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5
Hew = Z{ O, + Z rjOj} 0, = dL'YuULvL'Y;ﬂ'L , Oy=...,
=2
» The long-term goal is to calculate the relative renormalization constants r; in a
partially quenched setup

» In the continuum there are spurionic U(1)a symmetries for the different flavors d,
u, v and 7 => quantum numbers of flowed operators Oj(t)

» Thus (HeWO(t)JT) = 0 for j=2,3,4,5 in the continuum based on the conservation
of quantum numbers

» On the lattice true up to O(a)-effects = Use the 4 equations as a condition to
determine the r;

» Due to multiplicative renormalization of flowed composite operators this leads to
a system of equations that are linear in the r;



Current Presentation Eéﬁi‘;{:‘,‘.??&dmm

» In this talk we will not present anything on Hey,
» Instead | will present very preliminary data on the determination of m.. and cg

» Uses the same ingredients:

> Finite spurionic axial symmetries U(1)a

» Probes at positive flow time
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» The action of twisted mass fermions ¥ and x is given by

Sk = /dx4 XD+ mo + ivsp0)x
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Continuums Twisted Mass Fermions E%ﬁi‘;ﬁ:‘,‘ﬂﬁmm

» The action of twisted mass fermions ¥ and x is given by

Sk /dx X(D + mo + iysp0)x /dx X(D + Mge 75)y

» With cota = %, « the twist angle and My = \/m% + ,ug

» In a partially quenched setup we add the action of the bosonic ghosts ¢ and ¢ with

Seh = /dx4 (D + Mye 1) ¢

» When integrating over ¢, ¢, ¥ and  the fermionic determinant cancels
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S= 56+ SFX, x] + Senlc, ¢

» Has a spurionic axial symmetry given by

X—Xe 5z  c—ce ™2 a-—atw

e W e W
x — e M2y c— e M2
> Since we also transform the ghosts this transformation is non-anomaouls

Sk= /dx4 X(D+ Mye5¥)x = /dx4 (D + M)t

» In a quenched continuum theory equivalent to standard fermions with a mass My
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> More precisely assuming some regularization that preserves the axial spurionic
symmetry one has cot a = % with mg and g the renormalized masses

» The flowed fermion fields X, and x; transform the same under the spurionic axial
symmetry as ¥ and y

» For example the scalar (x¢x:) and pseudo scalar (x+iV5x¢) transform into each
other

cos(w) sin(w) <tht> (Mg,a) <tht> (Mg,a—w)
—sin(w) cos(w) /) \ (Xeh15Xt) (Mg,a) (XeM5Xt) (Mp,a—w)
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» In the case of w = & one obtains

cos(a)  sin(a) (XeXt)(Mra) | [ (XeXe) (Mr.0)

—sin(a) cos(a) ) \ (XehsXt) (Mg,a) (Xe5Xt) (Mg,0)
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» In the case of w = & one obtains

cos(a)  sin(a) (Xext)(Mra) | [ Xexodmeo) | [ (XeXe) (Mg0)
—sin(a) cos(a) ) \ (XehsXt) (Mg,a) (Xe5Xt) (Mg,0) 0

» The one point function (X/5X)(mg,0) Vanishes due to parity

MR _ ota — {(XeXt) (Mr,0)

MR (X5 X t) (Mpya)

» This equation is not satisfied on the lattice so we plan to used it to extract the
critical mass m., and the improvement coefficient cg
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SF= Z 34Y(DO,SW + mg + I"}/5/,L0)X and Sgh = Z 34E(D07SW + mg + I"}/5/,L0)C

X X

a a A
DO,SW = ’}/Mvz — §Vbe + §C5WO'MVFMV
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» The lattice regularization has an additional explicit breaking of the spurionic axial
symmetry via the Wilson term
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SF= Z 34Y(DO,SW + mg + I"}/5/,L0)X and Sgh = Z 34E(D07SW + mg + I"}/5/,L0)C

X X

a a A
Do.sw = .V, — 5vab + 5wt Py

» The lattice regularization has an additional explicit breaking of the spurionic axial
symmetry via the Wilson term

» The condition holds only up to O(a)-effects

Z.my— =M X
O(a) + Zm 0 a7 Cr:ﬂ:cotOz:M‘f‘O(a)
Z, Ho MR <Xt’75Xt>(m07M0)




Extraction of m,, EE?;?;{;‘,‘S;‘-,%M Theary

é mgy — %ﬁqcr . <YtXt>(m0,,u0)
Z, Ho (X5 Xt) (mo,pu0)

» Measure the righthand side for different masses (mo, 1)

» Extract g—z and me, from a fit up to relative O(a)-effects

» Even with cg, tuned there are O(a)-effects coming from the flow and the
renormalized masses
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O(a)-effects B, o,
» The original equation that determines v up to O(a)-effects

Zy | = sin(@){XeXt) (mo,uo) + COS(“)<Yti75Xt>(mo,uo)] =0(a)

L Andrea Shindler. In: Nuclear Physics B 881 (Apr. 2014).

