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Isospin-breaking and electromagnetic corrections to 
weak decays
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Previously…
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OVERVIEW          EPISODES          TRAILERS & MORE          MORE LIKE THIS          DETAILS   

N. Tantalo (2013)

Isospin symmetry is not exact 
and the corrections to the 
isosymmetric limit are, in general, 
at the percent level. For gold 
plated quantities, such as 
pseudoscalar meson masses or 
the kaon leptonic and 
semileptonic decay rates, these 
effects are of the same order …
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Isospin symmetry is explicitly 
broken in the Standard Model by 
the mass and electric charge of 
the up and down quarks. These 
effects represent a perturbation 
of hadronic amplitudes at the 
percent level. Although these 
contributions are small, they play 
a crucial role in hadronic …

When aiming at a percent 
precision in hadronic quantities 
calculated by means of lattice 
simulations, isospin breaking 
effects become relevant. These 
are of two kinds: up/down mass 
splitting and electromagnetic 
corrections.  In order to properly 
account for the latter …

The first step in any QFT 
calculation of a 
phenomenological observable is 
the matching of the theory to 
Nature. The matching procedure 
fixes the parameters of the theory 
in terms of an equal number of 
external inputs that, if the theory 
is expected to reproduce …



Outline of this talk
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1.  Why are isospin-breaking and QED corrections relevant?

2.  How are these effects included in lattice calculations?

3.  Which weak decays have been / are being / can be studied?
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Indirect searches of new physics using CKM matrix unitarity constraints

in the Standard Model:
<latexit sha1_base64="1/jGzrSrsAB60USj7GFaLHV2NJY="></latexit>

|Vud|2 + |Vus|2 + |Vub|2 = 1

1. Why
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fK⇡
+ (0) = 0.9698 (17)

sub percent precision!
FLAG Review 2021. EPJC 82, 869 (2022)



Current level of precision requires the inclusion of isospin-breaking  
corrections due to


strong effects


electromagnetic effects

QED and isospin-breaking effects
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‣ results from 𝜒PT currently quoted in the PDG                           


‣ these are fully non-perturbative (structure dependent)


‣ first-principle lattice calculations are possible!
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V.Cirigliano & H.Neufeld, PLB 700 (2011)
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⇠ O(1%)
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<latexit sha1_base64="lnKLpim0D6N5g835hDsE0L4JdSA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi8uuivUiFL14rGA/oLuUbJq2oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCjhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKnjVBHaIDGPVTvCmnImacMww2k7URSLiNNWNLqb+q0nqjSL5aMZJzQUeCBZnxFsrBSc+Te+Ww00GwjcLVc815sBLRM/JxXIUe+Wv4JeTFJBpSEca93xvcSEGVaGEU4npSDVNMFkhAe0Y6nEguowm908QSdW6aF+rGxJg2bq74kMC63HIrKdApuhXvSm4n9eJzX96zBjMkkNlWS+qJ9yZGI0DQD1mKLE8LElmChmb0VkiBUmxsZUsiH4iy8vk+a561+5Fw+XldptHkcRjuAYTsGHKtTgHurQAAIJPMMrvDmp8+K8Ox/z1oKTzxzCHzifP1UwkJg=</latexit>�1 = 1.7�
<latexit sha1_base64="xEGoTglp+aB7ll/VrsMztsI4IXo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpoi6LbtxZwT6gjWEynbRDZyZhZiKUNOCvuHGhiFu/w51/47TNQlsPXDiccy/33hPEjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcPrid96JFLRSNzrUUw8jvqChhQjbSTfPhg3/WT8UPXTbjxAQkc8vc0y3y47FWcKuEjcnJRBjrpvf3V7EU44ERozpFTHdWLtpUhqihnJSt1EkRjhIeqTjqECcaK8dHp+Bo+N0oNhJE0JDafq74kUcaVGPDCdHOmBmvcm4n9eJ9HhpZdSESeaCDxbFCYM6ghOsoA9KgnWbGQIwpKaWyEeIImwNomVTAju/MuLpFmtuOeV07uzcu0qj6MIDsEROAEuuAA1cAPqoAEwSMEzeAVv1pP1Yr1bH7PWgpXP7IM/sD5/APrvlig=</latexit>

|Vu|2

Experimental and theoretical control of these quantities 
is of crucial importance to solve the issue

FLAG Review 2021. EPJC 82, 869 (2022)
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Computing QED corrections on a finite-sized lattice is challenging:

‣ long-range interactions don't like finite volumes with periodic 
boundary conditions

‣ finite-volume effects can be sizeable and power-like

‣ logarithmic infrared divergences arise in virtual/real decay rates

M.Hayakawa & S.Uno, PTP 120 (2008) / Z.Davoudi & M.Savage, PRD 90 (2014) / S.Borsanyi et al., Science 347 (2015)

V.Lubicz et al., PRD 95 (2017)

There are also recent proposals to compute radiative corrections as 
convolutions of hadronic correlators with infinite-volume QED kernels
N.Asmussen et al., [1609.08454] / T.Blum et al., PRD 96 (2017) / X.Feng & L.Jin, PRD 100 (2019) / N.Christ et al., [2304.08026] 
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Charged states in a finite box
Gauss law: only zero net charge is allowed in a finite volume with periodic boundary conditions

<latexit sha1_base64="oQALwZP6v/ST1E8TNElqBWbrNnk="></latexit>

Q =

Z
d3x j0(t,x) =

Z
d3x r ·E(t,x) = 0

<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.
<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.



8

Charged states in a finite box
Gauss law: only zero net charge is allowed in a finite volume with periodic boundary conditions

<latexit sha1_base64="oQALwZP6v/ST1E8TNElqBWbrNnk="></latexit>

Q =

Z
d3x j0(t,x) =

Z
d3x r ·E(t,x) = 0

<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.
<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.

