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Energy-Energy Correlation functions
• EEC is the energy weighting two-particle angular correlation in . e+e−

2

• Energy weighting is the unique way to make the measurement IRC safe.

Basham, Brown, Ellis, Love, 1978



Field theory definition
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<latexit sha1_base64="KJSkjXbZZYDBw4fe2NIHYsgVk1Q="></latexit>

EEC(�) =

Z
d4xe�ix·qh⌦|Jµ(x)E(n̂1)E(n̂2)Jµ(0)|⌦i

<latexit sha1_base64="rsmdjgAnspU5dz03JpoXfxiAhPk="></latexit>

Jµ(x) =  (x)�µ (x)

• EEC can be defined as Wightman correlator of sources, sink, and energy 
flow operators

Hofman, Maldacena, 2008; Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov, 2013

E(~n) = lim
r!1

r2
Z 1

0
dt ~niT

0i(t, r~n)
<latexit sha1_base64="TKR00qqAYvrTrfp9A9/C2aVzqF4="></latexit>

<latexit sha1_base64="txFr+zQ5WE4jNv5nnorPqVq+ZWA="></latexit>

r + t = tan(u+ v)

r � t = tan(u� v)

https://tikz.net/relativity_penrose_diagram/

Tkachov, 1995




Modern phenomenological application
• Multi-point projected energy 

correlators


• Spin correlation in gluon jet


• Applications to track based 
observables


• Visualization of the parton 
fragmentation evolution


• Top quark mass measurement
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• Non-Gaussiantities in collider 
energy flux


• Decay density matrix for weak 
gauge boson


• Nuclear energy correlator and 
gluon saturation


• Dead cone effects for massive 
quark jets


• QGP and medium modification
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Visualizing time evolution of parton fragmentation 
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Pythia manual

Komiske, Moult, Thaler, HXZ, 2022

NOT REAL MEASUREMENT

k⊥ = ⟨E⟩RL
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Dokshitzer, in 《50 Years of Quantum Chromodynamics》2022
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NNLO numerical: 

Del Duca, Duhr, Kardos, 
Somogyi, Trocsanyi, 2016

Gehrmann-De Ridder, 
Gehrmann, Glover, Heinrich, 
(private communication)


NLO analytic:

Dixon, Luo, Shtabovenko, 
Yang, HXZ, 2018


NNLO analytic in N=4 SYM:

Henn, Sokatchev, Yan, 
Zhiboedov, 2019

Leading Log:

Konishi, Ukawa, Veneziano, 
1978

Richards, Stirling, Ellis, 1982


NNLL and beyond:

Dixon, Moult, HXZ, 2019


CFT:

Kologlu, Kravchuk, 
Simmons-Duffin, Zhiboedov, 
2019

Korchemsky, 2019

CSS:

Collins, Soper, 1982

Dokshitzer, Marchesini, 
Webber, 1999

de Florian, Grazzini, 2004

Kardos, Kluth, Somogyi, 
Tulipant, Verbytskyi, 2018


SCET:

Moult, HXZ, 2018

Duhr, Mistlberger, Vita, 2022

Soft + collinear divergencescollinear divergences
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Power 
corrections to 

Sudakov 
logarithms

This talk



The main goal of this talk is to introduce 
a new method of resumming Sudakov logarithms in EEC,  

by exploiting its position space definition, 
and  using techniques from conformal bootstrap program.
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Resummation in momentum space
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EEC(�) =

Z
d4xe�ix·qh⌦|Jµ(x)E(n̂1)E(n̂2)

X

i

|XiihXi|Jµ(0)|⌦i

<latexit sha1_base64="8a05uVuHJLuk4CE4weAxkS3Mxns="></latexit>X

i

|Xii = |qq̄i+ |qq̄gi+ |qq̄ggi+ |qq̄q0q̄0i+ · · ·

<latexit sha1_base64="BZ6HUCidw3+8udhuQi7hWQbse3M="></latexit>

EEC(�) =

Z
LIPS

X

i

|Me+e�!Xi
|2En̂1En̂2

Insertion of complete  state

Amplitudes, Loops and phase space integrals

Degenerate states: soft, collinear, rapidity

Regulator + factorization  resummation by evolution equation

On-shell amplitudes easy to calculate; particle physics intuition


    Requires cancellation of unphysical parameters; (conformal, crossing) symmetry not manifest

⇒



Position space calculation
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EEC(�) =

Z
d4xe�ix·qh⌦|Jµ(x)E(n̂1)E(n̂2)Jµ(0)|⌦i

A local, infrared finite four-point Wightman correlator in Minkowskian signature


Where does the Sudakov logarithms come from?

<latexit sha1_base64="BN0fWoekqUTSSQyt+AEwJFG16/4="></latexit>

EEC(�) =

Z
d4x e�ixq

Z
dt1

Z
dt2

lim
r1!1

r21 lim
r2!1

r22h⌦|Jµ(x)T 0n̂1(t1, r1n̂1)T
0n̂2(t2, r2n̂2)Jµ(0)|⌦i



12

<latexit sha1_base64="0t2+WrxVim2r9peKUmUYQcljWqg="></latexit>

hJµ(x1)T
⇢�(x2)T

�(x4)J
µ(x3)i

Choose a frame where detectors are exactly back-to-back
<latexit sha1_base64="pFN7i9W3pU0ioVyXFPKszutnR3M=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKUS9CwUuPFewHtCFstpt26WYTdjeFEPpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKW9s7u3vl/crB4dHxiX161lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMH1Y+L0ZlYrF4klnCfUiPBYsZARrI/m2Lfw6ukfDAMtczP0G8u2qU3OWQJvELUgVCrR9+2s4ikkaUaEJx0oNXCfRXo6lZoTTeWWYKppgMsVjOjBU4IgqL19ePkdXRhmhMJamhEZL9fdEjiOlsigwnRHWE7XuLcT/vEGqwzsvZyJJNRVktShMOdIxWsSARkxSonlmCCaSmVsRmWCJiTZhVUwI7vrLm6Rbr7k3tcZjo9psFXGU4QIu4RpcuIUmtKANHSAwg2d4hTcrt16sd+tj1Vqyiplz+APr8wfK+ZKA</latexit>

n2 = n̄4

<latexit sha1_base64="pmMhcOKZgwSYoHtsEvAigef1WBo="></latexit>

x1 = 0, x2 = (t2, r~n2), x4 = (t4, r~n4)

<latexit sha1_base64="UmO+UyXmycSlUsTN4TQbkD8FvvU="></latexit>

q2?
q2

⇠ 0 ) x+
13x

�
13

x2
13

⇠ 0
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|x13,?|2 � x+
13x

�
13

•  is integrated over a null line at infinity

• Its dominated contribution comes from 

the region where 


•  is transverse separated from   

x2

(x1 − x2)2/r2 ∼ 0
x3 x1 ⇒
(x2 − x3)2/r2 ∼ 0
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d4x13e

�ix13q

Double lightcone limit



• E.g. a 4-pt scalar correlator in N=4 SYM:
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hO(x1)O(x2)O(x4)O(x3)i =
1

(2⇡)4
x4
13x

4
24

(x2
12x

2
34)

4
F(u, v)

<latexit sha1_base64="qzbCWrDe0JgMfcz56xnwn4P1Z/o="></latexit>

u =
x2
12x

2
34

x2
13x

2
24

= zz̄ , v =
x2
23x

2
14

x2
13x

2
24

= (1� z)(1� z̄)

