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Factorization in exclusive processes 
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NNLO, Chen et al, PRL 132 (2024) 201901  

Lepage, Brodsky, 
PRD 21 (1980) 2157
Farrel, Jackson, 
PRL 43 (1979) 246  
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Elastic scattering eM(P ) ! eM(P 0), M = ⇡,K ) E-M form factors
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e+e� ! e+e�tag⇡
0 ) pion transition form factor

NNLO, Braun et al, PRD 104 (2021) 094007 

Alternative: kT factorization approach at NLO with higher twist contributions
Cheng et al, PRD 100 (’19) 013007,  Chai et al, EPJC 83 (‘23) 556
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Boosted sources (Bali et al, PRD 93 (‘16) 094515 ) with Gaussian
size rG in Coulomb gauge 
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Extrapolation is done using 2 and 3 exp. Fits with energy levels from 2pt functions
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Meson DA matrix elements 
<latexit sha1_base64="Y45+/Av6/SyXrd+pvixMh1kCmhw=">AAACOHicbVDJSgNBEO1xjXGLevTSGIQIGmaCRC9CIBdvRjELZOLQ0+lJmvQsdNcIYZjP8uJneBMvHhTx6hfYWQRNLCh4vPeKqnpuJLgC03w2FhaXlldWM2vZ9Y3Nre3czm5DhbGkrE5DEcqWSxQTPGB14CBYK5KM+K5gTXdQHenNeyYVD4NbGEas45NewD1OCWjKyV3dXNieJDSpOoktfRzBidJ7IS3YPoG+6yW19BgcdZT+OE oRpHdjpNS8y8nlzaI5LjwPrCnIo2nVnNyT3Q1p7LMAqCBKtS0zgk5CJHAqWJq1Y8UiQgekx9oaBsRnqpOMH0/xoWa62Aul7gDwmP09kRBfqaHvaufoTjWrjcj/tHYM3nkn4UEUAwvoZJEXCwwhHqWIu1wyCmKoAaGS61sx7ROdI+isszoEa/bledAoFa1ysXx9mq+UpnFk0D46QAVkoTNUQZeohuqIogf0gt7Qu/FovBofxufEumBMZ/bQnzK+vgEIxq25</latexit>

R =
Cpt�split(P, ts)

Css
2pt(P, ts)

<latexit sha1_base64="Dprr6m8J4fTuKv8sK3QNGQwzRRU="></latexit>

h0|O�5�µ(z)|M ;Pi = PµH̃(z2, z · P ) + zµm2
K k̃(z2, z · P )

<latexit sha1_base64="Qtrw8JW2BN3j/9FOLiV5k8eUw4U="></latexit>

h
B(z, Pz) =

1

Pµ
(h⌦|O�5�3(z)|0;Pi � h⌦|O�5�3(z)|0;0i)

<latexit sha1_base64="9jGhfJT0E6bs/98ps0dR1dJBLY8=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBRMpM1VoXQsGFLivYC7RjyaSZNjTJDElGKEP7DG58FTcuFHHrxp1vY6Ytoq0/BH6+cw4n5/dCRpW27S9rbn5hcWk5tZJeXVvf2MxsbVdVEElMKjhggax7SBFGBaloqhmph5Ig7jFS83qXSb12T6SigbjV/ZC4HHUE9SlG2qBW5lC2ru7UhZ0rHg/jpuTQ54Oj4RAmmBl8ev6DW5msnbNHgrPGmZgsmKjcynw22wGOOBEaM6RUw7FD7cZIaooZGaSbkSIhwj3UIQ1jBeJEufHopgHcN6QN/UCaJzQc0d8TMeJK9blnOjnSXTVdS+B/tUak/aIbUxFGmgg8XuRHDOoAJgHBNpUEa9Y3BmFJzV8h7iKJsDYxpk0IzvTJs6aazzmFXOHmJFvKT+JIgV2wBw6AA85ACVyDMqgADB7AE3gBr9aj9Wy9We/j1jlrMrMD/sj6+AaWT5y0</latexit>

rsG = 0.83 fm, rlG = 0.59 fm
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Moments of meson distribution amplitudes 

Mellin-OPE

Ratio scheme: 
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<latexit sha1_base64="TMp5xOjlQD5Op2cH5tVMpmnOeNs="></latexit>

htw2(�, z2, µ) =
X

n=0

(�i�/2)n

n!

nX

m=0

Cn,m(z2µ2)h⇠mi, � = zPz, h⇠ni =
Z 1

0
�(x, µ)(2x� 1)ndx

<latexit sha1_base64="0OFjP3zPN1Dd0gD9SA0mlhWlzX4="></latexit>

Start with quasi-DA iPzHR
�
z · Pz, z2, µ

�
⌘ h0|O�5�3(z, µ)|M ;P i and use short

distance factorization:

<latexit sha1_base64="AKOgVMo/bRSS99mlVHQ5MJZlrq4="></latexit>

M(�, z2, P 0) ⌘ H
B(�, z2)

HB(�0, z
2)

=
H

R(�, z2, µ)

HR(�0, z
2, µ)

, $ h
tw2(�, z2, µ)

htw2(�0, z
2, µ)

, �0 = P
0
z z ) h⇠niµ
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Renormalization and meson quasi-DA in x-space

Zhang et al, PLB 844 (‘23) 134081

Hybrid scheme:

<latexit sha1_base64="rACRZPGdfviPfCTLgQ9cTU01GZg=">AAAB6XicdVDLSgNBEOz1GddX1KOXwSB4CjtB8rgFvHiMYh6QLGF2MpsMmZ1dZmaFsOQPvHhQxKt/5M2/cTaJoKIFDUVVN91dQSK4Np734aytb2xubRd23N29/YPD4tFxR8epoqxNYxGrXkA0E1yytuFGsF6iGIkCwbrB9Cr3u/dMaR7LOzNLmB+RseQhp8RY6daVw2LJK3uehzFGOcG1qmdJo1Gv4DrCuWVRghVaw+L7YBTTNGLSUEG07mMvMX5GlOFUsLk7SDVLCJ2SMetbKknEtJ8tLp2jc6uMUBgrW9Kghfp9IiOR1rMosJ0RMRP928vFv7x+asK6n3GZpIZJulwUpgKZGOVvoxFXjBoxs4RQxe2tiE6IItTYcFwbwten6H/SqZRxtVy9uSw1K6s4CnAKZ3ABGGrQhGtoQRsohPAAT/DsTJ1H58V5XbauOauZE/gB5+0TVu6NNw==</latexit>n
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Renormalization and meson quasi-DA in x-space
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Imaginary part becomes smaller with increasing momenta

Long tail modeling: <latexit sha1_base64="CbLUNvKo8PnoKc24ZmBXvaJ2VzY="></latexit>

H(�)
�!1����!

✓
c1e

�i�/2

(�i�)d1
+

c2e
i�/2

(i�)d2

◆
e
��/�0
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Results on quasi-DA in x-space
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Meson distribution amplitude from x-space matching

<latexit sha1_base64="ff9I4nhJnpQLmiEApjaAO1zdhbQ="></latexit>

C(x, y, µ, Pz) = �(x� y) +
↵s(µ)CF

2⇡

2

666664

8
>>>>><

>>>>>:

1+x�y
y�x

x̄
ȳ ln (y�x)

x̄ + 1+y�x
y�x

x
y ln (y�x)

�x x < 0
1+y�x
y�x

x
y ln 4x(y�x)P 2

z
µ2 + 1+x�y

y�x

⇣
x̄
ȳ ln y�x

x̄ � x
y

⌘
0 < x < y < 1

1+x�y
x�y

x̄
ȳ ln 4x̄(x�y)P 2

z
µ2 + 1+y�x

x�y

⇣
x
y ln x�y

x � x̄
ȳ

⌘
0 < y < x < 1

1+y�x
x�y

x
y ln (x�y)

x + 1+x�y
x�y

x̄
ȳ ln (x�y)

�x̄ 1 < x

+
3Si(zsPz(y � x))

⇡(y � x)

�[�1,1]

+

,

Ji et al, NPB  964 (‘21)115311

Holligan et al, NPB  993 (‘23)116282

<latexit sha1_base64="OHxTOmtoeiWwqAPqJGmDb58deng="></latexit>

�M (x, µ) =

Z 1

�1
dy C

�1(x, y, µ, Pz)�̃M (y, Pz) +O

 
⇤2
QCD

x2P 2
z

,
⇤2
QCD

(1� x)2P 2
z

!
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Meson distribution amplitude from x-space matching

0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

x

ϕ(
x)

K(stat & syst)
π(stat & syst)

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

x

ϕ π
(x
)

LO(qPDF)
NLO(μ=2GeV)
NNLL, μh variation
NNLL, μi variation

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

x

ϕ K
(x
)

