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Setup: sea sector
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Setup: sea sector

o CLS Nf =2+ 1 ensembles [Liischer and Schaefer, JHEP
1107 036; Bruno et al. JHEP 1502 043 - 1712.04884 - 2003.13359]

> Liischer-Weisz gauge action

> Non-perturbatively O(a)-improved Wilson
fermions

> Open boundary conditions [Liischer and Schaefer,

1206.2809]
> Finite volume corrections: xPT LO, m;L 2> 4

o Chiral trajectory trMy = 2mg ,q + mg s = cnst.
> Mass shift to renormalized chiral trajectory [Bruno,
Korzec, Schaefer, 1608.08900], [StraBberger et al. 2112.06696]
h
G5 = 88 (ImZ + mi )™ = 1.098(10).
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Setup: valence sector

o Wilson twisted mass valence quarks [ALPHA, hep-lat/0101001; Frezzotti and Rossi hep-lat /0306014, Pena et al.,
hep-lat, (]4[]5()28]

3

1 . . i 3 . ,
Dim = > #Z::O [’Yu (Vu + VM) - aVHVM} + Z"CSW #zl/;o o Fuv +amo + ivs apo,q-

Dy
> Tuned to maximal twist: mg = Mg <> Myg = M = % =0
> Automatic O(a)-improvement — relevant for heavy quark physics
> Residual cutoff effects O(ag; trM*?)
> Finite volume corrections: xPT LO, m,L 2 4

o Motivation:

> Alternative way to control cutoff effects — universality

> Leptonic & semileptonic decays with heavy quarks
[A. Conigli et al, 2112.00666]
see talks by Alessandro Conigli & by Julien Frison

> Light-quark sector (isospin limit): valence/sea matching, scale setting, light quark masses
this talk & talk by Gregorio Herdoiza
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Bayesian averages: ground state [Jay, Neil, 2008.01069]

o Lattice observable O(xp) = {my k, fx k, m12,13} & fit function(s) f(xo; p1, P2, ---, Pk)

f(XO) =p1+ Zpiexp <—ql?) + Z prexp (q, T — X0> .
i i

a

@ Use different cuts of data for fit:

04 T T T T

5 5 dof
o | X; = Xj =35> [ALPHA: JHEP 05 (2021) 288]

J,exp

03

& * i ICJ = XJ2 + 2nparam + 2ncuts,
025 - : - VVJ ~ exp(70.5 /CJ)

02| . & o Average fit parameters results & add
systematic uncertainty:

Xola <p1>model = Z pl(j) VVJ"
Jj

my = mg = 420 MeV, a = 0.085 fm. 2 _ 2 2
O1,syst — <P1 >model - <p1>mode/‘
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Matching valence & sea + maximal twist

amy,¥!

@ Matching & maximal twist condition qb‘/a/ = 3%, qb"a/ = ¢7%, am‘l/gl =
o Interpolate from valence tuning grid (/2 = k¥, ap}?, ap¥?')

X2 exp=0.24
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Continuum limit: universality checks

(8t0) M3y

o Cutoff effects:

fe = 5 (36 + fx)

2
(VBT k) (62)] s = (VBTik) (0] x (1 P )

*  Finite volume corrections

@ Symmetric point ensembles:
> myg = ms = my = myg = 420 MeV

sym _ 2
(VBtofri) (43 |Iatt =a+a 4&0(1?'"7)'

> YT = 248™° = 0.732(7) —
0.325 T T

032 - { { —
0315 l R
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0.3 - l % —

Wtm —+—
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0

0.005
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0.015
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0.025

a8ty

0.03

0.035
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0.045

8to(¢2)

Wtm (MA) : ¢ = 0.3163(31),
c» = +0.065(95),
X2/ X2 = 0.89.

