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Outline

@ precision kaon phenomenology:
f /T
p ) }|vus|

L) f;fn(o
@ By

@ status and outlook (what will be in 5 years time?)

@ discussion of systematic errors

@ some questions

for discussion of technical details and status and pecularities of simulations of the
various fermion formulations cf. Lattice 2006 and Lattice 2007 plenary talks
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Matrix elements in lattice QCD

@ Correlation functions in terms of Euclidean path integral
(Ol y,A]) = 3 [ DYDYDAO(J, Y, A) e~Se(V)-Salie:0)
Ground state matrix elements for large Euclidean times

@ discretisation — space time lattice as regulator ~ 7t/a

Statistical sampling of path int. with e.g. QCDOC-computer by UKQCD/RBC

N‘J s 4 ,"\<'%

@ from first principles:
2+1 flavor (lattice) QCD has only 3 parameters m, = mg, mg, g(a)
tuning to physical point using hadronic input

exp

: ; 1 _ M
o lattice spacing: a™* = &
meP
am,
@ quark masses: ﬁ = ﬁ H=mnK,D,...)
\%
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Estimating and controlling errors
After S.Sharpe, Lattice QCD: Present
and Future, Orsay, 2004

assume staggered or DWF

statistical error
0O(100) measurements for 1% stat.

precision but dependent on simula-
tion and observable
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Estimating and controlling errors
After S.Sharpe, Lattice QCD: Present
and Future, Orsay, 2004

assume staggered or DWF

statistical error

0O(100) measurements for 1% stat.

precision but dependent on simula-
tion and observable

discretisation errors

Ot = Q“nt(1+4 (ah)?+ (ah)* +...)
two lattices with am;, and V2amn
for target precision €:

amin ~ (§)'* o.5<13ev
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After S.Sharpe, Lattice QCD: Present
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assume staggered or DWF

statistical error

0O(100) measurements for 1% stat.

precision but dependent on simula-
tion and observable

discretisation errors

Ot = Q“nt(1+4 (ah)? + (al)* +...)
two lattices with am;, and V2amn
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finite volume errors (FVE)

- exponentially suppressed o« e™rt,
- correction by analytical calculations
- or scaling study:

for target precision e:

m.L = —log(e)

Precision kaon phenomenology on the lattice

Andreas Juttner @ Lattice QCD meets experiment workshop 2007, FermiLab



Estimating and controlling errors
After S.Sharpe, Lattice QCD: Present
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for target precision e:
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Precision kaon phenomenology on the lattice

light dynamical quarks

-Nf=2,2+1,2+1+1

- quark mass is a free parameter

- strange quark physical

- light u & d quarks are expensive:
currently only myq/ms = 1/10

physical Myg/Ms ~ 1/24
- extrapolate using yPT
- naively

2 4
olat — ophys (1 +C1 (m—’;) + C2 (::—Z) SakE ) -
for two lattices with
(mo/m,), a0 VZ(rnojm,
for target precision e:

(8.~

min
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light dynamical quarks

-Nf=2,2+1,2+1+1

- quark mass is a free parameter

- strange quark physical

- light u & d quarks are expensive:
currently only my 4/ms = 1/10

physical Myg/Ms ~ 1/24
- extrapolate using yPT
- naively

2 4
olat — ophys (1 +C1 (2—2) + C2 (::—Z) SakE ) -
for two lattices with
(mo/m,), a0 VZ(rnojm,
for target precision e:

().~

renormalization

min

perturabtive or non-perturabtive
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Example

Current simulations: e.g. UKQCD+RBC domain wall fermions:

€
cut-off a 0.11fm 1.4%
unphysical light quark mass m, 330MeV 2.7%
finite volume L 2.7fm 1.0%
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[Vys| from Ko decay

@ In 2004 Marciano first used the lattice determination of f /f, to determine |V s|:
(Marciano, hep-ph/0402299)

F(K > p5,(0)) Vil (fK ) Mk (L - mg/mg)
M(m > ubu(y)) ~ Vul? My (1 —mZ/m?)