LO(qPDF)
NLO(μ=2GeV)
NNLL, μh variation
NNLL, μi variation

<latexit sha1_base64="vy0D20dA2fSxXPixzvGG8Y/1C24="></latexit>

Assume �(x ! 0, 1) / Axm(1� x)n

+
�(x, µ,m, n) in [0, 1]

<latexit sha1_base64="Nhf8Yb4AOe6PwMK8PPh6k0ppCDY="></latexit>

Match

H(z,m, n) =
R
d⌫Z(⌫, z2, µ, zPz)⇥R

Pzdz e
i( 1

2�x)⌫zPz�(x, µ,m, n)

to H
R(z, Pz) ) n, m

<latexit sha1_base64="ucNboffz6SlQV99Qnyxboa1WrYc="></latexit>

Reliable results for DA in [x0, 1� x0]

LaMET-SDF complementarity
Ji, arXiv:2209.09332, 
Holligan et al, NPB  993 (‘23)116282

<latexit sha1_base64="XJyFFlhoTDoen/Loih7Qsx1QIDc="></latexit>

x0(K) = 0.2, x0(⇡) = 0.25, ( Pmax
z = 1.8 GeV for ⇡)
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Moments of meson DAs and transition form-factor 

Belle-II, PTEP 2019 (‘19) 123C01
Barbar, PRD 80 (‘09) 052002
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<latexit sha1_base64="YzogavuZAo984cxY/KpsRG/e1b0="></latexit>

Rfi(Pf ,Pi; ⌧, ts) ⌘
2
q

Ef
0E

i
0

Ef
0 + Ei

0

C3pt(Pf ,Pi; ⌧, ts)

C2pt(Pf , ts)


C2pt(Pi, ts � ⌧)C2pt(Pf , ⌧)C2pt(Pf , ts)

C2pt(Pf , ts � ⌧)C2pt(Pi, ⌧)C2pt(Pi, ts)

�1/2

Pion and kaon form factor at large momentum transfer 
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Dispersion relation
a=0.076 fm
a=0.04 fm

350 gauge configurations
32-256 AMA samples

<latexit sha1_base64="ivwWzxjSenbCvkMPRlJRWIHeVL4=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAILqTMVG2rKBRc6LKCvUA7lkyaaUOTmSHJCGXoPIwbX8WNC4sIrnwV0wtFW38I/HznHE7O7wSMSmWaX0ZiaXlldS25ntrY3NreSe/uVaUfCkwq2Ge+qDtIEkY9UlFUMVIPBEHcYaTm9G5G9doTEZL63oPqB8TmqONRl2KkNGqlr9C1mTUL+ThqCg5dPriMRev2UWpaPJ3BkziGI8w0Pr+Y4VY6o4fHgovGmpoMmKrcSg+bbR+HnHgKMyRlwzIDZUdIKIoZGaSaoSQBwj3UIQ1tPcSJtKPxlQN4pEkbur7Qz1NwTH9PRIhL2eeO7uRIdeV8bQT/qzVC5RbtiHpBqIiHJ4vckEHlw1FksE0FwYr1tUFYUP1XiLtIIKx0sCkdgjV/8qKp5rJWPpu/P8uUctM4kuAAHIJjYIECKIE7UAYVgMEzeAXvYGi8GG/Gh/E5aU0Y05l98EfG9w9nLaNd</latexit>

a = 0.076 fm : rsG = 0.83 fm, rlG = 0.59 fm
<latexit sha1_base64="yY0EYW2HygdxknBUFOj+xAmZx0U=">AAACJXicbZBPSwJBGMZn7Z/ZP6tjlyEJOoTsiplFgdChjgapgW7L7DirgzO7y8xsIIt+mC59lS4dkgg69VUadZHSHhh4+L3vyzvv44aMSmWaX0ZqaXlldS29ntnY3Nreye7u1WUQCUxqOGCBeHCRJIz6pKaoYuQhFARxl5GG27se1xtPREga+PeqHxKbo45PPYqR0sjJXqIrM28WzWHcEhx6fHAxFM7No9S0XJrBk+EQjjHT+PR8hp1sTg9PBBeNlZgcSFR1sqNWO8ARJ77CDEnZtMxQ2TESimJGBplWJEmIcA91SFNbH3Ei7Xhy5QAeadKGXiD08xWc0N8TMeJS9rmrOzlSXTlfG8P/as1IeWU7pn4YKeLj6SIvYlAFcBwZbFNBsGJ9bRAWVP8V4i4SCCsdbEaHYM2fvGjqhbxVypfuirlKIYkjDQ7AITgGFjgDFXALqqAGMHgGr+AdjIwX4834MD6nrSkjmdkHf2R8/wBclaNX</latexit>

a = 0.040 fm : rsG = 0.86 fm, rlG = 0.59 fm
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Pion and kaon form factor at large momentum transfer 
H.-T. Ding, X. Gao, A.D. Hanlon,  S. Mukherjee, PP, P. Scior,  Qi Shi, S. Syritsyn,  R. Zhang, Y. 
Zhao, arXiv:24.04.04412
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• The lattice results are compatible with DSE and VDM model, BSE calculations tend to be on
the low side compared to the lattice data  for Q2 >3 GeV2

• Collinear pQCD factorization approach with lattice DA can explain the high Q2 lattice results
on the form factors => verification of QCD factorization in exclusive processes
• pQCD kT factorization approach with higher twist contributions seems to overpredict the 
kaon form factor but works for pion form factor
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Summary 

• The x-dependence of pion and kaon DA can be  from the lattice using LaMET 
combined with short distance factorization 

• The pion DA is very different from the asymptotic regime or flat form and leads
to pion transition form factors that agrees with newest results from Belle

• Pion and kaon form factor have been studied at large momentum transfer 
using lattice QCD providing predictions for Jlab and EIC meson programs; Within 
errors lattice QCD results agree with NNLO results in collinear factorization scheme
with DA obtained from lattice QCD

• pQCD kT factorization approach with higher twist contributions  overpredicts the 
kaon form factor
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hx2i = 0.2848(52)(71),

hx4i = 0.124(11)(20).
<latexit sha1_base64="Q4e7zZdyD4rm1tYJBrg4V3bwRZM="></latexit><latexit sha1_base64="Q4e7zZdyD4rm1tYJBrg4V3bwRZM="></latexit><latexit sha1_base64="Q4e7zZdyD4rm1tYJBrg4V3bwRZM="></latexit><latexit sha1_base64="Q4e7zZdyD4rm1tYJBrg4V3bwRZM="></latexit>

Very di↵erent from asymptotic values:
hx2i = 0.2 and hx4i = 0.0857
or flat DA (�(x) = 1/2):
hx2i = 1/3 and hx4i = 0.2

<latexit sha1_base64="Bzh0xEnIjtR1M70/L4K2SDoScnc="></latexit><latexit sha1_base64="Bzh0xEnIjtR1M70/L4K2SDoScnc="></latexit><latexit sha1_base64="Bzh0xEnIjtR1M70/L4K2SDoScnc="></latexit><latexit sha1_base64="Bzh0xEnIjtR1M70/L4K2SDoScnc="></latexit>

Results are cross-checked with conformal OPE

a2 = 0.227(18)(23), a4 = �0.16(13)(30) )
same Mellin moments

<latexit sha1_base64="O83HvWRN/+uRuWMuKEI3wpmA/Yk="></latexit><latexit sha1_base64="O83HvWRN/+uRuWMuKEI3wpmA/Yk="></latexit><latexit sha1_base64="O83HvWRN/+uRuWMuKEI3wpmA/Yk="></latexit><latexit sha1_base64="O83HvWRN/+uRuWMuKEI3wpmA/Yk="></latexit>
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<latexit sha1_base64="1MG5H9xNzR2lnDMoBb6GoD8s+nE="></latexit>

Rfi
sum(ts) =

ts�nskaX

⌧=nska

Rfi(ts, ⌧)

Rfi
sum(ts) = nFB +B0 +O(e�(E1�E0)ts), n = ts � (2nsk � 1)a

Rfi
sum(ts) = nFB +B0 + nB1e

�(E1�E0)ts
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Pion distribution amplitude

�(u) = Nu↵(1� u)↵
NG+1X

n=0

snC
1
2+↵
2n (1� 2u), s0 = 1

<latexit sha1_base64="wgoe2fsmQLSVhS7B3R1wCQtx3vA="></latexit><latexit sha1_base64="wgoe2fsmQLSVhS7B3R1wCQtx3vA="></latexit><latexit sha1_base64="wgoe2fsmQLSVhS7B3R1wCQtx3vA="></latexit><latexit sha1_base64="wgoe2fsmQLSVhS7B3R1wCQtx3vA="></latexit>

