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What we calculate

* f - and their ratios (f 4 is also computed)
(s)

(01g(0)y,¥sc(0)|P(p)) = ifppy, q=4d,s
(mg + m){(0|q(0)ysc(0)|P(p)) = fpmpg
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* fv/fv
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Motivation

» CKM elements p _, ) ]

G2V 0, |2
Ve, FAm2Mp(1 — —£)?

2
P
* fy is not easy to measure

 Leptonic decay BRs are much smaller than those of
strong decays

 Test the accuracy of HQET,
fv/fps =1+0(1/my)

* f,/fv for D* & D} can be used as inputs for LCSR
in calculations of B — V form factors at low g

 Input parameters for QCD factorization in
studies of nonleptonic B decays, e.g., B > DM
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Lattice setup

I3xT 48°% x 96
* 2+1-flavor ensemble  ,-1(Gev) 1.730(4)

(RBC/UKQCD Collab.) N 45
* Physical sea quark am{™ " 0.0017, 0.0024, 0.0030, 0.0060
mass: my/MeV  114(2), 135(2), 149(2), 208(2)
mse = 139.2(4) MeV  am{™  0.0580, 0.0650
e 45 configurations amﬁ"al) 0.6800, 0.7000, 0.7200, 0.7400

Overlap valence and domain wall fermion sea

Partial quenching effects are small: A,,;;; = 0.030(6)(5) GeV*
[PRD86.014501, 2012]

4 light val. quark masses: m_,~114 — 208 MeV
Lm,=3.2/3.7/4.1/5.8

e 2 strange val. quark masses, slightly < mp

hy.
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My, f mr Mg

m, & myg are extracted from pseudoscalar
density 2-point functions

e Use to fix the physical light and strange valence
qguark masses

m,_/MeV 114(2) 135(2) 149(2) 208(2)
f./MeV 130.3(9) 131.0(9) 131.6(8)  ---

e A linear interp. in m2 gives f,, = 131.3(6) MeV

e Consistent with the RBC/UKQCD result on the
same ensemble [arXiv:1411.7017(hep-lat)]
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D-meson 2-point functions

 Coulomb gauge wall source propagators are used
to improve overlapping with the ground state

e Sink operators are with spacial displacement
Or(X, t; ¥) = P, (X, OTYP, (X + 7, t)

I' = ys ory; r = 0: local operator

» Same 1 = |7| averaged to get the correct J©
Cpirt) = 5 3 (010, (@ 610 0))0),

T o o
Z,|F|=r

1

> {0]04,(F, t:MOT(0)]0)

Z,i,|7|=r

C™ () = (][0 (O (0)[0)
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Data analysis

1. Simultaneous correlated fittings to several
correlators
Common parameter: my

2. Fit combined correlators
C(w,t) =C(r=1,t) + wC(r,t)

Adjust r and w to get the best mass plateau
v'The two methods give consistent my
v'The result of my is insensitive to w

e Combine the spectral weights from C(r = 0, t) and
C% (t) to get the decay constants
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Interp./extrap. to physical point

* m%, mZ; = 2my — mZ and my_ are used to set
the physical quark masses

e Our quark masses are close to their physical
values
2 .2

* Linear Interp./extrap. in mz, mgs and my,_
* For a meson mass or decay constant:

Al g, mg,me) = A+ by Am2 (1myq) + by A (my) + byAmp, (in,)

h
AmZ = m2 —mZ(phy), AmZ; = mZ, — m%(phy), Amp, =mp —mb

e Supported by the data with good y?/dof
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Interp./extrap. to physical point
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Interp./extrap. to physical point
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« Quark mass dependences of decay constants can barely be seen with

the statistical uncertainties
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RI/(SYMOM renormalization

« Renormalization constants are needed to
get
* fp using the local axial vector current
* fy using the local vector current
. 1 from the tensor operator

« RI/MOM and RI/SMOM schemes are used
and matched to the MS scheme

 Matching hadronic matrix elements calculated on
the lattice to the continuum

17)1-'1/}' r=1I, Vs, YM' yMYSJ O-uv

Bi et al., arXiv:1710.08678(PRD97.094501)
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RI/(S)MOM renormalization

l T[T T T TTTT 1.20 L L T
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Z1 in the RI/MOM, RI/SMOM and MS schemes

* Final results for all renormalization constants

TABLE IX. Matching factors to the MS scheme for the quark
field and bilinear quark operators.

Z, 7,2 GeV) Z;(2 GeV) Zs(2 GeV) Zp(2 GeV)
1.1025(16) 1.216(23)  1.163(34)  1.118(29)  1.123(56)
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Results

_“--“

Mass/MeV 1873(5) 2026(5) 2116(6) 1018(17)
Me®/MeV 1869.6  2010.3 1968.3 2112.2 1019.5
fu/MeV  213(2)(4) 234(3)(5) 249(5)(5) 274(5)(5) 241(9)(2)

fr/fv 0.91(3)(2) 0.92(3)(2)

« The mass of D* is ~1% higher than experiments
* fp, = 249(5) MeV vs. 254(2)(4) MeV [PRD92.034517]
e The 15t error from stat. and interp./extrap.

e The 2" error from Z-factors and finite a (~2%)
* fp agrees with FLAG2019 (2+1-flavor): 209.0(2.4) MeV

. fﬁ’(‘s) /fp;, are the first lattice QCD results
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Results

« Heavy quark symmetry breaking (~10%)
* fv/fps =1+0(1/my)
* for/fp =1.10(2)(2), fp:/fp, = 1.10(3)(2)

« SU(3) flavor symmetry breaking (~17%)
* fp,/fp=1.163(14)(23), fp:/fp-=1.17(2)(2)
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Summary

T :
. ; i + and are calculated with
overlap fermion on 2+1-flavor domain wall

fermion configurations

e RI/(S)MOM are used for renormalization

* More lattice spacings are needed to better control
discretization effects

Thanks for your attention!
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