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Introduction

» We want to use Ny = 2 + 1 flavours of Wilson quarks to investigate the isovector tensor current
1
T = ()0 ST ().

» Relevant for some interesting processes to probe the standard model

> Rare heavy meson decays
> Neutron beta decay observables
> Direct dark matter detection

» The tensor current requires scale dependent renormalization and Wilson quarks additionally
necessitate O(a) improvement of the local operator

» We want to tackle both of these challenges with non-perturbative methods based on the
Schrodinger functional
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The Schréodinger functional

C

Benefits of Schrodinger functional boundary conditions

» Provide a regularization independent renormalization scheme

> Non-perturbative couplings can be defined exactly and their
scale evolution can be evaluated T

> Provide an IR cutoff which allows for mass independent
renormalization and improvement

» Gauge invariant wall sources can be used to improve the signal
of fermionic observables
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The Schréodinger functional

In the Schrédinger functional we use boundary sources to define ro=T T T

boundary-to-bulk correlation functions '

Z (Tok(*0)C(u)wC(v))

ky(xo) = —— Z (Vi) ()¢ (v)) T
and boundary-to-boundary correlation functions
Z (W () L))
29=0 m
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O(a) improvement of the tensor current

> The Wilson fermion formulation causes not only cutoff effects of O(a) in the action but also in

local operators. These can be canceled by appropriate counter terms to achieve O(a?) scaling
[Luscher et al., Nucl. Phys. B478 (1996)]

» As we restrict ourselves to zero momentum only the "electric" part of the tensor current requires
improvement:

(T8) = T8 + acr(g2)doVg . (T8)' =T¢

» cris only known to 1-loop PT for our setup So far maniguchi et al., Phys. Rev. D 58 (1998)]
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Ward identity for the determination of ¢t

The non-perturbative determination of ¢y is based on a chiral Ward identity which relates the "electric"
to the "magnetic" part of the tensor current [shattacharya et al., Phys. Lett. B, 461 (1999)]

co (| P (42620 43(0.0] TH0)O)

—2m/d3x/: dx, <Pa(X0,X)T,'?(y)Oext>)

= 2d"" <Tgk(y)oext>
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Ward identity evaluated on a
35 x 24° lattice with 3 = 3.81and
ampcac = —0.00003(7)
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ampcac

cr evaluated at 5 = 3.512 and
different quark masses. The
Schrédinger functional boundary
conditions allow for a controlled
chiral limit.
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0.06 -

0.04 |

0.02 -

—— 1-loop PT

et =T/4,t, =3T/4
—— 0.00741 % 4./3. % g3
- - - 0.00741% 4./3. % g}

IE

1+ exp
1+ Ux*

la3

Cutoff effects from ambiguities in
the improvement definition vanish
smoothly fora — o due to the lcp
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Renormalization of the tensor current

2 Zr(ppt) Zr(po/2)

ZRG| 2y Z 2’
77090) = 7o) Zr10/2) Zr(inag) 2790 had)
PT SF GF

PT: NLO perturbation theory in the Schrodinger functional scheme
SF: Non-perturbative running in the Schrédinger functional scheme (Aga:g2; ~ _E]éF)

GF: Non-perturbative running in the Gradient flow scheme (AstatG%r ~ G&p)

Scheme switching scale 1, /2 =~ 2 GeV, hadronic scale pipag = 233(8) MeV [campos at al., Eur. Phys. J. € (2018)]
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GF scheme

SF scheme
2/3-loop SF scheme
1/2-loop universal -------

A e e e b
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[Campos at al. Eur. Phys. J. C (2018)]
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We impose a mass independent renormalization condition of the form

| |
7(g3. /1) 12 KU

tree level

We use recursive finite size scaling and define the step scaling function as

. Z1(g2,a/2L
or(u) = lim¥y(u,ap), Tr= ZT((;za//L))
[0}

G (L)=u

The ratio Zr/Zp appears to be beneficial from a numerical perspective.
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Conclusion & Outlook

e
GF scheme mmmm 3
E SF scheme mmmm 3
09 E . 2/3-loop SF scheme — —

£ B 1/2-loop universal ------- 1

» Non-perturbative determination of
cron a line of constant physics

» Running in the SF scheme finished 06
» Running in the GF scheme advanced o5

07 E

() /M

0.1 1 10 100
p[GeV]

[Campos at al. Eur. Phys. ). C (2018)]
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Thank you for your attention!
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13 xT/a* B K #REP #MDU D ampcac

123 X 17 3.3 0.13652 20 10240 Atk —0.00330(97)
0.13660 10 13672 A1k2 —0.01145(84)
0.13648 5 6876 A1k3 0.00085(170)
0.13650 20 96640 Atks —0.00103(34)

143 x 21 3.414 0.13690 32 38400 E1k1 0.00259(31)
0.13695 48 57600 E1k2 —0.00043(28)

163 X 23 3.512 0.13700 2 20480 Bik1 0.00584(21)
0.13703 1 8192 Bik2 0.00443(30)
0.13710 2 16384 B1k3 0.00112(23)
0.13714 1 27856 Bikg —0.00058(18)

203 X 29 3.676 0.13680 1 8192 Cika 0.01337(15)
0.13700 4 15232 Cik2 0.00603(14)
0.13719 4 15472 C1k3 —0.00111(10)

243 % 35 3.810 0.13712 6 10272 D1k1 —0.00305(6)
0.13701 3 5672 Dik2 0.00072(18)
0.137033 8 44800 D1kg —0.00003(7)

Non-perturbative renormalization of O(a) improved tensor currents

» Schrodinger functional boundary
conditions

> Line of constant physics
(system size L ~ 1.2 fm)

Table: Summary of simulation parameters of
the gauge configuration ensembles used for
the determination of ¢y, as well as the
number of (statistically idependent) replica
per ensemble ‘ID’ and their total number of
molecular dynamics units.
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PO — (g(0))0n)
~w-ee{ 5600}

With kn OWlEdge of the scale evolution of the COUp“ng [Dalla Brida et al., Phys. Rev. Lett. 117 (2016), Phys. Rev. D 95 (2017)]
we can determine the renormalization constant ratios at different scales
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