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Presentation outlook 3‘% %

1. Introduction and motivation

2. Pion decay constant continuum limit scaling test — an update

3. Overlap valence quarks on ETMC Ny =2 4 1 + 1 configurations —
short feasibility study

4. Mixed action YPT — extraction of LECs
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Setup

We analyze a mixed action setup of:

e MTM sea quarks,
e overlap valence quarks.

We work with:

e small volume L =~ 1.3 fm,
e pion masses m, ~ 300 and m, ~ 450 MeV.

Main motivation for an update of the continuum limit scaling test of f, is
the availability of a new small-volume ensemble:

B =435 L/a =32, a~0.04 fm, ap = 0.00175,

matched to other ensembles that we have been using so far.
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Overlap fermions "j@ %

The overlap Dirac operator was given by H. Neuberger in 1997:

1
Doverlap - (1 - %) (1 — A<ATA)_1/2) -+ m,
a
A=1—-aDwiison,
1 . .
Dwitson = 5 (/yli(vu + VM) — CLTVMVM> .

At zero quark mass, this operator obeys the Ginsparg-Wilson relation:
Y5 D + Dvys = aDvysD.

In 1998 Liischer found that the Ginsparg-Wilson relation leads to a
non-standard realization of lattice chiral symmetry. The action is invariant

under: oD

g — )y,
@Z — @Zew%(l_%),

Chiral symmetry protects from additive mass renormalization and O(a)
artefacts.
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Mixed action approach

The mixed action approach has potential difficulties, originating from
the fact that the fermionic determinant comes from an action which is
different than the one of the observables and the spectra of Dpjs and
Doyeriap are different.

We have many different competing effects: standard FSE, topological
FSE, discretization effects (standard ones, isospin violation, zero modes,
However, the continuum limit of this approach should be the same as of
the unitary approach — continuum limit scaling test should check
universality.

One needs a matching of quark masses — the matching condition can be
(for fixed lattice spacing and volume):

vv __ SS

* mwl p— mw or
valence __ sea

* mq,ren _ mq,ren'

At the matching point, other observables should be matched up to
O(a?) lattice artefacts.
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Setup of the scaling test 3'@ %

Presentation outlook We would like to test the scaling behaviour towards the continuum limit of
overlap fermions in fixed volume.

Motivation

Setup
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approach

Setup of the scaling

cest Table 1: The summary of ensembles that we have used.

Scaling test B | L/a | al[fm] | L [fm] a my [MeV] | romy | L/rg
AT e Py 39 | 16 | 0.079 1.3 0.004 300 0.84 | 3.05
ol P 4.05 | 20 | 0.063 1.3 0.003 300 0.80 | 3.03
42 | 24 | 0.051 1.3 0.002 300 0.82 | 2.88
435 | 32 | 0.042 1.3 | 0.00175 300 0.74 | 3.26
39 | 16 | 0.079 1.3 0.0074 450 1.03 | 3.05
4.05 | 20 | 0.063 1.3 0.006 450 1.00 | 3.03
4.2 24 | 0.051 1.3 0.005 450 1.04 | 2.88
39 | 20 | 0.079 1.6 0.004 300 0.73 | 3.81
39 | 24 | 0.079 1.9 0.004 300 0.71 | 4.57
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Scaling test — reminder
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cont. limit = 0.352(6)

cont. limit = 0.262(8)

cont. limit = 0.245(9)

The continuum limit scaling of ryf;; .
for matched pion masses rgm,
and the matching mass
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Pion decay constant mismatch & zero modes J@ %

of the overlap Dirac operator

e At the matching point, we should have:
fﬂOverlap _ f7]T\4TM + O(CLQ)

However, we observe quite large discrepancies between fOveriar gnd fMTMihat go
away very slowly when we approach the continuum limit.

e The overlap Dirac operator admits chiral zero modes at any value of the lattice
spacing.

e The MTM Dirac operator needs sufficiently small lattice spacing to develop chiral zero
modes (by far smaller than the values currently reached).

e Hence, in our mixed action setup the contribution of the zero modes of the overlap
operator is not suppressed by the fermionic determinant.

e This can give large artefacts in some correlation functions, such as PP and SS.

e The leading contribution is proportional to 1/m? and also it should vanish in the
infinite volume limit, but can be very important in small volume.

e The zero modes contribute equally to the PP and SS correlators. Thus, their
contribution vanishes in the difference Cpp_gg(t) = Cpp(t) — Css(t).
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CONGO FLAG!!!

