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CP Violation in the Kaon System

Two amplitudes determine € and €’
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Low Energy Standard Model Diagrams for B

KO
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Electroweak process
at high energy scales
reduce to a single
4-fermion operator at
low energies

Need correctly
normalized value of
the Q*=* operator in
kaon states.



Standard Model Diagrams for €7/¢
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Exchange diagrams

Q +Q,

These should dominate AI = 1/2
rule at =2 GeV

Gluonic penguins

Q+Q,+Q+Q,
Q, should dominate Al = 1/2
contribution to /e at u =2 GeV

Electroweak penguins

Q7+Q8+Q9+Q10
Q, should dominate Al = 3/2
contribution to €°/¢ at u =2 GeV




K — 7 in 3-flavor Effective Theory

e Hamiltonian for 3-flavor effective theory: only 7 of 10 operators independent

G 10
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e K — mm from lattice calculations and LO chiral perturbation theory.
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e (8,1) coefficient o$® is power divergent, O(1/a?). Determine from K — |0)



Quenched Chiral Extrapolations (27,1) and (8,1)
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Real K — mm Amplitudes from Quenched QCD and yPT
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¢’ /e from Quenched QCD and yPT

e Dominant contribution: ()5 to Re Ay and Re Ag, Qg to Im Ay, Qg to Im As.

e Contributions depend on renormalization scale GeV

e Schematic formula for €' /e
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Achieving Accurate Kaon Physics on the Lattice

Issue Current status
Quenched approximation |2+1 flavor DWF and ASQTAD

Chiral symmetry breaking |Staggered fermions

Twisted mass Wilson fermions
Domain wall fermion v’
Overlap fermions v/

Heavy pions ASQTAD: one pion has m, = m /10
DWE: correct light pions with m, = m /7

Operator Renormalization |Non-perturbative renormalization (NPR)
Schrodinger functional methods

Extrapolation to chiral limit [Chiral perturbation theory:
DWEF - continuum like
ASQTAD - include taste breaking

Multiparticle final states 1) Avoid via ChPT
2) Use finite volume effects

More computing speed Many sustained Teraflops currently




25,000 nodes at Brookhaven
RBRC and USDOE machines

14,000 nodes at the University of Edinburgh t
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Zero Temperature Ensembles

Volume a’l (GeV) (m,m) m MD Flme
S res units
(0.02,0) 2680.5
16° x 32 x 12 1.69(5) (0.03,0) 10.00137(5) 3097.5
(0.04,0) 3252.5
(0.02, 0.04) 1797.5
3
16> x 32 x 8 1.8(1) (0.04. 0.04) 0.0107(1) 1797 5
(0.01, 0.04) 4015
16°x 32 x 16 1.62(4) (0.02, 0.04) |0.00308(4) 4045
(0.03.0.04) 4020+3580
(0.005,0.04) 4500
(0.01,0.04) 3785
3 -—
24° x 64 x 16 1.6-1.7 (0.02.0.04) 0.0031 1350
(0.03.0.04) 2813
(0.004, 0.03) 500
3 _ ~
32°x 64 x 16| 2.1-2.2 (0.006. 0.03) 0.0005 200

First row 1s with DBW?2 gauge action, all others use the Iwasaki action.
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Partially Quenched NLO ChPT for m_and f_
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Fitting B . to NLO Partially Quenched ChPT

163 o7 7

Both 16° and 24°
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Unitary Extrapolation for B
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Final Result for B,

075 | —~
- B 2 =0 extrapolation, 2+1f (RBC-UKQCD)
€ lwasaki + DWF 2+1f (RBC-UKQCD)
0.7 — AsqTad staggered 2+1 f (HPQCD-UKQCD) ]
i DBW?2 + DWF 2f (RBC)
QO DBW2+DWF 0f (RBC)
065 | < Iwasaki+DWEF Of (CPPACS)
' [0 Wilson + DWF Of (RBC)
“ B
0.6 — —

0.55 — | @ @ @

05— —
| ! | ! | ! | !