f

x 0.9930(35) J

@ experimental values for decay rates from KLOE 2006

MK - i, (y)) = 2528(2)x 10 “MeV
M(m— uv,(y)) = 3.372(9)x10*MeV
@ yields
2
i :2 =0.07602(23)exp(27)raa 6 =2x0.23% J
@ use

|Vud| = 0«97372(10)exp(15)nucl(1g)RC o< 1%0

from nuclear Beta decay (Marciano, Kaon 2007)
and f /f, from the lattice
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[Vys| from Ko decay

Recent (2006/2007) dynamical lattice computations of fi /f,
@ many different groups (QCDSF+UKQCD, ETM, MILC, HPQCD+UKQCD,
NPLQCD, RBC+UKQCD, PACS-CS)
@ many different formulations (impr. Wilson, tmQCD, staggered, DWF, overlap)
@ 2 or 2+1 flavour

@ lattice spacing a = 0.06 — 0.13fm, sometimes scaling study otherwise crude
estimate of cut-off effects

@ lightest meson masses m™" = 210 — 330MeV
@ lattice volume m,L =3 -5
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[Vys| from Ko decay

Summary fx /f, = [Vus|

NF2 ————— QCDSF+UKQCD 2007
H
N2 ot ETM 2007
A
H
N'=2+1 —0:— MILC Lattice 2007
B
NE2HL i NPLQCD 2006

Z
I
N
+
=

HPQCD/UKQCD 2007

NF2#l  —rob
i : RBC/UKQCD 2007 (24%)
:
N PACS-CS 2007
;
:
|||||||||I||| A ||||||||I||||I||||
021 0215 022 0225 023 0235 024 0245
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[Vys| from Ko decay

Weighted average, error as for MILC-result:

f /T, = 1.198(10) 6 = (0.3%) (0.8%)>
N———

FVE,a, x

(05)° (19)fk /™ (01)us

Vusl = 0.2241 6 200)r  (0.8%)/"*  (0.03%)Vue

@ reliability of analytical finite volume corrections is crucial
@ xPT is now being tested

9 up to which quark mass does it work and at which order?
@ is yPT improvable order by order?
@ compare SU(2) x SU(2) with SU(3) x SU(3)
@ most collaborations are still generating configurations and will reduce their errors
in the near future
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[Vys| from K3 decay

2 5

rK - nlv) = CZ 192 =53

X Sl [1 4 2Asy(2) + 2Aem] X |Vust07Z (0)l J

@ Spy short distance EW corrections

@ | phase space integral (via FF shape from experiment)
@ Asy(2) iso-spin breaking corrections

@ Apy long distance EM corrections

Table by Moulson hep-ex/0703013 (KLOE, KTeV, ISTRA+, NA48)

Approx contrib to % err
Mode VusfK™(0)  %err  BR T A I
K_e3 0.21639(55)  0.25 0.09 0.19 0.10 0.09
K 43 0.21649(68) 031 010 018 0.5 0.17
Ks e3 0.21555(142) 066 0.65 0.03 0.10 0.09
K=*e3 0.21844(101) 046 038 011 0.24 0.09
K* u3 0.21809(125) 057 031 0.10 045 0.17

average  0.21673(46) 0.21

— sub-1%-precision for fi”(o) required
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Vsl from K3: Simulations

Recent computations of f<™(0)

Ref. fL(0) %err m;[GeV] al[fm] N;
Leutwyler & Roos Z.Phys.C25:91,1984 0.961(8) 0.8

Bijnens & Talvera hep-ph/0303103 0.978(10) 1.0

Cirigliano etal.  hep-ph/0503108 0.984(12) 1.2

Jamin et al. hep-ph/0401080 0.974(11) 11

Becirevic etal.  hep-ph/0403217 0.960(5)(7) 0.9 205 0.07 O
HPQCDMILC  hep-lat/0412044 0.962(6)(9) 1.1 i T 2+1
JLQCD hep-lat/0510068 0.967(6) 0.6 > 0.55 0.09 2
RBC hep-ph/0607162 0.968(9)(6) 1.1 > 0.49 012 2
RBC+UKQCD  arXiv:0710.5136 0.964(5) 0.5 > 0.33 0.114 2+1
UKQCD/QCDSF  arXiv:0710.2100 0.965(?) > 05 0.08 2
ETM 2?27 hopefully soon...

