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A mixed action approach: motivation

Sea sector: Ny = 2+ 1 flavours
@ CLS ensembles with Ny = 2+ 1 flavours

e O(a)-improved Wilson fermions

@ Small lattice spacings without topology freezing

Valence sector: Ny =2+ 1+ 1 flavours

@ Wilson twisted mass fermions at full twist

e Automatic O(a)-improvement® = no O(amy,) effects

a . .
apart from tiny residual
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Sea sector - CLS ensembles |[Lischer and Schaefer, JHEP 1107 036
Bruno et al. JHEP 1502 043 - 1712.04884 - 2003.13359]
@ Liischer-Weisz tree-level improved gauge action

[Plot by J. Simeth]
@ Nj; =2+ 1 non-perturbatively O(a)-improved
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CLS ensembles
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Lattice spacings : o = 0.087, 0.077, 0.065, 0.050, 0.039 fm
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Lattice set-up ~ Valence sector

Valence sector [Frezzotti, Grassi, Sint, Weisz, hep-lat/0101001

Frezzotti, Rossi, hep-lat/0306014 - Pena, Sint, Vladikas hep-lat/0405028]

Wilson twisted mass Dirac operator

Dy, = % 22:0 [W(Vz aF vu) — GVZVM] A %CLCSW Zi’yzo O',LWF;W + mo + 510

At full twist mg = 1m, o = diag(puy, —p, — s, +Hite)

@ Twisted axial symmetry is only softly broken

Vi = —2u, PP = Zp=}

Z,
e Automatic O(a) improvement for physical observables
@ no parameter tuning
o residual lattice artefacts of O(agg tr M%)
e absence of lattice artefacts proportional to pg
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Why tmQCD

Matching conditions

[1711.06017, 1812.05458, 1903.00286 | talk by G. Herdoiza (Friday)
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https://indico.cern.ch/event/1006302/contributions/4376587/

Observables

Extraction of meson masses | 1010.0202 - 2002.12347]

@ Observables extracted from a GEVP (only connected components for charmonia)
[ P. de Forcrand et al. hen/lat0404016 - 1208.2855 - 2005.01845 1
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Chiral-continuum extrapolations

[ALPHA, 2101.02694]

o General ansatz for the functional form:
Renormalization and running of quark mass [ALPHA, 1802.05243]

V8t O©™ (¢a, d1,0) = po + pr¢2 + P3dH, ¢9 = 8tomZ, op = /Blomy

co($a, ¢, a) = § (q + cotba + c39%) + Sto) 3 (s + cs50)
@ Combined models:
VB8O (63, 611, a) = /Bl O™ (62, 611, 0) + co(d2, b, a)
VIO (¢, ¢p1, a) = VB OC (¢2, 61, 0) X (1 + co(¢2, ¢m. a))

@ Address systematic effects by classifying data in different categories

e Fixing the charm: flavour-averaged D-meson mass, charmonium? 7,

o Consider all ensembles or exclude the ones with 8 = 3.40

3 . . P
Neglecting disconnected contributions
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Observables

inuum extrapolation

Chiral-continuum extrapolation rreLiminaArY
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Observables Chiral-continuum extrapolation

Model average [aLPHA, 2101.02604]
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Figure: Left: model average procedure for a representative category.
Right: histogram with central values for all categories.
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Observables Chiral-continuum extrapolation

Analysis software and error contributions

(] ADerrors.jI by Alberto Ramos https://gitlab.ift.uam-csic.es/alberto/aderrors.jl
MC data analysis with:

o I'-method [Wolff, hep-lat/03060174; Bruno, Sommer, in preparation]
o Automatic Differentiation [A. Ramos, 1809.01289]
o X2, fitting routine [ Bruno, Sommer, in preparation|

(] JUObS.jl by J. Ugarrio and AC https://gitlab.ift.uam-csic.es/jugarrio/juobs

MRS error sources [%]

Scale setting

Renormalization group running

Systematic error

Correlation functions
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Results comparison* PReLIMINARY
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Observables Results

Conclusions and outlook

Summary

@ Charm results from a mixed action setup with Ny =2 + 1 CLS
ensembles at four fine lattice spacings and a tmQCD valence action

e Fully non-perturbative O(a)-improvement of the observables

@ Systematic effects in chiral-continuum extrapolation under control

Future
@ We plan to extend this analysis across more ensembles

@ Push towards heavier masses to tackle the B sector
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Thank You!

