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Prologue

CKMmatrix—parameterinStandardModel
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1−λ2/2λAλ3(ρ−iη)
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−λ1−λ2/2Aλ2
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Aλ3(1−ρ−iη)−Aλ21
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weakeigenstates
VCKM
←→masseigenstates

VV†=1=⇒4independentparameters{λ,A,ρ,η}.

roleofLatticeQCD:

calculatehadronicamplitudes(nonpertubativeeffects)from1stprinciples



“CKMmatrixwithlatticeQCD”V
LQCD
CKM

ForeachCKMelement,thereexistshadronicprocesseswhoseamplitudes

canbereliablycalculatedfromLQCD—

gold-platedquantities:atmostonehadronininitial/finalstates.
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π→lνK→πlνB→πlν

VcdVcsVcb

D→πlνD→KlνB→D(∗)lν

D→lνDs→lν

VtdVtsVtb

〈Bd|Bd〉〈Bs|Bs〉
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〈B|B〉,〈K|K〉,sin(2β)=⇒{ρ,η}
Givenrecentdevelopments(unquenching,improvedactions,machinesetc.),

wearenowinagoodpositionforthefulldeterminationofV
LQCD
CKM.



FirstresultinunquenchedQCD(M.O,hep-lat/0412044)

VLat
CKM=


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|Vud||Vus||Vub|
0.9744(5)(3)0.225(2)(1)3.5(5)(5)×10−3

|Vcd||Vcs||Vcb|
0.24(3)(2)0.97(10)(2)3.9(1)(3)×10−2

|Vtd||Vts||Vtb|
8.1(2.7)×10−33.8(4)(3)×10−20.9992(0)(1)
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value(lat.err)(exp.err)

λ=0.225(2)(1),A=0.77(2)(7),ρ=0.16(28),η=0.36(11)

•|Vus|,|Vub|,|Vcd|,|Vcs|,|Vcb|and{λ,A}obtainedfrom

5semileptonicdecayswithnf=2+1LQCDcalc.(byFNAL/MILC)

•restof|VqQ|and{ρ,η}obtainedwithCKMunitarity&sin(2β)B→ψKresult

NOTE:theoryinputs(fornonperturbativeQCDeffects)areLQCDonly.



Apurposeofthistalk

PresentaWorldAverage(WA)ofVLat
CKMin2005

(alongareviewonrecentresults)

usingcurrentbestresultsforgold-platedquantities.

ForWA,Iexclude:

•non-gold-platedquantities(ε′/εetc.)

•quenched(nf=0)latticeQCD

•non-latticemodelcalculations(Light-conesumruleetc.)

•inclusivedecays(B→Xlνetc.)

ThisisabiasedWA,but(Ibelieve)suchanaverageisuseful,atleast,to

announcethestatus/abilityofLQCD.



Outlineofthistalk

CKMmagnitude|VqQ|
•Dmesondecays=⇒|Vcd|,|Vcs|
•Bmesondecays=⇒|Vub|,|Vcb|
•(Kmesondecays=⇒|Vus|)

CKMphase{ρ,η}
•Bmesonmixing,f2

BqBBq

•(Kmesonmixing,BK)

•UnitarityTriangleanalysis=⇒{ρ,η}

Summary/Outlook



Topicsnotcoveredinthistalk

Iapologizefornotcoveringtopics(inHQsession)below:topic(presenter)

Heavyhadronspectraandheavyquarkmasses

•QQ̄mass(Gottlieb),Heavy-lightmeson(Koponen,Foley)

•mc(Nobes),mbandHQET(Sommer,Garron,andNegishi)

Otherdevelopments

•Renormalon(Pineda),Pioniccoupling(Becirevic)

•BmixinginP.T(Palombi)andinquenchedQCD(Blossier)

•N.Ptuningofaction(Lin),Radiativetransitionsincc̄(Richards)

