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lattice QCD mixed action

setup: mixed action with Wilson twisted mass (Wtm) valence quarks
on CLS Ny =2+ 1ensembles

motivation:

» alternative/complementary way to control lattice artefacts
~  universality

> steps:
> light-quark sector: sea/valence matching, scale sefting
light-quark masses
» heavy-quark sector: [2309.14154]

charm quark mass

D-mesons leptonic and semi-leptonic decays



Seo SeCTOr: Nf:2+] CLS [1411.3982, 1608.08900, 1712.04884]

» lattice action:

» gauge action: LUscher-Weisz gauge action (t1Sym)

» fermion action: Ny =2+ 1Wilson fermions with non-perturbative csw

» open boundary conditions in time: relevant for heavy-quark physics

» chiral frajectory

renormalised chiral trajectory

o7
» lattice spacings:
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valence quarks: Wilson twisted mass

[ALPHA, hep-lat/0101001; Frezzotti and Rossi hep-lat/0306014, Pena et al., hep-1lat/0405028]
» valence action
SW :
Dwm = Dy + m £ iysp

» maximal twist o= 73 :

m = Mg ~  mi =0

= {ll‘uda Hs, Hc}

flavours: i=1,2 — (u, d); i=3,4 — (s, ")
» properties:
» absence of O (au) lattice artefacts in physical quantities at maximal twist

P> SW term: same renormalization in sea and valence, valence flavour breaking
cutoff effects

> acts as an infrared cutoff

» mixed action: match sea & valence quark masses (at maximal twist)



mixed action: lattice artefacts

[A. Bussone et al., 1812.01474]
extension of [Bhattacharya et al., hep-lat/0511014] to Wim
» singlet and non-singlet bilinears and masses

» improvement of the twisted mass ;:  mixed action with valence Wtm at maximal twist
] = 2
fii = 5 [1+ abytr M| +0O(c”)
Zp

B, = O(gp)
P Wilson fermions : current quark mass from PCAC relation

~ Z _ _ . .
my = Z—i my [1+ a(ba — bp) tr Meea + a(ba — bp)my] + o(c?)

Zp: non-perturbative [Schrodinger Functional (SF)]
[ALPHA, 1802.05243]

Zx: non-perturbative [chirally rotated SF]

[ALPHA, 1808.09236]

my includes non-perturbative ca

[ALPHA, 1502.04999]

ba — bp: non-perturbative

[ALPHA, 1906.03445]

ba & bp = O(gf)



mixed action: lattice artefacts twist angle

» flavours: i=1,2 = (u,d); =34 — (s,s")

. 1 — 2
== m [1 +ab, trl\/lsea} + O(a%)
P
b, = O(f)
> Wilson twisted mass fermions : current quark mass
~ Z _ _ - -
Ay = z*A mi [1+ a(Ba — Bp) tr Maea + a(Ba — Bp)mi'] + O(ap?) + O(a”)
P
m‘éal includes non-perturbative c, [ALPHA, 1502.04999]
by — Bp: non-perturbative [ALPER, 1906.03445]; ba & bp = O(gf)

» deviation from maximal twist: 6;
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matching of mixed action
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continuum-limit scaling

frk = 2 (3fx + fc)
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charm sector: ground-state extraction

> setup: mixed action with Wilson twisted mass (Wtm) valence quarks
on CLS Ny = 2 + 1 ensembles

Wtm charm quark is partially quenched: three masses around physical value

»  meson masses and matrix elements extracted from a GEVP
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charm sector: ground-state extraction

meson masses and matrix elements extracted from a GEVP
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charm sector: ground-state extraction

meson masses: mp, Mp,. mgff““')
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matching charm quark mass

» consider two matching conditions

¢l(-;) = \/%m;./() 2 ¢S)715°QCD

(1)~ i50QCD _ 2 isoQcD |, 1 isoQCD
my” =mg =_-mp + 3Mp,
3 3
(2) ~ ,(conn.,isoQCD)
my’ = my”

[includes 100% uncertainty from absence of quark-disconnected contributions]

» chiral-continuum behaviour of D(5) meson masses
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matching charm quark mass

» consider fwo matching conditions o) = /Blom(D) = p{-1o8cd
m(l) 2 piso9CD _ gmiSGQCD T lmiSOQCD
H B = 3> 3Mb,
mS‘(Z) ~ m(nc:nn.,isoQCD)

(includes 100% uncertainty from absence of quark-disconnected contributions)

» chiral-continuum behaviour of D5 meson masses
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charm quark mass

RGI quark mass

et = % 2, (Gh, 1naa) pe
non-perturbative running [Schrédinger Functional] [ALPHA, 1802.05243]
Y = 0.9148(88) [1%]
from fihaa = 233(8) MeV fo pp ~ O(My)
continuum factor: applies to Wilson and Wtm regularizations
» mass dependence b2 = 8fgM,;, ¢S) = \/STOM,(J)

