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Motivation

Motivation - Where to find New Physics?
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Motivation

Experimental efforts in B physics: B-factories

Two B-factories recently completed data collection:

nnnnn

Belle experiment at KEKB
collider in Tsukuba, Japan.
Belle2 to come (~2017).

oy e

BaBar experiment at PEP-II at
SLAC in California, USA

And of course there is LHCb!
= Need theoretical predicitions to test for New Physics
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Motivation

Why focus on D and B physics?

Review of lattice calculations of leptonic decay constants:

mczo1z D fo, o Few publlshed results

o Rwamen @ Place tighter bounds

HH FNAL/MILC 12B

o average for eaz+1 k @ Reduce systematical
e ' errors by direct

& FNALMILC 11 |-
(- PACS-CS 11 Lo .

Hon HPQCD 10A Computatlon

HPQCD/UKQCD 07

FNAL/MILC 05

Ne=2+1+1

Ne=2+1

our average for Ny =2

ETM 13B
- ETM 11A h
ETM 09 —H

X

—

180 200 220 240 230 250 270 Me

arXiv:1310.8555

Justus Tobias Tsang Charm physics with Moebius Domain Wall Fermions



Motivation

Review of lattice calculations of CKM matrix elements
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o Light quark sector well explored
@ Few pulished results in the heavy quark sector
Goal: B and D pheno: masses, decay constants, semi-leptonics

= Quenched study as proof of concept

arXiv:1310.8555
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Motivation

Why quenched

@ Cheap!
= Topology freezing under control

@ Allows for a large cut-off:
= Lattice spacings of up to a~! ~ 5.6GeV

@ Pilot study for dynamical studies with Moebius Fermions:
= RBC-UKQCD 2-+1f efforts
= Talk by Andreas Jiittner
= RBC-UKQCD 2-+1+1f efforts
= Talk by Robert Mawhinney
= KEK 2+-1f efforts

@ Part of collaborate efforts with KEK to compare different
actions
= Talk by Cho Yong-Gwi
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Ensembles and Analysis setup

Ensembles
7
— Lla=16
@ 4 Ensembles e
. ot f — Ua=32
o tree-level Symanzik i Ua - 48
M 5
|mpr.oved gauge o
configurations S, " A )
0 a1=20-56GeV 5 N
. V
from Wilson Flow. arxiv:1203.4460
e O(a)-improved action
E 20 40 60 80 100
) roughly constant volume statistically independent configurations

L/a‘ a(fm) a }(GeV) L(fm) ‘ B

16 | 0.0987(34) 2.00(07) 1.579(55) | 4.41
24 | 0.0702(22) 2.81(09) 1.686(52) | 4.66
32 | 0.0520(16) 3.80(12) 1.664(51) | 4.89
48 | 0.0351(13) 5.64(22) 1.683(64) | 4.94
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Ensembles and Analysis setup

Topology
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Figure: Topological charge evolution and histograms of the different
ensembles.

Heat Bath algorithm is parity even = Interested in Qtzop. arXiv:1000:5228
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Ensembles and Analysis setup

Analysis Recipe

@ Choose measurement parameters

@ Fit Correlators to find Masses mpg and Matrix elements (Z4
and Zp) and deduce decay constants fpg.

© Interpolate data to common Pseudoscalar masses on each
ensemble.

@ Normalise the data at a given reference mass to avoid
renormalisation (A4 = Zxfieh).

f /
R = [PSVMPS where mist = 1.0GeV
i

@ Take the continuum limit.
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Ensembles and Analysis setup

Domain Wall Fermions

@ 5th Dimension s
= More costly “’
e BUT: Exponentially .
localised chiral modes -
= Approximate
X-Symmetry 0 ——
. L.
= (O(a) improved
= Residual Mass Myeq
@ Separated massive bulk
modes.
o Parameters: Ls, Ms.
@ Require myes < Myuark
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Ensembles and Analysis setup

Choice of Ms from fps\/mps vs 1/mpg

L/a=16 Ms =16

2 M5 = 1.6
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@ Artefacts for large am, = Choose M5 = 1.6 for good

. continuum limit scalin
@ Normalised at mpg = 1.5GeV &

Restri <04
@ up to charm and beyond = Restrict amy <0
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Ensembles and Analysis setup

The Ward Ildentity: my.

Ward ldentity for Moebius Domain Wall Fermions:

<ZA Ay( 0)> —2m<ZJ5(x >+2 <ZX:J§q(x)P(O)>

Define my.q as 0002

am=0.1
am=0.15

T

am =0.2

(S e 0PO)
(X J2(x, 1)P(0)) ]

= should be time independent.

Myes =
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Ensembles and Analysis setup

Limitations of the Domain Wall Mechanism: my
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= restrict simulated quark masses to amg < 0.4
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Ensembles and Analysis setup

Simulation Paramters

@ Chosen Domain Wall Parameters: L; = 12, Ms = 1.6.

