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Various schemes: RI’-MOM, Schrödinger functional, Wilson flow, …

Introduction

� Unique advantage: 1-point functions, higher accuracy and cheaper

� Lattice QCD: composite operators need, in general, renormalization 

� Shifted boundary conditions: very convenient scheme in several cases  

Recent accurate calculation in the SF framework:
M. Dalla Brida, T. Korzec, S. Sint, P. Vilaseca,
Eur. Phys. J. C79 (1) (2019) 23
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SU(3) Yang-Mills theory (no mixing)

QCD (with mixing)
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Vµ

flavour – singlet vector current

flavour – non-singlet vector current

Using Ward Identities:
Bochicchio et al., NPB 262 (1985) 331

G. Martinelli, C. Sachrajda, A. Vladikas
NPB 358 (1991) 212



QFT with shifted boundary conditions

A thermal quantum field theory 
in a moving reference frame 

L. Giusti and H. Meyer,
PRL 2011, JHEP 2011 and 2013
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� Kinematic conditions can be changed without affecting renormalization: finite 
temperature, fermionic phases (chemical potential), fixed boundary conditions, …

� Shifted boundary conditions: finite temperature + shiftξ in the temporal direction

 (x0 + L0,x) = � (x0,x� L0⇠)
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 (x0 + L0,x) = � (x0,x� L0⇠)
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Uµ(x0 + L0,x) = Uµ(x0,x� L0⇠)
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Uµ(x0,x+ Lkk) = Uµ(x0,x)
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 (x0,x+ Lkk) =  (x0,x)
<latexit sha1_base64="1Hu02Y5RAm44XolVtEZfC8QqGEM="></latexit>

 (x0,x+ Lkk) =  (x0,x)
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Easy to implement

Monte Carlo 
simulations

Pert. calculations 
for improvement

M. Dalla Brida, L. Giusti, M. Pepe,
JHEP 04 (2020) 043



QFT with shifted boundary conditions

A thermal quantum field theory 
in a moving reference frame 

� Kinematic conditions can be changed without affecting renormalization: finite 
temperature, fermionic phases (chemical potential), fixed boundary conditions, …

� Shifted boundary conditions: finite temperature + shiftξ in the temporal direction

Uµ(x0 + L0,x) = Uµ(x0,x� L0⇠)
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Uµ(x0,x+ Lkk) = Uµ(x0,x)
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 (x0,x+ Lkk) =  (x0,x)
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 (x0,x+ Lkk) =  (x0,x)
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Easy to implement

Monte Carlo 
simulations

Pert. calculations 
for improvement

� We can switch on a phase      for fermion fields in the temporal direction  
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 (x0 + L0,x) = � ei✓0  (x0,x� L0⇠)
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L. Giusti and H. Meyer,
PRL 2011, JHEP 2011 and 2013

M. Dalla Brida, L. Giusti, M. Pepe,
JHEP 04 (2020) 043



Flavour – singlet vector current

� Non-anomalous abelian part of QCD chiral symmetry: conserved on the lattice 
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in the vacuum:                      but when               then 
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One can also write                                      where
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� local non-conserved definition 

but it renormalizes:    
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computationally simpler and possibly smaller lattice artifacts

� One can define the renormalization constant as:
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� improved definition:   
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Perturbation theory

� It turns out to be more convenient to consider the shift 
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⇠ = (1, 0, 0)

� We consider a tree-level improved definition:   

� Largely different relevance of lattice artifacts  

� We have computed        at 1-loop: better improvement in progress
<latexit sha1_base64="Z3ss6BGgeaLkFrhlAVeWhkLQzo8=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwENckt4MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3aA+KJVzGGBNCUEZI9QJbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmZyX8fVZqYGXceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CV7ujc8=</latexit>

ZV

<latexit sha1_base64="exykuVcRjhvn/ZAPqvP2HvDW3PE="></latexit>

Z0�imp
V (g20 , L0) =

hV c
0 i

hV l
0 i

1

Ztree
V (L0)

<latexit sha1_base64="1jty3lo1U9Wqkww8Hz6g+sDSfvY="></latexit>

ZV (g
2
0) = lim

1/L0!0
Z0�imp
V (g20 , L0)

