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» Determination of relative renormalization constants r; in a mixed action setup!

. 4
P> Presently we determine m, and Z—V
A

» Possible methods use for example PCAC relation?

» We will use global Ward identities from spurionic non-anomalous U(1) 4 symmetry
and probes at positive flow time

1Dj Carlo et al., “First-principle evaluation of inclusive hadronic T decays in QCD+QED".
2L ischer et al., “Non-perturbative determination of the axial current normalization constant in 0(a) improved lattice QCD".
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Condition for m,, E

Quantum Field Theory

S=Sc+ Y a"X(x) (Dosw + mo+ ivspo) x(x) + Z a"c(x) (Do,sw + mo + ivsp0) €(x)
X

» Spurionic non-anomalous U(1)4 transformation

w : w

X —xe "z C —> ce 52 a— atw
) e W my

x — e M2y c—e Mzc cot(a) = —
r

3Liischer, “Chiral symmetry and the Yang—Mills gradient flow".

4Shindler, “Chiral Ward identities, automatic improvement and the gradient flow".
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Condition for me, E%ﬁiﬂiﬂfﬁ%m Theory

S=Sc+ Y a"X(x) (Dosw + mo+ ivspo) x(x) + Z a"c(x) (Do,sw + mo + ivsp0) €(x)

» Spurionic non-anomalous U(1)4 transformation

w : w

X —xe "z C —> ce 52 a— atw

) e W my
x — e M2y c—e Mzc cot(a) = —
r

» The fields at positive flow time ; and x; transform in the same way since the
flow commutes with U(1)43*

Uy = \/Z XKl 3 Pr = \/Z 52 Ky

3Liischer, “Chiral symmetry and the Yang—Mills gradient flow".

4Shindler, “Chiral Ward identities, automatic improvement and the gradient flow".
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Condition for me, Eéi?;iﬂ,‘faim Theory

» Pseudo-scalar density
O(a) = <1/}ti'75wt>(mo,uo) = _ZX SiIl(CM) <XtXt>(m0,M0) + ZX COS(a) <Xf’.'75Xt>(mo,u0)

> In the continuum due to parity and U(1)a: (¥tiv5%t)(m,,0) = (Yeivs¥e) (m,,0) = 0
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Condition for me, Eéi?;iﬂ,‘faim Theory

» Pseudo-scalar density
O(a) = <1/}t’.'75wt>(mo,uo) = _ZX Sin(a) <XtXt>(m0,M0) + ZX COS(a) <Xf’.'75Xt>(mo,u0)

> In the continuum due to parity and U(1)a: (¥tiv5%t)(m,,0) = (Yeivs¥e) (m,,0) = 0

<tht>(m0“u,0)

cot(a) = -
( ) <Xt”75Xt>(m0,u0)

+ O(a)

3/10



Condition for me, Eéi?;iﬂ,‘faim Theory

» Pseudo-scalar density
O(a) = <1/}t’.'75wt>(mo,uo) = _ZX Sin(a) <XtXt>(m0,M0) + ZX COS(a) <Xf’.'75Xt>(mo,u0)

> In the continuum due to parity and U(1)a: (¥tiv5%t)(m,,0) = (Yeivs¥e) (m,,0) = 0

Zymo — mer _ my
Z,U Ho r <Xti’75Xt>(m0,u0)

O(a) +

+ O(a)
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Condition for me, Eéiiﬂi’u‘,‘;iﬁild Theory

» Pseudo-scalar density
O(a) = <1/}t’.'75wt>(mo,uo) = _ZX Sin(a) <XtXt>(m0,M0) + ZX COS(O() <Xf’.'75Xt>(mo,u0)

> In the continuum due to parity and U(1)a: (¥tiv5%t)(m,,0) = (Yeivs¥e) (m,,0) = 0

Z, _ cot(a) _ <XtXt>(m0,,u0)

£m Mo — Mer My
Zy, o fr (Xtiv5Xt) (mo,p10)

O(a) +

+ O(a)

> O(a)-improvement such that  (Vi59t) (my,u0) = O(a°)
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Condition for my, | .
_ 1 , ¥ 1 ¥
Doi= ZE (0 VamKL Ry Zg el b K (x + /)

» With this definition®® one has (1:iv51:) = 0(a?%)

(mo,po)

ot (@) (Xe, 1V5Xt1) (mopo) + €Tt 1) (o) = Xty Xt1) (mo,pao) &= o+ abyp

COt(&) <Yt2 ifY5Xt2>(m(),uo) + Cﬂ(ﬁtznt2>(m07u()) = <yt2Xt2>(mo,/m)

5Liischer, “Chiral symmetry and the Yang—Mills gradient flow".

