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Aim of project
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Branching ratio for leptonic decay of D(,:
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m2D<s>

Experimentally accessible: product of |Vq| X fp ()
= aim: precision determination of fD(S) on the lattice

(— constrain CKM matrix elements)
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CLS ensembles

Ensembles were generated within Coordinated Lattice Simulations (CLS) effort. Properties:

Ny =2+ 1 non-perturbatively O(a) improved Wilson-Sheikholeslami-Wohlert fermions
tree-level improved Liischer-Weisz gauge action

open boundary conditions in temporal direction to avoid topological freezing

lattice spacings from a = 0.085fm to a =~ 0.039fm (corresponding to 3 = 3.4 to 8 = 3.85)
use of twisted-mass reweighting for light quarks to prevent instabilities resulting from
accidental near-zero eigenmodes of the Dirac-operator and rational approximation for

the strange quark

pion masses varied from 422MeV to 223MeV

Kevin Eckert D-meson decay constants 20. Juni 2017 4 /16



CLS ensembles

We follow two RG trajectories in the quark mass plane (here for § = 3.4):
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@ m = (2m; + ms)/3 = Mmsym (sum of ren. quark masses const. up to O(a))

e renormalized strange quark mass s = Mm2"Y® = const. (const. up to O(a))
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Analysis techniques

In order to set Kcharm We simulate at two different values, allowing the lattice spacing to
vary by £2% and interpolate

most analyses so far based on estimation via M(1S) = (my, + 3m /v ) /4

issues: neglected disconnected diagrams and possible flavour mixing introduce
uncertainty

alternative: setting via mass combinations along RG trajectories

Spin-flavour average Mx = <6mD* +2mp + 3mD;« + mDS) /12 along m = const. line

Spin-flavour average Mx = <3mD; + mDS> /4 along s = const. line

results for interpolated decay constants so far consistent within one standard deviation
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Analysis techniques

Leptonic decay constants defined via
(OlAEID®) = ifopu, (0|4 Ds(p) = ifp.pu

with the axial vector current ALC = g@yuysc (with ¢ =1, s). At zero spatial momentum this
becomes:

(0 |A86| D(S)> = ifD(s)mD(s)
Remove O(a) discretization artifacts using the pseudoscalar current P¢ = gysc
Adel = Adc +aca (a + 07) P°
Renormalization via
(A% = 2 [1 ta (bAqu T 35Am)] AT+ O(a?)

ca, Za and bp have been determined non-perturbatively by Bulava, Della Morte, Heitger,
Wittemeier in [1502.04999], [1604.05287] and Korcyl, Bali in [1607.07090];
ba = 0 in one-loop perturbative calculation
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Analysis techniques

Extract matrix elements from two-point functions

b
Ca(zo, o) = =73 S (AE @) (P )T,
z,y

ab
COp(z0,90) = =5 > _(PI°(z) (P*(y)")

— for large separations of source yp and sink zg these reduce to

,I b
<0‘A8C [Dg){Dg | P9°| 0) e~ MDq(T0—y0) _ qfre A(yo)emeq(zo*yo)
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Analysis techniques

Several approaches so far, e.g. stochastic noise sources. Favored setup at the moment:
Point-to-all propagators with smeared sources, placed at three different time-slices.

— Example with H105 ensemble (T' = 96 lattice points in temporal direction) with source
positions of zg/a = 30,47, 65: Average over forward and backward propagating parts of
correlators (30+65)
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Analysis techniques

Average over forward and backward propagating parts of correlator with source at yo = 47

effective PS mass ameg(zo, yo)
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Repeat same procedure for axial correlator, in total four correlators. Pseudoscalar and axial
correlators are separately fitted to the functional form

Ae~m(z0—y0) | ge—M(zo—yo)

with the second term representing the first exited state.
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Analysis techniques

Find the range where exited state
contributions are negligibly small

via

|B|2 e=M (=" ~v0)

2M

1 )
< 1 ACP (25", y0)

(Example on the right for D-meson
on H105 with yo = 30)

LA

donhue gxp. Fin, Bange: 1-21
| single axp. Fin, le'.pﬂ: Iﬂ-Eﬂ
5 i\ 15 20 23 A0

lEe Fnlia

° :cg‘i“ determines fit-range for combined one-state fit of all four correlators

o allow different amplitudes for axial and pseudoscalar correlators, but enforce same
amplitude for different source positions

@ extract decay constant from fitted amplitudes A4 ; and Ap
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Preliminary results

Ensembles analysed so far:
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Preliminary results

Results for the decay constant fp on the ensembles analysed so far:
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Results for fp,:

Preliminary results
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Preliminary results
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careful continuum/chiral extrapolation as soon as fitting and statistical error estimation are
under full control

— data consistent with FLAG results, no strong discretization effects, ratio compatible with
one at symmetric point
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Summary and outlook

Summary:

@ multitude of ensembles at different 8 and quark masses already analysed
@ combined two- and one-state-fits show good stability
@ preliminary results of fD(S) promising

@ discretization artifacts and finite size effects small and well under control

Outlook:

@ inclusion of further ensembles at small lattice spacings
@ increase of statistics for several ensembles already included in analysis

@ preparation of chiral/continuum extrapolation with full control over statistical and
systematic uncertainties

Thank you for your attention!
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Estimation of K¢harm
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Ensembles for the m = mgy, line
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Ensembles analysed so far for the m = mgyy line
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Ensembles analysed so far for the i, = mE™® line
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Ensembles analysed so far at 5 =34
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Ensembles analysed so far at 5 = 3.46

B =346
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Ensembles analysed so far at 5 = 3.55

B =355
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Ensembles analysed so far at 5 =3.7
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Ensembles analysed so far at 5 = 3.85

B=385

Kevin Eckert D-meson decay constants 20. Juni 2017

10 / 10



	Outline
	Aim of project
	CLS ensembles
	Analysis techniques
	Preliminary results
	Summary and outlook
	Anhang