<latexit sha1_base64="v1BjcBM9eHaVFsDKiuC4lnX1h/Y=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKcyKoseAF48RzAOSJcxOepMhs7PrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrTJW0yNi3V1hb39jcKm6Xdnb39g/Kh0dNm2RGQEMkKjHtkFtQUkMDJSpopwZ4HCpohaPbmd96AmNloh9wnEIQ84GWkRQcndTu4hCQ91ivXGFVNgddJX5OKiRHvVf+6vYTkcWgUShubcdnKQYTblAKBdNSN7OQcjHiA+g4qnkMNpjM753SM6f0aZQYVxrpXP09MeGxteM4dJ0xx6Fd9mbif14nw+gmmEidZghaLBZFmaKY0NnztC8NCFRjR7gw0t1KxZAbLtBFVHIh+Msvr5LmRdW/qrL7y0qN5XEUyQk5JefEJ9ekRu5InTSIIIo8k1fy5j16L96797FoLXj5zDH5A+/zB8fLj70=</latexit>

✓0

<latexit sha1_base64="1quI4ppTjh/9+j+h62VYW4yrk7g=">AAAB+XicbVA9SwNBEN3zM8avU0ubxSDEJuyJomXAxsIigvnAJB57m7lkyd7esbsXCEf+iY2FIrb+Ezv/jZvkCk18MPB4b4aZeUEiuDaEfDsrq2vrG5uFreL2zu7evntw2NBxqhjUWSxi1QqoBsEl1A03AlqJAhoFAprB8GbqN0egNI/lgxkn0I1oX/KQM2qs5Lvuo994yowCmODynU/OfLdEKmQGvEy8nJRQjprvfnV6MUsjkIYJqnXbI4npZlQZzgRMip1UQ0LZkPahbamkEehuNrt8gk+t0sNhrGxJg2fq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr7sZl0lqQLL5ojAV2MR4GgPucQXMiLEllClub8VsQBVlxoZVtCF4iy8vk8Z5xbuskPuLUpXkcRTQMTpBZeShK1RFt6iG6oihEXpGr+jNyZwX5935mLeuOPnMEfoD5/MHIuiSng==</latexit> Z
tr
e
e

V
(L

0
)

<latexit sha1_base64="v1BjcBM9eHaVFsDKiuC4lnX1h/Y=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKcyKoseAF48RzAOSJcxOepMhs7PrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrTJW0yNi3V1hb39jcKm6Xdnb39g/Kh0dNm2RGQEMkKjHtkFtQUkMDJSpopwZ4HCpohaPbmd96AmNloh9wnEIQ84GWkRQcndTu4hCQ91ivXGFVNgddJX5OKiRHvVf+6vYTkcWgUShubcdnKQYTblAKBdNSN7OQcjHiA+g4qnkMNpjM753SM6f0aZQYVxrpXP09MeGxteM4dJ0xx6Fd9mbif14nw+gmmEidZghaLBZFmaKY0NnztC8NCFRjR7gw0t1KxZAbLtBFVHIh+Msvr5LmRdW/qrL7y0qN5XEUyQk5JefEJ9ekRu5InTSIIIo8k1fy5j16L96797FoLXj5zDH5A+/zB8fLj70=</latexit>

✓0

<latexit sha1_base64="1quI4ppTjh/9+j+h62VYW4yrk7g=">AAAB+XicbVA9SwNBEN3zM8avU0ubxSDEJuyJomXAxsIigvnAJB57m7lkyd7esbsXCEf+iY2FIrb+Ezv/jZvkCk18MPB4b4aZeUEiuDaEfDsrq2vrG5uFreL2zu7evntw2NBxqhjUWSxi1QqoBsEl1A03AlqJAhoFAprB8GbqN0egNI/lgxkn0I1oX/KQM2qs5Lvuo994yowCmODynU/OfLdEKmQGvEy8nJRQjprvfnV6MUsjkIYJqnXbI4npZlQZzgRMip1UQ0LZkPahbamkEehuNrt8gk+t0sNhrGxJg2fq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr7sZl0lqQLL5ojAV2MR4GgPucQXMiLEllClub8VsQBVlxoZVtCF4iy8vk8Z5xbuskPuLUpXkcRTQMTpBZeShK1RFt6iG6oihEXpGr+jNyZwX5935mLeuOPnMEfoD5/MHIuiSng==</latexit> Z
tr
e
e

