdlxCCU0KqFdeSer1WIjVMUsuigFZoDvLv/WFI44BJQwVo3SNuZLwElOFUsHmuH2sWAZ3CmPUslRAw7SWLi+f4zCpDPAqVLWnwQv0+kUCg9SzwbWcAZqJ/e6n4l9eLzajmJVxGsWGSLheNYoFNiNP38ZArRo2YWQJUcXsrphNQQI0NKWdD+PoU/0/apSKpFMl1udAor+LIohN0is4RQVXUQJeoiVqIIoke0BN6drTz6Lw4r8vWjLOaOUY/4Lx9AnKdkL4=</latexit>

O
a

Flavour non-singlet mesons: are the generators of
<latexit sha1_base64="F2WWKflfizSwZIFXK7Z/I9ar8yE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct0hZLkFvHiMmA2SMfR0OkmTnoXuHiEM+QQvHhTx6hd582/sSSKo6IOCx3tVVNXzIim0wfjDyWxsbm3vZHdze/sHh0f545OODmPFeJuFMlQ9j2ouRcDbRhjJe5Hi1Pck73qzq9Tv3nOlRRi0zDzirk8ngRgLRo2Vblt3dJgv4CLGmBCCUkKqFWxJvV4rkRoiqWVRgDWaw/z7YBSy2OeBYZJq3Sc4Mm5ClRFM8kVuEGseUTajE963NKA+126yPHWBLqwyQuNQ2QoMWqrfJxLqaz33PdvpUzPVv71U/Mvrx2ZccxMRRLHhAVstGscSmRClf6ORUJwZObeEMiXsrYhNqaLM2HRyNoSvT9H/pFMqkkqR3JQLjfI6jiycwTlcAoEqNOAamtAGBhN4gCd4dqTz6Lw4r6vWjLOeOYUfcN4+AWbLjdk=</latexit>

T a
<latexit sha1_base64="aSCWdCCBuAM1aFRCGVzR2TXl+2E=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6KUkpfewKblxJRacttEPJpJk2NJMZkoxQhn6EGxeKuPV73Pk3ZtoKKnrgwuGce7n3Hj8WXBuEPpy19Y3Nre3cTn53b//gsHB03NFRoihzaSQi1fOJZoJL5hpuBOvFipHQF6zrTy8zv3vPlOaRvDOzmHkhGUsecEqMlbq3bul6GFwMC0VURghhjGFGcL2GLGk2GxXcgDizLIpghfaw8D4YRTQJmTRUEK37GMXGS4kynAo2zw8SzWJCp2TM+pZKEjLtpYtz5/DcKiMYRMqWNHChfp9ISaj1LPRtZ0jMRP/2MvEvr5+YoOGlXMaJYZIuFwWJgCaC2e9wxBWjRswsIVRxeyukE6IINTahvA3h61P4P+lUyrhWxjfVYqu6iiMHTsEZKAEM6qAFrkAbuICCKXgAT+DZiZ1H58V5XbauOauZE/ADztsneTyO+g==</latexit>

SU(Nf )

� restoration of chiral symmetry    

� comparison with EFT: computed at 1-loop order in high-T perturbation theory 
<latexit sha1_base64="gfpxJnfaHttOPMQLvWsaweIxro0="></latexit>

mPT = 2⇡T (1 + 0.032739961 g2)

! No dependence on  
<latexit sha1_base64="sYVavHZ/vyJZ1j/F8mhUj+X9+hg=">AAAB+HicdVDLSgNBEJz1GeMjqx69DAbBU9gJIY9bwIPejGAekITQO5kkQ2Z2l5lZIS75Ei8eFPHqp3jzb5xNIqhoQUNR1U13lx8Jro3nfThr6xubW9uZnezu3v5Bzj08aukwVpQ1aShC1fFBM8ED1jTcCNaJFAPpC9b2pxep375jSvMwuDWziPUljAM+4hSMlQZurncJUsIg6VEQ+Ho+cPNewfM8QghOCamUPUtqtWqRVDFJLYs8WqExcN97w5DGkgWGCtC6S7zI9BNQhlPB5tlerFkEdApj1rU0AMl0P1kcPsdnVhniUahsBQYv1O8TCUitZ9K3nRLMRP/2UvEvrxubUbWf8CCKDQvoctEoFtiEOE0BD7li1IiZJUAVt7diOgEF1NissjaEr0/x/6RVLJBygdyU8vXSKo4MOkGn6BwRVEF1dIUaqIkoitEDekLPzr3z6Lw4r8vWNWc1c4x+wHn7BI+pkwA=</latexit>

