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Plan

n Columbia plot
n Strategy to determine the order of phase 

transition 
n Our Wilson-type fermion studies

n 𝑁! = 3
n 𝑁! = 2 + 1
n 𝑁! = 4

n Summary



Nature of QCD phase transition
Depends on
n Quark masses
n # flavor
n Chemical potential
n …

Columbia plot

Heavy quarks (c,b,t)
are ignored

mu = md = mud

Brown et al ‘90

at zero density 𝜇 = 0



Nature of QCD phase transition

Columbia plot

mu = md = mud

Brown et al ‘90

Aoki et al ‘06
Bazavov et al ’12
Bhattacharya et al ‘14

Continuum limit is taken

Depends on
n Quark masses
n # flavor
n Chemical potential
n …

at zero density 𝜇 = 0



Columbia plot
Heavy mass region

• Ginzburg-Landau analysis
• Renormalization group analysis
• Monte Carlo/Finite size scaling 

predict/support

1st order PT in static limit
Brown ’88, Fukugita et al ’90

OK!



Columbia plot
Heavy mass region

m < ∞
l weaken 1st order PT
l 1st ->  2nd -> crossover 



Columbia plot
Heavy mass region

m < ∞
l weaken 1st order PT
l 1st ->  2nd -> crossover 

Lattice simulation
l mπ

c = O(3-5) GeV
l Z2 universality class
l Continuum limit ?

Saito et al ’12
Ejiri et al ‘19
Philipsen et al ’21

am� > 1
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Columbia plot
Chiral region

Sigma model
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UA(1) anomaly

Mij = �q̄i
Lqj

R�
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meson field:
(order parameter)

⇒ Chiral symmetry is important



Columbia plot
Chiral region

Mij = �q̄i
Lqj

R�
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meson field:
(order parameter)

l Ginzburg-Landau
l RG/ε-expansion

Goldberg ‘83
Pisarski & Wilczek ’84
Wilczek ‘92
Rajagopal & Wilczek ’93analysis by

Sigma model
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UA(1) anomaly



Columbia plot
Chiral limit Nf=2

Sigma model (not predictive)

Cuteri et al ‘18

Pisarski & Wilczek ’84

UA(1) order of PT

broken (anomaly) 2nd O(4)

restore 1st or 2nd UL(2)×UR(2)/UV(1)



Columbia plot
Chiral limit Nf=2

UA(1) order of PT

broken (anomaly) 2nd O(4)

restore 1st or 2nd UL(2)×UR(2)/UV(1)

Sigma model (not predictive)

Cuteri et al ‘18

Lattice QCD with Nf=2

Ref. Nt fermion method order

Bonati et al‘ 14 4 staggered imaginary μ 1st

Philipsen et al ‘16 4 Wilson imaginary μ 1st

Umeda et al ‘16 4 improved Wilson scaling of order parameter 2nd O(4)

Philipsen et al ‘18 4 staggered non-integer Nf, tri-critical 1st

Finite lattice spacing à Continuum limit? Controversial !!

Pisarski & Wilczek ’84

For update see Philipsen’s talk tomorrow



Columbia plot

Sigma model predicts 1st order
in the chiral limit

Goldberg ’83
Pisarski & Wilczek ’84

Chiral region Nf=3

seems robust?

How to explore by lattice QCD?



Strategy for lattice study

identify critical point
on Nf=3 symmetric line

how to identify critical point?



Strategy for lattice study

identify critical point
on Nf=3 symmetric line

how to identify critical point?



Kurtosis
Binder cumulant
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order parameter
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Karsch et al ‘01



Kurtosis
Binder cumulant
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order parameter

K � �(O � �O�)4�
�(O � �O�)2�2 � 3

<latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="EaAAWa4CZUmcEyjAUbt/cRhH+YA="></latexit>

crossover

1st�2

0

K =

�
�

�

�2 1st order
�2 < c < 0 2nd order

0 crossover
<latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="eltEZq16KM9PYq50J4X3yvaxGBg="></latexit>

parameter

m
<latexit sha1_base64="6WMfA+8ZeHpZ8+mwSYxsNIqxhEo=">AAAB63icbZC7SgNBFIbPxluMt6ilzWAQLCTs2pjOgI1lIuYCyRJmJ2eTITO7y8ysEJY8gaXaiK3vYOVbWPg2Ti6FJv4w8PH/5zDnnCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJH2DDcCGwnCqkMBLaC0c00bz2g0jyO7s04QV/SQcRDzqixVl32iiW37M5EVsFbQOn68+MOrGq94le3H7NUYmSYoFp3PDcxfkaV4UzgpNBNNSaUjegAOxYjKlH72WzQCTmzTp+EsbIvMmTm/u7IqNR6LANbKakZ6uVsal4E8r+4k5qw4mc8SlKDEZv/FaaCmJhMFyd9rpAZMbZAmeJ2XMKGVFFm7HkK9g7e8tar0Lwse5brbqlagbnycAKncA4eXEEVbqEGDWCA8AjP8OJI58l5dd7mpTln0XMMf+S8/wCAaY/3</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="GUMuMdqhSvvM2JiuLOkJ8gp/LxU=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9Frx4bMF+QLuUbDrbhibZJckKpfQXeFQv4tWf5MF/Y9ruQVtfCDy8M0Nm3igV3Fjf//YKW9s7u3vF/dLB4dHxSfn0rG2STDNssUQkuhtRg4IrbFluBXZTjVRGAjvR5H5R7zyhNjxRj3aaYijpSPGYM2qd1ZSDcsWv+kuRTQhyqECuxqD81R8mLJOoLBPUmF7gpzacUW05Ezgv9TODKWUTOsKeQ0UlmnC2XHROrpwzJHGi3VOWLN3fEzMqjZnKyHVKasdmvbYwbyL5X7mX2bgWzrhKM4uKrf6KM0FsQhaHkyHXyKyYOqBMc7cuYWOqKbMunpLLIVi/ehPat9XAcdOv1Gt5IkW4gEu4hgDuoA4P0IAWMEB4hld486T34r17H6vWgpfPnMMfeZ8/u8eN8A==</latexit>

mc
<latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="lOtSxBpWndnFPyxJThYcqR5D8bY=">AAAB/HicbZDLSgMxFIZP6q3WW9Wlm2ARXEiZ6cYuC25cVrAXaIeSSTNtaJIZkkyhDPVJXKobceubuPBtTNtZaOsPgY//nMM5+cNEcGM97xsVtrZ3dveK+6WDw6Pjk/LpWdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHK3qHemTBseq0c7S1ggyUjxiFNincVBwgAyeAXtCAOF+aBc8areUngT/BwqkKs5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5f6qWEJoRMyYj2Hikhmgmx5+RxfOWeIo1i7pyxeur8nMiKNmcnQdUpix2a9tjBvQvlfuZfaqB5kXCWpZYqudkWpwDbGiyTwkGtGrZg5IFRzdy6mY6IJtS6vksvBX//1JrRrVd/xQ63SqOeJFOECLuEafLiFBtxDE1ou1yk8u5Tf0BN6Qe/oY9VaQPnMOfwR+vwBgKOSAQ==</latexit>

2nd

K
<latexit sha1_base64="99wkMxYYlQBy2dGHMyfdsSJi3z0=">AAAB63icbZC7SgNBFIbPeo3xFrW0GQyChYRdG9MZsBFsEjEXSJYwOzmbDJnZXWZmhbDkCSzVRmx9ByvfwsK3cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Sh4hHXDjcBWopDKQGAzGF5P8uYDKs3j6N6MEvQl7Uc85Iwaa9Vuu4WiW3KnIsvgzaF49flxB1bVbuGr04tZKjEyTFCt256bGD+jynAmcJzvpBoTyoa0j22LEZWo/Ww66JicWqdHwljZFxkydX93ZFRqPZKBrZTUDPRiNjHPA/lf3E5NWPYzHiWpwYjN/gpTQUxMJouTHlfIjBhZoExxOy5hA6ooM/Y8eXsHb3HrZWhclDzLNbdYKcNMOTiGEzgDDy6hAjdQhTowQHiEZ3hxpPPkvDpvs9IVZ95zBH/kvP8ATHuP1Q==</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="lgzzgm6sLKeq90aQnQ/BfOeDs2w=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9FrwIXlqwtdAuJZtO29AkuyRZoSz9BR7Vi3j1J3nw35i2e9DWFwIP78yQmTdKBDfW97+9wsbm1vZOcbe0t39weFQ+PmmbONUMWywWse5E1KDgCluWW4GdRCOVkcDHaHI7rz8+oTY8Vg92mmAo6UjxIWfUOqt53y9X/Kq/EFmHIIcK5Gr0y1+9QcxSicoyQY3pBn5iw4xqy5nAWamXGkwom9ARdh0qKtGE2WLRGblwzoAMY+2esmTh/p7IqDRmKiPXKakdm9Xa3LyK5H/lbmqHtTDjKkktKrb8a5gKYmMyP5wMuEZmxdQBZZq7dQkbU02ZdfGUXA7B6tXr0L6uBo6bfqVeyxMpwhmcwyUEcAN1uIMGtIABwjO8wpsnvRfv3ftYtha8fOYU/sj7/AGH2Y3O</latexit>