•J/ψ-Hadroninteraction(Yokokawa),heavyquarkpotential(Koma)



CKMmagnitudefrom

Dmesondecays

D→π(K)lν,D(s)→lν

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•CheckLQCD(forBphysics)

bycomparingLQCDresults(f
D→π/K
+,fD(s))withExp’t(|Vcq|input)

•Determine|Vcq|bycombiningLQCD+Exp’t



Semileptonicdecay(oneexample):
|Vcs|fromsemileptonicD→Klνdecay

Experiment

K

+
+

l

l ν

D

W

≡Γ(D→Klν)∝
Z

q2
max

0
dq2|f+(q2)|2|Vcs|2

(q=pD−pK)

Lattice

〈K(pK)|Vµ|D(pD)〉=f+(q2)

[

pD+pK−
m2

D−m2
K

q2q

]

µ

+f0(q2)m2
D−m2

K

q2q
µ



D→πlνandD→Klνresults

FNAL/MILC,hep-ph/0408306;PRL(Mackenzie’sposter)

nf=2+1(MILC“coarse”),improvedstaggeredlight+FNAL(clover)heavy

smallχfiterror,3%;finite-a,9%=⇒total10%error
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AgreewithExp’tforD→K(π)lν(bothnorm&shape)

=⇒credibilityofB→πlνresult

SeeKronfeld’sposterformorecomparisonswithExp’t.



D,Bphysicswithstaggeredu,d,s+Wilson(NRQCD)c,b
(M.Wingateet.al.,2001)

•computestaggeredpropagator〈χ̄(x)χ(y)〉(=⇒smallermqaccesible!)

•convertstagquark(1-comp)prop→“naive”quark(4-comp)prop:

Ω(x)†〈χ̄(x)χ(y)〉Ω(y)=〈ψ̄(x)ψ(y)〉withΩ(x)=γ
x0
0γ

x1
1γ

x2
2γ

x3
3

•combinelightnaive+heavyWilsonin2-ptand3-ptfunctions:

MD≈mu+mc,mu+mc+
2
a
,mu+mc+

4
a
,···

C
D
2,3(t)∝e−MDt

→e−(mu+mc)t

=⇒Nodoublingin2-pt/3-ptfunctions!

SuccesfullyappliedtoFNAL/MILC,HPQCDcalculationsof

fD(s),fB(s),D→π(K),B→π



Chiralexptrapolation(ml→mud)forD→πformfactor

(1)χfitwithStaggeredχPT(Aubin&Bernard)

f=A(1+δfSχPT)+Bml

δfSχPTcontains(staggered)χ-log:

1
16∑

P,A,T,V,I
ξM2

π,ξlog(M2
π,ξ)×nξ

M2
π,ξ=2µml+a2δξ(=⇒χ-logdiluted)

ConstantsinSχPTfit:

fπ,g2
DD∗π&δξ,δ′

A,V(fixedfromlightphysics)

Freeparameters:A,Bonly

(2)Linearχfit:f=A′+B′ml

Fit(2)agreeswith(1)within≈3%

=⇒insensitivetofitformwithml≤ms/2
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Leptonicdecay(oneexample):
|Vcd|fromleptonicD→lνdecay

Experiment

W

D

l

+
+l

ν

≡Γ(D→lν)∝|fD|2|Vcd|2

CLEO-cwillmeasurethemto2–3%accuracy;8%now(Lepton-Photon’05)

Lattice

〈0|Aµ|D(p)〉=fDpµ



D→lν(fD)results

FNAL/MILC,hep-lat/0506030
(Simone’sposter)nf=2+1,staglight

SχPTfittoPartiallyQuencheddata

0.00.20.40.60.81.01.2
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s m

D
s

1/2/fD m
D 1/2

a = 0.12 fm (MILC coarse)
SχPT fit (to 60 PQ points)

