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1. Introduction: Lattice QCD

# Lattice QCD is a quantitative non-perturbative formulation of QCD
based only on first principles.

## It provides a quantitative calculation tool — becoming a | precise tool

#+ | Precise lattice calculations | for stable (or almost stable) hadrons,
masses and amplitudes with no more then one initial (final) state hadron.

* Quantities relevant for all CKM matrix elements except V;,.

experiment = (CKM)*(lattice inputs)

Lattice inputs: Encoding non-perturbative information on hadrons
(decay constants, form factors, bag parameters, etc)

* Generate sets of gluon fields contribute most to the Path Integral (configurations).
* Calculate averaged hadron correlators on these sets

Goal: control systematic errors
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Quenched approximation [ ned¥ecyf'vacuum polarization effects
— uncontrolled and irr ible errors

Unquenched work with Ny =2 or | Ny =2 + 1| flavours of sea quarks

# Light quark formalism: speed, discretization errors, chiral
symmetry, technical issues.

Quark
speed chiral symmetry Collaboration
formulation
Improved
fast U(1l) x U(1) (ok) HPQCD/MILC/FNAL
staggered
Overlap very slow exact JLQCD
Domain Wall slow m.,.. (good) RBC/UKQCD
JLQCD/QCDSF/
Wilson Moderately fast bad
ALPHA/CERN/PACS-CS
tmQCD Moderately fast ok ETMC

# Mixed actions: Different formulations for sea and valence quarks.



Nf — 2 and Nf — 2+ 1 ensembles available
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02 T A T T T | T | T

MILC, imp. staggered, 2+1
RBC/UKQCD, bW, 2+1
PACS-CS, clover, 2+1
BMW, imp. Wilson, 2+1
ETMC, twisted mass, 2
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# m; > m, g IN numerical simulations

Use chiral perturbation theory to extrapolate to m, 4

# Staggered xPT: remove leading O(a?) errors in fits. Bernard, Sharpe and Aubin



Testing Lattice QCD

%
oy
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Quenched with sea quarks

m'ett = 1.868(7)

mSrP = 1.868

mlett = 1.962(6)

myP = 1.968

Experimental quantities are quite well reproduced by lattice

when including realistic sea quark effects




2. Decay constants: P — [v

## Purely leptonic decays can be used to extract CKM matrix elements

F(PCLb — l’/) OCf%lvabP

or testing SM/lattice predictions
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fp and fp_ : test of lattice QCD

B(Dg — ) o |Vegl? £3,
o ~ _J/

experiment lattice

# Simple matrix element (0|¢yuvs5c|Dq(p)) = ifp,pu — Precise calculations

# Results from two groups with Ny =2 +1

heavy valence quarks HPQCD | HISQ |, FnAL/MmILC | Fermilab action

* MILC ensembles: 3 lattice spacings (0.09 fm ,0.12 fm, 0.15 fm)

* Renormalization partially non-pert. (FnaL/miLc, 1.5% error) and
normalization via PCAC (HPQcCD, NnO error)

* Simultaneous chiral and continuum extrapolation including all a,
valence and sea quark masses:
SChPT ( FNAL/MILC) and continuum ChPT + O(a?) terms ( HPQCD).

# Highly improved staggered quarks (HISQ): Reduction of O(a?as) and
O((amg)*) discretization errors — Very precise results for charm
physics, charmonium and D, (m. fixed by n.). E. Follana et al (2007)HPQCD
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Latest Results (2007/08)

# Sensitive to BSM physics: Starting to see evidence for nonstandard
leptonic decays of Ds; mesons? Dobrescu and Kronfeld 2008

o HPQCD (N, = 2+1) e HPQCD (N, = 2+1)

. e FNAL-MILC (N, = 2+1) _ ~ FNAL-MILC (N, = 2+1)

[ CLEO-c/Belle average N CLEO-c

| | | | | | | | | | | | | |
250 275 300 325 200 225 250 275
fp, (MeV) fy (MeV)

HPQCD __ HPQCD __
D. = 241 + 3 D = 207 + 4

# > 3o discrepancy between experiment and HPQCD lattice fp.,.

2mp,—mMy,

# Experiment-lattice agreement in fx, fr, fp, mp, mp.,

2mD—mnC )
## Expected reduction of experimental errors

# Experiment uses V.s =V, 4.
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system).
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Main sources of uncertainty in lattice fp p,

# FnAaL/MiILC plan to work on more (smaller) lattice spacings —

* Smaller lattice spacing: a = 0.06 fm already exist, a = 0.04 fm in
production.