in the thermodynamic limit 

Karsch et al ‘01

V =�
<latexit sha1_base64="xvPk5UbXak65QJ/0iJmskqGtT/g=">AAAB+nicbZDLSgMxFIbP1Futt6pLN8EiuJAy40YRxIIblxXsBdqhZNJMG5pkhiQjDGNfxKXVhbj1AXwJEd/G9LLQ1h8CH/85h3PyBzFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0litAaiXikmgHWlDNJa4YZTpuxolgEnDaCwfW43rinSrNI3pk0pr7APclCRrCxVh/qcAkvwEBCCAbSTrHklt2J0CJ4MyhdfYy+wKraKX62uxFJBJWGcKx1y3Nj42dYGUY4HRbaiaYxJgPcoy2LEguq/Wxy9xAdWaeLwkjZJw2auL8nMiy0TkVgOwU2fT1fG5sngfiv3EpMeO5nTMaJoZJMd4UJRyZC4xxQlylKDE8tYKKYPReRPlaYGJtWwebgzf96EeqnZc/yrVuqXMBUeTiAQzgGD86gAjdQhRoQm+wjjODZeXCenFfnbdqac2Yz+/BHzvsP7feT/g==</latexit><latexit sha1_base64="xvPk5UbXak65QJ/0iJmskqGtT/g=">AAAB+nicbZDLSgMxFIbP1Futt6pLN8EiuJAy40YRxIIblxXsBdqhZNJMG5pkhiQjDGNfxKXVhbj1AXwJEd/G9LLQ1h8CH/85h3PyBzFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0litAaiXikmgHWlDNJa4YZTpuxolgEnDaCwfW43rinSrNI3pk0pr7APclCRrCxVh/qcAkvwEBCCAbSTrHklt2J0CJ4MyhdfYy+wKraKX62uxFJBJWGcKx1y3Nj42dYGUY4HRbaiaYxJgPcoy2LEguq/Wxy9xAdWaeLwkjZJw2auL8nMiy0TkVgOwU2fT1fG5sngfiv3EpMeO5nTMaJoZJMd4UJRyZC4xxQlylKDE8tYKKYPReRPlaYGJtWwebgzf96EeqnZc/yrVuqXMBUeTiAQzgGD86gAjdQhRoQm+wjjODZeXCenFfnbdqac2Yz+/BHzvsP7feT/g==</latexit><latexit sha1_base64="xvPk5UbXak65QJ/0iJmskqGtT/g=">AAAB+nicbZDLSgMxFIbP1Futt6pLN8EiuJAy40YRxIIblxXsBdqhZNJMG5pkhiQjDGNfxKXVhbj1AXwJEd/G9LLQ1h8CH/85h3PyBzFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0litAaiXikmgHWlDNJa4YZTpuxolgEnDaCwfW43rinSrNI3pk0pr7APclCRrCxVh/qcAkvwEBCCAbSTrHklt2J0CJ4MyhdfYy+wKraKX62uxFJBJWGcKx1y3Nj42dYGUY4HRbaiaYxJgPcoy2LEguq/Wxy9xAdWaeLwkjZJw2auL8nMiy0TkVgOwU2fT1fG5sngfiv3EpMeO5nTMaJoZJMd4UJRyZC4xxQlylKDE8tYKKYPReRPlaYGJtWwebgzf96EeqnZc/yrVuqXMBUeTiAQzgGD86gAjdQhRoQm+wjjODZeXCenFfnbdqac2Yz+/BHzvsP7feT/g==</latexit><latexit sha1_base64="xvPk5UbXak65QJ/0iJmskqGtT/g=">AAAB+nicbZDLSgMxFIbP1Futt6pLN8EiuJAy40YRxIIblxXsBdqhZNJMG5pkhiQjDGNfxKXVhbj1AXwJEd/G9LLQ1h8CH/85h3PyBzFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0litAaiXikmgHWlDNJa4YZTpuxolgEnDaCwfW43rinSrNI3pk0pr7APclCRrCxVh/qcAkvwEBCCAbSTrHklt2J0CJ4MyhdfYy+wKraKX62uxFJBJWGcKx1y3Nj42dYGUY4HRbaiaYxJgPcoy2LEguq/Wxy9xAdWaeLwkjZJw2auL8nMiy0TkVgOwU2fT1fG5sngfiv3EpMeO5nTMaJoZJMd4UJRyZC4xxQlylKDE8tYKKYPReRPlaYGJtWwebgzf96EeqnZc/yrVuqXMBUeTiAQzgGD86gAjdQhRoQm+wjjODZeXCenFfnbdqac2Yz+/BHzvsP7feT/g==</latexit><latexit sha1_base64="LAxL4dx6WupH1JS8n26hw6Vbm6c=">AAAB+nicbZDLSsNAFIZPvNZ6q7p0EyyCCylJN4ogFNy4rGAv0IYymU7aoTOTMHMilNgXcellIW59FRe+jdM2C239YeDjP+dwzvxhIrhBz/t2VlbX1jc2C1vF7Z3dvf3SwWHTxKmmrEFjEet2SAwTXLEGchSsnWhGZChYKxzdTOutB6YNj9U9jhMWSDJQPOKUoLWG0IRreAMOCiJAGPdKZa/izeQug59DGXLVe6Wvbj+mqWQKqSDGdHwvwSAjGjkVbFLspoYlhI7IgHUsKiKZCbLZ3RP31Dp9N4q1fQrdmft7IiPSmLEMbackODSLtal5Hsr/yp0Uo8sg4ypJkSk63xWlwsXYnebg9rlmFMXYAqGa23NdOiSaULRpFW0O/uKvl6FZrfiW76rl2lWeSAGO4QTOwIcLqMEt1KEB1Cb7BC/w6jw6z8678zFvXXHymSP4I+fzB48OkYc=</latexit>



Kurtosis
Binder cumulant

O � �̄�
<latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="I8RGSDdw6rpjUHjP6hoZ++QbtDg=">AAACIHicbVFNSwMxEJ31s9avVW96CRbBg5TdXuyx4MWbFewHtKVk02wbmuwuSVYoS/+IR6H/w6N6EQ8e9NeY3a6grQNh3rw3QzIvXsSZ0o7zaa2srq1vbBa2its7u3v79sFhU4WxJLRBQh7KtocV5SygDc00p+1IUiw8Tlve+CrVW/dUKhYGd3oS0Z7Aw4D5jGBtqNA+hgRmQAADBwQ3MDWVAgbCVDPwDC9NjjLuJxf7dskpO1mgZeDmoAR51Pv2R3cQkljQQBOOleq4TqR7CZaaEU6nxW6saITJGA9px8AAC6p6SbbdFJ0ZZoD8UJoTaJSxvycSLJSaCM90CqxHalFLyQtP/Cd3Yu1XewkLoljTgMzv8mOOdIhSt9CASUo0nxiAiWTmuYiMsMREG09TH9zFrZdBs1J2Db6tlGrV3JECnMApnIMLl1CDa6hDw/zBAzzBC7xaj9az9Wa9z1tXrHzmCP6E9fUN5TOaug==</latexit>

order parameter

K � �(O � �O�)4�
�(O � �O�)2�2 � 3

<latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="EaAAWa4CZUmcEyjAUbt/cRhH+YA="></latexit>

crossover

1st�2

0

K =

�
�

�

�2 1st order
�2 < c < 0 2nd order

0 crossover
<latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="eltEZq16KM9PYq50J4X3yvaxGBg="></latexit>

parameter

m
<latexit sha1_base64="6WMfA+8ZeHpZ8+mwSYxsNIqxhEo=">AAAB63icbZC7SgNBFIbPxluMt6ilzWAQLCTs2pjOgI1lIuYCyRJmJ2eTITO7y8ysEJY8gaXaiK3vYOVbWPg2Ti6FJv4w8PH/5zDnnCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJH2DDcCGwnCqkMBLaC0c00bz2g0jyO7s04QV/SQcRDzqixVl32iiW37M5EVsFbQOn68+MOrGq94le3H7NUYmSYoFp3PDcxfkaV4UzgpNBNNSaUjegAOxYjKlH72WzQCTmzTp+EsbIvMmTm/u7IqNR6LANbKakZ6uVsal4E8r+4k5qw4mc8SlKDEZv/FaaCmJhMFyd9rpAZMbZAmeJ2XMKGVFFm7HkK9g7e8tar0Lwse5brbqlagbnycAKncA4eXEEVbqEGDWCA8AjP8OJI58l5dd7mpTln0XMMf+S8/wCAaY/3</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="GUMuMdqhSvvM2JiuLOkJ8gp/LxU=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9Frx4bMF+QLuUbDrbhibZJckKpfQXeFQv4tWf5MF/Y9ruQVtfCDy8M0Nm3igV3Fjf//YKW9s7u3vF/dLB4dHxSfn0rG2STDNssUQkuhtRg4IrbFluBXZTjVRGAjvR5H5R7zyhNjxRj3aaYijpSPGYM2qd1ZSDcsWv+kuRTQhyqECuxqD81R8mLJOoLBPUmF7gpzacUW05Ezgv9TODKWUTOsKeQ0UlmnC2XHROrpwzJHGi3VOWLN3fEzMqjZnKyHVKasdmvbYwbyL5X7mX2bgWzrhKM4uKrf6KM0FsQhaHkyHXyKyYOqBMc7cuYWOqKbMunpLLIVi/ehPat9XAcdOv1Gt5IkW4gEu4hgDuoA4P0IAWMEB4hld486T34r17H6vWgpfPnMMfeZ8/u8eN8A==</latexit>

mc
<latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="lOtSxBpWndnFPyxJThYcqR5D8bY=">AAAB/HicbZDLSgMxFIZP6q3WW9Wlm2ARXEiZ6cYuC25cVrAXaIeSSTNtaJIZkkyhDPVJXKobceubuPBtTNtZaOsPgY//nMM5+cNEcGM97xsVtrZ3dveK+6WDw6Pjk/LpWdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHK3qHemTBseq0c7S1ggyUjxiFNincVBwgAyeAXtCAOF+aBc8areUngT/BwqkKs5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5f6qWEJoRMyYj2Hikhmgmx5+RxfOWeIo1i7pyxeur8nMiKNmcnQdUpix2a9tjBvQvlfuZfaqB5kXCWpZYqudkWpwDbGiyTwkGtGrZg5IFRzdy6mY6IJtS6vksvBX//1JrRrVd/xQ63SqOeJFOECLuEafLiFBtxDE1ou1yk8u5Tf0BN6Qe/oY9VaQPnMOfwR+vwBgKOSAQ==</latexit>

2nd

K
<latexit sha1_base64="99wkMxYYlQBy2dGHMyfdsSJi3z0=">AAAB63icbZC7SgNBFIbPeo3xFrW0GQyChYRdG9MZsBFsEjEXSJYwOzmbDJnZXWZmhbDkCSzVRmx9ByvfwsK3cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Sh4hHXDjcBWopDKQGAzGF5P8uYDKs3j6N6MEvQl7Uc85Iwaa9Vuu4WiW3KnIsvgzaF49flxB1bVbuGr04tZKjEyTFCt256bGD+jynAmcJzvpBoTyoa0j22LEZWo/Ww66JicWqdHwljZFxkydX93ZFRqPZKBrZTUDPRiNjHPA/lf3E5NWPYzHiWpwYjN/gpTQUxMJouTHlfIjBhZoExxOy5hA6ooM/Y8eXsHb3HrZWhclDzLNbdYKcNMOTiGEzgDDy6hAjdQhTowQHiEZ3hxpPPkvDpvs9IVZ95zBH/kvP8ATHuP1Q==</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="lgzzgm6sLKeq90aQnQ/BfOeDs2w=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9FrwIXlqwtdAuJZtO29AkuyRZoSz9BR7Vi3j1J3nw35i2e9DWFwIP78yQmTdKBDfW97+9wsbm1vZOcbe0t39weFQ+PmmbONUMWywWse5E1KDgCluWW4GdRCOVkcDHaHI7rz8+oTY8Vg92mmAo6UjxIWfUOqt53y9X/Kq/EFmHIIcK5Gr0y1+9QcxSicoyQY3pBn5iw4xqy5nAWamXGkwom9ARdh0qKtGE2WLRGblwzoAMY+2esmTh/p7IqDRmKiPXKakdm9Xa3LyK5H/lbmqHtTDjKkktKrb8a5gKYmMyP5wMuEZmxdQBZZq7dQkbU02ZdfGUXA7B6tXr0L6uBo6bfqVeyxMpwhmcwyUEcAN1uIMGtIABwjO8wpsnvRfv3ftYtha8fOYU/sj7/AGH2Y3O</latexit>

