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Introduction
°

Observables

We study isovector nucleon matrix elements (NMEs)
(N(',$) 10| N(p,s) )
at zero-momentum transfer p’ = p =0 for a set of six different operator insertions O, i.e.

@ O =gvvsq, O°=gq, O], =giouq
o O\/D_— “ oaD_— ~ e OtD _ = g
wv =4V{u Duvy 9, wr =4V{pvs Duy g, wvp = % ui{v) Dpy g

— gZ’d, g;’_’d, gg’fd from local operators and (x),—d, (X)au—ad, (X)su—sq from twist-2 operators

Analysis requires:

@ Computation of two- and three-point functions.
@ Extraction of ground state NMEs from a dedicated method to tame excited states.

@ Chiral, continuum and finite volume (CCF) extrapolation to obtain physical results.
Statistically very precise data for the nucleon mass My on the same set of two-point functions:

@ Physical extrapolation of my provides a cross-check for scale setting.
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Setup details
[ 1)

Ensembles and setup

ID  a/fm T/a L/a Mg/MeV Mzl Neont Nmocas tho /fm  t2 /fm Ny,
C10I 0.086 96 48  0.225 473 2000 64000  0.35 1.47 14
N101 128 48  0.282 591 1595 51040
H105 9% 32 0281 3.93 1027 49296
H102 96 32 0.354 4.96 2005 32080
D450 0.076 128 64  0.216 535 500 64000  0.31 153 17
N451 128 48  0.286 531 1011 129408 9
5400 128 32 0350 4.33 2873 45968 9
E250 0.064 192 96  0.130 406 400 102400  0.26 1.41 10
D200 128 64  0.202 422 1999 63968
N200 128 48  0.281 439 1712 20544
5201 128 32 0292 3.05 2093 66976
N203 128 48 0.345 541 1543 24688
E300 0050 192 96  0.173 420 570 18240  0.20 1.40 13
J303 192 64  0.260 419 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Ny =2+1 flavors of non-perturbatively improved Wilson clover fermions.  Juep 1502 (2015) 043

@ Liischer-Weisz gauge action

Commun.Math. Phys. 97 (1985)

@ Twisted mass regulator to suppress exceptional configurations.  pos LaTTicE2008 (2008) 049

@ Production of correlators is complete / available statistics now fully included in analysis.
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Setup details
[ 1)

Ensembles and setup

D affm T/a L/a M/MeV Mzl Neont Nmeas tiop/fm  th /fm N
C101  0.086 96 48 0.225 4.73 2000 64000 0.35 1.47 14
N101 128 48 0.282 5.91 1595 51040
H105 96 32 0.281 3.93 1027 49296
H102 9 32 0.354 4.96 2005 32080
D450 0.076 128 64 0.216 5.35 500 64000 0.31 1.53 17
N451 128 48 0.286 531 1011 129408 9
5400 128 32 0.350 4.33 2873 45968 9
E250 0.064 192 96 0.130 4.06 400 102400 0.26 1.41 10
D200 128 64 0.202 4.22 1999 63968
N200 128 48 0.281 4.39 1712 20544
5201 128 32 0.292 3.05 2093 66976
N203 128 48 0.345 5.41 1543 24688
E300 0.050 192 96 0.173 4.20 570 18240 0.20 1.40 13
J303 192 64 0.260 419 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Ensembles cover four values of the lattice spacing a

— continuum extrapolation

@ Many different physical volumes with L &~ 2...6fm, typically ML > 4.
— extrapolation to infinite volume / check for finite size effects.