# Statistics: smearings, random wall sources, more ensembles, twice
as many configurations.

# Fixing m. and improving the determination of the scale »; (T
system).

error will improve to a few % in 2 years
* expected reduction of the error by FnNAL/MILC:

fo, : 4.4% — 2.3% fp./fp : 1.8% — 1.5%

# Other fermion formulations.
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# Extraction of CKM matrix elements: B(B~ — 7 ;) o |Vy|? f%
N - ~—
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S and [fp,

# Extraction of CKM matrix elements: B(B~ — 7 o,) x |Vip|?  f3
o -~ - N~~~
experiment lattice

((0[@vus5b| Bq(p)) = iqupu)

# Decay constants needed in the SM prediction for processes potentially
very sensitive to BSM effects: for example, fp, for Bs — =

# B~ — 7~ v, iS a sensitive probe of effects from charged Higgs bosons.



S and [fp,

# Extraction of CKM matrix elements: B(B~ — 7 ;) « |Vip|?  f5
N 2 ~—

heavy valence quarks HPQCD | NRQCD |, FNAL/MILC

Ve

experiment

Ny =2+ 1 determinations

lattice

Fermilab action

FNAL-MILC HPQCD

(LAT2007) (2005)

fz (MeV) 197 + 13 216 + 22

. (MeV) 240 £ 12 260 + 26
fB:/fB 1.22 +0.03 1.20 £+ 0.03




S and [fp,

# Extraction of CKM matrix elements: B(B~ — 7 ;) o |Vup|?

9
B
—~—

-~

experiment

Ny =2+ 1 determinations

lattice

heavy valence quarks HPQCD | NRQCD |, FnaL/miLc | Fermilab action
errors % errors %
current in 2-5 years
fe (MeV) 6.8-10.3 4.0
fB. (MeV) 5.1-10.1 3.5
fB./fB 2.7-2.6 2.0

# Extraction of fp_/fp from double ratios: e.g. [fp./fBl|/|fx/[x]




3. Semileptonic decays

[
:Vu,aA,u,
Vij \ jfﬁ
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# B — D*lv rate at zero recoil o |V .pha(1)]

# |V.p| needed as an input in ex and rare kaon decays ( Br(K — wvi)).

# New double ratio method: |h4(1)|* =

h, (D

0.98

0.96

0.94

0.92

0.9

0.88

0.86

Nf:2—|—1

(D*|ev;v5b|B)(B|by;v5¢|D*)
(D*|ey4c|D*)(B|byab|B)

FNAL-MILC (Laiho, LATO07)

o medium coarse (0.15 fm)| |

o coarse (0.12 fm) 7 hAl (1) — 0'923(12)8tat.(19)8y8t.
o fine (0.09 fm) -

x extrapolated value | \l/ HFAG

1 |‘/cb| — 39-0(0-7)633]9.(0-9)[&1575.




Exclusive B — D*[v: determination of |V_]

# B — D*lv rate at zero recoil o |V .pha(1)]

# |V.p| needed as an input in ex and rare kaon decays ( Br(K — wvi)).

: . 2 _ (D" [ev;v5b|B)(B|byjvs5¢|D*)
# New double ratio method: |ha(1)]° = (D [e74c[D*) (Blbabl B)

Nf — 24+ 1| FNAL-MILC (Laiho, LATO7)

1 T T I T I

o medium coarse (0.15 fm)| |

098~ o coarse (0.12 fm) 5 stat. syst.
B o fine (0.09 fm) -
0.96- x extrapolated value a \L
€H0'94_ } ) exp. latt.
<
= 092 % % E 4
C % % I \L stat. 4 disc. errors
09 — % |
0.881 | ‘/ch — 39.0(0.7)€wp(0.7)latt
(one year)

0.86 ! | ! | ! |



B — wlv: determination of |V,;|

# Only Ny =2+ 1 calculation so far: staggered HPQCD PRD73/75 (2006/07)
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B — wlv: determination of |V,;|

# Only Ny =2+ 1 calculation so far: staggered HPQCD PRD73/75 (2006/07)

2
Br(B — 7lv) = [Vyp|? foqm“*’” dq2]"f_’7r(q2)2 X (known factors)

25

NRQCD | for b valence quarks

151 | @ fy(q’) HPQCD
|| m f,(q) HPQCD

14% theory error dominated by
statistics and matching

05

| | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20 22 24 26
2. 2
q inGeVv