• Double lightcone limit: u → 0 , v → 0 (z → 0 , z̄ → 1)
<latexit sha1_base64="pI7weiMAqMjRoFcSI0i3bFW8s94="></latexit>

one loop =


�1

4
log u log v + 0 · log(uv) + · · ·

�
�


1

4
(u+ v) log u log v +

1

2
(u log u+ v log v) + · · ·

�
+ · · · ,

two loop =


1

16
log2 u log2 v + 0 · log u log v log(uv) + · · ·

�
+


1

8
(u+ v) log2 u log2 v

+
3

16
log u log v(u log u+ v log v) +

1

8
log u log v(v log u+ u log v) + · · ·

�
+ · · · ,

three loop =


� 1

96
log3 u log3 v + 0 · log2 u log2 v log(uv) + · · ·

�
�


1

48
(u+ v) log3 u log3 v

+
1

24
log2 u log2 v(u log u+ v log v) +

1

48
log2 u log2 v(v log u+ u log v) + · · ·

�
+ · · · .Drummond, Duhr, Eden, Heslop, Pennington, Smirnov, 2013



• E.g. a 4-pt scalar correlator in N=4 SYM:
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hO(x1)O(x2)O(x4)O(x3)i =
1

(2⇡)4
x4
13x

4
24

(x2
12x

2
34)

4
F(u, v)
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u =
x2
12x

2
34

x2
13x

2
24

= zz̄ , v =
x2
23x

2
14

x2
13x

2
24

= (1� z)(1� z̄)

• Double lightcone limit: u → 0 , v → 0 (z → 0 , z̄ → 1)
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one loop =


�1

4
log u log v + 0 · log(uv) + · · ·

�
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(u+ v) log u log v +
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�
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log2 u log2 v + 0 · log u log v log(uv) + · · ·

�
+


1

8
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+
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�
+ · · · ,

three loop =


� 1

96
log3 u log3 v + 0 · log2 u log2 v log(uv) + · · ·

�
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1

48
(u+ v) log3 u log3 v

+
1
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log2 u log2 v(u log u+ v log v) +

1
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log2 u log2 v(v log u+ u log v) + · · ·

�
+ · · · .

Message #1: The Sudakov limit of EEC is corresponding to the 
double lightcone limit of a local 4-point Minkowskian correlator

Drummond, Duhr, Eden, Heslop, Pennington, Smirnov, 2013



• Where does the double logarithms come from in a local 4-pt correlator?


• Lightcone OPE of 
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OPE of 1, 2

<latexit sha1_base64="xCmzK6Tw+XPpLvbm8hE2FQgKzZU="></latexit>

hO(x1)O(x2)O(x4)O(x3)i =
X

O

�OCO(x12, @x2)hO(x2)O(x4)O(x3)i

<latexit sha1_base64="5c+XPRt1G9UAzxd0FGN93NiV+KU="></latexit>

CO(x12, @x2) =
1

|x12|2���O


1 +

1

2
xµ
2@2,µ ++↵xµ

2x
⌫
2@2,µ@2,⌫ + · · ·

�

twist expansion: lightcone 
singularity of x12
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OPE of 1, 2
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hO(x1)O(x2)O(x4)O(x3)i =
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O
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CO(x12, @x2) =
1
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1 +

1

2
xµ
2@2,µ ++↵xµ

2x
⌫
2@2,µ@2,⌫ + · · ·

�

twist expansion: lightcone 
singularity of x12

sum over infinite descendent operators
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• Lightcone OPE of 
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OPE of 1, 2
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hO(x1)O(x2)O(x4)O(x3)i =
X

O
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CO(x12, @x2) =
1

|x12|2���O


1 +

1

2
xµ
2@2,µ ++↵xµ

2x
⌫
2@2,µ@2,⌫ + · · ·

�

twist expansion: lightcone 
singularity of x12

sum over infinite descendent operators

sum over infinite primary 
operators



• Where does the double logarithms come from in a local 4-pt correlator?


• Lightcone OPE of 
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OPE of 1, 2
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hO(x1)O(x2)O(x4)O(x3)i =
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O
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CO(x12, @x2) =
1

|x12|2���O


1 +

1

2
xµ
2@2,µ ++↵xµ

2x
⌫
2@2,µ@2,⌫ + · · ·

�

twist expansion: lightcone 
singularity of x12

sum over infinite descendent operators

sum over infinite primary 
operators

• Singularity in  from sum over infinite operators (descendant of primary)x23



• Conformal block expansion of 4-pt correlator:
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hO(x1)O(x2)O(x4)O(x3)i =
X

O

�OCO(x12, @x2)hO(x2)O(x4)O(x3)i

<latexit sha1_base64="dmi3AdkZuK0rsRlaOipCKpbmucQ="></latexit>

= prefactor⇥
X

O

aOG�,l(u, v)

x1

x2 x3

x4
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O
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O�,l

conformal block
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k�(x) = x�/2
2F1(�/2,�/2,�;x)

<latexit sha1_base64="RKEebyaur8dB3w2r1vbArscFmCg="></latexit>

G�,`(u, v) =
zz̄

z̄ � z
[k��`�2(z)k�+`(z̄)� (z $ z̄)]

Dolan, Osborn, 2001

log div. from infinite descendant

• Double lightcone limit ( ): z → 0, z̄ → 1 GΔ,l(u, v) → zτ/2[log(1 − z̄) + ⋯]



• Conformal block expansion of 4-pt correlator:
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<latexit sha1_base64="NWwqxcpkzj671Md5qOLNvGujaIM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoSb6aQdOnkwMxFqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7CmVSW9W0sLC4tr6yW1srrG5tb2+bObkvGqSC0SWIei44PknIW0aZiitNOIiiEPqdtf3g19tsPVEgWR/dqlFA3hH7EAkZAackz9zOHAMe3uZc515QrOME898yKVbUmwPPELkgFFWh45pfTi0ka0kgRDlJ2bStRbgZCMcJpXnZSSRMgQ+jTrqYRhFS62eT6HB9ppYeDWOiKFJ6ovycyCKUchb7uDEEN5Kw3Fv/zuqkKLtyMRUmqaESmi4KUYxXjcRS4xwQlio80ASKYvhWTAQggSgdW1iHYsy/Pk9Zp1T6r1u5qlfplEUcJHaBDdIxsdI7q6AY1UBMR9Iie0St6M56MF+Pd+Ji2LhjFzB76A+PzB7p8lMQ=</latexit>

O�,l

conformal block

<latexit sha1_base64="q45QmUUo0hC2uEdgOg3moa6vzHw=">AAACJnicbZDLSgMxFIYz9VbrbdSlm2ARWih1phQVpFAUxGUFe4FOHTJp2oZmLiQZaRn6NG58FTcuKiLufBTT6Sxs6w+BL/85h+T8TsCokIbxraXW1jc2t9LbmZ3dvf0D/fCoIfyQY1LHPvN5y0GCMOqRuqSSkVbACXIdRprO8HZWbz4TLqjvPcpxQDou6nu0RzGSyrL1ytC2HCIRzI3ysAJHT1F8PS9NoFWwS3e2mUuMAlyEazjK23rWKBqx4CqYCWRBopqtT62uj0OXeBIzJETbNALZiRCXFDMyyVihIAHCQ9QnbYUeconoRPGaE3imnC7s+VwdT8LY/TsRIVeIseuoThfJgViuzcz/au1Q9q46EfWCUBIPzx/qhQxKH84yg13KCZZsrABhTtVfIR4gjrBUyWZUCObyyqvQKBXNi2L5oZyt3iRxpMEJOAU5YIJLUAX3oAbqAIMX8Aam4EN71d61T+1r3prSkpljsCDt5xcY8qHa</latexit>

k�(x) = x�/2
2F1(�/2,�/2,�;x)

