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e Status of mg in FLAG [2411.04268]

@ Strategy of the computation:
> N =2+ 1 CLS ensembles

-> Non-perturbative renormalization

- Wilson fermions and Mixed action setup

@ Preliminary results : myg, mg and mg/myqy

@ Conclusions
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Status of my
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Status of m.

FLAG2024 mg
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Setup

@ Update on [ALPHA 19] [1911.08025]. Six new ensembles including

- One ensemble with physical m,
-> Two ensembles at a finer lattice spacing

- 16 ensembles in total
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@ Update on [ALPHA 19] [1911.08025]. Six new ensembles including
- One ensemble with physical m,
-> Two ensembles at a finer lattice spacing

-> 16 ensembles in total

@ Ny =2+1 CLS ensembles [1411.3982]

- Open boundary conditions in time on most ensembles [1206.2809]
> Tr(M) = const. chiral trajectory [1608.08900]
- Five lattice spacings [0.038,0.085] fm and m, € [130,420] MeV
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@ Update on [ALPHA 19] [1911.08025]. Six new ensembles including

- One ensemble with physical m,
-> Two ensembles at a finer lattice spacing

-> 16 ensembles in total

@ Ny =2+1 CLS ensembles [1411.3982]

- Open boundary conditions in time on most ensembles [1206.2809]
> Tr(M) = const. chiral trajectory [1608.08900]
- Five lattice spacings [0.038,0.085] fm and m, € [130,420] MeV

@ Pure Wilson + Wilson twisted mass action [2309.14154]

- Unitary setup with O(a) improved Wilson fermions [2603.26623]
- Mixed-action setup with twisted mass fermions in the valence [hep-lat/0101001]
= Same strategy as for \/ty [2510.20450]. Correlations — ADerrors.jl [1809.01289]
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Ensembles

Name f3 alffm] T/a L/a = LS
H101 3.4 0.085 96 32 426 426

H102 96 32 360 446 \ @ -» “ ® u
H105 9% 32 286 470 wory

H400 3.46 0.075 96 32 429 429

D450 128 64 221 483 L =
N202 3.55 0.063 128 48 418 418 — @ ®

N203 128 48 350 448 2

N200 128 48 288 470 = ooy’

D200 128 64 204 488 S 1 [
E250 192 96 131 497 >

N300 3.70 0.049 128 48 427 427

N302 128 48 350 457 (200" <

J303 192 64 261 481 ®

E300 192 96 177 499 S E— @ - -
1500 3.85 0.038 192 64 218 218 0.0 0.038>  0.0497 (lzl(f]‘l[l,f;]z 0.075” 0.085”
1501 192 64 339 453

[1411.3982][1608.08900][2510.20450]
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Ensembles

Name f3 alffm] T/a L/a = LS

MeV MeV.
HI0I 3.4 0085 96 32 426 426 sy
H102 9% 32 360 446 R I
H105 96 32 286 470 = * .
H400 346 0075 96 32 429 429 & iy .
D450 128 64 221 483 Tl ®
N202 355 0063 128 48 418 418 £ H
N203 128 48 350 448
N200 128 48 288 470 La
D200 128 64 204 488
E250 192 96 131 497 =1 .
N300 3.70 0.049 128 48 427 427 z +« W oossm
N302 128 48 350 457 S s ® < o m
J303 192 64 261 481 L A 06%Mm
E300 192 96 177 499 ol
J500 385 0038 102 64 418 418 e eV o
J501 192 64 339 453 ’

[1411.3982][1608.08900][2510.20450]
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Computation of m,

Dimensionless quantities for the masses

1
¢o =8tomZ, ¢k =8tomk, ¢a = 8to(my + Emfr)

Mmyq4 +m
@12 = V8tgmya = \/8tomyq, $13 = V8tomyz = v%%
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Computation of m,

Dimensionless quantities for the masses

1
¢o =8tomZ, ¢k =8tomk, ¢a = 8to(my + Emfr)