@ Pion masses from ~ 130 MeV to ~ 350 MeV
— chiral extrapolation and checking its convergence

@ Two very large and fine boxes at (near) physical quark mass.
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Setup details
[ 1)

Ensembles and setup

ID  a/fm T/a L/a Mg/MeV MiL Neont Nmeas tho /fm  t2 /fm Ny,
C10I 0.086 96 48  0.225 473 2000 64000  0.35 1.47 14
N101 128 48 0.282 591 1595 51040
H105 9% 32 0281 3.93 1027 49296
H102 96 32 0354 496 2005 32080
D450 0076 128 64  0.216 535 500 64000  0.31 153 7
N451 128 48  0.286 531 1011 129408 9
5400 128 32 0350 4.33 2873 45968 9
E250 0.064 192 96  0.130 406 400 102400  0.26 1.41 10
D200 128 64  0.202 4.22 1999 63968
N200 128 48  0.281 439 1712 20544
5201 128 32 0292 3.05 2093 66976
N203 128 48 0.345 5.41 1543 24688
E300 0050 192 96  0.173 420 570 18240  0.20 1.40 13
J303 192 64  0.260 419 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Ensembles cover four values of lattice spacing

— continuum extrapolation

@ Many different lattice volumes with L ~ 2...6fm, typically M, L > 4.
— extrapolation to infinite volume / check for finite size effects.

@ Pion masses from ~ 130 MeV to ~ 350 MeV
— chiral extrapolation and checking its convergence

@ Two very large and fine boxes at (near) physical quark mass.
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Setup details
[ 1)

Ensembles and setup

ID  a/fm T/a L/a Mrl  Neont  Nmeas tiop/fm  thi /fm N
CI01 0.086 96 48 473 2000 64000  0.35 1.47 14
N101 128 48 591 1595 51040
H105 9% 32 3.93 1027 49296
H102 9% 32 4.96 2005 32080
D450 0.076 128 64 535 500 64000  0.31 153 7
N451 128 48 531 1011 129408 9
$400 128 32 4.33 2873 45968 9
E250 0.064 192 96 4.06 400 102400  0.26 1.41 10
D200 128 64 422 1999 63968
N200 128 48 439 1712 20544
$201 128 32 3.05 2093 66976
N203 128 48 5.41 1543 24688
E300 0.050 192 96 420 570 18240  0.20 1.40 13
J303 192 64 419 1073 17168
N302 128 48 422 2201 35216

@ Ensembles cover four values of lattice spacing

— continuum extrapolation

@ Many different lattice volumes with L &~ 2...6 fm, typically ML > 4.

— extrapolation to infinite volume / check for finite size effects.

— chiral extrapolation and checking its convergence

@ Two very large and fine boxes at (near) physical quark mass.
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Setup details
[ 1)

Ensembles and setup

ID  a/fm T/a L/a Mrl  Neont  Nmeas tiop/fm  thi /fm N
CI01 0.086 96 48 473 2000 64000  0.35 1.47 14
N101 128 48 591 1595 51040
H105 9% 32 3.93 1027 49296
H102 % 32 4.96 2005 32080
D450 0.076 128 64 535 500 64000  0.31 153 7
N451 128 48 531 1011 129408 9
$400 128 32 4.33 2873 45968 9
E250 0.064 192 96 4.06 400 102400  0.26 141 10
D200 128 64 422 1999 63968
N200 128 48 439 1712 20544
$201 128 32 3.05 2093 66976
N203 128 48 5.41 1543 24688
E300 0050 192 96 420 570 18240  0.20 1.40 3
J303 192 64 419 1073 17168
N302 128 48 422 2201 35216

@ Ensembles cover four values of lattice spacing

— continuum extrapolation

@ Many different lattice volumes with L &~ 2...6 fm, typically ML > 4.

— extrapolation to infinite volume / check for finite size effects.

— chiral extrapolation and checking its convergence

@ Two very large and fine boxes at (near) physical quark mass.
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Setup details
[ 1)

Ensembles and setup

D a/fm T/a Lja M;/Me&V_ MyL Neont Nueas fioy/fm  th /fm Ny

sep sep

C101  0.086 96 48 0.225 4.73 2000 64000 0.35 1.47 14
N101 128 48 0.282 5.91 1595 51040
H105 96 32 0.281 3.93 1027 49296
H102 96 32 0.354 4.96 2005 32080
D450 0.076 128 64 0.216 5.35 500 64000 0.31 1.53 17
N451 128 48 0.286 531 1011 129408 9
5400 128 32 0.350 4.33 2873 45968 9
E250 0.064 192 96 0.130 4.06 400 102400 0.26 1.41 10
D200 128 64 0.202 4.22 1999 63968
N200 128 48 0.281 4.39 1712 20544
5201 128 32 0.292 3.05 2093 66976
N203 128 48 0.345 5.41 1543 24688
E300 0.050 192 96 0.173 4.20 570 18240 0.20 1.40 13
J303 192 64 0.260 4.19 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Large number of source-sink separations available, typically t.., ~ 0.3...1.5fm.