SχPT fit (δa
2
->0)

mq

val
 = mq

sea

fD=201(03)sta(17)sysMeV=⇒
∼9%error(finite-a&χfitdominate)

CLEO-cExp’t,
updated@Lepton-Photon’05

fD=223(16)sta(
+07
−09)sysMeV

(with|Vcd|=|Vus|=0.225)

B(D→µν)=

4.45(67)(
+29
−36)×10−4

⇓

|Vcd|=0.250(22)lat(21)exp

new!

f
nf=2
D=202(12)sta(

+20
−25)sysMeV(CP-PACS,prelim,nextslide)

Agreewithexp’tforfD=⇒credibilityforfB



Ds→lν(fDs)results

FNAL/MILC,hep-lat/0506030
(Simone’sposter)

nf=2+1,staglight+FNALheavy
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Partially Quenched SχPT fit ( δa
2
- > 0)

fDs=249(03)sta(16)sysMeV
∼7%error(finite-aerrorlargest)

CP-PACS,preliminary
(Kuramashi’stalk)

nf=2,cloverlight+Tsukubaheavy
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]
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expt.
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fDs=238(11)sta(
+07
−27)sysMeV

∼12%error(finite-aerrorlargest)

nf=0resultswithOverlap/DW:(Dong’stalk/Chiuetal,hep-ph/0506266)

CLEO-cwillmeasurefDs.



Leptonic/Semileptonicratio

CKMfactor|Vcq|canceledintheratio(=⇒agoodtestofLQCD):

Rcd≡
√

B(D→lν)

B(D→πlν)
∝

fD

fD→π
+(0)·|Vcd| /

|Vcd| /

LQCD(nf=2+1),FNAL/MILC
Rcd=0.22(2)

Exp’t,CLEO-c’05etc
Rcd=0.25(2)

200250
fD [MeV]

2345
Br(D−>πlν)x10

3
0.200.25

Rcd

Exp’t

LQCD
CP−PACS

PDG’04
(CLEO’05)

(FNAL/MILC)

AgreewithExp’tforDphysics.=⇒credibilityforBphysics



CKMmagnitudefromDdecays

|Vcd|2semi−lep∝B(D→πlν) R

dq2|f+(q2)|2,or|Vcd|2lep∝B(D→lν)
|fD|2

0.20.250.81

PDG’04

Nf=2+1

semi−lept

Nf=2+1

|Vcd||Vcs|

(FNAL/MILC)

(FNAL/MILC)
leptonic

|Vcd|Lat05=0.245(22),|Vcs|Lat05=0.97(10)



CKMmagnitudefrom

Bmesondecays

B→π(D)lν,B(s)→lν
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•AgreementswithExp’tforDdecays

giveusconfidenceinsimilarquantitiesforBdecays(fB→π
+,fB(s)...)

•Determine|Vxb|bycombiningLQCD+Exp’t



B→πlνwithnf=2+1LQCD

FNAL/MILCstaglight+FNALheavymval
l=msea

lMackenzie’sposter

HPQCDstaglight+NRQCDheavyfixedmsea
lGulez’stalk
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Nf=3 (HPQCD)
Nf=3 (FNAL/MILC)

B−>πlν

f+

f0

SystematicerrorFNAL/MILCHPQCD

mlextrapolation4%4%

currentmatching1%9%

q2dependence4%-

finite-a,1/mQ9%5%

Totalsyst11%11%

UsingbranchingratioB(q2≥16GeV2)byCLEO’03+Belle’04,

|Vub|×103=3.48(29)sta(38)sys(47)exp[FNAL/MILC;(8+11+13)%=19%error]

|Vub|×103=4.04(20)sta(44)sys(53)exp[HPQCD;(5+11+13)%=18%error]



q2dependenceofB→πformfactors

0510152025
q

2
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]
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1.5BK
polynomial

