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Introduction

Charmed decays

Leptonic decay constants of the D and Dy mesons
ifop, = (O|AL[D(P)),  ifopu = (0|4 |Dy(p))

— constraints on the CKM matrix elements V.4 and V,

Leptonic vector and tensor decay constants of the D* and D} mesons

Moy fo en = (0| V& |Dig) (P, )

if}. (upu—eﬁpu) (O] T |Pig) (0. 1))

— prediction of decay rates and comparison to QCD sum rules
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Simulation Setup Overview

Simulation setup

Simulation details

@ Dpartially quenched setup

o dynamical quarks: two degenerate light quarks and one strange quark

— large number of ensembles at various pion masses/lattice spacings including two ensembles nearby the physical point

@ charm quark: two charm quark masses per ensemble close to the physical charm quark mass

Extrapolation strategy

@ rescale quantities with ) to obtain dimensionless quantities
o parametrize full quark mass dependence (light, strange, and charm) plus lattice spacing dependence
@ perform simultaneous extrapolation to the continuum limit and the physical point

— my = 134.8(3) MeV, mg = 494.2(3) MeV, my = 2mp + § mp, = 1899.4(3) MeV

@ scale setting: Vio = 0.1449g;fm [RQCD 23]

Details on the dynamical quarks

@ utilize 2 + 1f ensembles obtained within the CLS (Coordinated Lattice Simulations) effort

@ two degenerate light quarks and one strange quark
@ non-perturbatively improved Wilson action (clover)
@ tree-level improved Symanzik gauge action

o implementing open boundaries (at small lattice spacings) — avoid topological freezing

= = -
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Simulation Setup CLS simulation strategy

Extrapolation strategy: light/strange quark masses

' ' ' General simulation strategy
Q
2.0F V : . . . . .
QR Z?D TeM = const. simulations along 3 different trajectories:
<§ ‘@] o s & const.
s sl l@ m =mg |
o O B=331 @ TrM = const.
g %% O 8 =340 — sum of bare quark masses kept constant:
T
ok A =346 ] TrtM = 2my + my = const.
o V 3=355 ~
£ w0 0 4-370 @ ms ~ const.
3§ 05 #* =385 ] — (approx.) constant strange quark mass
- X phys. point @ m=m
— equal light and strange quark mass
%90 0.2 0.4 0.6 0.8 1.0 1.2
8tgm?2 o iy

= enables very controlled chiral extrapolation towards the physical point
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Simulation Setup Ensemble overview

Ensemble overview
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@ 6 different lattice spacings (a ~ 0.1 — 0.04fm)

@ 2 ensembles at the physical point

a? [fm?

@ dedicated ensembles to study possible finite volumes effects
@ 49 ensembles in total with large statistics (1000-20000 MDUs)
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Simulation Setup Interpolation of the charm quark mass

Fixing the charm quark mass

245

fo, in MeV

3.7 3.8 3.9 4.0 4.1 4.2

210

V8tofp

0.430 1

fp in MeV

0.425 4 [ 205

3.7 3.8 3.9 4.0 4.1 4.2

V8tomp
Charm quark mass parametrization via my (+ and n°" for cross-checking)

c

@ two charm quark masses per ensemble

@ global fit allows to test for curvature — small higher order term is resolved ~ m]%

@ dashed line indicates physical point

@ data points shifted using the fit to the physical m., mk, lattice spacing effects are removed £
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Extraction of the Quantities Extraction of the bare quantities

Extraction of the bare quantities

Bare decay constants obtained from spectral decomposition

qc
\/éAAO P

fD -
(a) ’
qc
VA

@ point-to-all propagators with Gaussian smearing on APE-smoothed links
— 3-37 sources per configuration

®© (1) =A% e ™al CL (1) = AL e ™!
Capl) = Ay pe ,Cppll) = Agpe =

@ matrix elements extracted with simultaneous one-state fits.
V2 Cq°~(t)
\/ch t)m[) exp(me(q) t)

@ effective decay constant: feff

v
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Extraction of the Quantities Extraction of the bare quantities