V
(L

0
)
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The numerical study

� Lattice size:                   with                               at               and  
<latexit sha1_base64="Phdh7nUUJqQy2lEw2VL/e66oEF8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KknVPnYFNy5cVLAPaKclk2ba0ExmSDJKGfofblwo4tZ/ceffmGkrqOiBC4dz7uXee7xIcG0Q+nAyK6tr6xvZzdzW9s7uXn7/oKXDWFHWpKEIVccjmgkuWdNwI1gnUowEnmBtb3KZ+u07pjQP5a2ZRswNyEhyn1NirNSvlftnPcMDpuH1AA3yBVRECGGMYUpwpYwsqdWqJVyFOLUsCmCJxiD/3huGNA6YNFQQrbsYRcZNiDKcCjbL9WLNIkInZMS6lkpiF7nJ/OoZPLHKEPqhsiUNnKvfJxISaD0NPNsZEDPWv71U/MvrxsavugmXUWyYpItFfiygCWEaARxyxagRU0sIVdzeCumYKEKNDSpnQ/j6FP5PWqUiviiim/NCHS3jyIIjcAxOAQYVUAdXoAGagAIFHsATeHbunUfnxXldtGac5cwh+AHn7RM+LJGn</latexit>

963 ⇥ L0
<latexit sha1_base64="R4/FwKPhqUMfkpqUAZhQdXqhuFM=">AAAB+nicdVBNS0JBFJ1nX2Zfz1q2GZKghciMmD4XgdCmRQuD1EBF5o2jDs6b95iZV4j5U9q0KKJtv6Rd/6Z5alBRBy4czrmXe+/xI8G1QejDSa2srq1vpDczW9s7u3tudr+pw1hR1qChCNWNTzQTXLKG4Uawm0gxEviCtfzxeeK3bpnSPJTXZhKxbkCGkg84JcZKPTd72UPwDJbysJyHXh5i1HNzqIAQwhjDhOBKGVlSrXpF7EGcWBY5sES95753+iGNAyYNFUTrNkaR6U6JMpwKNst0Ys0iQsdkyNqWShIw3Z3OT5/BY6v04SBUtqSBc/X7xJQEWk8C33YGxIz0by8R//LasRl43SmXUWyYpItFg1hAE8IkB9jnilEjJpYQqri9FdIRUYQam1bGhvD1KfyfNIsFfFpAV6VcDS3jSINDcAROAAYVUAMXoA4agII78ACewLNz7zw6L87rojXlLGcOwA84b59IppC8</latexit>

L0 = 4, 6, 8, 10
<latexit sha1_base64="9kGzwuAppcmOTBXj1GXjtuNgOFE=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUKCUpatuFUHDjsoJ9QGcomTTThmYyQ5IRS+lvuHGhiFt/xp1/Y6atoKIHLhzOuZd77/FjwbVB6MPJrKyurW9kN3Nb2zu7e/n9g7aOEkVZi0YiUl2faCa4ZC3DjWDdWDES+oJ1/PFV6nfumNI8krdmEjMvJEPJA06JsZLr3nN4WcQlVEKn/XwBlRFCGGOYEly9QJbU67UKrkGcWhYFsESzn393BxFNQiYNFUTrHkax8aZEGU4Fm+XcRLOY0DEZsp6lkoRMe9P5zTN4YpUBDCJlSxo4V79PTEmo9ST0bWdIzEj/9lLxL6+XmKDmTbmME8MkXSwKEgFNBNMA4IArRo2YWEKo4vZWSEdEEWpsTDkbwten8H/SrpTxeRndnBUaaBlHFhyBY1AEGFRBA1yDJmgBCmLwAJ7As5M4j86L87pozTjLmUPwA87bJ2vIj+4=</latexit>

⇠ = (1, 0, 0)

� We have considered 7 values of the gauge coupling       in the range [0.52, 1.13] 