<latexit sha1_base64="RKEebyaur8dB3w2r1vbArscFmCg="></latexit>

G�,`(u, v) =
zz̄

z̄ � z
[k��`�2(z)k�+`(z̄)� (z $ z̄)]

Dolan, Osborn, 2001

• Double lightcone limit ( ): z → 0, z̄ → 1 GΔ,l(u, v) → zτ/2[log(1 − z̄) + ⋯]
log div. from infinite descendant

Message #2: Instead of expanding in fixed-multiplicity amplitudes, 
we can expand in local operator exchange. Double logarithms 

from lightcone singularity + infinite operator summation.



Crossing symmetry
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<latexit sha1_base64="h/ehdmrBHb0oJrSmvF6f2Nliuq4="></latexit>

one loop =


�1

4
log u log v + 0 · log(uv) + · · ·

�
�


1

4
(u+ v) log u log v +

1

2
(u log u+ v log v) + · · ·

�
+ · · · ,

two loop =


1

16
log2 u log2 v + 0 · log u log v log(uv) + · · ·

�
+


1

8
(u+ v) log2 u log2 v

+
3

16
log u log v(u log u+ v log v) +

1

8
log u log v(v log u+ u log v) + · · ·

�
+ · · · ,

three loop =


� 1

96
log3 u log3 v + 0 · log2 u log2 v log(uv) + · · ·

�
�


1

48
(u+ v) log3 u log3 v

+
1

24
log2 u log2 v(u log u+ v log v) +

1

48
log2 u log2 v(v log u+ u log v) + · · ·

�
+ · · · .

Leading Power Next-to-Leading Power

<latexit sha1_base64="NXIqKpmEMbIDXc9gLacH431n2zE="></latexit>

hO(x1)O(x2)O(x4)O(x3)i = hO(x3)O(x2)O(x4)O(x1)i =
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<latexit sha1_base64="h/ehdmrBHb0oJrSmvF6f2Nliuq4="></latexit>

one loop =


�1

4
log u log v + 0 · log(uv) + · · ·

�
�


1

4
(u+ v) log u log v +

1

2
(u log u+ v log v) + · · ·

�
+ · · · ,

two loop =


1

16
log2 u log2 v + 0 · log u log v log(uv) + · · ·

�
+


1

8
(u+ v) log2 u log2 v

+
3

16
log u log v(u log u+ v log v) +

1

8
log u log v(v log u+ u log v) + · · ·

�
+ · · · ,

three loop =


� 1

96
log3 u log3 v + 0 · log2 u log2 v log(uv) + · · ·

�
�


1

48
(u+ v) log3 u log3 v

+
1

24
log2 u log2 v(u log u+ v log v) +

1

48
log2 u log2 v(v log u+ u log v) + · · ·

�
+ · · · .

Leading Power Next-to-Leading Power

<latexit sha1_base64="NXIqKpmEMbIDXc9gLacH431n2zE="></latexit>

hO(x1)O(x2)O(x4)O(x3)i = hO(x3)O(x2)O(x4)O(x1)i =

Message #3: Crossing symmetry relates twist expansion and large 
spin summation.



Analyticity in spin

• Twist operators: 
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x1

x2 x3

x4

<latexit sha1_base64="sdytnhlcdy7hXx7sXU/YPFl/w0A=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJVEiroRim7cWcFeoAlhMp20Q2eSMDMRSii48VXcuFDErS/hzrdxekG09YeBj/+cw5nzhylnSjvOl7WwuLS8slpYK65vbG5t2zu7DZVkktA6SXgiWyFWlLOY1jXTnLZSSbEIOW2G/atRvXlPpWJJfKcHKfUF7sYsYgRrYwX2/gXyVCaC3COYo5shwj8Y2CWn7IyF5sGdQgmmqgX2p9dJSCZorAnHSrVdJ9V+jqVmhNNh0csUTTHp4y5tG4yxoMrPxzcM0ZFxOihKpHmxRmP390SOhVIDEZpOgXVPzdZG5n+1dqajcz9ncZppGpPJoijjSCdoFAjqMEmJ5gMDmEhm/opID0tMtImtaEJwZ0+eh8ZJ2T0tV24rperlNI4CHMAhHIMLZ1CFa6hBHQg8wBO8wKv1aD1bb9b7pHXBms7swR9ZH9+tNJbr</latexit>

=
X

O

aO
<latexit sha1_base64="NWwqxcpkzj671Md5qOLNvGujaIM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoSb6aQdOnkwMxFqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7CmVSW9W0sLC4tr6yW1srrG5tb2+bObkvGqSC0SWIei44PknIW0aZiitNOIiiEPqdtf3g19tsPVEgWR/dqlFA3hH7EAkZAackz9zOHAMe3uZc515QrOME898yKVbUmwPPELkgFFWh45pfTi0ka0kgRDlJ2bStRbgZCMcJpXnZSSRMgQ+jTrqYRhFS62eT6HB9ppYeDWOiKFJ6ovycyCKUchb7uDEEN5Kw3Fv/zuqkKLtyMRUmqaESmi4KUYxXjcRS4xwQlio80ASKYvhWTAQggSgdW1iHYsy/Pk9Zp1T6r1u5qlfplEUcJHaBDdIxsdI7q6AY1UBMR9Iie0St6M56MF+Pd+Ji2LhjFzB76A+PzB7p8lMQ=</latexit>

O�,l

<latexit sha1_base64="YlTqWIBESqyym8cn2SoIFks2ozc=">AAACMnicbVBNS8MwGE7n15xfVY9egkPYLqOdQz0OvejJCe4D1lLSLN3C0rQkqTjKfpMXf4ngQQ+KePVH2HY9zM0XAs/H+yZ5HzdkVCrDeNMKK6tr6xvFzdLW9s7unr5/0JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO75K/e4DEZIG/F5NQmL7aMipRzFSieToNxZDfMgIjC2MGLydVh4dswrnab06zxp/2GkVWiK7oOToZaNmZAWXgZmDMsir5egv1iDAkU+4wgxJ2TeNUNkxEopiRqYlK5IkRHiMhqSfQI58Iu04W3kKTxJlAL1AJIcrmKnzEzHypZz4btLpIzWSi14q/uf1I+Vd2DHlYaQIx7OHvIhBFcA0PziggmDFJglAWNDkrxCPkEBYJSmnIZiLKy+DTr1mntUad41y8zKPowiOwDGoABOcgya4Bi3QBhg8gVfwAT61Z+1d+9K+Z60FLZ85BH9K+/kFYfOnMg==</latexit>

hO(x1)O(x2)O(x4)O(x3)i

<latexit sha1_base64="GQ42sSkAE7Vm88mZ6gzkZjogkRM=">AAACDHicbVDLSgMxFM34rPVVdekmWIRKscxIUZdFXbisYB/QmZY7aaYNTWaGJCOUoR/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH3OmtG1/W0vLK6tr65mN7ObW9s5ubm+/rqJEElojEY9k0wdFOQtpTTPNaTOWFITPacMfXI/9xgOVikXhvR7G1BPQC1nACGgjdXJ51weJ3Vgx7PZACGgXceGmXTxpp/zUGU0ck7JL9gR4kTgzkkczVDu5L7cbkUTQUBMOSrUcO9ZeClIzwuko6yaKxkAG0KMtQ0MQVHnp5JgRPjZKFweRNC/UeKL+nkhBKDUUvkkK0H01743F/7xWooNLL2VhnGgakumiIOFYR3jcDO4ySYnmQ0OASGb+ikkfJBBt+suaEpz5kxdJ/azknJfKd+V85WpWRwYdoiNUQA66QBV0i6qohgh6RM/oFb1ZT9aL9W59TKNL1mzmAP2B9fkD2TGZmQ==</latexit>

