
Two class B proposals using Improved
Staggered Fermions

Chulwoo Jung (Brookhaven National Lab)

Weonjong Lee (Seoul National University)

Andrew Lytle (University of Washington)

Stephen Sharpe (University of Washington)

S. Sharpe, “BK and NPR with Improved Staggered Fermions”, All Hands, April 2008 – p.1/23



Proposal I
BK and Related Matrix Elements with Unquenched, Improved Staggered Fermions

Chulwoo Jung, Weonjong Lee and Stephen Sharpe

This is a class B proposal, requesting time on the QCDOC to
continue our calculation of kaon matrix elements using
HYP-smeared improved staggered quarks. Our major focus will be
on a calculation of BK , which is of particular interest for
constraining elements of the CKM matrix. The present (2007-8)
allocation should allow completion of work on most of the MILC
fine lattices. We give an fairly extensive status report on our
results, so as to motivate its continuation. We propose to extend
this work in two ways: first, to increase statistics on the MILC fine
lattices with the lightest sea quark; and, second, to extend the
calculation to superfine lattices.
Graduate students and postdoctoral associates at both the
University of Washington and Seoul National University will
contribute to this project.
We are requesting 4.1 Mnode-hours on the QCDOC.
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Proposal II
Nonperturbative Renormalization with Improved Staggered Fermions

Andrew Lytle and Stephen Sharpe

This is a class B proposal, asking for time on the clusters to
calculate matching (“Z”) factors using non-perturbative
renormalization (NPR) for the quark mass, bilinear and
four-fermion operators, using valence asqtad and HYP-smeared
staggered quarks on a subset of the coarse and fine MILC lattices.
These matching factors are needed to reduce and control the
systematic error in the quark mass obtained by the MILC
collaboration using asqtad fermions, and in the calculation of BK
and other kaon matrix elements using HYP-fermions. For both
calculations, matching is, or is likely soon to be, the dominant
source of error. We propose to use the standard NPR methodology,
adapted to staggered fermions. We use the Chroma package,
augmented by the addition of momentum sources. We are asking
for time on clusters, and have a slight preference for running at
Fermilab (where we have done our test runs).
We are requesting 500,000 6n-equivalent node-hours on the
clusters.
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Outline
Importance of BK and status of other calculations (both proposals)
Proposal I: BK with improved staggered fermions

Status report and preliminary results
Proposal for 2008-9

Proposal II: NPR with improved staggered fermions
Importance for mq calculated with asqtad fermions
Applying NPR to staggered fermions
Status of code development
Proposal for 2008-9
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Importance of BK

8

3
m2

Kf2
KBK = 〈K̄|s̄γµ(1 − γ5)ds̄γµ(1 − γ5)d|K〉 . (1)

BK is one of the key quantities needed for constraining the CKM matrix
and possible new physics
Assuming the Standard Model is correct, CP-violation in B-decays imply:
[utfit.roma1.infn.it]
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B̂K(UT prediction) = 0.78 ± 0.09

Challenge for lattice is to attain
percent-level precision
See today’s posting [Lunghi & Soni,

arXiv:0803.4340]
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Another view of unitarity triangle fit
UT-fit: http://utfit.roma1.infn.it/analysis-(no)angles.eps
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Present status of lattice results

DWF (a−1 = 1.73 GeV, msea
ℓ ≥ ms/5, mval

ℓ ≥ ms/10):

⇒ bBK(DWF) = 0.720 ± 0.013 ± 0.037 [RBC-UKQCD]

Errors are statistical and systematic

Largest systematic is estimate of discretization error

Error in matching coefficients from NPR is 1.4%

Unquenched staggered, degenerate quarks, coarse MILC lattice:

⇒ bBK(asqtad) = 0.83 ± 0.18 [Gamiz et al.]
Error dominated by use of one-loop matching

Statistical error is 3%, discretization error is 5%

Valence DWF on MILC sea [Aubin et al.]
Overlap, twisted mass, . . .