# Poor overlap in ¢° between lattice and experiment
— increases the total error



# Work in progress to reduce total error

* Moving NRQCD: Generate data at low ¢° + keeping statical
errors under control



# Work in progress to reduce total error

* z-fit: combine lattice and experimental data over full ¢ region
using model-independent expression based on analyticity and unitarity
Arnesen et al.; Becher & Hill; P. Ball; P. Mackenzie and R. Van de Water

3.5/ ' I ' I ' I ' I
|~ 3param. fit constrained such that f_(0)=f (0) -- x2/d.o.f. =0.35
3 f+(q2) from constrained fit B
5 5; -= unconstrained 3 parameter fit-- led.o.f. =0.35 i
- || e f,(q) from unconstrained fit
= 2l _
% I P. Mackenzie and
o 1o R. Van de Water (2007)
>+
1,
0.5
ol | | | |



# Work in progress to reduce total error

* z-fit: combine lattice and experimental data over full ¢? region
using model-independent expression based on analyticity and unitarity
Arnesen et al.; Becher & Hill; P. Ball; P. Mackenzie and R. Van de Water

3.5 | U | T | T | T | T
| — 3 param. fit constrained such that f_(0)=f(0) -- x2/d.o.f. =0.35| 1
| & f+(q2) from constrained fit

w

' |--- unconstrained 3 parameter fit-- led.o.f. =0.35

N
ol
\

\

|| & f+(q2) from unconstrained fit

N
\

P. Mackenzie and

=
1
‘ T

R. Van de Water (2007)

f (@) and f,(q)
Lo

o
o
\

o
T

# Work underway to extend lattice results — FNAL-MILC (Mackenzie, LATO07)

total error after finishing current analysis ~10%.



Semileptonic decays: Improvements in progress

# | D — wlv and D — Klv:

f,(d)

0'55 ¢ experiment [Belle, hep-ex/0510003]
— lattice QCD [Fermilab/MILC, hep-ph/0408306]

Andreas Kronfeld (2005)

* FnaL-miLc 2005 results are consistent with experiment for f4(0) <
predict V,.4(Ves) with 14%(11%)

** Uncertainty dominated by discretization errors — improvable by
going to finer (0.09 fm) lattice spacings.



Semileptonic decays: Improvements in progress

# | D — wlv and D — Klv:

f,(d)

0'55 ¢ experiment [Belle, hep-ex/0510003]
— lattice QCD [Fermilab/MILC, hep-ph/0408306]

Andreas Kronfeld (2005)

* FnaL-miLc 2005 results are consistent with experiment for f4(0) <
predict V,.4(Ves) with 14%(11%)

** Uncertainty dominated by discretization errors — improvable by
going to finer (0.09 fm) lattice spacings.

FNAL-MILC working on Ny = 2+ 1 calculation of the form factors
f277™(0) and f7*(0) ( reduction of discr. errors) — V.q and Ves.
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I'(D—mlv)

independent of |V.,| — consistency check

* E((gi}ll’;)) CKM independent test of lattice (QCD)
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# | D — wlv and D — Klv:

¥ I‘F((Dl)__);jzjy)) independent of |V.,| — consistency check

* 5((51?3[3) CKM independent test of lattice (QCD)

* Becirevic, Haas and Mescia: Testing systematic errors reduction for
several double ratios with Ny =2 Wilson fermions.

# | B — Dlv | (alternative determination of V_;):

de Divitiis et al 2007 Quenched analysis in the framework of HQET

* Including the case of non-vanishing lepton mass.

* Demonstrate feasibility of using methodology in the
unquenched theory



4. Neutral meson mixing (AF = 2)
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4. Neutral meson mixing (AF = 2)

[ CKM 2008 LATTICE QCD |

1r [
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Indirect CP violation in neutral kaons: BK
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* By largest source of error to extract CKM combination from
experimental ex
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W
AVAVAV

AVAVAV
W

[ CKM 2008 LATTICE QCD |
1

fo.\Bs,
0.6~ fB\l—BB

r B
0.4F K

r PDGO06
0.2
= of | B
025w o

C ub
VAT v O

C ch
-0.6
0.8

Tl b bev i by coa b b b

11 08060402 0 02 04 06 08 1
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Indirect CP violation in neutral kaons: BK

L A(KL—>(7T7T)I:O)

ex| ~ | A(Ks—=(mm);—g)
experimental

K" _ K"

Bx(u) = (K™ |QAas=2(®)|K")

T §(KO18vuv5d|0){0]5vu s d| KO)

lattice

\

Ve

/

hyperbole in the p —n plane
of the UT
(Im (Vis Vi) ~nl(1 - p) +

const.]).

