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Correction of quark mass misstuning



o {g*"™ m§™, i, s 5™} parameters of the simulations
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sim sim ,,stm ,,sim

o {g™™, mg™, ™, g , 15mY parameters of the simulations
7, is0 ,,1S0 ,,1S0

o {a%°, m{E°, uis, i, 1i15°} parameters that satisfy the Edinburgh/FLAG consensus values:

fr =130.5 MeV M, =135.0 MeV My = 494.6 MeV Mp, = 1967 MeV .
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sim sim ,,stm ,,sim

o {g*™ my™, ', ug , 15mY parameters of the simulations
o {a%°, m{E°, uis, i, 1i15°} parameters that satisfy the Edinburgh/FLAG consensus values:
fr =130.5 MeV M, = 135.0 MeV My = 494.6 MeV Mp, = 1967 MeV .

e Mismatch iso/sim in the valence

» Unitary analysis for f; and M

» For Other observable many valence point and interpolation
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Mismatch iso/sim in the sea
@ Loops

(Ouse = (O -+ (1 = ™) (OS] i~ (OS]

» Derivative at p*™
9O
O

= (OS[* ™ n — (ON(S™ i

sim
i
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Mismatch iso/sim in the sea
@ Loops

<O>Miso - <O>M5im + (,Uiso

» Derivative at p5™

» Pseudo-derivative at p*
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Mismatch iso/sim in the sea
@ Loops

(Ouse = (O -+ (1 = ™) (OS] i~ (OS]

» Derivative at p5'™

0{0 . ,
Ol (08— (0N
” #szm
» Pseudo-derivative at p*
0{0 . .
Oha) — (081]) i — (OSTom
1 w*
@ Reweighting
det D(p'%°)
<O>'uiso - <OdﬂjD—(/_Lsm)>’uSim
» Derivative at p*
(O)y

psim e <<O det D(psim) ) psim <O>Hsm>
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Mismatch iso/sim in the sea
@ Loops

(Ouse = (O -+ (1 = ™) (OS] i~ (OS]

» Derivative at p5'™

(0 sim sim
Ol (08— (0N
w I_Lsim
» Pseudo-derivative at p*
0{0 « *
Oha) — (081]) i — (OSTom
H w*
@ Reweighting ()
det D(pu's°
<O>'uiso - <OdﬂjD—(/_Lsm)>‘uSim
» Derivative at p*
2(0), 1 det D(p*"™ +¢), _
O lywim € << dot Dy v~ (Ol
» Pseudo-erivative at u*
90).| 1 det D(p* +¢), ‘
O | € (<O det D(p*) Jurir = {O)prim
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@ The non-degenerate doublet has parameters u, and ps which are matched to us and . as

Zp
He = Ho + Z_S,ué

Zp
Hs = o — Z—Sﬂé
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@ The non-degenerate doublet has parameters u, and ps which are matched to us and g, as

He = Ho Zs Hs
Z

aM]gmmry(,U/m ,U;g) = aMI?S (Ns)

@ Both loops and reweighing use
det Dy (115, 1c)

=1+ O(a?
det Dos(s) det Dog(fc) (@)
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scale setting

@ To correct fr and M, in mg we use the analytic formulae

Fr(mpcoac = 0) = Fr(mpcac)V/1 + (Zampcac/my)?
_ MZ2(mpcac)
V1+ (Zampoac/me)?’

MZ2(mpcac = 0)
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scale setting

@ To correct fr and M, in mg we use the analytic formulae

Fr(mpcoac = 0) = Fr(mpcac)V/1 + (Zampcac/my)?
_ MZ2(mpcac)
V1+ (Zampoac/me)?’

MZ(mpcac = 0)

@ Unitary anlysis, no need of p, correction
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scale setting

@ To correct fr and M, in mg we use the analytic formulae

Fr(mpcac = 0) = Fr(mpcac)V/1 + (Zampcac/me)?
_ MZ2(mpcac)
V1+ (Zampoac/me)?’

MZ(mpcac = 0)

@ Unitary anlysis, no need of p, correction

@ To correct in pg and . we evaluated the pseudo-derivative at several

(kedfx)/dp

IR {

| | | |
0 100 200 300

(/1)
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@ renormalized quantity W%—J computed for more lattice spacing

o fit ue% = PO%I, +P1l71; + leTlg
e x?/do.f=2

T ]
I I
I | B
1 o B4,
' A 80,
2- | ¢ D96
I I
I I
I I
I I
I I
I I
4 1 1
£ I I
= i i
= I I
k- I I
ES I I

3
3 ' I
~— I I
| I
I
I
I
I
I
4 4
0 +‘ : }i{

I
I
I

| ! Ly
I I
I I
. ! | | | !