Wilson (sea) : c; = 0.3158(31),
o = —0.37(10),
X?/X2p = 0.62.
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Continuum limit: universality checks

frk = 3 (3 + fx)

r
@ Logarithmic corrections azag(a_l) ~ —a° ([In(a/\QCD)] 71) [Husung, 2206.03536]

L L5

mixed action (max. twist valence (%unrks)

— [=0 — LO — NLO — N?LO — N*

2

Plot from [Husung, 2206.03536)
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Continuum & chiral extrapolation: /8tgf;k 3 fits: Wilson, Wtm, Combined

Xz/‘)(zexp:1 09
0.325 T T T T

Combined continuum limit
Wilson continuum limit ——
I Wtm centinuum limit ——
L . physical point H&—
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@ 5U(3) NLO xPT:
P ba—b2/2 464/3—
(Vo) (@)l come = 52 { —Ic (;1}) - %g( 4 p%z ) _ %g( 4pf z) +,,2¢4} . £(x) = xlog(x)

2
@ 0(a?) cutoff effects: (\/Biofrk) ($2)]ee = (VBEoFrk) (92)|come X <1+p3;TO>
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Systematic effects: model variations

oM (combined) [fm?2]
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XhCexn

W ~ exp [7% (XZ

dZOf + 2nparam + 2’7cut)}
Xexp

Models

20

Combined analysis Wilson & Wtm

Model average:
e Continuum ¢» dependence:
> SU(3) NLO xPT
> Taylor in (¢2 — ¢3™)
o Cutoff dependence:
> 0(a%)
> 0(a% + $2a%)
> O(a’ag(a )
[Husung, 2206.03536]
o Cuts in data:
» Remove m, = 420 MeV
> Remove a = 0.085 fm

o Physical inputs:

f—isoQC D fisoQCD exp exp
T s Tk ; KO

m m
70

8% 5 ¢PM° = 1.008(10).

10: Taylor, O(a?)
16: Taylor, O(azag)

* ot ot %

1: SU(3) NLO xPT, O(a%)
7. SU(3) NLO xPT, O(a%al)

[FLAG]
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Preliminary physical results: ty

[Bruno et al. 1608.08900]

[FLAG21] |-

[StraBberger et al. 2112.06696] +—+——

[talk by Sara Collins, Tues. 16:30]

I

[this analysis, Wilson] -

[this analysis, Wtm] - —————

[this analysis, combined] — —*—

|

0.144 0.146 0.148
t01ﬂ'2[fm]

CLS Ny =2 +1

\/ 2" = 0.1467(10)(7) fm,

[Bruno et al. 1608.08900]

\/ 2" = 0.1443(7)(13) fm,

[StraBberger et al. 2112.06696]

ph _ (7) -
Vit = 0,1449(9) fm, — m=

[talk by Sara Collins, Tues. 16:30]
\/t2" = 0.1454(10)(7) fm (Wilson),
\/t2" = 0.1450(12)(10) fm (Wtm),

\/t2" = 0.1450(8)(3) fm (combined).
0.6% relative error v/t

o8 = 1.114(16)(11) (Wilson),
o8 =1.109(18)(16) (Wm),
¢ = 1.109(12)(5) (combined).

$EUe — 1.098(10)
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Preliminary tp error budget

to Wilson

Emm x-cont lim model av.
o
Physical inputs.
. D200
- 303
mmm Other ens.

to Wtm

= y-cont lim model av.
o5
Physical inputs
. D200
[ IELE]
= Other ens.

to combined

= y-cont lim model av.
[
Physical inputs
=== D200
- 303
Emm Other ens.