* By largest source of error to extract CKM combination from

experimental ex

** Expected reduction in By error to a few per-cent level

— V., error becomes significant.
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# Calculate box in lattice QCD needs good chiral symmetry — control
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Indirect CP violation in neutral kaons: BK

JLQCD 2008 (overlap)

# Calculate box in lattice QCD needs good chiral symmetry — control
the allowed operator mixing — simplify renormalization (smaller errors)

Recent unquenched results

_e_
N ; = 2, renormalization NP
PN HPQCD/UKQCD 2006 (stagg.)
N, =2+1, renormalization P
® RBC/UQCD 2007 (DW)
N, = 2+1, renormalization NP
| . | . | . | . | . | . | . |
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
B, (2GeV)

# Current most accurate result by rRec-ukQCD:

BMS(2 GeV) = 0.524(10) stat. (25) sys. (13) ren.

(6% error)

* NLO SU(2) x SU(2) xPT (2% error).

* Only one lattice spacing (4% error) — need check discret. errors.

(work in progress)




generating Ny =2+ 1 ensembles (two different volumes)
— remove dominant uncertainties.
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— remove dominant uncertainties.

# | Underway | overlap valence + twisted mass sea Ny = 2 calculation

ALPHA, Scorzato LAT2007

* overlap: exact chiral symmetry

* twisted mass: computationally more efficient than overlap or DW



# JLQCD generating Ny =2+ 1 ensembles (two different volumes)
— remove dominant uncertainties.

#

Underway

overlap valence + twisted mass sea /Ny = 2 calculation

ALPHA, Scorzato LAT2007

* overlap: exact chiral symmetry

* twisted mass: computationally more efficient than overlap or DW

Underway

DW valence + staggered sea Ny = 2 + 1 calculation:

Aubin, Laiho, Van de Water

* Non-perturbative renormalization

* Large number of staggered sea quark configurations wmiLc

* ~ 5 —6% error expected.



BY neutral mixing: AM;,, ATy and ¢

# Experimental measurements:
CDF

AMs|egp. = 17.77£0.12ps™ 1

PDGO7 average
AMglezp. = 0.507 & 0.005 ps—*

ATs|P9 = 0.1740.09 £+ 0.02 ps—!

exp.

AT |CDF = 0.076 70 003 #+ 0.006 ps—!

exp.

e theoretically: In the Standard Model

AMq’theor. X ‘V;;g‘/;tb|2 f%qBBq

— Need accurate theoretical calculation of f%qBBq




BY neutral mixing: AM;,, ATy and ¢

# Experimental measurements:
CDF PDGO7 average

AMs|exp. = 17.77+£0.12ps™ ! AMylexp. = 0.507 & 0.005 ps—1

AT|P9 =017+ 0.09 4+ 0.02 ps—! AT |CDF = 0.076 70 003 #+ 0.006 ps—!

exp. exp.

e theoretically: In the Standard Model
AMq’theor. X \V{;V;sb|2 f%q éBq

— Need accurate theoretical calculation of f%qBBq

Precise determination of CKM matrix elements

_ JBsv/BB, |AMgMp,
fBy/BB,; \| AMsMp,

3

‘ Vid
Vis

* Many uncertainties in the theoretical (lattice) determination cancel

totally or partially in the ratio
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* Improved staggered (Asqtad) for light quarks and NRQCD ( HPQCD)
Fermilab action ( MILC/FNAL)

* Calculation of all the matrix elements needed to determine
AMd,S, AFd,s and f
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# NP could enter through new particles in box diagrams.