0 100 200 300

(1/1e)

M. Garofalo (HISKP , Bonn U.) Correction of quark mass misstuning



@ renormalized quantity W%—J computed for more lattice spacing

. @ Rescale errors such y2/d.o.f =1
o fit ue%zpo%—f-PllTlg—i-Pz% x*/d-o.f

w . . .
@ Equivalent of rescaling the fit parameters error
e x?/do.f=2 \ g P

P =P\/x2/d.o.f

T T T T
I I I I
| . fit | . fit
1 © B64, 1 o B64,
' A 080, ' A 080,

2- | ¥ D9G| 2- | ¥ D9G|

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

4 1 1 4 1 1

£ I I £ I I
= | | = | |

= I I = I I

k- I I k- I I
I I I I I I

~— I I — I I

| I I

I I

I I

I I

I I

: 4 - i
I I
0 : — 0 1 : |

+ ¥ + |

I I

I I

‘ ! oy ‘

I I | I

I I I I

. ! | | | ! | ! | | | !
0 100 200 300 0 100 200 300

1t/ pe) (1/ pe)
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Same procedure for M

ensemble | Agfr/op. | Acfr/of,

1.04

| B64 0.69 0.36

a o) C80 -1.2 0.67

| D96 0.46 0.89

E112 0.45 -0.27

(ped M) /dp

0.04

—p—|
——|
— |

ensemble | A;M /oy, | AcMy/on,

B64 0.10 0.06

05 C80 -0.16 0.11
D96 0.05 0.13

E112 0.05 -0.04

(‘P L(‘Pli 2("0 .‘S(‘Pli
(1/ 11e)
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@ Unitary analysis

AFx (€, ) = aFx(B) - {1 = 2108 (6x/E2°) + [P+ PaisclaFr(ér, 6))*)(6x — €5°)}

A B iter0
0.07- ]é Z rew
Sc-paper
D pap
E 5e-04
0.06- 2
\S)
& }
. ~—
~ S h
005 s | 0e+001 €H+ cg} % ¢+ #
=
]
0.041 ~5e-041
0.03- | . | . i | | !
0.01 0.02 0.03 0.000 0.002 0.004 0.006 0.008
13 a®(rew)
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Initialization Step:
i=0

m(]}) _ m?im

Light Step: ¢ =i+ 1
(A=) (i), U mf) = (Y

o) = [aFy] (m{?), miiz V() /o

Strange Step:

iso (4)

) — my’;
aM
al))

(@), (0) (m§‘;§)|mﬂ) = M — md)
ol — [aFx](my |my”)

150
F ™

No

Check Condition: Charm Step:

) —m{ ™) < 15 0fm )

aMp (i=1) (i)Y _ 7 riso (i)
la® — o=V < 1.50(al=D)] ] i me] = M = e

Yes

Check passed
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@ Unitary analysis

M.
f—ﬂ =2Py(a)ap, - {1 + 5&rlog(&x) + Piér + Pza,uéa2}
i
$ rew
¢ sc-paper
£
2
8, le-05]
g I
g
[
Q0e+00—
g
0.000 0.002 0.004 0.000 0.002 0.004 0.006 0.008
ajie a®(rew)
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@ Scale setting trough wy BMW ()
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@ Scale setting trough wy BMW ()

@ Quark mass correction with reweighting

O fit
226-04 : —
— ! | o Polynomial fit pu, % = B, £
= | y 1t g 0+ Pi;
= !
Y 1
T -de-04 |
= 1
S |
S !
d i
X -6e-044 !
-8e-041 }
0 100 200 300
(H/ M)
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@ Scale setting trough wy BMW ()

E-%‘O‘*’ o Polynomial fit 11,42 = Po + Py 2t

% @ Strong correction due to charm misstuning

T -de-04 ensemble | Apwo/oy, | Aswo/ow, | Acwo/Tw,

/38 B64 0.2 -1.7 -3.5

T, 7 C80 0.1 3.7 -7.9

Sobe-04 D96 0.4 12 -10.2
E112 -0.04 -1.1 2.7

-8e-04] |
0 100 200 300
(1] ue)
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@ Scale setting trough wy BMW ()