 ̄�+(D+)l�1 
<latexit sha1_base64="PDpLWhhg3luXwM7LAFoTutAnki8="></latexit>

�qq(l) =2CF


3

2
+

1

l(l + 1)
� 2 (l + 1)� 2�E

�

= �cusp log l +B +
1

l
+ . . . Kotikov, Lipatov, 2002


Brower, Polchinski, Strassler, Tan, 2006

Kravchuk, Simmons-Duffin, 2018



Analyticity in spin

• Twist operators: 
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x1

x2 x3

x4

<latexit sha1_base64="sdytnhlcdy7hXx7sXU/YPFl/w0A=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJVEiroRim7cWcFeoAlhMp20Q2eSMDMRSii48VXcuFDErS/hzrdxekG09YeBj/+cw5nzhylnSjvOl7WwuLS8slpYK65vbG5t2zu7DZVkktA6SXgiWyFWlLOY1jXTnLZSSbEIOW2G/atRvXlPpWJJfKcHKfUF7sYsYgRrYwX2/gXyVCaC3COYo5shwj8Y2CWn7IyF5sGdQgmmqgX2p9dJSCZorAnHSrVdJ9V+jqVmhNNh0csUTTHp4y5tG4yxoMrPxzcM0ZFxOihKpHmxRmP390SOhVIDEZpOgXVPzdZG5n+1dqajcz9ncZppGpPJoijjSCdoFAjqMEmJ5gMDmEhm/opID0tMtImtaEJwZ0+eh8ZJ2T0tV24rperlNI4CHMAhHIMLZ1CFa6hBHQg8wBO8wKv1aD1bb9b7pHXBms7swR9ZH9+tNJbr</latexit>

=
X

O

aO
<latexit sha1_base64="NWwqxcpkzj671Md5qOLNvGujaIM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoSb6aQdOnkwMxFqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7CmVSW9W0sLC4tr6yW1srrG5tb2+bObkvGqSC0SWIei44PknIW0aZiitNOIiiEPqdtf3g19tsPVEgWR/dqlFA3hH7EAkZAackz9zOHAMe3uZc515QrOME898yKVbUmwPPELkgFFWh45pfTi0ka0kgRDlJ2bStRbgZCMcJpXnZSSRMgQ+jTrqYRhFS62eT6HB9ppYeDWOiKFJ6ovycyCKUchb7uDEEN5Kw3Fv/zuqkKLtyMRUmqaESmi4KUYxXjcRS4xwQlio80ASKYvhWTAQggSgdW1iHYsy/Pk9Zp1T6r1u5qlfplEUcJHaBDdIxsdI7q6AY1UBMR9Iie0St6M56MF+Pd+Ji2LhjFzB76A+PzB7p8lMQ=</latexit>

O�,l

<latexit sha1_base64="YlTqWIBESqyym8cn2SoIFks2ozc=">AAACMnicbVBNS8MwGE7n15xfVY9egkPYLqOdQz0OvejJCe4D1lLSLN3C0rQkqTjKfpMXf4ngQQ+KePVH2HY9zM0XAs/H+yZ5HzdkVCrDeNMKK6tr6xvFzdLW9s7unr5/0JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO75K/e4DEZIG/F5NQmL7aMipRzFSieToNxZDfMgIjC2MGLydVh4dswrnab06zxp/2GkVWiK7oOToZaNmZAWXgZmDMsir5egv1iDAkU+4wgxJ2TeNUNkxEopiRqYlK5IkRHiMhqSfQI58Iu04W3kKTxJlAL1AJIcrmKnzEzHypZz4btLpIzWSi14q/uf1I+Vd2DHlYaQIx7OHvIhBFcA0PziggmDFJglAWNDkrxCPkEBYJSmnIZiLKy+DTr1mntUad41y8zKPowiOwDGoABOcgya4Bi3QBhg8gVfwAT61Z+1d+9K+Z60FLZ85BH9K+/kFYfOnMg==</latexit>

hO(x1)O(x2)O(x4)O(x3)i

<latexit sha1_base64="GQ42sSkAE7Vm88mZ6gzkZjogkRM=">AAACDHicbVDLSgMxFM34rPVVdekmWIRKscxIUZdFXbisYB/QmZY7aaYNTWaGJCOUoR/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH3OmtG1/W0vLK6tr65mN7ObW9s5ubm+/rqJEElojEY9k0wdFOQtpTTPNaTOWFITPacMfXI/9xgOVikXhvR7G1BPQC1nACGgjdXJ51weJ3Vgx7PZACGgXceGmXTxpp/zUGU0ck7JL9gR4kTgzkkczVDu5L7cbkUTQUBMOSrUcO9ZeClIzwuko6yaKxkAG0KMtQ0MQVHnp5JgRPjZKFweRNC/UeKL+nkhBKDUUvkkK0H01743F/7xWooNLL2VhnGgakumiIOFYR3jcDO4ySYnmQ0OASGb+ikkfJBBt+suaEpz5kxdJ/azknJfKd+V85WpWRwYdoiNUQA66QBV0i6qohgh6RM/oFb1ZT9aL9W59TKNL1mzmAP2B9fkD2TGZmQ==</latexit>

 ̄�+(D+)l�1 
<latexit sha1_base64="PDpLWhhg3luXwM7LAFoTutAnki8="></latexit>

�qq(l) =2CF


3

2
+

1

l(l + 1)
� 2 (l + 1)� 2�E

�

= �cusp log l +B +
1

l
+ . . . Kotikov, Lipatov, 2002


Brower, Polchinski, Strassler, Tan, 2006

Kravchuk, Simmons-Duffin, 2018

Message #4: Analyticity in spin allows Laurent expansion in 1/spin.
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)
S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="5DmNGClKVjwjSs1Fxro8zfGobxo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY1IM3I5gHJEuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5VbWV1b38hvFra2d3b3ivsHDR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94c3Ub4640iIKH3Ecczeg/VD4glE0knvfTTu3XCI9I3LSLZbssj0DWSZORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPCp1E85iyIe3ztqEhDbh209nRE3JilB7xI2UqRDJTf0+kNNB6HHimM6A40IveVPzPayfoX7mpCOMEecjmi/xEEozINAHSE4ozlGNDKFPC3ErYgCrK0ORUMCE4iy8vk8Z52bkoVx4qpep1FkcejuAYTsGBS6jCHdSgDgye4Ble4c0aWS/Wu/Uxb81Z2cwh/IH1+QMTyJGp</latexit>