<latexit sha1_base64="J5C5pvs6NmUQ3w5o8poX0IdXjJM="></latexit>

⌦3 = 2⇡Z3/L

QEDL

M.Hayakawa & S.Uno, PTP 120 (2008)

remove spatial zero-mode 
of the photon field

Possible solutions:

<latexit sha1_base64="R+h8oyLCQRXXhXr23gKmQb7CAwU="></latexit>

⌦0
3 = (2Z3 + n̄)⇡/L

<latexit sha1_base64="J5C5pvs6NmUQ3w5o8poX0IdXjJM="></latexit>

⌦3 = 2⇡Z3/L

QEDC*

employ C* boundary  
conditions

A.S.Kronfeld & U.-J.Wiese, NPB 357 (1991) 
B.Lucini et al., JHEP 02 (2016)

use massive photon <latexit sha1_base64="2hqfUdXLxtnt9jE4cPM4hB+6PAk=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV2m9Xdhl48TnCbsJaSptkWlrQlSYVRBn4VLx4U8ern8Oa3Md0mqOiDkMd7vx95eWHKqFS2/WGUlpZXVtfK65WNza3tHXN3ryuTTGDSwQlLxG2IJGE0Jh1FFSO3qSCIh4z0wvFl4ffuiJA0iW/UJCU+R8OYDihGSkuBeeCFCYvkhOsr54E3RJyjaWBWbavu2HXHgbblus1Tp6ZJzW42Gi50LHuGKligHZjvXpTgjJNYYYak7Dt2qvwcCUUxI9OKl0mSIjxGQ9LXNEacSD+fxZ/CY61EcJAIfWIFZ+r3jRxxWSTUkxypkfztFeJfXj9Tg3M/p3GaKRLj+UODjEGVwKILGFFBsGITTRAWVGeFeIQEwko3VtElfP0U/k+6Nctxrfp1o9q6WNRRBofgCJwAB5yBFrgCbdABGOTgATyBZ+PeeDRejNf5aMlY7OyDHzDePgF03JZ6</latexit>m�

M.G.Endres et al., [1507.08916]

<latexit sha1_base64="aY/bE0ckDhZn8mvw0iJJotQPBLQ="></latexit>

⌦4 = 2⇡{Z3/L,Z/T}

QEDm QED∞

infinite-volume 
reconstruction

X.Feng & L.Jin, PRD 100 (2019) 

N.Christ et al., [2304.08026]

<latexit sha1_base64="IQz3cTT3o2/L/BAxXL6XfSbJ0/I=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDUkddrahVB0484q9gFtLZk0bUMzD5KMUIZu/BU3LhRx62e482/MtBVU9MCFwzn3cu89bii40gh9WKmFxaXllfRqZm19Y3Mru71TV0EkKavRQASy6RLFBPdZTXMtWDOUjHiuYA13dJ74jTsmFQ/8Gz0OWccjA5/3OSXaSN3sXvvSYwPSdeApbHtED103vp7cOt1sDtklVC5gBJGNy9hB2JA8dkqFIsQ2miIH5qh2s+/tXkAjj/maCqJUC6NQd2IiNaeCTTLtSLGQ0BEZsJahPvGY6sTTBybw0Cg92A+kKV/Dqfp9IiaeUmPPNZ3Jjeq3l4h/ea1I9086MffDSDOfzhb1IwF1AJM0YI9LRrUYG0Ko5OZWSIdEEqpNZhkTwten8H9Sz9u4aB9fObnK2TyONNgHB+AIYFACFXABqqAGKJiAB/AEnq1769F6sV5nrSlrPrMLfsB6+wSjdJXT</latexit>

⌦4 = R4
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Charged states in a finite box
Gauss law: only zero net charge is allowed in a finite volume with periodic boundary conditions

<latexit sha1_base64="oQALwZP6v/ST1E8TNElqBWbrNnk="></latexit>

Q =

Z
d3x j0(t,x) =

Z
d3x r ·E(t,x) = 0

<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.
<latexit sha1_base64="v/OTwnqfR8hvtJWKrb9Jne4DK/k=">AAAB+HicbVDLSgMxFL3js9ZHR10qEiyCq2FGQV0W3bhswT6gHUomTdvQTGZIMkIduvQr3LhQxK2rfoc7v8GfMNN2oa0HAodz7uWenCDmTGnX/bKWlldW19ZzG/nNre2dgr27V1NRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN6MLjJ/Po9lYpF4k4PY+qHuCdYlxGsjdS2C60Q674M09gJHOKM2nbRddwJ0CLxZqRYOhxXvh+PxuW2/dnqRCQJqdCEY6WanhtrP8VSM8LpKN9KFI0xGeAebRoqcEiVn06Cj9CJUTqoG0nzhEYT9fdGikOlhmFgJrOYat7LxP+8ZqK7V37KRJxoKsj0UDfhSEcoawF1mKRE86EhmEhmsiLSxxITbbrKmxK8+S8vktqZ41045xWvWLqGKXJwAMdwCh5cQgluoQxVIJDAE7zAq/VgPVtv1vt0dMma7ezDH1gfP0e4lo0=</latexit>

p.b.c.

<latexit sha1_base64="J5C5pvs6NmUQ3w5o8poX0IdXjJM="></latexit>

⌦3 = 2⇡Z3/L

QEDL

M.Hayakawa & S.Uno, PTP 120 (2008)

remove spatial zero-mode 
of the photon field

Possible solutions:

<latexit sha1_base64="R+h8oyLCQRXXhXr23gKmQb7CAwU="></latexit>

⌦0
3 = (2Z3 + n̄)⇡/L

<latexit sha1_base64="J5C5pvs6NmUQ3w5o8poX0IdXjJM="></latexit>

⌦3 = 2⇡Z3/L

QEDC*

employ C* boundary  
conditions

A.S.Kronfeld & U.-J.Wiese, NPB 357 (1991) 
B.Lucini et al., JHEP 02 (2016)

use massive photon <latexit sha1_base64="2hqfUdXLxtnt9jE4cPM4hB+6PAk=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV2m9Xdhl48TnCbsJaSptkWlrQlSYVRBn4VLx4U8ern8Oa3Md0mqOiDkMd7vx95eWHKqFS2/WGUlpZXVtfK65WNza3tHXN3ryuTTGDSwQlLxG2IJGE0Jh1FFSO3qSCIh4z0wvFl4ffuiJA0iW/UJCU+R8OYDihGSkuBeeCFCYvkhOsr54E3RJyjaWBWbavu2HXHgbblus1Tp6ZJzW42Gi50LHuGKligHZjvXpTgjJNYYYak7Dt2qvwcCUUxI9OKl0mSIjxGQ9LXNEacSD+fxZ/CY61EcJAIfWIFZ+r3jRxxWSTUkxypkfztFeJfXj9Tg3M/p3GaKRLj+UODjEGVwKILGFFBsGITTRAWVGeFeIQEwko3VtElfP0U/k+6Nctxrfp1o9q6WNRRBofgCJwAB5yBFrgCbdABGOTgATyBZ+PeeDRejNf5aMlY7OyDHzDePgF03JZ6</latexit>m�

M.G.Endres et al., [1507.08916]