Conformal OPE inspired fit form

|sn| < �, n > 0
<latexit sha1_base64="PbCOrQfiRJbaSOtay67Eqb4HxOQ=">AAAB+nicdZDLSgMxFIYz9VbrbapLN8EiuJCSFkUXIgU3LivYC7TDkMlk2tBMZkgySpnWN3HjQhG3Pok738ZMOwUV/SHw851zOCe/F3OmNEKfVmFpeWV1rbhe2tjc2t6xy7ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xijq6zeuaNSsUjc6nFMnRAPBAsYwdog1y5PlCsmF32fco2PH8Qlcu0Kqp6iTBBV0cLkpJaTCsjVdO2Pvh+RJKRCE46V6tVQrJ0US80Ip9NSP1E0xmSEB7RnrMAhVU46O30KDw3xYRBJ84SGM/p9IsWhUuPQM50h1kP1u5bBv2q9RAfnTspEnGgqyHxRkHCoI5jlAH0mKdF8bAwmkplbIRliiYk2aZVMCIufwv9Nu16tGX9zUmnU8ziKYB8cgCNQA2egAa5BE7QAAffgETyDF2tiPVmv1tu8tWDlM3vgh6z3L+I2k68=</latexit><latexit sha1_base64="PbCOrQfiRJbaSOtay67Eqb4HxOQ=">AAAB+nicdZDLSgMxFIYz9VbrbapLN8EiuJCSFkUXIgU3LivYC7TDkMlk2tBMZkgySpnWN3HjQhG3Pok738ZMOwUV/SHw851zOCe/F3OmNEKfVmFpeWV1rbhe2tjc2t6xy7ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xijq6zeuaNSsUjc6nFMnRAPBAsYwdog1y5PlCsmF32fco2PH8Qlcu0Kqp6iTBBV0cLkpJaTCsjVdO2Pvh+RJKRCE46V6tVQrJ0US80Ip9NSP1E0xmSEB7RnrMAhVU46O30KDw3xYRBJ84SGM/p9IsWhUuPQM50h1kP1u5bBv2q9RAfnTspEnGgqyHxRkHCoI5jlAH0mKdF8bAwmkplbIRliiYk2aZVMCIufwv9Nu16tGX9zUmnU8ziKYB8cgCNQA2egAa5BE7QAAffgETyDF2tiPVmv1tu8tWDlM3vgh6z3L+I2k68=</latexit><latexit sha1_base64="PbCOrQfiRJbaSOtay67Eqb4HxOQ=">AAAB+nicdZDLSgMxFIYz9VbrbapLN8EiuJCSFkUXIgU3LivYC7TDkMlk2tBMZkgySpnWN3HjQhG3Pok738ZMOwUV/SHw851zOCe/F3OmNEKfVmFpeWV1rbhe2tjc2t6xy7ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xijq6zeuaNSsUjc6nFMnRAPBAsYwdog1y5PlCsmF32fco2PH8Qlcu0Kqp6iTBBV0cLkpJaTCsjVdO2Pvh+RJKRCE46V6tVQrJ0US80Ip9NSP1E0xmSEB7RnrMAhVU46O30KDw3xYRBJ84SGM/p9IsWhUuPQM50h1kP1u5bBv2q9RAfnTspEnGgqyHxRkHCoI5jlAH0mKdF8bAwmkplbIRliiYk2aZVMCIufwv9Nu16tGX9zUmnU8ziKYB8cgCNQA2egAa5BE7QAAffgETyDF2tiPVmv1tu8tWDlM3vgh6z3L+I2k68=</latexit><latexit sha1_base64="PbCOrQfiRJbaSOtay67Eqb4HxOQ=">AAAB+nicdZDLSgMxFIYz9VbrbapLN8EiuJCSFkUXIgU3LivYC7TDkMlk2tBMZkgySpnWN3HjQhG3Pok738ZMOwUV/SHw851zOCe/F3OmNEKfVmFpeWV1rbhe2tjc2t6xy7ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xijq6zeuaNSsUjc6nFMnRAPBAsYwdog1y5PlCsmF32fco2PH8Qlcu0Kqp6iTBBV0cLkpJaTCsjVdO2Pvh+RJKRCE46V6tVQrJ0US80Ip9NSP1E0xmSEB7RnrMAhVU46O30KDw3xYRBJ84SGM/p9IsWhUuPQM50h1kP1u5bBv2q9RAfnTspEnGgqyHxRkHCoI5jlAH0mKdF8bAwmkplbIRliiYk2aZVMCIufwv9Nu16tGX9zUmnU8ziKYB8cgCNQA2egAa5BE7QAAffgETyDF2tiPVmv1tu8tWDlM3vgh6z3L+I2k68=</latexit>

Agreement with direct fits of moments

x = 2u� 1
<latexit sha1_base64="6xC5WZmMNEo9xZs0jzosfamSLGY=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyyCG8tMEXQjFNy4rGAv0A4lk2ba2EwyJBmxDH0HNy4Ucev7uPNtTNtZaOsPgY//nEPO+cNEcGM97xutrK6tb2wWtorbO7t7+6WDw6ZRqaasQZVQuh0SwwSXrGG5FaydaEbiULBWOLqZ1luPTBuu5L0dJyyIyUDyiFNindV8uq6m536vVPYq3kx4GfwcypCr3it9dfuKpjGTlgpiTMf3EhtkRFtOBZsUu6lhCaEjMmAdh5LEzATZbNsJPnVOH0dKuyctnrm/JzISGzOOQ9cZEzs0i7Wp+V+tk9roKsi4TFLLJJ1/FKUCW4Wnp+M+14xaMXZAqOZuV0yHRBNqXUBFF4K/ePIyNKsV3/HdRblWzeMowDGcwBn4cAk1uIU6NIDCAzzDK7whhV7QO/qYt66gfOYI/gh9/gCHIY5g</latexit><latexit sha1_base64="6xC5WZmMNEo9xZs0jzosfamSLGY=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyyCG8tMEXQjFNy4rGAv0A4lk2ba2EwyJBmxDH0HNy4Ucev7uPNtTNtZaOsPgY//nEPO+cNEcGM97xutrK6tb2wWtorbO7t7+6WDw6ZRqaasQZVQuh0SwwSXrGG5FaydaEbiULBWOLqZ1luPTBuu5L0dJyyIyUDyiFNindV8uq6m536vVPYq3kx4GfwcypCr3it9dfuKpjGTlgpiTMf3EhtkRFtOBZsUu6lhCaEjMmAdh5LEzATZbNsJPnVOH0dKuyctnrm/JzISGzOOQ9cZEzs0i7Wp+V+tk9roKsi4TFLLJJ1/FKUCW4Wnp+M+14xaMXZAqOZuV0yHRBNqXUBFF4K/ePIyNKsV3/HdRblWzeMowDGcwBn4cAk1uIU6NIDCAzzDK7whhV7QO/qYt66gfOYI/gh9/gCHIY5g</latexit><latexit sha1_base64="6xC5WZmMNEo9xZs0jzosfamSLGY=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyyCG8tMEXQjFNy4rGAv0A4lk2ba2EwyJBmxDH0HNy4Ucev7uPNtTNtZaOsPgY//nEPO+cNEcGM97xutrK6tb2wWtorbO7t7+6WDw6ZRqaasQZVQuh0SwwSXrGG5FaydaEbiULBWOLqZ1luPTBuu5L0dJyyIyUDyiFNindV8uq6m536vVPYq3kx4GfwcypCr3it9dfuKpjGTlgpiTMf3EhtkRFtOBZsUu6lhCaEjMmAdh5LEzATZbNsJPnVOH0dKuyctnrm/JzISGzOOQ9cZEzs0i7Wp+V+tk9roKsi4TFLLJJ1/FKUCW4Wnp+M+14xaMXZAqOZuV0yHRBNqXUBFF4K/ePIyNKsV3/HdRblWzeMowDGcwBn4cAk1uIU6NIDCAzzDK7whhV7QO/qYt66gfOYI/gh9/gCHIY5g</latexit><latexit sha1_base64="6xC5WZmMNEo9xZs0jzosfamSLGY=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyyCG8tMEXQjFNy4rGAv0A4lk2ba2EwyJBmxDH0HNy4Ucev7uPNtTNtZaOsPgY//nEPO+cNEcGM97xutrK6tb2wWtorbO7t7+6WDw6ZRqaasQZVQuh0SwwSXrGG5FaydaEbiULBWOLqZ1luPTBuu5L0dJyyIyUDyiFNindV8uq6m536vVPYq3kx4GfwcypCr3it9dfuKpjGTlgpiTMf3EhtkRFtOBZsUu6lhCaEjMmAdh5LEzATZbNsJPnVOH0dKuyctnrm/JzISGzOOQ9cZEzs0i7Wp+V+tk9roKsi4TFLLJJ1/FKUCW4Wnp+M+14xaMXZAqOZuV0yHRBNqXUBFF4K/ePIyNKsV3/HdRblWzeMowDGcwBn4cAk1uIU6NIDCAzzDK7whhV7QO/qYt66gfOYI/gh9/gCHIY5g</latexit>