E-Qe-o‘*’ o Polynomial fit y1,3% = Po + P 2
% @ Strong correction due to charm misstuning
T -de-04 ensemble | Apwo/oy, | Aswo/ow, | Acwo/Tw,
/33 B64 0.2 -1.7 -35
T, C80 0.1 3.7 -7.9
S0e0n D96 0.4 -1.2 -10.2
E112 -0.04 -1.1 2.7
-8e-041 | @ my correction calculation in progress
0 100 200 300
(11/ pe)
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insignificance of sea mass mistunings on My and Mp,
Same procedure for M and Mp,, but slightly different implementation:

@ constant fit between the three (available) ensembles for /- and s-contributions

o fit W%—Aj = P[)% + Plﬁ in the range ps < p < p to evaluate the c-contribution

@ all the errors rescaled with

Ensemble
B64
C80
D96

Ensemble
B64
C80
D96

Ensemble
B64
C80
D96

A¢Mg [MeV]
0.0275(245)
0.0080(71)

0.0327(291)

ASMK [MeV]
0.0689(543)
—0.111(87)
0.0361(284)

A My [MeV]
0.0071(221)
0.0097(303)

—0.0111(346)

X?ed when X?ed >1

A¢Mp [0,
0.0773
0.0147
0.0457

AgMg /oy
0.193
—0.203
0.0504

AcMk /o,
0.0200
0.0178
—0.0155

Ensemble
B64
C80
Do6

Ensemble
B64
C80
D96

Ensemble
B64
C80
D96

A¢Mp, [MeV]
0.0340(333)
0.0099(97)
0.0404(395)

AsMDS [MeV]
0.288(125)
—0.463(200)
0.151(65)

AMp, [MeV]
0.0642(603)
0.0879(83)
—0.100(94)

AcMp, /oMy,
0.02766
0.00495
0.01473

AsMp, /o,
0.234
—0.231
0.05499

ACMDS /UMDS
0.05215
0.0439
—0.0366

@ As shown, all the contributions are negligible wrt the errors on the meson masses (the sum of all the
contributions is negligible as well).
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OMg

—
: Opue

Mg - sea mass derivatives,

= —0.35(31);

d.o.f -

combined constant fit

2

X _01

0.2

0.0

mgaiseM[MeV]
1

-0.6
-0.8
—— Fit: constant,-0.346+0.308 x2/dof = 0.09
T 864
-1.0 L 3T o
o 3 D%
-1.0 -0.5 0.0 0.5 10 15 20 25 3.0
mu/my
oM 2
K X
o —=— = —0.11(9); =1.3
Olts d.o.f
My - sea mass derivatives, combined constant fit
0.3
— 02
S
L]
B
0.1
s I
s
RiA3
o 00
g
-0.1
—— Fit: constant,0.109::0.086 x2/dof = 1.34.
¥ 864
T cso
-0.2 & D%
25 26 27 28 29 30
malmy
M. Garofalo (HISKP , Bonn U.)

e

OMp

TP — _0.43(42);

Mps - sea mass derivatives, combined constant fit

Opue

X2

d.o.f -

0.1

0.5 -.
0.0
S
T
=
— -05
Q
=
S
9E -1.0
)
g
=15
—— Fit: constant,-0.428+0.418 x2/dof = 0.07
T B4
)
-2.0 L 3 o6
-1.0 -0.5 0.0 0.5 10 15 2.0 25 3.0
mp/m,
oM 2
Dy X
pe———= = —0.46(20); = =319
Olts d.o.f
Mps - sea mass derivatives, combined constant fit
0.8
< os
T
=
%
Q 04
£ L
©
ie
R 02
g
0.0 —— Fit: constant,0.457+0.197 x?/dof = 3.19
T 864
3 0
& D9
-0.2
25 26 27 28 29 30
malmy
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Mg _ x>
e = —0.0016(49); =

pte
Mg - sea mass derivatives, combined fit

T —— Fit:ax"2 + b/x"3, x?/dof=2.03
B64

2.0

0.3 80
096

my=m: 0.121£0.108
my = mc: 0.001590.00493

* o loliellel

0.2

0.1

0.0

mgaseM[MeV]

Pt

-0.1

50 00 150 200 250 300 350
mu/my

These results are obtained using the fit ansatz:

oM

mga5e?Mps[MeV]