in the thermodynamic limit 

finite volume

Karsch et al ‘01



Kurtosis
Binder cumulant

O � �̄�
<latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="Ow+J1ZReJ6s2AICrGjGvehHRFU0=">AAACIHicbVFNSwMxEJ2tX7V+rfaml2ApeJCy68UeC168WcF+QFtKNk3b0GR3SbJCWXrzV3gU+j88qhfx4EFP/hSz2wraOhDmzXszJPPihZwp7TgfVmZldW19I7uZ29re2d2z9w/qKogkoTUS8EA2PawoZz6taaY5bYaSYuFx2vBGF4neuKVSscC/0eOQdgQe+KzPCNaGCuxDiGEKBDBwQHAFE1MpYCBMNQXP8NLkMOV+cq5rF5ySkwZaBu4cFCr54t0XAFS79nu7F5BIUF8TjpVquU6oOzGWmhFOJ7l2pGiIyQgPaMtAHwuqOnG63QQVDdND/UCa42uUsr8nYiyUGgvPdAqsh2pRS8hTT/wntyLdL3di5oeRpj6Z3dWPONIBStxCPSYp0XxsACaSmeciMsQSE208TXxwF7deBvWzkmvwtTGkDLPIwhEcwwm4cA4VuIQq1Mwf3MMjPMOL9WA9Wa/W26w1Y81n8vAnrM9va/uclA==</latexit><latexit sha1_base64="I8RGSDdw6rpjUHjP6hoZ++QbtDg=">AAACIHicbVFNSwMxEJ31s9avVW96CRbBg5TdXuyx4MWbFewHtKVk02wbmuwuSVYoS/+IR6H/w6N6EQ8e9NeY3a6grQNh3rw3QzIvXsSZ0o7zaa2srq1vbBa2its7u3v79sFhU4WxJLRBQh7KtocV5SygDc00p+1IUiw8Tlve+CrVW/dUKhYGd3oS0Z7Aw4D5jGBtqNA+hgRmQAADBwQ3MDWVAgbCVDPwDC9NjjLuJxf7dskpO1mgZeDmoAR51Pv2R3cQkljQQBOOleq4TqR7CZaaEU6nxW6saITJGA9px8AAC6p6SbbdFJ0ZZoD8UJoTaJSxvycSLJSaCM90CqxHalFLyQtP/Cd3Yu1XewkLoljTgMzv8mOOdIhSt9CASUo0nxiAiWTmuYiMsMREG09TH9zFrZdBs1J2Db6tlGrV3JECnMApnIMLl1CDa6hDw/zBAzzBC7xaj9az9Wa9z1tXrHzmCP6E9fUN5TOaug==</latexit>

order parameter

K � �(O � �O�)4�
�(O � �O�)2�2 � 3

<latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="8+x9iEko5RDgry13hGZ5nQrpUhY="></latexit><latexit sha1_base64="EaAAWa4CZUmcEyjAUbt/cRhH+YA="></latexit>

crossover

1st�2

0

K =

�
�

�

�2 1st order
�2 < c < 0 2nd order

0 crossover
<latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="4uTC0uvb0Gmc5axt5ADfRb8dEKg="></latexit><latexit sha1_base64="eltEZq16KM9PYq50J4X3yvaxGBg="></latexit>

parameter

m
<latexit sha1_base64="6WMfA+8ZeHpZ8+mwSYxsNIqxhEo=">AAAB63icbZC7SgNBFIbPxluMt6ilzWAQLCTs2pjOgI1lIuYCyRJmJ2eTITO7y8ysEJY8gaXaiK3vYOVbWPg2Ti6FJv4w8PH/5zDnnCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJH2DDcCGwnCqkMBLaC0c00bz2g0jyO7s04QV/SQcRDzqixVl32iiW37M5EVsFbQOn68+MOrGq94le3H7NUYmSYoFp3PDcxfkaV4UzgpNBNNSaUjegAOxYjKlH72WzQCTmzTp+EsbIvMmTm/u7IqNR6LANbKakZ6uVsal4E8r+4k5qw4mc8SlKDEZv/FaaCmJhMFyd9rpAZMbZAmeJ2XMKGVFFm7HkK9g7e8tar0Lwse5brbqlagbnycAKncA4eXEEVbqEGDWCA8AjP8OJI58l5dd7mpTln0XMMf+S8/wCAaY/3</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="GUMuMdqhSvvM2JiuLOkJ8gp/LxU=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9Frx4bMF+QLuUbDrbhibZJckKpfQXeFQv4tWf5MF/Y9ruQVtfCDy8M0Nm3igV3Fjf//YKW9s7u3vF/dLB4dHxSfn0rG2STDNssUQkuhtRg4IrbFluBXZTjVRGAjvR5H5R7zyhNjxRj3aaYijpSPGYM2qd1ZSDcsWv+kuRTQhyqECuxqD81R8mLJOoLBPUmF7gpzacUW05Ezgv9TODKWUTOsKeQ0UlmnC2XHROrpwzJHGi3VOWLN3fEzMqjZnKyHVKasdmvbYwbyL5X7mX2bgWzrhKM4uKrf6KM0FsQhaHkyHXyKyYOqBMc7cuYWOqKbMunpLLIVi/ehPat9XAcdOv1Gt5IkW4gEu4hgDuoA4P0IAWMEB4hld486T34r17H6vWgpfPnMMfeZ8/u8eN8A==</latexit>

mc
<latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="lOtSxBpWndnFPyxJThYcqR5D8bY=">AAAB/HicbZDLSgMxFIZP6q3WW9Wlm2ARXEiZ6cYuC25cVrAXaIeSSTNtaJIZkkyhDPVJXKobceubuPBtTNtZaOsPgY//nMM5+cNEcGM97xsVtrZ3dveK+6WDw6Pjk/LpWdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHK3qHemTBseq0c7S1ggyUjxiFNincVBwgAyeAXtCAOF+aBc8areUngT/BwqkKs5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5f6qWEJoRMyYj2Hikhmgmx5+RxfOWeIo1i7pyxeur8nMiKNmcnQdUpix2a9tjBvQvlfuZfaqB5kXCWpZYqudkWpwDbGiyTwkGtGrZg5IFRzdy6mY6IJtS6vksvBX//1JrRrVd/xQ63SqOeJFOECLuEafLiFBtxDE1ou1yk8u5Tf0BN6Qe/oY9VaQPnMOfwR+vwBgKOSAQ==</latexit>

2nd

K
<latexit sha1_base64="99wkMxYYlQBy2dGHMyfdsSJi3z0=">AAAB63icbZC7SgNBFIbPeo3xFrW0GQyChYRdG9MZsBFsEjEXSJYwOzmbDJnZXWZmhbDkCSzVRmx9ByvfwsK3cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Sh4hHXDjcBWopDKQGAzGF5P8uYDKs3j6N6MEvQl7Uc85Iwaa9Vuu4WiW3KnIsvgzaF49flxB1bVbuGr04tZKjEyTFCt256bGD+jynAmcJzvpBoTyoa0j22LEZWo/Ww66JicWqdHwljZFxkydX93ZFRqPZKBrZTUDPRiNjHPA/lf3E5NWPYzHiWpwYjN/gpTQUxMJouTHlfIjBhZoExxOy5hA6ooM/Y8eXsHb3HrZWhclDzLNbdYKcNMOTiGEzgDDy6hAjdQhTowQHiEZ3hxpPPkvDpvs9IVZ95zBH/kvP8ATHuP1Q==</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="lgzzgm6sLKeq90aQnQ/BfOeDs2w=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9FrwIXlqwtdAuJZtO29AkuyRZoSz9BR7Vi3j1J3nw35i2e9DWFwIP78yQmTdKBDfW97+9wsbm1vZOcbe0t39weFQ+PmmbONUMWywWse5E1KDgCluWW4GdRCOVkcDHaHI7rz8+oTY8Vg92mmAo6UjxIWfUOqt53y9X/Kq/EFmHIIcK5Gr0y1+9QcxSicoyQY3pBn5iw4xqy5nAWamXGkwom9ARdh0qKtGE2WLRGblwzoAMY+2esmTh/p7IqDRmKiPXKakdm9Xa3LyK5H/lbmqHtTDjKkktKrb8a5gKYmMyP5wMuEZmxdQBZZq7dQkbU02ZdfGUXA7B6tXr0L6uBo6bfqVeyxMpwhmcwyUEcAN1uIMGtIABwjO8wpsnvRfv3ftYtha8fOYU/sj7/AGH2Y3O</latexit>

in the thermodynamic limit 

finite volume

Karsch et al ‘01

Large V
<latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="7TK2ZbGbX8mX2FA7N3DgzVNRJ40=">AAACCnicbZC7SgNBFIbPxluMl6xa2gwGwULCbhC0DNhYWEQwF0hCmJ3MJkNmdpaZWTEs6Sx9DRtLtRFbX8HCt3GSbKGJPxz4+M85zJw/iDnTxvO+ndzK6tr6Rn6zsLW9s1t09/YbWiaK0DqRXKpWgDXlLKJ1wwynrVhRLAJOm8Hoctpv3lGlmYxuzTimXYEHEQsZwcZa0i3CEwgIQMI9pHANGBQMgAKCia1Gzy15ZW8mtAx+BiXIVOu5X52+JImgkSEca932vdh0U6wMI5xOCp1E0xiTER7QtsUIC6q76eyOCTq2Th+FUtmKDJq5vzdSLLQei8BOCmyGerE3NU8D8V+7nZjwopuyKE4Mjcj8rTDhyEg0zQX1maLE8LEFTBSz30VkiBUmxqZXsDn4i1cvQ6NS9i3fVErVsyyRPBzCEZyAD+dQhSuoQR0IPMAzvMKb8+i8OO/Ox3w052Q7B/BHzucPBLuUqQ==</latexit>



Wilson fermion study for Nf=3
• Iwasaki gauge
• NP O(a) improved Clover-Wilson fermions