Calculations using DWF lead the way, but independent checks
of the systematics are crucial—thus we are pursuing a (relatively
computationally inexpensive) precision staggered calculation
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Proposal 1: improved staggered BK
HYP-smeared valence quarks on MILC asqtad lattices

Simple to implement, taste breaking reduced by 2.5 − 3 compared to
asqtad, small perturbative corrections

Calculate BK (and B3/2

7 and B3/2

8 ) and π, ρ, a0, a1 (all tastes)
Pion masses show size of taste breaking
10 valence masses (ms/10 − ms) ⇒ 55 mass combinations
Important for fitting to (mixed-action) Staggered ChPT (calculation
completed) and estimating systematic errors
Multiple wall sources for BK on each lattice

Initial matching will be at one-loop (calculation underway), moving to
NPR (Proposal 2)

More details in [Bae et al, arXiv:0801.3000, Lee et al, hep-lat/0409047]
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Code and layout details
Written in C++, built on top of CPS library, using level-3 CG
Full BK calculation sustains ∼ 75 MFLOP/s/node (10% of peak)

Small speed-ups during last year (20% on Coulomb gauge fixing)

Storage needs minimal (for gauge-fixed configurations)
Present local volumes:

143 × 4 for 283 × 64 lattices (128 nodes)
143 × 6 for 283 × 96 lattices (128 nodes)
103 × 12 for 403 × 96 lattices (512 nodes)

Proposed local volumes for superfine lattices:
122 × 6 × 18 for 483 × 144 lattices (1024 nodes)

Running since Feb. 2007 on four or five 128-node motherboards
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Where do we stand?
Status as of 2/16/2008 (BK and spectrum calculated on shown configs)

a (fm) aml/ams Size Configs. spectrum anal. BK anal.
0.12 0.03/0.05 203 × 64 564 CU1 In progress
0.12 0.02/0.05 203 × 64 486 CU1 tree
0.12 0.01/0.05 203 × 64 671 CU1 tree
0.12 0.007/0.05 203 × 64 651 CU1 In progress
0.12 0.005/0.05 243 × 64 509 CU1 In progress
0.12 0.01/0.03 203 × 64 312 In progress In progress
0.09 0.0062/0.031 283 × 96 615 CW/CU1 (on 399) tree (on 399)

0.09 0.0124/0.031 283 × 96 192 In progress In progress

Proposed running 2/17-6/30/2008 (assuming 5 × 128 nodes):

a (fm) aml/ams Size Configs. Programs Days
0.12 0.01/0.05 283 × 64 275 BK (8 sources) 20
0.09 0.0062/0.031 283 × 96 381 CW + BK 38
0.09 0.0031/0.031 403 × 96 500 BK (1.25 sources) 42
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Expected status at end of present allocation
Running on coarse and fine MILC lattices “complete”

Spectrum on single fine lattice sufficient to obtain taste splittings
Finite-volume test on coarse lattice
BK (and Goldstone mK) on all sufficiently chiral fine lattices (more
statistics than proposed)

Data analysis including one-loop matching by Lattice 2008
At present have preliminary and partial analysis

Spectrum and tree-level BK on some lattices

Indicates quality and shortcomings of data set, and is basis for 2008-9
proposal, so give some highlights
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Taste-splittings independent of sea-quark masses
Coarse lattices amℓ = 0.01, 0.02, 0.03, ams = 0.05

Splittings are 2.5 − 3 times smaller than for asqtad

⇒ Need splittings for only a single set of sea-quark masses on fine lattices
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Small taste-splittings on fine lattices

Coarse amℓ = 0.01, ams = 0.05 Fine amℓ = 0.0062, ams = 0.031
Splittings reduced by factor of ≈ 3

Taste breaking is NLO in SChPT on fine lattices: ∆m2
π/m2

K phys ≈ 0.07
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Tree-level BK (degenerate)

Coarse 0.01, 0.02/0.05 and fine

0.0062/0.031

Weak msea dependence

10% dependence on a

Statistical errors 0.6 − 0.8% at

mphys
K , but grow as mq → 0

Finite volume errors at small mq?
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Tree-level BK with non-degenerate quarks

Coarse 0.01/0.05

Statistical error on Bphys
K after extrapolation ≈ ±0.02 (3%)