@ Npeas reduced by factor of two in steps of Atgep, &~ 0.2fm for teep < 1fm.
— Signal-to-noise ratio as function of tsp, closer to constant
@ On lattices with periodic boundary conditions and some other (newer) runs this scaling of statistics has

hi

been performed beyond tscp, = 1fm up to tep-
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Setup details
[ 1)

Ensembles and setup

T

1D a/fm T/a L/a My/MeV MzL Neont Nmeas tS:p/ fm ts}‘:p/ fm Neg,
C101 0.086 96 48 0.225 4.73 2000 64000 0.35 1.47 14
N101 128 48 0.282 591 1595 51040
H105 96 32 0.281 3.93 1027 49296
H102 96 32 0.354 4.96 2005 32080
D450 0.076 128 64 0.216 5.35 500 64000 0.31 1.53 17
N451 128 48 0.286 5.31 1011 129408 9
S400 128 32 0.350 4.33 2873 45968 9
E250 0.064 192 96 0.130 4.06 400 102400 0.26 1.41 10
D200 128 64 0.202 4.22 1999 63968
N200 128 48 0.281 4.39 1712 20544
S201 128 32 0.292 3.05 2093 66976
N203 128 48 0.345 5.41 1543 24688
E300 0.050 192 96 0.173 4.20 570 18240 0.20 1.40 13
J303 192 64 0.260 4.19 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Large number of source-sink separations available, typically tsep, ~ 0.3...1.5fm.

@ Npeas reduced by factor of two in steps of Atyep = 0.2fm for tee, < 1fm.

— Signal-to-noise ratio as function of t..;, closer to a constant.

@ On lattices with periodic boundary conditions and some other (newer) runs this scaling of statistics has

been performed beyond tscp, = 1fm up to t,

hi
sep”

2/13



Setup details

Ensembles and setup

1D a/fm T/a L/a My/MeV MzL Neont  Nmeas o /fm o / fm Negop

sep sep

C101  0.086 96 48 0.225 4.73 2000 64000 0.35 1.47 14
N101 128 48 0.282 5.91 1595 51040
H105 96 32 0.281 3.93 1027 49296
H102 96 32 0.354 4.96 2005 32080
D450 0.076 128 64 0.216 5.35 500 64000 0.31 1.53 17
N451 128 48 0.286 531 1011 129408 9
5400 128 32 0.350 4.33 2873 45968 9
E250 0.064 192 96 0.130 4.06 400 102400 0.26 1.41 10
D200 128 64 0.202 4.22 1999 63968
N200 128 48 0.281 4.39 1712 20544
5201 128 32 0.292 3.05 2093 66976
N203 128 48 0.345 5.41 1543 24688
E300 0.050 192 96 0.173 4.20 570 18240 0.20 1.40 13
J303 192 64 0.260 4.19 1073 17168
N302 128 48 0.349 4.22 2201 35216

@ Large number of source-sink separations available, typically tsep, ~ 0.3...1.5fm.
@ Npeas reduced by factor of two in steps of Atgep & 0.2fm for tyep < 1fm.

— Signal-to-noise ratio as function of tsp, closer to constant

@ On and some scaling of statistics has
hi

been performed beyond tscp, = 1fm up to toep-
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Setup details
oce

Further details

@ NMEs are computed from the usual ratio with projector I', = %(1 +70)(1+ ivs7v3)

O,3pt = L.
RO (toon ):Cpl,___un(q—O,tsep,tms,rz) )
41,...,up\tsep) lins ) = opt(F — - .
C2Pt(G =0, tsepi )

@ For the nucleon mass we use C?P"(§ =0, tyep; o) with [o = 1(140) to improve statistics.