MILC ??? hopefully soon...
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Kis-decay - 4 steps on the lattice

<n(pn)|vy(0)|K(pK)> = fj:n(qz)(pK + pn),u + ffﬂ(qz)(pK - prz),uv qy = (pK - pn)y

Becirevic et al.:
1) compute f£™(q2,,) - very precise
2) compute f(')‘“(qz) for Kaon and pion with lattice Fourier momenta
3) interpolate fX™(q?) to g2 = 0
4) extrapolate in the quark mass to the physical point

fk"(0)=1+f, +f, +... we compute
Gasser&Leutwyler, 1984

Af =£5(0,my, mg) — (1 4 f2(my, mk))
—> need < 20% precision for Af

H

[TIT T[T T[T [T T[T Tt
0.0r

—0.21

(q2/ mnl mK)

AR RARRARRAR RRRARRARRRT|

bbb b b
Ray

—0.4F
0.7
—0.61
Vi 08
N4
Lo
—0.8f

o ™ =300VeV

:
0.0 02 04 0.6 08
mi +m? [GeV?)

:\‘H\‘H\‘H\‘\H‘\H‘\H‘\‘
014 -012 -01 -008 -006 2—004 002 0 002
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[Vus| from K3 decay - uncertainties and improvements

Uncertainties (e.g. RBC+UKQCD hep-lat/0702026)
f<7(0) = 0.9644(33)%(34)%° ¥ (14)? J

@ stat.: all-to-all propagators, larger Zoos
stats.

@ g? interpol.: due to Fourier momenta e

. . = zfit2

on the lattice — twisted boundary voc
conditions (Boyle et al. hep-1at/0703005) (ag)?

= 0.02 0.01 0.00 0.01 0.02

@ y extrapol.: simulate at lighter quark
masses and new results in yPT -

Bijnens has NNLO-expressions but 02
tedious to evaluate

0.0

Ray

@ cut-off: scaling study

0.0 0.2 0.1 0.6 0.8
m} +m? [GeV?]

Precision kaon phenomenology on the lattice Andreas Juttner @ Lattice QCD meets experiment workshop 2007, FermiLab



Vs from K;3 decay - comparison

Best value currently RBC+UKQCD:

f<7(0) = 0.9644(33)%2(34)%° % (14)?

oy UG L O
Vus'l = 02287 omyr (03%)  (0.4%)%%  (0.1)%%
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Summary |Vys|

@ nice agreement between two
independent lattice methods

@ in many cases Leutwyler & Roos
(1984!) is still used to determine
[Vus| (cf. PDG) this will hopefully

change as more independent lattice

result build up confidence

Precision kaon phenomenology on the lattice

IIIIIIIIIIIII H IIIIIIIIIIIIIIIIII
N=2 —o—.— QCDSF+UKQCD 2007
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N=2+1 _._-_ NPLQCD 2006
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o :
= = —_——
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qt IIIIIIIIIIIII A IIIIIIIIIIIIIIIIII
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qt IIIIIIIIIIIIIIII\'IIIIIIIIIIIIIIIIIII
021 0215 022 0225 023 0235 024 0245
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First row unitarity

slight tension with unitarity with Marciano’s |V 4| hep-ph/0510099

0.231

0.231— IV, | =0.97377(27)

f%(0) =0.9644(47)
0.229—

- ft =1.198(10) —
0.208—
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@
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v
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I
ud
Plot inspired by FlaviaNet Kaon working group (cf. Moulson hep-ex/0703013)
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First row unitarity

less tension with Unitarity with Towner and Hardy’s |V q| arXiv:0710.3181
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Plot inspired by FlaviaNet Kaon working group (cf. Moulson hep-ex/0703013)
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CP-violation in kaon decays:
neutral kaon mixing (AS = 2)
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Bk - AS = 2 neutral Kaon mixing

(KOIQASZ2(1)KY . 0As=2 _

(0] -0
BI(OAKOR VW+AA VA+AV

@ currently precision for Bk © lattice chiral symmetry (domain wall, overlap
fermions)