D200: m,; = 200 MeV, a = 0.064 fm
J303: m; = 260 MeV, a = 0.050 fm

)
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Lattice spacing

@ Fit [StraBberger et al. 2112.06696]

Vto(p2)/a? _

\ to(83")/2

e Lattice spacing

h
tP
sym __ \/07
ty =

- .
L+ pu(eh" — 83"

1

1.005 |

ol 2(®:)/2(0,5™)

0.995

1+ pr(¢5" — ¢3™)

Wilson Wtm Combined
B a [fm] a [fm] a [fm]
3.40 0.0855(6)(4) 0.0853(7)(6) 0.0853(5)(2)
3.46 0.0758(6)(4) 0.0756(6)(5) 0.0756(5)(2)
355  0.0637(4)(3)  0.0636(5)(5)  0.0636(4)(2)
370 0.0495(4)(2) _ 0.0493(4)(4) _ 0.0493(3)(1)
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Conclusions

o Mixed action: Wilson twisted mass quarks on Wilson fermions

Finite volume effects corrections for m, x and f; x

Scale setting: lattice spacing a and ty combining Wilson & mixed action results
\/t8" = 0.1450(8)(3), 0.6 % relative error.

o Systematic effects: cuts in data & fit functions

Adding lighter ensembles and finer lattice spacings

Light quark masses: m,q4, ms
see talk by Gregorio Herdoiza

Heavy-quark physics: leptonic & semileptonic decays
see talk by Alessandro Conigli & Julien Frison
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Twisted mass fermions: maximal twist

o Twisted mass Dirac operator:

3 . 3
1 A
Dtm = 5 E [’yu (V:l + Vy,) — aVZVM] + iacsw E U;UJF;U/ + amg + i'YS apo,q-
=0 H,v=0

@ 2-point correlation functions:
P’S(X) =P ()19 (x), AF(x) = @’(X)Vo'vsws( )

Calxo,y0) = =15 Z (P=()P"(y)), Crlx0,30) = —73 Z (AF ()P (y)) -

o PCAC Ward identity:

(30 Cr+ acAag C[,s) (x0, Y0) _ mr+ms
s =mps(x0,00) = ——
CF (%0, ¥0) 2
@ Renormalized standard quark mass:
-1
m,R; = ZP Zp mys.
@ Maximal twist condition:
R
14 ™ .
w/:atan—lR:f:m():mcr@mu:O-
mp, 2
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Observables improvement

@ Wilson PCAC quark masses

V4 _ _ ~ ~
mR = Zfﬁ (1 +a(ba— bp)trMy + a (bA - bp) m,5> mys + O(a?).

o Wtm PCAC quark masses

1 — — ~ ~
mR = Z (1 +a(ba — bp)trMg + a (bA — bp) m,s) mys 4+ 0(a%) + O(ap2).

o Wilson pseudoscalar decay constants

f75K = ZA (l —+ aEAtqu —+ aEAm,S> fﬂl_’i’(s + 0(32).

o Wtm pseudoscalar decay constants

R = (1+a (b, — bp)trMy) £25¢ + O(a?).

Bap. = Oled) J
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Finite volume effects

@ Finite Volume xPT LO corrections (w/ pions & kaons):

mg(L) — mg(c0) 1 _
W = Egﬂgl(Aﬂ')v
my (L) — mg(o0)
—mK(oo) =0.

)
ATK’,K = mw,KLv gl(x) = Z

@ Smallest m L:

fr (L) — fr(o0)

£ (00) = =26z81(Mx) — Exé1(Xk),

fk (L) — fk(o0) 3

fx (00) - _ngl(h) - ggKgl(AK).

\n/vé:) Ki(Vnx),  Exk = ( M K )2

Aty k

ensemble  m; [MeV]

myL afr af>®

H105 320

0.05743(99)  0.05764(99)

