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Ghost-gluon vertex

r¥(—qkg—k = — = +— — = igof® (quHi(a,k) + (q— k) Ha2(q, k)
K q

fR = er

Strong coupling
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Taylor schemezer o incoming ghost momentum?
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lJ. C. Taylor, Nuclear Physics B33 (1971) 436
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Lattice: & < p? < 3

Propagators in Landau gauge

a G(p*, M) PuPy
(G(Z)) (p27A) —_ T 53b (5HV _ l';Z )
F(p%, A
(FO)" @) = b
GR(pzuu'z) = A@szgl(usz) G(psz)
FR(pzy.L"z) = A"_rpoozg_l(ﬂ{A) F(pZ,A)

Non-perturbative renormalizatioM OM scheme
Gr(?, 1?) = Fr(p?, p?) = 1

Strategy
Matching lattice-perturbation theory J
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4-loops perturbation theotyp > Aocp
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Quenched QCDN; = 02

Matching lattice-perturbation theory

2Ph. Boucaudt al., Phys. Rev. Or9 (2009) 014508
3K. G. Chetyrkin, Nucl. Phys. B10 (2005) 499
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OPE power corrections

W + .. Wab =2X »99:-%
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Leading logarithnf: ar(s2) = oP(u2) (1+ ?92 <Lp[7 — D
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Wilson coefficient is known at four-loop

4R4 Wilson, Phys. Rev179 (1969) 1499
5K. G. Chetyrkin and A. Maier, arXiv:0911.0594 [hep-ph]
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4-loops perturbation theofyp > Aocp
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Quenched QCDN; = 08
Matching lattice-perturbation theory

=0
A0 = 224H8 Mev, 2 (A?) = 51737 Gev?

6Ph. Boucaudt al., Phys. Rev. Or9 (2009) 014508
7K. G. Chetyrkin, Nucl. Phys. B10 (2005) 499
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European Twisted Mass Collaboration

Fermions: twisted-mass action
S =" > { X [Dw + Mo+ ins7ap10] e}
X

Gauge fields: tISym action

4

4
¥ () S S e L LT

p,v=1 w,v=1
1I<p<v nAv
(bp=1—8by, by =—1/12) + Maximal twist: O(a?) J
V=2£8x48 8 = 39 u=0004 0.0064 0.010
V=3B8x64 3 = 405 u=0003 0.006 0.008 0.012
B = 42 p=00065

Artefacts.  O(a%Adcp), 0@,  O(@@u?) J
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Conclusion

Ghost and gluon on the lattice

Landau gauge

Fuld = Re [Z S (1 §omU, (9 e+ m)]

I
Gluon:
U0 —Uh0 1 (Uu(x) — UL
wseeense (67)" (p) = (AL (AT (-P)
Ghost
......... v (FO) oy = (M) M) = -9 B)
DU = 5 (U Om0x-+ ) =m0V +nx-+ U, — U 00m00)
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O(4) breaking:H (4) discretization artefacts

Orbit labeled byH (4)-invariants:p = 3%, p2",n=1,2,3
Momentum on the latticed,, = %sinapu , Pu= % n=0,1,---,N

2t =0, a2 = a%p? + ca'pld 4. = a%p? (1 + claZ% + - )

If e = a?pll/p? << 1... S

iy
Eig firg
Q@22 a2A%) = Q (a2p? ( 1+ c1a?Py +--- ), a2A2 ;
M p? :

 O(a2r2 A2A2) 4 4Q 2p
_Q(ap,aA)+§€:0ap72+...

dQ (a?p? (1 + cre + - - - ), @2A2)

R(@%p?, a?A?) =
de

, R=Ro+ Ria?p?
e=0

8F. de Soto and C. Roiesnel, JHBR09 (2007) 007
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p=4.05

Foask

(=3
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aT (a2p27 azlu‘gl)

L= G(alp?, alu2)F2(a%p
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Quark mass artefacts

ar(a?p?,aug) = at(p?) + Ro(a?p?) &1
dar

2 2 = e—,—,—MmMmm

Ro(a’p”) = 3(ew?)

Example:8 = 4.05

a ap-1.08 o ap-1.18 « ap-1.24

« ap-1.45 “ ap-1.52
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N; = 2 twisted-mass QCD

a@)p

p=4.05 !
. p=39 045
= :\::r'vgmndwﬂamﬁ
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Ro = —92(11), P> pmin~2.8GeV (a(3.9)=0.0801(14) &)

Requiring a plateau fa s in the windowap > prin
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9

R. Baronet al. [ETM Collaboration], arXiv:0911.5061
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Global fit and calibration of lattice spacing

X (a(ﬁo)l\fc a(f1) a(B2) ) iz ( i(8) — a((ﬁ)) (Bo) A )2

M abo) a (b)) =4 32(A1)

i . ¢ AP aBr) ar
Variables:a(f0) Ayzs: € a(ﬁé), a(ﬂf)) o

- F90,0
= B=4.05(,=0) 1

$=4.2 470)
=0.134(7), &f<A>=0.7(2) _|

, . \ |
o 1 15 2 25

a@=3.9) p

This paper| String tensiof?
a(3.9)/a(4.05) | 1.224(23) | 1.255(42)
a(39)/a(42) | 1510(32) | 1.558(52)
a(4.05)/a(4.2) | 1.233(25) | 1.241(39)
Aa(3.9) 0.134(7)
PA0a?2(3.9) | 0.70(23)

10R. Baronet al. [ETM Col laboration], arXiv:0911.5061
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Systematics

Higher orders for Wilson coefficient...

One loop | Two loops | Three loops| Four loops
Aysa(3.9) 0.134(7) | 0.136(7) 0.137(7) 0.138(7)
g?(A%)a?(3.9) | 0.70(23) | 0.52(18) 0.44(14) 0.39(14)

Three-loop versus four-loop perturbative coupling comista

Four loops | Three loops
a(3.9)/a(4.05) | 1.224(23) | 1.229(23)
a(3.9)/a(4.2) | 1.510(32) | 1.510(29)
a(4.05)/a(4.2) | 1.233(26) | 1.234(25)
Agsa(3.9) 0.134(7) 0.125(6)
g?(A%)a?(3.9) 0.70(23) 0.80(20)

Higer orders in OPE...unstable!

Cq
arpa(p®) = at(u®) + o
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Conclusions
Ny = 2:

Ags = (33023422 33)MeV

R(R) (A, = (4.2 +15+ o.7+?) GeV2, go ~ 10 GeV
Nf =0
8
Ays = 224"3Mev
G — 51107Ger
Outlooks
ETMC new configurations:
Ny = 4

Nt

2+1+1




Conclusion

THANK YOU!
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