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 see Chris Sachrajda's talk
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Current level of precision requires the inclusion of isospin 
breaking (IB) corrections: 
    

          ○ strong effects 
 

          ○ electromagnetic effects
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Isospin-breaking effects & the lattice
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Different ways to include them on the lattice, in this calculation: 

๏ RM123 approach perturbative expansion of the path integral: 

๏ Photon regularised using QEDL prescription:                & power-like FVE's 

๏ Electro-quenched approximation (neutral sea quarks):
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Studying the decay rate at 
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O(↵)

Many subtleties arise, for example

• IR divergences in intermediate steps

• new UV divergences:  add QED in renormalisation of operators

• the decay constant   becomes an unphysical quantity:     
  need to introduce a scheme to give sense to "QCD"

fP

F. Bloch & A. Nordsieck, PR 52 (1937) 54

IR divergent
IR finite

IR divergent



The RM123+Soton recipe
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N. Carrasco et al., PRD 91 (2015) 
V. Lubicz et al., PRD 95 (2017) 

D. Giusti et al., PRL 120 (2018) 
MDC et al., PRD 100 (2019)

for sufficiently soft photons  (small        )

IR finite IR finite
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N. Carrasco et al., PRD 91 (2015) 
V. Lubicz et al., PRD 95 (2017) 

D. Giusti et al., PRL 120 (2018) 
MDC et al., PRD 100 (2019)

... and further improvements G.M. de Divitiis et al., [1908.10160] 
A. Desiderio et al., PRD 102 (2021) 
R. Frezzotti et al., PRD 103 (2021)
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MDC et al., PRD 105 (2022)

for sufficiently soft photons  (small        )

IR finite IR finite

IR finite IR finite IR finite

IR finite IR finite
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Reduction formula
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Our goal: How we realise it:

‣ amputate external states 

‣ take on-shell limit
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‣ evaluate correlator in a box in time-momentum representation 

‣ pull interpolating operators far away from weak operator 

      (finite T effects should be treated carefully)
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From correlators to matrix elements
Warm up: the tree-level amplitude
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r
⌫(�p`)

<latexit sha1_base64="6QoVTsu8dHxDN/7bsHGo9/qEj5o="></latexit>

=
X

s

vs` (p`)v̄
s
` (p`)



From correlators to matrix elements
Warm up: the tree-level amplitude

10

<latexit sha1_base64="85ssdIjBAhgDrsqAw+1tWACmpTs="></latexit>

|M0(p`)|2 = |AP,0|2|L0(p`)|2 =

<latexit sha1_base64="qf+E34fCD5DC0VOdkMhd3u2Jc9M="></latexit>

= AP,0 = h0|A0|P,p = 0i0 = imP,0 [fP,0]

<latexit sha1_base64="dBGXJO68edp3GAYZwuDaHFYq3Bo="></latexit>

= h0|A0(0)�†(�t)|0iT ! ZPAP,0

2mP,0

n
e�mP,0t � e�mP,0(T�t)

o<latexit sha1_base64="dBGXJO68edp3GAYZwuDaHFYq3Bo="></latexit>

= h0|A0(0)�†(�t)|0iT ! ZPAP,0

2mP,0

n
e�mP,0t � e�mP,0(T�t)

o<latexit sha1_base64="dBGXJO68edp3GAYZwuDaHFYq3Bo="></latexit>

= h0|A0(0)�†(�t)|0iT ! ZPAP,0

2mP,0

n
e�mP,0t � e�mP,0(T�t)

o

<latexit sha1_base64="x5ly0jKJEfEBkuj9tfQwygfweE0="></latexit>

= h0|�(0)�†(�t)|0iT ! Z2
P

2mP,0

n
e�mP,0t + e�mP,0(T�t)

o<latexit sha1_base64="x5ly0jKJEfEBkuj9tfQwygfweE0="></latexit>

= h0|�(0)�†(�t)|0iT ! Z2
P

2mP,0

n
e�mP,0t + e�mP,0(T�t)

o<latexit sha1_base64="x5ly0jKJEfEBkuj9tfQwygfweE0="></latexit>

= h0|�(0)�†(�t)|0iT ! Z2
P

2mP,0

n
e�mP,0t + e�mP,0(T�t)

o<latexit sha1_base64="x5ly0jKJEfEBkuj9tfQwygfweE0="></latexit>

= h0|�(0)�†(�t)|0iT ! Z2
P

2mP,0

n
e�mP,0t + e�mP,0(T�t)

o

Define Euclidean lattice correlators and extract         by combining them:
<latexit sha1_base64="i39W36oIwGrk3qSDmJCydKaCYsQ="></latexit>

