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Motivation

Kaon semileptonic decay (Kl3 decay) 
- Provides tests of various features of the Standard Model(SM) 

       e.g.) CKM matrix element |Vus| = 0.2253 ± 0.0014 (PDG) 

- W-boson exchange: vector transition is well studied 

- Experimental results show consistency with the SM prediction 

   scalar or tensor: 10-2 - 10-3  level relative to the SM 
Tensor operator 

- Test of nonstandard type interaction  
- Reveals the quark spin structure of hadrons



Motivation

 Weak generalized parton distributions 

- (semi-)Exclusive reactions for transition processes  
- Provide rich information  

- Polynomiality → GFFs 

- Transverse densities 

 We study the vector and tensor K0 → π- transitions 

- Polynomiality for the wGPDs  
- Vector and tensor GFFs 

- Transverse charge and quark spin densities
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Kaon Transition GPDs for K0 →π-

Integrating over x with xn→   
Finite polynomial of ξ with nth order Generalized Form Factors

GPDs: Matrix elements
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GFFs for the Kaon Transition

Generalized form factors for the kaon transition K0→π-

h⇡�(p0)|Oµµ1···µn
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Generalized form factors for the kaon transition K0→π-

GFFs for the Kaon Transition
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Polynomiality
Mellin moments of the K0→π- transition GPDs
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Nonlocal Chiral Quark Model

✤ The chiral effective action 
derived from the instanton vacuum

✤ No free parameter  
- Average Instanton size & separation

✤ Nonlocality  
- Momentum-dependent dynamical quark mass 

✤ Nicely reproduces pion properties: Fpi, EMFF
✤ Explicit SU(❨3)❩ symmetry breaking 
 
 
        [D. Diakonov, Instantons at work, arXiv:hep-ph/0212026v4]  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p
M0f(m)F 2(i@)

✤ Current quark mass correction f(❨m)❩

 

✤ Dynamical quark mass at k=0  
 
 
                            [M. Musakhanov Eur.Phys.J.C9,235(❨1999)❩] 
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Calculation of the Vector Form Factors

[Nam, S.-I., & Kim, H.-Ch. (2007) Phys. Rev. D, 75(9), 094011.]
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Calculation of the Tensor Form Factor

Pseudoscalar meson decay 
constants and masses
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QCD RG Evolution for the tensor form factor

[Glück et al. Zeits.Für.Phys. C.67, 433
Barone et al. Phys.Repts., 359, 1.]
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Numerical Results
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Comparison to Lattice Result

 I. Baum et al, μ = 2 GeV 

(Extrapolated to Physical meson masses)
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Matrix elements of the electromagnetic operator between kaon and pion states
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We compute the matrix elements of the electromagnetic (EM) operator s̄Fµνσ
µνd between kaon

and pion states, using lattice QCD with maximally twisted-mass fermions and two flavors of dynam-
ical quarks (Nf = 2). The operator is renormalized non-perturbatively in the RI’/MOM scheme
and our simulations cover pion masses as light as 270 MeV and three values of the lattice spac-
ing from ≃ 0.07 up to ≃ 0.1 fm. At the physical point our result for the corresponding tensor
form factor at zero-momentum transfer is fKπ

T (0) = 0.417(14stat)(5syst), where the systematic error
does not include the effect of quenching the strange and charm quarks. Our result differs signifi-
cantly from the old quenched result fKπ

T (0) = 0.78(6) obtained by the SPQcdR Collaboration with
pion masses above 500 MeV. We investigate the source of this difference and conclude that it is
mainly related to the chiral extrapolation. We also study the tensor charge of the pion and obtain
the value fππ

T (0) = 0.195(8stat)(6syst) in good agreement with, but more accurate than the result
fππ
T (0) = 0.216(34) obtained by the QCDSF Collaboration using higher pion masses.

PACS numbers: 11.15.Ha,12.38.Gc, 13.20.Eb

INTRODUCTION

Accurate measurements of hadron weak decays can
constrain the parameters of the Standard Model (SM)
and can place bounds on New Physics (NP) models. In
particular, the rare decays of the kaon are ideally suited
to search for new, possibly large CP-violating effects in
the light-quark sector (see Ref. [1]).

