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Flavor-non-singlet tensor current

“Tensor currents are the only quark bilinear operators lacking a non-perturbative

determination of their renormalisation group (RG) running between hadronic and

electroweak scales ... "

[C Pena and D Preti [ALPHA], [arXiv:1706.06674 [hep-lat]], Eur.Phys.J.C 78 (2018) 7, 575]
[L Chimirri et al. [ALPHA], [arXiv:1910.06759 [hep-lat]], PoS LATTICE2019 (2020) 212]

Flavor-non-singlet tensor current
T () = i(x) 0y 577 (),
Oy = é[’hw')/u]

m theoretical interest

m phenomenological interest for effective Hamiltonian amplitudes
(rare heavy meson decays, neutron beta decays, BSM ...)

A = (f|Herr|i) = Cw (1) (F|Oren(p)]i)
O~ (Iau,,e)(daw,u), GW(C_IIUWCU) e LAﬁCEm
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RG flow

m Renormalized couplings and operators satisfy the RG flow
equations. In mass-independent scheme:

u%gR(u) — Blgn(), sk

u%mR(u) = (g (), mxk) (1)

u% Tr(k) = Y(gr (1), mrbrr)) Tr(k)

m Velocities 3, 7 and ~y have perturbative expansion

0

Bler) &~ —gr3(bo + bigr® + bagr®* + O(gr®))
0

7(gr) &~ —gr?(do + digr® + dagr* + O(gr®))

—0
v(gr) &= —gr?(70 + m1gr2 + 128" + O(gr®))

with universal coefficients by, b1, doy, 7o. LAﬁCEm
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RGI quantities

m Integration yields to dimensionful finite constants, the
renormalization group invariants (RGI)

» gr (1) 1 1 b 1
1 [bogr®(n)] **® exp J 918(g) " bos®  B2g|  2bogr(n)

gr (k)
M = mp(1) [2bogr?(1)] ™ exp { / dg r(g) _ ﬁ} }
0

B(g)  bog

T = Tr(k) {%ﬁt)} E exp { g:/(“) dg [% - %Og] }

m Splitting of the integral

_ T TR(Npt) TR(HO/z) T (M )
Tr(upe) Tr(10/2) Tr(ihaa) o 0¢
T SF GF

T
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Step Scaling Functions

Integration of RG equations between two scales.
Factor p1/p2 = 2 chosen

{u = gr?(1)
o(u) = gr’(1/2)

2= exp{ =
Voa(u)

or(u) :exp{ — / dg%}

NG
Scale(u) evolution as Finite-size(L) scaling

“5)

E\E

1
=7, u=gl(l)

o(u) = lm ¥(u,a/L)  T(s,a/L) = gn?(2L)

or(u) = "!iinoz-r(u, a/l) Y1(u,a/L) =

ZT(gg, a/L)

ZT(gg7 a/2L)

F7 Y
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"Actual” RG flow: simulation details

m Gauge configurations
[l Campos et al. [ALPHA], [arXiv:1802.05243 [hep-lat]] Eur.Phys.J.C 78(2018) 5, 387]
SF boundary conditions, openQCD, Ny = 3 massless Wilson-clover
fermions, non-perturbative cgyw, RHMC reweighting factors, SF-bc choices
C=C'=0and =05
Scheme switching:

o gr2r: Schrédinger functional scheme
plaquette gauge action

Fhad GF scheme /1’0./2 SF scheme it

} + + > 1
. gRZGF: Gradient flow scheme = 200MeV ~ 2GeV ~ 128GeV

tree-level improved Liischer—Weisz gauge action

m Valence quarks

XSF boundary conditions, non-perturbative z
[S Sint, [arXiv:1008.4857 [hep-lat]], Nucl. Phys. B 847 (2011) 491]
[M Dalla Brida, S Sint and P Vilaseca, [arXiv:1603.00046 [hep-lat]], JHEP 1608 (2016) 102]

[M Dalla Brida et al., [arXiv:1808.09236 [hep-lat]], Eur. Phys. J. C 79 (2019) 1, 23]

[M Dalla Brida, M Papinutto and P Vilaseca, [arXiv:1605.09053 [hep-lat]], PoS LATTICE2015 (2016) 252]
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XSF Chirally Rotated Schrodinger Functional
m Universality with the SF (same continuum limit)

R = exp (i%’Y5T3>

[0y
a=m/2 v =Y =9YR

Pi = %(1 + ’70) 4)‘ Qi = %(1 == f’}’o",’57’3)

m Determination of m¢- and zf quite independent. Our choice:

_ Gfio) _ L
= WL«J:LQ =0 m¢ tuning inherited
ud . .
8A°(X0) ;g1 p = 0 zf tuning

.
Sp=a"Y" > G(x)(Dw + 0w + mo)i(x)
=0 x
SDWH(x) = (800 + b,7) [ (2 = 1) + (e — 1) aD,] w(x)
[I Campos et al., [arXiv:1910.01898 [hep-lat]], PoS LATTICE2019 (2019) 202]
[Ludovica Pirelli's talk, this conference]

m Automatic O(a) improvement

____continuum 2
Beven = Beven + 0(a)

_ a
8oud = 0(3) LATMICE 21
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Renormalization condition

m SF boundary conditions

Improvement

T;]u/ = Ty + acT(gg) (5;1 Vi -8, Vi)
Renormalization condition
kp(L/2) _ kr(L/2)

Z1(go,a/L)
Vki VKL |Tree Level

m xSF boundary conditions

O(a) Improvement not needed

Th, = T + 2cr(@d) Ve =0, V,)