O�,l
eigenfunction of conformal Casimir

<latexit sha1_base64="RKEebyaur8dB3w2r1vbArscFmCg="></latexit>

G�,`(u, v) =
zz̄

z̄ � z
[k��`�2(z)k�+`(z̄)� (z $ z̄)]

Dolan, Osborn, 2001

<latexit sha1_base64="UbLpWLcdmbqiiSZa8lU3nzfiyZg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoTJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV2nG9rYXFpeWW1tFZe39jc2rZ3dlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8Orsd9+IFLRWNzrUUJ8jvqCRhQjbaTA3vdUyoPsNsi8a8I0OoEszwO74lSdCeA8cQtSAQUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/GxyfQ6PjNKDUSxNCQ0n6u+JDHGlRjw0nRzpgZr1xuJ/XjfV0YWfUZGkmgg8XRSlDOoYjqOAPSoJ1mxkCMKSmlshHiCJsDaBlU0I7uzL86R1WnXPqrW7WqV+WcRRAgfgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AFWDpUo</latexit>X

O�,l

<latexit sha1_base64="lX1PpRi6LhLRLdf9BxEhM8BQuTg="></latexit>

G�,l(u, v) ! z⌧/2 ⇥
⇥
log(1� z̄) + · · ·

⇤
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)
S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="5DmNGClKVjwjSs1Fxro8zfGobxo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY1IM3I5gHJEuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5VbWV1b38hvFra2d3b3ivsHDR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94c3Ub4640iIKH3Ecczeg/VD4glE0knvfTTu3XCI9I3LSLZbssj0DWSZORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPCp1E85iyIe3ztqEhDbh209nRE3JilB7xI2UqRDJTf0+kNNB6HHimM6A40IveVPzPayfoX7mpCOMEecjmi/xEEozINAHSE4ozlGNDKFPC3ErYgCrK0ORUMCE4iy8vk8Z52bkoVx4qpep1FkcejuAYTsGBS6jCHdSgDgye4Ble4c0aWS/Wu/Uxb81Z2cwh/IH1+QMTyJGp</latexit>

O�,l
eigenfunction of conformal Casimir

Leading twist expansion u->0 (z->0):
<latexit sha1_base64="aYPQRa5fErG8x+7g2+RaAiTu/7U="></latexit>

F (n) = z3
X

even `

a(0)2,`

(⇣
�(1)
2,`

⌘n

2nn!
Ln
z +

⇣
�(1)
2,`

⌘n�1
Ln�1
z

2n�1(n� 1)!
⇥

"
a(1)2,`

a(0)2,`

+ (n� 1)
�(2)
2,`

�(1)
2,`

+
�(1)
2,`@`

2

#)
k2`+6(z̄) + · · ·

<latexit sha1_base64="qRWn5cXoKw+bu9Wbh2OhufbTRRE=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EYI2lhYRDAfkDvC3mYvWbK3e+zuCcmRv2FjoYitf8bOf+MmuUITHww83pthZl6YcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCoe3U7/1RJVmUjyaUUKDGPcFixjBxkr+fXeMrpHPZR+Nu+WKW3VnQMvEy0kFctS75S+/J0kaU2EIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgqcEx1kM1unqATq/RQJJUtYdBM/T2R4VjrURzazhibgV70puJ/Xic10VWQMZGkhgoyXxSlHBmJpgGgHlOUGD6yBBPF7K2IDLDCxNiYSjYEb/HlZdI8q3oX1fOH80rtJo+jCEdwDKfgwSXU4A7q0AACCTzDK7w5qfPivDsf89aCk88cwh84nz+0uJDV</latexit>

Lz = log z

Leading in u but including infinite powers in v (fixed by conformal symmetry)

Resumming large logarithms in v requires sum over infinite spin


Resumming Power corrections in v requires systematic expansion over large spin

<latexit sha1_base64="RKEebyaur8dB3w2r1vbArscFmCg="></latexit>

G�,`(u, v) =
zz̄

z̄ � z
[k��`�2(z)k�+`(z̄)� (z $ z̄)]

Dolan, Osborn, 2001

<latexit sha1_base64="UbLpWLcdmbqiiSZa8lU3nzfiyZg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoTJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV2nG9rYXFpeWW1tFZe39jc2rZ3dlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8Orsd9+IFLRWNzrUUJ8jvqCRhQjbaTA3vdUyoPsNsi8a8I0OoEszwO74lSdCeA8cQtSAQUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/GxyfQ6PjNKDUSxNCQ0n6u+JDHGlRjw0nRzpgZr1xuJ/XjfV0YWfUZGkmgg8XRSlDOoYjqOAPSoJ1mxkCMKSmlshHiCJsDaBlU0I7uzL86R1WnXPqrW7WqV+WcRRAgfgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AFWDpUo</latexit>X

O�,l

<latexit sha1_base64="lX1PpRi6LhLRLdf9BxEhM8BQuTg="></latexit>

G�,l(u, v) ! z⌧/2 ⇥
⇥
log(1� z̄) + · · ·

⇤
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

Leading twist expansion u->0 (z->0):
<latexit sha1_base64="aYPQRa5fErG8x+7g2+RaAiTu/7U="></latexit>

F (n) = z3
X

even `

a(0)2,`

(⇣
�(1)
2,`

⌘n

2nn!
Ln
z +

⇣
�(1)
2,`

⌘n�1
Ln�1
z

2n�1(n� 1)!
⇥

"
a(1)2,`

a(0)2,`

+ (n� 1)
�(2)
2,`

�(1)
2,`

+
�(1)
2,`@`

2

#)
k2`+6(z̄) + · · ·

<latexit sha1_base64="qRWn5cXoKw+bu9Wbh2OhufbTRRE=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EYI2lhYRDAfkDvC3mYvWbK3e+zuCcmRv2FjoYitf8bOf+MmuUITHww83pthZl6YcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCoe3U7/1RJVmUjyaUUKDGPcFixjBxkr+fXeMrpHPZR+Nu+WKW3VnQMvEy0kFctS75S+/J0kaU2EIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgqcEx1kM1unqATq/RQJJUtYdBM/T2R4VjrURzazhibgV70puJ/Xic10VWQMZGkhgoyXxSlHBmJpgGgHlOUGD6yBBPF7K2IDLDCxNiYSjYEb/HlZdI8q3oX1fOH80rtJo+jCEdwDKfgwSXU4A7q0AACCTzDK7w5qfPivDsf89aCk88cwh84nz+0uJDV</latexit>

Lz = log z <latexit sha1_base64="q45QmUUo0hC2uEdgOg3moa6vzHw=">AAACJnicbZDLSgMxFIYz9VbrbdSlm2ARWih1phQVpFAUxGUFe4FOHTJp2oZmLiQZaRn6NG58FTcuKiLufBTT6Sxs6w+BL/85h+T8TsCokIbxraXW1jc2t9LbmZ3dvf0D/fCoIfyQY1LHPvN5y0GCMOqRuqSSkVbACXIdRprO8HZWbz4TLqjvPcpxQDou6nu0RzGSyrL1ytC2HCIRzI3ysAJHT1F8PS9NoFWwS3e2mUuMAlyEazjK23rWKBqx4CqYCWRBopqtT62uj0OXeBIzJETbNALZiRCXFDMyyVihIAHCQ9QnbYUeconoRPGaE3imnC7s+VwdT8LY/TsRIVeIseuoThfJgViuzcz/au1Q9q46EfWCUBIPzx/qhQxKH84yg13KCZZsrABhTtVfIR4gjrBUyWZUCObyyqvQKBXNi2L5oZyt3iRxpMEJOAU5YIJLUAX3oAbqAIMX8Aam4EN71d61T+1r3prSkpljsCDt5xcY8qHa</latexit>

k�(x) = x�/2
2F1(�/2,�/2,�;x)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