12

10

0.8

0.6

0.4

0.2

0.0

OMp X
IMD. _ _g014(13); X =
pe Opte 0.014(13); d.o.f

Mps - sea mass derivatives, combined fit

5.3

—— Fit:a/x"2 + b/x"3, Y?/dof=5.31
B64

80

096

my = m: 0.49£0.258

= me: 0.0143£0.0134

|

o loliollel

50 00 50 200 250 300 350
mp/m,

1

— =P —+ P,
He EN OMQ I,US

and are those used to produce the tables above. For comparison, we also tried to fit with the same ansatz used

for M and f.
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OMy 2
11 = —0.0077(80); X —144
Olhe d.o.f
Mg - sea mass derivatives, combined fit
; :;46/! +b/x"2 + ¢/x"3, x?/dof = 1.44
3 cso
0.4 T 0%
& mn=ms: 0.082£0.085
& mp=mc: 0.00768+0.00799
S0z
(]
E }
§ 0.0 =+
$¢ f
rEE‘ -0.2
-0.4
-0.6
0 50 100 150 200 250 300 350
e :
These results are obtained using the fit ansatz:
oM
pe—— = Fo
O

M52 Mps[MeV]

15

1.0

0.5

0.0

8MD5 X2

Lhe = 0.034(18); =3.78
Ofhe d.o.f
Mps - sea mass derivatives, combined fit

—— Fit: a/x + bx~2 + ¢/x"3, x?/dof =3.78
T 864
T o
T 0%
& ma=m;: 0.366+0.193
.

{ } = 0.0343£0.0162

1 1 1
—+P—+P—.
H H H

We obtain similar results for the derivative w.r.t us; for the derivatives w.r.t. u., these results are, respectively, 5
times and 3 times larger for My and Mp_. Even so, almost all the shifts would be negligible w.r.t. the errors on
the meson masses. The only exception being the shift on Mg in the B64 ensemble: Api s Mg >~ 0.40, .
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HVP ( 6) conn

Sea mass mistunings on a,

@ the derivative of aEVP (£)com™ is given by

o0
6Ziaagvp(€)conn = /0 dtt> K (t my,) 8;? < Vi (0) Vi (£) >comn
o 05 < Vi({) Vi(£) > is computed using the reweighting factors;
@ the time integration must be performed carefully, to avoid putting in too much noise;

. i aaHVP(f)Conn A
@ then, the renormalized quantity ,ug“T can be compared among different ensembles (as before);

@ we use results from both the TM and OS discretizations to increase statistics (taking care of the correlations);

@ we perform a constant fit of the derivatives for the £ and s contributions, and a "decoupling-inspired” fit for
the ¢ contribution.
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For the ¢-contribution, we integrate up to the t-cut selected for aEVP(Z)SIM with the ETM bounding method.
B64, m_h/m_| = 1.08, tm, OSrew

5 B64, m_h/m_| = 1.08, OS, OSrew
< 0
0 ____.:-"“ s Ei}ﬁi
s -5 o _10 IB-IITT
2 3 gt
— L — }1}}" T
x -10 x -15
%:L %1 __JV:{
‘;“ —15 ﬂ;“ -20
“m:b:f &:bi
g -20 £ -23
L -30
-25 =
1 -35
-30 L [L
) 1 2 3 4 5 0 1 2 3 4 5
t [fm] t [fm]
C80, m_h/m_| = 1.02, tm, OSrew C80, m_h/m_| = 1.02, OS, OSrew
5 T 15 T
° _=:'==m-.:- 10 ol
o =5 il o
=) =Y
— —
x ~10 x
a o 0
E N "
«© 1 «©
g g
=25 -10
-30 = -15
-35 il -
0 1 2 3 4 5 0 1 2
t [fm]
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For the /-contribution, we integrate up to the t-cut selected for alI;WP(é)SIM with the ETM bounding method.

D96, m_h/m_| = 1.09, OS, OSrew

D96, m_h/m_| = 1.09, tm, OSrew

40 r o

20 i -20 -
o o =
- - —
=) b =)
— T —
X 0 X —a0
o o
> > \
I3 I3 ‘!.
© [ bl
© © I
2% 20 95 60 -
2 i)
g g

-40 _80 4

-60 B

0 1 2 4 5 0 1 2 3 4 5
t [fm]
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Heavier quarks contributions: we fit a plateau in a, vs t. where we can see a signal.

maseali'P x 1010

mya;eaivP x 1010

I
N

B64, m_h/m_| = 26.76, tm, OSrew

B64, m_h/m_| = 26.76, OS, OSrew

A

mya5taivP x 101°
> o

)

J.J_J_J.Jiuﬂm_

1
1
|
=
|
o—
[

1 2 3
t [fm]
C80, m_h/m_| = 28.39, tm, OSrew

L[] l i

1 2 3 4
t [fm]

C80, m_h/m_| = 28.39, OS, OSrew

)

(=)

mas2afvP x 1010
4

1
IS

-6

M. Garofalo

3
t [fm]

(HISKP , Bonn U.)