�O
M. Laine and M. Vepsäläinen, JHEP 02 (2004) 004

T.H. Hansson and I. Zahed, NPB 374 (1992) 277



The numerical study

� large spatial volumes to have finite volume effects 
under control: 

� reduced lattice artifacts:          - improved Wilson fermions

� continuum limit extrapolation:

� QCD on the lattice with               quarks in the chiral limit
<latexit sha1_base64="wQzubj/QRtevWNZWsJLDkyM4mXw=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKezEkMdBCHjxJBHMA5IQZiezyZDZ2WVmVghLPsKLB0W8+j3e/BtnkwgqWtBQVHXT3eVFgmvjuh9OZm19Y3Mru53b2d3bP8gfHrV1GCvKWjQUoep6RDPBJWsZbgTrRoqRwBOs402vUr9zz5Tmobwzs4gNAjKW3OeUGCt1boY+ukQXw3zBLbquizFGKcHVimtJvV4r4RrCqWVRgBWaw/x7fxTSOGDSUEG07mE3MoOEKMOpYPNcP9YsInRKxqxnqSQB04Nkce4cnVllhPxQ2ZIGLdTvEwkJtJ4Fnu0MiJno314q/uX1YuPXBgmXUWyYpMtFfiyQCVH6OxpxxagRM0sIVdzeiuiEKEKNTShnQ/j6FP1P2qUirhTxbbnQKK/iyMIJnMI5YKhCA66hCS2gMIUHeIJnJ3IenRfnddmacVYzx/ADztsnCpCOsQ==</latexit>

Nf = 3

<latexit sha1_base64="LDBF1Ln8Fy36J43sk9gqWPbJH5I=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUTUlK6WNXcOPOCvYB7VAyadqGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCSLBjUXow8tsbG5t72R3c3v7B4dH+eOTjgljTVmbhiLUvYAYJrhibcutYL1IMyIDwbrB7Cr1u/dMGx6qOzuPmC/JRPExp8Sm0k2RXA7zBVRCCGGMYUpwrYocaTTqZVyHOLUcCmCN1jD/PhiFNJZMWSqIMX2MIusnRFtOBVvkBrFhEaEzMmF9RxWRzPjJ8tYFvHDKCI5D7UpZuFS/TyREGjOXgeuUxE7Nby8V//L6sR3X/YSrKLZM0dWicSygDWH6OBxxzagVc0cI1dzdCumUaEKtiyfnQvj6FP5POuUSrpbwbaXQrKzjyIIzcA6KAIMaaIJr0AJtQMEUPIAn8OxJ79F78V5XrRlvPXMKfsB7+wRxA43R</latexit>

O(a)

<latexit sha1_base64="j5sud1Ox7mqSDGjIAwHhgJxPFjc=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KDUppZ0uhIIbFy4q2Ae0Y8mkmTY08yDJKGXof7hxoYhb/8Wdf2OmraCiBy4czrmXe+9xI8GVRujDyqysrq1vZDdzW9s7u3v5/YO2CmNJWYuGIpRdlygmeMBammvBupFkxHcF67iTi9Tv3DGpeBjc6GnEHJ+MAu5xSrSRbq8G6IycV4rVol3EaJAvoBJCCGMMU4JrVWRIvW6XsQ1xahkUwBLNQf69Pwxp7LNAU0GU6mEUaSchUnMq2CzXjxWLCJ2QEesZGhCfKSeZXz2DJ0YZQi+UpgIN5+r3iYT4Sk1913T6RI/Vby8V//J6sfZsJ+FBFGsW0MUiLxZQhzCNAA65ZFSLqSGESm5uhXRMJKHaBJUzIXx9Cv8n7XIJV0v4ulJoVJZxZMEROAanAIMaaIBL0AQtQIEED+AJPFv31qP1Yr0uWjPWcuYQ/ID19glF0JBj</latexit>