LL

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="5DmNGClKVjwjSs1Fxro8zfGobxo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY1IM3I5gHJEuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5VbWV1b38hvFra2d3b3ivsHDR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94c3Ub4640iIKH3Ecczeg/VD4glE0knvfTTu3XCI9I3LSLZbssj0DWSZORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPCp1E85iyIe3ztqEhDbh209nRE3JilB7xI2UqRDJTf0+kNNB6HHimM6A40IveVPzPayfoX7mpCOMEecjmi/xEEozINAHSE4ozlGNDKFPC3ErYgCrK0ORUMCE4iy8vk8Z52bkoVx4qpep1FkcejuAYTsGBS6jCHdSgDgye4Ble4c0aWS/Wu/Uxb81Z2cwh/IH1+QMTyJGp</latexit>

O�,l

<latexit sha1_base64="UbLpWLcdmbqiiSZa8lU3nzfiyZg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoTJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV2nG9rYXFpeWW1tFZe39jc2rZ3dlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8Orsd9+IFLRWNzrUUJ8jvqCRhQjbaTA3vdUyoPsNsi8a8I0OoEszwO74lSdCeA8cQtSAQUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/GxyfQ6PjNKDUSxNCQ0n6u+JDHGlRjw0nRzpgZr1xuJ/XjfV0YWfUZGkmgg8XRSlDOoYjqOAPSoJ1mxkCMKSmlshHiCJsDaBlU0I7uzL86R1WnXPqrW7WqV+WcRRAgfgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AFWDpUo</latexit>X

O�,l



<latexit sha1_base64="UaHeb5besPC3uNOqoRCWVa2tr8Q="></latexit>

=
L
n
z

n!

X

i

✓
n

i

◆
�
n�i
E

2i
H

(0,i)
2 +

n� i

3

�
n�1�i
E

2i+1
H

(1,i)
2

�
+ · · ·

<latexit sha1_base64="YHEsitqWDbAM4UGIOmA8tI39kh8="></latexit>

a(0)2,` =
�(`+ 3)2

�(2`+ 5)
,

�(1)
2,` = log J2

6,` + 2�E +
1

3J2
6,`

+O(J�4
6,` )
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

Leading twist expansion u->0 (z->0):
<latexit sha1_base64="aYPQRa5fErG8x+7g2+RaAiTu/7U="></latexit>

F (n) = z3
X

even `

a(0)2,`

(⇣
�(1)
2,`

⌘n

2nn!
Ln
z +

⇣
�(1)
2,`

⌘n�1
Ln�1
z

2n�1(n� 1)!
⇥

"
a(1)2,`

a(0)2,`

+ (n� 1)
�(2)
2,`

�(1)
2,`

+
�(1)
2,`@`

2

#)
k2`+6(z̄) + · · ·

<latexit sha1_base64="qRWn5cXoKw+bu9Wbh2OhufbTRRE=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EYI2lhYRDAfkDvC3mYvWbK3e+zuCcmRv2FjoYitf8bOf+MmuUITHww83pthZl6YcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCoe3U7/1RJVmUjyaUUKDGPcFixjBxkr+fXeMrpHPZR+Nu+WKW3VnQMvEy0kFctS75S+/J0kaU2EIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgqcEx1kM1unqATq/RQJJUtYdBM/T2R4VjrURzazhibgV70puJ/Xic10VWQMZGkhgoyXxSlHBmJpgGgHlOUGD6yBBPF7K2IDLDCxNiYSjYEb/HlZdI8q3oX1fOH80rtJo+jCEdwDKfgwSXU4A7q0AACCTzDK7w5qfPivDsf89aCk88cwh84nz+0uJDV</latexit>

Lz = log z <latexit sha1_base64="q45QmUUo0hC2uEdgOg3moa6vzHw=">AAACJnicbZDLSgMxFIYz9VbrbdSlm2ARWih1phQVpFAUxGUFe4FOHTJp2oZmLiQZaRn6NG58FTcuKiLufBTT6Sxs6w+BL/85h+T8TsCokIbxraXW1jc2t9LbmZ3dvf0D/fCoIfyQY1LHPvN5y0GCMOqRuqSSkVbACXIdRprO8HZWbz4TLqjvPcpxQDou6nu0RzGSyrL1ytC2HCIRzI3ysAJHT1F8PS9NoFWwS3e2mUuMAlyEazjK23rWKBqx4CqYCWRBopqtT62uj0OXeBIzJETbNALZiRCXFDMyyVihIAHCQ9QnbYUeconoRPGaE3imnC7s+VwdT8LY/TsRIVeIseuoThfJgViuzcz/au1Q9q46EfWCUBIPzx/qhQxKH84yg13KCZZsrABhTtVfIR4gjrBUyWZUCObyyqvQKBXNi2L5oZyt3iRxpMEJOAU5YIJLUAX3oAbqAIMX8Aam4EN71d61T+1r3prSkpljsCDt5xcY8qHa</latexit>

k�(x) = x�/2
2F1(�/2,�/2,�;x)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

LL

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="5DmNGClKVjwjSs1Fxro8zfGobxo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY1IM3I5gHJEuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5VbWV1b38hvFra2d3b3ivsHDR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94c3Ub4640iIKH3Ecczeg/VD4glE0knvfTTu3XCI9I3LSLZbssj0DWSZORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPCp1E85iyIe3ztqEhDbh209nRE3JilB7xI2UqRDJTf0+kNNB6HHimM6A40IveVPzPayfoX7mpCOMEecjmi/xEEozINAHSE4ozlGNDKFPC3ErYgCrK0ORUMCE4iy8vk8Z52bkoVx4qpep1FkcejuAYTsGBS6jCHdSgDgye4Ble4c0aWS/Wu/Uxb81Z2cwh/IH1+QMTyJGp</latexit>

O�,l

<latexit sha1_base64="UbLpWLcdmbqiiSZa8lU3nzfiyZg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LunBnBfuAJoTJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV2nG9rYXFpeWW1tFZe39jc2rZ3dlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8Orsd9+IFLRWNzrUUJ8jvqCRhQjbaTA3vdUyoPsNsi8a8I0OoEszwO74lSdCeA8cQtSAQUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/GxyfQ6PjNKDUSxNCQ0n6u+JDHGlRjw0nRzpgZr1xuJ/XjfV0YWfUZGkmgg8XRSlDOoYjqOAPSoJ1mxkCMKSmlshHiCJsDaBlU0I7uzL86R1WnXPqrW7WqV+WcRRAgfgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AFWDpUo</latexit>X

O�,l
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
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<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>

C⌧̃0H(m,i)
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X
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logi J2
⌧̃0,l

J
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>

C⌧̃0H(m,i)
⌧0 =

X

l

a
(0)
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logi J2
⌧̃0,l

J
2(m�1)
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<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>