<latexit sha1_base64="aY/bE0ckDhZn8mvw0iJJotQPBLQ="></latexit>

⌦4 = 2⇡{Z3/L,Z/T}

QEDm QED∞

infinite-volume 
reconstruction

X.Feng & L.Jin, PRD 100 (2019) 

N.Christ et al., [2304.08026]

<latexit sha1_base64="IQz3cTT3o2/L/BAxXL6XfSbJ0/I=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDUkddrahVB0484q9gFtLZk0bUMzD5KMUIZu/BU3LhRx62e482/MtBVU9MCFwzn3cu89bii40gh9WKmFxaXllfRqZm19Y3Mru71TV0EkKavRQASy6RLFBPdZTXMtWDOUjHiuYA13dJ74jTsmFQ/8Gz0OWccjA5/3OSXaSN3sXvvSYwPSdeApbHtED103vp7cOt1sDtklVC5gBJGNy9hB2JA8dkqFIsQ2miIH5qh2s+/tXkAjj/maCqJUC6NQd2IiNaeCTTLtSLGQ0BEZsJahPvGY6sTTBybw0Cg92A+kKV/Dqfp9IiaeUmPPNZ3Jjeq3l4h/ea1I9086MffDSDOfzhb1IwF1AJM0YI9LRrUYG0Ko5OZWSIdEEqpNZhkTwten8H9Sz9u4aB9fObnK2TyONNgHB+AIYFACFXABqqAGKJiAB/AEnq1769F6sV5nrSlrPrMLfsB6+wSjdJXT</latexit>

⌦4 = R4
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3.  Which

P+

`+

⌫`

q1

q2

P+

�

`+

⌫`

q1

q2

real photon emission 
leptonic decays

K0 ⇡�

`+

⌫`

semileptonic decays

P+

`0+
`0�

`+

⌫`

q1

q2

virtual photon emission 
leptonic decays

‣ RM123S calculation (QEDL)


‣ RBC-UKQCD calculation (QEDL)


Recent proposal with QED  ∞

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

P.Boyle, MDC et al., JHEP 02 (2023)

N.Christ et al., [2304.08026]

I will mainly focus on virtual corrections to leptonic decay rates:

But there's intense activity and nice progress also on other weak processes:

D.Giusti (Thursday 3, h 17.20) R.Frezzotti et al., [2306.07228] N.Christ (Friday 4, h 9.00)

+
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3.  Which

P+

`+

⌫`

q1

q2

P+

�

`+

⌫`

q1

q2

real photon emission 
leptonic decays

K0 ⇡�

`+

⌫`

semileptonic decays

P+

`0+
`0�

`+

⌫`

q1

q2

virtual photon emission 
leptonic decays

‣ RM123S calculation (QEDL)


‣ RBC-UKQCD calculation (QEDL)


Recent proposal with QED  ∞

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

P.Boyle, MDC et al., JHEP 02 (2023)

N.Christ et al., [2304.08026]

I will mainly focus on virtual corrections to leptonic decay rates:

But there's intense activity and nice progress also on other weak processes:

D.Giusti (Thursday 3, h 17.20) R.Frezzotti et al., [2306.07228] N.Christ (Friday 4, h 9.00)

+

Y.Meng (Tuesday 1, h 10.00)

J/ 

�

⌫̄`

⌫`

c

c̄

real photon emission 
leptonic decays
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1904.08731

•  and  separately


• Twisted Mass fermions

• multiple volumes and 3 lattice spacings

• unphysical pion masses (  230 MeV)

Γ(Kμ2) Γ(πμ2)

≳

2211.12865  

• ratio  / 


• Domain Wall fermions

• single volume and lattice spacing

• physical quark masses

Γ(Kμ2) Γ(πμ2)



Decay rate at 

11

<latexit sha1_base64="3+cu1yyokes4niCOhTFPrS/11No="></latexit>

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

<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�

IR divergent IR divergentIR finite

The RM123+Soton recipe
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<latexit sha1_base64="3+cu1yyokes4niCOhTFPrS/11No="></latexit>

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

<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�

IR divergent IR divergentIR finite

<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

� <latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�
<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�

IR finite

<latexit sha1_base64="07plWzllOwhXobnoBle67Q17eK8="></latexit>�
<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�<latexit sha1_base64="jZBzUp+GOxeUOZQv7HeQvimrc08="></latexit>

�(P`2) = lim
⇤IR!0

⇢
�0(⇤IR) + �1(⇤IR)

�
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• Our recent result is compatible with previous 
lattice calculation (RM123S) and with PT


• The error is dominated by a large systematic 
uncertainty related to finite-volume effects
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<latexit sha1_base64="n+UdwHhf0Z5tvKBlLBs5CkQO4XI="></latexit>

?

• sizeable pointlike contribution at O(1/L3)            ✔︎

• higher order effects                                        ✘ 

N.Hermansson-Truedsson (Friday 4, h 9.20)

<latexit sha1_base64="ZQuqjmEIpZiUAFUj6ndTXWCv2eI="></latexit>
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Finite volume effects produce large 
systematic uncertainty

repeat the calculation on 
multiple volumes & take 

infinite volume limit 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<latexit sha1_base64="GM+fQu42UM1LgIMrSrjoUWCzJFQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNzWxoi6LblwIVrAPaGOZTCft0MkkzEzEEvIrblwo4tYfceffOGm70NYDA4dz7uWeOV7EqFS2/W3klpZXVtfy64WNza3tHXO32JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7rK/NYjEZKG/F6NI+IGaMCpTzFSWuqZxW6A1BAjltymZef45qF61DNLdsWewFokzoyUYIZ6z/zq9kMcB4QrzJCUHceOlJsgoShmJC10Y0kihEdoQDqachQQ6SaT7Kl1qJW+5YdCP66sifp7I0GBlOPA05NZUjnvZeJ/XidW/oWbUB7FinA8PeTHzFKhlRVh9akgWLGxJggLqrNaeIgEwkrXVdAlOPNfXiTNk4pzVqnenZZql7M68rAPB1AGB86hBtdQhwZgeIJneIU3IzVejHfjYzqaM2Y7e/AHxucPgoeTcg==</latexit>

O(1/L3)

<latexit sha1_base64="Z2I0TO6OYCno+ce/VHDfNSC4yIo="></latexit>
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adopt or develop QED formulations 
with reduced finite volume effects
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O(1/L3)

<latexit sha1_base64="Z2I0TO6OYCno+ce/VHDfNSC4yIo="></latexit>
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adopt or develop QED formulations 
with reduced finite volume effects