10
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O(a)-effects B, o,
» The original equation that determines v up to O(a)-effects
2,] = 50(0) (Xexdhm )+ <050) (X5 | = O
» Including O(a)-effects® leads to

2, = s+ 2o { (XX + 2607 -+ coser + 32 (K5 ) | = O3

» The cg and by are improvement coefficients.

> As a condition to determine m¢; and cq we can impose that the term in the
brackets vanishes.

1Shindler, " Chiral Ward identities, automatic improvement and the gradient flow''.
10



O(a)-effects

COt(d> <Xtipy5xt>(m0,uo) + 3Cfl<ﬁt77t> = <tht>(m07u())

Rethinking
Quantum Field Theory

d:a—i-abg,u
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O(a)-effects B, o,

COt(d) <Yti’y5xt>(mo7u0) + acf/<ﬁt77t> = <tht>(m0,u()) a=a-+ abQ/.L

» We proceed by picking two values of the flow time t; and t5 and solving
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O(a)-effects B, o,

COt(d) <Xti’75xt>(m07u()) + acf/<ﬁt77t> = <YtXt>(m0,u0) a=a-+ ab2:u
» We proceed by picking two values of the flow time t; and t5 and solving

COt(den i’YSXt1>(mo,uo) + acf/<ﬁt177t1> = <Yt1Xt1>(mo,,uo)
COt(&) (Ytg i’Y5Xt2>(m0,uo) + acf/<ﬁt277t2> = <Yt2Xf2>(mo,uo)

» This determines cot & and cg as a function of mg, po, t; and ty

» We set t; = tand to = t+ 0t and plot cot & and ¢q as function of ¢

11
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» From the largest t we extract & for multiple m and [
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Determination of m., Eéﬁi‘;{:‘,‘.??&dmm

» From the largest t we extract & for multiple m and [

mp

» Determining me, from & = o + abop with cot(a) = "

» One needs to include the O(a)-effects in the renormalized masses, so with
om= my — %mcr we impose

_ (Zm dm + Nyadm? + Npap?
o = acot| —

b
Z,  p+ Diadmp )+ 2aH

13



Determination of m., E%ﬁi‘;ﬁ:‘,‘.??&dmm

» From the largest t we extract & for multiple m and [

mp

» Determining me, from & = o + abop with cot(a) = "

» One needs to include the O(a)-effects in the renormalized masses, so with
om= my — %mcr we impose

_ (Zm dm + Nyadm? + Npap?
o = acot| —

b
Z,  p+ Diadmp )+ 2aH

» Performe a non-linear fit to extract m¢; and é"’
m

13
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Preliminary
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|
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> Next step is to calculate Z4 the renormalisation current of the axial current

» Then calculate the relative renormalization constants of

5
Hew = Z{ 01 + Z rJOJ}

Jj=2

by imposing
(HewO())) =0 for  j=2,3,4,5

15
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Full Fit Results | -

Mo = —0.42924(24)  Z=10.122(5)
Ny = —147(10) Ny = 1996(118)
Dy = —140(4) by = 220(7)

16
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Action Setup E%ﬁi‘;ﬁ;‘lﬁ;ﬁm Theary

