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Outline
Introduction — CKM Matrix and Lattice QCD.
Heavy meson xPT (HMxPT).
HMxPT in finite volume — physical picture.
HMyxPT in finite volume — technical aspect.

Volume effects in B°—B°% mixing and their impact
on the global CKM fit.

Conclusion.



Introduction
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The Wolfenstein parameterisation
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Unitarity implies V5 Vg + ViV + V;Via = 0.

A=(p.n)

C=(0,0) B=(1,0)



Introduction

Experimental result = V;; (short-distance QCD effect)

x (long-distance QCD matrix element)



Lattice QCD
Working with experiments
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e Impressive progress.

e On-going efforts pursuing high precision.



Lattice QCD
Systematic errors in lattice QCD

e Unrealistic quark masses in the simulation
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e Volume effects often depend on the meson masses
— are they seriously amplified in the mass extrap-
olations?

e Other systematic effects include finite lattice spac-
ing, (partial) quenching, etc.



HMYPT

e Chiral and heavy-quark spin symmetries:
— B, B*: static sources emitting/absorbing .

— pu = Mpv, + k, — Velocity superselection rule.

e Leading order:
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— Propagators:
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— B—B*—m and B*—B*—m couplings g.

e NLO in 1/Mp and M, [discard O(M./Mp)]:

— Mass splittings from two counterterms
1. A = Mp.— Mp ~ )\2/MB (indep. of Mﬂ-)

2. 53:MBS—MB~/\1(mS—md) (indep. of MB).
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— Additional counterterms.

e In reality and on the lattice, A and §; are of O(M;).



HMyPT in (large) finite volume

T — oo, finite L with periodic BC, B meson rest frame
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e In the limit Mg — o0, FV effects come entirely from
pion wrapping around the world — e "ML /(nM, L).

e When Mg 4 oo, A = Mpg. — Mg ~ O(M,) alters FV
effects by bringing the B* off-shell, with §t ~ 1/A:

— FV effects decrease as A increases.

— The alteration is controlled by M,/A.

— Notice A ~1/Mp.

— s = Mp, — Mp has similar effects.



HMyPT iIn finite volume
Momentum sums in the EFT
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A is the alteration of volume effects due to the
mass splittings amongst the heavy-light mesons.



HMyPT in finite volume

A = oGl -EfG]+ > 4 (o )
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A has the properties:
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1. A;j(z) — polynomials in z and Z™Ag, such that,
2. A=1 when A =0 (No alteration).

3. A~ exp(z?)[1 — Erf(2)] when z < 1.
4

. Ax1/z when A ~ M,.
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14 u,c,t

W u,c,t
The top quark dominates the box — |V4].
A= §5 M3 ViaViPnnSo (55 ) CaG)|(BdOFP=2() Ba)|/ Mo,

The operator O28=2 = [by*(1 — 4s5)d][by*(1 — v5)d].

Cleaner theory prediction in
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— Accurate Am;,; from Tevatron and LHC.

Amg
Amy

Vis
Vid

(Bs|O25=2()|Bs)
(B4|O38=2(1)| Bg)

Conventionally (By|O$B=2(u)|By) = SM3 f3 Bg,(p), and
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BY%—BY% mixing

e Ensure M,L > 2.5.

e Analyse the lattice setup (isospin limit):
1. simulation performed at (ms)att = (Ms)phys-

2. (mg)iatt IS varied.
Therefore need to express Mg ,, in xPT, as

2 = Mgt MP
K 2 )
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e In this scenario, ((ms)phys, maq) = ((Ms3)phys, Mr):
1. Fix (Ms)2,,s = (2M2 — M2)pnys
2. In HMxPT, the SU(3) breaking effect
Mp, — Mp =6, = M (M2 — M?),
— Use physical Mg, Mp, Ms; and M, to fix A;.



BY%—B9 mixing
Plots for FV effects in Bg /Bpg,

(¢8)rv in quenched QCD.
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~ is the n’—B—B* coupling.

It is clear that volume effects can be amplified in both
light-quark and heavy-quark mass scalings.



BO%—B9% mixing

Lattice 2003 review (A. Kronfeld, 2003) quotes
¢ =1.2340.10

Our work on FV effects shows that in the parameter
space of near past/future simulations:

— QQCD data have ~ 5—7% FV effects.
— PQQCD data have ~ 3—4% FV effects.

Amplified in both light and heavy quark mass ex-
trapolations/interpolations.

They have not been taken into account in all the
lattice calculations hitherto.



Conclusions and outloook

The mass splittings amongst heavy-light mesons
can alter FV effects.

These effects can be amplified in both light and
heavy quark mass extrapolations in lattice calcula-
tions.

They can significantly enlarge the quoted error on
¢, hence have an impact on the global CKM fit.

Same techniques in baryon systems

+ Nucleon mass and magnetic moment

S.R.Beane, hep-lat/0403015.

x Baryon axial charge

S.R.Beane and M.J.Savage, hep-ph/0404131.

* [ wist-2 operators in proton SF

W.Detmold and C-JDL, to appear.