… can we formulate QED on a finite-volume 
without corrections at O(1/L3) ?
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<latexit sha1_base64="eQdPw4Mc5YL/IMTVmXKtmd53KFU=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQq6kYounFZwT6gCWUymbRDJzNhZiKUENz4K25cKOLWr3Dn3zhps9DWC8MczrmXe+4JEkaVdpxva2FxaXlltbJWXd/Y3Nq2d3bbSqQSkxYWTMhugBRhlJOWppqRbiIJigNGOsHoptA7D0QqKvi9HifEj9GA04hipA3Vt/e9GOlhEGWj/MoLBAvVODZf5uR9u+bUnUnBeeCWoAbKavbtLy8UOI0J15ghpXquk2g/Q1JTzEhe9VJFEoRHaEB6BnIUE+VnkxNyeGSYEEZCmsc1nLC/JzIUq8Ka6SwMq1mtIP/TeqmOLv2M8iTVhOPpoihlUAtY5AFDKgnWbGwAwpIarxAPkURYm9SqJgR39uR50D6pu+f107uzWuO6jKMCDsAhOAYuuAANcAuaoAUweATP4BW8WU/Wi/VufUxbF6xyZg/8KevzBwRdl9Y=</latexit>

k = 0

<latexit sha1_base64="R4LiJw9BitlGaXtPg7p1Z/NiMuE=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYqoSQMBYwcJYEH1ITVQ5jtNadezIdkBVVBZ+hYUBhFj5Czb+BqfNAC1Hsnx0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXud++J1JRwe/0KCF+jPqcRhQjbaSevecFgoVqFJsv825pf6CRlOJh3LOrTs2ZAM4TtyBVUKDRs7+8UOA0JlxjhpTquk6i/QxJTTEj44qXKpIgPER90jWUo5goP5tcMIaHRglhJKR5XMOJ+rsjQ7HKlzSVMdIDNevl4n9eN9XRhZ9RnqSacDwdFKUMagHzOGBIJcGajQxBWFKzK8QDJBHWJrSKCcGdPXmetI5r7lnt5Oa0Wr8s4iiDfXAAjoALzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PSklX07II/sD5/ALEzl7M=</latexit>) <latexit sha1_base64="R4LiJw9BitlGaXtPg7p1Z/NiMuE=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYqoSQMBYwcJYEH1ITVQ5jtNadezIdkBVVBZ+hYUBhFj5Czb+BqfNAC1Hsnx0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXud++J1JRwe/0KCF+jPqcRhQjbaSevecFgoVqFJsv825pf6CRlOJh3LOrTs2ZAM4TtyBVUKDRs7+8UOA0JlxjhpTquk6i/QxJTTEj44qXKpIgPER90jWUo5goP5tcMIaHRglhJKR5XMOJ+rsjQ7HKlzSVMdIDNevl4n9eN9XRhZ9RnqSacDwdFKUMagHzOGBIJcGajQxBWFKzK8QDJBHWJrSKCcGdPXmetI5r7lnt5Oa0Wr8s4iiDfXAAjoALzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PSklX07II/sD5/ALEzl7M=</latexit>)

The spatial zero mode is not removed but redistributed over the neighbouring modes on a 

shell of radius 

Special case of IR-improvement

Z.Davoudi et al., PRD 99 (2019)

<latexit sha1_base64="JWknS/rz/PuGLjJfhiW0KCTDwR0="></latexit>

|p| = 2⇡
L |r| (r 2 Z3)

<latexit sha1_base64="R4LiJw9BitlGaXtPg7p1Z/NiMuE=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYqoSQMBYwcJYEH1ITVQ5jtNadezIdkBVVBZ+hYUBhFj5Czb+BqfNAC1Hsnx0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXud++J1JRwe/0KCF+jPqcRhQjbaSevecFgoVqFJsv825pf6CRlOJh3LOrTs2ZAM4TtyBVUKDRs7+8UOA0JlxjhpTquk6i/QxJTTEj44qXKpIgPER90jWUo5goP5tcMIaHRglhJKR5XMOJ+rsjQ7HKlzSVMdIDNevl4n9eN9XRhZ9RnqSacDwdFKUMagHzOGBIJcGajQxBWFKzK8QDJBHWJrSKCcGdPXmetI5r7lnt5Oa0Wr8s4iiDfXAAjoALzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PSklX07II/sD5/ALEzl7M=</latexit>)
<latexit sha1_base64="RpFdIRrFp3TAwt4JKLcuvRcrPVI="></latexit>
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<latexit sha1_base64="uI8A74771jLdS5RrirZY/HIbRIk="></latexit>
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Zero net velocity

1. In systems with zero net velocity, the corrections at O(1/L3) due to the 
removal of the zero mode are absent!

Hadron masses: notation from  
B.Lucini et al., JHEP 02 (2016)

<latexit sha1_base64="AVX0icSJ4LQFjvqgt7WWPbRNPzg="></latexit>
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The redistributed modes "reproduce" the zero mode in the -volume limit!∞

QEDL
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<latexit sha1_base64="JWknS/rz/PuGLjJfhiW0KCTDwR0="></latexit>
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Non-zero net velocity

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.

In the case of leptonic decay rates, the coefficient at O(1/L3) can depend on lepton velocity :v

• Collinear divergent terms as               and  


• Dependence on the direction     due to rotational symmetry breaking in a finite volume

QEDr:

<latexit sha1_base64="zx0FzgCYpTZ5ozKsg6ZsB5svAco="></latexit>
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<latexit sha1_base64="pxR78sEpkKkckviwjVzIT3Xet5w=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlU1GXRjcsK9gFNKZPppB06mYSZSaWk/RQ3LhRx65e482+ctFlo64GBwzn3MuceP+ZMacf5tgpr6xubW8Xt0s7u3v6BXT5sqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3WV+a0ylYpF41JOYdkM8ECxgBGsj9ezy1AuxHvpBOp5NPR0ht2dXnKozB1olbk4qkKPes7+8fkSSkApNOFaq4zqx7qZYakY4nZW8RNEYkxEe0I6hAodUddN59Bk6NUofBZE0T2g0V39vpDhUahL6ZjLLqZa9TPzP6yQ6uOmmTMSJpoIsPgoSjsyJWQ+ozyQlmk8MwUQykxWRIZaYaNNWyZTgLp+8SprnVfeqevFwWand5nUU4RhO4AxcuIYa3EMdGkDgCZ7hFd6sqfVivVsfi9GCle8cwR9Ynz91epQh</latexit>