B−>πlν
f+

f0

FNAL/MILC

LQCD OK LQCD hard
Expt OKExpt hard

Method-1Becirevic&Kaidalov(BK)
ansatz(centralvalue)

f+(q2)=
F

(1−q2/MD∗)(1−Aq2),f0(q2)=
F

(1−Bq2)

Method-2polynomialansatz
(forerrorestimate)

f+,0(q2)=c0
+,0+c2

+,0q2+c4
+,0q4+···

Differencebetw.M-1andM-2for|Vub|(∝
R

dq2f+2)−1/2is:

4%withB(16GeV2≤q2≤q2
max)[mostlyinterpolation]

11%withB(0GeV2≤q2≤q2
max)[longextrapolation]

Q.Howcanwereachlowerq2?



Solution-1.combineLQCD(higherq2)+non-LQCD(lowerq2)

(1)Arnesenet.al.,hep-ph/0504209

LQCD(higherq2)+disprelation(q2dep)+SCET(q2=0)

=⇒δ|Vub|≈13%

disprelationisnotamodel,butananalyticitybound.

Mackenzie’sposter:similarattempt

(2)Flynn’sposter(Albertuset.al.,hep-ph/0506048)

LQCD(higherq2)+disprelation(q2dep)+LCSR(q2=0)

=⇒δ|Vub|≈11%(prelim.)

(3)Fukunaga&Onogi,hep-lat/0408037

LQCD(higherq2)+disprelation+
dΓexp

dq2(q2dep)+f+=f0(q2=0)

=⇒δ|Vub|≈14%
|Vub|moreaccuratelydeterminedthanLQCDalone(δ|Vub|Lat05≈18%)
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0.0
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1-q2 ()f(q2)

f=f0
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Solution-2.directLQCDsimulationusing“movingNRQCD”

MovingNRQCDisageneralizedversionofNRQCD
inBmesonmovingframe(u=pB/MB6=0):

LmNRQCD=ψ†
(

iDt+iv·D+
D2

2γm−
v·D2

2γm
+···

)

ψ

whereuµ=γ(1,v),γ−1=
√

1−v2.

mNRQCDallowsB→πlνcalcatlowerq2withsmallerpπ:

Forv≈0.75,pπ=1GeV=⇒q2=(pB−pπ)2=0

•proposed>5yearsago(Hashimoto&Matsufuru’96,Sloan’98etc.),

butsufferedfromlargestatisticalerror.

•Foleyetal(@Lat’04)showedstaterrorcanbereducedusingaspecial

smearingfunction=⇒v≈0.7−0.8works



Solution-2.directLQCDsimulationusing“movingNRQCD”(cont’d)

QuenchedtestforfQQ̄looksencouraging.(Dougall’stalk)

ExpectB→πlν(andB→K∗(ρ)γ)calcatq2∼0willfollow.



B→D(∗)lνdecay

B(B→D
(∗)lν)∝|Vcb|2|FB→D(∗)(1)|2

Z

dwf
(∗)(w)

wherew=vB·vD.Usedoubleratio(FNAL’99):
CDV0B(t)CBV0D(t)
CDV0D(t)CBV0B(t)→〈D|V0|B〉〈B|V0|D〉

〈D|V0|D〉〈B|V0|B〉

B→Dlν
nf=2+1,FNAL/MILC

00.010.020.03
ml

1

1.1

F
(1)

Nf=2+1 (FNAL/MILC)
Nf=0 (FNAL’99) B−>D

FB→D(1)=1.074(18)sta(15)sys

UsingHFAG’04avgfor|Vcb|F(1),

|Vcb|Lat05=3.91(09)lat(34)exp×10−2

B→D∗lν
SχPTcalc.completed(Laiho’stalk)

00.0250.050.0750.10.1250.15
m_pi^2

0.89

0.9

0.91

0.92

0.93

h
_
A
1

Cusp(inχPT)disappearsinSχPT

nf=2+1calc.underway(FNAL)