L0/a = 4, 6, 8, 10

<latexit sha1_base64="MT1WVygL+U5bslCsHXqJVTpMUC8=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCG0tSah+7ghsXLir0IbRDyaRpG5rJDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce48fCa4NQh9OZm19Y3Mru53b2d3bz7sHhx0dxoqyNg1FqG59opngkrUNN4LdRoqRwBes608vU797x5TmoWyZWcS8gIwlH3FKjJUGbv4atmBf8wCWEDy/QAO3gIoIIYwxTAmuVpAl9XqthGsQp5ZFAazQHLjv/WFI44BJQwXRuodRZLyEKMOpYPNcP9YsInRKxqxnqSQB016yOHwOT60yhKNQ2ZIGLtTvEwkJtJ4Fvu0MiJno314q/uX1YjOqeQmXUWyYpMtFo1hAE8I0BTjkilEjZpYQqri9FdIJUYQam1XOhvD1KfyfdEpFXCnim3KhUV7FkQXH4AScAQyqoAGuQBO0AQUxeABP4Nm5dx6dF+d12ZpxVjNH4Aect0+5N5Eo</latexit>

LT ⇠ 20� 50

� shifted boundary conditions: 
<latexit sha1_base64="K0NGxNgZKogXM6pYYT6tCGWME5I=">AAAB9HicdVDLSgMxFM34rPVVdekmWIQKpSSl9LEQCm5cVrAPaIeSSdM2NJMZk0yxDP0ONy4UcevHuPNvzLQVVPTAhcM593LvPV4ouDYIfThr6xubW9upnfTu3v7BYebouKWDSFHWpIEIVMcjmgkuWdNwI1gnVIz4nmBtb3KV+O0pU5oH8tbMQub6ZCT5kFNirOT27jm8hDmcR3l00c9kUQEhhDGGCcGVMrKkVqsWcRXixLLIghUa/cx7bxDQyGfSUEG07mIUGjcmynAq2DzdizQLCZ2QEetaKonPtBsvjp7Dc6sM4DBQtqSBC/X7REx8rWe+Zzt9Ysb6t5eIf3ndyAyrbsxlGBkm6XLRMBLQBDBJAA64YtSImSWEKm5vhXRMFKHG5pS2IXx9Cv8nrWIBlwv4ppStl1ZxpMApOAM5gEEF1ME1aIAmoOAOPIAn8OxMnUfnxXldtq45q5kT8APO2yfFlpAe</latexit>

⇠ = (1, 0, 0)

SHIFT

SPACE

SPACE

TIME

L0
<latexit sha1_base64="dw6i1t7JeOYdqMFzFFOcWDR/vxA=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMZtbwIsHDxHNA5IlzE5mkyGzD2ZmhRDyCV48KOLVL/Lm3zibRFDRgoaiqpvuLj+RQhuMP5zcyura+kZ+s7C1vbO7V9w/aOk4VYw3WSxj1fGp5lJEvGmEkbyTKE5DX/K2P77M/PY9V1rE0Z2ZJNwL6TASgWDUWOn2uo/7xRIuY4wJISgjpHqBLanV3ApxEcksixIs0egX33uDmKUhjwyTVOsuwYnxplQZwSSfFXqp5gllYzrkXUsjGnLtTeenztCJVQYoiJWtyKC5+n1iSkOtJ6FvO0NqRvq3l4l/ed3UBK43FVGSGh6xxaIglcjEKPsbDYTizMiJJZQpYW9FbEQVZcamU7AhfH2K/ietSpmclSs356W6u4wjD0dwDKdAoAp1uIIGNIHBEB7gCZ4d6Tw6L87rojXnLGcO4Qect08SZo2j</latexit>

small lattice artifacts  

� Q=0 topological sector: 
<latexit sha1_base64="sdnChY999SzMSfFqSg0OMGntXJM=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHcWDKltOmu4MZlC31BG8NkOmmHTh7MTMQS8ituXCji1h9x5984aSuo6IELh3Pu5d57vJgzqSzrw9jY3Nre2S3sFfcPDo+OzZNSX0aJILRHIh6JoYcl5SykPcUUp8NYUBx4nA68+XXuD+6okCwKu2oRUyfA05D5jGClJdcsjcmMuR04liyA3dv0ys5cs2xVLMtCCMGcoEbd0qTZtKvIhii3NMpgjbZrvo8nEUkCGirCsZQjZMXKSbFQjHCaFceJpDEmczylI01DHFDppMvbM3ihlQn0I6ErVHCpfp9IcSDlIvB0Z4DVTP72cvEvb5Qo33ZSFsaJoiFZLfITDlUE8yDghAlKFF9ogolg+lZIZlhgonRcRR3C16fwf9KvVlC9gjq1cqu2jqMAzsA5uAQINEAL3IA26AEC7sEDeALPRmY8Gi/G66p1w1jPnIIfMN4+AQTQk8E=</latexit>