C⌧̃0H
(m,i)
⌧0 (z, z̄) = H

(m�1,i)
⌧0 (z, z̄)
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="K/kFyCoo6aKtKbZXuPpOob85e7k=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtlpJIUZdFN11WsA9oYphMpu3QyYOZidCGfIQbf8WNC0XcunDn3zhNs9DWAxcO59w7c+9xI0aFNIxvbWV1bX1js7BV3N7Z3dvXDw47Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb2Z+94FwQcPgTk4iYvtoGNABxUgqydHPEit7JOHES2HTSSyJYsdI75OyUTUqaXlahZaLOJxWUkcvGTUjA1wmZk5KIEfL0b8sL8SxTwKJGRKibxqRtBPEJcWMpEUrFiRCeIyGpK9ogHwi7CTbJ4WnSvHgIOSqAgkz9fdEgnwhJr6rOn0kR2LRm4n/ef1YDq7shAZRLEmA5x8NYgZlCGcJQY9ygiWbKIIwp2pXiEeIIyxVjkUVgrl48jLpnNfMi1r9tl5qXOdxFMAxOAFlYIJL0ABN0AJtgMEjeAav4E170l60d+1j3rqi5TNH4A+0zx/p3J1x</latexit>

H
(0,0)
⌧0 (z, z̄)

<latexit sha1_base64="KAA/OQDGfVoOPTloHMtm8uzWclE="></latexit>

z̄2(2� z̄)

2(1� z̄)
+ z̄ log(1� z̄) =

1

2✏
+ regular terms

<latexit sha1_base64="+r6qMjUz1LmQ8RJxKMlEEKlDAk8=">AAAB/nicbVBNS8NAEN3Ur1q/quLJy2IRvFgSKepFKHrxWMF+QBPKZjtpl242YXcj1FDwr3jxoIhXf4c3/42bNgdtfTDweG+GmXl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7l5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6ObzG8/gFQsEvd6HIMXkoFgAaNEG6lXPnDwKXZ9IvEjvsIuxIrxTK/YVXsKvEicnFRQjkav/OX2I5qEIDTlRKmuY8faS4nUjHKYlNxEQUzoiAyga6ggISgvnZ4/wcdG6eMgkqaExlP190RKQqXGoW86Q6KHat7LxP+8bqKDSy9lIk40CDpbFCQc6whnWeA+k0A1HxtCqGTmVkyHRBKqTWIlE4Iz//IiaZ1VnfNq7a5WqV/ncRTRITpCJ8hBF6iOblEDNRFFKXpGr+jNerJerHfrY9ZasPKZffQH1ucPzMyUIg==</latexit>

1� z̄ = ✏

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>
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<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>
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⌧0 (z, z̄)
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="KGhxKje5niTFdiZ7qTvXP68n6+E=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgt1JJIUZdFN11WsA9oYphMpu3QyYOZidCG/IQbf8WNC0XcCu78G6dpFtp64MLhnHtn7j1uxKiQhvGtrayurW9sFraK2zu7e/v6wWFHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xzczvPhAuaBjcyUlEbB8NAzqgGEklOXo1sbJHEk68FDadxJIodoz0PimfmVWjkpanVWi5iMNpJXX0klEzMsBlYuakBHK0HP3L8kIc+ySQmCEh+qYRSTtBXFLMSFq0YkEihMdoSPqKBsgnwk6yhVJ4qhQPDkKuKpAwU39PJMgXYuK7qtNHciQWvZn4n9eP5eDKTmgQxZIEeP7RIGZQhnAWEfQoJ1iyiSIIc6p2hXiEOMJSBVlUIZiLJy+TznnNvKjVb+ulxnUeRwEcgxNQBia4BA3QBC3QBhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBYiWdqQ==</latexit>

H
(�1,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0 <latexit sha1_base64="K/kFyCoo6aKtKbZXuPpOob85e7k=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtlpJIUZdFN11WsA9oYphMpu3QyYOZidCGfIQbf8WNC0XcunDn3zhNs9DWAxcO59w7c+9xI0aFNIxvbWV1bX1js7BV3N7Z3dvXDw47Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb2Z+94FwQcPgTk4iYvtoGNABxUgqydHPEit7JOHES2HTSSyJYsdI75OyUTUqaXlahZaLOJxWUkcvGTUjA1wmZk5KIEfL0b8sL8SxTwKJGRKibxqRtBPEJcWMpEUrFiRCeIyGpK9ogHwi7CTbJ4WnSvHgIOSqAgkz9fdEgnwhJr6rOn0kR2LRm4n/ef1YDq7shAZRLEmA5x8NYgZlCGcJQY9ygiWbKIIwp2pXiEeIIyxVjkUVgrl48jLpnNfMi1r9tl5qXOdxFMAxOAFlYIJL0ABN0AJtgMEjeAav4E170l60d+1j3rqi5TNH4A+0zx/p3J1x</latexit>

H
(0,0)
⌧0 (z, z̄)

<latexit sha1_base64="KAA/OQDGfVoOPTloHMtm8uzWclE="></latexit>

z̄2(2� z̄)

2(1� z̄)
+ z̄ log(1� z̄) =

1

2✏
+ regular terms

<latexit sha1_base64="+r6qMjUz1LmQ8RJxKMlEEKlDAk8=">AAAB/nicbVBNS8NAEN3Ur1q/quLJy2IRvFgSKepFKHrxWMF+QBPKZjtpl242YXcj1FDwr3jxoIhXf4c3/42bNgdtfTDweG+GmXl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7l5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6ObzG8/gFQsEvd6HIMXkoFgAaNEG6lXPnDwKXZ9IvEjvsIuxIrxTK/YVXsKvEicnFRQjkav/OX2I5qEIDTlRKmuY8faS4nUjHKYlNxEQUzoiAyga6ggISgvnZ4/wcdG6eMgkqaExlP190RKQqXGoW86Q6KHat7LxP+8bqKDSy9lIk40CDpbFCQc6whnWeA+k0A1HxtCqGTmVkyHRBKqTWIlE4Iz//IiaZ1VnfNq7a5WqV/ncRTRITpCJ8hBF6iOblEDNRFFKXpGr+jNerJerHfrY9ZasPKZffQH1ucPzMyUIg==</latexit>

1� z̄ = ✏

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>
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<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="KGhxKje5niTFdiZ7qTvXP68n6+E=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgt1JJIUZdFN11WsA9oYphMpu3QyYOZidCG/IQbf8WNC0XcCu78G6dpFtp64MLhnHtn7j1uxKiQhvGtrayurW9sFraK2zu7e/v6wWFHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xzczvPhAuaBjcyUlEbB8NAzqgGEklOXo1sbJHEk68FDadxJIodoz0PimfmVWjkpanVWi5iMNpJXX0klEzMsBlYuakBHK0HP3L8kIc+ySQmCEh+qYRSTtBXFLMSFq0YkEihMdoSPqKBsgnwk6yhVJ4qhQPDkKuKpAwU39PJMgXYuK7qtNHciQWvZn4n9eP5eDKTmgQxZIEeP7RIGZQhnAWEfQoJ1iyiSIIc6p2hXiEOMJSBVlUIZiLJy+TznnNvKjVb+ulxnUeRwEcgxNQBia4BA3QBC3QBhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBYiWdqQ==</latexit>

