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• D and Ds meson leptonic and 
semileptonic decays
- motivation, CKM matrix elements

• Results
- decay constants
- semileptonic form factors
- Vcd and Vcs

• Summary



Leptonic decays
• D or Ds meson decays to

a lepton and its neutrino via 
a virtual W boson

• The branching fraction is given by

• Decay constant       (or     ) depends on the hadronic 
degrees of freedom only and can be calculated in 
Lattice QCD → can determine |Vcs| (or |Vcd|)
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Semileptonic 
decays

• Consider a semileptonic decay
where a D meson decays to a K meson 
(or a π), a lepton and its neutrino via a 
virtual W boson

• The partial decay rate is (both mesons 
are pseudoscalars)

• Calculating the form factor f+ in
lattice QCD allows to determine the
CKM matrix element |Vcs| (or |Vcd|)
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CKM matrix elements
• Several processes can be used to extract the same 

CKM matrix element involving different 
experimental and theory input
- leptonic decays
- semileptonic decays
- neutrino experiments

• Allows for cross checks and consistency tests of the 
Standard Model, constraints/test for new physics 
(similar methods can be used to study B decays)

• Need non-perturbative theoretical calculation of 
form factors and decay constants → Lattice QCD



Leptonic decays, 
decay constants
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History of Ds decay constant
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Meson decay constants: summary

Fig. by C. Davies, HPQCD
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Semileptonic decays, 
form factors



Shape of the form factors: D→Kℓυ 
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Shape of the FFs: 
D→πℓυ and Ds→Kℓυ 
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The z-expansion
• Remove the poles

• Convert to z variable and fit   as power series in z

C. Bourrely, I. Caprini and L Lellouch, PRD 79, 013008 (2009), arXiv:0807.2722
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Continuum and chiral extrapolation
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f+ shape 
parameters: 

D→Kℓυ
HPQCD, arXiv:1305.1462



Decays involving vector mesons

Figs. by G. Donald, HPQCD, 
arXiv:1311.6669 and 1208.2855
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Ds decay 
form factors
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|Vcs| and |Vcd|



CKM elements from leptonic 
and semileptonic decays

• The branching fraction of Ds meson leptonic decay is

• The partial decay rate of D→K semileptonic decay is

• Now we have the needed input from lattice QCD to 
determine CKM elements
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Summary

• Need input from theory (Lattice QCD):
decay constants
form factors 

fD, fDs

D → K�ν, D → π�ν, Ds → K�ν

• Can do precision tests of SM and search for 
new physics by extracting CKM elements 
from D and Ds meson leptonic and 
semileptonic decays

• Also compare the shape of the form factors 
from Lattice QCD with experimental results 
→ determine |Vcs| using data from all q2 bins



Summary of latest/best Lattice results

Decay constants from arXiv:1407.3772, form factors for 
semileptonic decays taken from PRD84(2011)114505 

(arXiv:1109.1501) and  arXiv:1305.1462.
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Vcs = 0.963(5)expt(14)lattice (semileptonic)
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Backup slides



Semileptonic form factors
Vqq�= 3pt amplitudes 
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Form factors: Ds→ϕℓυ
�φ(p�, �)|V µ − Aµ|D(p)�= 2i�µναβ
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Ds→ϕℓυ differential decay rate
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Ds→ϕℓυ angular 
distributions

10ns-1

Experimental data from BaBar, PRD 78, 051101(R) (2008)
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Shape of the FFs: 
spectator quark 
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Lattice averages (FLAG)

http://itpwiki/unibe.ch/flag

fD = 209.2(3.3) MeV

fDs = 248.6(2.7) MeV

fDs/fD = 1.187(12)

Vcd = 0.2218(35)(95) (leptonic)

Vcs = 1.018(11)(21) (leptonic)

Vcd = 0.2192(95)(45) (semileptonic)

Vcs = 0.9746(248)(67) (semileptonic)

Latest results from Lattice 2013 NOT included here! 
Only results from 2012 and earlier.

http://itpwiki/unibe.ch/flag
http://itpwiki/unibe.ch/flag


Lattice QCD 
= fully nonperturbative QCD calculation 

RECIPE

• Generate sets of gluon fields for 
Monte Carlo integration of path 
integral (including effects of u, d, s 
and c sea quarks)

• Calculate averaged “hadron 
correlators” from valence quark 
propagators

• Fit as a function of time to obtain 
masses and simple matrix elements



Lattice QCD RECIPE 
continued

• Determine lattice spacing a and 
fix mq using experimental 
information (often meson masses) 
to get results in physical units

• extrapolate to a=0, physical u/d 
quark mass for real world
- lattices with physical mu,d now
  appearing: chiral extrapolation
  becoming a small correction

a