D200 200

0.04225(15)  0.04231(15)
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Mass shifting q={u,d,s} vs. q={s} Wilson mpcac

d (O(mo,q))
/ / »q
(0(mp,)) = (O(mo,q)) + > (mh g — mo,q) ” :
p mo,q
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0.0001 T T . . . . 0.0001 . T T T 1
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! N 0 I
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E -0.0002 |- 1 E -0.0002 b
= -0.0003 [ H 4 = -0.0003 H 4
& -0.0004 [ H - E -0.0004 | H -
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o Wilson data o Wilson data
@ Improved light-light PCAC quark masses o Improved light-strange PCAC quark masses
o Difference between observables shifted with o Difference between observables shifted with

g ={u,d,s} or g = {s} (unshifted result q = {u,d,s} or g = {s} (unshifted result

as offset) as offset)
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Mass shifting q={u,d,s} vs. q={s} Wtm twist masses

d (O(mo,q))
(O(mp )y = (O(mo,q)) + > (mp 4 — mo,q)d7q~
p mo,q
s-shifted twisted —+—1 u,d,s-shifted twisted ——<— s-shifted twisted —— u,d,s-shifted twisted +——<—
0.0001 — \ . . \ : \ 0.00015 — : \ . \ . \ .
5%10° -
SR | A | R Tt 1
1 N il
< 5x100 b < sx10% | b
L E L]
i o |
= -0.0002 - B =
5x10°5 - B
-0.00025 - -
oo L B P
& F 5y sy F F F ey s s FEs
o Wtm data o Wtm data
o Twisted light masses after matching o Twisted light-strange masses after matching
o Difference between observables shifted with o Difference between observables shifted with
qg={u,d,s} or q={s} (g = {s} result as g ={u,d,s} or q={s} (g = {s} result as
offset) offset)
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Mass shifting q={u,d,s} vs. q={s}

6 (amy5') (wilson)

Wilson vs. Wtm

(O(mh ) = (O(rmo.g)) + S (g — mo,q) L OUT0:0)).
q

s-shifted —— u,d,s-shifted ——<—
0.0001 T T T T T T

et |
sl || 1] | Il
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-0.0002 b

—_—
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[~}
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4’900 L

L
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¥ o
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S &
S o
E

Wilson data
Improved light-light PCAC quark masses

Difference between observables shifted with

qg={u,d,s} or q={s} (g = {s} result as
offset)

6 (amy,!) (Mixed Action)

(O(mo,q))
dmoﬂq
s-shifted twisted —— u,d,s-shifted twisted +——<—
0.0001 . T : T T T T T
5x10°5 - -
0 | I
e T l l ]
-0.0001 A
-0.00015 - l*
-0.0002 - b
-0.00025 - b
B I S
SEFESSEE
& g
o Wtm data
o Twisted light masses after matching

o Difference between observables shifted with
g ={u,d,s} or q={s} (g = {s} result as
offset)
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Mass shifting q={u,d,s} vs. q={s} Wilson vs. Wtm

(O = (Omoa)) + S — o) ().
q s

s-shifted —— u,d,s-shifted ——<— s-shifted twisted —— u,d,s-shifted twisted —<—
0.00015 T T . T . T . 0.00015 . T . T

0.0001 - b 0.0001

5x10°5 ‘

o
-5x10°% ‘
s

5%10°%

| h ] 8 ]

6 (amy3') (wilson)

—
L
6 (amy3') (Mixed Action)

o000 [ o000
A A A A A Y EAE A A
S o S o
E & g
o Wilson data o Wtm data
o Improved light-strange PCAC quark masses o Twisted light-strange masses after matching
o Difference between observables shifted with o Difference between observables shifted with
qg={u,d,s} or q={s} (g = {s} result as g ={u,d,s} or q={s} (g = {s} result as
offset) offset)
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Bayesian averages: ground state [Jay, Neil, 2008.01069]

W, ~ exp(—0.5 IC;).