AP,0

<latexit sha1_base64="upPOnm154uqxZuGm1xaXBwemjDg="></latexit>

ZP,0AP,0

2mP,0

<latexit sha1_base64="xAaTaXc80QrJzUkr6AUBKkAwoq8="></latexit>

Z2
P,0

2mP,0

<latexit sha1_base64="5VbYC706sseSHibEnpE6z62bkZg="></latexit>

ZP,0 = hP,p = 0|�†|0i0

<latexit sha1_base64="gZUSZP9eXIh7mfPh8jljaSRjCu4="></latexit>

= |L0|2 =
X

r,s

|ūr
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We can distinguish two kinds of corrections:
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<latexit sha1_base64="vysTS5S2ux2z4xbNLTVCc+/y3pI="></latexit>q
<latexit sha1_base64="xKREjBvJtwKzRw8T2tIcLtwhJig="></latexit>

`
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<latexit sha1_base64="Tt/W0j8pTf5aY8uD1WfGh8vrZ6o="></latexit>

! �factAP

AP,0
+

�ZP

ZP,0
� �mP

mP,0
fPA(t, T )

<latexit sha1_base64="ug8MV+O0CsKS+kXGyDi3pIy3po0="></latexit>

! 2
�ZP

ZP,0
� �mP

mP,0
fPP(t, T )

exchange diagram exchange diagram

<latexit sha1_base64="AsUUSL2f4ZeXoQgKVNuqxpV3zzQ="></latexit>

fPA(t, T ) = 1 +mP,0

⇢
T

2
�

✓
t� T

2

◆
coth


mP,0

✓
t� T

2

◆��
⇡ 1 +mP,0t

<latexit sha1_base64="Sci7TShHDpEmOug2Ij1yELipqS0="></latexit>

fPP(t, T ) = 1 +mP,0

⇢
T

2
�
✓
t� T

2

◆
tanh


mP,0

✓
t� T

2

◆��
⇡ 1 +mP,0t

<latexit sha1_base64="z6o00N/w7hxRlGpkSWtn8+7gKQU="></latexit>⇡ <latexit sha1_base64="xilQ8+OFPpFapbW7Up6dN2C6rYE="></latexit>

K



Non-factorisable QED corrections
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<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T
<latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1
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<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T
<latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1

`

<latexit sha1_base64="lHmRcWALDkORw6qCeS5ySs8HJZE="></latexit>

T

`
<latexit sha1_base64="st19GC7ycFIitPEaKyME8RUWOcQ="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(�p`)ūr(�p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T

<latexit sha1_base64="HiafGZ2i+YrGIPwNHpZZf4ZZZvg="></latexit>

✓ = ⇡/T



Non-factorisable QED corrections
The lepton in a finite volume

13

<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T
<latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="g0lD8J3z3BVncxt9YDloHI0q2Lw="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(p`)ūr(p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1

S+[m,p]

p

S�[m,�p]

p

S+[m,�p]

p

S�[m,p]

p

⌫`

`+

p⌫

p` `�

⌫̄` p⌫

p`

q1

q2
⌫`

`+

P+

1

`

<latexit sha1_base64="lHmRcWALDkORw6qCeS5ySs8HJZE="></latexit>

T

`
<latexit sha1_base64="st19GC7ycFIitPEaKyME8RUWOcQ="></latexit>

S(0|t,p`) =
X

r

⇢
�e�tE`

vr(p`)v̄r(p`)

2⌦`
+ ei✓T e�(T�t)E`

ur(�p`)ūr(�p`)

2⌦`

�
⇥ 1

1� e�TE`ei✓T

We can select specific components using projectors:

<latexit sha1_base64="3Yz7sgXj2OX2PhRsalnJAv4GGFk="></latexit>Pv(p`)

<latexit sha1_base64="cxsQX04gbAuNqvuRa0fqlT6qFWY="></latexit>Pu(�p`)