@ For 3pt functions we use sequential inversions through the
sink, setting p’ = 0.

Opuv...(q: tins)

G=p-p=-p

@ Only quark-connected 3pt functions for isovector NMEs.

@ Truncated solver method gives speedup of 2-5:

Comput.Phys.Commun. 181 (2010) 1570-1583 N(p', tsep)

N(p,0)
Phys.Rev. D91 (2015) no.11, 114511

Nip Nup

1 1
<0>:<—§ OLF) + (Obias) » obias:—E (o —ofy.
Nip Npp
i=1 i=1

@ Full non-perturbative renormalization (SF) available for ga. Eurphys.t.c 79 (2019) 1, 23

@ For other observables non-perturbative renormalization (RI'-MOM) at 3 = 3.40, 3.46, 355;
Extrapolation for 5 = 3.7 as in 2019 paper.  physRev.D 100 (2019) 3, 034513
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My analysis
00

My analysis

My /GeV
. 0010 015 020 0.25 0.30 0.35
18 T T T T T T T 12 T T T T T r |
.
16 | 1 i
B - :’i
MpE o, 11
.o o
2] .o, { il
© Oe ¥ "
&=
A stz T
,
0.8 [ 1 G
.
h 09 fit (a =0, MyL = )
0.6 - (OMeV e 9o original lattice data —e—
72MeV, a = 0.050fm, My = 967(5)MeV e B Nawt = L8OL, p= 0,055 corrected lattice data —e—
04 ! i | | . 0 [Naar i ‘ ‘ | physical result ——
: P -5 o5 -5 5 8
0 025 05 075 1 L2515 L7 2 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
t/fm (M /GeV)?

@ Statistical error of My lattice data typically at a few per mille.

@ Chiral, continuum and finite volume extrapolation from xPT-inspired fit model up to O(Mi)

M3
my(Mx,a,L) = iy + BM2 + CM2 + Da” + E—Z_e Mrt

(M7r L) ' Phys. Lett. B 649, 390 (2007)

with iy, B, C, D and E free parameters of the fit.
@ Physical result My = 947(10)MeV dominated by scale setting error.

In agreement with experimental value — Xcheck for scale setting.

@ Large corrections for individual data points ...
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My analysis
o

Effects from finite volume and continuum extrapolation

M, /GeV
0 010 015 020 0.25 0.30 0.35
1.2 T T T T T T T T T
115 .
“ 4%
L1 Chd ]
e
. *. . .
L »* “ 1 E)
R
i*
9F E 0.9
09 fit (a =0,
o5 & original ’ ossf
2 /Naos = 1801, p = 0.055 corrected > data X2/Naor = 1.801,
0.8 L L L L b - ! 0.8 L
0 002 0.04 006 0.08 0.1 012 o 2
(M /GeV)?
Lo 0 003004 005 006 007 0.08 0.09 0.10
@ Steep chiral extrapolation — largest corrections. “F T " " " " "
1.15 . B
- N o : .
@ Finite volume corrections significant on top of 3 ' 1
chiral extrapolation. L 105 F . ’ . s E
% .
< 1F 1
@ Effect from continuum extrapolation not negligible. £ (g5 & s . ° "
L ] .
0.9 ¢ o |
fit (M = ME™®, ML = oo)
= All three extrapolations are required s.t. corrected 085F ) Qriginal lattice data —e— J
data aligns with the fitted curve. o Moot = 1801 2 =005 ‘ physical result
0 0.002 0.004 0.006 0.008 0.01
(a/fm)?
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My analysis