=⇒moreprecise|Vcb|



CKMmagnitudefromBdecays

|Vub|2semi−lep∝B(B→πlν) R

dq2|f+(q2)|2,and|Vcb|semi−lep∝
[|Vcb|∗F(1)]exp

F(1)

2345345

PDG’04

Nf=2+1

Nf=2+1

(HPQCD)

|Vub|x10
3

|Vcb|x10
2

(FNAL/MILC)
B−>D B−>π(q

2
>16GeV

2
)

|Vub|Lat05=3.76(68)×10−3,|Vcb|Lat05=3.91(35)×10−2



CKMmagnitude|Vus|fromKdecays(seeDawson’sreviewfordetails)

K→πlν(usedoubleratio,asinB→Dlν)

preliminaryunquenchedresultswithWilson-light:

f+(0)=















0.954(9)(nf=2,JLQCD,Tsutsui’stalk)

0.962(6)(9)(nf=2+1,FNAL,hep-lat/0412044)

0.960(5)(7)(nf=0,Becirevicetal,hep-lat/0403217)

,

nf=2calc.withDWF(RBC,Kaneko’sposter)

calc.withstagquarksisinteresting(needsSχPT)

|Vus|semi−lep=[|Vus|∗f+(0)]KTeV/f+(0)nf≥2

=0.2250(24)lat(12)exp



K→lν
fK/fπ=1.200(4)(

+17
−05)(nf=2+1,MILC)

=⇒|Vus|lep=0.2238(
+12
−32)(Bernard’sposter)

0.200.210.22
Vus f+(0)

PDG, 2004

E865, 2003

KTeV, 2004

NA48, 2004

KLOE, 2004

unitarity

K
+

e3

K
0

e3

0.220.23

PDG’04

Nf>2
semi−lept

Nf=2+1

|Vus|

=

leptonic

|Vus|Lat05=0.2244(14)



CKMmatrixwithLQCD(2005)
(fromleptonic/semileptonicdecays)

























|Vud||Vus||Vub|
0.2244(14)3.76(68)×10−3

|Vcd||Vcs||Vcb|
0.245(22)0.97(10)3.91(35)×10−2

|Vtd||Vts||Vtb|

























5/9determinedwithLQCD(nf≥2)+Exp’t.

CKMunitaritycheckwithLQCD

(|Vcd|2+|Vcs|2+|Vcb|2)1/2=1.00(10)→usingCKMunitarity...



CKMmatrixwithLQCD(2005)
(fromleptonic/semileptonicdecays+unitarity)

























|Vud||Vus||Vub|
0.9745(3)0.2244(14)3.76(68)×10−3

|Vcd||Vcs||Vcb|
0.245(22)0.97(10)3.91(35)×10−2

|Vtd||Vts||Vtb|
3.79(53)×10−20.9992(1)

























8/9determined.

Wolfensteinparameters:λ=0.2244(14),A=0.78(7)

Toextract(ρ,η)and|Vtd|,useLQCDresultsforf2
BBB&BK



CKMphasefrom

BandKmesonmixings










VudVusVub

VcdVcsVcb

VtdVtsVtb











{λ,A,ρ,η}

•Determine{ρ,η}and|Vtd|
•TestStandardModel,ifgoodprecisionachieved



(1)B−B̄mixing
∆MBd(s)∝BBd(s)f2

Bd(s)|V∗tbVtd(s)|2

lattice:

〈B̄0|(b̄q)V−A(b̄q)V−A|B0〉∝BBqf2
Bq

(2)K−K̄mixing
|εK|=BKη[(1−ρ)c1+c2]

lattice:

〈K̄0|O∆S=2|K0〉∝BKf2
K

−0.4−0.200.20.40.60.81
ρ

−0.6

−0.4

−0.2
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0.2

0.4

0.6

ηβ

~|V
td|

~|V
ub|

|εK| ∆MB



fB(s)result

fB(s)issimilartofD,forwhichwehaveseenanagreementwithExp’t

HPQCD,hep-lat/0507015(Shigemitsu&Allison’stalks)
nf=2+1(MILCconf),imprstaglight+NRQCDheavy