Extraction of the bare quantities

effective mass effective decay constant
0.66F T T T l‘
T, 6
0651 : _‘4‘),1 J o 0.076
o
0,64 e l | 0.075
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.63 l}j& LII& 71 == lI ) ' H
0.621 ,i } 0.073F IEIEE

0.072/y

10 20 50 10 20 30 10 50
t/a t/a

fp for E250: a ~ 0.064 fm, m, = 130 MeV, periodic boundary conditions

@ groundstate dominance is explored by means of a two-state fit
— time slices where contribution of excited state is negligible determines fit range

@ vertical dashed lines indicate determined starting time slice for the ground state fit
@ boundary effects wrt open b.c. are determined — only use data in bulk region

Ras= ALPHA
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Extraction of the bare quantities
Extraction of the bare quantities

effective mass

0.51251
k2

0.5050F N
I CA‘(,P
0.5025[ sc?

i CPP
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40
t/a

effective decay constant

0.07025]

0.07000]

0.069

=1

5

afgf

0.06950,

0.06925]

fp, for E300: a ~ 0.05 fm, mr ~ 174 MeV, open boundary conditions

@ groundstate dominance is explored by means of a two-state fit
— time slices where contribution of excited state is negligible determines fit range

@ vertical dashed lines indicate determined starting time slice for the ground state fit
@ boundary effects wrt open b.c. are determined — only use data in bulk region

W. Séldner (Regensburg)

Leptonic decays of charmed mesons

Lattice 2024

RESTEA

7/19



Extraction of the Quantities Renormalization and improvement

Renormalization and improvement . wiowing snattacharya etal. 200

Pseudoscalar decay constants

18 = Zn [1+a(bamge +BaTeM) ] () +eafly) ) +0(2)

Vector and tensor decay constants

5, = 2v [1+a(bymge + ByTiM)] ( “(3) +oyfll > +0(2?)

fT R = Zr [1+ a(brmge + brTrM)] (fﬁ(ﬁ)’ +or fg(;};)) +0(&?)
q q

Non-perturbative determinations of renormalization and improvement constants
@ Z,,ba,ca: [1502.04999], [1604.05827], [1607.07090], [1808.09236]
@ kgrit: [2211.03744]
@ Zy,by,cy: [1805.07401], [1811.08209], [2010.09539]
@ Zr, br,cor: [1910.06759], [2012.06284], [2305.04717]

y
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Chiral and continuum extrapolation
Chiral and continuum extrapolation

Combined chiral and continuum fit
@ all quantities rescaled by f; to make them dimensionless
@ quark masses are parametrized by
M2 ~2m2 +m2 ~ (2m +m), M2 ~m2 —m2 ~ (my—m), My~ m
@ general ansatz inspired by SU(3) chiral perturbation theory

— 2 4
/8lofp, = fy + ¢y M2 + 30 M2 + c3 (4uk + g,un) +eaMp + ...

o 1 1
/8lofy = fo + ¢ M? — 3 M2 + 3 (3pen + 2ux + 5“") + Mg + ...

— includes chiral logs px = 8tym?% log(8tym%)
@ vary fit model including — x?/dof =1.09 — 0.92

— quadratic, cubic and quartic terms in a + mass-dependent and independent terms
— various higher order terms and combinations in light, strange, and charm quark masses

@ perform AIC average using correlated fits

R ALpHA
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Chiral and Continuum Extrapolation Chiral and continuum extrapolation

Chiral and continuum extrapolation

250
\i\i\ﬁ_\ *\*{\ o
|
230 >
F M = const E
oot Lyy's
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e bl SR w
0.40 mom Lioo 0.40
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.00 0.01 0.02 0.03 0.04 0.05 0.06
Stom2 @/(8t)
chiral extrapolation continuum extrapolation
@ plots correspond to best fit x?/dof = 0.92
@ data points are projected according to the fit to continuum limit/physical point
@ this fit includes higher order terms: ~ m2, ~ a°
@ all three chiral trajectories are utilized
CD
RIR ALera
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Systematics: Finite volume effects

T T T T T T T T
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098 B my & 358 MeV | e HH my & 358 MeV
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0.96 | | | | i i H | | | i i |
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mgL myL