ooe

Fit stability / systematics

M, /GeV

M /GeV
1o 0 0.10 0.15 0.20 0.25 0.30 0.35 70 0.10 0.15 0.20 0.25 0.30 0.35
9 1 1.2
— . . . . ]
115 115 .
11 N b . ”»
L 10 1e
! b ; 1
** .
T 095 " S 095 F o k!
0.9 ¢ .
fit (a =0, M, L = oc) 0.9 fit (=0, ML =00
osit R T T raat iina e
/Nuaot = 1.673, p = 0.123 lattice data SO E oy 0095 correted lattice data —e—t
N S ) ) __ physical result —— s X /A\Lm‘— 2.408, p‘—DOZJ ‘ ‘ physical result
0 0.02 0.04 006 , 008 01 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 o1
(M /GeV); (M /GeV)?
M, [GeV
. 0 .1 15 20 .25 0.30 0.35
Perform cuts to study systematics: 1,2‘t 010 015 00 025 050 055 ]
115 N |
©Q M, <300MeV: My = 946(11) MeV . e
'0
Q@ =< 0.08fm: My = 945(11) MeV e
”
. ® e
QO M.L>a Mpy = 948(10) MeV '
.
9 fit (a = Ul 1\LJ, 7106,)
. . - original lattice data —e—
Physical result is very stable. 0.85 2116 — 0.031 corrected lattice data —e—
08 dof - "‘* - ) ) __ physical result
0 002 004 006 0.08 0.1 012 ou
However: M, -cut affects slope of extrapolation. (M /GeV)*
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NME analysis
Excited states

We consider two fits models for the summed ratio S(tsep) = ZTFP_S R(tins, tsep):
ins

o Plain summation method fits to individual observables:

’ S(tsep) = const + Moo (tsep — a) - ‘

9 Two-state truncation

- A —
e—Ba_ (1+ }A1}2e Aa)e Atgep
o

1—e—42

S(tsep) = Moo(tsep — a) +2Mo1 + Wy e ™ AP (1 — a)+ O(e2Atep)

2
erms ~ 11 = 11 not constrained at our level of statistics and excluded from final fits:
T AP (i, = M 2 t constrained at our level of statistics and excluded from final fit

14912

—Aa __ E*Afsep

~ e
S(tsep) = Moo(tsep — @) +2Moy —
— e

. . . —d
@ Fits are carried out simultaneously for gZ,S,T and (x)y—d, (X)au—ad, {X)su—sd-
= Correlation helps to reduce errors.
@ (Much) smaller covariance matrices than for (simultaneous) ratio based fits.

= Simultanous two-state summation fits are more stable than ratio fits (no priors).
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NME analysis
0®00000

Plain vs simultaneous two-state summation method (local NMEs)

L p=0214 =221, p=0.050
35 63, p = 0.147 061, p = 0.690 .
72, p=0.018 == T :
x -
= ) <
-—
* <
]
10 3 B .-
4 b4
5 t 1
3
oL 0
0.2 0.4 0.6 08 1 12 14 0.2 0.4 0.6 08 1 1.2 14
toop/fm

toep/fm

Plain summation method fits for local operator insertions on E300 ensemble (M, = 173MeV, a &~ 0.050 fm).

@ Deviation from linear behavior at small values of tgep,.

@ Observables are fitted independently.
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NME analysis
0®00000

Plain vs simultaneous two-state summation method (local NMEs)

° >
-~ » “
5 - . s
10 3 ¢ 2 i
5 : 1 :
1

% X?/Naot = 1.175, p = 0.220 x2/Ngof = 1.175, p = 0.220

02 0.4 0.6 08 1 12 14 02 0.4 0.6 08 1 12
tiop/fm tiep/fm

4

u

imultaneous two-state summation method fits for local operator insertions on E300 ensemble (M, = 173MeV, a =~ 0.050 fm).

@ Data described well by two-state fit to much smaller tsep,.

@ All six observables are fitted simultaneously.
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Convergence of plain and two-state summation