Mmyq4 +m
@12 = V8tgmya = \/8tomyq, $13 = V8tomyz = v%%

We want ¢, = const. to have a pricise line of constant physics — Mass shifts for all observables

o ({m;(sea)}i:u,d,s) =0 ({mgsea)}i:wd,s) + Z (m;(sea) _ m](_sea)) dd((sgea) .
m;

i=u,d,s i
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Computation of m,

Dimensionless quantities for the masses

1
¢o =8tomZ, ¢k =8tomk, ¢a = 8to(my + Emfr)

Mmyq4 +m
@12 = V8tgmya = \/8tomyq, $13 = V8tomyz = v%%

PCAC quark masses improvement (b, — bp) — [1906.03445] (LCP-0), ca —[1502.04009],  Zx —[1808.09236]

ZA i T BAng e e rm*]-
m,l-j = Zmij (1 + (ba — bp)amj; + ( Zr (ba — bp) N ) aZrmTr(M))

B3 ((AP() + acado(POP(Y))
i = 23, HP)P(Y))
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Mass shift and matching

=> Matching between Wilson and Twisted mass sectors for each ensemble
Matching for N203

Wtm

mw mpiac =0 — Automatic O(a)-improvement . | xox x
) th « § 0.0000 = XX x
—> Hopping parameter x =K oo 1 X x x
e ¢gViI — \2/Vtm ) 0541 « < *
£.0.521 x
. . < [o— m—] _._‘
= Light twisted mass S
Wil — pVtm — physical value 1 il o : :
3110 § i i g 4 i_‘} R
. [ | | —4-
= Strange twisted mass p3 1054 R ‘ L ‘
w2 el > o © N S Ll
IK am ak3

[1411.3982][1608.08900][2510.20450]
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Renormalization: RGI| masses

M,' _i Dt :
mi(Hyt) lim Z(gg, apimaa) mi(gg)

M, = — —
: mi(,upt) mi(,uha‘d) a—0

-> M,-/ﬁ,-(,uhad) . RG running to a hadronic scale, pihaq ~ 230 MeV. [1802.05243]

w ot ~ My — safe contact with perturbation theory
w Rel. precision ~ 1%, improvements are planned

- Z(g02, a,uhad) . Renormalization factor in the same scheme as the RG running

w Wilson — Za(g8)/Zp(g3, athaa). Twisted-mass — 1/Zp(gg, attnad)

- m,(goz) . Bare masses in large volume simulations
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Chiral-continuum extrapolations

NLO SU(3) xPT

b2 16 32 1 3 o) 1 bn
= 1- 2L — Ls)pp — —— (2L — La)ds — ————— | 2l — gl
$12 2By /5 ( 8t0f02( 8 — Ls)po 8tof02( 6 — La)ba 2428002 Lzﬁz n <8t0/\§< 2¢>n n StoA2

Pk

8 16 1 .
- 1— Ls — 2Lg)dhs — —— (4Lg — 2Lg — 2Ly — Ls)da — I
918 = 3p, Jon ( 8t0f02( 5~ 2Ls)g 8tof02( 6= 2ls = 2L — Ls)ou 247r28t0f02¢" " <8t0A§(>>
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Chiral-continuum extrapolations

NLO SU(3) xPT

b 16 32 1 3 b 1 én
- 1- g — Lg)bs — —2 (26 — La)da — ————— | 2ol — 1ol
92 = o e 8tof02( 8~ Ls)on 8t0f02( 6~ La)ds 24728117 2 %2l 8o/ 2210 | Geonz

oK 8 16 1 .
= 1-— Ls — 2L — Alg —2Lg — 2L, — L /]
?13 2BovBE ( 8t0f02( 5 8) o2 f2( 6 8 4 — Ls)pg — 247280012 ¢nln <8t0A2