00.511.5
mq/ms

0.9

1

1.1

1.2

1.3

Φ
(B

s ) / Φ
(B

q )

Coarse lattice, Partially Quenched
Coarse lattice, Full QCD
Fine lattice, Full QCD
Full QCD continuum ChPT
Linear fit, no chiral logs
Full QCD Staggered ChPT
JLQCD (Nf=2)
Linear fit to JLQCD

fBs/fB
√

MBs/MBvs.mq/ms

χfitswithSχPT,χPT,linearansatz

=⇒only3%difference

insensitivetofitformwithmq<ms/2
deviationfromJLQCD(nf=2)linearfit

fB=216(9)sta+χfit(19)PT(7)othersMeV
total10%(PTO(α2)errorlargest)

fBs/fB=1.20(3)sta+χfit(1)others

PTerrorcancel=⇒total3%



fB(s)result(cont’d)

150200250
fB [MeV]

200250300
fBs [MeV]

1.101.201.30
fBs/fB

WA(Nf>2)
ICHEP04

HPQCD
(Nf=2+1)

Hashimoto

=

•reasonableagreementwithpreviousaveragesforfBandfBs

•goodagreementandbetteraccuracyfortheratiofBs/fB

(smallerχfiterrorwithstaggeredquarks)

•χ-logeffectincludedinHashimoto’sICHEP’04avg



BB(s)

Nonew/updatedunquenchedBB(s)resultthisyear.

(nf=0studywithOverlaplight,Blossier’stalk)

Bestresult:JLQCD’03
nf=2,cloverlight+NRQCDheavy

B(mb)=0.836(27)(
+56
−62),B̂s/B̂=1.017(16)(

+56
−17)

⇓
WithHPQCD’sf

nf=2+1
B(s),

fB

√

B̂B=244(26)MeV,=⇒|Vtd|Lat05=7.4(0.8)×10−3)

(|Vtd|PDG04=8.3(1.6)×10−3)

fBs/fB

√

B̂Bs/B̂B=1.210(
+47
−35)δ(|Vtd|/|Vts|)=3−4%withforthcoming∆MBs



BK(SeeDawson’sreviewfordetails)

newpreliminarynf=2+1resultwithimprovedstaggeredquark
(HPQCD,Gamiz’stalks)

B
M̄S
K(2GeV)=0.630(18)sta(15)χfit(30)disc(130)PT

•MILC“coarse”lattice(a−1=1.6GeV)

•largeerrorfrom1-loopPTmatching;α(1/a)≈0.4,α2≈0.2
=⇒need2-loop/NPandsmallera

•linearχfit=⇒needχfitusingSχPTformula(VandeWater’stalk)

0.3
0.4
0.5
0.6
0.7
0.8
0.9

BK(2GeV)

Nf=0Nf=2Nf=2+1

WA@ICHEP04
(Hashimoto)

HPQCD’05
UKQCD’04

RBC’04

Twomorenf=2+1studies

(Cohen’stalk,Lee’sposter)

BelowIuseHPQCD’sinUTanalysis



UnitaryTriangleanalysiswithLQCD(2005)

Theoryinputs(LQCDonlyasarule)

•B→πlνformfactor(nf=2+1,FNAL/MILC+HPQCD,preliminary)

=⇒|Vub|∝
√

ρ2+η2

•fB(nf=2+1,HPQCD)+BB(nf=2,JLQCD’03)

=⇒|Vtd|∝
√

(1−ρ)2+η2

•BK(nf=2+1,HPQCD,preliminary)

=⇒η(1−ρ)

Exp’tinputs

•B(B→πlν),∆MB,εK(waitingfor∆MBs...)