Renormalization condition
I (L/2) _ 1(L/2)

/Iu [ Jud
1 Tree Level

I”d(L/2) I%d(L/2)

/ /Iud
1
Tree Level

a/L)L

Z1(go, a/ L) T——
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. n o 1
“magnetic” tensor Tox = — 50k Th

fif
IY

Rfi fif
of Y/

Yok Q-

fif
I

A

Qfl f sz fi

Vv

“electric” tensor Tk

U
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Continuum limit (High Energy region)

ZT(gg7 3/2L)
ZT(ggv a/L)

= () +pr(o) (2

ZT(U, a/L) =

0.005 0.01 0.015 0.02 0.025 0.03 0.035

(a/L)? A
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SSF in the continuum (High Energy region)

or(u) = lim X1(u,a/L)

a—0
1.06 T T T T T
1.05 F 1
1.04 g
=
= 1.03 + 1
3
1.02 + g
1.01 + SF o+ 1
Slg(bc@
1 L. twoloop
0 0.5 1 1.5 2 2.5 )

SF data (black circles) from slides by Fabian Joswig @Lattice 2019
[L Chimirri et al. [ALPHA], [arXiv:1910.06759 [hep-lat]], PoS LATTICE2019 (2020) 212]
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Anomalous dimension (High Energy region)

0 T T T
X XSF@
; one-loop universal
—0.01 | two-loop SF scheme
—0.02 + i
3
~ —0.03 | ]
&
—0.04 | b _
o(u)
vse(g) | —0.05
nl= exp{ - / e BSF(Q)}
M —0.06 L L L L L
0 0.5 1 1.5 2 2.5 3

u% Tie() = (e () T

2Cr
&r—0 2 2 4 6 70 = Gny
K- + + +0
v(gr) &r*(70 + 118R° + 28R (gr°)) {'Yl — 0.0063609(8) — 0.00018863(5) x Nr
two-loop computation in:

[C Pena and D Preti [ALPHA], [arXiv:1706.06674 [hep-lat]], Eur.Phys.J.C 78 (2018) 7, 575]
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Continuum limit (Low Energy region)

2
- ZT(gO ) 3/2[-)
Xr(v,a/l) = ——F 5
(85, a/L)
a\2
= or(u) + pr(v) (2)
12 T T T ' i
=
118 | u=27350 e |
1.16 | S ggg?lg ]
U = 9.
1.14 }4 SNNY e
i [ T |
& 11 i i e
AR o |
1.08 | S
1.06 | B
1.04 :‘r:\j—i:::iijiiiiiiii - 1
1.02 T
1 . . : . ' ;
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
(a/L?
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SSF in the continuum (Low Energy region)

O’T(U) = a|i_|")ﬂoz—r(u, a/L)

1.2 T T T T T

fit —
1.18 + one-loop universal
1.16
1.14 +
1.12 +
1.1
1.08
1.06 -
1.04 +
1.02 +

op(u)

o
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Anomalous dimension (Low Energy region)

or(u) = exp

Vo(u)

Vi

IKG =01

0 T T T
GF scheme o~
SFE scheme
on?-loo uni\ﬁ:rsal
_0.05 - . two-loop SF scheme
o
o
o
El
E —0.1 | ©
(0]
—-0.15 o
—0.2 . " i ;
0 2 4 5
U
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Conclusion & Outlooks

Agreement with PT at high energy
Universality with SF data

[
[

m Absence of mixing (coefficient ¢t not needed)
m — Definitions with different normalizations
[

— Four fermions analysis

A
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Correlation functions

— / !
flavours fAh=u,d,u ,d

bulk operator

SF
i (x0)=—L1{ X1 (x)O2" )
ky (x0)=—% Tt <ka1{2 (X)O£2f1>

__1/pfkn kA
fi=—1{0f%021) ,

3 fify o of
kl:_%Zk:1<oklzok21>

fif, =
O0512=a° 3" Cr, (Y)P+5Cr, (2)

Py = %(1 + )
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X=V0,A0,S,P  Yk=Vi,Ax,Tko: Tko
xSF

fr fq
gx(x0)=—1 (X% (x)Q2")

Iy (x0)=—

1yd  (viP(x)Qpt)

fafy

<fo2Q

_ fif 'f2f1>
1__EZI<:1<QI< 9

&' =203, L Cu( 015 Q—Cu (2)

‘Q z%(l:i:/'yow)‘
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Universality relations

/continuum

Ieven = leven

Iodd =0 aF O(a)

+ 0(a%)

SF-xSF continuum relations:

=gt = g
0=f =gt = &
o =gt =gl
0="f =gt =gl
kv= R = K
O=ka= &= [
kp = il = il =
0=kg= il = —ilgd =
p—
k= 1 =

Campos, Dalla Brida, de Divitiis, Lytle, Papinutto,

dd’ _
e =

=gy’ = igd"
=g}’ = igf’
d di
= &' = &
d di
= &= &"
= —ilgd = ifg
= —ik = i
jud — g
ud _ ydu

¥ = I

d di

= &' =s&"
jud = ydu
Pirelli, Vladikas

Automatic O(a) improvement

Cutoff effect linear in a

A
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SF and GF schemes

m SF scheme

or\ -
2 — -
g =K <377>
3
Bse(x) = —x3 Z bpx?"
n=0

m GF scheme

1 1
» 2
ERGF gRGF(C » X0 /2), H=el = Vee
ZN—flow
2x1
gRGF(C o) /\/ Z [% (1) = R('f)( )] cl=v/8t
3
X
Ber(X) = ——=——>
o Pax?" Lafffice 21
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