�(x) ) hx2i = 0.2845(44)(58), hx4i = 0.1497(50)(38)
<latexit sha1_base64="jn7q7oPKe6LPOomkFNQY1ifFxVc="></latexit><latexit sha1_base64="jn7q7oPKe6LPOomkFNQY1ifFxVc="></latexit><latexit sha1_base64="jn7q7oPKe6LPOomkFNQY1ifFxVc="></latexit><latexit sha1_base64="jn7q7oPKe6LPOomkFNQY1ifFxVc="></latexit>

X. Gao, A.D. Hanlon, N. Karthik, S. 
Mukherjee, PP, P. Scior, S. Syritsyn, Y. Zhao, 
PRD 106 (‘22) 074505
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Back-up: perturbative convergence at small z



Pion form factor 
Form factors are sensitive to the  light quark masses 
 

Lattice and experimental results on the pion form factor agree
<latexit sha1_base64="mz8YrUaoIs/9JnuZIKe1pnsWSPI=">AAACJ3icbVA9SwNBEN3z2/gVtbRZDIJVuEujlQRsLCwUjApJCHObuWTJ3u6xOyeG4L+x8a/YCCqipf/EvZhCow8GHm9mmDcvzpR0FIYfwczs3PzC4tJyaWV1bX2jvLl16UxuBTaEUcZex+BQSY0NkqTwOrMIaazwKh4cF/2rG7ROGn1BwwzbKfS0TKQA8lKnfHQKRFIgB93leJuhlSlqAsUtulyR40Zz6iPP/DhPjE15AoKM5d CziJ1yJayGY/C/JJqQCpvgrFN+bnWNyIsbQoFzzSjMqD0C600ovCu1cocZiAH0sOmphhRdezT+847veaVbmPCliY/VnxsjSJ0bprGfTIH6brpXiP/1mjklh+2R1FlOqMX3oSRXnAwvQuNdaVGQGnoCwkrvlYs+WB+Ej7bkQ4imX/5LLmvVyPPzWqVem8SxxHbYLttnETtgdXbCzliDCXbPHtkLew0egqfgLXj/Hp0JJjvb7BeCzy+PYKZJ</latexit><latexit sha1_base64="mz8YrUaoIs/9JnuZIKe1pnsWSPI=">AAACJ3icbVA9SwNBEN3z2/gVtbRZDIJVuEujlQRsLCwUjApJCHObuWTJ3u6xOyeG4L+x8a/YCCqipf/EvZhCow8GHm9mmDcvzpR0FIYfwczs3PzC4tJyaWV1bX2jvLl16UxuBTaEUcZex+BQSY0NkqTwOrMIaazwKh4cF/2rG7ROGn1BwwzbKfS0TKQA8lKnfHQKRFIgB93leJuhlSlqAsUtulyR40Zz6iPP/DhPjE15AoKM5d CziJ1yJayGY/C/JJqQCpvgrFN+bnWNyIsbQoFzzSjMqD0C600ovCu1cocZiAH0sOmphhRdezT+847veaVbmPCliY/VnxsjSJ0bprGfTIH6brpXiP/1mjklh+2R1FlOqMX3oSRXnAwvQuNdaVGQGnoCwkrvlYs+WB+Ej7bkQ4imX/5LLmvVyPPzWqVem8SxxHbYLttnETtgdXbCzliDCXbPHtkLew0egqfgLXj/Hp0JJjvb7BeCzy+PYKZJ</latexit><latexit sha1_base64="mz8YrUaoIs/9JnuZIKe1pnsWSPI=">AAACJ3icbVA9SwNBEN3z2/gVtbRZDIJVuEujlQRsLCwUjApJCHObuWTJ3u6xOyeG4L+x8a/YCCqipf/EvZhCow8GHm9mmDcvzpR0FIYfwczs3PzC4tJyaWV1bX2jvLl16UxuBTaEUcZex+BQSY0NkqTwOrMIaazwKh4cF/2rG7ROGn1BwwzbKfS0TKQA8lKnfHQKRFIgB93leJuhlSlqAsUtulyR40Zz6iPP/DhPjE15AoKM5d CziJ1yJayGY/C/JJqQCpvgrFN+bnWNyIsbQoFzzSjMqD0C600ovCu1cocZiAH0sOmphhRdezT+847veaVbmPCliY/VnxsjSJ0bprGfTIH6brpXiP/1mjklh+2R1FlOqMX3oSRXnAwvQuNdaVGQGnoCwkrvlYs+WB+Ej7bkQ4imX/5LLmvVyPPzWqVem8SxxHbYLttnETtgdXbCzliDCXbPHtkLew0egqfgLXj/Hp0JJjvb7BeCzy+PYKZJ</latexit><latexit sha1_base64="mz8YrUaoIs/9JnuZIKe1pnsWSPI=">AAACJ3icbVA9SwNBEN3z2/gVtbRZDIJVuEujlQRsLCwUjApJCHObuWTJ3u6xOyeG4L+x8a/YCCqipf/EvZhCow8GHm9mmDcvzpR0FIYfwczs3PzC4tJyaWV1bX2jvLl16UxuBTaEUcZex+BQSY0NkqTwOrMIaazwKh4cF/2rG7ROGn1BwwzbKfS0TKQA8lKnfHQKRFIgB93leJuhlSlqAsUtulyR40Zz6iPP/DhPjE15AoKM5d CziJ1yJayGY/C/JJqQCpvgrFN+bnWNyIsbQoFzzSjMqD0C600ovCu1cocZiAH0sOmphhRdezT+847veaVbmPCliY/VnxsjSJ0bprGfTIH6brpXiP/1mjklh+2R1FlOqMX3oSRXnAwvQuNdaVGQGnoCwkrvlYs+WB+Ej7bkQ4imX/5LLmvVyPPzWqVem8SxxHbYLttnETtgdXbCzliDCXbPHtkLew0egqfgLXj/Hp0JJjvb7BeCzy+PYKZJ</latexit>

644, a = 0.076 fm, m⇡ = 140 MeV, Pz ⇠ 2GeV
<latexit sha1_base64="fI1L21mw9Plc4WYhuxZEVmrR2yM="></latexit><latexit sha1_base64="fI1L21mw9Plc4WYhuxZEVmrR2yM="></latexit><latexit sha1_base64="fI1L21mw9Plc4WYhuxZEVmrR2yM="></latexit><latexit sha1_base64="fI1L21mw9Plc4WYhuxZEVmrR2yM="></latexit>

