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Statusof Lattice QCD

Past —> Now

ns = 0, “Quenched” N = 3, “Unquenched”



(HPQCD+UKQCD+MILC+Fermilab Collab., PRL92,2004 )
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Ny = 0: =~ 10% deviations from Exp’t

—> Nnf = 3: agree to Exp’t within 2-3%.



Next step:

Most Vckm can be determined from Lattice QCD + Experiment.

Determination/Check of Vi
with ns = 3 Lattice QCD
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Next step:

5 Vckm elements can be determined from semileptonic decays.

Determination/Check of Vi
with ns = 3 Lattice QCD
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One example:
V s from semileptonic decay D — Klv

Experiment

= [(D—Klv) O \QQN:._.AQNV_N_<8_N
(9= pp — Pn)

Lattice
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This talk

First completens = 3 LQCD calculationsfor
semileptonicdecaysof D mesons

D—Klv, D—rlv

and similarly for B mesons
B—mlv, B—Dlv

= [Ve¢dl, Ved|, [Vubl, [Veb| (4 CKM from nf =3 LQCD)



What'snew ?

Two dominant errors are successfully reduced:
(quenching, my — myg extrap.)

e first N = 3 calculations for semileptonic D decays.

previous(Ns = 0) error: 10— 20% — Now(ns = 3): < 3%

e use of “fast” fermion (1-spinstaggeredtype action) for light quarks
— simulated mass my is much closer to real u,d mass Mmyq
—> much smaller error from m, — Mg extrapolation

previous(Wilson) error: 10— 20% — Now(staggered): ~3%



How closecanwe reachto real m,q quark mass?
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Wilson-type light ~ [FNALO1] m/mg>1/2 error ~ 10%
staggered-type light [this work] m/ms < 1/2 error ~ 3%



Exptrapolation of m — myq (“chiral fit”)
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XPT+lin fit (solid) f =A(1+5fXPT) +Bm central value

XPT+quad fit (dotted) f=A(1+3fX"T)+Bm +Cn¥ +(0-3)%

linear fit (dashed) f =A+Bm +3%



Main results
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Checkfor D — mtdecay:

f07™ (040 = fo/frc  (“Soft pion relation”)
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Comparisonto FOCUS experimentfor D — K decay

FOCUS result is preliminary.

f2(®)/1+(0) vs ¢

¢+ FOCUS — pole 1.91
— mod alpha=0.31 = hep-atf0309107
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(provided by FOCUS collab.)



CKM matrix
[ex
_<og_N — Aﬂ\_<843_mﬁ ; Aﬂ\_<op_mv_m: L %QQN_ F.AQNV_N.

_<oa_ _<om_
—e—] PDG'02 ¢
e n=3 Fed
(this work)
n=0 e
(APE '01)
omomm o.m_ | _H_ | _H.N

Veg| = 0.23910)(24)(20) , |Ves = 0.969(39)(94)(24)



Systematicerrors

e Iy — IMyg extrap. : 3 fits [SXPT fits, linear] differ by 3%.

e finite a errors (a=1/8 fm)
staggered U,d,squark: O(01sa’/\?) =~ 2%, O(0sa’p?) ~ 5%
Wilson ¢,b quark: O(0sa\,a°/A?) ~ 7%

e other errors : 3-pt fitting (3%), a~1(1%)

TOTAL systematicerror~ (3+2+5+7+3+1)% ~ 10%

Ved| = 0.239(10)(24)(20) , |Ves| = 0.96939)(94)(24)



B — mtresults(preliminary)
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Using CLEO’s branching ratio
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B — Dlv decay
(DIVH|B) = /mgmp x [hy (w)(vg + vp)" + h_(w)(vg — vp)H],

where W= Vg - \p.

dr (B — Dlv
E220) 0 1 oW BV’
W
o |_3_w|30
Je-p(W) = hy(w) e —— h-(w).

