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Motivation

I To test lattice eld theary asa tool for studyingstrongly
coupled eld thearies. Compae precisioncalculationsof
massesand decg constantswith experimentalresults.

I To calculatethearetical quantities neededin the analysisof
experimentaldata, for example,in the determinationof
elementsof the CKM matrix.



HeavyQuaks

I The discretizationerras grow with the quark massas powers
of am.

I For a direct simulation, we need:

amy, ¢, 1 (heavyquarks)
LaA mi,! (light quarks)

I If my, is large enough,) e®ective eld theay (NRQCD,
HQET). Very successfufor b physics.



Cham quaks

The cham quak is in betweenthe light and heavymass
regime.

Quite light for an easyapplicationof NRQCD.

: o : <
Quite large for relativistic quark actions,ame » 1.

However,by usinga very accurateaction (HISQ) and ne
enoughlattices (MILC), it is possibleto get accurateresults.

Errars for HISQ: O((am)*; ®s(am)?).
Non-relativisticsystem: further suppessionby factors of (v=c).
Canreducethe erras to the few percentlevel.

Simple: usethe sameaction in the chamonium and the
cham-light secta.

We will usethis action both for heavy-heavyand heavy-light
systems) consistencycheck.



Con gurations

MILC ensembles2 + 1 ASQTAD seaquaks: (my, m;, mg)

I Verycoase: a¥ 0:16fm; 16°x 48
m = mg=2:5; mg=5
I ValenceHISQ:am; = :85

I Coase:a¥10:12fm

om = me=2; ms=4 20°x 64
om = mg=8; 24°x 64
I ValenceHISQ: am; = :66

I Fine:a% 0:09fm;: 28x 96.

I m = mg=2:5, mg=5
I ValenceHISQ:am; = :43.



Massesand decy constants

I We usethe massof the " to "x the massof the cham quark.
I We adjust the coexcient of the Naik term to havec? = 1.
This further reducesthe discretizationerras by factors of ¥.

charmonium masses, hisq ma=0.43 on fine MILC
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Massesand decy constants

I Mesondecg constants:

o H 12
8Y4 ! m%

fpp:
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PCAC:
fpmp? = (Ma+ my) < Oj&°s5hjP >

I We do a simultaneousbayesian t of the massesand decy
constantsto the chiral and continuum limits.



Massesand decy constants

Mass (GeV)
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Decy constants
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Using experimentalleptonic
branchingfractions (KLOE)

Vus = 0:2262(13)(4)

This givesthe unitarity relation

1i V&i V&i V§ = 0:0006(8)



Decy constants
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Massdi®erences

I We plot mp,(m) i mp(m;) andmg,(m;) i mg(m;) asa
function of the sealight quack mass,m;.

HPQCD B + D meson masses
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Conclusions

The useof a highly improvedquark action and ne enough
lattices providesa very good way of studying systemswith
cham quaks from rst principles.

We can calculateaccuratelya number of interesting
guantities, which can be checled againstexperimentalresults.

Outlook

Direct determinationof m; from the lattice. Needs
perturbative calculation(underway.) Accurate mg=ms.

New methad for the calculationof mc (in collaboration with
K. Chetrkin et al, Karlsrue.) combiningcontinuum
perturbation resultsfor the momentsof the "¢ carrelatar with
lattice data. Preliminay, work in progress.

Leptonicdeca width A! e* el . Known accuratelyfrom
experiment(» 2%).
Semileptonicform factars: D! ¥°;D ! KI°
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