<latexit sha1_base64="gztfnu+AJd0Uj5FPFU/U054hco4="></latexit>

Pv(p`) = {ut(�p`)ūt(�p`) + vs(p`)v̄s(p`)}�1 [vr(p`)v̄r(p`)]
<latexit sha1_base64="8sU0Ypg4d9mKhUNdkvDfsXXwmpQ="></latexit>

Pu(�p`) = {ut(�p`)ūt(�p`) + vs(p`)v̄s(p`)}�1 [ur(�p`)ūr(�p`)]

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #

<latexit sha1_base64="CN4Wm4enws5xCk5i6IXFyYobzmk="></latexit>·

<latexit sha1_base64="CN4Wm4enws5xCk5i6IXFyYobzmk="></latexit>·

<latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #

<latexit sha1_base64="HiafGZ2i+YrGIPwNHpZZf4ZZZvg="></latexit>

✓ = ⇡/T
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<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o

<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM=">AAAEPXicdVLLbtQwFE06PEoo0MIGiY1FVKlIZZRkaCcskCrYdEGlgvqSxmnkOE5q1XnUccpUHouvYQufwHfwAewQW7Y4mRkxM7SWolzf87Dv9Y1KRivhOD/Mpc6t23fuLt+z7q88ePhode3xUVXUHJNDXLCCn0SoIozm5FBQwchJyQnKIkaOo/N3DX58SXhFi/xAXJUkyFCa04RiJHQqXDOfrsPWZbB7sPc+kH7P83u+AuucxNYU4mkUSKfrOu527/Wm03X8Xt/3ddDrb2/1tzQ7YjWx1rUgKlhcXWX6p7fSgjFhAoVQkKHgmcyL/GWCsFBg BDMkzjBick9twPKS4BASxl6MTj0A3gAPbgIAqzoL5YVqqVr9kSgAGUkElGBiLC8albrBDGiXVjCYIYTOLAVymp6J4BTGKE0JB+M9VJYKV+1pyWBaMpiWDNyu0y7bmKz9cG1pBcYFrjOSC8xQVQ1cpxSBRFxQzIiyYF2REuFzlJKBDnOUkSqQbYt1C3UmBknB9ZcL0GZnFRJlVdNYzWxqqRaxJnkdNqhF4geS5mUtSI7HByU1A6IAzUCAmHKCBbvSAcKc6rsCfIa4fiU9NnOnjG86lxpOchbMySdcZBnKY9m2V8m251EiS6Xm4eEcPFyEyQTTL04WMUr/gXQRPCdCDdxAjmwXcpSnbc9nCRFHLQGyFgW2O/qf0bp4cyTbA9cbam7r2dB1LG1XNRbS9lQzP9MhATcHR17X3e72Pryyd95OJmnZeGY8NzYM1+gbO8ausW8cGtj8bH4xv5rfOt87Pzu/Or/H1CVzonlizK3On79dIGqc</latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="As5TFlzN0k15UhRu+0gxi1VdVCQ="></latexit>

�q`Mrs(p`) [Mrs
0 (p`)]

†
<latexit sha1_base64="dzzg0r3XzXhFagTyvXUo4JmGfog="></latexit>

�non-factAP

AP,0
⌘

X

q

Re

<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{
<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{
<latexit sha1_base64="qf+E34fCD5DC0VOdkMhd3u2Jc9M="></latexit>

= AP,0 = h0|A0|P,p = 0i0 = imP,0 [fP,0]
<latexit sha1_base64="85ssdIjBAhgDrsqAw+1tWACmpTs="></latexit>

|M0(p`)|2 = |AP,0|2|L0(p`)|2 =
<latexit sha1_base64="6QoVTsu8dHxDN/7bsHGo9/qEj5o="></latexit>

=
X

s

vs` (p`)v̄
s
` (p`)

<latexit sha1_base64="IpOY4H5ycDgpi+NTBhpMz4yo89o="></latexit>

=
X

r

ur
⌫(�p`)ū

r
⌫(�p`)
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<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o

