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Light quark mass determination

© Average light quark mass determination

@ Scale setting

| A

Strange quark mass determination

@ Determination from K

@ Determination from s5 meson

Charm mass determination

@ Determination from D/Ds
@ Determination from 1.




Technical info: typical ETM setup

Lattice setup

@ Regularization: Wilson Twisted Mass at maximal twist
@ Gauge action: Symanzik Improved, tree level

@ O(a) improved
°

Number of dynamical fermions: 2, lights degenerate

v

Configuration ensembles

4 lattice spacings, ranging from 0.05—0.10fm

Various sea masses in the range 10 —50MeV
Pion mass: 280 —500MeV

Two different volumes for some setups

Typical statistics: 300 — 500 independent configurations

v

Correlation functions

@ Pseudoscalar operator chosen: Y5y

@ Evaluated stochastically using one-end trick




Light Quark

Mass Determination



Analysis strategy

@ Fit amz and afy with SU(2)x — PT with discretization terms
@ Extrapolate fitted expressions to the physical point and to the continuum
© Determine:

(aM,[)"_'

° mlphys from the ratio L
(afz)

o a from afy

@ Renormalization constants Zp for quark masses obtained in RI-MOM scheme
[arXiv:1004.1115]

@ Twisted Quark mass renormalize as Z,;l

Differences from recent ETMC determination of m; (arXiv:0911.5061): analysis
perfomed simultaneously at the four available lattice spacings




Analysis strategy

Global SU(2)x — PT fit using all the 4 lattice spacings

m2 = 2Bym, (1 + mylog 23/{’3'"’ + Dma? + T,",’,NLO)
fo = fo(1-2mlog 2™ 4 Dra? 4 THNLO)

A) NLO—SU(2)xPT without discretization effects (D = T =0)
B) NLO—SU(2)xPT with discretization effects (T = 0)

C) NNLO—SU(2)xPT without discretization effects (D = 0)

D) NNLO—SU(2)xPT with discretization effects

Finite volume effects treated analytically using ¥ PT in finite box
o Colangelo-Durr-Haefeli [hep-lat/0503014] formulas
@ Constraints:

o L>2fm (p-regime of yPT)
o MzL>>1 (finite size effects are small)



M2 /my fit in SU(2) xPT at NLO with disc effects
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my from different fits
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Strange Quark

Mass Determination



Ansatze for fits

Two kinds of fits:
NLO SU(2) partially quenched:

M2 = A+ Bsmy + Coa?

NNLO SU(3) with some (but not all) higher order terms:

M,2< =2B, m/JZrms (1 4 (4353)2 mglogms  +Am;+ Bmg+ Cm§ +

+Dmyms + (F + Gmg) a?)

@ Finite volume effects are very small
e a, fy, m; taken from the 4 different fits A B C D of my, in fy unit



ms from K in SU(2) fit
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Chiral extrapolation at ref mass mg = 95 MeV
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Discretization effects on M2 (chirally extrapolated)

032 T T T T
' ' ' ' m =80 MeV

ms=95 MeV
ms=1 10 MeV
Continum

0.3

& ¢ O O

(\]A
S i
O N
@)
~ -
(q\]
EM 0.22 —
0.18 B AM? i
55K ~15% |
M
0.16 - K -
| . | . | . | . | . |
0 0.002 0.004 0.006 0.008 0.01




Determination of ms from s5 meson

What is the s5 meson?

@ We take into account only connected correlation functions
o In the real world the s3 meson mixes with (uii+dd)

@ This would exist in a world with two different quarks with the same mass

The s5 meson defined by ¥ PT and the experimental values of M; and Mk
At LO in xPT: M% =2M3 — M?

Main motivation

@ The s5 meson mass depend from m; only through virtual loops
@ One can expect to do little chiral extrapolation

This is the advantage of the tortuous procedure




Definition of physical Mgz in SU(2) fit
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ms from s35 with SU(2) fit
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Results for ms
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Charm Quark

Mass Determination



Analysis strategy

Three different mesons: D, D, 1.

Ansatze for chiral and continuum limit:

Mp = Ac+Bemj+ Coa?
Mp, = Ac+ Bemy+ Comg + Dmgmy + (E. + F ms) a?
My, = Ac+Bem+ Cea?

Ansatze formulas for fit in m,
Taking inspiration from HQET:

MD/Ds/nc :AmC+B+C/mC
Either A or C can be put to 0




Determination from D meson
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Discretization effects on Mp_ (m; and ms physical)
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Preliminary results
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Discretization effects for M2
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Determination of mg from K

Analysis strategy

© Preliminary interpolation to fixed reference méf

Procedure advantage: the analysis can be divided in two step

O For each separate reference mass extrapolate I\/I,Q(:

o to the continuum limit a — 0
o to the physical light quark mass mfhys

© Fit the continuum and chiral value of M%

© Obtain physical strange




Definition of s5 meson

Operative definition of s3

o Take Mg, My and M, for each lattice spacing
e Perform a fit of Mss(Mk, My, a) over M5t in term of ML and ML

o Define Mys = Mas (ME"™*, MEM*,a =0)

Ansatze for Mgz expression in terms of M; and M

SU(2): M% = A+ BMz + CM + Da?
SU(3): Mss = (2MZ — M2) (1+ (& — &) log (2&) + (av /2 +1) (& — &) +
+ AE2 + BEsE)) — M2 (=& log (2&)) + &slog (2&s) + av (&s — &1)) + Ca?

2ME — M2

_ M _
where & = and & = i

(4mhy)?

4

Correlation between data

@ My, Mk are strongly correlated

o It is important to consider this correlation when performing the fit




Determination of ms from s5 meson

Analysis strategy

o Reference mass are important also for this analysis

@ M, mass is almost flat in my

o Discretization effects are not larger than in K

Ansatze for Mgz expression in term of m; and mq
SU(2): M4 = Asmg + Bsmgmy + C,a°

SU(3) : Mss = Ams (1 + (& — &) log (2&5) + (av /2+1) (& — &) —
—my (=&log (2&) + Eslog (2&5) +av (&s — &) + (B + Cmy) 32)

2By mq

where &, = ()2




Chiral extrapolation of M2 at ms = 95 MeV/
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Discretization effects on M2 (chirally extrapolated)
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Chiral extrapolation of Mp at m. =1.16 GeV
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Discretization effects on Mp (chirally extrapolated)
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Determination from Ds meson
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Chiral extrapolation of Mp_ at mc = 1.16 GeV
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Determination from 1. meson
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Chiral extrapolation of My_ at me = 1.16 GeV
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Discretization effects on My, (chirally extrapolated)
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