Kurtosis intersection
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<latexit sha1_base64="6WMfA+8ZeHpZ8+mwSYxsNIqxhEo=">AAAB63icbZC7SgNBFIbPxluMt6ilzWAQLCTs2pjOgI1lIuYCyRJmJ2eTITO7y8ysEJY8gaXaiK3vYOVbWPg2Ti6FJv4w8PH/5zDnnCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJH2DDcCGwnCqkMBLaC0c00bz2g0jyO7s04QV/SQcRDzqixVl32iiW37M5EVsFbQOn68+MOrGq94le3H7NUYmSYoFp3PDcxfkaV4UzgpNBNNSaUjegAOxYjKlH72WzQCTmzTp+EsbIvMmTm/u7IqNR6LANbKakZ6uVsal4E8r+4k5qw4mc8SlKDEZv/FaaCmJhMFyd9rpAZMbZAmeJ2XMKGVFFm7HkK9g7e8tar0Lwse5brbqlagbnycAKncA4eXEEVbqEGDWCA8AjP8OJI58l5dd7mpTln0XMMf+S8/wCAaY/3</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="GUMuMdqhSvvM2JiuLOkJ8gp/LxU=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9Frx4bMF+QLuUbDrbhibZJckKpfQXeFQv4tWf5MF/Y9ruQVtfCDy8M0Nm3igV3Fjf//YKW9s7u3vF/dLB4dHxSfn0rG2STDNssUQkuhtRg4IrbFluBXZTjVRGAjvR5H5R7zyhNjxRj3aaYijpSPGYM2qd1ZSDcsWv+kuRTQhyqECuxqD81R8mLJOoLBPUmF7gpzacUW05Ezgv9TODKWUTOsKeQ0UlmnC2XHROrpwzJHGi3VOWLN3fEzMqjZnKyHVKasdmvbYwbyL5X7mX2bgWzrhKM4uKrf6KM0FsQhaHkyHXyKyYOqBMc7cuYWOqKbMunpLLIVi/ehPat9XAcdOv1Gt5IkW4gEu4hgDuoA4P0IAWMEB4hld486T34r17H6vWgpfPnMMfeZ8/u8eN8A==</latexit>

mc
<latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="lOtSxBpWndnFPyxJThYcqR5D8bY=">AAAB/HicbZDLSgMxFIZP6q3WW9Wlm2ARXEiZ6cYuC25cVrAXaIeSSTNtaJIZkkyhDPVJXKobceubuPBtTNtZaOsPgY//nMM5+cNEcGM97xsVtrZ3dveK+6WDw6Pjk/LpWdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHK3qHemTBseq0c7S1ggyUjxiFNincVBwgAyeAXtCAOF+aBc8areUngT/BwqkKs5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5f6qWEJoRMyYj2Hikhmgmx5+RxfOWeIo1i7pyxeur8nMiKNmcnQdUpix2a9tjBvQvlfuZfaqB5kXCWpZYqudkWpwDbGiyTwkGtGrZg5IFRzdy6mY6IJtS6vksvBX//1JrRrVd/xQ63SqOeJFOECLuEafLiFBtxDE1ou1yk8u5Tf0BN6Qe/oY9VaQPnMOfwR+vwBgKOSAQ==</latexit>

2nd

K
<latexit sha1_base64="99wkMxYYlQBy2dGHMyfdsSJi3z0=">AAAB63icbZC7SgNBFIbPeo3xFrW0GQyChYRdG9MZsBFsEjEXSJYwOzmbDJnZXWZmhbDkCSzVRmx9ByvfwsK3cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Sh4hHXDjcBWopDKQGAzGF5P8uYDKs3j6N6MEvQl7Uc85Iwaa9Vuu4WiW3KnIsvgzaF49flxB1bVbuGr04tZKjEyTFCt256bGD+jynAmcJzvpBoTyoa0j22LEZWo/Ww66JicWqdHwljZFxkydX93ZFRqPZKBrZTUDPRiNjHPA/lf3E5NWPYzHiWpwYjN/gpTQUxMJouTHlfIjBhZoExxOy5hA6ooM/Y8eXsHb3HrZWhclDzLNbdYKcNMOTiGEzgDDy6hAjdQhTowQHiEZ3hxpPPkvDpvs9IVZ95zBH/kvP8ATHuP1Q==</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="lgzzgm6sLKeq90aQnQ/BfOeDs2w=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9FrwIXlqwtdAuJZtO29AkuyRZoSz9BR7Vi3j1J3nw35i2e9DWFwIP78yQmTdKBDfW97+9wsbm1vZOcbe0t39weFQ+PmmbONUMWywWse5E1KDgCluWW4GdRCOVkcDHaHI7rz8+oTY8Vg92mmAo6UjxIWfUOqt53y9X/Kq/EFmHIIcK5Gr0y1+9QcxSicoyQY3pBn5iw4xqy5nAWamXGkwom9ARdh0qKtGE2WLRGblwzoAMY+2esmTh/p7IqDRmKiPXKakdm9Xa3LyK5H/lbmqHtTDjKkktKrb8a5gKYmMyP5wMuEZmxdQBZZq7dQkbU02ZdfGUXA7B6tXr0L6uBo6bfqVeyxMpwhmcwyUEcAN1uIMGtIABwjO8wpsnvRfv3ftYtha8fOYU/sj7/AGH2Y3O</latexit>

� = 6/g2
<latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="WZ+Q9c3vjOuzXD+f3nLWdnBd7w8=">AAACAHicbZDLSgMxFIbPeK31VnXpJlgEF1JnulARhIIblxXsBdqxZNJMG5pkhiQj1KEbn8SNoG7Ere/hwrcxbWehrT8EPv5zDufkD2LOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIBlfjeuOeKs0ieWuGMfUF7kkWMoKNtQbwDAFQMIDhEk7hBHpwB+VOoeiW3InQPHgZFCFTtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdbFiUWVPvp5PoROrROF4WRsk8aNHF/T6RYaD0Uge0U2PT1bG1sHgfiv3IrMeG5nzIZJ4ZKMt0VJhyZCI3TQF2mKDF8aAETxey5iPSxwsTYzPI2B2/21/NQL5c8yzflYuUiSyQH+3AAR+DBGVTgGqpQAwIP8ASv8OY8Oi/Ou/MxbV1wspk9+CPn8wc2K5I4</latexit>
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s

<latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="PQPIq+xKJ/rYRy9l/GO1bMtgCXE=">AAACBHicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kIRhIIbV1LBXqAdSybNtKFJZkgyQhnq0ifRnboRt76FC9/GtJ2Ftv4Q+PjPOZycP4g508Z1v52FxaXlldXcWn59Y3Nru7CzW9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFyO6417qjSL5K0ZxtQXuCdZyAg21hJQhwu4hg6k8AwKBCDQMII7OOkUim7JnQjNg5dBETJVO4WvdjciiaDSEI61bnlubPwUK8MIp6N8O9E0xmSAe7RlUWJBtZ9OLhihQ+t0URgp+6RBE/f3RIqF1kMR2E6BTV/P1sbmcSD+K7cSE575KZNxYqgk011hwpGJ0DgR1GWKEsOHFjBRzH4XkT5WmBibW97m4M1ePQ/1csmzfFMuVs6zRHKwDwdwBB6cQgWuoAo1IPAAT/AKb86j8+K8Ox/T1gUnm9mDP3I+fwBl25Nk</latexit>

Large V
<latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="7TK2ZbGbX8mX2FA7N3DgzVNRJ40=">AAACCnicbZC7SgNBFIbPxluMl6xa2gwGwULCbhC0DNhYWEQwF0hCmJ3MJkNmdpaZWTEs6Sx9DRtLtRFbX8HCt3GSbKGJPxz4+M85zJw/iDnTxvO+ndzK6tr6Rn6zsLW9s1t09/YbWiaK0DqRXKpWgDXlLKJ1wwynrVhRLAJOm8Hoctpv3lGlmYxuzTimXYEHEQsZwcZa0i3CEwgIQMI9pHANGBQMgAKCia1Gzy15ZW8mtAx+BiXIVOu5X52+JImgkSEca932vdh0U6wMI5xOCp1E0xiTER7QtsUIC6q76eyOCTq2Th+FUtmKDJq5vzdSLLQei8BOCmyGerE3NU8D8V+7nZjwopuyKE4Mjcj8rTDhyEg0zQX1maLE8LEFTBSz30VkiBUmxqZXsDn4i1cvQ6NS9i3fVErVsyyRPBzCEZyAD+dQhSuoQR0IPMAzvMKb8+i8OO/Ox3w052Q7B/BHzucPBLuUqQ==</latexit>

K = KE +AN1/⌫
s (� � �E)

<latexit sha1_base64="YpYObefChnepyZwUzqEM+b3lT64="></latexit>
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<latexit sha1_base64="6WMfA+8ZeHpZ8+mwSYxsNIqxhEo=">AAAB63icbZC7SgNBFIbPxluMt6ilzWAQLCTs2pjOgI1lIuYCyRJmJ2eTITO7y8ysEJY8gaXaiK3vYOVbWPg2Ti6FJv4w8PH/5zDnnCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJH2DDcCGwnCqkMBLaC0c00bz2g0jyO7s04QV/SQcRDzqixVl32iiW37M5EVsFbQOn68+MOrGq94le3H7NUYmSYoFp3PDcxfkaV4UzgpNBNNSaUjegAOxYjKlH72WzQCTmzTp+EsbIvMmTm/u7IqNR6LANbKakZ6uVsal4E8r+4k5qw4mc8SlKDEZv/FaaCmJhMFyd9rpAZMbZAmeJ2XMKGVFFm7HkK9g7e8tar0Lwse5brbqlagbnycAKncA4eXEEVbqEGDWCA8AjP8OJI58l5dd7mpTln0XMMf+S8/wCAaY/3</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="vH012EvBOiNMKEraIl4op5XGBqA=">AAAB63icbZC7SgNBFIbPeo3xFrUUZDEIFhJ2bUxnwMYyAXOBJITZydlkyMzsMjMrhCWllaXaiK3vkMq3sPAZfAknl0ITfxj4+P9zmHNOEHOmjed9OSura+sbm5mt7PbO7t5+7uCwpqNEUazSiEeqERCNnEmsGmY4NmKFRAQc68HgZpLX71FpFsk7M4yxLUhPspBRYqxVEZ1c3it4U7nL4M8hf/0xrnw/nIzLndxnqxvRRKA0lBOtm74Xm3ZKlGGU4yjbSjTGhA5ID5sWJRGo2+l00JF7Zp2uG0bKPmncqfu7IyVC66EIbKUgpq8Xs4l5EYj/4mZiwmI7ZTJODEo6+ytMuGsid7K422UKqeFDC4QqZsd1aZ8oQo09T9bewV/cehlqlwXfcsXLl4owUwaO4RTOwYcrKMEtlKEKFBAe4RleHOE8Oa/O26x0xZn3HMEfOe8/kTOSPA==</latexit><latexit sha1_base64="GUMuMdqhSvvM2JiuLOkJ8gp/LxU=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9Frx4bMF+QLuUbDrbhibZJckKpfQXeFQv4tWf5MF/Y9ruQVtfCDy8M0Nm3igV3Fjf//YKW9s7u3vF/dLB4dHxSfn0rG2STDNssUQkuhtRg4IrbFluBXZTjVRGAjvR5H5R7zyhNjxRj3aaYijpSPGYM2qd1ZSDcsWv+kuRTQhyqECuxqD81R8mLJOoLBPUmF7gpzacUW05Ezgv9TODKWUTOsKeQ0UlmnC2XHROrpwzJHGi3VOWLN3fEzMqjZnKyHVKasdmvbYwbyL5X7mX2bgWzrhKM4uKrf6KM0FsQhaHkyHXyKyYOqBMc7cuYWOqKbMunpLLIVi/ehPat9XAcdOv1Gt5IkW4gEu4hgDuoA4P0IAWMEB4hld486T34r17H6vWgpfPnMMfeZ8/u8eN8A==</latexit>

