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o Target: Determine CKM matrix elements through

flavour-changing processes and check the consistency with
SM.

Sector: Charm physics, |V4| and |V .
Processes: Leptonic and semileptonic D decays.

Preliminary results:
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Motivation: Flavour Physics

o Target: Determine CKM matrix elements through

flavour-changing processes and check the consistency with
SM.

o Sector: Charm physics, |V4| and | V.

o Processes: Leptonic and semileptonic D decays.
Exp [HFAG 2016, PDG 2017] LQCD [FLAG-3]
Df = 7tv, 6B ~2.3-3.6%, 6p, ~1.4%  fp, ~0.5%
DY = ptv, 6B ~45%, 0tp ~0.7%  fp ~0.7%
D — iy, fr(¢?=0)|Veg| ~1.3% fr(g?=0) ~4.4%
D— Kty,  ff(q?=0)|Vs| ~0.5% ff(¢?=0) ~2.5%
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Motivation: Flavour Physics

o Target: Determine CKM matrix elements through
flavour-changing processes and check the consistency with
SM.

o Sector: Charm physics, |V4| and | V.

o Processes: Leptonic and semileptonic D decays.
Exp [HFAG 2016, PDG 2017] LQCD [FLAG-3]
Df = 7tv, 6B ~2.3-3.6%, 6p, ~1.4%  fp, ~0.5%
DY = ptv, 6B ~45%, 0tp ~0.7%  fp ~0.7%
D — iy, fr(¢?=0)|Veg| ~1.3% fr(g?=0) ~4.4%
D— Kty,  ff(q?=0)|Vs| ~0.5% ff(¢?=0) ~2.5%

o Preliminary results: light sector.



o Open boundary conditions in time.

o Improve the scaling of the algorithm considerably: topological
sectors become connected and topological charge can
smoothly flow. [Liischer: 1009.5877] [Liischer, Schaefer: 1105.4749]

o Autocorrelation times scale ~1/2.
o Possibility to simulate at fine a —  heavy quark physics.
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Sea quarks: CLS. [1411.3982] [Talk by Mohler, Lattice 2017]

o Open boundary conditions in time.

o Improve the scaling of the algorithm considerably: topological
sectors become connected and topological charge can
smoothly flow. [Liischer: 1009.5877] [Liischer, Schaefer: 1105.4749]

o Autocorrelation times scale ~1/22.
o Possibility to simulate at fine a ——  heavy quark physics.
o Action:

o Gauge action: Improved Liischer-Weisz gauge action.

o Fermion action: Nf=2+1Wilson fermions with a
non-perturbative cg, .

o Renormalised chiral trajectory:

¢4 = 8ty (m% + Fm?2) = const.
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Sea quarks

Valence quarks

Sea quarks: CLS. [1411.3982] [Talk by Mohler, Lattice 2017]

o Open boundary conditions in time.

o Improve the scaling of the algorithm considerably: topological
sectors become connected and topological charge can
smoothly flow. [Liischer: 1009.5877] [Liischer, Schaefer: 1105.4749]

o Autocorrelation times scale ~1/22.
o Possibility to simulate at fine a ——  heavy quark physics.
o Action:

o Gauge action: Improved Liischer-Weisz gauge action.

o Fermion action: Nf=2+1Wilson fermions with a
non-perturbative cg, .

o Renormalised chiral trajectory:

¢4 = 8ty (m% + Fm?2) = const.
o Lattice spacing (fm):
a= 0.087, 0.077, 0.064, 0.050, ~0.039.



o Chiral trajectory:

trMg= const, Mq=diag (mq,, mq,, mq,) -

o Chiral trajectory used in simulations.
o Keep constant O (atrMy) cutoff effects.
o Slight deviation from renormalised chiral trajectory.
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Renormalised chiral trajectory [sruno, Koree, Schacter 1608 05000]

o Chiral trajectory:
trMg= const, Mq=diag (mq,, mq,, mq,) -

o Chiral trajectory used in simulations.
o Keep constant O (atrM,) cutoff effects.
o Slight deviation from renormalised chiral trajectory.
o Renormalised chiral trajectory:
o ¢4 =8ty (Mm% + £m2) = const
=  trMgr= const + O (mf,).
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Renormalised chiral trajectory [Bruno, Korzec, Schaefer: 1608.08900]

o Chiral trajectory:
trMg= const, Mg =diag (mq,, mq,, mq,) -

o Chiral trajectory used in simulations.
o Keep constant O (atrM,) cutoff effects.
o Slight deviation from renormalised chiral trajectory.

o Renormalised chiral trajectory:
o ¢4 =8ty (m% + 1m?2) = const
= trMg= const + O (m2).
o Correct chiral trajectory on observable:
o Method: Perform small correction in m through a Taylor exp.

