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Charm Physics through Laftice QCD

Study QCD in a non-perturbative way

» QCD Parameters : ag, Agep. Quark masses : me

» Hadronic Properties :

e Spectrum: D-meson, charmonium, charmed baryons
e Sfructure

» Constrain Effective Theories :

e Heavy Quark Effective Theory (HQET), NRQCD
e Chiral Perturbation Theory (xPT)

» Constraints on the Standard Model : flavour physics
e CKM, charm decays

e New Physics : precision in the non-perturbative determinations
of hadronic matrix elements

e Control of systematic uncertainties in lattice QCD results
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ETMC LQCD systematics

precision in latfice QCD results

» control of systematic uncertainties

e number of dynamical flavours (u.d.s.c....quarks) Ne=0; 2, 24+ 1; 2+ 1+1
e cutoff effects: lattice spacing a O(a) improvement, continuum limit
broken symmetries at a # 0
mg < 1/a
e range of quarks masses : simulation/physics applicability of xPT, HQET
e Finite Size Effects (FSE): lattice size L mpsL > 1
e renormalisatfion non-perturbative

» statistical errors

e improvement in algorithms
e autocorrelations

e machines
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dynamical simulations : parameter landscape
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number of flavours : Ng
lattice spacing : a
lattice size : L
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Caveat in plots : no information on systematic effects (cut-off effects, FSE, scale setting, ...), mg, mg, ...



N = 2

u, d sea quarks
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N; =2 ETMC ensembles

e Wilson twisted-mass fermions

e Gauge action :

tree-level Symanzik
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ensembles M),

e a = {0.054, 0.067, 0.085, 0.098} fm
e mps € {270, 600} MeV
o L € {17, 28}fm, mpsl > 3.5
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light-quark mass and lattice spacing dependence

» Non-perturbative renormalisation of mq
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ensembles mc

= {0.054, 0.067, 0.085, 0.098} fm from f{cxP)
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heavy-quark mass dependence [ETMC, 2010]
» Non-perturbative renormalisation of mg

~ mc[MS, up = me] = 1.28(4) GeV me/ms = 12.0(2)
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Mme

non exhaustive comparison of recent results
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Mme

non exhaustive comparison of recent results

T T T
PDG
HPQCD, 2008 -
Chetyrkin et al., 2008
ETMC, 2010 e

1.1 1.2 1.3 14
me[MS, m.] [GeV]

ETMC ongoing : determination of m from charm current correlators
[ETMC, Petschlies et al., LAT2011]
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Nr=2: fp and

T(Ds — €v) o< |Vesl® 5,
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ensemble:

fo and fp, : comparison
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fp. [MeV] fo./fp
fo = 212(8) MeV fp, = 248(6) MeV fp,/fo = 1.17(5)
fx/fr = 1.21(2) fg /fz = 1.19(5)

fr =130.4MeV fi = 158(2)MeV  fp = 195(12) MeV
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Ni=2: B— (v
fg : unitarity triangle ~ tension between B(BY — 77v.), |Vip| and sin(28)

fa,

s
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[ETMC, 2011]
f = 195(12) MeV fa, = 232(10) MeV fa./fa = 1.19(5)
mp[MS, u = mp] = 4.29(14) GeV
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Nf =2

. semileptonic D — K
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ensemble:

N; =2 : semileptonic D — K i
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[Na et al., LAT2011]

ETMC results for D — 7 are also available [ETMC, S. Di Vita et al., LAT2010]
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Nt = 2 . hyperfine splitting

QWE!

Mo — My, vs. M,y
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N; = 2 : ne. decay constant
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N; = 2 : ne. decay constant

(O]SyuvsClne) = my fu.Pu

o VS, My

550 X a=0.0095 fm | a=0.0005 fm T
| @ a=0.0 fm a=0.0. fm
B a—0.0667 fm a=0.0667 fm
500 | + Result continuum 1

450

fne MeV

400

350

300 L
2250 2500

0 3000 3250 3500 3750
My MeV

)
=
@

Recentstudy by [crocp, 2011]: (hs|J&™)|h))
ne and xco form factors
radiative decays: J/WV — yne. X0 = VJ/V. he — yne
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motivation ensembles scaling

Ne=2+1+1

u, d, ¢, s sea quarks
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motivation ensembles scaling

Ne=2+1+1

u,d,s,c dynamical quarkswith  my=mg < ms < me¢

Motivations for including the dynamical charm?