� O(a)-improved massless Wilson fermions with the plaquette Wilson action
<latexit sha1_base64="vJTSiGgGZ7t0claIikwuK8twviY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPoTsuSQ5CwIsniWAWSIbQ0+lJmvQsdPcIYchHePGgiFe/x5t/Y08SQUUfFDzeq6KqnhdLoQ3GH87S8srq2npuI7+5tb2zW9jbb+koUYw3WSQj1fGo5lKEvGmEkbwTK04DT/K2N77K/PY9V1pE4Z2ZxNwN6DAUvmDUWKl90/fRJTrtF4q4hDEmhKCMkMoFtqRWq5ZJFZHMsijCAo1+4b03iFgS8NAwSbXuEhwbN6XKCCb5NN9LNI8pG9Mh71oa0oBrN52dO0XHVhkgP1K2QoNm6veJlAZaTwLPdgbUjPRvLxP/8rqJ8atuKsI4MTxk80V+IpGJUPY7GgjFmZETSyhTwt6K2IgqyoxNKG9D+PoU/U9a5RI5L+Hbs2IdL+LIwSEcwQkQqEAdrqEBTWAwhgd4gmcndh6dF+d13rrkLGYO4Aect08Ito6r</latexit>

Nf = 3

� Extrapolation to                   turns out to be very good with a ~ 2.5‰ accuracy
<latexit sha1_base64="9ysmKEFoULXtYTAfwzR5zlUL8h0=">AAAB/3icdVBNSwMxEM36WetXVfDiJVgETyURte2t4MWDhwr2A9pSsmm2DWazSzKrlNqDf8WLB0W8+je8+W/MthVU9MHA470ZZub5sZIWCPnw5uYXFpeWMyvZ1bX1jc3c1nbdRonhosYjFZmmz6xQUosaSFCiGRvBQl+Jhn99lvqNG2GsjPQVDGPRCVlfy0ByBk7q5nYvugS3jewPgBkT3eK21AEMu7k8KRBCKKU4JbR4Shwpl0tHtIRpajnk0QzVbu693Yt4EgoNXDFrW5TE0BkxA5IrMc62Eytixq9ZX7Qc1SwUtjOa3D/GB07p4SAyrjTgifp9YsRCa4eh7zpDBgP720vFv7xWAkGpM5I6TkBoPl0UJApDhNMwcE8awUENHWHcSHcr5gNmGAcXWdaF8PUp/p/Ujwr0pEAuj/MVMosjg/bQPjpEFBVRBZ2jKqohju7QA3pCz9699+i9eK/T1jlvNrODfsB7+wTWbpX1</latexit>

L0 ! 1

<latexit sha1_base64="7C64bC7euMjoXh42JO+zjyvZc3U=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUEFLUtS2u4IbFy4q2Af2MWTStA3NPEgyQhm68VfcuFDErZ/hzr8x01ZQ0QMXDufcy733uKHgSiP0YaUWFpeWV9KrmbX1jc0te3unroJIUlajgQhk0yWKCe6zmuZasGYoGfFcwRru6CLxG3dMKh74N3ocso5HBj7vc0q0kRx779apd2N0wr1wAnMDB3ULx1cOOnLsLMojhDDGMCG4eI4MKZdLBVyCOLEMsmCOqmO/t3sBjTzmayqIUi2MQt2JidScCjbJtCPFQkJHZMBahvrEY6oTTx+YwEOj9GA/kKZ8Dafq94mYeEqNPdd0ekQP1W8vEf/yWpHulzox98NIM5/OFvUjAXUAkzRgj0tGtRgbQqjk5lZIh0QSqk1mGRPC16fwf1Iv5PFZHl2fZitoHkca7IMDkAMYFEEFXIIqqAEKJuABPIFn6956tF6s11lryprP7IIfsN4+ARlSlL8=</latexit>

Z0�imp
V (g20 , L0)