mc
<latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="RCg/+rkadIqmd29g27NDm2NY2e0=">AAAB/HicbZDLSgMxFIbPeK3VatWlm2ARXEiZcWOXBTcuK9gLtKVk0kwbmmSG5EyhDPVJXKobcesD+A4ufBvTy0Jbfwh8/OcczskfJlJY9P1vb2Nza3tnN7eX3z8oHB4Vj08aNk4N43UWy9i0Qmq5FJrXUaDkrcRwqkLJm+HodlZvjrmxItYPOEl4V9GBFpFgFJ0lQEEPMngB44gAg2mvWPLL/lxkHYIllKqFz5QAQK1X/Or0Y5YqrpFJam078BPsZtSgYJJP853U8oSyER3wtkNNFbfdbH75lFw4p0+i2Linkczd3xMZVdZOVOg6FcWhXa3NzKtQ/VdupxhVupnQSYpcs8WuKJUEYzJLgvSF4QzlxAFlRrhzCRtSQxm6vPIuh2D11+vQuC4Hju9dIBVYKAdncA6XEMANVOEOalB3uY7hyaX86j16z96b975o3fCWM6fwR97HD7yNk6M=</latexit><latexit sha1_base64="lOtSxBpWndnFPyxJThYcqR5D8bY=">AAAB/HicbZDLSgMxFIZP6q3WW9Wlm2ARXEiZ6cYuC25cVrAXaIeSSTNtaJIZkkyhDPVJXKobceubuPBtTNtZaOsPgY//nMM5+cNEcGM97xsVtrZ3dveK+6WDw6Pjk/LpWdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHK3qHemTBseq0c7S1ggyUjxiFNincVBwgAyeAXtCAOF+aBc8areUngT/BwqkKs5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5f6qWEJoRMyYj2Hikhmgmx5+RxfOWeIo1i7pyxeur8nMiKNmcnQdUpix2a9tjBvQvlfuZfaqB5kXCWpZYqudkWpwDbGiyTwkGtGrZg5IFRzdy6mY6IJtS6vksvBX//1JrRrVd/xQ63SqOeJFOECLuEafLiFBtxDE1ou1yk8u5Tf0BN6Qe/oY9VaQPnMOfwR+vwBgKOSAQ==</latexit>

2nd

K
<latexit sha1_base64="99wkMxYYlQBy2dGHMyfdsSJi3z0=">AAAB63icbZC7SgNBFIbPeo3xFrW0GQyChYRdG9MZsBFsEjEXSJYwOzmbDJnZXWZmhbDkCSzVRmx9ByvfwsK3cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Sh4hHXDjcBWopDKQGAzGF5P8uYDKs3j6N6MEvQl7Uc85Iwaa9Vuu4WiW3KnIsvgzaF49flxB1bVbuGr04tZKjEyTFCt256bGD+jynAmcJzvpBoTyoa0j22LEZWo/Ww66JicWqdHwljZFxkydX93ZFRqPZKBrZTUDPRiNjHPA/lf3E5NWPYzHiWpwYjN/gpTQUxMJouTHlfIjBhZoExxOy5hA6ooM/Y8eXsHb3HrZWhclDzLNbdYKcNMOTiGEzgDDy6hAjdQhTowQHiEZ3hxpPPkvDpvs9IVZ95zBH/kvP8ATHuP1Q==</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="4k7eiHugFSKLTdy5UvNNBfCiJ10=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgWEjYtTGdARvBJgFzgWQJs5OzyZCZ2WVmVghLSitLtRFb3yGVb2HhM/gSTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK6jRFGo0YhHqhkQDZxJqBlmODRjBUQEHBrB4HqSN+5BaRbJOzOMwRekJ1nIKDHWqt528gW36E6Fl8GbQ+HqY1z9fjgeVzr5z3Y3ookAaSgnWrc8NzZ+SpRhlMMo1040xIQOSA9aFiURoP10OugIn1qni8NI2ScNnrq/O1IitB6KwFYKYvp6MZuY54H4L24lJiz5KZNxYkDS2V9hwrGJ8GRx3GUKqOFDC4QqZsfFtE8UocaeJ2fv4C1uvQz1i6JnueoWyiU0UxYdoRN0hjx0icroBlVQDVEE6BE9oxdHOE/Oq/M2K804855D9EfO+w9dRZIa</latexit><latexit sha1_base64="lgzzgm6sLKeq90aQnQ/BfOeDs2w=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8CBl14s9FrwIXlqwtdAuJZtO29AkuyRZoSz9BR7Vi3j1J3nw35i2e9DWFwIP78yQmTdKBDfW97+9wsbm1vZOcbe0t39weFQ+PmmbONUMWywWse5E1KDgCluWW4GdRCOVkcDHaHI7rz8+oTY8Vg92mmAo6UjxIWfUOqt53y9X/Kq/EFmHIIcK5Gr0y1+9QcxSicoyQY3pBn5iw4xqy5nAWamXGkwom9ARdh0qKtGE2WLRGblwzoAMY+2esmTh/p7IqDRmKiPXKakdm9Xa3LyK5H/lbmqHtTDjKkktKrb8a5gKYmMyP5wMuEZmxdQBZZq7dQkbU02ZdfGUXA7B6tXr0L6uBo6bfqVeyxMpwhmcwyUEcAN1uIMGtIABwjO8wpsnvRfv3ftYtha8fOYU/sj7/AGH2Y3O</latexit>

3D Z2 universality class is confirmed

� = 6/g2
<latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="2cqlGabNwljAuDdAkEndvTcL5Us=">AAACAHicbZDLSgMxFIbP1Futt6o73QSr4ELqTBcqglBw47KCvUA7lkyatqFJZkgyQh26EXwPN4K6Ebe+hwvfxvSy0NYfAh//OYdz8gcRZ9q47reTmptfWFxKL2dWVtfWN7KbWxUdxorQMgl5qGoB1pQzScuGGU5rkaJYBJxWg97lsF69o0qzUN6YfkR9gTuStRnBxlo9eIYAKBjAcAEncAwduIVCM5tz8+5IaBa8CeSKO4/7YFVqZr8arZDEgkpDONa67rmR8ROsDCOcDjKNWNMIkx7u0LpFiQXVfjK6foAOrNNC7VDZJw0aub8nEiy07ovAdgpsunq6NjSPAvFfuR6b9pmfMBnFhkoy3tWOOTIhGqaBWkxRYnjfAiaK2XMR6WKFibGZZWwO3vSvZ6FSyHuWr20g5zBWGnZhDw7Bg1MowhWUoAwE7uEJXuHNeXBenHfnY9yaciYz2/BHzucPlyeTOQ==</latexit><latexit sha1_base64="WZ+Q9c3vjOuzXD+f3nLWdnBd7w8=">AAACAHicbZDLSgMxFIbPeK31VnXpJlgEF1JnulARhIIblxXsBdqxZNJMG5pkhiQj1KEbn8SNoG7Ere/hwrcxbWehrT8EPv5zDufkD2LOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIBlfjeuOeKs0ieWuGMfUF7kkWMoKNtQbwDAFQMIDhEk7hBHpwB+VOoeiW3InQPHgZFCFTtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdbFiUWVPvp5PoROrROF4WRsk8aNHF/T6RYaD0Uge0U2PT1bG1sHgfiv3IrMeG5nzIZJ4ZKMt0VJhyZCI3TQF2mKDF8aAETxey5iPSxwsTYzPI2B2/21/NQL5c8yzflYuUiSyQH+3AAR+DBGVTgGqpQAwIP8ASv8OY8Oi/Ou/MxbV1wspk9+CPn8wc2K5I4</latexit>

Ku
rt

os
is Large V

<latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="pzfCSuR/wAiXhjGaUM3yhcbMNus=">AAACCnicbZC7SgNBFIbPeo3xklVLm8EgWEjYFUE7AzYWFhHMBZIlzE5mkyEzO8vMrBiWdJa+ho2l2oitr2DhI/gWTi6FJv5w4OM/5zBz/jDhTBvP+3IWFpeWV1Zza/n1jc2tgru9U9MyVYRWieRSNUKsKWcxrRpmOG0kimIRcloP+xejfv2WKs1kfGMGCQ0E7sYsYgQba0m3AI8gIAQJd5DBFWBQ0AUKCIa2am236JW8sdA8+FMolgvf5wgAKm33s9WRJBU0NoRjrZu+l5ggw8owwukw30o1TTDp4y5tWoyxoDrIxncM0YF1OiiSylZs0Nj9vZFhofVAhHZSYNPTs72ReRSK/9rN1ERnQcbiJDU0JpO3opQjI9EoF9RhihLDBxYwUcx+F5EeVpgYm17e5uDPXj0PteOSb/naBnICE+VgD/bhEHw4hTJcQgWqQOAenuAFXp0H59l5c94nowvOdGcX/sj5+AEvJJY+</latexit><latexit sha1_base64="7TK2ZbGbX8mX2FA7N3DgzVNRJ40=">AAACCnicbZC7SgNBFIbPxluMl6xa2gwGwULCbhC0DNhYWEQwF0hCmJ3MJkNmdpaZWTEs6Sx9DRtLtRFbX8HCt3GSbKGJPxz4+M85zJw/iDnTxvO+ndzK6tr6Rn6zsLW9s1t09/YbWiaK0DqRXKpWgDXlLKJ1wwynrVhRLAJOm8Hoctpv3lGlmYxuzTimXYEHEQsZwcZa0i3CEwgIQMI9pHANGBQMgAKCia1Gzy15ZW8mtAx+BiXIVOu5X52+JImgkSEca932vdh0U6wMI5xOCp1E0xiTER7QtsUIC6q76eyOCTq2Th+FUtmKDJq5vzdSLLQei8BOCmyGerE3NU8D8V+7nZjwopuyKE4Mjcj8rTDhyEg0zQX1maLE8LEFTBSz30VkiBUmxqZXsDn4i1cvQ6NS9i3fVErVsyyRPBzCEZyAD+dQhSuoQR0IPMAzvMKb8+i8OO/Ox3w052Q7B/BHzucPBLuUqQ==</latexit>

V = N3
s

<latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="+SbpXDUqrQA8DVQ0TzbfMZMCR8w=">AAACBHicbZDLSgMxFIbP1Futt6o73QSL4ELKjC4URSi4cSUV7AXasWTSTBuaZIYkI5ShLn0S3akbcetbuPBtTC8Lbf0h8PGfczg5fxBzpo3rfjuZufmFxaXscm5ldW19I7+5VdVRogitkIhHqh5gTTmTtGKY4bQeK4pFwGkt6F0O67V7qjSL5K3px9QXuCNZyAg21hJQhQu4hhak8AwKBCDQMIA7OG7lC27RHQnNgjeBQmnnfBGsyq38V7MdkURQaQjHWjc8NzZ+ipVhhNNBrploGmPSwx3asCixoNpPRxcM0L512iiMlH3SoJH7eyLFQuu+CGynwKarp2tD8zAQ/5UbiQlP/ZTJODFUkvGuMOHIRGiYCGozRYnhfQuYKGa/i0gXK0yMzS1nc/Cmr56F6lHRs3xjAzmDsbKwC3twAB6cQAmuoAwVIPAAT/AKb86j8+K8Ox/j1owzmdmGP3I+fwA5LZP9</latexit><latexit sha1_base64="PQPIq+xKJ/rYRy9l/GO1bMtgCXE=">AAACBHicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kIRhIIbV1LBXqAdSybNtKFJZkgyQhnq0ifRnboRt76FC9/GtJ2Ftv4Q+PjPOZycP4g508Z1v52FxaXlldXcWn59Y3Nru7CzW9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFyO6417qjSL5K0ZxtQXuCdZyAg21hJQhwu4hg6k8AwKBCDQMII7OOkUim7JnQjNg5dBETJVO4WvdjciiaDSEI61bnlubPwUK8MIp6N8O9E0xmSAe7RlUWJBtZ9OLhihQ+t0URgp+6RBE/f3RIqF1kMR2E6BTV/P1sbmcSD+K7cSE575KZNxYqgk011hwpGJ0DgR1GWKEsOHFjBRzH4XkT5WmBibW97m4M1ePQ/1csmzfFMuVs6zRHKwDwdwBB6cQgWuoAo1IPAAT/AKb86j8+K8Ox/T1gUnm9mDP3I+fwBl25Nk</latexit>

K = KE +AN1/⌫
s (� � �E)

<latexit sha1_base64="YpYObefChnepyZwUzqEM+b3lT64="></latexit>



Kurtosis intersection
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CEP
3-dim Z2

Nt = 8 Nt = 10

Due to additional correction term 
originated from energy-like observable?