We seem to be safe against the zero modes when:

e The volume is large enough —at 8 = 3.9 (and m, ~ 300 MeV) we need something of
the order of 2.6 fm, i.e. 327 x 64!

e The sea quark mass is large enough — at m, =~ 450 MeV we need something of the
order of 1.8 fm, i.e. 247 x 48,

HAZARDOUS

300 320 340 360 380 400 420 440
m,; [MeV]

SAFE <= m,L > 4, HAZARDOUS <= m,L € [3,4]
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Overlap valence quarks on Ny =2+4+1+1 ETM %

configurations — short feasibility study

e Overlap fermions are approx. 2 orders of magnitude more expensive
than MTM fermions
e Timings for N; = 2 propagator computation (8 inversions per conf) and

index computation:

B | L/a | L [fm] | propagator [CPUh] | index [CPUh]
3.9 16 1.3 200 50
4.05 | 20 1.3 500 125
42 | 24 1.3 1000 250
4.35 | 32 1.3 4000 1000
3.9 20 1.6 1200 300
3.9 24 1.9 5000 —
39 | 32 2.6 30000 —

CPU hours on HLRB-II SGI Altix 4700 in Munich
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Overlap valence quarks on Ny =2+4+1+1ET

configurations — short feasibility study

"B

Examples of Ny =2 + 1+ 1 ensembles that should be safe against the zero

modes problem:

B | L/a a m.L | 200 inversions [CPUh]
1.95 | 24 | 0.0085 | 4.7 0.7 M
1.95 | 32 | 0.0075 | 5.8 4 M
1.95 | 32 | 0.0055 | 5.0 5 M
1.95 | 32 | 0.0035 | 4.0 6 M
2.10 | 48 | 0.0030 | 4.7 30 M
2.10 | 48 | 0.0020 | 3.9 30 M

Things to do before actual computation:

1. Find the matching mass.
2. Check that one is safe against the zero modes!
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Mixed action YPT LECs
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Light pseudoscalar meson masses 3‘@ %

The expressions for the light pseudoscalar meson masses at LO and at
maximal twist read:

M: = 2Byms,,
2 ~2 16 /
M5 = 2Byms—a 72 (2W§ + Wy),
Mz, = 2Bgm,,
5 4
M3y = Bo(my, +mg) +a* — Wy Wy,

f‘2 f2

where a = 2Wya, My o are the charged and neutral SS meson masses, the
convention for f is such that f, = 92.4 MeV.
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Mixed meson masses ” y %
From the mixed meson mass My it is possible to determine the LECs
Wi — 2Wy in the following way:
()
a

where f = v/2f was used in order to match the more frequent lattice
convention for the decay constant. This formula assumes that we work at
the matching point Mgg = My . If we allow other masses as well, we
have:

- £\ 2
M) ( ié)

(roWs ) (War = 2Wg) = rg (My s —

(roWg) (War — 2W9)

M2 M2 £\ 2 9
— 2 (M2 — vv + Mss\ (rof) (7“0) |
2 16 a

where Mgg is the charged pseudoscalar meson mass.
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Mixed meson masses 2 "j@ %
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W — 2V — summary & (0% e

Presentation outlook

:nc::::;t B | matching mass (roWg) (War — 2WY) | le\ﬁx
et o 1My matching point | constant fit [MeV]
T ——— 3.9 0.007 0.092(23) 0.081(12) | 1000(40)
’V“;;;“_'“;;;Z 4.05 0.005 0.075(22) 0.068(11) 950(40)
Crin 4.2 0.002 0.081(33) 0.079(13) 970(50)
Pt 3.9h 0.015 0.056(11) 0.054(9) | 900(60)
o s
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Unitarity violations in the scalar correlator 3’@ %

The flavour non-singlet scalar correlator is given by:

, 16

f
—2Bsp(T, L, t, Myv,Myv)+2Bsp(T, L,t, My s, Mys) .