Fit ansatze: £, = ¢ologds, Ly = dnlogdy, b5 = s — é2

1 2
[FO] % = |:P1 +p2o2 + p3 (Ez - 5‘3")} +0(2?), le p1+ pack + §P3Cn} +o(a?)
P12 1 1 1
FrK =L = 1- —— _ -
[Frk] @2 ql( 167‘(‘281’01‘3,( (L:Z 3£n) ) + q28t f2 $2+ a3 8t f2 ¢a+ O(a )

913 1 2 1 1 )
% (1 g oL +0
o Ch( 16728117, 3 n) +q2 80f?, ¢2 + a3 B0f2, o (a°)
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Chiral-continuum extrapolations

We consider different combinations of quark masses to assess systematic effects:

w [xptm] : ¢12, P13
w [xptr] : 12/ P13 ,2013/ Pk + P12/ P2
w [yptc] © P12/P2 — $13/ Pk , 2013 + P12
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Chiral-continuum extrapolations

We consider different combinations of quark masses to assess systematic effects:

w [xptm] : Direct fit to the masses — ¢10 = F(d2,a%/to)  ¢13 = G(¢2,3%/to)

0145

0.140

0135 . B=3.4
3 | @ p=3.46
3 S| 4 =355
0.130 D 5:3.7
A 3-385

0125

0120
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Chiral-continuum extrapolations

We consider different combinations of quark masses to assess systematic effects:

w [xptm] : Direct fit to the masses — ¢10 = F(d2,a%/to)  ¢13 = G(¢2,3%/to)

E; i EI % s | Wl B=34
¥ \ I < @ p-3.46
1 \ i i Sl 4 5=355
y. ] N P
\i\g i % A 5-385
it S i
i
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Chiral-continuum extrapolations

We consider different combinations of quark masses to assess systematic effects:

w [xptm] : ¢12, P13

- [yptr] :
’—> LO cutoff effects cancel. Mostly chiral effects.
P12 292
— K(Ly — O —
¢13 2(7254 — (152 |: ( ¢2 ¢4) ( 2 n):l + ( ( mK))
2
% + % = 3p1 + 2p2ps + P3K(£2 + ‘CW) + 0(32)

\—> Chiral effects highly suppressed. Mostly cutoff effects.
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Chiral-continuum extrapolations

(Twm) ?, (Wil)

06 03 0.0 03 0.6

(Twm)
0.4 0.2

a?/t,
0.0

(Wil)
0.2 0

4
T 0.085

06 03 0.0 03 0.6
(Twm) ¢, (Wi)

0.4 0.2
(Twm)

0.0
a?/t,

0.2 0.4
(Wil)

0.080
0.075 =

=

<

0.070 —
3
0.065 ©
0.060
0.055

s

12/ P13

Small cutoff effects

Exact at the symmetric point

2013/ Pk + P12/ P2

Suppressed chiral
dependence

Quark/meson masses
correlation
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Chiral-continuum extrapolations

We consider different combinations of quark masses to assess systematic effects:

w [xptm] : ¢12, P13
w o [xptr] : d12/d13, 2013/ bk + P12/ P2
mw [xptc] :

P12 P13

—= — == — Vanishes at ¢» = ¢ + very little cutoff effects

¢ Pk

2¢13 + P12 — Small chiral dependence, due to ¢, = cnst.
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Chiral-continuum extrapolations

(Twm) ¢, (Wi (Twm) a2/t, (Wil
06 03 00 03 0.6 04 02 00 02 04
< L 1 -0.004
© 0.0000 <
B t - 1 -0.006 =
< -0.0025 <
| - 1 -0.008 |
- ~0.0050 o
=, —0.0075 K { —0.010
© _0.0100 - . , 1 —0.012 &
031 F - - 3 0.31
- 030 L {030
& o029 - 1020 &
T 0028 (¥ L Jo28
) o
< 0.27 + 4027
0.26 L | | 0.26
06 03 00 03 0.6 04 02 00 02 04