|v| ! 1
<latexit sha1_base64="SB7UwkZDumsQ2RbOWTWNdiHJBGM=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FCBbBU0lU1GPRi8cK9gOaUDbbTbt0swm7m0IJOXnxr3jxoIhXf4M3/42bNoK2Phh4vDfDzDw/ZlQq2/4ySkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6yf32mAhJI36vJjHxQjTgNKAYKS31zEM3RGroB+k4c2MkEGOE/UijrGdW7Zo9hbVInIJUoUCjZ366/QgnIeEKMyRl17Fj5aVIKIoZySpuIkmM8AgNSFdTjkIivXT6RmYda6VvBZHQxZU1VX9PpCiUchL6ujO/UM57ufif101UcOWllMeJIhzPFgUJs1Rk5ZlYfSoIVmyiCcKC6lstPNRhYKWTq+gQnPmXF0nrtOZc1M7uzqv16yKOMhzAEZyAA5dQh1toQBMwPMATvMCr8Wg8G2/G+6y1ZBQz+/AHxsc3ssuZ6w==</latexit>

v k k
<latexit sha1_base64="RKS/52jGXx+K/UDpyVC2n/Bu908=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtM7gu/O6VSsVg86VlC/QiPBAsZwdpIA9v2xlhnXoT1OAizaZ4P7LrTcOZAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNO85qWKJphM8Ij2DRU4osrP5slzdGaUIQpjaZ7QaK7+3shwpNQsCsxkEVEte4X4n9dPdXjrZ0wkqaaCLA6FKUc6RkUNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0LhrudePy8arevCvrqMIJnMI5uHADTXiAFrSBwBSe4RXerMx6sd6tj8VoxSp3juEPrM8fVZWUIA==</latexit>
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<latexit sha1_base64="iX9X+wZmiToeyEr7wOUslVnruDM=">AAACF3icbVDLSsNAFJ34rPUVdekmWARBDEkVdSMU3bisYB/QpGEynbRDZ5IwMymUtH/hxl9x40IRt7rzb5y0QbT1wMC559zLnXv8mBIhLetLW1hcWl5ZLawV1zc2t7b1nd26iBKOcA1FNOJNHwpMSYhrkkiKmzHHkPkUN/z+TeY3BpgLEoX3chhjl8FuSAKCoFSSp5sjh0HZ84N0MB5dOQGHKGXt8gnzHExpuzzOquOfytNLlmlNYMwTOyclkKPq6Z9OJ0IJw6FEFArRsq1YuinkkiCKx0UnETiGqA+7uKVoCBkWbjq5a2wcKqVjBBFXL5TGRP09kUImxJD5qjM7Qsx6mfif10pkcOmmJIwTiUM0XRQk1JCRkYVkdAjHSNKhIhBxov5qoB5U2UgVZVGFYM+ePE/qZdM+N0/vzkqV6zyOAtgHB+AI2OACVMAtqIIaQOABPIEX8Ko9as/am/Y+bV3Q8pk98AfaxzdyvaAU</latexit>
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<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.

<latexit sha1_base64="V5gbYrQakX/fDGNA7K/X8wJVzVI=">AAACHnicbVDLSsNAFJ34rPVVdekmWIS6KYlatQuh6MZlBfuAJoTJZNIOnWTSmUmxpPkSN/6KGxeKCK70b5w+QG09cOFwzr3ce48bUSKkYXxpC4tLyyurmbXs+sbm1nZuZ7cuWMwRriFGGW+6UGBKQlyTRFLcjDiGgUtxw+1ej/xGH3NBWHgnBxG2A9gOiU8QlEpyciXLZffYSywX8gSljlGwAig7rp/00yOr14uhN/xRhpdGsVwupU4ubxSNMfR5Yk5JHkxRdXIflsdQHOBQIgqFaJlGJO0EckkQxWnWigWOIOrCNm4pGsIACzsZv5fqh0rxdJ9xVaHUx+rviQQGQgwCV3WOLhWz3kj8z2vF0r+wExJGscQhmizyY6pLpo+y0j3CMZJ0oAhEnKhbddSBHCKpEs2qEMzZl+dJ/bhonhVPbk/zlatpHBmwDw5AAZjgHFTADaiCGkDgATyBF/CqPWrP2pv2Pmld0KYze+APtM9vNuGjIQ==</latexit>

c̄0(v) |v| = 0.995for
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Non-zero net velocity

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

<latexit sha1_base64="QCKKCPwtDMMd1+oFpiZWW5xRznM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KoqMuiG5cV7AOaECbTSTt0MhNmJsUSsnLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TxJRIZdvfRmlpeWV1rbxe2djc2t4xd/fakicC4RbilItuACWmhOGWIoribiwwjAKKO8HoJvc7Yywk4exeTWLsRXDASEgQVFryzUM34A+4n7oBFCnKfLvmRlANgzAdZyeZb1btuj2FtUicglRBgaZvfrl9jpIIM4UolLLn2LHyUigUQRRnFTeROIZoBAe4pymDEZZeOn0js4610rdCLnQxZU3V3xMpjKScRIHuzG+U814u/uf1EhVeeSlhcaIwQ7NFYUItxa08E6tPBEaKTjSBSBB9q4WGUECkdHIVHYIz//IiaZ/WnYv62d15tXFdxFEGB+AI1IADLkED3IImaAEEHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AK0ZmUM=</latexit>

c̄0(v)

<latexit sha1_base64="WaY7zqQNKcUkq7t70msdTHlAzxo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6rLoxmUF+4AmlMl00g6dTMLMpBDS/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOH3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/vs/9zoRKxSLxpNOYeiEeChYwgrWR3KkbYj3yg2wym/arNbtuz4FWiVOQGhRo9qtf7iAiSUiFJhwr1XPsWHsZlpoRTmcVN1E0xmSMh7RnqMAhVV42zzxDZ0YZoCCS5gmN5urvjQyHSqWhbybziGrZy8X/vF6ig1svYyJONBVkcShIONIRygtAAyYp0Tw1BBPJTFZERlhiok1NFVOCs/zlVdK+qDvX9cvHq1rjrqijDCdwCufgwA004AGa0AICMTzDK7xZifVivVsfi9GSVewcwx9Ynz/IR5Iu</latexit>