<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM=">AAAEPXicdVLLbtQwFE06PEoo0MIGiY1FVKlIZZRkaCcskCrYdEGlgvqSxmnkOE5q1XnUccpUHouvYQufwHfwAewQW7Y4mRkxM7SWolzf87Dv9Y1KRivhOD/Mpc6t23fuLt+z7q88ePhode3xUVXUHJNDXLCCn0SoIozm5FBQwchJyQnKIkaOo/N3DX58SXhFi/xAXJUkyFCa04RiJHQqXDOfrsPWZbB7sPc+kH7P83u+AuucxNYU4mkUSKfrOu527/Wm03X8Xt/3ddDrb2/1tzQ7YjWx1rUgKlhcXWX6p7fSgjFhAoVQkKHgmcyL/GWCsFBg BDMkzjBick9twPKS4BASxl6MTj0A3gAPbgIAqzoL5YVqqVr9kSgAGUkElGBiLC8albrBDGiXVjCYIYTOLAVymp6J4BTGKE0JB+M9VJYKV+1pyWBaMpiWDNyu0y7bmKz9cG1pBcYFrjOSC8xQVQ1cpxSBRFxQzIiyYF2REuFzlJKBDnOUkSqQbYt1C3UmBknB9ZcL0GZnFRJlVdNYzWxqqRaxJnkdNqhF4geS5mUtSI7HByU1A6IAzUCAmHKCBbvSAcKc6rsCfIa4fiU9NnOnjG86lxpOchbMySdcZBnKY9m2V8m251EiS6Xm4eEcPFyEyQTTL04WMUr/gXQRPCdCDdxAjmwXcpSnbc9nCRFHLQGyFgW2O/qf0bp4cyTbA9cbam7r2dB1LG1XNRbS9lQzP9MhATcHR17X3e72Pryyd95OJmnZeGY8NzYM1+gbO8ausW8cGtj8bH4xv5rfOt87Pzu/Or/H1CVzonlizK3On79dIGqc</latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="As5TFlzN0k15UhRu+0gxi1VdVCQ="></latexit>

�q`Mrs(p`) [Mrs
0 (p`)]

†
<latexit sha1_base64="dzzg0r3XzXhFagTyvXUo4JmGfog="></latexit>

�non-factAP

AP,0
⌘

X

q

Re

<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{
<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{

On the lattice we have: 

<latexit sha1_base64="qf+E34fCD5DC0VOdkMhd3u2Jc9M="></latexit>

= AP,0 = h0|A0|P,p = 0i0 = imP,0 [fP,0]
<latexit sha1_base64="85ssdIjBAhgDrsqAw+1tWACmpTs="></latexit>

|M0(p`)|2 = |AP,0|2|L0(p`)|2 =
<latexit sha1_base64="6QoVTsu8dHxDN/7bsHGo9/qEj5o="></latexit>

=
X

s

vs` (p`)v̄
s
` (p`)

<latexit sha1_base64="IpOY4H5ycDgpi+NTBhpMz4yo89o="></latexit>

=
X

r

ur
⌫(�p`)ū

r
⌫(�p`)
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<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o

<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM=">AAAEPXicdVLLbtQwFE06PEoo0MIGiY1FVKlIZZRkaCcskCrYdEGlgvqSxmnkOE5q1XnUccpUHouvYQufwHfwAewQW7Y4mRkxM7SWolzf87Dv9Y1KRivhOD/Mpc6t23fuLt+z7q88ePhode3xUVXUHJNDXLCCn0SoIozm5FBQwchJyQnKIkaOo/N3DX58SXhFi/xAXJUkyFCa04RiJHQqXDOfrsPWZbB7sPc+kH7P83u+AuucxNYU4mkUSKfrOu527/Wm03X8Xt/3ddDrb2/1tzQ7YjWx1rUgKlhcXWX6p7fSgjFhAoVQkKHgmcyL/GWCsFBg BDMkzjBick9twPKS4BASxl6MTj0A3gAPbgIAqzoL5YVqqVr9kSgAGUkElGBiLC8albrBDGiXVjCYIYTOLAVymp6J4BTGKE0JB+M9VJYKV+1pyWBaMpiWDNyu0y7bmKz9cG1pBcYFrjOSC8xQVQ1cpxSBRFxQzIiyYF2REuFzlJKBDnOUkSqQbYt1C3UmBknB9ZcL0GZnFRJlVdNYzWxqqRaxJnkdNqhF4geS5mUtSI7HByU1A6IAzUCAmHKCBbvSAcKc6rsCfIa4fiU9NnOnjG86lxpOchbMySdcZBnKY9m2V8m251EiS6Xm4eEcPFyEyQTTL04WMUr/gXQRPCdCDdxAjmwXcpSnbc9nCRFHLQGyFgW2O/qf0bp4cyTbA9cbam7r2dB1LG1XNRbS9lQzP9MhATcHR17X3e72Pryyd95OJmnZeGY8NzYM1+gbO8ausW8cGtj8bH4xv5rfOt87Pzu/Or/H1CVzonlizK3On79dIGqc</latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="As5TFlzN0k15UhRu+0gxi1VdVCQ="></latexit>