(Twm) ¢, (Wil (Twm) a?/t, (Wil
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Chiral-continuum extrapolations

Quark mass combinations:
w [xptm] : ¢12, d13
w [xptr] : ¢12/d13, 2013/ bk + P12/ P2
w [xptc] : d12/d2 — d13/dk 2013 + d12

Cutoff effects:

Cuts in data:
> [m, < 420MeV] > [2%]: &%/h
> [>34]:a<0075fm > [a]: 2af(1/a)/to [2206.03536]
> [8>3.46] : a<0.063 fm > [P+a%]: P/t + 3/

> [2%¢] : ¢a®/to
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Model Average

(O)ma = Z oW o2, = (0*)ma—(O)}a

Takeuchi Information Criterion
[Takeuchi, 76][2209.14188]

W = Nexp (—%(X2 - 2<X2>)>

Akaike Information Criterion [Akaike, 76]

. 1
W = Nexp <—§(x2 + 2nparam)>

[2008.01069][2302.06550][2510.20450]
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N =2 + 1 results

Combined TIC PRELIMINARY m,
Combined AIC H—& i
Mixed TIC e
Mixed AIC ]
Wilson TIC
Wilson AIC
0.98 1.00 1.02
Combined TIC PRELIMINARY m, + my
Combined AIC 0 ——#H 2
Mixed TIC
Mixed AIC I ]
Wilson TIC
Wilson AIC
0.8 100 102
Combined TIC PRELIMINARY m,
Combined AIC 88— lnl
Mixed TIC H——————Hi
Mixed AIC H— i
Wilson TIC e
Wilson AIC
0.98 1.00 1.02
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N =2 + 1 results

Combined TIC

Combined AIC

Mixed TIC

Mixed AIC

Wilson TiC

Wilson AIC

Combined TIC

Combined AIC

Mixed TIC

Mixed AIC

Wilson TiC

Wilson AIC

Combined TIC

Combined AIC

Mixed TIC

Mixed AIC

Wilson TIC

Wilson AIC

miGe)

PRELIMINARY m,
e+
[ —————— ]
-
098 1.00 102
PRELIMINARY m; + my
e I
H—————o ————+
098 1.00 102
PRELIMINARY m,
H———8a———+ m
e+
e+
e
098 1.00 102
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Conclusions

@ We performed a combined chiral-continuum extrapolation with Wilson and Twisted mass
regularizations. — Agreement with our previous determination [1911.08025].
@ Five lattice spacings (0.038,0.085) fm with m,L > 3.9.
@ Ongoing work on systematic analysis for ground state extraction.
@ Current relative precision:
Mmyd ms ms/mud
[ALPHA 19] 42% 3.6% 4.0%
This work pretiminary]  1.9%  1.8% 1.3%
FLAG24 12% 1.1% 0.4%
Thank you!
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Plateau determination

030 H102r001, Wilson N203, Wilson J501, Wilson
) ++ 0 W=070
0.29 + # W =0.10
;009
0.28 ++ ‘M. W =0.09
2027 ++
026
025 W =040
0.24 W=0.15
W =0.11
0.23
10 20 30 10 50 10 20 30 40 50 10 20 30 40 50
@0/vto z0/ VT zo/Vi
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1.22 1

4 5 =340 4 B3=3.70
1.20 4 B=346 4 p=385
1.18 * f
1.16 1

1.14 1

o

1.12 1

1.10 1

1.08 1

1.06 1

e e e ————————
2g—
=
-
=
e

0.1 0.2 0.3 0.4 0.5 0.6 0.7
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TIC vs AIC

Weights prvalue mm, Weights pvalue
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TIC vs AIC

0 Weight ~ <p-value> Weight  <p-value>
lz512 P13 PR, d)l‘l P13
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= bt
[ it ol] i I i
= Fnklil o] - [ ]
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0 - r F . 0
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o o ® oD S
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TIC vs AIC
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