VBLME® (0, ¢2, ¢) = o + P12 + P38,
» discretization effects

2

o
cm(a, g2, ou) = 8070(0] + Cogy + C307y) + W(CA + Csiy + Codly)



charm quark mass

lattice spacing dependence
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charm quark mass

lattice spacing dependence

)
o2 = VBiom,
o _
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Wilson twisted mass; SF scheme

Wilson; RGI mass

[J. Heitger, F. Jorwig & S. Kuberski, 2101.02694]



charm quark mass

mass dependence
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Bloult

charm quark mass

lattice spacing dependence::

crz
Cuc(a, 2, dn) = (Cw + Cogpo + c3¢H)

Systematic ics.
B Model average
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systematic effects: model averaging

» generdlised least square

xz(a@) = [y — f(a)] K" [y — H(a)]

K = C covariance matrix; K = Ksyst
» Akaike Information Criterion

AIC = X2 + 2Npar
» Takeuchi Information Criterion [Frison, 2302.06550]
TIC = X2K — Z(Xi)
{X2): Bruno & sommer, 2209.14188]
» model m: apply weight W,

1 M
W, o exp (—ETIC,,,> with Z Wn =1

m=1

> fK=C = (XE) = Naot = N2 — Npar
if data cuts: New' = Njot — New = (X2 = Nt — Npar
112
W, o< exp 5 [Xc + 2Npar + QNcut} m

[Jay & Neil, 2008.01069]
» model average (MA)



charm quark mass [ preliminary |
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decay constants: fp

213
frg = \/ 7 (gl + L) [(0IP"|P(p = 0))]
Mes

matrix element extracted from GEVP

combined study of mass and lattice spacing dependence of ¢p & ¢p,

¢Dm = (8f0)3/4 fD(s) /Moy,

matrix elements extracted from a GEVP
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decay constants: fp

213
fos =/ —(lnal + u]) [(OP|P¥(p = 0))]
Mps

matrix element extracted from GEVP

combined study of mass and lattice spacing dependence of ¢p & ¢p,
¢DLS) = (STO)B/A fD(sz VALLEH

> global fit of ®p and &p,

» generic functional form
<Ds) <Ds)
bp, = O\ [1+ 0 ][+ 657]



decay constants: fp

» continuum heavy-quark mass dependence

1 1
Px = [] +p}(w1)¢7 +P§72)¢7 s Pu = VBlomy
H H



decay constants: fp

» continuum light-quark mass dependence

" 4 (4)

1+ 3g° 1 4o 0 P2 P

& - _1tsg 3L, + 2L _L, ce2 (0) (2) P2 X
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1 1 4 4
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decay constants: fD(s)

» lattice spacing dependence

)

o _ 91 QO] (2) .2
5 = %[pa + 2 (P8 + P90 ) + P61
2
a
oy = 8 [Pgn +2(¢a — #2) (p(a]) + Pf’qi) + pa)¢H]
fo



decay constants: fp [ preliminary |

218
fod = \/ o (mal + liael) [OIPTPT (P = 0))]
PS

matrix element extracted from GEVP
combined study of mass and lattice spacing dependence of ¢p & ¢p,

¢D(s> = (8f0)3/4 fD(s) /Moy,
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decay constants:

lattice spacing dependence

fD(s)
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decay constants: fp [ preliminary |

218
fod = \/ o (mal + liael) [OIPTPT (P = 0))]
PS

matrix element extracted from GEVP

combined study of mass and lattice spacing dependence of ¢p & ¢p,

d)Drs) = (8f0)3/4 fD(s) V/Mbg,
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decay constants: fp [ preliminary |

> global fit between ®p and p, ®p, = (81)*/*fo, /Moy,
» 57 models x 2 matching prescriptions
» model average

“—— Model average ~— Model average
Systematic error

Systematic error

00+
550 08575 0.8600 0.8625 0.8650 0.8675 0.5700 08725 08750 10250 10275 10300 1.0325 10350 10375 10400 10425 10450

op p,

fo fo.

— Scale setting
Stat +y-cont. limit
- Model av.

—Scale setting
mStat. +y-cont. limit
- Model av.

N



decay constants: fp, /fp

[ preliminary |
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decay constants: fp
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relative precision on st [0.9%]



confinuum-chiral extrapolation of 7«

systematic effects:

>

additional term in x?:
systematic effects at largest
a&m;,

SU@) & SU(2) NLO xPT +
Taylor series

discretization effects:
0@, Ogpa), 0@’ af)
[Husung, 2206.03536]

cutsin M., a, ML

excited states contamination
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systematic effects: fy [ preliminary]

physical input [FLAG ‘21, PDG ‘22]

M9 = mP = 134.9768(5) MeV

m‘;"QCD = m‘;‘fp = 497.611(13) MeV

712090 = 130.56(2)exp (13)gED (2)v,,, MeV [0.1%]
129 = 157.2(2)exp(2)gen (4) v, MeV [0.3%]

combined fit of Wilson and twisted mass data
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scale setting: fy Np=2+1 [ preliminary |

This work, Combined [f] —aa
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conclusions

» mixed action: Wilson twisted mass on Wilson fermions
» determination of fy, mc, fD(s)

ongoing:

» analysis of systematic effects

» D-meson semileptonic decays