0252 = Z\y, aa(0o, ap)Owviaa(Qo)

otherwise operator mixing, e.g. for Wilson fermions

4
O%9=2 = Zyv,aa(Qo, ap) (OW+AA(90) + X Ai(go)Oi(go))
i=1
and similarly for staggered fermions
which blows up error
@ improvement through non-perturbative renormalization

@ new development mixed action: valence and sea with domain wall and staggered
fermions, respectively (Aubin, Laiho, van der Water) analysis under way
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Bk - AS = 2 neutral Kaon mixing

@ recent activities by (HPQCD+UKQCD, Bae-Kim-Lee-Sharpe, RBC+UKQCD
JLQCD, Aubin-Laiho-van de Water)

@ staggered, DWF and overlap or Domain Wall on staggered sea with 2+1 or 2
dynamical quark flavors

@ a ~ 0.1fm - help from quenched studies
@ perturbative or non-perturbative matching (preferred)
@ NLO xPT (SU(2) x SU(2) or SU(3) x SU(3))
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Bk - AS = 2 neutral Kaon mixing

NF2 ——————— UKQCD 2004
N.=2

i SPQcdR 2005
N=2 -o- RBC 2005
N2 ° JLQCD 2007

(no error yet)

N'=2+1 - e HPQCD/UKQCD 2006
N,=2+1 - RBC/UKQCD 24° 2007

B
Current best estimate by RBC+UKQCD:

Bk = 0.720(13) (37)
——
(1%)FVE(4%)a(2%)PT
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Conclusion

Hand-wavy, crude, hopefully conservative estimate for simulation in five years time:
E.g. domain wall fermions assuming 100-1000TFlop/s computer:

€
cut-off a 0.06fm 0.1%
unphysical light quark mass m, 200MeV 1.0%
finite volume L 5fm 0.7%

fx /f. - closer to the chiral limit
- detailed study of finite volume effects
- currently dominated by staggered fermions which is already very far
- precision now 0.8%; then < 0.5%

f7(0) - precision can easily be increased by larger statistics/smarter methods
(which are available)
- systematic due to g? interpolation can be removed
- xPT at NNLO is lacking
- precision now 0.5%; then < 0.2%

Bk - NPR mandatory
- precision now 5.4% then < 3.5%
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Not the only one...

V. Lubicz at SuperB IV, November 2006

Estimates of error for 2015

Hodronic Sgeurrentill ¢ 1ty | 60 TFlop | 1-10 PFlop
matrix lattice
Year Year Year
element error
£55(0) 0.9% 0.7% 0.4% <0.1%
i (22%on 1-f) | (17%on 1-f) | (10%on1-f) | (2.4% on 1-f,)
B, 11% 5% 3% 1%

Precision kaon phenomenology on the lattice
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Outlook

@ status: predictions for Ny = 2,2 + 1 QCD for

quantity % err
fX7(0) = 0.964(5) 0.5%
f /fn = 1.198(10) 0.8%
Bk = 0.720(39) 5.4%

@ What will improve these results in the next five years?:
9 100-1000TFlop/s computer
9 larger volume
@ smaller lattice spacing
9 lighter dynamical quarks — m; < 200MeV
@ tests of chiral perturbation theory

@ other:
9 €/e
9 Matrix elements for K — nl*1~ and K — rvi?
@ lepton universality - K — pv, vs. K — eve?
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BACKUP
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AS =1 (K — n7fi—0,2)
The Holy Grail
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AS =1

(nm(1)] = IH|KO) = Aje
udes  HES = ViV T {KI(O7(k) + K5 (1)05(w)}

10
uds  HAST = 2EV,Vi Y Ci(u)0i(u)

@ (04,0,, current-current
O3456 QCD penguins
07,8,9,10 EW Penguins

@ no penguins in HAS=!

@ challenge is to compute (rtr(1)| — iH|K?) = A e
(Maiani, Testa Phys.Lett.B245:585-590,1990)

@ both Hamiltonians are being investigated on the lattice:

. 1 AS=1 (Giusti et al. hep-lat/0407007)
- influence of charm quark on Al = 3 — study HSS='  Hemandez plenary Lattice 2006)
and talk Lattice 2007)

- phenomenological calculations — study HAS=?
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