In this work we present a lattice study of the matrix
elements of the the electromagnetic (EM) operator be-
tween kaon and pion states, which may be relevant in
the CP-violating part of the K → πℓ+ℓ− semileptonic
decays. The study has been performed using the gauge
configurations generated [2] by the European Twisted
Mass Collaboration (ETMC) with Nf = 2 maximally
twisted-mass fermions [3, 4] and preliminary results have
been presented already in Ref. [5].

The EM operator involved in the weak s → d transi-
tion is given by s̄ Fµνσµνd, where Fµν is the EM field
tensor. Therefore its matrix elements between kaon and
pion states involve the ones of the weak tensor current,
which can be written in terms of a single form factor,
fKπ
T (q2), as

⟨π0|s̄σµνd|K0⟩ = (pµπp
ν
K − pνπp

µ
K)

√
2fKπ

T (q2)

MK +Mπ
, (1)

where q = (pK−pπ) is the 4-momentum transfer and the
factor (MK +Mπ)−1 is conventionally inserted in order
to make the tensor form factor dimensionless.

Our simulations cover pion masses as light as 270 MeV
and three values of the lattice spacing from ≃ 0.07 up to
≃ 0.1 fm. At the physical point our result for the K → π

tensor form factor at zero-momentum transfer is

fKπ
T (0) = 0.417 (14stat) (5syst) = 0.417 (15) . (2)

where the systematic error does not include any estimate
of the effect of quenching the strange and charm quarks.
Our finding differs significantly from the old quenched re-
sult fKπ

T (0) = 0.78(6) obtained in Ref. [6] by the SPQcdR
Collaboration with pion masses above ∼ 500 MeV. The
reason is mainly due to the non-analytic behavior of the
tensor form factor fKπ

T (0) in terms of the quark masses
introduced by the factor (MK+Mπ)−1 in the parameter-
ization (1). Such a behavior was not taken into account
in Ref. [6] (see later on).
In the case of the degenerate π → π transition, us-

ing the predictions of the Chiral Perturbation Theory
(ChPT) carried out in Ref. [7], we obtain for the tensor
form factor fππ

T (0), known as the tensor charge of the
pion, the following value

fππ
T (0) = 0.195 (8stat) (6syst) = 0.195 (10) , (3)

which improves the result fππ
T (0) = 0.216(34) obtained

by the QCDSF Collaboration [8] with simulations at
higher pion masses.

K → π RESULTS

We have performed the calculations of the relevant 2-
point and 3-point correlation functions using the ETMC
gauge configurations with Nf = 2 dynamical twisted-
mass quarks generated [2] at three values of the lattice
coupling β, namely the ensembles A2 − A4 at β = 3.8
(a = 0.098(4) fm), B1 − B7 at β = 3.9 (a = 0.085(3)
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K → π RESULTS

We have performed the calculations of the relevant 2-
point and 3-point correlation functions using the ETMC
gauge configurations with Nf = 2 dynamical twisted-
mass quarks generated [2] at three values of the lattice
coupling β, namely the ensembles A2 − A4 at β = 3.8
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 Present work @ μ = 2 GeV
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Transverse Density is this slide necessary?

p 1.31 2.2

M [GeV] 0.85 0.78

t=0 0.95 0.71

BK⇡
T1,0(t)AK⇡

1,0 (t)

 P-pole parametrization

 Fourier transform into 2D transverse plane

FK⇡
1,0 (b?) =

1

(2⇡)2

Z
d2��ib?·�FK⇡

1,0 (t) =
1

2⇡

Z 1

0
QdQJ0(bQ)FK⇡

1,0 (Q2)



Transverse Charge Density
Transverse charge density for the kaon transition K0→π- 
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How the quark with polarized spin is distributed 

in the transverse plane during the K-π transition process

Transverse Quark Spin Density

Quarks with definite transverse polarization s

Transverse quark spin density, ξ=0
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[M. Diehl & Ph. Hägler, Eur. Phys. J. C 44, 87–101 (2005)]



Transverse Quark Spin Density
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Transverse Quark Spin Density

µ = 0.6 GeV µ = 2.0 GeV



Transverse Quark Spin Density
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Transverse Quark Spin Density
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Summary & Outlook

• Formulation of the wGPDs & GFFs for the K → 
π transition 

• K → π generalized transition form factors (n=0)


• Good agreement with the lattice result 

• Distorted quark spin structure when the quark 
spin is polarized 


• Further studies on the wGPDs & GFFs



Thank you very much!


