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by experiments by lattice QCD

CKM matrix
Precise determination of the CKM matrix elements provides 
us a test of the SM.
The elements Vcd and Vcs can be obtained from 
the D->Pi and D->K process, respectively.

We calculate f+(q2) from lattice simulation with chiral fermions.
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The elements Vcd and Vcs can be obtained from 
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Introduction

2+1 Möbius Domain Wall fermion

Symanzik action
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Our recipe of form factors

Form factors from Matrix elements

Form factors can be extracted from the matrix elements.
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q = pD � p⇡

f+(q
2)

(k = 1, 2, 3)

h⇡(p⇡)|Vµ|D(pD)i

=
(ED � E⇡) h⇡(p⇡)|Vk|D(pD)i � (pD � p⇡)k h⇡(p⇡)|V0|D(pD)i

2ED pk⇡ � 2E⇡ pkD
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Correlation functions
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C
DVµ⇡
3pt (ti, t, tf : pD,p⇡)

CD/⇡
2pt (t : p) =

|Z(p)D/⇡|2

2E(p)
e�E(p)t

ZD/⇡(p) ⌘ hP (0)|P (p)i

What we want

Our recipe of form factors
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Matrix elements from a ratio

Matrix elements can be extracted from the ratio of factors A and B.
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Rµ
D ⇡(pi,pf ) ⌘ N

vuuut

h
AD⇡ µ

3pt (pi,pf )
i2

BD
2pt(pi)B⇡

2pt(pf )
= h⇡(p⇡)|Vµ|D(pD)i

AD⇡ µ
3pt (pi,pf ) =

CD⇡
3pt (ti, t, tf ;pi,pf )

exp{�ED(t� ti)� E⇡(tf � t)} BD/⇡
2pt (p) =

CD/⇡
2pt (t;p)

exp{�ED/⇡t}

Our recipe of form factors
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input parameter
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= 2ZV

q
ED(pi)E⇡(pf )
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= 2ZV

q
ED(pi)E⇡(pf )

the dispersion relation is used

Tomii’s talk on Wed. 
in Standard Model Parameters 
and Renormalization session 



Our recipe of form factors
①
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AD⇡ µ
3pt (pi,pf ) =

CD⇡
3pt (ti, t, tf ;pi,pf )

exp{�ED(t� ti)� E⇡(tf � t)} BD/⇡
2pt (p) =

CD/⇡
2pt (t;p)

exp{�ED/⇡t}

Rµ
D ⇡(pi,pf ) ⌘ N

vuuut

h
AD⇡ µ

3pt (pi,pf )
i2

BD
2pt(pi)B⇡

2pt(pf )

②

③

Our recipe of form factors
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Factor B of  Pion
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Our recipe of form factors
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Factor B of Kaon and D meson
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Kaon D meson
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Factor A of D->Pi
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pf = (0, 0, 0) pf = (1, 0, 0)
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Our recipe of form factors
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Factor A of D->K

Lattice 2015 @ Kobe 14-18 July 2015 Takashi Suzuki

pf = (0, 0, 0) pf = (1, 0, 0)
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Our recipe of form factors
①

Lattice 2015 @ Kobe 14-18 July 2015 Takashi Suzuki

AD⇡ µ
3pt (pi,pf ) =

CD⇡
3pt (ti, t, tf ;pi,pf )

exp{�ED(t� ti)� E⇡(tf � t)} BD/⇡
2pt (p) =

CD/⇡
2pt (t;p)

exp{�ED/⇡t}

Rµ
D ⇡(pi,pf ) ⌘ N

vuuut

h
AD⇡ µ

3pt (pi,pf )
i2

BD
2pt(pi)B⇡

2pt(pf )

②

③

Our recipe of form factors

14



Plan of talk

Lattice 2015 @ Kobe 14-18 July 2015 Takashi Suzuki

Introduction 

Our recipe of form factors 

Form factors 

Form factors at q2=0 

Summary

15



 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 0  0.5  1  1.5  2  2.5  3

q2 [GeV2]

DVPi, dt=28, mud = 0.007

this work
CLEO-c

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 0  0.5  1  1.5  2  2.5  3

q2 [GeV2]

DVPi, dt=28, mud = 0.012

this work
CLEO-c

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 0  0.5  1  1.5  2  2.5  3

q2 [GeV2]

DVPi, dt=28, mud = 0.019

this work
CLEO-c

Lattice 2015 @ Kobe 14-18 July 2015 Takashi Suzuki

Compare with CLEO-c
D -> Pi

f+(q2) vs q2[GeV2]

solid curve

= single pole fit by CLEO-c

[arXiv:0906.2983]

Form factors
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Form factors

Compare with CLEO-c
[arXiv:0906.2983]
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D -> K

f+(q2) vs q2[GeV2]

solid curve

= single pole fit by CLEO-c
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Form factors at q2=0

Fit functions

D->K : 
Vector Meson Dominance (VMD) :
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D->Pi :

VMD + linear :

VMD + linear + quadratic :

We perform fit with below functions,

and we use “VMD + linear.
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Fit results

Form factors at q2=0

D -> Pi

f+(q2) vs q2[GeV2]
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Fit results

Form factors at q2=0

D -> K

f+(q2) vs q2[GeV2]

20

q2[GeV2]

q2[GeV2]q2[GeV2]



f+(0) results
• D -> Pi
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• D ->K

Form factors at q2=0
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Pion mass dependence of f+(0)
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Our results look to be consistent with

previous lattice results within our errors.

Form factors at q2=0

We will reduce errors by using data of smaller quark mass

or other source points.

FLAG [arXiv:1310.8555]
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Summary

VMD with/without polynomial fit -> f+(0) consistent with 
previous lattice results within our errors.
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2+1 Möbius Domain Wall fermion

Symanzik action

a = 0.08 [fm], V = 2.573x5.15 [fm4]

Mpi = 300, 400, 500 [MeV]

Current data

To do

We compute form factors of D-decays.

We have data of lighter pion mass and finer lattice,

we increase statistics with more source point.

reduce statistical errors

take chiral or continuum limit
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Thank you very much !



Compare with ETMC
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Back Up

[arXiv:1104.0869]
• D -> Pi



Compare with ETMC
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[arXiv:1104.0869]

Back Up

• D -> K



Results of other parametrization
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Back Up
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fit parameters
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