S=56+ S+ Ssea + Sval + Svarst + Sgh + Sms

» The ETMC setup for the gluon is the mean-field improved Iwasaki action
S¢ = g ;;(b0{1 — ReTr[Up ()M} + b1 {1 — ReTr[U,w ()2 })
> b1 =0.311 and b(] =1- 8b1
» The sea quarks are also twisted mass fermions consisting of a light-quark doublet

x,TZ (u d) and a heavy doublet X,Z-: <c 5>

5sea - ZYsea{DO,sw[U} + Mseah’t} + M5,sea}Xsea

. 0 0 ous™ 0
Xs-,c;a = (XIT X;) Msea = mi;mlﬁl + Msea =

0 o3 0 sim

O1lhg

18



Flowed Action Eéﬁi‘;{;‘,‘ﬂ‘-ﬁm Theory

» Flowed valance action

Sun = €30 3 [Re0(0: — At + Xe(T— Bt

t=0 Xx

> Xt(X)‘tzo = X(X) and Yt(X)‘t:() = X(X)
» Flowed gluon action

SGH — _22 ZTI‘{ <Vt+€(X l,L) Vt(X Iu) 1_ eégﬁ(@S,@(V,x,u))}

t=0 x,u

> Projection to algebra P(M) = (M — Mty — tTr(M — M)

19



Symanzik Improvement E%ﬁi‘;ﬁ:‘,‘.??&dmm

» The improvements were characterized for Wilson by M. Liischer and for twisted
mass by A. Shindler

/ dxtcaXo(x) Ao (%)
/ dX4{X0(X)(C3 Mg,va1 + caTrMyg va1 + 5 Tr Mg sea) x (X)+
Mg + T My + & ToMisca M)
/ dX4{X0(X)(C6 Ms a1 + €7 Tr M va1) iys X (X) + X (%) (€6 M5 va1 + €7 TrMs va1 ) iy5 Ao (X)}

> With My = M — me,ly,

20



Symanzik Improvement E%ﬁi‘;ﬁ:‘,‘.??&dmm

» ((a)-Counterterms due to the flow are given by
0§ = Z a{CﬁXO/\O + & (AoMs va1 15X + XMs valivs\o)
X

+ & (A Tr(Ms val) ivs X + XTr(Ms a1 ) ivsAo) }

1
- --sea 5
XRf£t(X) = {Zx(l + byamg s+ byaTr(Mg val) + by (Mq,sea))} Xre(X)

» with the subtracted mass for a specific flavor mg r = mg r — me;

» Terms in S that are linear in \g or A9 can be understood as initial conditions of
the flow

21



Symanzik Improvement

» Introducing auxiliary fields 77 and 7

/[DnDn exp< Z { =7+ (aca) )2 Nom +
— Z aCﬁXO)\o}

x exp{

» Now all terms can be written as initial conditions

Rethinking
Quantum Field Theory

(acﬂ)éﬁ)\o}>

22



Symanzik Improvement Eaetmnkmg

Quantum Field Theory

» Write the solution of the flow equation as xf¢(x) = K¢ U]xAx) and
Xeel) = X0 KU

1
_ _ 3
XRft(X) = {Zx<1 + byamg s+ byaTr(Mgval) + bSTera(Mq,sea»}

j25

X €72 (abgcl)M57va1+ab§<2>Tr(M5,val))Kt[U] (Xf(X) + \/ﬁn(x))

N[

Xrre(X) = {Zx(l + byamg s+ BxaTr(Mq,val) + Bfrera(Mq,sea))}

X (XAx) + /am(x)) K} U] 3 (7B Mot ab T (M )

23



Symanzik Improvement Eéﬁi‘;{:‘,‘.ii;ﬁmhm

MR.f

» In the physical basis 9r+(x), with the twist angle cot af = Y

N

VYR Ae(X) = {Zx(l + byamg s+ E><‘;’Tl”(Mq,val) + Efrera(Mq,sea))}

x e 5 (et ab) My ot 2B Te(Ms ) [ U] (3 () + +/3GT0(X))

[NIES

ER,ﬂt(x) = {Zx(l + byamg r+ byaTr(Mgyal) + T)E[?ra(l\/lq,sea))}

; (L £(2)
% (XAX) + v/aca(x)) KL[U] e (@rrabi’ Ms a+ab Tr(Ms,van)

24



Ensemble Overview Eéﬁi‘;{:‘,‘.ii;ﬁmhm

Ensemble | Nyt x N3 | a M, LM, Ker Cow
A48 | 96 x 483 | 1.726 | 0.09 fm | 174 Mev | 3.8 | 0.140065 | 1.74

» Ensemble of the ETMC collaboration?
> 5 = 2.438 and we flow to 2ty with a step size of € = 0.01.

> The one point functions (X;Xt)(m,a), (XeiV5Xt) (M) and () are measured every
5 steps.

» We solve the system for different values of m and i for t; = t and ty = t+ dt
with 0t = He

2C. Alexandrou et al. 2024.
25