<latexit sha1_base64="1MhFkFiofqVda8Bn6lThBS9pBj8=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KklR294KXjxWsB/QriWbZtvQbHZJskIp/Q1ePCji1R/kzX9jtq2gog8GHu/NMDMvSKQwFuMPb2V1bX1jM7eV397Z3dsvHBy2TJxqxpsslrHuBNRwKRRvWmEl7ySa0yiQvB2MrzK/fc+1EbG6tZOE+xEdKhEKRq2TmsM+viv3C0VcwhgTQlBGSOUSO1KrVcukikhmORRhiUa/8N4bxCyNuLJMUmO6BCfWn1JtBZN8lu+lhieUjemQdx1VNOLGn86PnaFTpwxQGGtXyqK5+n1iSiNjJlHgOiNqR+a3l4l/ed3UhlV/KlSSWq7YYlGYSmRjlH2OBkJzZuXEEcq0cLciNqKaMuvyybsQvj5F/5NWuUQuSvjmvFjHyzhycAwncAYEKlCHa2hAExgIeIAnePaU9+i9eK+L1hVvOXMEP+C9fQJfj45a</latexit>

g20

<latexit sha1_base64="CM9ykSXuaLXvLV9V/jdbAA76HGw=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJWkaB8LoeDGZQX7gE4tmTTThmYeJBmhjLPwV9y4UMStv+HOvzHTVlDRAxcO59zLvfe4keBKI/Rh5ZaWV1bX8uuFjc2t7R17d6+twlhS1qKhCGXXJYoJHrCW5lqwbiQZ8V3BOu7kIvM7t0wqHgbXehqxvk9GAfc4JdpIA/vAcZkm544nCU0qaTIaoJtyWhjYRVRCCGGMYUZwtYIMqddrZVyDOLMMimCB5sB+d4YhjX0WaCqIUj2MIt1PiNScCpYWnFixiNAJGbGeoQHxmeons/tTeGyUIfRCaSrQcKZ+n0iIr9TUd02nT/RY/fYy8S+vF2uv1k94EMWaBXS+yIsF1CHMwoBDLhnVYmoIoZKbWyEdExOFNpFlIXx9Cv8n7XIJn5XQ1WmxgRZx5MEhOAInAIMqaIBL0AQtQMEdeABP4Nm6tx6tF+t13pqzFjP74Aest09GvZWS</latexit>

� =
6

g20

preliminary

<latexit sha1_base64="/v88k8ecgtFzDaZ/m+jN2quR70o=">AAACCHicdVC7SgNBFJ31GeNr1dLCwSBoE2aCj6QTbCwsFEwiZNcwO5lNBmcfzNwVwpLSxl+xsVDE1k+w82+c1QgqeuDC4Zx7ufeeIFXSACFvzsTk1PTMbGmuPL+wuLTsrqy2TJJpLpo8UYm+CJgRSsaiCRKUuEi1YFGgRDu4Oir89rXQRibxOQxT4UesH8tQcgZW6robnhIhbGMv1IzndJSfdMkIe1r2B7CDL2tdt0KqhBBKKS4IPdgnljQa9RqtY1pYFhU0xmnXffV6Cc8iEQNXzJgOJSn4OdMguRKjspcZkTJ+xfqiY2nMImH8/OOREd6ySg+HibYVA/5Qv0/kLDJmGAW2M2IwML+9QvzL62QQ1v1cxmkGIuafi8JMYUhwkQruSS04qKEljGtpb8V8wGwkYLMr2xC+PsX/k1atSveq5Gy3ckjGcZTQOtpE24iiA3SIjtEpaiKObtAdekCPzq1z7zw5z5+tE854Zg39gPPyDiy5mL8=</latexit>✓
1

L0

◆2

Statistics 
L0= 4, 6   ➔100 traj.
L0= 8, 10 ➔700 traj.
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<latexit sha1_base64="Et4tOCU7x+HX+u29P1yLFrlezQE=">AAACAHicdVDLSgNBEJz1GeMr6sGDl8EgeAozonkchIAXjxFMImRDmJ3MJoOzD2Z6hbDsxV/x4kERr36GN//G2SSCihY0FFXddHd5sZIGCPlwFhaXlldWC2vF9Y3Nre3Szm7HRInmos0jFekbjxmhZCjaIEGJm1gLFnhKdL3bi9zv3gltZBRewyQW/YCNQulLzsBKg9K+C2MBbEDwuetrxlM3lllazQalMqkQQiilOCe0ViWWNBr1E1rHNLcsymiO1qD07g4jngQiBK6YMT1KYuinTIPkSmRFNzEiZvyWjUTP0pAFwvTT6QMZPrLKEPuRthUCnqrfJ1IWGDMJPNsZMBib314u/uX1EvDr/VSGcQIi5LNFfqIwRDhPAw+lFhzUxBLGtbS3Yj5mNgewmRVtCF+f4v9J56RCzyrk6rTcJPM4CugAHaJjRFENNdElaqE24ihDD+gJPTv3zqPz4rzOWhec+cwe+gHn7ROpbZZq</latexit>

✓0 =
⇡

6



The final result for ZV

� The 2-loop perturbative result turns out to work fairly well at the level of 1%. 