|v|

<latexit sha1_base64="9mp3drbbd/Et54jKUlQQI/RVibo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBHqpqQq6kYounFZwT6gCWEynbRDZyZhZlIoIQs3/oobF4q49SPc+TdO2gr1deDC4Zx7ufeeIGZUacf5sBYWl5ZXVgtrxfWNza1te2e3paJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwvMr99ohIRSNxq8cx8TjqCxpSjLSRfLvkciqgGyCZ4sx3Ki5HehCE6Sg7vPDtcq3qTACdX+TLKoMZGr797vYinHAiNGZIqW7NibWXIqkpZiQruokiMcJD1CddQwXiRHnp5IkMHhilB8NImhIaTtT5iRRxpcY8MJ35jeqnl4t/ed1Eh+deSkWcaCLwdFGYMKgjmCcCe1QSrNnYEIQlNbdCPEASYW1yK86H8D9pHVVrp9Xjm5Ny/XIWRwGUwD6ogBo4A3VwDRqgCTC4Aw/gCTxb99aj9WK9TlsXrNnMHvgG6+0TIvSXxw==</latexit>

min c̄0(v) =

<latexit sha1_base64="Yiq0DyOwWM+S1y0UjgRNELjuwvw=">AAACBHicdVDLSsNAFJ3UV62vqMtuBotQNyXRUu1CKLpxWcE+oAlhMp20QycPZibFErJw46+4caGIWz/CnX/jpI2gogcGzpxzL/fe40aMCmkYH1phaXllda24XtrY3Nre0Xf3uiKMOSYdHLKQ910kCKMB6UgqGelHnCDfZaTnTi4zvzclXNAwuJGziNg+GgXUoxhJJTl62fLRLbRcxBOcOkZVfeXY9ZJpenTu6BWjZjSahtmAisyhSLNZr5smNHOlAnK0Hf3dGoY49kkgMUNCDEwjknaCuKSYkbRkxYJECE/QiAwUDZBPhJ3Mj0jhoVKG0Au5eoGEc/V7R4J8IWa+qyqzHcVvLxP/8gax9M7shAZRLEmAF4O8mEEZwiwROKScYMlmiiDMqdoV4jHiCEuVW0mF8HUp/J90j2tmo3ZyXa+0LvI4iqAMDkAVmOAUtMAVaIMOwOAOPIAn8Kzda4/ai/a6KC1oec8++AHt7RNs5pf6</latexit>

max c̄0(v) =

2. For systems with non-zero velocity, the cancellation of O(1/L3) is less straightforward.

see                                     for a more detailed discussion!

A. For any value of , there always exists a direction  such that 


B. The average over the solid angle gives

|v | v̂⋆

Two fundamental properties in QEDr:

<latexit sha1_base64="gYiTuolhm1vO8IidUp9GocHCXLk=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlU1I1QdOOygn1AE8NkOmmHTiZhZlIoIUs3/oobF4q49RPc+TdO2iy09cCFwzn3cu89fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uS0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+8Cb32yMiJI34vRrHxA1Rn9OAYqS05JkHjo9EijPPqjohUgM/SEfZgyMVEsfwClqeWbFq1gRwntgFqYACDc/8cnoRTkLCFWZIyq5txcpNkVAUM5KVnUSSGOEh6pOuphyFRLrp5JEMHmmlB4NI6OIKTtTfEykKpRyHvu7Mj5WzXi7+53UTFVy6KeVxogjH00VBwqCKYJ4K7FFBsGJjTRAWVN8K8QAJhJXOrqxDsGdfnietk5p9Xju9O6vUr4s4SmAfHIIqsMEFqINb0ABNgMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx+hC5kS</latexit>

c̄0(v
?) = 0

<latexit sha1_base64="QjZsxRzWxCTFeHeaufxG599EICw="></latexit>

1

4⇡

Z
d⌦v Pl(v̂ · n̂) = �l,0 ) 1

4⇡

Z
d⌦v c̄0(v) = 0

<latexit sha1_base64="7EVF/p/QlT8DZ9Ww2ZzNqS8dexE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUTdC0Y3LCvYBbSiTyaQdOpmEmYlQQ77EjQtF3Pop7vwbp2kW2nrgwuGce+fOPV7MmdK2/W2VVlbX1jfKm5Wt7Z3dam1vv6OiRBLaJhGPZM/DinImaFszzWkvlhSHHqddb3I787uPVCoWiQc9jakb4pFgASNYG2lYq16ng/yVVFI/s7NhrW437BxomTgFqUOB1rD2NfAjkoRUaMKxUn3HjrWbYqkZ4TSrDBJFY0wmeET7hgocUuWm+coMHRvFR0EkTQmNcvX3RIpDpaahZzpDrMdq0ZuJ/3n9RAdXbspEnGgqyHxRkHCkIzRLAflMUqL51BBMJDN/RWSMJSbaZFUxITiLJy+TzmnDuWic3Z/XmzdFHGU4hCM4AQcuoQl30II2EEjgGV7hzXqyXqx362PeWrKKmQP4A+vzBw88k1w=</latexit>

= 0

A.Portelli (Friday 4, h 9.40)

<latexit sha1_base64="zx0FzgCYpTZ5ozKsg6ZsB5svAco="></latexit>

c̄0(v) =

X

n 6=0

�
Z

d3n

�
1

1� v · n̂ +
1

6

X

|r|2=1

1

1� v · r̂
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Ongoing numerical tests of QEDr :


>  finite-volume study on new gauge ensembles with 4 different volumes


>  investigation of 𝜋, K, D and Ds decays

• Infrared improvement of QEDL:  redistribution of the spatial zero-mode


• Free from (problematic) O(1/L3) effects:


‣ absent by construction for zero-velocity systems


‣ improvement less straightforward for velocity-dependent observables, 

due to non-trivial collinear divergences A.Portelli (Friday 4, h 9.40)

<latexit sha1_base64="eQdPw4Mc5YL/IMTVmXKtmd53KFU=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQq6kYounFZwT6gCWUymbRDJzNhZiKUENz4K25cKOLWr3Dn3zhps9DWC8MczrmXe+4JEkaVdpxva2FxaXlltbJWXd/Y3Nq2d3bbSqQSkxYWTMhugBRhlJOWppqRbiIJigNGOsHoptA7D0QqKvi9HifEj9GA04hipA3Vt/e9GOlhEGWj/MoLBAvVODZf5uR9u+bUnUnBeeCWoAbKavbtLy8UOI0J15ghpXquk2g/Q1JTzEhe9VJFEoRHaEB6BnIUE+VnkxNyeGSYEEZCmsc1nLC/JzIUq8Ka6SwMq1mtIP/TeqmOLv2M8iTVhOPpoihlUAtY5AFDKgnWbGwAwpIarxAPkURYm9SqJgR39uR50D6pu+f107uzWuO6jKMCDsAhOAYuuAANcAuaoAUweATP4BW8WU/Wi/VufUxbF6xyZg/8KevzBwRdl9Y=</latexit>

k = 0

<latexit sha1_base64="R4LiJw9BitlGaXtPg7p1Z/NiMuE=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYqoSQMBYwcJYEH1ITVQ5jtNadezIdkBVVBZ+hYUBhFj5Czb+BqfNAC1Hsnx0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXud++J1JRwe/0KCF+jPqcRhQjbaSevecFgoVqFJsv825pf6CRlOJh3LOrTs2ZAM4TtyBVUKDRs7+8UOA0JlxjhpTquk6i/QxJTTEj44qXKpIgPER90jWUo5goP5tcMIaHRglhJKR5XMOJ+rsjQ7HKlzSVMdIDNevl4n9eN9XRhZ9RnqSacDwdFKUMagHzOGBIJcGajQxBWFKzK8QDJBHWJrSKCcGdPXmetI5r7lnt5Oa0Wr8s4iiDfXAAjoALzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PSklX07II/sD5/ALEzl7M=</latexit>