•B→ψK(Belle,Babar)=⇒sin(2β)



UnitaryTriangleanalysiswithLQCD(2005)

Resultwithoutsin(2β)B→ψK
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ρ=0.20(12)[PDG:0.20(9)]

η=0.37(07)[PDG:0.33(5)]



UnitaryTriangleanalysiswithLQCD(2005)

Resultwithsin(2β)B→ψK

−0.4−0.200.20.40.60.81
ρ

−0.6

−0.4

−0.2

0.0

0.2

0.4
ηβ

~|V
td|

~|V
ub|

|εK| ∆MB

Lattice’05

ρ=0.16(7)[PDG:0.20(9)]

η=0.37(4)[PDG:0.33(5)]



CKMphase{ρ,η}fromUTanalysis

00.50.20.30.40.5

PDG’04

LQCD’05

LQCD’05

(with sin2β)

ρη

(w/o sin2β)

ρLat05=0.16(7),ηLat05=0.37(4)



CKMmatrixwithLQCD(2005)
(fulldetermination)

VLat05
CKM=

























|Vud||Vus||Vub|
0.9745(3)0.2244(14)3.76(68)×10−3

|Vcd||Vcs||Vcb|
0.245(22)0.97(10)3.91(35)×10−2

|Vtd||Vts||Vtb|
7.40(79)×10−33.79(53)×10−20.9992(1)

























{λ,A,ρ,η}Lat05={0.2244(14),0.78(7),0.16(7),0.37(4)}

9/9CKMelementsand4/4Wolfensteinparametersfullydetermined

withLQCD(nf≥2)+Exp’t!



Summary

ItisnowpossbiletofullydetermineCKMmatrixwithLQCD(nf≥2)

Atpresent(2005)

ManyunquenchedresultswithstaggeredlightquarksusingMILCconfigs

(FNAL/MILC,HPQCD).

anagreementwithExp’tforDphysics=⇒credibilityforBphysics

Moreunquenchedresultsusingotherfermions(Wilson,DWF,overlap,...)

neededforchecks!

TypicalaccuracyofVLat
CKMisO(10%)(|Vub|,|Vcd|,|Vcs|,...)

fB
√

BB,BKtoO(10%)=⇒{ρ,η}to≈10%

dominatedbyPTordiscretizationerrors.

goodexception:newfBs/fB
√

BBs/BBto≈3%
=⇒moreprecise{ρ,η},once∆MBsismeasured.
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Outlook

Ihope“CKMmatrixwithLQCD”willbeupdatedeveryyear...

Innext5years(before2010)

Iexpect/hope:

•Manyunquenchedresultsfrommanygroups

•2-loop/NPmatchingdone

•finerlatticesand/orhighlyimprovedactionsdone

•∆MBsismeasuredbyExp’t

TypicalaccuracyofVLat
CKMwillbe≈5%orbetter;

|Vtd|/|Vts|to≈3%=⇒{ρ,η}to≈5%

ReadyforNewPhysics!?−0.4−0.200.20.40.60.81
ρ

−0.6

−0.4

−0.2

0.0

0.2

0.4

ηβ

~|V
td|

~|V
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Lattice 201X
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PartiallyQuenchedfDfits



Matchingbetween“lattice”↔“continuum”heavy-lightcurrent

〈π|Ocont|D〉=Zhl
O〈π|Olat|D〉(O=VµorAµ)

Quasi-non-perturbativedeterminationforZhl
O(FNAL’01)

Zhl
O≡ρO

√

Zhh
VZll

V

•computeZhh
V,Zll

Vnon-perturbativelyfrom:

Z
qq
V〈D|V

qq
4|D〉=1(qq=hh,ll)

•computeρO(=Zhl
O/

√

Zhh
VZll

V≈1)perturbatively.

O(αs)≈1−5%(Haradaet.al.;Nobeset.al.)
=⇒O(α2

s)≤1%.