<latexit sha1_base64="1MhFkFiofqVda8Bn6lThBS9pBj8=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KklR294KXjxWsB/QriWbZtvQbHZJskIp/Q1ePCji1R/kzX9jtq2gog8GHu/NMDMvSKQwFuMPb2V1bX1jM7eV397Z3dsvHBy2TJxqxpsslrHuBNRwKRRvWmEl7ySa0yiQvB2MrzK/fc+1EbG6tZOE+xEdKhEKRq2TmsM+viv3C0VcwhgTQlBGSOUSO1KrVcukikhmORRhiUa/8N4bxCyNuLJMUmO6BCfWn1JtBZN8lu+lhieUjemQdx1VNOLGn86PnaFTpwxQGGtXyqK5+n1iSiNjJlHgOiNqR+a3l4l/ed3UhlV/KlSSWq7YYlGYSmRjlH2OBkJzZuXEEcq0cLciNqKaMuvyybsQvj5F/5NWuUQuSvjmvFjHyzhycAwncAYEKlCHa2hAExgIeIAnePaU9+i9eK+L1hVvOXMEP+C9fQJfj45a</latexit>

g20

<latexit sha1_base64="4scYHgJJHrUUoOl2dXMhc3WaWoc=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUTUmK2nZXcOOygn1gOw6ZNNOGZjJDkhHK0N9w40IRt/6MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5NbWV1b38hvFra2d3b3ivsHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev6k8vM794zpXkkb8w0Zm5IRpIHnBJjpcGt14HlkYfuqqfQK5ZQBSGEMYYZwbULZEmjUa/iOsSZZVECS7S84vtgGNEkZNJQQbTuYxQbNyXKcCrYrDBINIsJnZAR61sqSci0m85vnsETqwxhEClb0sC5+n0iJaHW09C3nSExY/3by8S/vH5igrqbchknhkm6WBQkApoIZgHAIVeMGjG1hFDF7a2Qjoki1NiYCjaEr0/h/6RTreDzCro+KzXRMo48OALHoAwwqIEmuAIt0AYUxOABPIFnJ3EenRfnddGac5Yzh+AHnLdP6MGQQA==</latexit>

ZV (g
2
0)

preliminary

A. Skouroupathis, H. Panagopoulos
Phys.Rev.D 79 (2009) 094508
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Conclusions and perspectives

� Shifted boundary conditions: convenient scheme to compute               
non-perturbatively. First application in QCD.

<latexit sha1_base64="4scYHgJJHrUUoOl2dXMhc3WaWoc=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUTUmK2nZXcOOygn1gOw6ZNNOGZjJDkhHK0N9w40IRt/6MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5NbWV1b38hvFra2d3b3ivsHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev6k8vM794zpXkkb8w0Zm5IRpIHnBJjpcGt14HlkYfuqqfQK5ZQBSGEMYYZwbULZEmjUa/iOsSZZVECS7S84vtgGNEkZNJQQbTuYxQbNyXKcCrYrDBINIsJnZAR61sqSci0m85vnsETqwxhEClb0sC5+n0iJaHW09C3nSExY/3by8S/vH5igrqbchknhkm6WBQkApoIZgHAIVeMGjG1hFDF7a2Qjoki1NiYCjaEr0/h/6RTreDzCro+KzXRMo48OALHoAwwqIEmuAIt0AYUxOABPIFnJ3EenRfnddGac5Yzh+AHnLdP6MGQQA==</latexit>

ZV (g
2
0)

� The same method can be used for the flavour non-singlet current

� Quite good agreement agreement with 2-loop Perturbation Theory at 1% level 

� Work in progress: similar approach to compute the renormalization constants of 
the energy-momentum tensor in QCD ➔ QCD thermodynamics up to T ~ 100 GeV

� Final accuracy at a few ‰ level thanks to 1-point observable and small 
lattice artifacts.