)
<latexit sha1_base64="R4LiJw9BitlGaXtPg7p1Z/NiMuE=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYqoSQMBYwcJYEH1ITVQ5jtNadezIdkBVVBZ+hYUBhFj5Czb+BqfNAC1Hsnx0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXud++J1JRwe/0KCF+jPqcRhQjbaSevecFgoVqFJsv825pf6CRlOJh3LOrTs2ZAM4TtyBVUKDRs7+8UOA0JlxjhpTquk6i/QxJTTEj44qXKpIgPER90jWUo5goP5tcMIaHRglhJKR5XMOJ+rsjQ7HKlzSVMdIDNevl4n9eN9XRhZ9RnqSacDwdFKUMagHzOGBIJcGajQxBWFKzK8QDJBHWJrSKCcGdPXmetI5r7lnt5Oa0Wr8s4iiDfXAAjoALzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PSklX07II/sD5/ALEzl7M=</latexit>

)
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4.  Where are we …

• Current tensions in CKM unitarity require a combined effort of theory and experiments


• Two lattice calculations of IB and QED corrections to light-meson leptonic decay rates


• Finite volume QED effects have to be carefully studied (interesting proposal with QED  !)∞

 … and where to go?

<latexit sha1_base64="dudDkVm5lKqAqh4F2zbOYvzqV1c=">AAAECXicbVLbbtNAELVjLiUUmsIjLwsWUiJKZDsIeEGqChJI9KFIpK2UTaL1Zu2usr7Euy4Jm/0CvoY3xCtfwQfwH6ydKKndjmRrdM6Zs6OZ8VNGuXCcv2bDunX7zt2de837uw8e7rX2H53yJM8w6eOEJdm5jzhhNCZ9QQUj52lGUOQzcuZP3xf82SXJOE3ir2KRkmGEwpgGFCOhoXHrH/xAmEDwqYSCzMXqP8sTQTiNQ0aUAv </latexit>

�' g(L) =

 
1

L3

X

k 6=0

�
Z

d3k

(2⇡)3

!Z
dk0
2⇡

G(k0,k)
k20 + |k|2

investigate & tame finite-
volume effects

K0 ⇡�

`+

⌫`

study different weak 
processes

develop and apply 
new techniques

P+

`+

⌫`

q1

q2

move to unquenched 
calculations

QED∞

?

Hansen,Lupo,Tantalo, PRD 99 (2019)
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OVERVIEW          EPISODES          TRAILERS & MORE          MORE LIKE THIS          DETAILS   

M. Di Carlo (2023)

Plenary talks

Home     TV Shows     Movies     Recently Added     My List KIDS     DVD

   2023 - 2032

EdTechPicks.org

At the level of precision reached 
by the recent lattice calculations of 
decay constants and form factors, 
it becomes necessary to include 
the effects of QED interactions and 
those due to the up-down quark 
mass splitting in the calculation of 
weak decay rates of hadrons… 

Looking forward to 
the new episodes!



Thank you

Monday 31

• 16.20:     J.Swaim             QED Corrections to meson and bare quark masses


• 16.40:     A.Segner            Precision determination of baryon masses including isospin breaking

Thursday 3

• 17.20:     D.Giusti              Structure-dependent form factors in radiative leptonic decays of the 
                                    Ds meson with domain wall fermions

Friday 4

• 09.00:     N.Christ            Lattice calculation of electromagnetic corrections to Kl3 decay


• 09.20:     N.Hermansson    Structure-dependent electromagnetic finite-volume effects 
             -Truedsson        through order 1/L3


• 09.40:     A.Portelli           Finite-volume collinear divergences in radiative corrections to 
                                   meson leptonic decays


• 10.00:      J-S.Yoo             Radiative electroweak box correction to pion, kaon and nucleon 
                                    decayβ

This work has received funding from the European Research Council (ERC) under the European Union's 
Horizon 2020 research and innovation programme under grant agreements No 757646 & 813942



Backup slides



Velocity-dependent finite-volume coefficients
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Z.Davoudi et al. PRD99 (2019)For    we have:j = 0

<latexit sha1_base64="t7UHXVXddAEA0ZyD64yRxbwuvLk="></latexit>

cj(v) = �0
n

1

|n|j(1� v · n̂) =

X

n 6=0

�
Z

d3n

�
1

|n|j(1� v · n̂)

Therefore, in QEDr we get:

<latexit sha1_base64="Q1/tkMqoQJTTHVpq7nufXe5ZprY="></latexit>

1

1� v · n̂ =
arctanh(|v|)

|v| +
1X

s=0

sX

l=1

psl Pl(v̂ · n̂) |v|s

<latexit sha1_base64="zYi3Yq1SS+ZXicBk6TRMnhbAZDc="></latexit>

c̄0(v) =
arctanh(|v|)

|v| c̄0 +
1X

s=0

sX

l=1

psl
h
�0

n Pl(v̂ · n̂) + 1
6

P
r
Pl(v̂ · r̂)

i
|v|s



Out[!]=
Out[!]=

<latexit sha1_base64="g2+X5DTUrGJNAoTgsMb9k65RZD8="></latexit>

c̄0(v) |v| = 0.995at

Finding "magic angles"

26



Stochastic average over solid angle
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Number of random directions