@ Solver precision and convergence monitored to check
breakdown is not due to numerical precision effects

@ Restrict to amg < 0.4

o Gaussian Smearing to increase overlap with the ground state.

L/a ‘ #mg #my Statistics

16 2 7 100
24 2 11 100
32 2 9 111
48 2 7 36

Table: Measurement Statistics

Justus Tobias Tsang Charm physics with Moebius Domain Wall Fermions



Dimensionless results from correlator fits - fpg/mp

Results
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Results

Interpolation to Reference Masses

. . 0.25 <
@ Ansatz of interpolation? T Lenls .
Lja=
= Systematic Error. 020 ; Lja= 32 .
Lja= 48 e
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. £ 015 .
= Polynomial. 3 e L
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Results

Continuum Limit for strange - heavy data (D;)

R(a) = ¢o + c1a? s €0 “

(2) = <o 1.3 | 1.229(06) 0.03(03)

1 — 1.6 | 1.426(11) -0.05(06)

Bk e 1.9 | 1.579(16) -0.18(09)

Jb 2 e 22 | 1.670(22) -0.94(39)

i ! S 2.5 | 1.718(25) -1.64(45)
e
T ;

13 For comparison: mp, = 1.9685(3)GeV
. . . . http://www.slac.stanford.edu/xorg/hfag/
12455 : o5 56 s 555 o35 charm/CHARM10/f_ds/results_20jan11.html
a® (GeV')?

tuned strange quark using
my,, = 0.6858(40)GeV

C. Davies et al. Phys.Rev., D81:034506, 2010.
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Results

Continuum Limit for heavy-heavy data (7))

L4 & 15GeV
P oow mps % a
ey s 306w 1.5 | 1.480(10) 0.04(05)
ki ‘ 20 | 1.964(17)  0.07(09)
L 25 | 2.436(23) -0.06(13)
£ 3.0 | 2.940(51) -1.06(52)
Saoa 35 | 3.412(63) -2.18(63)
0.00 0.05 0“120 o |r):21s 0.20 0.5
For comparison: m,, = 2.981GeV
2 . Beringer et al. (Particle Data Group), s. Rev. ,
R(a) = + ¢4 OiO(IJS;Jl (5012;a:1d(;01r; ;argaltqudatepzorPt';\ye 20R14 edDiggn.
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Summary and Outlook

Summary and Outlook

Summary
e Flat continuum limit for Ds and 7. from 4 lattice spacings
compatible with O(a?)-scaling.
@ Mapped out the parameter space for dynamical simulations
@ qualitative check to track applicability of dynamical DWFs.
Outlook

e Dynamical study (2 + 1f) under way with first results
= Talk by Andreas Jiittner

@ Semileptonics for D and Ds
@ Plans to make predictions for B physics.
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Summary and Outlook

Acknowledgements

UNIVERSITY OF

Southampton

The research leading to these results has
received funding from the European Research
Council under the European Community'’s
Seventh Framework Programme
(FP7/2007-2013) ERC grant agreement No
27975.7

Justus Tobias Tsang Charm physics with Moebius Domain Wall Fermions



Summary and Outlook

THANK YOU!

ANY QUESTIONS?
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Summary and Outlook

Backup: V, and V,,
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Summary and Outlook

Backup: Topology
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Summary and Outlook

Backup: Choice of M5
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Summary and Outlook

Backup: Comparison of Different Actions

4.0
1 Wil kek
. . B 4 Dwf kek
@ Moebius Domain Wall 3t i . I lbr kek
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= Talk by Cho Yong-Gwi
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Summary and Outlook

Backup: Systematical errors from interpolations - D;

Compare different polynomial approaches.

1. i Continuum limit of strange-heavy decay constants mps ‘ ndeg = ]. ndeg - 2
s 1 13 | 1.229(06) 1.231(06)
g #f % 1.6 | 1.426(11) 1.425(12)
o e g i : 1.9 | 1.579(16) 1,579(17)

¥ 3 :
22 | 1.670(22) 1.731(38)
. * : 25 | 1.718(25) 1.858(43)
! o:m BT R— = 0.15 0.20 o5

a (GeV')?
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Summary and Outlook

Backup: Systematical errors from interpolations - 7).

Compare different polynomial approaches.

Continuum limit of heavy-heavy decay constants

i z 8 ndeg=1

30 * # ndeg=2

e i £ . .

25 » 2 = = =

20 » x = - -

15 m = - - -
10560 0.05 0.10 0.15 0.20 0.25

a’
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2.0 Gev

mps ‘ ndeg =1 ndeg=2

15 | 1.480(10) 1.481(10)
2.0 | 1.964(17) 1.973(18)
25 | 2.436(23) 2.450(25)
3.0 | 2.940(51) 2.965(54)
35 | 3.412(63) 3.432(66)
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