Karsch et al ‘01

O = M+ E

<latexit sha1_base64="B/8R+/Cc2NqnG2NfiWMHOzCkX/c=">AAACB3icbZDLSsNAFIYn9VbjLepSkMEiCEJJRLAuhIIIgogV7AXaUCbTSR06mYSZiVBCdm58FTeCirj1FaQbH8S906YLbf1h4OM/53Dm/F7EqFS2/WXkZmbn5hfyi+bS8srqmrW+UZNhLDCp4pCFouEhSRjlpKqoYqQRCYICj5G61zsd1ut3REga8hvVj4gboC6nPsVIaattbSctjBi8Ss0TM8PL1Nwf41natgp20R4JToMzhkI5//08GOQuKm3rs9UJcRwQrjBDUjYdO1JugoSimJHUbMWSRAj3UJc0NXIUEOkmoztSuKudDvRDoR9XcOT+nkhQIGU/8HRngNStnKwNzf9qzVj5JTehPIoV4Thb5McMqhAOQ4EdKghWrK8BYUH1XyG+RQJhpaMzdQjO5MnTUDsoOofF42udRglkyoMtsAP2gAOOQBmcgwqoAgzuwSN4Aa/Gg/FkvBnvWWvOGM9sgj8yPn4A01GbFg==</latexit>



Including correction term

Correction term originated from energy-like observable

Critical point is determined with assuming Z2 universality class

K =
h
KE +AN1/⌫

s (� � �E)
i
(1 +BNyt�yh

s )

<latexit sha1_base64="3MCfq1RfayVkc9FghOjWDNG0Yuw="></latexit>



Exponent of susceptibility

Critical point estimated by kurtosis intersection is consistent with that of  susceptibility
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<latexit sha1_base64="4yi/zeZSuUtV9pN16y2E++rRAks=">AAACDHicbVDLSgMxFM3UR2t9VV26CS1C3ZQZUdRdwY0racE+oDOWTJq2oclMSDJiGeYD3Pgrblwo4tYPcOcPiJ9h2ulCWw8EDuecy809vmBUadv+tDJLyyur2dxafn1jc2u7sLPbVGEkMWngkIWy7SNFGA1IQ1PNSFtIgrjPSMsfXUz81i2RiobBtR4L4nE0CGifYqSN1C2UXDyk3diVHHJ0l7hChkKHsHyVaio5vPFNyq7YU8BF4sxIqVqsf3/lsie1buHD7YU44iTQmCGlOo4ttBcjqSlmJMm7kSIC4REakI6hAeJEefH0mAQeGKUH+6E0L9Bwqv6eiBFXasx9k+RID9W8NxH/8zqR7p95MQ1EpEmA00X9iEFz7qQZ2KOSYM3GhiAsqfkrxEMkEdamv7wpwZk/eZE0jyrOceW8btqoghQ5sA+KoAwccAqq4BLUQANgcA8ewTN4sR6sJ+vVekujGWs2swf+wHr/ATDdngA=</latexit>

for cross check

b = �/⌫ for 2nd PT

<latexit sha1_base64="ec7HtCQLRldd/A3NGBzYWe7oTqg="></latexit>
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,aRccRq3a

Scj Ra03a

ဣǦ աǟ
ѭҥ˷̍

�cǈ ӝӅ

bmVkW cwLL3jaC, URCNj

~j- Ǖա � Ǖџcǈ ӝӅ
~j- Ǖա � ǕџcǈӅ � Ǖӝcǈ ӝӅ
cRIq3- Ǖա � Ǖџcǈ ӝӅ
cRIq3- Ǖա � ǕџcǈӅ � Ǖӝcǈ ӝӅ

Continuum extrapolation

1/
�

t0 = 1347(30)MeV

Borsanyi et al, 2012

bare parameter space (βE,mE) à physical (hadron mass) parameter space

Nt = 6

<latexit sha1_base64="BDJu+tWHy5b8VIVQtY7JPJ8/hks=">AAAB9XicbVDLSgNBEJyNRmN8xXj0MhgEDxJ2RTQKQsCLJ4loHrBZwuxkkgyZxzIzq4QlPyF4VA+KV7/Gg0f/xMnjoIkFDUVVN91dYcSoNq775aQWFtNLy5mV7Ora+sZmbitf0zJWmFSxZFI1QqQJo4JUDTWMNCJFEA8ZqYf9i5FfvyNKUyluzSAiAUddQTsUI2Ml/6qVNBWHZnh+3MoV3KI7Bpwn3pQUyvnvs4fX9E2llftstiWOOREGM6S177mRCRKkDMWMDLPNWJMI4T7qEt9SgTjRQTI+eQj3rNKGHalsCQPH6u+JBHGtBzy0nRyZnp71RuJByP+z/dh0SkFCRRQbIvBkVydm0Eg4igC2qSLYsIElCCtqz4W4hxTCxgaVtTl4s1/Pk9ph0Tsqnl7bQEpgggzYAbtgH3jgBJTBJaiAKsBAgkfwDF6ce+fJeXPeJ60pZzqzDf7A+fgBoAmU1A==</latexit>

12

<latexit sha1_base64="NDpcVSYdGz7yGOIoIf6XzvA0oj4=">AAAB7HicbZDLSgMxFIbPeK31VnUpSLAILqTMFMG6suDGZSv2Am0pmTTThiaZIckIZejSnUt1I259Bl/Ehc+gG9/A9LLQ1h8CH/9/Djnn+BFn2rjuh7OwuLS8sppaS69vbG5tZ3Z2qzqMFaEVEvJQ1X2sKWeSVgwznNYjRbHwOa35/ctRXrulSrNQ3phBRFsCdyULGMHGWtdevp3Jujl3LDQP3hSyF9+fdwdv5a9SO/Pe7IQkFlQawrHWDc+NTCvByjDC6TDdjDWNMOnjLm1YlFhQ3UrGkw7RkXU6KAiVfdKgsfu7I8FC64HwbaXApqdns5F54ov/4kZsgkIrYTKKDZVk8lcQc2RCNNocdZiixPCBBUwUs+Mi0sMKE2Pvk7Z38Ga3nodqPued5s7LbrZYgIlSsA+HcAwenEERrqAEFSAQwD08wpMjnQfn2XmZlC440549+CPn9Qc2jZKv</latexit>

10

<latexit sha1_base64="oOBzUJn4/rmA+HMzr/SIxb30kJE=">AAAB7HicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbl63YC7SlZNJMG5pkhiQjlKFLdy7Vjbj1GXwRFz6DbnwD08tCW38IfPz/OeSc40ecaeO6H05qYXFpeSW9mllb39jcym7vVHUYK0IrJOShqvtYU84krRhmOK1HimLhc1rz+5ejvHZLlWahvDGDiLYE7koWMIKNta49t53NuXl3LDQP3hRyF9+fd/tv5a9SO/ve7IQkFlQawrHWDc+NTCvByjDC6TDTjDWNMOnjLm1YlFhQ3UrGkw7RoXU6KAiVfdKgsfu7I8FC64HwbaXApqdns5F57Iv/4kZsgkIrYTKKDZVk8lcQc2RCNNocdZiixPCBBUwUs+Mi0sMKE2Pvk7F38Ga3nofqSd47zZ+X3VyxABOlYQ8O4Ag8OIMiXEEJKkAggHt4hCdHOg/Os/MyKU05055d+CPn9Qczf5Kt</latexit>

8

<latexit sha1_base64="mQkP/mAdie4QxAg5LogZA72E7/o=">AAAB63icbZDLSgMxFIYzXmu9VV0KEiyCCykzIlhXFty4bMFeoB1KJj3ThiaZIckIZejSlUt1I259B1/Ehc+gG9/A9LLQ1h8CH/9/DjnnBDFn2rjuh7OwuLS8sppZy65vbG5t53Z2azpKFIUqjXikGgHRwJmEqmGGQyNWQETAoR70r0Z5/RaUZpG8MYMYfEG6koWMEmOtSrGdy7sFdyw8D94U8pffn3cHb5Wvcjv33upENBEgDeVE66bnxsZPiTKMchhmW4mGmNA+6ULToiQCtJ+OBx3iI+t0cBgp+6TBY/d3R0qE1gMR2EpBTE/PZiPzJBD/xc3EhEU/ZTJODEg6+StMODYRHi2OO0wBNXxggVDF7LiY9ogi1NjzZO0dvNmt56F2WvDOChcVN18qookyaB8domPkoXNUQteojKqIIkD36BE9OcJ5cJ6dl0npgjPt2UN/5Lz+AM+5kno=</latexit>

mPS,E

<latexit sha1_base64="YXAfT8oTVKsm9xfvJmWcL+rFmlc=">AAAB83icbVC7SgNBFL0bH4mJj6ilhYNBsJCwK4KxC4pgGdE8ILuE2clsMmRmd5mZFcKSP7C2sVDE1p+x8zesLZw8Ck08cOFwzr3ce48fc6a0bX9amaXlldVsbi1fWN/Y3Cpu7zRUlEhC6yTikWz5WFHOQlrXTHPaiiXFwue06Q8ux37znkrFovBOD2PqCdwLWcAI1kZyRSd1pUC12+OrUadYssv2BGiRODNSqu5/XWQLD9+1TvHD7UYkETTUhGOl2o4day/FUjPC6SjvJorGmAxwj7YNDbGgyksnN4/QoVG6KIikqVCjifp7IsVCqaHwTafAuq/mvbH4n9dOdFDxUhbGiaYhmS4KEo50hMYBoC6TlGg+NAQTycytiPSxxESbmPImBGf+5UXSOCk7p+XzG5NGBabIwR4cwBE4cAZVuIYa1IFADI/wDC9WYj1Zr9bbtDVjzWZ24Q+s9x+Az5RQ</latexit>
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Scj Ra03a