The monopole Ansatz F⇡(Q2) = (1 +Q2/M2)�1, M ' 0.8 GeV works well
<latexit sha1_base64="JZs7aREYOFURq2Xd2/UYQ8yFpaM=">AAACOXicbZDLSgMxFIYz3q23qks3wSpU1DrTjW4ERVA3QgVbhbaWTHpqQ3MZk4xSh/pYbnwLd4IbF4q49QVMaxfeDoR8/P85JOcPI86M9f1Hb2BwaHhkdGw8NTE5NT2Tnp0rGRVrCkWquNJnITHAmYSiZZbDWaSBiJDDadja6/qnV6ANU/LEtiOoCnIhWYNRYp1USxdOmoCFkipSHPCuNMTe4KX9WlKJWCd7fJ5f2c4Gq+7eOH J8nqwHnbXbI1wxTMDlEvZzW/gASvha6ZbB18B5LZ3xc36v8F8I+pBB/SrU0g+VuqKxAGkpJ8aUAz+y1YRoyyiHTqoSG4gIbZELKDuURICpJr3NO3jZKXXcUNodaXFP/T6REGFMW4SuUxDbNL+9rvifV45tY6uaMBnFFiT9eqgRc2wV7saI60wDtbztgFDN3F8xbRJNqHVhp1wIwe+V/0IpnwscH+czO/l+HGNoAS2iLArQJtpBh6iAioiiO/SEXtCrd+89e2/e+1frgNefmUc/yvv4BERaqX8=</latexit><latexit sha1_base64="JZs7aREYOFURq2Xd2/UYQ8yFpaM=">AAACOXicbZDLSgMxFIYz3q23qks3wSpU1DrTjW4ERVA3QgVbhbaWTHpqQ3MZk4xSh/pYbnwLd4IbF4q49QVMaxfeDoR8/P85JOcPI86M9f1Hb2BwaHhkdGw8NTE5NT2Tnp0rGRVrCkWquNJnITHAmYSiZZbDWaSBiJDDadja6/qnV6ANU/LEtiOoCnIhWYNRYp1USxdOmoCFkipSHPCuNMTe4KX9WlKJWCd7fJ5f2c4Gq+7eOH J8nqwHnbXbI1wxTMDlEvZzW/gASvha6ZbB18B5LZ3xc36v8F8I+pBB/SrU0g+VuqKxAGkpJ8aUAz+y1YRoyyiHTqoSG4gIbZELKDuURICpJr3NO3jZKXXcUNodaXFP/T6REGFMW4SuUxDbNL+9rvifV45tY6uaMBnFFiT9eqgRc2wV7saI60wDtbztgFDN3F8xbRJNqHVhp1wIwe+V/0IpnwscH+czO/l+HGNoAS2iLArQJtpBh6iAioiiO/SEXtCrd+89e2/e+1frgNefmUc/yvv4BERaqX8=</latexit><latexit sha1_base64="JZs7aREYOFURq2Xd2/UYQ8yFpaM=">AAACOXicbZDLSgMxFIYz3q23qks3wSpU1DrTjW4ERVA3QgVbhbaWTHpqQ3MZk4xSh/pYbnwLd4IbF4q49QVMaxfeDoR8/P85JOcPI86M9f1Hb2BwaHhkdGw8NTE5NT2Tnp0rGRVrCkWquNJnITHAmYSiZZbDWaSBiJDDadja6/qnV6ANU/LEtiOoCnIhWYNRYp1USxdOmoCFkipSHPCuNMTe4KX9WlKJWCd7fJ5f2c4Gq+7eOH J8nqwHnbXbI1wxTMDlEvZzW/gASvha6ZbB18B5LZ3xc36v8F8I+pBB/SrU0g+VuqKxAGkpJ8aUAz+y1YRoyyiHTqoSG4gIbZELKDuURICpJr3NO3jZKXXcUNodaXFP/T6REGFMW4SuUxDbNL+9rvifV45tY6uaMBnFFiT9eqgRc2wV7saI60wDtbztgFDN3F8xbRJNqHVhp1wIwe+V/0IpnwscH+czO/l+HGNoAS2iLArQJtpBh6iAioiiO/SEXtCrd+89e2/e+1frgNefmUc/yvv4BERaqX8=</latexit><latexit sha1_base64="JZs7aREYOFURq2Xd2/UYQ8yFpaM=">AAACOXicbZDLSgMxFIYz3q23qks3wSpU1DrTjW4ERVA3QgVbhbaWTHpqQ3MZk4xSh/pYbnwLd4IbF4q49QVMaxfeDoR8/P85JOcPI86M9f1Hb2BwaHhkdGw8NTE5NT2Tnp0rGRVrCkWquNJnITHAmYSiZZbDWaSBiJDDadja6/qnV6ANU/LEtiOoCnIhWYNRYp1USxdOmoCFkipSHPCuNMTe4KX9WlKJWCd7fJ5f2c4Gq+7eOH J8nqwHnbXbI1wxTMDlEvZzW/gASvha6ZbB18B5LZ3xc36v8F8I+pBB/SrU0g+VuqKxAGkpJ8aUAz+y1YRoyyiHTqoSG4gIbZELKDuURICpJr3NO3jZKXXcUNodaXFP/T6REGFMW4SuUxDbNL+9rvifV45tY6uaMBnFFiT9eqgRc2wV7saI60wDtbztgFDN3F8xbRJNqHVhp1wIwe+V/0IpnwscH+czO/l+HGNoAS2iLArQJtpBh6iAioiiO/SEXtCrd+89e2/e+1frgNefmUc/yvv4BERaqX8=</latexit>

Lattice results also agree with the results of the dispersive analysis of the time-
like pion form factor

<latexit sha1_base64="M9QDYjRROZHGAJVtxjC7xlIToi0=">AAACW3icbVDJahtBEO0Zb8p4U2xyyqWxMPhiMaOLfTTkkoMPNlgLSELUtGqkRr0M3TU2Qvgnc0oO/pWQHllksVPQ8Pq9qq7XLy+V9JSmP6J4a3tnd6/xIdk/ODw6bn486XlbOYFdYZV1gxw8KmmwS5IUDkqHoHOF/Xzxpdb7j+i8tOaBliWONcyMLKQACtSk6UbGSjNFQ8ktEEmB3KGvFHkOylsOM4fInyTNOc3/aLZYX6fSl/ Xjj8jBgFp6+VsiqfFSyQXyMizihXWaFyDIukmzlbbTdfH3INuAFtvU3aT5bTS1otLBpFDg/TBLSxqvwAW7Cp+TUeWxBLGAGQ4DNKDRj1frbJ75eWCm9fpwDPE1+/fECrT3S52HTg0092+1mvyfNqyouB6vpCkrQiNeFxWV4mR5HXTIxqEgtQwAhJPBKxdzcCGCkFgSQsjefvk96HXaWcD3ndZNZxNHg31mZ+yCZeyK3bCv7I51mWDf2c9oL2pEL/FWnMQHr61xtJk5Zf9U/OkXbOe1qg==</latexit><latexit sha1_base64="M9QDYjRROZHGAJVtxjC7xlIToi0=">AAACW3icbVDJahtBEO0Zb8p4U2xyyqWxMPhiMaOLfTTkkoMPNlgLSELUtGqkRr0M3TU2Qvgnc0oO/pWQHllksVPQ8Pq9qq7XLy+V9JSmP6J4a3tnd6/xIdk/ODw6bn486XlbOYFdYZV1gxw8KmmwS5IUDkqHoHOF/Xzxpdb7j+i8tOaBliWONcyMLKQACtSk6UbGSjNFQ8ktEEmB3KGvFHkOylsOM4fInyTNOc3/aLZYX6fSl/ Xjj8jBgFp6+VsiqfFSyQXyMizihXWaFyDIukmzlbbTdfH3INuAFtvU3aT5bTS1otLBpFDg/TBLSxqvwAW7Cp+TUeWxBLGAGQ4DNKDRj1frbJ75eWCm9fpwDPE1+/fECrT3S52HTg0092+1mvyfNqyouB6vpCkrQiNeFxWV4mR5HXTIxqEgtQwAhJPBKxdzcCGCkFgSQsjefvk96HXaWcD3ndZNZxNHg31mZ+yCZeyK3bCv7I51mWDf2c9oL2pEL/FWnMQHr61xtJk5Zf9U/OkXbOe1qg==</latexit><latexit sha1_base64="M9QDYjRROZHGAJVtxjC7xlIToi0=">AAACW3icbVDJahtBEO0Zb8p4U2xyyqWxMPhiMaOLfTTkkoMPNlgLSELUtGqkRr0M3TU2Qvgnc0oO/pWQHllksVPQ8Pq9qq7XLy+V9JSmP6J4a3tnd6/xIdk/ODw6bn486XlbOYFdYZV1gxw8KmmwS5IUDkqHoHOF/Xzxpdb7j+i8tOaBliWONcyMLKQACtSk6UbGSjNFQ8ktEEmB3KGvFHkOylsOM4fInyTNOc3/aLZYX6fSl/ Xjj8jBgFp6+VsiqfFSyQXyMizihXWaFyDIukmzlbbTdfH3INuAFtvU3aT5bTS1otLBpFDg/TBLSxqvwAW7Cp+TUeWxBLGAGQ4DNKDRj1frbJ75eWCm9fpwDPE1+/fECrT3S52HTg0092+1mvyfNqyouB6vpCkrQiNeFxWV4mR5HXTIxqEgtQwAhJPBKxdzcCGCkFgSQsjefvk96HXaWcD3ndZNZxNHg31mZ+yCZeyK3bCv7I51mWDf2c9oL2pEL/FWnMQHr61xtJk5Zf9U/OkXbOe1qg==</latexit><latexit sha1_base64="M9QDYjRROZHGAJVtxjC7xlIToi0=">AAACW3icbVDJahtBEO0Zb8p4U2xyyqWxMPhiMaOLfTTkkoMPNlgLSELUtGqkRr0M3TU2Qvgnc0oO/pWQHllksVPQ8Pq9qq7XLy+V9JSmP6J4a3tnd6/xIdk/ODw6bn486XlbOYFdYZV1gxw8KmmwS5IUDkqHoHOF/Xzxpdb7j+i8tOaBliWONcyMLKQACtSk6UbGSjNFQ8ktEEmB3KGvFHkOylsOM4fInyTNOc3/aLZYX6fSl/ Xjj8jBgFp6+VsiqfFSyQXyMizihXWaFyDIukmzlbbTdfH3INuAFtvU3aT5bTS1otLBpFDg/TBLSxqvwAW7Cp+TUeWxBLGAGQ4DNKDRj1frbJ75eWCm9fpwDPE1+/fECrT3S52HTg0092+1mvyfNqyouB6vpCkrQiNeFxWV4mR5HXTIxqEgtQwAhJPBKxdzcCGCkFgSQsjefvk96HXaWcD3ndZNZxNHg31mZ+yCZeyK3bCv7I51mWDf2c9oL2pEL/FWnMQHr61xtJk5Zf9U/OkXbOe1qg==</latexit> Colangleo, Hofferichter, Stoffer, JHEP 02 (2019) 006 
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Pion form factor (con’t) 