Con(t) = =2 (Mi — Mpy +a Wg) -Bpp(T,L,t, Myv, Myy)

In the limit T' — oo, and at large ¢, the bubble contributions can be simplified to:

CVV< ) .

Sca

8
— M‘Q/V+&2—Wé(1—i—Mvvt))] .
My My My ( 12

Bg 6—2Mvst G_QMVVt 1
213

Assuming that the O(a?) effects in the mixed meson mass are small, a Taylor expansion of
the contribution from My, s leads to the following expression:

8% Bg e 2Mvvt
C —a” — (W QW) (1 4+ Myyv t)| .
sca ( ) — 2],3 M‘LL/V [ CL f2( M T 8)( + Myv )]
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Unitarity violations in the scalar correlator 3‘@ %

Fitting ansatz (fitting parameters are a and My vy ):

CVV(#) = —a [(1 + Myyt)e ?Mvvi 1 (1 4+ Myy (T — t))e—QMV‘f(T—t)} ,

where (having eliminated By using MZ,, = 2Bym,,):

202

— W(WO)Q (War +2Wy) .

o
We want the combination r§Wg (W + 2W4), which in terms of the fitting parameter «
(in lattice units: a’a) is given by:

roWe (War + 2W5) = % (T—0)4 (£>3 (amy)?(rof)*(a’a).

a a
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Explicit subtraction of zero modes

t“ e

"ah u“

3 %0 3

The comparison of the SS correlator computed from full propagators (SS
full) and with explicitly subtracted zero modes (SS sub.).
The effect of zero modes is more pronounced for smaller quark mass.

3=39, L/a=16
Left: am, = 0.0074, am, = 0.016
Right: am, = 0.004, am,, = 0.009.
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Dependence of the SS correlator on topology J‘@

B2,

bl

'I.,, \'\

The SS correlator from full propagators (index 0,1,2,3,4 and all
configurations) and from propagators with explicitly subtracted zero modes

(SS sub.).

Left: 6 =3.9, L/a =16, ams = 0.004, am,, = 0.009
Right: 3 =4.2, L/a = 24, ams = 0.002, am, = 0.004.
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_‘u

Extraction of W), 4+ 2W; ,

(54 4
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,l'horﬂ‘\
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Extraction of W), + 2Wg

<sr°Pea,
.“ U
Vi
(54 4
“’lﬁhorﬂ‘\.

3 (rSWg) (W + 2WY)
amb Psub. - amy, ' °° - ambP - amy -
3.9 0.011 1.10(11) 0.011 1.10(11) | 0.007 0.57(6) | 0.009 | 0.82(8)
4.05 0.007 1.56(20) 0.006 1.27(17) | 0.005 | 0.99(14) | 0.006 | 0.99(14)
4.2 0.005 1.81(18) 0.004 1.26(13) | 0.002 0.40(6) | 0.003 | 0.82(9)
3.9h 0.018 1.82(23) 0.016 1.49(19) | 0.015 1.36(17) | 0.017 | 1.64(21)

The results are compatible from all ensembles at the PP-SS matching mass.
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ETMC Meeting Rome — October 2011 — 32 / 40




Presentation outlook

Motivation

Scaling test

Mixed action xPT
LECs

Light pseudoscalar
meson masses

/
W — 2W{

CMix
Plots 1
Plots 2
Plots 3
Plots 4

/
War — 2W8 - summ.