0 0.005 0.01 0.015
2 2
a (fm)

BK(m)(Z GeV) =0.557(12)(29) extrapolated to continuum



B, Comparison
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BK in the Chiral Limit: B

Use data from (3 fm )® volume

0

Only pseudoscalars with mass < 400 MeV

12 data points used 1n fits

Preliminary result: B, ™(2 GeV) = 0.34(5)
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£’/e on 2+1 flavor, (3 fm)’ ensembles

Valence masses 0.001, 0.005, 0.01, 0.02, 0.03, 0.04 (m /10 to m)
Concentrating on 0.005/0.04 and 0.01/0.04 ensembles
Large contributions by Tom Blum, Saul Cohen, Sam L..

0.005/0.04 ensemble: 40 configurations separated by 80 MD time
units. 0.01/0.04 ensemble: 30 configurations separated by 80 MD
time units

Concentrating on lighter quark masses where NLO chiralperturba-
tion theory should be reasonable.

Coulomb gauge fixed wall sources at t =5 and 59
Random noise source of length 40 for pupil calculations

1/2 of time 1n wall source calculations, the other 1/2 1n pupils



Al = 3/2 Plateau
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Al = 3/2 Plateau Comparisons

Previous Quenched New 2+1 Flavor
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Al = 3/2 Plateau
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Al = 1/2 Plateau - unsubtracted Q,
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Comparing Al = 1/2 Plateau

Common fluctuations in Q, and sd
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Al = 1/2 Subtraction Coefficient Comparisons
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Subtracting Q,
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Subtracted Q.
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m_ and AS = 1 matrix elements

e Spurion field €2 at midpoint represents residual ¥SB

e Transforms as (3,3) under chiral symmetry

 For low energy observables, €2 goes tom_

* For divergent quantities, new parameters enter which are O(m_ )

* Due to unsupressed modes 1n 3-d, two powers of €2 can enter with the
same size as a single power of €2

e Higher order terms are a few percent effect and can be subtracted

e Discussed by Christ and Sharpe at DWF@ 10 meeting at BNL
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Chiral Perturbation Theory and €7/¢
Simulations will have a fixed, dynamical strange quark mass, which
may be outside range of utility of NLO ChPT

Lightest quark mass, m /10, may need finite volume corrections
added to ChPT formula.

2+1 flavor partially quenched ChPT being done by Aubin, Laiho
and L1

(8,8) and (27,1) operators complete. (8,1) operators are well under-
way



£’/e Summary

Have summarized RBC-UKQCD calculation of NLO coeffi-
cients from K -> m and K -> vacuum

Work on K -> st at unphysical kinematics underway

Lee and Sharpe are using ASQTAD staggered fermions, with
smearings, to calculate B, , B_ and B,. Testing to see how
much smearing can help with operator mixing

Hernandez, et. al. are working in the epsilon regime
(quenched) to explore Al = 1/2 rule

Lellouch, et. al. are using overlap fermions on lattices gener-
ated with 2 flavors of Wilson fermions to look at B and &’/e.



Conclusions

2+1 flavor DWF QCD simulations well underway
(3 fm)? volumes at two lattice scales
m,=m_/5ona’=1.6GeV lattices
m,=m_/Tona’=2.1GeV lattices

AS = 1 matrix elements appear to be benefitting from large spatial
volume, giving reduced statistical errors.

From comparison of ChPT to data, we are investigating range of
pseudoscalar masses where NLO ChPT is accurate to, say 10%.

For ¢€”/e, NLO fits for Al = 3/2 amplitudes should work.

For Al = 1/2 amplitudes, statistical errors will likely limit NLO fits
K -> m, tests underway to get needed constant.

Major systematic in final result likely ChPT

Multiparticle final states a few years away...



