
D meson semileptonic form factors at zero momentum transfer
in 2+1+1 flavor lattice QCD

T. Primer1, C. Bernard, C. DeTar, A.X. El-Khadra, E. Gámiz, J. Komijani,
A.S. Kronfeld, J.N. Simone, D. Toussaint, R.S. Van de Water

(Fermilab Lattice and MILC Colaborations)

1speaker, University of Arizona

The 33rd International Symposium on Lattice Field Theory, July 2015



Motivation

◮ Standard Model predicts unitary CKM matrix.

◮ Determination of |Vcd | and |Vcs | requires both
lattice and experiment.

◮ Determination from leptonic D(s) decays
limited by experimental error:

|Vcd | = 0.217(1)LQCD(5)expt(1)EM

|Vcs | = 1.010(5)LQCD(18)expt(6)EM

◮ Still room for lattice QCD to improve
determination from semileptonic D → K(π)ℓν
decays1:.

|Vcd | = 0.214(9)LQCD(3)expt

|Vcs | = 0.977(14)LQCD(7)expt

◮ Our goal is to at least match the experimental
error in f+(0)× |V |.
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Calculation Method

◮ Vector current Vµ = q̄γµc,

〈K(π)|Vµ|D〉 = f
D→K(π)
+ (q2)

[

p
µ
D
+ p

µ

K(π)
−

M2
D
−M2

K(π)

q2
qµ

]

+ f
D→K(π)
0 (q2)

M2
D
−M2

K(π)

q2
qµ. (1)

◮ Scalar current S = q̄c,
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◮ With staggered quarks the local scalar current yields an absolutely normalized f0.

◮ Kinematic constraint requires that f+(0) = f0(0).

◮ We follow this scalar current approach, which was introduced by HPQCD1.
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Correlators

◮ Perform calculation directly at q2 = 0 using twisted boundary conditions.
◮ A twist of θ in each spatial direction gives ~p = θ π

L
(1, 1, 1).

◮ Required twists for D → K and D → π are in the range of θ = 2 to 5, resulting
in large momenta.

◮ 5 different external source times (T) for each three-point correlator.
◮ Also calculate two-point kaons and pions with and without twisted boundaries

and D mesons with no twist.
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Chiral perturbation theory

◮ We apply continuum NLO Heavy Meson χPT expressions calculated by Bećirević,
et al.1, in the hard pion/kaon2 limit.

f0(q
2) = c0(1 + dflogs) + c1χℓ + c2χa2 (3)

◮ Terms highlighted in red are the fit parameters.

◮ gπ is also a fit parameter with a prior of 0.52± 0.07.

◮ Use dimensionless parameters χi such that fit parameters are expected to be of
order one and use priors ci = 0± 2.

◮ Do not include strange quark mass, Kaon/pion energy or sea quark mass terms in
our central fit; first two are approximately constant across our ensembles and sea
masses are very close or equal to the valence masses.

◮ Consider these and other chiral-continuum fit variations in systematic error
analysis.

◮ The fits are stable under inclusion of such terms.
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Very Preliminary Error Budget

Source of % Error
uncertainty f D→π

+ (0) f D→K
+ (0)

Chiral fit 4.5 1.5
(Statistics)
(Truncation of chiral model)
(discretization errors)
mval

s 6= msea
s 0.04 0.15

Finite volume (est.) (0.2) (0.2)
Scale a 0.02 0.3
Total 4.5 1.6

◮ Sea quark mistuning effects estimated by the difference between using valence or
sea quark masses in the chiral fit equation.

◮ Scale setting uncertainty effects determined by rerunning the chiral fit with each
a varied by ±σ, stated uncertainty is the largest change.

◮ Finite volume errors will be resolved by additional calculations at multiple
volumes.

◮ These errors are comparable to those from HPQCD who used 2+1 flavor asqtad
ensembles with HISQ valence quarks.



Conclusion

◮ In this work we are calculating D → K and D → π semileptonic form factors at
q2 = 0.

◮ χPT extrapolation to the physical point and continuum limit.
◮ Anticipate total errors of ∼ 5% (∼ 2%) for f D→π

+ (0) (f D→K
+ (0)).

◮ Before this analysis is completed we will add an additional 0.06 fm ensemble
at an unphysical quark mass, use additional spatial volumes to determine
finite volume errors, and expand our error analysis.

◮ Future work:
◮ Calculations including scalar and vector currents at a variety of q2 values,

employing a z-expansion, to get the normalization and shape of the form
factors.

◮ Combine this with experiment to improve the result for the CKM matrix
elements.

◮ Both of these projects use MILC 2+1+1 flavor HISQ ensembles.