I
{
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Heavier quarks contributions: we fit a plateau in a, vs t. where we can see a signal.

D96, m_h/m_| = 27.15, tm, OSrew D96, m_h/m_| = 27.15, OS, OSrew
[ 5
5 -
_:::- 0 -esssesseosesssscceenampsiiil sl
ER i S =)
=} l =} |
— —
X X s
> >
I I3
© ©
g5 -10 g5 10
< =
g g
-15 -15
-20 - = -20
0 1 2 4 5 0 1 2 4 5
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a;;""(l) tm and OS - sea mass derivatives, combined constant fit

For the ¢- and s-contributions, we performed a constant fit

i

a;;‘""(l) tm and OS - sea mass derivatives, combined constant fit

-

HVP, 10
mgalsealivP(e) x 10

1

)

{

|
N

—— Fit: constant.-22.902+7.021 y¥/dof =3.21

mEEeaHYP(g) x 1010

2 —— Fit: constant,0.070£0.325 x?/dof = 4.42
i fom ey
3 cso-tm 3 cso-tm
-80 T c80-0s ¥ c80-0s
1 L - Fuz
-1.0 -0.5 0.0 0.5 10 15 2.0 25 3.0 25 26 27 28 29 3
mn/my max/my
sea_HVP ( p\conn 10 x gseagtVe (pyeonn s 1010 — (. 070(325)
e x Oyfa, " (£) x 107 = —22.9(7.0) He X Opg Ay :
2 _ 2
Xred = 3.2 Xred = 4.4
All the errors have already been rescaled with X?ed
M. Garofalo (HISKP , Bonn U.)
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For the c-contribution, we performed a decoupling-inspired fit with the ansatz
aalI:IVP (E)conn
o

a";“"(l) tm and OS - sea mass derivatives, combined fit
2 I I I

o T !

iE: i

1 1
He =h—+ P,
u I

(£) x 101°
-
fro—i—
ot

HVP
u
¢

©
A
s —— Fit: a/x~2 + b/x"3, x2/dof=5.98
‘-;bE $ B64-tm
= & B64-05
E 2 ¥ c80-tm
$ cs0-0s
$ D9%-tm
$ D9%6-0S
@ my=ms: 0.054£0.364
-3 L & mp=mc: 0.014£0.015
50 100 150 200 250 300 350

Mmpu/m;
pe x O2rall VP ()" x 100 = 0.014(15)

x%q = 5.98

All the errors have already been rescaled with /x2 4
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Summarizing, the computed derivatives are

pig x O5Pa VP (0)°™ x 1010 = —22.9(7.0),
pg x O5Pa V' (£)°"™ x 10" = 0.070(325),

W
pg x O5Pay V' (0)°"™ x 10" = 0.014(15).

from which one can compute the shifts on the observable, listed in the table.

A | o(Ap) | A | o(dp) | Ax | o(A)
B64 | 1.8235 | 0.5590 | 0.0443 | 0.2051 | 0.0632 | 0.0694
C80 | 0.5312 | 0.1628 | -0.0712 | 0.3295 | 0.0865 | 0.0951
D96 | 2.1630 | 0.6631 | 0.0232 | 0.1073 | -0.0987 | 0.1085
E112 | 0.4999 | 0.1533 | -0.0473 | 0.2191 | -0.0473 | 0.0520
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mo misstuning

{[Boxevsy0m xel (£, D) [XevsT xe] (0))
([Xevsvorixel(t, ©)[Xevs 071 xe](0))

2mpcac (mi[im’ mcr) = Z 2
>z

xi(@) = exp (=ig5™) Wel@) . Nelw) = Tela)exp (—ifsr)

@ Valence and sea effect in a/I}VP(é)
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Valence
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Sea
@ Need to correct for m{® light, strange and charm

e Constant fit in the region [tcyut, teut + 0.4fm]
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To do list

o Check that m;“ strange and charm effect are negligible in M, and f,
@ mg correction in wy
@ Check myq correction in Mg and Mp,

@ Run the analysis with the last values of a and my
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