Pion charge radius:
<latexit sha1_base64="VyM3taoPWfzdVBwhRjHtiBUFCkk=">AAAB/HicbZDLSsNAFIZPvNZ6q3bpZrAIrkrSjeKq4MZlBXuBNpTJ5KQdOrkwMxFCqK/ixoUibn0Qd76N0zQLbT0wzMf/n8Oc+b1EcKVt+9va2Nza3tmt7FX3Dw6Pjmsnpz0Vp5Jhl8UilgOPKhQ8wq7mWuAgkUhDT2Dfm90u/P4jSsXj6EFnCbohnUQ84IxqI41r9Y65CJtSOUEiqc9TdTOuNeymXRRZB6eEBpTVGde+Rn7M0h AjzQRVaujYiXZzKjVnAufVUaowoWxGJzg0GNEQlZsXy8/JhVF8EsTSnEiTQv09kdNQqSz0TGdI9VStegvxP2+Y6uDazXmUpBojtnwoSAXRMVkkQXwukWmRGaBMcrNrkQNl2uRVNSE4q19eh16r6Ri+bzXarTKOCpzBOVyCA1fQhjvoQBcYZPAMr/BmPVkv1rv1sWzdsMqZOvwp6/MHGtGUWQ==</latexit><latexit sha1_base64="VyM3taoPWfzdVBwhRjHtiBUFCkk=">AAAB/HicbZDLSsNAFIZPvNZ6q3bpZrAIrkrSjeKq4MZlBXuBNpTJ5KQdOrkwMxFCqK/ixoUibn0Qd76N0zQLbT0wzMf/n8Oc+b1EcKVt+9va2Nza3tmt7FX3Dw6Pjmsnpz0Vp5Jhl8UilgOPKhQ8wq7mWuAgkUhDT2Dfm90u/P4jSsXj6EFnCbohnUQ84IxqI41r9Y65CJtSOUEiqc9TdTOuNeymXRRZB6eEBpTVGde+Rn7M0h AjzQRVaujYiXZzKjVnAufVUaowoWxGJzg0GNEQlZsXy8/JhVF8EsTSnEiTQv09kdNQqSz0TGdI9VStegvxP2+Y6uDazXmUpBojtnwoSAXRMVkkQXwukWmRGaBMcrNrkQNl2uRVNSE4q19eh16r6Ri+bzXarTKOCpzBOVyCA1fQhjvoQBcYZPAMr/BmPVkv1rv1sWzdsMqZOvwp6/MHGtGUWQ==</latexit><latexit sha1_base64="VyM3taoPWfzdVBwhRjHtiBUFCkk=">AAAB/HicbZDLSsNAFIZPvNZ6q3bpZrAIrkrSjeKq4MZlBXuBNpTJ5KQdOrkwMxFCqK/ixoUibn0Qd76N0zQLbT0wzMf/n8Oc+b1EcKVt+9va2Nza3tmt7FX3Dw6Pjmsnpz0Vp5Jhl8UilgOPKhQ8wq7mWuAgkUhDT2Dfm90u/P4jSsXj6EFnCbohnUQ84IxqI41r9Y65CJtSOUEiqc9TdTOuNeymXRRZB6eEBpTVGde+Rn7M0h AjzQRVaujYiXZzKjVnAufVUaowoWxGJzg0GNEQlZsXy8/JhVF8EsTSnEiTQv09kdNQqSz0TGdI9VStegvxP2+Y6uDazXmUpBojtnwoSAXRMVkkQXwukWmRGaBMcrNrkQNl2uRVNSE4q19eh16r6Ri+bzXarTKOCpzBOVyCA1fQhjvoQBcYZPAMr/BmPVkv1rv1sWzdsMqZOvwp6/MHGtGUWQ==</latexit><latexit sha1_base64="VyM3taoPWfzdVBwhRjHtiBUFCkk=">AAAB/HicbZDLSsNAFIZPvNZ6q3bpZrAIrkrSjeKq4MZlBXuBNpTJ5KQdOrkwMxFCqK/ixoUibn0Qd76N0zQLbT0wzMf/n8Oc+b1EcKVt+9va2Nza3tmt7FX3Dw6Pjmsnpz0Vp5Jhl8UilgOPKhQ8wq7mWuAgkUhDT2Dfm90u/P4jSsXj6EFnCbohnUQ84IxqI41r9Y65CJtSOUEiqc9TdTOuNeymXRRZB6eEBpTVGde+Rn7M0h AjzQRVaujYiXZzKjVnAufVUaowoWxGJzg0GNEQlZsXy8/JhVF8EsTSnEiTQv09kdNQqSz0TGdI9VStegvxP2+Y6uDazXmUpBojtnwoSAXRMVkkQXwukWmRGaBMcrNrkQNl2uRVNSE4q19eh16r6Ri+bzXarTKOCpzBOVyCA1fQhjvoQBcYZPAMr/BmPVkv1rv1sWzdsMqZOvwp6/MHGtGUWQ==</latexit>

monopole Ansatz works for extended Q2 range
<latexit sha1_base64="3+5/nxIWWWnL4lmiwntHwlNigcQ=">AAACF3icbVC7TgJBFJ3FF+Jr1dJmIphYkV0aLTE2lpDIIwEks7N3YcLszGZmVkXCX9j4KzYWGmOrnX/j8CgUPNXJOffm3nOChDNtPO/byaysrq1vZDdzW9s7u3vu/kFdy1RRqFHJpWoGRANnAmqGGQ7NRAGJAw6NYHA58Ru3oDST4toME+jEpCdYxCgxVuq6xVgKmUgO+EJoYh7wnVQDjSOpMNwbECGEuFC9KRWwIqIHXTfvFb0p8DLx5ySP5qh03a92KGkagzCUE61bvpeYzogowyiHca6dakgIHZAetCwVJAbdGU1zjfGJVcLpL5EUBk/V3xsjEms9jAM7GRPT14veRPzPa6UmOu+MmEhSG5HODkUpx0biSUk4ZAqo4UNLCFXM/oppnyhCja0yZ0vwFyMvk3qp6FteLeXLpXkdWXSEjtEp8tEZKqMrVEE1RNEjekav6M15cl6cd+djNppx5juH6A+czx/jaZ8D</latexit><latexit sha1_base64="3+5/nxIWWWnL4lmiwntHwlNigcQ=">AAACF3icbVC7TgJBFJ3FF+Jr1dJmIphYkV0aLTE2lpDIIwEks7N3YcLszGZmVkXCX9j4KzYWGmOrnX/j8CgUPNXJOffm3nOChDNtPO/byaysrq1vZDdzW9s7u3vu/kFdy1RRqFHJpWoGRANnAmqGGQ7NRAGJAw6NYHA58Ru3oDST4toME+jEpCdYxCgxVuq6xVgKmUgO+EJoYh7wnVQDjSOpMNwbECGEuFC9KRWwIqIHXTfvFb0p8DLx5ySP5qh03a92KGkagzCUE61bvpeYzogowyiHca6dakgIHZAetCwVJAbdGU1zjfGJVcLpL5EUBk/V3xsjEms9jAM7GRPT14veRPzPa6UmOu+MmEhSG5HODkUpx0biSUk4ZAqo4UNLCFXM/oppnyhCja0yZ0vwFyMvk3qp6FteLeXLpXkdWXSEjtEp8tEZKqMrVEE1RNEjekav6M15cl6cd+djNppx5juH6A+czx/jaZ8D</latexit><latexit sha1_base64="3+5/nxIWWWnL4lmiwntHwlNigcQ=">AAACF3icbVC7TgJBFJ3FF+Jr1dJmIphYkV0aLTE2lpDIIwEks7N3YcLszGZmVkXCX9j4KzYWGmOrnX/j8CgUPNXJOffm3nOChDNtPO/byaysrq1vZDdzW9s7u3vu/kFdy1RRqFHJpWoGRANnAmqGGQ7NRAGJAw6NYHA58Ru3oDST4toME+jEpCdYxCgxVuq6xVgKmUgO+EJoYh7wnVQDjSOpMNwbECGEuFC9KRWwIqIHXTfvFb0p8DLx5ySP5qh03a92KGkagzCUE61bvpeYzogowyiHca6dakgIHZAetCwVJAbdGU1zjfGJVcLpL5EUBk/V3xsjEms9jAM7GRPT14veRPzPa6UmOu+MmEhSG5HODkUpx0biSUk4ZAqo4UNLCFXM/oppnyhCja0yZ0vwFyMvk3qp6FteLeXLpXkdWXSEjtEp8tEZKqMrVEE1RNEjekav6M15cl6cd+djNppx5juH6A+czx/jaZ8D</latexit><latexit sha1_base64="3+5/nxIWWWnL4lmiwntHwlNigcQ=">AAACF3icbVC7TgJBFJ3FF+Jr1dJmIphYkV0aLTE2lpDIIwEks7N3YcLszGZmVkXCX9j4KzYWGmOrnX/j8CgUPNXJOffm3nOChDNtPO/byaysrq1vZDdzW9s7u3vu/kFdy1RRqFHJpWoGRANnAmqGGQ7NRAGJAw6NYHA58Ru3oDST4toME+jEpCdYxCgxVuq6xVgKmUgO+EJoYh7wnVQDjSOpMNwbECGEuFC9KRWwIqIHXTfvFb0p8DLx5ySP5qh03a92KGkagzCUE61bvpeYzogowyiHca6dakgIHZAetCwVJAbdGU1zjfGJVcLpL5EUBk/V3xsjEms9jAM7GRPT14veRPzPa6UmOu+MmEhSG5HODkUpx0biSUk4ZAqo4UNLCFXM/oppnyhCja0yZ0vwFyMvk3qp6FteLeXLpXkdWXSEjtEp8tEZKqMrVEE1RNEjekav6M15cl6cd+djNppx5juH6A+czx/jaZ8D</latexit>