+ 2’7param + 2ncut s

2
J

s Ij:X'

2 _dof
2
Jrexp

— X5

J

2
J

X n
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T [og'0€] T T T [o8'0e]
P qlsLoe] H1se0e)
- [o90e] 4 [og'oe]
— - los'oz]  log'0z]
B 7 leeoel 4 sz'0z]
—logztl .
) m H log'z1]
B 7 feven £ Hlse'21]
oozt =
4 log'z1]
—— - log'c]
H o'z
lse'e]
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—— - log's]
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g {isea
B8R 8YdRBA . L ‘.
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'
[se'0€]
18
[09°0€]
° [og'0z]
4R
[se'0z)
<)
1 [09'02]
[og'zT]
1e
-
< [Gas)
19 [09'21]
[08'z]
48
[se't]
1g [09'z]
[og's]
N vt 49 [se's]
L . .
< n m w n . [o9's]
s bl s a8 a s o -
S S s g
Baue 5 XX

Fit interval

Fit interval

24/15



Tuning grid interpolations |

o Need to match valence and sea

val — ¢sea ¢val — ¢sea

@ Tune to maximal twist

amy3 =

o Interpolate from valence tuning grid (<", ap}®, ap’?).

2
val __ P1 1 1 val
2 = au}’a’ (Kval - Rgﬁl ) + pz(a,u )7

2 2
val P3 1 1 P4 1 1 val val
= - + = = ) tpsla + pe(a )
4 3#}/3/ (Kva/ F@Zﬁ/) apy?! (Kval Ryal ps(api™) + pe(ans™)

1 1
/ /
a”’{; pP7 ( val va/) + pg(au‘/a ).
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Tuning grid interpolation Il

o Interpolate pseudoscalar decay constants to matching point (k% auf‘/a/, aptvel)

1 1\2 1 1
val __ _ _ val
af " =n (Rva, Tuga’) +nr (Tva/ ?va/) + r3(ap™) + ra,

r cr
1 1\? 1 1
val __ 1 / ’ val ’ val ’
afK =n I ~val +I‘2 | =val +r3(aiul )+r4(alu’5 )+I‘5.
Kva Rva Kva Rva
cr cr
XX ep=0.08 X/ exp=0.08
T T T T T T
00675 F | B 0.0675 - oA
0.067 - B 0.067 - B
';HE ';HE
‘® i ‘®
0.0665 [ B 0.0665 - B
0.086 - B 0.086 B
. . . . . L . . . . .
7.283  7.2835 7.284 7.2845 7.285 7.2855 7.286 7.2865 0.0064  0.0065  0.0066  0.0067  0.0068  0.0069  0.007
TGl ape!
aj*®'=0.00645 —— fit atap ™! K¥21=0.13725 +—— fit at K ve!
apy"21=0.0067 —x— fit at K, , apy ™! —m— K'1=0,137276 —— fit at R, apy™e! —m—
ajy**=0.006945 k'21=0.1373
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Cutoff effects: logarithmic corrections

o Cutoff effetcs: [Husung, 2206.03536]

1 r a
2 e —1 2 uess uess guess
a‘a.(a ~at | —m — In(a8“***Agcp), a® = —/8¢, .
@) (In(a/\QCD)) ( aco) VBto(¢a) VP

@ On symmetric ensembles:

(\/BTOfTrK) 7" =a+e i ( ! )"'

a
8to(¢3"") \ In(algcp)

3.5 %I

S . 5k _
10 Ota) improved Wilson quarks . L mixed action (max. twist valence (iu‘d.rks)
: 0 2 3 14 8 -10
n 2 3 1
Ne
— I'=0 — LO — NLO — N2?LO — N*

Plot from [Husung, 2206.03536]
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Cutoff effects: logarithmic corrections

(8t0)M 2

(8to) 2

0.325

0.295

0.325

0.305

0.3

0.295

@ Cutoff effetcs a’a

r
s

(a™1) ~ —a? [In(ahgcp)] ~ 1 [Husung, 2206.03536], [FLAG]

X? /X2 ~ 0.6 — 0.9.

