Extracting the n° meson mass
from gluonic correlators
in lattice QCD

L

( /in progress )

Hidenori Fukaya (Osaka Univ.)
[ for JLQCD collaboration ]




1. Introduction
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Eta-prime meson is interesting.

n =UyU (U= (uds)")

would-be a Nambu-Goldstone boson
for U(1), symmetry but heavy
(due to anomaly) = U(1), problem

[related talks by Nagahiro, Metag, Tomiya, Yokkaichi,
ltahashi, Dote, Kimura, Cossu, Krzemien,
Morozumi, Tanaka]
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Eta-prime meson is difficult.

n =UyU (U= (uds)")

difficult quantity to treat on a lattice
because of “disconnected” part
in the correlators :

I 1 | /M M
(' ()0 (y)) = (V¥ (2) UV (y)) + (Vs (2) Uy U (y))

connected disconnected
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Disconnected part is expensive.

e

(U5 ()P0 (y)) = (TrD ™ (2, y) D~ (2, y)*)

m) Enough to solve D(x,2)s(z) =v(x), s(z)=0,.

[ [
(U5 W (2) Py ¥(y)) = (Trys D~ (2, 2) Trys D (y, )
m) Requires D(x,z)s(z) =v(z), s(z) =0z

many times for different x and y.
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Disconnected part is noisy

due to pion’s contamination.

I 1 | /M M
(' ()0 (y)) = (V¥ (2) PV (y)) + (Vs (2) Uy U (y))

_ Ae—mﬂx—yI _Ae—mﬁ|x—y| 4 Be—mn/|x—y|

NoIsy noisy our target



In this work

We use [Similar (quenched) work : Chowdhury et al. 2014]
1. gluonic (topology density) operator :

;o ﬂ%u + CZ’}/5CZ + 5”}/58 1
V3 2T

‘ Free from pion’s fluctuation,
Numerically less expensive.
2. smeared links via Wilson flow

‘ Noise reduction.
7
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2. Topological charge
density and

(short) Wilson flow



o

Topological charge density

1 vopo 1la la
F;ljdit lv » q(m) - 353 TrelvP F,ul/tFpat

1.(q(x)q(y)) is numerically cheap with
FFT(fast Fourier transformation).

2. No (direct) pion’s contamination.
3. Global topological charge

> 4(x) = Q +0(d®)
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Wilson flow smearing

Wilson flow equation

0S
O Au(t,) = =, Au(0,7) = Ay ()
v

smoothed length  d ~ /&t

Gluonic correlators are UV finite.
[Luscher & Weisz 201111
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From Kitazawa-san(FlowQCD)’s slide

(Too) Rough Idea

coarse
graining

* Translational symmetry recovers
* Smeared theory tends to be less noisy




Topological charge
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short---
Available window for flow time

©—@

V8t V8t < (fit range)/m,

Ourchoice :  K/8t < 0.25fm, (fit range) > 0.7fm.
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3. Lattice set-up



JLQCD’s new project

Simulations on bigger & finer lattices started.

Computers @KEK: SR11000 ( 2 TFLOPS) + BG/L ( 57 TFLOPS)
—  SR16000 (55 TFLOPS) + BG/Q (1.2 PFLOPS)

Lattice cut-off : 1.8 GeV — 2.4, 3.6, 4.2 GeV

Lattice size : 163 x48 — 323 x64, 483x96, 643x128

(Physical size: 1.8fm —26fm~4fm)

Fermion action : overlap fermion— (improved) DomainWall

Pion mass : 200-400 MeV

Yyurvvvew yvwwryyyvy
vvvvvvvv

Hitachi SR16000

IBM Blue Gene/Q
-l 16



-<q(x)q(y)>

o

(q(x)q(y))
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Topology density correlator

As the Wilson
flow time t
Increases,

1. Better signals

2. Short (~ v/8t)
correlation

destroyed.
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effective mass
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Flow time dependence of fit
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Preliminary result

Mud, @, V dependences look mild.
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Mixing with eta meson

SU(3) breaking -> mixing with eta:
_ Uysu+ dysd + Fyss

o = /3
So far we have neglected 6

Cf. previous works
[RBC/UKQCD 2010, UKQCD 2012:+-]

fit combined with 78 = 1’ sin + 1 cos 6

=1’ cos8 + nsin b

— My, and My

21



-<q(x)q(y)>

L

If |6 | < 20°, eta meson’s

contribution is negligible.

Modifying the fit curve w/ measured
my and my (using GMOR relation)

1-1° mixing (b4.17mud0.0035ms0.040)
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In our fit range,
contribution from eta
IS small

0] < 20°

Cf. phenomenological
value (at phys.point)
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-<q(x)q(y)>

o
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Still interesting to look for eta

Correlator at longer Wilson flow
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Other systematics

Finite V scaling at the lightest mass

eta-prime meson mass
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Chiral limit
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Continuum limit
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Numerical cost

<q(x)q(y)> + Wilson flow

= at most ] /] OOOO

of disconnected fermon integrals,

( or essentially zero when you
perform a Wilson flow for
other measurements. )
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Summary

Gluonic operator (topology density)
+
Short Wilson flow
numerical cost is negligible,
free from pion’s contamination,
good noise reduction.
— eta-prime meson mass
( + eta meson mass & mixing angle )

28
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Backup slide 1

Correlator w/o momentum insertion

(a(2)q(0)) = %K ()

* The data at same |x| are averaged.
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Backup slide 2

Correlator at highest beta
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Backup slide 3

Non-trivial t dependence

Gaussian model [Alpha collaboration 2014]

3/2
-> correction ~ e—(lw—yl/\/g—m@)27’z(8t) ’/2
T —y

b4.17 M1.00 mud0.007 ms0.040

1

< 1% in our case. 0s |

mud0.007ms0.040 ——
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02 r

In fact, t dependence
looks mild.

eta—prime meson mass

0

Wilson flow time ¢
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Sub-volume topology

" b4.17mud0.007ms0.040 -
“b4.17mud0.012ms0.040 =
le-10 r “b4.17mud0.019ms0.040

<gq(x)q(0)>
(@)

with 7., = 1.5—2fm is calculated using FFT.



Xt
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Topological susceptibility

o Q-Indep. gyrees with ChPT prediction :
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