Pion form factor is very sensitive to the quark mass
<latexit sha1_base64="vYAMgp2yLMBYdhW2RCy/j01oAjI=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZaYguiy4cVnBPqAtJZPeaUOTzJjcKZTSL3Hjr7hxoYjgSv/GTNuFtl4IOZx7z03OCRMpLPr+t7e2vrG5tZ3bye/u7R8cFo6O6zZODYcaj2VsmiGzIIWGGgqU0EwMMBVKaITDm6zfGIGxItb3OE6go1hfi0hwho7qFi6r7qJRbBSNGMfYUGGpE4ypBW0FihFQjCkOgD6kzAypYtbmu4 WiX/JnRVdBsABFsqhqt/DZ7sU8VaCRS7ehFfgJdibMoOASpvl2aiFhfMj60HJQMwW2M5nZm9Jzx/SyP7qjkc7Y34oJU9aOVegmFcOBXe5l5H+9VorRdWcidJIiaD5/KErlzLDLivaEAY5y7ADjxoXBKR8w43JyiWYhBMuWV0G9XAocvisXK+VFHDlySs7IBQnIFamQW1IlNcLJI3kmr+TNe/JevHfvYz665i00J+RPeV8/nmGiFg==</latexit><latexit sha1_base64="vYAMgp2yLMBYdhW2RCy/j01oAjI=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZaYguiy4cVnBPqAtJZPeaUOTzJjcKZTSL3Hjr7hxoYjgSv/GTNuFtl4IOZx7z03OCRMpLPr+t7e2vrG5tZ3bye/u7R8cFo6O6zZODYcaj2VsmiGzIIWGGgqU0EwMMBVKaITDm6zfGIGxItb3OE6go1hfi0hwho7qFi6r7qJRbBSNGMfYUGGpE4ypBW0FihFQjCkOgD6kzAypYtbmu4 WiX/JnRVdBsABFsqhqt/DZ7sU8VaCRS7ehFfgJdibMoOASpvl2aiFhfMj60HJQMwW2M5nZm9Jzx/SyP7qjkc7Y34oJU9aOVegmFcOBXe5l5H+9VorRdWcidJIiaD5/KErlzLDLivaEAY5y7ADjxoXBKR8w43JyiWYhBMuWV0G9XAocvisXK+VFHDlySs7IBQnIFamQW1IlNcLJI3kmr+TNe/JevHfvYz665i00J+RPeV8/nmGiFg==</latexit><latexit sha1_base64="vYAMgp2yLMBYdhW2RCy/j01oAjI=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZaYguiy4cVnBPqAtJZPeaUOTzJjcKZTSL3Hjr7hxoYjgSv/GTNuFtl4IOZx7z03OCRMpLPr+t7e2vrG5tZ3bye/u7R8cFo6O6zZODYcaj2VsmiGzIIWGGgqU0EwMMBVKaITDm6zfGIGxItb3OE6go1hfi0hwho7qFi6r7qJRbBSNGMfYUGGpE4ypBW0FihFQjCkOgD6kzAypYtbmu4 WiX/JnRVdBsABFsqhqt/DZ7sU8VaCRS7ehFfgJdibMoOASpvl2aiFhfMj60HJQMwW2M5nZm9Jzx/SyP7qjkc7Y34oJU9aOVegmFcOBXe5l5H+9VorRdWcidJIiaD5/KErlzLDLivaEAY5y7ADjxoXBKR8w43JyiWYhBMuWV0G9XAocvisXK+VFHDlySs7IBQnIFamQW1IlNcLJI3kmr+TNe/JevHfvYz665i00J+RPeV8/nmGiFg==</latexit><latexit sha1_base64="vYAMgp2yLMBYdhW2RCy/j01oAjI=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZaYguiy4cVnBPqAtJZPeaUOTzJjcKZTSL3Hjr7hxoYjgSv/GTNuFtl4IOZx7z03OCRMpLPr+t7e2vrG5tZ3bye/u7R8cFo6O6zZODYcaj2VsmiGzIIWGGgqU0EwMMBVKaITDm6zfGIGxItb3OE6go1hfi0hwho7qFi6r7qJRbBSNGMfYUGGpE4ypBW0FihFQjCkOgD6kzAypYtbmu4 WiX/JnRVdBsABFsqhqt/DZ7sU8VaCRS7ehFfgJdibMoOASpvl2aiFhfMj60HJQMwW2M5nZm9Jzx/SyP7qjkc7Y34oJU9aOVegmFcOBXe5l5H+9VorRdWcidJIiaD5/KErlzLDLivaEAY5y7ADjxoXBKR8w43JyiWYhBMuWV0G9XAocvisXK+VFHDlySs7IBQnIFamQW1IlNcLJI3kmr+TNe/JevHfvYz665i00J+RPeV8/nmGiFg==</latexit>

hr2⇡iPDG = 0.434(5) fm2
<latexit sha1_base64="sjC/H74fAB7BRU9SGKgzP59UyNQ="></latexit><latexit sha1_base64="sjC/H74fAB7BRU9SGKgzP59UyNQ="></latexit><latexit sha1_base64="sjC/H74fAB7BRU9SGKgzP59UyNQ="></latexit><latexit sha1_base64="sjC/H74fAB7BRU9SGKgzP59UyNQ="></latexit>

hr2⇡i = 6/M2 for monopole fit
<latexit sha1_base64="luoKMFNFx+tWo+0Aj1mRv5OSINg=">AAACHXicbZDLSsNAFIYnXmu9RV26GWwFVzUJom6Eghs3QgV7gaYtk+mkHTqZCTMToYS+iBtfxY0LRVy4Ed/GaZqFtp7Vz/efwznnD2JGlXacb2tpeWV1bb2wUdzc2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB6HrqNx+IVFTwez2OSSdCA05DipE2qGeflX2G+IARKHupH9NJ14O+nJEreH562/XKMBQSRoKLWBgaUt2zS07FyQouCjcXJZBXrWd/+n2Bk4hwjRlSqu06se6kSGqKGZkU/USRGOERGpC2kRxFRHXS7LsJPDakn90QCq5hRn9PpChSahwFpjNCeqjmvSn8z2snOrzspJTHiSYczxaFCYNawGlUsE8lwZqNjUBYUnMrxEMkEdYm0KIJwZ1/eVE0vIpr9J1Xqnp5HAVwCI7ACXDBBaiCG1ADdYDBI3gGr+DNerJerHfrY9a6ZOUzB+BPWV8/zCSgbQ==</latexit><latexit sha1_base64="luoKMFNFx+tWo+0Aj1mRv5OSINg=">AAACHXicbZDLSsNAFIYnXmu9RV26GWwFVzUJom6Eghs3QgV7gaYtk+mkHTqZCTMToYS+iBtfxY0LRVy4Ed/GaZqFtp7Vz/efwznnD2JGlXacb2tpeWV1bb2wUdzc2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB6HrqNx+IVFTwez2OSSdCA05DipE2qGeflX2G+IARKHupH9NJ14O+nJEreH562/XKMBQSRoKLWBgaUt2zS07FyQouCjcXJZBXrWd/+n2Bk4hwjRlSqu06se6kSGqKGZkU/USRGOERGpC2kRxFRHXS7LsJPDakn90QCq5hRn9PpChSahwFpjNCeqjmvSn8z2snOrzspJTHiSYczxaFCYNawGlUsE8lwZqNjUBYUnMrxEMkEdYm0KIJwZ1/eVE0vIpr9J1Xqnp5HAVwCI7ACXDBBaiCG1ADdYDBI3gGr+DNerJerHfrY9a6ZOUzB+BPWV8/zCSgbQ==</latexit><latexit sha1_base64="luoKMFNFx+tWo+0Aj1mRv5OSINg=">AAACHXicbZDLSsNAFIYnXmu9RV26GWwFVzUJom6Eghs3QgV7gaYtk+mkHTqZCTMToYS+iBtfxY0LRVy4Ed/GaZqFtp7Vz/efwznnD2JGlXacb2tpeWV1bb2wUdzc2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB6HrqNx+IVFTwez2OSSdCA05DipE2qGeflX2G+IARKHupH9NJ14O+nJEreH562/XKMBQSRoKLWBgaUt2zS07FyQouCjcXJZBXrWd/+n2Bk4hwjRlSqu06se6kSGqKGZkU/USRGOERGpC2kRxFRHXS7LsJPDakn90QCq5hRn9PpChSahwFpjNCeqjmvSn8z2snOrzspJTHiSYczxaFCYNawGlUsE8lwZqNjUBYUnMrxEMkEdYm0KIJwZ1/eVE0vIpr9J1Xqnp5HAVwCI7ACXDBBaiCG1ADdYDBI3gGr+DNerJerHfrY9a6ZOUzB+BPWV8/zCSgbQ==</latexit><latexit sha1_base64="luoKMFNFx+tWo+0Aj1mRv5OSINg=">AAACHXicbZDLSsNAFIYnXmu9RV26GWwFVzUJom6Eghs3QgV7gaYtk+mkHTqZCTMToYS+iBtfxY0LRVy4Ed/GaZqFtp7Vz/efwznnD2JGlXacb2tpeWV1bb2wUdzc2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB6HrqNx+IVFTwez2OSSdCA05DipE2qGeflX2G+IARKHupH9NJ14O+nJEreH562/XKMBQSRoKLWBgaUt2zS07FyQouCjcXJZBXrWd/+n2Bk4hwjRlSqu06se6kSGqKGZkU/USRGOERGpC2kRxFRHXS7LsJPDakn90QCq5hRn9PpChSahwFpjNCeqjmvSn8z2snOrzspJTHiSYczxaFCYNawGlUsE8lwZqNjUBYUnMrxEMkEdYm0KIJwZ1/eVE0vIpr9J1Xqnp5HAVwCI7ACXDBBaiCG1ADdYDBI3gGr+DNerJerHfrY9a6ZOUzB+BPWV8/zCSgbQ==</latexit>

