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Flavour Singlet Pseudo-Scalar Mesons

¢ nine lightest pseudo-scalar
mesons show a peculiar
spectrum:
e 3 very light pions (140 MeV)
e kaons and the n around
500 MeV
e 1’ around 1 GeV

e the large mass of the  meson is thought to be caused by the QCD
vacuum structure and the Ua(1) anomaly

e 7 meson is not a (would be) Goldstone Boson

= massive even in the SU(3) chiral limit

Carsten Urbach (Uni Bonn) n, ;7’ Masses from LQCD Lattice 2013 2/16



Noise in the 7’
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[C. Michael, K. Ottnad, S. Reker, C.U., JHEP 1211 (2012) 048]
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Ensemble-Details

e 2+ 1+ 1 flavour gauge configurations from ETM Collaboration

[ETMC, R. Baron et. al., JHEP 06 111 (2010)]

e |lwasaki Gauge action

[lwasaki, Nucl. Phys. B258, 141]

e three lattice spacings (A, B and D ensembles):
aa = 0.086 fm, ag = 0.078 fmand ap = 0.061 fm

e charged pion masses range from ~ 230 MeV to ~ 500 MeV
e L>3fmand M, - L > 3.5 for most ensembles

e =~ 600 up to =~ 2500 gauge configuration per ensemble

e bare mg and m. fixed for each lattice spacing

e use ro = 0.45(2) fm (from f,) throughout the talk
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Flavour Singlet Pseudo-Scalar Mesons

e need to estimate correlator matrix

Nee  Mes Nec
C= Tlse Tss Tisc
Mce  Tes  Mec

e nxy correlator of appropriate interpolating fields, e.qg.

nss(t) = (Sivss(t) Sinss(0))
projected to zero momentum

= diagonalise matrix:
masses and pseudo-scalar matrix elements

e 7. lowest state, 7’: first state, 7 ...
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Effective Mass Plots

3 x 3 matrix 6 x 6 matrix
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e ground state n well determined
e 1 signal lost in noise before plateau reached
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Improved 7’ Extraction

¢ make model assumption:
disconnected contributions couple
only to  and 7/’ states,
not to higher states L ]

[Neff et al., Phys.Rev.D64 (2001)]

10

T T
conn L]

conn modified .

[K.Jansen, C.Michael, C.U., Eur.Phys.J.C58(2008)] s =

Qgﬁ 0.1} ’.:'. B
. . - s
e replace connected contributions e,
by only the ground states 0.01 "-._ ,
l...
l-'.
e if model justified: 0001 L Ry,
there should be a plateau in the 0 5 10 15 20 25 30 35
effective masses from very low t/a

times on!
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Excited State Removal

w/o removal
e we see a plateau fromt/a =2 on 1
e
0 e
e for both  and 7/ .
e 7: good agreement with previous *
results . l
= 05 $y]
. : T
e n': possibly much better .
determination il EPEPR
'
e assumption justified? M(1) = g S0
e systematic uncertainties? 5 5 m 5

t/a
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Excited State Removal

w/ removal
e we see a plateau fromt/a =2 on 1
e
7 —e—
e for both  and 7/
e 7: good agreement with previous
results
e 7/: possibly much better T
determination L W JI]
e assumption justified? +
e systematic uncertainties? 5 5 m 5

t/a
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Masses w/ and w/o Excited State Removal

e w/ removal: only two states left C w/o removal
n.
e masses agree well 351 ¢ : ]

improved precision
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o from distribution of differences: (roMps)?

assign 7% systematic uncertainty
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Masses w/ and w/o Excited State Removal

w/ removal: only two states left C
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Strange Quark Mass Dependence

e mg not perfectly tuned to its
physical value

e two re-tuned ensembles for ap
= can estimate ms dependence
e estimate

_ d(am,)?

Dy = F(aMe)e = 1.47(11)

® NOW assume:

D,, independent of a, m;, ms, mc

e ...correct n masses
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Scaling Test for M,,

e use two ensembles sets 17

(A60, B55, D45)
(A40, B35, D30)
with roMps ~ const
1.5+ i
AR T T S—
e correct M,, using D,, linearly in Mg < - e
= roMg =1.34 fixed €
constant fits ———
1.3 linear fits ---------- q
. . A40.32 —a—
e compatible with both, A6t o
. . B35.32 —e—
constant and linear continuum Biaan o
i D30.48 —a—
extrapolation L | | D53 |
’ 0 0.01 0.02 0.03 0.04 0.05
= assign 5% systematic error from a*/rf

maximal difference
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Chiral Extrapolation of M,,

e more ambitious: shift all M,, to

physical strange mass 2
o fit C1,C2
2
gk = C1 + C2(roMps) 15
to data for (roMk)? from A 3
ensembles e
. . 1+ i
e adjust c; to match physical Mk for
MPS = M.,r = QK gﬁ -
physical value —a—
A-Ensembles —a—
° Compute 05 A80.24s, A100.24s —m—
0 02 04 06 08 1 1.2 1.4
2 2 = 2 :
5K[(r0Mp5) ] = (roMK) —gK[(roMps) ] (roMps)®

for all ensembles
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Chiral Extrapolation of M,,

« now correct all (roM,,)? by
corresponding )

D, - 5k [(roMes)?]

= (roM,))? o (roMps)?

1.5 F 5|
¢ all a-values fall on the same =
curve! ‘:fa
o extrapolate (roM,)? linearly in Lt 1o My ey 1
5 oMy phys —B—
(roMps) to Mps = M, A-Ensembles —a—
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e result D-Ensembles v
D45‘432:sc ——

0.5 L L L L

M :552(10)stat MeV 0 02 04 06 08 1 1.2 14
K (roMps)®

o similarly with (M,,/Mx)? or GMO
relation
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Chiral Extrapolation of M,

e no clear dependence on
e lattice spacing ’
e strange quark mass
e errors still significant
e include all data in extrapolation 5
o (roMy)? o< (roMps)?
oMy )= o (folVlps
= result 18 1 A-ensembles —a— |
B-ensembles +—e—
16 | D-ensembles —— |
M,, = 1005(54)ga MeV ‘ ‘ , CXfrapolation -
0 0.2 0.4 0.6 0.8 1 1.2 14

« fitting A, B and D seperately gives (roMps)?

compatible results
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n and n’ for three lattice spacings
and various quark mass values

presented excited state removal
method

n can be extracted precisely

M, = 552(10)gx(28)ss MeV

7’ from excited state removal
M, = 1005(54) ¢ (86)sys MeV

— mixing: talk by Konstantin Ottnad
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[HSC, J. J. Dudek et al., Phys. Rev. D83 (2011)]
[RBC/UKQCD, N. Christ et al., Phys. Rev. Lett. 105 (2010)]
[UKQCD, E. B. Gregory et al., Phys.Rev. D86 (2012)]
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