T T 0325 :
8 { { B 032 { { ,
r } - 0.315 |~ { b

M
P
r 4 A o031 4
I g f
= = 0.305 - B
, Hooool {
Witm, r=-0.111 —+—
wilson, =0,

i i | . . \ . . 0,295 . . . . . .

o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0 0.01 0.015 0.02 0.025 0.03 0.035 0.04
aZjsty a8ty

T T

L % ] e
0.5} B
% mixed action (max. twist valence (PWL&)
F 1 — L0
Wtm, r=0.519 —+— 2 3 1
Wilson, [=0.519 —s— Np

| I | . . \ . .

0 0005 00l 0015 002 0025 003 0035 004 0045 — =0 — L0 — NLO — N’LO ne
a8ty

Plot from [Husung, 2206.03536]
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Systematic

"1 (wilson) [fm?]

effects:

Wilson

Bayesian model average:
@ Continuum ¢» dependence:
> SU(3) NLO XPT

] [ l ‘ l 1 > Taylor in (¢2 — ¢3™)
o Cutoff dependence.

. > 0(32)

> O(a +¢2a)
> O(ai(ah)
o Cuts in data:

» Remove m, = 420 MeV
> Remove a = 0.085 fm

Tl Tialtall

i @ Physical inputs:

KO

_ﬂ_ f;soQCD’ fisoQCD, me);p’ meP [FLAG]

£8U°5° _y gPMYs = 1.008(10).

Models

25
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Systematic

toPh (wilson) [fm?]

effects:

Wilson

Tl Tialtall

Models

25

Comparisson to [StraBberger et al.
2112.06696]:
o Continuum ¢, dependence:
> SU(3) NLO xPT
> Taylor in (¢2 — ¢3™)
@ Cutoff dependence:
> 0(a%)
> 0(a% + ¢na’)
> O(al(a™)
o Cuts in data:
» Remove m, = 420 MeV
» Remove a = 0.085 fm

o Physical inputs:
T CD isoQCD exp exp
FioQCD  £,00D  mEP . meP [FLAG)

£8U°%° — 9P = 1.008(10).
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Systematic effects: Wilson

0.023 : .

Comparisson to [StraBberger et al.
0.0225 [ 7 2112.06696]:

o022 [ B o Continuum ¢» dependence:
soms | > SU(3) NLO xPT

it (RO Sty

tgPh (wilson) [fm?]

0.0205 1 L . . . 4 O(az)
b1 \ — f— \ o > 0(a + $od?)
012 [ [ , > O(a?al(a™h))

=z 009 B o Cuts in data:
0.06 ml M i . » Remove m, = 420 MeV
0.03 H 4 » Remove a = 0.085 fm
ims el e e O ) o
3 ; : : ; : @ Physical inputs:

fisoQCD fisoQCD exp
™ s K )

1 m”F, mpg [FLAG]
T TT T ﬂ 184555y gPhYS = 1,008(10).

1 5 10 15 20 25

X exp
&
T

\/t8" = 0.1447(10)(14) fm (this work, Wilson),

A/ 12" = 0.1443(7)(13) fm [StraBberger et al. 2112.06696]
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Systematic effects: Wtm

0.023 T T
0.0225 - |
= Bayesian model average:
é 0.022 - | i
T oomsl } l | @ Continuum ¢» dependence:
£ } 1 > SU(3) NLO XPT
S oo ,} { [ l [ } 1 > Taylor in (¢2 — ¢3™)
0.0205 b o Cutoff dependence.
ooz L : : : > O0()
2 _ _ ] > O(a + ¢2a’)
0.09 | T > O( ( 71))
= o6 [ M [ M o Cuts in data:
0.03 1 i > Remove m, = 420 MeV
) > R = 0.085 fi
\1w1\111ﬂﬂ i B emove a m
2:_‘ " " i =T Al @ Physical inputs:
o 2r | . .
% st || LA LT H Fi2oQCD | £20QC0 m®P m* [FLAG]
LqH i
h
oz . ‘ ‘ . 1ln 8% — ¢ = 1.098(10).
1 5 10 15 20 25