GShindIer, “Chiral Ward identities, automatic improvement and the gradient flow".
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Condition for me, Eéiiﬂi’u‘,‘;iﬁild Theory

_ 1 . 7 1, M
by =22 (% + \/aﬁ)Kje:%f’(a—i—bXauo) Wy = Z2 el%"’(a—&-bxa#o)Kt(X + \/@7)

> With this definition®® one has (1¢iv51¢) (mq o) = O(a%)

ot (@) (Xe, 1V5Xt1) (mopo) + €Tt 1) (o) = Xty Xt1) (mo,pao) &= o+ abyp

COt(&) <Yt2 ify5Xt2>(m()7u0) + Cﬂ(ﬁtznt2>(m07u()) = <yt2Xt2>(mo,/m)

» Use t; =t and to = t + 0t and determine cot(a), ¢ as a function of t

5Liischer, “Chiral symmetry and the Yang—Mills gradient flow".

GShindIer, “Chiral Ward identities, automatic improvement and the gradient flow".
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COt(d) and Ch Egéilx:m%\hpligemrheow

\/87/ a Preliminary
4 >
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Nengg used 47

7 Alexandrou et al., Strange and charm quark contributions to the muon anomalous magnetic moment in lattice QCD with twisted-mass fermions.

5/10



0.0010+

S 0.0005

e
Q
Q

S8

0.0000

—0.0005+

=

6 parameters
30 data points

- Zm Mg+ Nlamg + Nza,u% .
& = arccot [ ————————— mg = My — Mex

+b ao
Z, o+ Diadmguo A

1.0x105

33D DD

NI F

Rethinking
Quantum Field Theory

Preliminary

= -0.4302
= -0.429
= -0.4278
= -0.4266
= -0.4254

= —0.42918(28)

— 0.120(4)
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i Z Rethinkin
Condition for v Eéﬁiﬂtuipéldmeory
» For each flavor there is a spurionic non-anomalous U(1)4 transformation

» Consider the currents

V/i’d(x) = X”(x)fyuxd(x) and Azd(x) = Y“(x)fy“i%xd(x)

8Frezzotti et al., “Reducing cutoff effects in maximally twisted LQCD close to the chiral limit".
gShindIer, “Chiral Ward identities, automatic improvement and the gradient flow".
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i Z Rethinkin
Condition for v Eéﬁiﬂtuipéldmeory
» For each flavor there is a spurionic non-anomalous U(1)4 transformation

» Consider the currents
VE9(x) = X“()nux(x)  and  AL(x) = X (x)7uivsx % ()
» Using U(1)4 derive at maximal twist the Identity
ZvZy [ (V2 (OVEL D)) (i) + (Y COVER D)) (i) | =
Vax (Wi tu\Y )] (pusiia) W t,u\Y )] (= fru,fia)

— ZaZy [<Aﬁd(X)A‘ZZ(y)>(ﬂu,ﬂd) + (AZ"(X)A?L(V)NM,M)} +0(2%)

» Uses automatic O(a)-improvement at maximal twist®°

8Frezzotti et al., “Reducing cutoff effects in maximally twisted LQCD close to the chiral limit".

gShindIer, “Chiral Ward identities, automatic improvement and the gradient flow".
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Condition for é—x Eéiiﬂi’u‘,‘;iﬁild Theory

Ve(x,y) =V COVELD)) i) + (Vi COVERYD) (i)
Ae(x,y) = (AL DAL )) (i) + (AR COALL YD) (— i)

lx—y[?
> Smearing kernels Ki(x,y) = e dat |x — y|?7
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Condition for %
A

Compare Different Smearing Kernels

1.0

Y KA,
> K,
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n=3, a=2.0
n=4, a=1.5
|
00— . | | .
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t/ty ; Kernel Zv/Za
~0.51 | n=3, a=20| 0.87(1)
~051 [ n=4, a=15| 0.872(7)
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. Rethinking
C O n C | U S I O n E Quantum Field Theory

» Introduced conditions based on global U(1)4 WI
» Preliminarily m¢, and % can be determined

» Currently working on:
» Quote a reliable error for m., and %

» Determine %
S

» Extend to H.y
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Appendix: Fermion Flow Eéﬁi‘,‘é’u‘,“‘fﬁ%ﬂmy

» Fermion flow equation?

Oexe = Axe with Xt‘t:O =X

_ _ . _
OtXr = Xe A with Xt‘t:O =X

A =D,D,

> Field 7;:
(Mene) o< tr (KtTKt>

10 iischer, “Chiral symmetry and the Yang-Mills gradient flow".
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Appendix: Different Smearing Kernels

1.0

Y KA,
> KV,

0.0

Compare Different Smearing Kernels
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+ uniform
n=1,a=0.5
n=1,a=1.0

s n=3, a=2.0
- n=4,a=1.5




	Appendix