Dedicated ensembles with small/large volumes
— no significant finite volume effects for m,L > 3.5
— exclude ensembles with m.L < 3.5 and/or L < 2.3 fm
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Systematics Model and lattice spacing dependence

Systematics: Model and lattice spacing dependence

| Model average: AIC weights

@ histogram of fit results weighted by AIC weight
@ systematic uncertainty from model average

0154 |

0107 |

0.05 n
@ ratio computed from extrapolated f, and fp,
0.00 il |
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Ezu 50 24112;
=< Model average: a-dependence
0.00 0.01 0.02 0.03 0.04 0.05 0. 0%111 ° Opacity ~ Weig ht
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- 200 £
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Results Results and error budget

Results and error budget

Contributions to (A fp)? Contributions to (A fp)? Contributions to (A fp./fn)*

Scale setting N
Statistics M.
Systematics

fo, = 246.8(1.3) MeV f = 208.4(1.5) MeV fo./fo = 1.1842(36)

— uncertainty of decay constants limited by scale setting
— balanced statistical and systematic uncertainties J

R ALpHA
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Comparison to other determinations

fo fo.

FNAL/MILC 17
ETMC 14E

this work
ALPHA 23
RBC/UKQCD 17
XQCD 14
HPQCD 124

FNAL/MILC 11

FNAL/MILC 17
ETMC 14E

this work

ALPHA 23
RBC/UKQCD 18A
RBC/UKQCD 17
HPQCD 12A

FNAL/MILC 11
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Vector and tensor decay constants
Outlook: Vector and tensor decay constants

— work in progress

0.575 T = const
0804 i ~ const.
0.550 = me
0.75
0.525
7 0.500 =0 i
Ei - ?; 0.65 ;
0475 %
450 0.60 iy
0.425 + o 055
5 TrM = const. | | o
4 i, & const, 200 0.50 23
0.400 - 190 230
0.45 220
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.00 0.01 0.02 0.03 0.04 0.05 0.06
Stgm?2 a?/(8ty)
Very first attempt of an chiral and continuum extrapolation
— x2/dof = 1.3, 32 ensembles, 15 parameters
— starting to investigate fit models and systematics
CD
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Outlook and Conclusions Conclusions

Conclusions

Leptonic decay constants of the D and Dy mesons
@ determined fp and fp, in partially quenched 2 + 1 flavor QCD with sub-percent precision
@ large number of ensembles constraints chiral and continuum extrapolation tightly
@ bare decay constants at ~ 0.5% uncertainty
@ uncertainty limited by scale setting
@ note: for higher precision also isospin breaking effects need to be computed

— find more details in our publication JHEP07(2024)090, [2405.04506]

Leptonic vector and tensor decay constants of the D* and D} mesons

@ work in progress: first attempt of a chiral and continuum limit
@ final uncertainty will be limited by scale setting and Zr(1).
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https://arxiv.org/abs/2405.04506

Backup Slides

Backup Slides J
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Extraction of the bare quantities
Extraction of the bare quantities
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Backup Slides Fit form of the best fit

Fit form of the best fit

Quark mass dependence parametrized by M2, §M?, and My
- 1
M2 = 8log (2mg + m2) o (2m + mg), M? = 8ip2(mg — m2) o (my — m),

_ 2 1 a2
My = mg = —mp + ~mp, &< M, azzg
)

Fit form

_ 2 -
\/8t0f[)s(m7-r, mk, My, a) =f + ¢ M? + §C2 SMP + c3 (4ux + %un) + ¢4 My

+ Cs MIZ_[ + Cs 5M2MH + Cg MZMH + Cg D? + Cio OZMH
+ Cqq (SMQMIZ_[ + Ci3 a8 + Ci4 asMP s
- 1 -
\/Stof[)(mﬂ-, mk, mH,a) =fo + ¢4 M2 — 502 SMP + C3 (3;,Lﬂ- + 2uk + %Mn) + ¢4 My
+ 05 M + ¢7 OMPMy + cg MMy + € 92 + 19 9° My

+ Cy2 (SMZMI%[ + Ci3 I + Cy4 D35M?2 .
y
Lattice 2024 18/19
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Backup Slides Finite volume effects

Finite volume effects m,., mx, mp, mp_
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