# Recent claims of NP effects in BY — BY mixing (Bona et al. (uTfit Col.))
and Bg — Bg mMixing ( Lunghi and Soni)

# Two unquenched Ny = 2 + 1 calculations underway: HPQCD and
MILC/FNAL

* Improved staggered (Asqtad) for light quarks and NRQCD ( HPQCD)
Fermilab action ( MILC/FNAL)

* Calculation of all the matrix elements needed to determine
AMd,S, AFd,s and f

Current status: working on the chiral extrapolation
(NLO+analytic NNLO SxPT)




Preliminary results for fg /Mg Bp,

fBS\/MBSBBS(G€V3/2) HPQCD
0.9 T T T T | | |
L #* a=0.12 fm (improving statistics)

Bes B a=012fm

o i A =009fm

5 08 o =

) i Preliminary

) 0.75 —

2 i _

o 0.7F -

m” - *
@, 0651 * |
o0

é _

q_mw 0.6 —
0.55F |
O 5 I 1 | 1 | 1 | 1 | | |

0 0.1 0.2 0.3 0.4 0.5 0.6
=
L light ms

with m’galence fixed to its physical value and m:¢* very close to it.

statistics+fitting errors ~ 1 — 2%

# Statistics and systematic errors included

Same for fp, /BB,




Preliminary results for fg /Mg Bp,

a3/2fp /Mg, Bp, | Fermilab/MILC

B a=0.12fm, m/m_*=0.005/0.050
05 B a=0.12 fm, m/m_*=0.007/0.050
Preliminary B a=0.12fm, m/m_=0.010/0.050
- B a=0.12fm, m/m_=0.020/0.050
045 E —
't fB, /\/MBSBBS
04 ;F i
| E de \/MBJBB(Z
o
035~ | -
| | | | | | | | |
0 0.01 0.02 0.03 0.04 0.05
sea
am

I
Example: Ensembles with a = 0.12 fm.

Full QCD: only statistical errors included



Preliminary results for & Full QCD

gMBs /MBd — (st \/MBs BBs)/(de \/MBdBBd)

T T | T
1.35 Bl a0.12fm, HPQCD _
i A 3=0.09fm, HPQCD ]
13l .. @ a0.12fm FNAL/MILC| |
i Preliminary V¥ &009fm FNALMMILC| |
1.25 _
w I~ T —
0 12+ ]
s 4 ]
~~
2115 1 _
- \ 4
< $ ]
1.1 1 _
1.05 |- _
1 _
1 | 1 | 1
0.950 0.2 0.4

valence valence
4 /' m

# Only statistical errors included.

# Only full QCD points included.
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non-perturbative matching, more accurate inputs (amyp, a, ...).

Reduction of errors by a factor of 1.5 — 2




Discussion of errors

fB,\/Bs, §

Total (estimate) 5— 7% 2 — 3%

7# Expected improvements in 2 years. smaller lattice spacings,
better statistics, development of non-perturbative or partially
non-perturbative matching, more accurate inputs (amyp, a, ...).

Reduction of errors by a factor of 1.5 — 2

#| Underway | RBC/UKQCD: C. Albertus et al.

* In an early stage: static limit, Mpion = 400MeV, ...
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By mixing beyond the SM

# Effects of heavy new particles seen in the form of effective operators
built with SM degrees of freedom

eAfFf ° ZCQ1+25@2
*k With Q,; and Q; four-fermion operators

° CZ-,(Z- Wilson coeff. calculated for a particular BSM theory
o (FO|Q;|F) calculated on the lattice

# SM predictions 4+ BSM contributions + experiment

— | constraints on BSM physics

# Same programme can be applied for extra operators

# Complete Ny = 2+ 1 analysis of AB = 2 matrix elements expected from
both Fermilab lattice-MILC and HPQCD collaborations in 1-2 years
with errors< 10%.



D° neutral mixing

See Eugene Golowich’s talk

What can lattice calculate?

# Long-distance:

Current lattice techniques are inefficient
for calculating non-local operators

* Straightforward approach requires a unreasonable increase of
computing time to account for non-locality.

Y

* 1 Need to develop new techniques | to have accurate
(~ 10% errors) results.




What can lattice calculate?

# Short-distance: We can calculate the matrix elements involved in the
the SM and general BSM analysis on the lattice.

* Same techniques and effective hamiltonian as for BY mixing.

* This kind of studies can exclude large regions of parameters
in many models, constraining BSM building.

See Eugene Golowich’s talk
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What can lattice calculate?

# Short-distance: We can calculate the matrix elements involved in the
the SM and general BSM analysis on the lattice.

* Same techniques and effective hamiltonian as for BY mixing.

* This kind of studies can exclude large regions of parameters
in many models, constraining BSM building.

See Eugene Golowich’s talk

* A consistent unquenched determination of all matrix elements
involved, free of the uncontrolled uncertainties associated to
quenching is needed

* FNAL/MILC col. plans to calculate these matrix elements
in the next 2 years with at least a 10% precission.