ဣǦ աǟ
ѭҥ˷̍

�cǈ ӝӅ

bmVkW cwLL3jaC, URCNj

~j- Ǖա � Ǖџcǈ ӝӅ
~j- Ǖա � ǕџcǈӅ � Ǖӝcǈ ӝӅ
cRIq3- Ǖա � Ǖџcǈ ӝӅ
cRIq3- Ǖա � ǕџcǈӅ � Ǖӝcǈ ӝӅ

Continuum extrapolation

1/N2
t

1/
�

t0 = 1347(30)MeV

Borsanyi et al, 2012
Nt = 6

<latexit sha1_base64="BDJu+tWHy5b8VIVQtY7JPJ8/hks=">AAAB9XicbVDLSgNBEJyNRmN8xXj0MhgEDxJ2RTQKQsCLJ4loHrBZwuxkkgyZxzIzq4QlPyF4VA+KV7/Gg0f/xMnjoIkFDUVVN91dYcSoNq775aQWFtNLy5mV7Ora+sZmbitf0zJWmFSxZFI1QqQJo4JUDTWMNCJFEA8ZqYf9i5FfvyNKUyluzSAiAUddQTsUI2Ml/6qVNBWHZnh+3MoV3KI7Bpwn3pQUyvnvs4fX9E2llftstiWOOREGM6S177mRCRKkDMWMDLPNWJMI4T7qEt9SgTjRQTI+eQj3rNKGHalsCQPH6u+JBHGtBzy0nRyZnp71RuJByP+z/dh0SkFCRRQbIvBkVydm0Eg4igC2qSLYsIElCCtqz4W4hxTCxgaVtTl4s1/Pk9ph0Tsqnl7bQEpgggzYAbtgH3jgBJTBJaiAKsBAgkfwDF6ce+fJeXPeJ60pZzqzDf7A+fgBoAmU1A==</latexit>

12

<latexit sha1_base64="NDpcVSYdGz7yGOIoIf6XzvA0oj4=">AAAB7HicbZDLSgMxFIbPeK31VnUpSLAILqTMFMG6suDGZSv2Am0pmTTThiaZIckIZejSnUt1I259Bl/Ehc+gG9/A9LLQ1h8CH/9/Djnn+BFn2rjuh7OwuLS8sppaS69vbG5tZ3Z2qzqMFaEVEvJQ1X2sKWeSVgwznNYjRbHwOa35/ctRXrulSrNQ3phBRFsCdyULGMHGWtdevp3Jujl3LDQP3hSyF9+fdwdv5a9SO/Pe7IQkFlQawrHWDc+NTCvByjDC6TDdjDWNMOnjLm1YlFhQ3UrGkw7RkXU6KAiVfdKgsfu7I8FC64HwbaXApqdns5F54ov/4kZsgkIrYTKKDZVk8lcQc2RCNNocdZiixPCBBUwUs+Mi0sMKE2Pvk7Z38Ga3nodqPued5s7LbrZYgIlSsA+HcAwenEERrqAEFSAQwD08wpMjnQfn2XmZlC440549+CPn9Qc2jZKv</latexit>

10

<latexit sha1_base64="oOBzUJn4/rmA+HMzr/SIxb30kJE=">AAAB7HicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbl63YC7SlZNJMG5pkhiQjlKFLdy7Vjbj1GXwRFz6DbnwD08tCW38IfPz/OeSc40ecaeO6H05qYXFpeSW9mllb39jcym7vVHUYK0IrJOShqvtYU84krRhmOK1HimLhc1rz+5ejvHZLlWahvDGDiLYE7koWMIKNta49t53NuXl3LDQP3hRyF9+fd/tv5a9SO/ve7IQkFlQawrHWDc+NTCvByjDC6TDTjDWNMOnjLm1YlFhQ3UrGkw7RoXU6KAiVfdKgsfu7I8FC64HwbaXApqdns5F57Iv/4kZsgkIrYTKKDZVk8lcQc2RCNNocdZiixPCBBUwUs+Mi0sMKE2Pvk7F38Ga3nofqSd47zZ+X3VyxABOlYQ8O4Ag8OIMiXEEJKkAggHt4hCdHOg/Os/MyKU05055d+CPn9Qczf5Kt</latexit>

8

<latexit sha1_base64="mQkP/mAdie4QxAg5LogZA72E7/o=">AAAB63icbZDLSgMxFIYzXmu9VV0KEiyCCykzIlhXFty4bMFeoB1KJj3ThiaZIckIZejSlUt1I259B1/Ehc+gG9/A9LLQ1h8CH/9/DjnnBDFn2rjuh7OwuLS8sppZy65vbG5t53Z2azpKFIUqjXikGgHRwJmEqmGGQyNWQETAoR70r0Z5/RaUZpG8MYMYfEG6koWMEmOtSrGdy7sFdyw8D94U8pffn3cHb5Wvcjv33upENBEgDeVE66bnxsZPiTKMchhmW4mGmNA+6ULToiQCtJ+OBx3iI+t0cBgp+6TBY/d3R0qE1gMR2EpBTE/PZiPzJBD/xc3EhEU/ZTJODEg6+StMODYRHi2OO0wBNXxggVDF7LiY9ogi1NjzZO0dvNmt56F2WvDOChcVN18qookyaB8domPkoXNUQteojKqIIkD36BE9OcJ5cJ6dl0npgjPt2UN/5Lz+AM+5kno=</latexit>

upper bound

mPS,E . 110MeV

<latexit sha1_base64="posMuNI1FMC8vwDR/XPIb8gTy4Y=">AAACC3icbVC7SgNBFJ31GeMramkzJggWEnZF8AFCQAQbIaJ5QDaE2clNMmRmd5mZFcKS3iafYauFhSK2/oCdX2LrZJNCEw9cOJxzL/fe44WcKW3bX9bM7Nz8wmJqKb28srq2ntnYLKsgkhRKNOCBrHpEAWc+lDTTHKqhBCI8DhWvez70K3cgFQv8W90LoS5I22ctRok2UiOTFY3YlQIXb/Yv+i4HpRQT2HFsnMhXUO43Mjk7byfA08QZk1xhJ3f2NPh+KDYyn24zoJEAX1NOlKo5dqjrMZGaUQ79tBspCAntkjbUDPWJAFWPk1/6eNcoTdwKpClf40T9PREToVRPeKZTEN1Rk95Q/M+rRbp1XI+ZH0YafDpa1Io41gEeBoObTALVvGcIoZKZWzHtEEmoNvGlTQjO5MvTpHyQdw7zJ9cmjVM0QgptoyzaQw46QgV0iYqohCi6R4/oBb1aA+vZerPeR60z1nhmC/2B9fED1BOdVA==</latexit>

bare parameter space (βE,mE) à physical (hadron mass) parameter space

mPS,E
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Summary for Nf=3 QCD critical point
Action Nt mPS,E Ref.

Staggered, standard 4 290MeV Karsch et al ’01, Liao ‘01

Staggered, p4 4 67MeV Karsch et al ‘04

Staggered, standard 6 150MeV de Forcrand et al ‘07

Staggered, HISQ 6 ≲ 50MeV Ding et al ‘17

Staggered, stout 4-6 could be 0 Varnhorst ‘14

Wilson, standard 4 ≲ 670MeV Iwasaki et al, ‘96

Wilson-Clover 6-10 ≲ 170MeV ST et al, ‘17

Wilson-Clover 6-12 ≲ 110MeV ST et al, ‘20

Consensus: 1st order region gets smaller for both fermions

Pisarski & Wilczek ?If critical mass is zero (2nd) or no CP (crossover), then contradict 



Wilson fermion study for Nf=2+1



Nt=6 study
Y. Nakamura et al., PoS LATTICE 2019 (2019) 053 

𝑁' = 6

y = b0 + a0x
2/5 +
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aix
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Nt=8 study is on-going

Chiral condensate Chiral susceptibility

κl κl

line: 
reweighting
Ns = 12
Ns = 16
Ns = 20
Ns = 24
Ns = 28

There might be a first order phase transition around κl = 0.14218

Lattice 2021, H. Ohno’s talk

preliminary

β = 1.75, κs = 0.1327



Wilson fermion study for Nf=4



Why Nf=4?

• No rooting issue
• Check Universality: staggered and Wilson should 

meet in continuum limit
• likely 1st order PT by sigma model
• critical mass is heavier à cheap cost



Staggered vs. Wilson
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√ √

de Forcrand et al ‘17

mc=0?
or
no CP

Nt = 4
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Ohno et al ‘18

Nt = 10
<latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="FCDMHSAxjcvhzb6R4uYE3Es5+vo=">AAACAnicbZA9SwNBEIbn/IzxK2ppsxgECwl3aUwjBGysJIL5gOQIe5tNsmT37tidE8KZzl8i2KiN2Po3LPw3bpIrNPGFhYd3ZpjZN4ilMOi6387K6tr6xmZuK7+9s7u3Xzg4bJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRlfTevOeayOi8A7HMfcVHYSiLxhFa0m4gS6k8AwaFBBAmMAleOB2C0W35M5ElsHLoAiZat3CV6cXsUTxEJmkxrQ9N0Y/pRoFk3yS7ySGx5SN6IC3LYZUceOns/sn5NQ6PdKPtH0hkpn7eyKlypixCmynojg0i7WpeR6o/8rtBPsVPxVhnCAP2XxXP5EEIzLNg/SE5gzl2AJlWthzCRtSTRna1PI2B2/x18vQKJc8y7flYrWSJZKDYziBM5vlBVThGmpQBwYP8ASv8OY8Oi/Ou/Mxb11xspkj+CPn8wdMSJLK</latexit>

Nt = 8
<latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="zneqfozV2HCssHbig9AFKaxr2tU=">AAACAHicbZA9SwNBEIbn/IzxK2ppsxgECwl3aUwjBGysJIL5gOQIe5tNsmT37tidE+KRxl9iI6iN2Po/LPw3bpIrNPGFhYd3ZpjZN4ilMOi6387K6tr6xmZuK7+9s7u3Xzg4bJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRlfTevOeayOi8A7HMfcVHYSiLxhFa43gBrqQwjNoUEAAYQKXUOkWim7JnYksg5dBETLVuoWvTi9iieIhMkmNaXtujH5KNQom+STfSQyPKRvRAW9bDKnixk9n10/IqXV6pB9p+0IkM/f3REqVMWMV2E5FcWgWa1PzPFD/ldsJ9it+KsI4QR6y+a5+IglGZJoG6QnNGcqxBcq0sOcSNqSaMrSZ5W0O3uKvl6FRLnmWb8vFaiVLJAfHcAJn4MEFVOEaalAHBg/wBK/w5jw6L8678zFvXXGymSP4I+fzB7y1ko4=</latexit>