We focus on the zero recoil limit (w = 1).

Ratio method (S. Hashimoto et.al.’99)

CPYB()CEOP(t) (DVo[B)(BMID) _ | 5,
COWD (t)CB%E(t)  (D|Vo|D)(BNo[B) nwF

F(1)=1in B=D limit.



B — D results(preliminary)
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Using Belle’s branching ratio

Vep| x 107 = 3.83(07)(06)(64)



Summary

First complete Ny = 3 LQCD results for D, B decays.
Two errors (quenching, my — myq extrap) are successfully reduced.

D—Klv, D—rmiv
o fD=T(0)=0.64(3)(6) (= Vcq)
o fP7K(0)=0.733)(7) (= Vo)

B — miv , B — DIv (preliminary)
o fB2T(0)=0.24(3)(2) (= Vup)
e 78p(1) =1.07(2)(2) (= Vo)




*Our” CKM matrix with nf =3 LQCD
(from semileptonicdecays)

[ Vu Vis Vub \
N/A N/A 3.6(5)(4)(3)x1073
Ved Vs Vb
0.24(1)(2)(2) 0.97(4)(9)(2) 3.8(1)(1)(6)x10~2
Vid Vis Vip
\  N/A N/A N/A ]

value(stat)(syst)(expt)
R_.\m being determined with nf = 3 LQCD.



*Our” CKM matrix with nf =3 LQCD
(from semileptonicdecays)

[ Vu Vis Vub \
N/A N/A 3.6(5)(4)(3)x1073
Ved Vs Vb
0.24(1)(2)(2) 0.97(4)(9)(2) 3.8(1)(1)(6)x10~2
Vid Vis Vip
\  N/A N/A N/A ]

value(stat)(syst)(expt)
R_.\m being determined with nf = 3 LQCD.

LQCD unitarity check!
(IVed|? + Ves| + [Vep| *) /2 = 1.00(4)(9) (2)



Futur e Plans

e Reduce finite a error by taking a — O limit with two lattices:
a=1/8 fm (this work) and a= 1/12 fm (underway)

e Compare with CLEO-c exp’t for CKM-independent ratio

dr (D — Klv)/dg? 3 _fENV_N. Ves|?
[(Ds—1v) [fogl [Ves|?

(= stringent check for LQCD)

o K — miv decay (= V3



Extra slides



CPU time [J 1/mg. (very slow for u,d quarks)

(3) “1-spin” Naive fermion

Reduce CPU time by “spin diagonalization”

P(x) = Q)X , BX) =X(X)Q"(x)
QX) =Yo'V1'Yz V5

P (Y- A+mMP(X) = Xa(X)(N(X) - A+ M)3epxXa(X)

Then, drop spin index
Xa (0=1-4) = ¥

1-spin X is much faster than 4-spin Y in simulation

(1)



Oscillating state

Naive quark action has “doubling” symmetry under

P(x) = iysyo(—1) W(x)

—> heavy-light 2-,3-point functions have oscillating states:

Coa(t) = AeF' + (~1)'Ne B8t 4

OUlv: ty, t . _AE.
R(t) = Qm%v om?wc = (VD) + (—1)'e 2Bt x .

method 1. take average: _u€+m_ua+c ~ (VD) + O(e™2Et. AE).

method 2. make fits to C2=™, CI*° separately.
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How to compute (1jVy|D) (cont’d)

Matching between“lattice” <« “continuum”

(MV,°"D) = zy, (mv,*|D)

vV 4"y Py~ 1)

h
2y,

quasknon-perturbati ve determination for N/ﬁ

e compute N@:g N,_\_ non-perturbatively from:
2y (DIV,ID) =1 (qq=hhII)

e compute Py, perturbatively.
O(as) &~ 2%, O(a2) < 1%,
(1-loop PT by M. Nobes et.al)



fit form (Becirevic and Kaidalov '99)
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