Will use SU(2) and SU(3) fitting strategies
Main issues are matching factors and systematic error due to
taste-breaking (Hard to estimate size without SChPT fits)
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Proposal for 2008-9
Increase statistics for BK on fine 0.0031/0.031 403 × 96 lattices

2.75 sources/config ⇒ 1.4 Mnode-hrs (on 512 nodes)
Improved control over fitting and thus systematic errors

Calculate BK on superfine mℓ/ms = 1/5, 483 × 144 lattices
500 lattices with 1.7 sources ⇒ 2.7 Mnode-hrs (on 1024 nodes)
No spectrum, but taste-splittings too small to matter in fits
Improved continuum extrapolation

If more time available, calculate spectrum on superfine lattices
500 lattices requires 6.6 Mnode-hrs

or increase statistics on BK
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Proposal 2 (with Andrew Lytle)
Use NPR with asqtad valence quarks to calculate Zm

Important to improve accuracy in quark masses [MILC]

ms(MS, 2 GeV) = 88(0)(3)(4)(0)MeV

Estimate of 3-loop error is dominant and uncontrolled
Also tests accuracy of 1-loop PT for other bilinears

Use NPR with valence HYP quarks to calculate Z’s for BK (and bilinears)

Needed for precision BK

Using (adapted) Chroma and working on clusters
Using class C allocation to run tests and get timings
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NPR with staggered fermions
Basic methodology is standard

Use Landau gauge-fixed propagators and amputated vertices
Need “window” ΛQCD ≪ |p| ≪ 1/a

Special staggered features:
Need 16 lattice pµ for each physical momentum p′

µ:
pµ = p′

µ + Bµ(π/a)

Propagators and vertices are 16 × 16 matrices (spin × taste)
Most operators are spread over a 24 hypercube (except 1 × 1 and
γ5 × ξ5)

NPR was successfully used with unimproved staggered fermions to
calculate Zm [Aoki et al (1999)]

Large a2p2 effects removed by extrapolation
Expect smaller discretization errors with HYP-improved staggered
fermions
We use slightly different (better!) Fourier transform
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Implementation and status of code
Use momentum sources to reduce noise

16 sources for each physical momentum

Added momentum-sources into Chroma
FT “free ends” of propagators using standard Chroma input tools
Outputs into Mathematica-friendly xml format
Use standard Chroma gauge fixing, HYP smearing and asqtad
inversion

Tested locally on 123 × 4 lattices
Errors on Zq with 40 configurations ≈ 0.1%

Successfully ported to FNAL cluster, now doing preliminary scans to
locate momentum window for Zq and Zm

Code development needed:
Contract propagators with bilinears (asqtad)
Inversions with unimproved staggered action (for HYP)
Contract propagators with four-fermion operators (HYP)

Will store gauge-fixed lattices and propagators
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Proposed calculations
For both asqtad and HYP valence fermions:

Coarse MILC lattices: 203 × 64, amℓ = 0.01, 0.02, 0.03 (with
mval = msea)

6 × 16 momenta (in window)
50 configurations

Fine MILC lattices: 283 × 96, amℓ = 0.006, 0.012, 0.018

6 × 16 momenta (in window)
50 configurations

Notes:
CPU dominated by gauge-fixing and conjugate gradient
6 momenta and 50 configurations are sufficient, based on previous studies
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CPU requirements

calculation coarse (6n-hrs) fine (6n-hrs) total (6n-hrs)
gauge fixing 1350 9000 10,350

ASQTAD inversions 38,400 268,800 307,200
HYP-smeared inversions 19,200 134,400 153,600

471,150

Add in HYP-smearing, FT, contractions
⇒ 500,000 6n equivalent node-hours
With more CPU time, could improve checks of systematics, or move to
super-fine lattices
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Storage requirements

data total (Gbytes)

gauge-fixed configs 25

Asqtad props 145

HYP-smeared props 145

total 315
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Summary of Proposal 2
Expect percent-level accuracy in Zm with the proposed resources
First NPR calculation with staggered four-fermion operators

Thus a class-B request

Crucial adjunct to staggered BK calculation
We are ready to calculate asqtad propagators now!
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