<latexit sha1_base64="C8Z0VeEWv7iKAx9wF2830JBy3/c=">AAACF3icZVDJSgNBEO2JW4xb1KOXwSBECGFGXHIMePEYwSyQCUNNpyZp0rPQ3RMIw3yH+DHiLXoTj/6NnQXRpKDox6suXr3nxZxJZVnfRm5jc2t7J79b2Ns/ODwqHp+0ZJQIik0a8Uh0PJDIWYhNxRTHTiwQAo9j2xvdz+btMQrJovBJTWLsBTAImc8oKE25RdvxBIxQpY4HIqWZa5WdANTQ89Nxdpm5qTMEPfylsswtlqyqNS9zHdhLUCLLarjFT6cf0STAUFEOUnZtK1a9FIRilGNWcBKJMdARDLCrYQgByl46t5aZF5rpm34kdIfKnLN/N1II5Oy4in7lJPAqCzsVqZWG2K/MZkL6ckVG+bVeysI4URjShYqfcFNF5iwks88EUsUnGgAVTB9q0iEIoEpHWdAJ2Kt+10HrqmrfVm8er0v12jKLPDkj56RMbHJH6uSBNEiTUPJMXsmUvBsvxpsxNT4WX3PGcueU/Cvj6wfGcKG2</latexit>

hc̄0(v)iv̂

<latexit sha1_base64="QjZsxRzWxCTFeHeaufxG599EICw="></latexit>

1

4⇡

Z
d⌦v Pl(v̂ · n̂) = �l,0 ) 1

4⇡

Z
d⌦v c̄0(v) = 0

<latexit sha1_base64="7EVF/p/QlT8DZ9Ww2ZzNqS8dexE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUTdC0Y3LCvYBbSiTyaQdOpmEmYlQQ77EjQtF3Pop7vwbp2kW2nrgwuGce+fOPV7MmdK2/W2VVlbX1jfKm5Wt7Z3dam1vv6OiRBLaJhGPZM/DinImaFszzWkvlhSHHqddb3I787uPVCoWiQc9jakb4pFgASNYG2lYq16ng/yVVFI/s7NhrW437BxomTgFqUOB1rD2NfAjkoRUaMKxUn3HjrWbYqkZ4TSrDBJFY0wmeET7hgocUuWm+coMHRvFR0EkTQmNcvX3RIpDpaahZzpDrMdq0ZuJ/3n9RAdXbspEnGgqyHxRkHCkIzRLAflMUqL51BBMJDN/RWSMJSbaZFUxITiLJy+TzmnDuWic3Z/XmzdFHGU4hCM4AQcuoQl30II2EEjgGV7hzXqyXqx362PeWrKKmQP4A+vzBw88k1w=</latexit>

= 0

<latexit sha1_base64="JQ2r2TVoNTqh+riZJjWmqIMqqks="></latexit>

hc̄0(v)iv̂ =
1

N

NX

n=1

c̄0(vn)

A.Portelli (Friday 4, h 9.40)



Infinite volume reconstruction
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QED  ∞

<latexit sha1_base64="E6EuhkKoR4b4kPkR7LiVA88ARgw=">AAAB+nicbVDLSsNAFJ34rPUVdelmsAiuSqKiLotuXFawD2hDmEwm7dDJJMzcFErsn7gSFMStf+LKv3HSZqGtB4Y5nHMvc+YEqeAaHOfbWlldW9/YrGxVt3d29/btg8O2TjJFWYsmIlHdgGgmuGQt4CBYN1WMxIFgnWB0V/idMVOaJ/IRJinzYjKQPOKUgJF82+4HiQj1JDZXDr6e+nbNqTsz4GXilqSGSjR9+6sfJjSLmQQqiNY910nBy4kCTgWbVvuZZimhIzJgPUMliZn28lnyKT41SoijRJkjAc/U3xs5iXURzkzGBIZ60SvE/7xeBtGNl3OZZsAknT8UZQJDgosacMgVoyAmhhCquMmK6ZAoQsGUVa2aFtzFPy+T9nndvapfPFzWGrdlHxV0jE7QGXLRNWqge9RELUTRGD2jV/RmPVkv1rv1MR9dscqdI/QH1ucP5aqUNA==</latexit>

ts
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X.Feng & L.Jin, PRD 100 (2019)

Separate correlator into short and long distance parts:

Exponentially suppressed   (a) finite-volume effects    (b) contributions of states with higher energy

single-hadron state dominance

Joshua Swaim (Mon 31, h 16.20)

• An alternative approach is to compute radiative corrections as a convolution of hadronic 
correlators with infinite-volume QED kernels
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QED  ∞
N.Christ et al., [2304.08026]

Strategy applied to leptonic decay rates:


• Logarithmic IR divergences appear


• BUT they cancel analytically between diagrams


• numerical calculation still ongoing… 
 
 

The method is appealing, but it has to be 
studied case by case. 
 

                                          … systematics under control?
from Luchang Jin's talk @ Edinburgh May 30, 2023

N.Christ (Friday 4, h 9.00)
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◆

N. Carrasco et al., PRD 91 (2015)
Calculation at O(p4) in PTχ



Real photon emission and structure dependence

30

A. Desiderio et al., PRD 102 (2021)
R. Frezzotti et al., PRD 103 (2021) 

Confirmed by numerical 
lattice calculation
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�Rpt(�Emax
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�RSD
1 (�Emax

� ) 5.4 (1.0)⇥ 10�4 2.6 (5)⇥ 10�10 1.19 (14) 2.2 (3)⇥ 10�5

�RINT
1 (�Emax

� ) �4.1 (1.0)⇥ 10�5 �1.3 (1.5)⇥ 10�8 �9.2 (1.3)⇥ 10�4 �6.1 (1.1)⇥ 10�5

�Emax
� (MeV) 69.8 29.8 246.8 235.5

(⇤) Not yet evaluated by numerical lattice QCD+QED simulations.
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Goal: extract form factors  and  from Euclidean three-point functionsFA FV
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• first calculation of  for pion and kaon 
+  in part of the kinematical range ( 0.4 GeV)

P+ → ℓ+νγ
Ds Eγ ≲

PRD 103, 053005 (2021)

PRD 103, 014502 (2021)

• study of  with different "3d" method

• improved control of systematic uncertainties

• but single lattice spacing 

D+
s → ℓ+νγ

PRD 107, 074507 (2023)

• comparison of lattice results with experimental measurements

• good agreement with KLOE on 


• 3-4  tensions on  (also among experiments)
K → eνeγ

σ K → μνμγ

• new calculation of  on full kinematical range D+
s → ℓ+νγ

arXiv:2306.05904
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Additional difficulties arise compared to leptonic decays:


• integration over three-body phase-space


• problems of analytical continuation when intermediate states  
lighter than external ones go on shell: 
 
 
 
> growing exponentials if            

These states should be identified and subtracted.


All becomes more problematic for decays of heavy mesons! 
 
     … spectral reconstruction?        … infinite-volume QED?
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N.Christ et al., [2304.08026]

C.Sachrajda @Lattice2019


