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Outline

#® Brief introduction to B

#® Mixed Action Chiral Perturbation Theory
» Ginsparg-Wilson valence quarks (or Domain-wall)
» Staggered sea quarks

® By with a mixed action
s PT expression

» Numerical estimates:
s Effects of taste violations
s Finite volume effects

s Current plans
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Bk

® Parametrizes the hadronic part of K© K 9 mixing:
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® Asin all interesting quantities, Bk cannot be calculated in perturbation theory
) Lattice

® By is a measure of the size of indirect CP violation in the Standard Model
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Bk and the CKM Matrix
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Best way to calculate Bk ?

We need:
® Excellent chiral symmetry: To reduce operator mixing and simplify renormalization

® Light masses: Better to stay in or near the chiral regime

Using staggered sea quarks and domain wall valence quarks:
Really light masses and large volumes
Very good chiral symmetry to protect us from operator mixing

Can use non-perturbative renormalization (a la the Rome-Southampton method)

oo 0 b

Best of both worlds, and has been seen to work well (LHPC, NPLQCD; see various
talks at this meeting)

If you're worried about the 4th-root trick,
you're in the wrong parallel session.
We assume that it's valid here.
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Mixed action PT

Sea sector:
® Nges avors of staggered quarks

® Here Ngea = 3: u;d; s, and each quark has four tastes

Valence/Ghost sector:
® N,y avors of Ginsparg-Wilson quarks and ghost quarks.
® Here, Ny =2:x;yand x;y

® Theory hasan SU(4Ngea + Nya jNvai ) SU(ANsgea + Nya jNya )r graded chiral
symmetry in the massless and continuum limits

Power Counting:

® p2 m? mgq &
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Mixed action PT

® |agrangian is simple:

fe f 2
L = gsSreae y — St M+ M Y+ a® Us + U2+ Uy

® f; :LO parameters
-. M . 4N sea + 2 Nva| 4N sea + 2 Nva| mass matl’iX
® Us;Ul—sStaggered PT potentials:

m%? = (my+ mg)+ a® (; t2fP;A TVl g
®» U, = Cy Str 3 3 Y :Taste-violating term that mixes sea and valence sectors
® 3= P,. P ., With Psava the projectors on the sea/valence sectors
® U2 and Uy are irrelevant here
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Bk PT for a mixed action: LO

® Again, the Bk operator at the quark level (here, K refers to a valence kaon) is

O %% = [y @ s)xlly @ s)x]
A4lg. Frkaollae Fkoal

Fk projects the yx component of the quark bilinear

L I

Treating Fx as a spurion to make this operator invariant under the symmetry group,

we have
. ! Lgr; Fk ! LFgLY

® The result is the same as the continuum, where we have the chiral operator
X h i h i
OK = Str @ yFK Str @ yFK
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Bk PT for a mixed action: LO

® No other terms arise at O(p?; m?) as in the continuum at this order

® At O(a?) we could have several types of terms:
® 1: Terms that arise from four-quark operators allowed to violate the taste
symmetry. These do not contribute as all operators allowed singlets under the

symmetry group.
$ 2: Terms that arise from insertions of the Symanzik action. Again, these either
vanish identically or do not contribute at one-loop order in the chiral expansion

® So O, isouronly operator!
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Bk at one loop

°

We get one-loop terms from the O, and tree-level analytic terms

°

Only analytic terms allowed by the symmetries are:
® a’(my + my)

® (my + my)?

& (my my)?

® a’m?
® mi
® (mZ m2)2
® mg (map + m%P + m%P)

® Note that the a? term can be modi ed by using singlet taste masses for the last
analytic term
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Bk at one loop

® Calculation is straightforward and we get, for the simpler 2+1 case (my = my):

Bk _ N 1 | .
p— - conn disc
Bo 16 2f2m)2(y
22 4 2 212 2 2 2
+ cra“mygy + CoMmyy + ca(my my)°+ CaMyy (2mDP + mSP)

lconn =2 miy e(m>2<y )

2 2
my

)2

(mE)(m% + mg)  (mi)(md + mi))
8 9
< =

@ @ X 2 >

ldisc = =

9

® R, are residues of poles in the avor-neutral propagator — depe nd on m2I : m%l

“(m?)= m?Inm? + nite volume

o 2
RJ (mj) mxy + mj

@ni @ni | j=XY; /

(In m?2 +1)+ nite volume

m?) =
;mg,

® Taste violations show up just in 1 analytic term and R;
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Effects of taste violations?

“Full QCD" is de ned by m"@ = m?s°2 on later slides (m"® = m3¢® makes the By
expression more continuum-like but both methods are equivalent in the continuum
limit)

Estimates are done assuming we're working with the “coarse” MILC ensembles, with
a  0:125 fm, with a spatial volume of L° =203

We'll x the masses:

am?$®@ = 0:007, am*® = am@ =0:05

Plots will be as a function of the valence light quark mass, m}’a' :
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Effects of taste violations?

We care about two things:

Effects of the taste-singlet term in the disconnected part of the result (we'll ignore
analytic terms for now), so we de ne

Bk (m?@; ) Bk (m?;0)

mvaI —
Finite volume effects:
A )= Bk (m@; ;L) Bk (mM?; )
L Bk (my@; )
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Effect of |
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Error is never larger than  0:4%
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Finite volume effects
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Dashed line is continuum
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“Full QCD” error is never largerthan 1 1:5%...
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Next...

We plan to calculate Bk with the coarse MILC lattices (roughly 300 con gurations for
each light sea quark mass) with valence DWF

a=0:125fm,L =20
ams = 0:05; am; = 0:007;0:01; 0:02
Valence DW masses range from am,; = 0:01to 0:05

Use non-perturbative renormalization to minimize matching errors

Currently:
Generating DWF propagators on 0.007 lattices
Starting spectrum calculation

Debugging Bk code
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Conclusions

Using a mixed action combines the best of both the staggered and domain-wall
formulations:

Light dynamical masses and large volumes (staggered)
Excellent chiral symmetry on valence sector (domain-wall)

Numerical estimates seem to imply errors (non-unitary nature of partial quenching,
nite volume, taste violations) very small and under control

With roughly 1 million processor hours, we should have a good determination of B
on a single lattice spacing (Lat07)

Next: Need more time to get second lattice spacing for a continuum limit
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