�q`Mrs(p`) [Mrs
0 (p`)]

†
<latexit sha1_base64="dzzg0r3XzXhFagTyvXUo4JmGfog="></latexit>

�non-factAP

AP,0
⌘

X

q

Re

<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{
<latexit sha1_base64="ZwpnQ7l+73aOKLoPeULFq0Cn9/s="></latexit>

{

On the lattice we have: 

<latexit sha1_base64="3Yz7sgXj2OX2PhRsalnJAv4GGFk="></latexit>Pv(p`)

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #
<latexit sha1_base64="CN4Wm4enws5xCk5i6IXFyYobzmk="></latexit>· <latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="3Yz7sgXj2OX2PhRsalnJAv4GGFk="></latexit>Pv(p`)

<latexit sha1_base64="cXNzAu/g3k9d/dx9GzgU3ZMnFuc="></latexit>" #
<latexit sha1_base64="CN4Wm4enws5xCk5i6IXFyYobzmk="></latexit>· <latexit sha1_base64="p7j40UCEqIvkdbGaoAq/eTiiWJA="></latexit>=

<latexit sha1_base64="qf+E34fCD5DC0VOdkMhd3u2Jc9M="></latexit>

= AP,0 = h0|A0|P,p = 0i0 = imP,0 [fP,0]
<latexit sha1_base64="85ssdIjBAhgDrsqAw+1tWACmpTs="></latexit>

|M0(p`)|2 = |AP,0|2|L0(p`)|2 =
<latexit sha1_base64="6QoVTsu8dHxDN/7bsHGo9/qEj5o="></latexit>

=
X

s

vs` (p`)v̄
s
` (p`)

<latexit sha1_base64="IpOY4H5ycDgpi+NTBhpMz4yo89o="></latexit>

=
X

r

ur
⌫(�p`)ū

r
⌫(�p`)
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<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o<latexit sha1_base64="CBx0VD28cfqXHFky1hgjxn92jJM="></latexit>

�non-fact|M(p`)|2 = 2
X

q

Re
n
�q`M(p`) [M0(p`)]

†
o
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without projection with projection
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A general comparison of the calculations
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RBC/UKQCD RM123+Soton
physical masses 

chiral symmetry 

fermionic action 

continuum limit 

infinite volume limit 

IB scheme 

QED prescription 

sea effects

   physical point simulation 

at finite lattice spacing 

Domain Wall 

  single lattice spacing 

 single volume 

BMW 

QEDL 

electro-quenching

   extrapolation needed 

recovered in the continuum 

Twisted Mass 

  continuum limit (3) 

   multiple volumes 

GRS 

QEDL 

electro-quenching
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Extracting results from data
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• Simultaneous correlated fit of factorisable and non factorisable correlators 
• Strategy for fit scan and selection of good fit range candidates

• Take results from all these fits & assemble the ingredients to get  
• Study distribution of            results 
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• Determine            as median of the distribution 
• Estimate associated statistical and systematic uncertainty
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Our main systematic uncertainty
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Finite volume effects

see N. Hermansson-Truedsson's talk
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see N. Hermansson-Truedsson's talk
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   FV scaling should be carefully studied!
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* error due to discretisation effects not included

‣ the uncertainty on                   

dominates in the error budget  

‣ if improved, precision from lattice 

starts being competitive with the 

experimental one• From RM123+Soton calculation
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• We presented new results for the radiative correction              from calculation 
with Domain Wall fermions at the physical point 

• Finite volume effects have to be carefully studied, including order   
(looking forward to seeing results with different prescriptions:           ,          ,           ) 

• @lattice community: including radiative corrections is necessary to claim precision, 
but let's not forget about the iso-QCD part. Might be main source of uncertainty 
on                    

• With small further improvement in lattice calculations, we're very close to be competitive 
with the experimental precision on 
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