�Q ⇠ T�8

� 12 values of the temperature in the 
range <latexit sha1_base64="y4UzE9w01RF3lyOwt5fxjmmX9B4="></latexit>

1.167� 164.6 GeV

M. Dalla Brida, L. Giusti, T. Harris, D. Laudicina, M. Pepe
JHEP 04 (2022) 034



The screening 2-point functions

� We compute the 2-point function along the direction 3

� Distance preconditioning of the Dirac operator

where
<latexit sha1_base64="vUl8TKX4wmmVmtgpWkEgxOssixs="></latexit>

P a(x) =  (x) �5 T
a  (x)
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only connected contractions contribute 
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mq = ⇡T
G.M. De Divitiis et al., PLB 692 (2010) 157
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Measure of the screening masses

� Masses are obtained form the 2-point functions at nearby points

Long plateaux allow to 
estimate the masses with 
high accuracy  
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Continuum Limit

data of Ti shifted 
down by 0.02 i

� Masses are measured, at fixed physical temperature T, for several values of the 
lattice spacing                                 and then extrapolated to the continuum limit

<latexit sha1_base64="hA4i0kLpZ7CmB6driAvRe7ubaFg=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbBRalJKX0shIIbFy4q2Ae0w5BJM21o5kGSEerQL3HjQhG3foo7/8ZMW0FFD1w4nHMv997jRoIrjdCHlVlb39jcym7ndnb39vOFg8OuCmNJWYeGIpR9lygmeMA6mmvB+pFkxHcF67nTy9Tv3TGpeBjc6lnEbJ+MA+5xSrSRnEL+2kHn5KJaqpUaJYiRUyiiMkIIYwxTgus1ZEiz2ajgBsSpZVAEK7SdwvtwFNLYZ4Gmgig1wCjSdkKk5lSweW4YKxYROiVjNjA0ID5TdrI4fA5PjTKCXihNBRou1O8TCfGVmvmu6fSJnqjfXir+5Q1i7TXshAdRrFlAl4u8WEAdwjQFOOKSUS1mhhAqubkV0gmRhGqTVc6E8PUp/J90K2VcK+ObarFVXcWRBcfgBJwBDOqgBa5AG3QABTF4AE/g2bq3Hq0X63XZmrFWM0fgB6y3TxYgkL4=</latexit>

L0/a = 4, 6, 8, 10

� The procedure has been repeated at the 12 physical temperatures
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⇠ = (1, 0, 0)
� tree-level Symanzik
improved def. of the mass

Small lattice artifacts, smooth extrapolation to the CL: a few ‰ final accuracy  



Remark n. 1: chiral symmetry restoration 
� At all the 12 temperatures and at finite lattice spacing we observe degeneracy:  

� Restoration of the non-anomalous part of chiral symmetry
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Remark n. 2: spin effects
� Mass-splitting between P and V is due to spin effects  

� Barely visible lattice artifacts

� Evidence of a mass-splitting between Pseudoscalar and Vector screening masses 

� Such effects do not show up at 1-loop order in High-T PT as they are      terms 
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The temperature dependence
� We study the dependence on T using the following function
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⇤MS = 341 MeV

� It is practical to compare data with PT
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The temperature dependence

� A few % away from 
the                limit
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T ! 1

� Mass-splitting visible up 
to T ∼165 GeV

� Masses not compatible with 
1-loop PT up to 165 GeV 

� Terms of order      partially  
compensate for 
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� At T ∼1 GeV,         deviates 
from         only for spin effects.
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Conclusions and work in progress

� The difficulties to perform first-principles, non-perturbative investigations of 
QCD on the lattice up to high temperatures have been overcome.

� First non-perturbative results of QCD in the range of temperatures 1-165 GeV. 
Study of the mesonic screening masses on T,  evidence for a mass-splitting P-V, 
1-loop PT not reliable

� Numerical side: strategy of using the running of the coupling at the energy 
scale  to determine the Lines of Constant Physics              at temperature T 

� We are currently investigating the baryonic screening masses and the mesonic 
ones at non-zero momentum

� Theory side: moving reference frame (shifted boundary conditions)
Thermodynamics, Energy-Momentum Tensor, Renormalization (work in progress)
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