hr2⇡i = 0.42(2) fm2
<latexit sha1_base64="6trZxNuNR/j4jdnKMDdoRKunXm4="></latexit><latexit sha1_base64="6trZxNuNR/j4jdnKMDdoRKunXm4="></latexit><latexit sha1_base64="6trZxNuNR/j4jdnKMDdoRKunXm4="></latexit><latexit sha1_base64="6trZxNuNR/j4jdnKMDdoRKunXm4="></latexit>

(monopole fit, z-expansion)
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hr2⇡i = �6
dF⇡(Q2)

dQ2
|Q2=0

<latexit sha1_base64="g5WmR6gup0pte5XKKPStKKeqo6o="></latexit><latexit sha1_base64="g5WmR6gup0pte5XKKPStKKeqo6o="></latexit><latexit sha1_base64="g5WmR6gup0pte5XKKPStKKeqo6o="></latexit><latexit sha1_base64="g5WmR6gup0pte5XKKPStKKeqo6o="></latexit>

The e↵ective radius r2eff (Q
2) =

6(1/F⇡(Q2)� 1)

Q2
is constant for all Q2

<latexit sha1_base64="DA+9vJ+tDZOs9mnLakiZ/WDk2wk=">AAACWXicbZFBT9wwEIWdtNDtltKlHHux2EVaDoUkh5ZLJaRKVY8gsYC0WaKJM2EtHNuyHaQoyp/soVLVv8IBb9hDC8zp03sz8sxzrgW3Lor+BOGr1xubbwZvh++23m9/GO18vLCqNgxnTAllrnKwKLjEmeNO4JU2CFUu8DK//b7yL+/QWK7kuWs0Liq4kbzkDJyXspE+XyLFskTm+B1SAwWvLZ2kBbdaQGNdI7yatb6lu06mZ9 fJwbe0NMBa+oVO46MfWZtq3vXG5/igaz10E8otZUpaB9LRUhkKQtCJtyY0G42jw6gv+hziNYzJuk6z0a+0UKyuUDomwNp5HGm3aME4zgR2w7S2qIHdwg3OPUqo0C7aPpmO7nul6DcolV+lV/+daKGytqly31mBW9qn3kp8yZvXrjxetFzq2qFkjw+VtaBO0VXMtODGRyoaD8AM97tStgSfm/OfMfQhxE9Pfg4XyWHs+SwZnyTrOAbkE9kjUxKTr+SE/CSnZEYY+U3ug41gM/gbBuEgHD62hsF6Zpf8V+HuA7D7sJ4=</latexit><latexit sha1_base64="DA+9vJ+tDZOs9mnLakiZ/WDk2wk=">AAACWXicbZFBT9wwEIWdtNDtltKlHHux2EVaDoUkh5ZLJaRKVY8gsYC0WaKJM2EtHNuyHaQoyp/soVLVv8IBb9hDC8zp03sz8sxzrgW3Lor+BOGr1xubbwZvh++23m9/GO18vLCqNgxnTAllrnKwKLjEmeNO4JU2CFUu8DK//b7yL+/QWK7kuWs0Liq4kbzkDJyXspE+XyLFskTm+B1SAwWvLZ2kBbdaQGNdI7yatb6lu06mZ9 fJwbe0NMBa+oVO46MfWZtq3vXG5/igaz10E8otZUpaB9LRUhkKQtCJtyY0G42jw6gv+hziNYzJuk6z0a+0UKyuUDomwNp5HGm3aME4zgR2w7S2qIHdwg3OPUqo0C7aPpmO7nul6DcolV+lV/+daKGytqly31mBW9qn3kp8yZvXrjxetFzq2qFkjw+VtaBO0VXMtODGRyoaD8AM97tStgSfm/OfMfQhxE9Pfg4XyWHs+SwZnyTrOAbkE9kjUxKTr+SE/CSnZEYY+U3ug41gM/gbBuEgHD62hsF6Zpf8V+HuA7D7sJ4=</latexit><latexit sha1_base64="DA+9vJ+tDZOs9mnLakiZ/WDk2wk=">AAACWXicbZFBT9wwEIWdtNDtltKlHHux2EVaDoUkh5ZLJaRKVY8gsYC0WaKJM2EtHNuyHaQoyp/soVLVv8IBb9hDC8zp03sz8sxzrgW3Lor+BOGr1xubbwZvh++23m9/GO18vLCqNgxnTAllrnKwKLjEmeNO4JU2CFUu8DK//b7yL+/QWK7kuWs0Liq4kbzkDJyXspE+XyLFskTm+B1SAwWvLZ2kBbdaQGNdI7yatb6lu06mZ9 fJwbe0NMBa+oVO46MfWZtq3vXG5/igaz10E8otZUpaB9LRUhkKQtCJtyY0G42jw6gv+hziNYzJuk6z0a+0UKyuUDomwNp5HGm3aME4zgR2w7S2qIHdwg3OPUqo0C7aPpmO7nul6DcolV+lV/+daKGytqly31mBW9qn3kp8yZvXrjxetFzq2qFkjw+VtaBO0VXMtODGRyoaD8AM97tStgSfm/OfMfQhxE9Pfg4XyWHs+SwZnyTrOAbkE9kjUxKTr+SE/CSnZEYY+U3ug41gM/gbBuEgHD62hsF6Zpf8V+HuA7D7sJ4=</latexit><latexit sha1_base64="DA+9vJ+tDZOs9mnLakiZ/WDk2wk=">AAACWXicbZFBT9wwEIWdtNDtltKlHHux2EVaDoUkh5ZLJaRKVY8gsYC0WaKJM2EtHNuyHaQoyp/soVLVv8IBb9hDC8zp03sz8sxzrgW3Lor+BOGr1xubbwZvh++23m9/GO18vLCqNgxnTAllrnKwKLjEmeNO4JU2CFUu8DK//b7yL+/QWK7kuWs0Liq4kbzkDJyXspE+XyLFskTm+B1SAwWvLZ2kBbdaQGNdI7yatb6lu06mZ9 fJwbe0NMBa+oVO46MfWZtq3vXG5/igaz10E8otZUpaB9LRUhkKQtCJtyY0G42jw6gv+hziNYzJuk6z0a+0UKyuUDomwNp5HGm3aME4zgR2w7S2qIHdwg3OPUqo0C7aPpmO7nul6DcolV+lV/+daKGytqly31mBW9qn3kp8yZvXrjxetFzq2qFkjw+VtaBO0VXMtODGRyoaD8AM97tStgSfm/OfMfQhxE9Pfg4XyWHs+SwZnyTrOAbkE9kjUxKTr+SE/CSnZEYY+U3ug41gM/gbBuEgHD62hsF6Zpf8V+HuA7D7sJ4=</latexit>