5. Conclusions and outlook

# Important progress in lattice calculations including sea quarks
(Nf = 2+ 1)

* Precise new results (few percent errors) in Kaon and D sectors.

* Expected for this year: precise results in b physics: B? mixing
parameters, decay constants.
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5. Conclusions and outlook

# Important progress in lattice calculations including sea quarks
(Nf = 2+ 1)

* Precise new results (few percent errors) in Kaon and D sectors.

* Expected for this year: precise results in b physics: B? mixing
parameters, decay constants.

# Several quark formalisms giving good results and more Ny = 2 + 1

configurations being generated — | important test

# Prospects for next two years

* Reduction in uncertainties of quantities relevant for CKM
physics by a factor of around 2.

* Consistency checks of lattice QCD methods by ...
** more comparison against experiment.

** comparing lattice calculations using different

fermion formulations.
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Other Heavy-light semileptonic decays

affordable
Flavour neutral | Unstable in 5 years?
now
possible but
B — nlv Vv
expensive
B — n'lv Vv v/ v
B — plv v v
B — wlv Vv Vv Vv
B — KIl Vv
B — K*ll Vv Vv
B — ll V/ v v
B — K*v v v

R. Van de Water




HISQ action

E. Follana et al, HPQCD coll.

e Highly improved staggered action.

e Much improved control of discretization errors.
* Highly reduce O(a?as) errors (an order of magnitude)
* Substantially reduce taste-changing with respect to Asqtad
* No tree-level O((am)*) at first order in the quark velocity v/c

— accurate results for charm quarks



Error budget for decay constants

f~  fx fx/f= | fo  fp, fD.,/fD
r1 uncert. 1.4 1.1 0.3 1.4 1.0 0.4
a’ extrap. 0.2 0.2 0.2 0.6 0.5 0.4
finite volume 0.8 0.4 0.4 0.3 0.1 0.3
m, /s extrap. 0.4 0.3 0.2 0.4 0.3 0.2
statistical 0.5 0.4 0.2 0.7 0.6 0.5
ms €Vol. 0.1 0.1 0.1 0.3 0.3 0.3
myq, QED, etc | 0.0 0.0 0.0 0.1 0.0 0.1
Total(%) 1.7 1.3 0.6 1.8 1.3 0.9




Quark masses

MS(2GeV) = (Mutmq)
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New: Determination of the charm quark mass

# m. extracted from current-current correlators.

* HISQ action used to determine moments G,, of charm-quark
pseoudoscalar, vector and axial-vector correlators.

with

Gn =) (t/a)"G(t)

= af Z(&moc (0]J(Z,t)J(0,0)]0)

* Four-loop results from continuum perturbation theory for the

moments.

me(m

¢) = 1.266(16)GeV | or equivalently

mq(3GeV) = 0.983(13)GeV




K — wlv: |Vyus| from Kaon semileptonic decays (K;3)

l
J =V, A,
Vi W

See Federico Mescia’s talk

# Latest result [RBC/UKQCD (2007)]: ff”(O) = 0.9644(33)stat.(34) 42 4 (14)a

* Only one lattice spacing — need check disc. errors
— calculation in a second lattice spacing in progress.

* Further technical improvements to reduce systematic and
statistical errors in progress ( twisted boundary conditions, stochastic volume
averages)

7 Calculations with other fermion formulations:
ETMC (twisted mass), FNAL-MILC (staggered)



# Same programme can be applied for extra operators

<B_Od(s) |Qi:1—5|B2(S)>

e Chiral perturbation theory more complicated (extra free
parameters):

(Bg(s) |Qi:1_5|B2(8)> —chiral 1i(1 + L) + T L" + analytic terms
——
52211



# Same programme can be applied for extra operators

<B_Od(s) |Qi:1—5|B3(S)>

e Chiral perturbation theory more complicated (extra free
parameters):

(BY d(s) |Qi=1— 5|Bd( )> —chiral 1i(1 + L) + T L" + analytic terms
N——~
i#£1
# Complete Ny analysis of AB =2 matrix elements expected from
both Fermilab lattice-MILC and HPQCD collaborations in 1-2 years

with errors< 10%.

* | First results || One-loop renormalization for HPQCD study

( E.G,Shigemitsu, Trottier)



Ny =2+ 1 ensembles available or in production
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A. ElI-Khadra, 2007