Models
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Model list |

model  (8tyfrk )™ cutoff cuts

1 SU(3) NLO 0(a?) -

2 SU(3) NLO 0(a?) B = 3.40

3 SU(3) NLO 0(a%) my = 420 MeV
4 SU(B) NLO  O(a% + ¢2a?) -

5 SU(B) NLO  O(a% + ¢2a?) 8 =3.40

6 SUBB) NLO  O(a? + ¢2a%) my = 420 MeV
7 SU(3) NLO 0(a2al) -

8 SU(3) NLO O(a%al) B8 =3.40

9 SU(3) NLO O(a%al) my = 420 MeV
10 (¢o—o2™)? 0(a?) -

11 (g2 — ¢3™)? 0(a%) B =3.40

12 (¢2 — ¢3™)? 0(a?) my; = 420 MeV
13 (p2—¢3")>  O(a® + ¢pa’) -
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Model list Il

model (8tofric)cOmt cutoff cuts

14 (¢2 — ¢3™)? 0(a2 + ¢2a?) B =3.40

15 (2 — ¢3)? 0(a% 4 ¢a?)  my = 420 MeV
16 (g2 — ¢3™)? 0(a%al) -

17 (¢2 — 93™)? 0(a%al) B =3.40

18 (2 — ¢3™)? 0(a%al) mx = 420 MeV
19 (2= 03", (62— ¢3")° 0(2%) -

20 (¢2 — ¢3™)?%, (2 — ¢3™)3 0(a%) B8 = 3.40

21 (p2 — 33™)%, (¢2 — 93™)3 0(a?) mx = 420 MeV
22 (d2 — 932, (g2 —¢3™)°  O(a% + $2a?) -

23 (92— 03")% (92— 93")® O’ + ¢2a®) B8 = 3.40

24 (2 — Y™, (92— 93"} O(a® + $2a?)  mg = 420 MeV
25 (2 — 932, (¢2 —83™)3 O(a%al) -

26 (d2 — 837™)2, (¢2 — ¢3™)3 0(a%al) B = 3.40

27 (P2 =832, (92— 93")3 O(a%al) mx = 420 MeV
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Model averaging: effect of modifying the model weights

° IC= X2 + 2’7param + 2ncut, ° ) e IC = X2,

T T T
[Bruno et al. 1608.08900] - L
[StraBberger et al. 2112.06696]  F————— n
——— —
[this analysis, Wilson] ——— =
[this analysis, Wtm] — I ]
—7a—-A
[this analysis, combined] |- ——— .
1 1 1 1

0.142 0.144 0.146 0.148
t01.n"2 [fm]
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Scale setting: symmetric point

@ Fit [StraBberger et al. 2112.06696)]

/ .ph
Vio(é)/a? 14 pi(g2 — 93" —’\/tSW: 0 :
to(¢3™) /2 1+ pi(¢5" - 63™)

el a<0.085 fm —— |
a=0.064fm
a=0.050 fm
e ol [ ] V™ = 0.1450(11)(7) fm (Wilson),
F ] { ] V/E™ = 0.1446(12)(10) fm (Wtm),
7oy ) /™ = 0.1446(9)(3) fm (combined).
0.99 L Il Il L L L I
0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Twist angles

o Light twist angle w; = m/2 by construction (maximal twist)

o Interpolate am¥@ to matching & maximal twist point (8%, a
p 34 g P cr > AKy

~val xval *val)
K

ayg

o Complementary strange twist angle 6 = m/2 — wstrange

Bstrange [°]
A

tan estrange =

Za 1 amgl(Rg! aup*, aps*)
Zp Z;l aM;ﬂ/&:l

®4=1.098(10), ®,=0.3490(26)

T T T T T T T
a=0.085fm —— 7
a=0.064 fm ———
a = 0.050 fm

0.05 0.1 0.15 0.2 025 0.3 0.35
aE/tO
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