0.8

method for gj_d

e fa i fa
4 6 8 10 12 14 16 18 20 22 24 26 14 4 8 10 12 14 16 18 20 22 24 26
pl 1.3
q 1.2 3 $ 4 Hr
L]
3
A # # # % . I b ‘H’
© ° w
1l B
B S
] 1
+H 0.9
plgin summation —e— plain summation|—e—
2-stgte summation —e— 08 2-state summation|—e—
0.2 0.4 0.6 0.8 1 1.2 0.2 0.4 0.6 0.8 1 1.2
12 /fm 2 /fm
E300 M, =173 MeV, a = 0.050 fm J303 M, =260 MeV, a =0.050 fm
i /a
. . 3 4 8 10 12 14 16 18 20 22 24 26
Plain summation and two-state fits converge. 14
. H 1.3
Two-state fit allows to include smaller tgp,. s
. . .. 1.2
Plain summation fits: . s 4 s @ # ﬁ ﬂ
min > min > 1
Choose M t3,1 2 0.7 and t3i0 2 0.5fm. o
. 1
Two-state fits:
min > 0.9
Choose M t}2 " 2 0.5. !
0.8 2-state summation —e—
0.2 0.4 0.6 0.8 1 1.2
£min ffm
N302 M, = 349 MeV, a = 0.050 fm
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Physical extrapolation — CCF fit models

We consider the following ansatz for the chiral, continuum and finite volume extrapolation of any observable
O(My, a, L) inspired by the NNLO chiral expansion of ga JHEP 04 (1999) 031

O(My, a,L) = Ao+ BoM? + CoM?2 log M. + DoM?. + Ega™? + Fo

where
@ n(0)=2for O= g:;d and n(O) = 1 otherwise.
@ Ao, Bo, Do Ep and Fg are free fit parameters.
. . —&a o2
@ The Co are known analytically, e.g. C;, = T (1+2gA).

Remarks:

@ An NLO ngd fit including the chiral log imposes a curvature not observed in the data.

@ An NLO ngd fit with a free parameter C gives the “wrong” sign.

We employ two fit models:

SR . . u—d _ 2 2 Mfr —MgL
0 NLO fit without a chiral log: g, “(Mx,a,L) = A+ BM; + Ea” + F\/ﬁe .

T

@ Full NNLO fit as given above. (currently only for ngd!)

. phys __ JHEP 08 (2010) 071
We use to to set the scale, with 4/ 8t; = 0.415(4)stat (2)sys fm. PRD 95 (2017) 074505
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NME analysis
000000

Physical extrapolation for gj\’_d (two-state summation)

M, /Gev M, /GeV
1 4‘) 0.10 0.15 0.20 0.25 0.30 0.35 14 0 010 015 0.20 0.25 0.30 0.35
13} ; ] 13F i j
S S———— : i : ” :
: - TS Y ts %
12 i & Y é. o 12 i I? 3 ,;y :;; 1
. 1
L] g &
1| 1 b
I L = o0)
09 1 09|
X*/Naot = 1418, p = 0.157 X?/Naos = 1.408, p = 0.169
0.8 w? . L L 08 L L . \
0 002 00 006 008 0 0.02 0.04 0.06 0.08
(M, /GeV) (M /GeV)?
1.4 T T T T T
@ Chiral and continuum extrapolations are mild.
130
. . . —d
@ Finite volume corrections can be sizable for g, 12
(already seen in 2019 analysis).
1
. . ’
@ Physical results from both fit models agree .
1
u—d .
8y = 1.237(15)s¢as (fit 1) fit (a =0, My = MP™*)
p 0.9 1)11nl sical n‘;ult
u— . 2N 14 _ original lattice data —e—
g, ¢ =1.250(25)stat (fit 2) s LY /Naot = 1408, p = 0.169 corrected lattice data —e—
2 3 4 5 6 7
but only NNLO fit in agreement with result on L/fm

E250 and with experiment.

All results are preliminary!
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Systematics

M, /GeV
0 010 015 020 0.25 0.30 0.35
14

fit (=0, MyL = o)
09 L riginal lattice data —e—
V2 /N 4 N corrected lattice data —e—
08 X"/ Naor =1.408, p = 0.169 physical result s
. . . !

. .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
(M /GeV)?

@ Compatible NNLO results from two-state and plain
summation method

g7 = 1.250(25)stas
gy = 1.247(22)stas
@ M, < 300MeV-cut prefers larger values
gy = 1.264(20)s¢as (fit 1)
g4 = 1.286(36)s¢as (fit 2)

@ Use cuts (M, a, volume) and fit model variations
for model average — systematic error.