Nt = 6
<latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="Z3UhctonKDlk8kum9LWXUUF03Dc=">AAACAHicbZDLSgMxFIbP1Futt6pLN8EiuJAy04V2IxTcuJIK9gLtUDJppg1NMkOSEerQjU/iRlA34tb3cOHbmLaz0NYfAh//OYdz8gcxZ9q47reTW1ldW9/Ibxa2tnd294r7B00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHVtN66p0qzSN6ZcUx9gQeShYxgY60R3EAPUngGBQIQGJjAJZz3iiW37M6ElsHLoASZ6r3iV7cfkURQaQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasSixoNpPZ9dP0Il1+iiMlH3SoJn7eyLFQuuxCGynwGaoF2tT8ywQ/5U7iQmrfspknBgqyXxXmHBkIjRNA/WZosTwsQVMFLPnIjLEChNjMyvYHLzFXy9Ds1L2LN9WSrVqlkgejuAYTsGDC6jBNdShAQQe4Ale4c15dF6cd+dj3ppzsplD+CPn8we5p5KM</latexit>

Nt = 4
<latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="iOqMfbvQMaECXSHo2DcmivYUNS8=">AAACAHicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwS7EQpuXEkFe4F2KJk004YmmSHJCHXoxidxI6gbcet7uPBtTNtZaOsPgY//nMM5+YOYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehqWm/dU6VZJO/MOKa+wAPJQkawsdYIbqAHKTyDAgEIDEzgEs57xZJbdmdCy+BlUIJM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWJRYUO2ns+sn6MQ6fRRGyj5p0Mz9PZFiofVYBLZTYDPUi7WpeRaI/8qdxIRVP2UyTgyVZL4rTDgyEZqmgfpMUWL42AImitlzERlihYmxmRVsDt7ir5ehWSl7lm8rpVo1SyQPR3AMp+DBBdTgGurQAAIP8ASv8OY8Oi/Ou/Mxb8052cwh/JHz+QO2mZKK</latexit>



Staggered vs. Wilson

 0

 1

 2

 3

 4

 5

 0  0.01  0.02  0.03  0.04  0.05  0.06

m
PS

,E
/T

E

1/N2
t

Wilson-Clover, Nf = 4
Wilson-Clover, Nf = 3

Standard staggered, Nf = 4
Standard staggered, Nf = 3

ratio of  t0mPS,E to  t0TE
in the continuum limit 

√ √

Ohno et al ‘18

Nt = 10
<latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="TQwpQprxOJ+94vW/ZvJ+ClKUuAQ=">AAACAnicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBDOdP4SwUZtxNbK/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorUkXEMXUngCDQoIIIzhAjxwu4WiW3KnIsvgzaFYyX8mBACq3cJXuxexRPEQmaTGtDw3xk5KNQom+TjXTgyPKRvSPm9ZDKnippNO7x+TY+v0SBBp+0IkU/f3REqVMSPl205FcWAWaxPz1Ff/lVsJBuVOKsI4QR6y2a4gkQQjMsmD9ITmDOXIAmVa2HMJG1BNGdrUcjYHb/HXy1A/K3mWb2wgZZgpC4dwBCc2y3OowBVUoQYM7uERXuDVeXCenTfnfdaaceYzB/BHzscPiDKUbA==</latexit><latexit sha1_base64="FCDMHSAxjcvhzb6R4uYE3Es5+vo=">AAACAnicbZA9SwNBEIbn/IzxK2ppsxgECwl3aUwjBGysJIL5gOQIe5tNsmT37tidE8KZzl8i2KiN2Po3LPw3bpIrNPGFhYd3ZpjZN4ilMOi6387K6tr6xmZuK7+9s7u3Xzg4bJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRlfTevOeayOi8A7HMfcVHYSiLxhFa0m4gS6k8AwaFBBAmMAleOB2C0W35M5ElsHLoAiZat3CV6cXsUTxEJmkxrQ9N0Y/pRoFk3yS7ySGx5SN6IC3LYZUceOns/sn5NQ6PdKPtH0hkpn7eyKlypixCmynojg0i7WpeR6o/8rtBPsVPxVhnCAP2XxXP5EEIzLNg/SE5gzl2AJlWthzCRtSTRna1PI2B2/x18vQKJc8y7flYrWSJZKDYziBM5vlBVThGmpQBwYP8ASv8OY8Oi/Ou/Mxb11xspkj+CPn8wdMSJLK</latexit>

Nt = 8
<latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="jkqtuexjdHbpug77SaqS+dF1400=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ2MaIWBjJRHMByQh7G32kiW7d8funBCPNP4SG0FtxNbS/2Dhv3HzUWjiCwsP78wws68fS2HQdb+dzMrq2vpGdjO3tZ3f2S3s7ddNlGjGayySkW761HApQl5DgZI3Y82p8iVv+MPLSb1xx7URUXiLo5h3FO2HIhCMorWGcA1dSOEJNCgggDCGCyh3C0W35E5FlsGbQ7GS/0wIAFS7ha92L2KJ4iEySY1peW6MnZRqFEzyca6dGB5TNqR93rIYUsVNJ51ePybH1umRINL2hUim7u+JlCpjRsq3nYriwCzWJuapr/4rtxIMyp1UhHGCPGSzXUEiCUZkkgbpCc0ZypEFyrSw5xI2oJoytJnlbA7e4q+XoX5W8izf2EDKMFMWDuEITsCDc6jAFVShBgzu4RFe4NV5cJ6dN+d91ppx5jMH8EfOxw/4n5Qw</latexit><latexit sha1_base64="zneqfozV2HCssHbig9AFKaxr2tU=">AAACAHicbZA9SwNBEIbn/IzxK2ppsxgECwl3aUwjBGysJIL5gOQIe5tNsmT37tidE+KRxl9iI6iN2Po/LPw3bpIrNPGFhYd3ZpjZN4ilMOi6387K6tr6xmZuK7+9s7u3Xzg4bJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRlfTevOeayOi8A7HMfcVHYSiLxhFa43gBrqQwjNoUEAAYQKXUOkWim7JnYksg5dBETLVuoWvTi9iieIhMkmNaXtujH5KNQom+STfSQyPKRvRAW9bDKnixk9n10/IqXV6pB9p+0IkM/f3REqVMWMV2E5FcWgWa1PzPFD/ldsJ9it+KsI4QR6y+a5+IglGZJoG6QnNGcqxBcq0sOcSNqSaMrSZ5W0O3uKvl6FRLnmWb8vFaiVLJAfHcAJn4MEFVOEaalAHBg/wBK/w5jw6L8678zFvXXGymSP4I+fzB7y1ko4=</latexit>

Nt = 6
<latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="wIOmnbqxnBeXIDNHd9eO1OKc8uw=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwZ6FphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA9ZGULg==</latexit><latexit sha1_base64="Z3UhctonKDlk8kum9LWXUUF03Dc=">AAACAHicbZDLSgMxFIbP1Futt6pLN8EiuJAy04V2IxTcuJIK9gLtUDJppg1NMkOSEerQjU/iRlA34tb3cOHbmLaz0NYfAh//OYdz8gcxZ9q47reTW1ldW9/Ibxa2tnd294r7B00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHVtN66p0qzSN6ZcUx9gQeShYxgY60R3EAPUngGBQIQGJjAJZz3iiW37M6ElsHLoASZ6r3iV7cfkURQaQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasSixoNpPZ9dP0Il1+iiMlH3SoJn7eyLFQuuxCGynwGaoF2tT8ywQ/5U7iQmrfspknBgqyXxXmHBkIjRNA/WZosTwsQVMFLPnIjLEChNjMyvYHLzFXy9Ds1L2LN9WSrVqlkgejuAYTsGDC6jBNdShAQQe4Ale4c15dF6cd+dj3ppzsplD+CPn8we5p5KM</latexit>

Nt = 4
<latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="K9hBjo/tjDqfHzaF4du5Oybxit8=">AAACAHicbZA9SwNBEIbn4leMRqOWNotBsJBwJ4JphICNlUQwHxCPsLfZJEt2747dOSEeafwlNoLaiK2l/8HCf+Pmo9DEFxYe3plhZt8glsKg6347maXlldW17HpuYzO/tV3Y2a2bKNGM11gkI90MqOFShLyGAiVvxppTFUjeCAYX43rjjmsjovAGhzH3Fe2FoisYRWsN4ArakMITaFBAAGEE53DaLhTdkjsRWQRvBsVK/jMhAFBtF75uOxFLFA+RSWpMy3Nj9FOqUTDJR7nbxPCYsgHt8ZbFkCpu/HRy/YgcWqdDupG2L0QycX9PpFQZM1SB7VQU+2a+NjaPA/VfuZVgt+ynIowT5CGb7uomkmBExmmQjtCcoRxaoEwLey5hfaopQ5tZzubgzf96EeonJc/ytQ2kDFNlYR8O4Ag8OIMKXEIVasDgHh7hBV6dB+fZeXPep60ZZzazB3/kfPwA8oOULA==</latexit><latexit sha1_base64="iOqMfbvQMaECXSHo2DcmivYUNS8=">AAACAHicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwS7EQpuXEkFe4F2KJk004YmmSHJCHXoxidxI6gbcet7uPBtTNtZaOsPgY//nMM5+YOYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehqWm/dU6VZJO/MOKa+wAPJQkawsdYIbqAHKTyDAgEIDEzgEs57xZJbdmdCy+BlUIJM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWJRYUO2ns+sn6MQ6fRRGyj5p0Mz9PZFiofVYBLZTYDPUi7WpeRaI/8qdxIRVP2UyTgyVZL4rTDgyEZqmgfpMUWL42AImitlzERlihYmxmRVsDt7ir5ehWSl7lm8rpVo1SyQPR3AMp+DBBdTgGurQAAIP8ASv8OY8Oi/Ou/Mxb8052cwh/JHz+QO2mZKK</latexit>

Wilson: 1st ? 
Staggered: 2nd/crossover 

massless point is



Nt=10 study is on-going

Continuum limit is left for future work

kurtosis intersection exponent of susceptibility

preliminary

Lattice 2021, H. Ohno’s talk



Summary
n Nf=2: Controversial (actions, methods)
n Nf=3: Critical mass is nearly zero (for both Staggered 

& Wilson in continuum limit)
n Nf=4 (no rooting issue) : 

n Staggered: critical mass is nearly zero
n Wilson: finite critical mass? (large Nt study is on-going)

n Caution
n Staggered: Rooting issue
n Wilson: Large cutoff error

n Chiral fermions(DWF/Overlap) may help us!?

If critical mass is zero 
à Pisarski & Wilczek ?

Continuum limit should be taken



Back up



Nf=3, susceptibility and kurtosis
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Nf=3, Exponent of susceptibility
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Nf=2+1, Nt=6
Y. Nakamura et al., PoS LATTICE 2019 (2019) 053 
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Staggered vs. Wilson for Nf=4
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Is curvature of critical surface positive or negative?
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Is curvature of critical surface positive or negative?
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Nf=3, μ≠0

Is curvature of critical surface positive or negative?
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Nf=3, μ≠0

Is curvature of critical surface positive or negative?
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