expected effect O(1/m2) and O(as(me))

a dynamical quark is active at energy scales E > mq
running of renormalised quantities with Ny = 4
matching to MS with Ny =4 at p > me

explore physical effects dynamical ¢ on hadronic masses and matrix elements

vV V. v v v .Yy

remove so far uncontrolled systematic effect of the dynamical charm :
relevant with increasing precision in lattice computations
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ensembles scaling

motivation

ETMC ensembles

Ne=2+1+1
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Kelelligle]

continuum limit scaling of fps and My

N=2+1+1 a=0.06,0.08, 0.09fm
fps nucleon mass
. ; " 3.1 v . . .
70 fps N
042 t 1
: 29 F 1
0.38 |- 1 2.7 / 1
. , /*(l—/ﬁL ]
0.34 1
5%
— ¥ 23 | g
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0.26 L1 . . 1o L ' ' : :
0 0.02 0.04 0.06 0 0.01 0.02 0.03 0.04
no signs of large 0(02) consistent with analyses by [MILC (2010), ALPHA (2011)]
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Ne=2+T1+1:f., my

QWE!

Ny =2+ 1+ 1 and comparison to Ny = 2
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Ne=2+141: tuning ms and me
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Conclusions

Nr = 2: heavy-quark physics

determinations of m¢c ,mp

fD, stl fB, fBS

D — K and D — 7 semileptonic form factors
charmonium : hyperfine splitting, decay constants
charmed baryons

vvyyvyyvyy

Nr =2+ 1+ 1: dynamical charm quarks

» no clear signs of large cut-off effects from
dynamical charm in light-quark observables

» ongoing : charm physics, charmonium spectrum, 1’ mass,
nucleon matrix elements, (N|ss|N) ...
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CCL CCL

Ner=2+ 1+ 1: mixed action fx

a = 0.060, 0.079 fm

fx and f,
190
180
170
160
%
Z 150
é Fit
140 fx(a=0.079 fm) —=—
fr(a=0.060 fm) —e—
130 fic(a = 0.079 fm) —s—
fx(a=0.060 fm) —e—
120 fx +H
fr (input)  «
110 I I I I
0 0.05 0.1 0.15 0.2 0.25
2 ey
me [GeVY] SU(2) xPT at NLO with analytic NNLO
only = dof in the expansion ~  O(m2 /(4w fy)?, m2 /2m?)
PRELIMINARY N =2 4 1+ 1 result: ’ fe/fe = 1.224(13) ‘ stat. errors only
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fK/fﬂ'

ff,

v: 1‘1A 1‘15 1.‘15 1.‘20 ‘.‘22 ‘.‘24 |‘26
) ETM 10E
[}‘l 0.230
z| = MILC 10
RBCUKQCD 104 \Y
Haml 10 us
-— JLQCD/TWQCD 09A
- i MILC
{\‘j‘ .- C 09
Z| PACS CS 08, OSA 0225
RBC/UKQCD 0 4 < =
| HPQCD/UKQCD 07 latiice result for f,(0).
b= —— NPLQCD 06 laticeresultfor
—H— MILC 04 H —.—.— latiice result for
il our estimate for N, = 2+1” lati resuls for N, - 241 combined
- == lattice result for f,f,, N, =2
o ‘1}}77 E;M égD oz0l Lol=m-- t—«ﬂn‘z?‘lvyesuus forN, -2 combined
> [P ETM 07 s nctear pcecay
B0 QCDSF/UKQCD 07
= B our estimate for N, = 2’ 055 o5 055 59 ; T
1.14 1.16 1.18 1.20 1.22 124 1.26
ud
(FLAG, 2011)
ETMC Ny =2+ 1+ 1: (PRELIMINARY) FLAG, 2011 :
fi /fr = 1.224(13) f/fr = 1.210(18) Ny =2

fe/fr = 1.193(05) Np=2+1
|Vus| = 0.2254(9)

[Vual® + [Vusl + [ Vi | — 1 = 0.002(15)
ongoing : Bk

QWG G. Herdoiza Charm Physics from ETMC




	Introduction
	ETM Collaboration
	Lattice QCD
	Systematic effects
	landscape

	Nf2
	ETMC ensembles
	charm quark mass
	charm quark mass
	fD
	D->pi

	Nf=2+1+1
	motivation
	ETMC ensembles
	scaling

	Conclusions
	Conclusions