M /GeV

0 010 0.15 0.20 0.30 0.35
14 T T

% ‘e - !
. L s ‘
I 4 e
L
¥
b
fit (a =0, ML = o)
09| original lattice data —e—
\2/Naot = 2,031, p = 0.026 corrected lattice data —e—
physical
0.8 , . , , . i ;
0 002 004 006 008 0.1 012 ou
(My/GeV)?
M, /GeV
0 010 015 020 0.30 0.35

13 ‘}
¢

L]
b ]
fit (a = 0, M, L = oc)
09 original lattice data —s—
X?/Naot = 0.876, p = 0.512 wnva;ﬂ&:&:;‘ﬁisﬁ:ﬁ .
08 , , , , __ physica "
0 002 004 006 008 0.1 012 014

(M /GeV)?

All results are preliminary!
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NME analysis
000000

Overview of chiral extrapolations for all six NMEs

M. /G M. /G M. GV
0 010 015 02 02 030 035 0 010 015 0w 035 030 035 0 010 015 02 o0 0% 04
L1 2 12
b i "
1 3 L5 N
. o o i
12 f $ J', Wt 1 d o i 94
- + 1
11 i [} T.00
5 ¥ < BN 3
1 08
05
09 07
¥/ Nt = 1408, p = 0.169 VNt = 1881, p = 0037 ¥ Nt = 0381, p = 0843
08 0 06
TR [E R ERTET] L T T ¥ R KRN T Y TS T Y A B RN T}
[ (e /GoV Y (. fGev)?
M. Gey MGV Mo GV
0 010 015 02 0z 00 035 0 0w 015 02 o 030 035 0 010 015 020 0% 030 035
03 03 03
025 02 j 02
2 3. z ot E
02 ! L 2 ,?i o2 1 : { ) ‘,,‘ bl Lo 81
015 4 : 1 4 . tois Lo 1 1 :
g . o1 H , 5
01 01 01
fit (0 = 0, ML = o) it (a =0 ML =
005 i 005 . 005
VNt = 1406, p = 0.162 N = 1130, p = 0332 e da o \*/Nas = 0990, p = 0.510
0 0 0
T Y TR T L T Y S R P RN T 0oz oor oo oos or o1z o
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@ Data for other five NMEs are well described by fit 1 ~ M2.
@ Large finite volume corrections only seen for g:_d (and My).
@ Typical rel. stat. errors of physical results:
g:}d: ~ 1% —3% ggid and (x)"~% ~ 5% — 10%

@ Simultaneous fit (§a as common parameter) exploiting correlations might further improve results (or
allow to fit full NNLO expressions).
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. u—d ) fit 1 My L-cut | —e— J
@ Calculation of 8,1 and (Vu—ds (X)au—nd: (X)su—sd: fitlacut | —e—s i
fit 1 Ma-cut | —e—s J
fit 1 no cut | o J
@ Excited states tamed by (2-state truncated) summation method. fit 2 MrL-cut —e— 1
fit 2 a-cut | —e— 4
@ Full, chiral, continuum finite size extrapolations to obtain physical fit 2 Mr-cut —— 1
results fit 2 no cut | —e—s J
' fit 1 My L-cut | —o— i
— . . . fit 1 a-cut | —— 4
@ Results for g, % in agreement with ensemble at physical quark mass. | M::t [ e i
fit 1 no cut | —.— 4
@ Systematics may be assessed from model averaging. fit 2 My L-cut |- . |
fit 2 a-cut | —e—i 4
@ Simulatenous CCF fits may further stabilize / improve results. fit 2 Mz-cut | —
fit 2 no cut | ——s J
) 3
M./GeV g4
@ Calculation of physical My with controlled systematics: 12— 22 27 030 08 1
115 . |
L 11 e
@ Physical result My™*® = 947(10)MeV in good 4

agreement with experimental value.

@ Small systematics / result stable under fit variations.

@ Statistically very precise, error dominated by scale X*/Naor = 1.801, p = 0.055

setting — Xcheck for scale setting. 0 0.02 0.04 0 u«,mr (n{sx‘ 01 0.12 0.14
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