F () = £ (m)+ (= m)

df :Z; Kg‘n‘;>_<(A,-—Ai) (g,f,—gi)»

dm

i
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[Frezzotti et al.: hep-lat/0101001] [Frezzotti and Rossi: hep-lat/0306014]
[Pena et al.: hep-lat/0405028]

o Valence action in twisted basis:
27 (Vi+ V) —3ViV, + ﬁ'acswam,/l-:u,, +mO + iyl

At maximal twist w="7/2:

Properties:
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o Valence action in twisted basis:
370 (Vi + Vi) = 3ViV, + 5acew0u Fuy + mP + is pu®.
o At maximal twist w=m/2:
my = mc,]l .

p® = diag (pe, —pue, s, Fitc) -
Properties:
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Valence quarks: Wilson twisted mass

[Frezzotti et al.: hep-lat/0101001] [Frezzotti and Rossi: hep-lat/0306014]
[Pena et al.: hep-lat/0405028]

o Valence action in twisted basis:
370 (Vi + Vi) = 3ViV, + 5acew0u Fuy + mP + is pu®.
o At maximal twist w=m/2:
my = mg1 .
p® = diag (e, — e, £pis, Tpic) -
o Properties:
o Automatic O (a) improvement of physical observables at
maximal twist save of: O (aggtrM).
o In particular, terms of order O (au.) are absent.
o Simplifies renormalisation on some observables, e.g.: f,.

o SW term included in valence expected to reduce flavour
breaking cutoff effects.



o Maximal twist:

o Matching:
1

'u’f|v = m1R2|s

7 L. L
% e = 72 mio (1 + (bA — bp) amio + (bA — bp) atqu) .
2 Alternatively: 2| 2|
M = M| .
|y s



o
3 |
°
Preliminary
<
g
2
o8
]
E
s
8
2
1
]
<
<
T
?
a=0.087fm M, ~ 280MeV
3640 3641 3642 3643 3644 3645
1/2¢
o
8
£
3
o
8
£
3
o«
=
a
8
2-
2
o
2
3
© Wilson a=0.087fm M, ~280MeV
Wtm  a=0.087fm Mg~ 280MeV

T T T T T T
3640 3.641 3642 3.643 3644 3.645 R

R
172« He

Il
&
S

s

TrMg = const



Preliminary

uR
f=mp—w=rm/—tan"! <—£>

R

m12|v
o
«
o

> o

o
=
< J - a=0.087fm Mg~ 280MeV
]

T T T T T T

3.640 3.641 3.642 3.643 3.644 3.645
Rl — R
1/2x Hel, = '"12’5

TrMg = const




Symmetric point: my = ms, M, = 420MeV, 6 =72 — w
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Symmetric point: my; = mg, M, = 420MeV

0.80 : ‘
O(a)-improved Wilson H—o—
tmQCD  —o—
078 |- $a =11 e -
0.76 @ _
ax [
= 0.74 3 3 $ =
b4 ¥
0.72 _
0.70 ~ _
0.68 | | | |
0.00 0.01 0.02 0.03 0.04 0.05
>
s R R
[Bruno et al. 1608.08900] [Javier Ugarrio et al., poster Lattice 2017.] “£I, = ™2,
¢4 = const



Preliminary

Symmetric point: my; = mg, M, = 420MeV
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Symmetric point: my; = ms, a = 0.077fm.
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Discretisation effects of O (a?): M2, — Mfr(o’c) = 0(a%)

plag. Ny=0 |-
csw NP plag. Ny =0 o

tISym Np =2 |Aq
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a~0.076 fm m, ~ 470 MeV/ el
a = 0.076 fm m, ~ 625 MeV e ;
. . !

—30 =20 —=10 0
M2, a2
( nt — (0.) ) 7‘3

[XLF: hep-lat/0507032] [ALPHA: 0902.1074] [ETMC: 1303.3516,1507.05068]



Conclusions and outlook

o Conclusions:

o Tuning to maximal twist in the valence sector: smooth linear
interpolation.

o Matching of quark masses is simplified: same renormalisation
factors in sea and valence sectors.

o Universality check of f;: important test of the mixed action.
o The accuracy of Wtm results look promising.



Conclusions and outlook

o Conclusions:

o Tuning to maximal twist in the valence sector: smooth linear
interpolation.

o Matching of quark masses is simplified: same renormalisation
factors in sea and valence sectors.

o Universality check of f;: important test of the mixed action.
o The accuracy of Wtm results look promising.

o Outlook:

o Matching through M.
o Extend analysis to more chiral ensembles.
o Strange and charm quark sector.
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