This project has received funding from the European Union's
Horizon 2020 research and innovation programme under the
Marie Sktodowska-Curie grant agreement No. 813942

J. Frison: "Charmed semileptonics with twisted-mass valence quarks”
G. Herdoiza: "Scale setting from a mixed action with twisted-mass valence quarks”
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The Generalized Eigenvalue Problem
[M. Lischer, U. Wolff, Nucl. Phys. B339 (1990) 222-252]

o Consider a set of operators {O;}, then combine different interpolators
to get a matrix of Euclidean space correlation functions

Ci(t) = (0;()0L(0)) = Y~ e Erlapiy;, ij=1,....N
1

@ The GEVP is defined as
C(t)vk(t,to) = )\k(t./ tQ)C(to)vk(t,to), k=1,...,N, t>tg

Assuming that only NV states contribute:

At tg) = e BRE=10) it tg) >
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NS
GEVP set-up

@ We consider the following interpolating fields of different Dirac
structures in the twisted basis

P =9y Ay =vys¢, p=0,...,3

Crn(t) = (P(t)P(0)) (P(t+T)P(0)>} c (t):{<Ak(t)Ak(0)> (Ak(t +7) Ar(0))
rr (P(t)P(=7)) (P(t+7)P(-m))] "V (Ap(®)Ax(=7))  (Ar(t +7)AR(=7))

@ Then we solve the associated GEVP for the pseudoscalar-pseudoscalar
and vector-vector matrix of correlators

Cpp(t)vf (t,t0) = M (t,t0)Cpp(to)vf (t,to)

va(t)vlv(t, to) = )\lv(t, tU)CVv(to)’UlV(t, to)
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Observables

o Observables extracted by solving the GEVP
C(t)vk(t,to) = )\k(t, to)C(tg)Uk(t,to), k=1,....N, t>tg

where
Cij(t) = (Oz'(t)O}(0)> =Yl Brtr s, i j=1,...,N

P= 1;75I/J Ap, = 12)’\//1,75/1/]7 on= 07 ceey 3

Effective masses extracted from eigenvalues A\ (t, o)

An 2 —\Lm—Ln
aEf(t, ty) = log An(tiéf}t)o) + O(e=(Em—En)t)

Matrix elements extracted from eigenvectors vy (t, to)

fos = [z (g + 1O P4 Ips)l,  fuek = Zay/ 525 1(0] Ax o)
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More on matrix elements

[Alpha Collaboration, hep/lIat0902.1265v2]

Matrix elements are extracted from the effective operator

At o) = e QM (8 t0),  n) = AT|0),  H |n) = B, |n)
Q:(t,10) = R (O, va(t, o) )

12 Anlto + 1/2, t)

Ry, = (vn(t, to), C(t)vn(t, to)) An(to + ¢, t0)

Corrections to the large time asymptotic behaviour are parametrized by

e QT t,10)1 10) = )+ D w1 10) ')

n'/=1
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More on matrix elements

[Alpha Collaboration, hep/lIat0902.1265v2]

They can show that
Tnne = O (e~ AEN+1at0) at t —tp = const
Thus, matrix elements of a local operator X can be computed via
(0] Q5e e HHQEMY [0) = (n] X [) + Ofe™Ex+1tn)
And the amplitude between a vacuum and the state |n) is then given by
P = (01 QT e 11X |0) = Ru(va(t.t0),Cx),  (Cx); = (O0;(0)X(2)

If X denotes the time component of an axial current, the decay constant
of the associated ground state meson is

p§(t, to) = (0] X |1)
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Mass corrections and line of constant physics
[M. Bruno, T. Korzec, S. Schaefer, 1608.08900]

e Chiral trajectory defined in terms of & = 8t2(m3, + $m?)

o Achieve &, = CIJZhyS in each ensemble by employing quark mass shift
via a Taylor expansion

d(0) /00 oS oS
dmyg,; B <amq,i> B <Oamq,i> * <O><amq,i>

@ The shift is performed at the level of the observables by

6/8
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Assessing the systematics

@ Estimate the optimal fit parameters

2
2 _ X
Xcorrected — 2 <1
exp

@ Akaike information criteria as measure for the best fit
2
AlIC = Xcorrected + 2k

@ Model average

N
(Me) = wn(Mo),  wh'®= Nexp<—;A|c)

n=1

o Estimate the systematics

N N
O-%/[C = an<Mc>721 - (an<Mc>n)2
n=1 n=1
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NS
Heavy mass dependence of ),
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Figure: Charm mass dependence on the dimensionless heavy meson mass
¢H = 8t0mH.
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