Unitarity violations 1
Unitarity violations 2

Explicit subtraction of
zero modes

SS corr. & topology
Plots

/
War +2Wg - values

Alternative method
Plots 1

Plots 2

Index O extraction
Summary — LECs

Conclusions

Krzysztof Cichy

Extraction of W), + 2Wg

PRLIIIN

3% %
vl

€, <&

K bor o

The comparison of the pion mass dependence of (r§W§) (Was + 2W3) for
all 4 ensembles. The rectangles are centered at the matching mass for each

ensemble (their width = error on Mgg) and at an appropriate curve (their
height = error on (r§W§g) (Was + 2WY)).
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Alternative extraction of W

Alternatively, one can estimate the LEC W} directly from:

16
72
—2Bsp(T,L,t, My, Myv) +2Bsp(T,L,t, Mys, Mys),

crYV) = 2 (Mi Mz, + a? ) Bpp(T,L,t, Myy, Myv) +

where Bgp and Bpp are the single-pole and double-pole bubble functions.
The fitting ansatz is:

CVV( ) _

sca

2 (M3 — M{y + &) Bpp(T, L, t, Myy, Myy) +
—2Bgp(T, L, t, My, Myy) +2Bgp(T, L, t, Mys, Mys),

where the fitting parameters are £ and My . Moreover, the bubble
functions contain the LEC By, which can be eliminated by setting
BQ — M2V/2mv.

The LEC rSWEWJ is thus related to &:

61172117/ 4
WL = (@)l ()
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Alternative extraction of W :

(54 4
o, Q
,l'horﬂ‘\

Upper left: 3 =3.9, ap = 0.004. Upper right: 3 = 4.05, ap = 0.003.
Lower left: 8 = 4.2, ap = 0.002. Lower right: 5 = 3.9, ap = 0.0074.
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Alternative extraction of W :
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Upper left: 3 =3.9, ap = 0.004. Upper right: 3 = 4.05, ap = 0.003.
Lower left: 8 = 4.2, ap = 0.002. Lower right: 5 = 3.9, ap = 0.0074.
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Extraction of W}, + 2W{
from topologically trivial configurations

The determination of (r§W§g) (Was + 2WY) for 8 =4.2, L/a = 24,
ap = 0.002, am, = 0.004 (PP-SS matching mass)

Cgs(t)
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data —e—
roﬁyvoz(vvlwzwﬁ’):og?m35I+/- 0.149495 fit ——
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t/a
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Summary — LECs

<sr°Pea,
.“ U
Vi
(54 4
“’lﬁhorﬂ‘\.

LEC =39 | =405 | =42 | 3=39h all
(r6Ws) (War — 2W§) | 0.081(12) | 0.068(11) | 0.079(13) | 0.054(9) | 0.068(15)
(r6Wg) W +2W4) | 1.10(11) 1.27(17) | 1.26(13) | 1.49(19) | 1.33(34)
(r6W§) (W§ +2W¢) | 0.0026(7) | 0.0027(11) - - 0.0026(11)
(roWg) W 0.59(6) 0.67(9) 0.67(7) | 0.77(10) | 0.70(18)
(réwg) wi 0.255(31) | 0.301(45) | 0.295(36) | 0.359(50) | 0.31(9)
(row§) Wi -0.126(16) | -0.149(23) - - -0.14(5)
Ciriz [MeV] 1000(40) | 950(40) 970(50) | 900(60) 960(60)
rico 2.5(6) 2.6(1.0) — — 2.5(1.0)

Krzysztof Cichy
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Conclusions "j@ %

Presentation outlook e The new small-volume ensemble at 3 = 4.35 confirms our conclusions
Motivation about the role of the zero modes in the mixed action setup of overlap
Scaling test

S valence and MTM sea quarks.

Mixed action xPT
LECs

e We have estimated the parameters for which one seems to be safe
against the effects of the zero modes:

* L ~26fmatm, ~ 300 MeV,
* L ~1.8 fm at m, ~ 450 MeV.

e We have extracted the value of the mixed action YPT LECs W}, and
Wy and their combination Cjy;, = 960(60) MeV.
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