H
(�1,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0<latexit sha1_base64="kEyd6rfuQEHgvsKOwGlTjk92KqA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZakFHVZdNNlBfuAJobJdNoOnTyYmQhtyE+48VfcuFDEreDOv3GaZqGtBy4czrl35t7jhowKaRjfWm5tfWNzK79d2Nnd2z/QD486Iog4Jm0csID3XCQIoz5pSyoZ6YWcIM9lpOtObuZ+94FwQQP/Tk5DYnto5NMhxUgqydErsZU+EnMySGDTiS2JIsdI7uPSea1ilJPSrAItF3E4KyeOXjSqRgq4SsyMFEGGlqN/WYMARx7xJWZIiL5phNKOEZcUM5IUrEiQEOEJGpG+oj7yiLDjdKEEnillAIcBV+VLmKq/J2LkCTH1XNXpITkWy95c/M/rR3J4ZcfUDyNJfLz4aBgxKAM4jwgOKCdYsqkiCHOqdoV4jDjCUgVZUCGYyyevkk6tal5U67f1YuM6iyMPTsApKAETXIIGaIIWaAMMHsEzeAVv2pP2or1rH4vWnJbNHIM/0D5/AGO5nao=</latexit>

H
(�2,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0 <latexit sha1_base64="K/kFyCoo6aKtKbZXuPpOob85e7k=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtlpJIUZdFN11WsA9oYphMpu3QyYOZidCGfIQbf8WNC0XcunDn3zhNs9DWAxcO59w7c+9xI0aFNIxvbWV1bX1js7BV3N7Z3dvXDw47Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb2Z+94FwQcPgTk4iYvtoGNABxUgqydHPEit7JOHES2HTSSyJYsdI75OyUTUqaXlahZaLOJxWUkcvGTUjA1wmZk5KIEfL0b8sL8SxTwKJGRKibxqRtBPEJcWMpEUrFiRCeIyGpK9ogHwi7CTbJ4WnSvHgIOSqAgkz9fdEgnwhJr6rOn0kR2LRm4n/ef1YDq7shAZRLEmA5x8NYgZlCGcJQY9ygiWbKIIwp2pXiEeIIyxVjkUVgrl48jLpnNfMi1r9tl5qXOdxFMAxOAFlYIJL0ABN0AJtgMEjeAav4E170l60d+1j3rqi5TNH4A+0zx/p3J1x</latexit>

H
(0,0)
⌧0 (z, z̄)

<latexit sha1_base64="KAA/OQDGfVoOPTloHMtm8uzWclE="></latexit>

z̄2(2� z̄)

2(1� z̄)
+ z̄ log(1� z̄) =

1

2✏
+ regular terms

<latexit sha1_base64="+r6qMjUz1LmQ8RJxKMlEEKlDAk8=">AAAB/nicbVBNS8NAEN3Ur1q/quLJy2IRvFgSKepFKHrxWMF+QBPKZjtpl242YXcj1FDwr3jxoIhXf4c3/42bNgdtfTDweG+GmXl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7l5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6ObzG8/gFQsEvd6HIMXkoFgAaNEG6lXPnDwKXZ9IvEjvsIuxIrxTK/YVXsKvEicnFRQjkav/OX2I5qEIDTlRKmuY8faS4nUjHKYlNxEQUzoiAyga6ggISgvnZ4/wcdG6eMgkqaExlP190RKQqXGoW86Q6KHat7LxP+8bqKDSy9lIk40CDpbFCQc6whnWeA+k0A1HxtCqGTmVkyHRBKqTWIlE4Iz//IiaZ1VnfNq7a5WqV/ncRTRITpCJ8hBF6iOblEDNRFFKXpGr+jNerJerHfrY9ZasPKZffQH1ucPzMyUIg==</latexit>

1� z̄ = ✏

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>

C⌧̃0H(m,i)
⌧0 =

X

l

a
(0)
⌧0,l

logi J2
⌧̃0,l

J
2(m�1)
⌧̃0,l

G�+4,l

<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>

C⌧̃0H
(m,i)
⌧0 (z, z̄) = H

(m�1,i)
⌧0 (z, z̄)
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="KGhxKje5niTFdiZ7qTvXP68n6+E=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgt1JJIUZdFN11WsA9oYphMpu3QyYOZidCG/IQbf8WNC0XcCu78G6dpFtp64MLhnHtn7j1uxKiQhvGtrayurW9sFraK2zu7e/v6wWFHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xzczvPhAuaBjcyUlEbB8NAzqgGEklOXo1sbJHEk68FDadxJIodoz0PimfmVWjkpanVWi5iMNpJXX0klEzMsBlYuakBHK0HP3L8kIc+ySQmCEh+qYRSTtBXFLMSFq0YkEihMdoSPqKBsgnwk6yhVJ4qhQPDkKuKpAwU39PJMgXYuK7qtNHciQWvZn4n9eP5eDKTmgQxZIEeP7RIGZQhnAWEfQoJ1iyiSIIc6p2hXiEOMJSBVlUIZiLJy+TznnNvKjVb+ulxnUeRwEcgxNQBia4BA3QBC3QBhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBYiWdqQ==</latexit>

H
(�1,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0<latexit sha1_base64="kEyd6rfuQEHgvsKOwGlTjk92KqA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZakFHVZdNNlBfuAJobJdNoOnTyYmQhtyE+48VfcuFDEreDOv3GaZqGtBy4czrl35t7jhowKaRjfWm5tfWNzK79d2Nnd2z/QD486Iog4Jm0csID3XCQIoz5pSyoZ6YWcIM9lpOtObuZ+94FwQQP/Tk5DYnto5NMhxUgqydErsZU+EnMySGDTiS2JIsdI7uPSea1ilJPSrAItF3E4KyeOXjSqRgq4SsyMFEGGlqN/WYMARx7xJWZIiL5phNKOEZcUM5IUrEiQEOEJGpG+oj7yiLDjdKEEnillAIcBV+VLmKq/J2LkCTH1XNXpITkWy95c/M/rR3J4ZcfUDyNJfLz4aBgxKAM4jwgOKCdYsqkiCHOqdoV4jDjCUgVZUCGYyyevkk6tal5U67f1YuM6iyMPTsApKAETXIIGaIIWaAMMHsEzeAVv2pP2or1rH4vWnJbNHIM/0D5/AGO5nao=</latexit>

H
(�2,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0 <latexit sha1_base64="K/kFyCoo6aKtKbZXuPpOob85e7k=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtlpJIUZdFN11WsA9oYphMpu3QyYOZidCGfIQbf8WNC0XcunDn3zhNs9DWAxcO59w7c+9xI0aFNIxvbWV1bX1js7BV3N7Z3dvXDw47Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb2Z+94FwQcPgTk4iYvtoGNABxUgqydHPEit7JOHES2HTSSyJYsdI75OyUTUqaXlahZaLOJxWUkcvGTUjA1wmZk5KIEfL0b8sL8SxTwKJGRKibxqRtBPEJcWMpEUrFiRCeIyGpK9ogHwi7CTbJ4WnSvHgIOSqAgkz9fdEgnwhJr6rOn0kR2LRm4n/ef1YDq7shAZRLEmA5x8NYgZlCGcJQY9ygiWbKIIwp2pXiEeIIyxVjkUVgrl48jLpnNfMi1r9tl5qXOdxFMAxOAFlYIJL0ABN0AJtgMEjeAav4E170l60d+1j3rqi5TNH4A+0zx/p3J1x</latexit>

H
(0,0)
⌧0 (z, z̄)

<latexit sha1_base64="KAA/OQDGfVoOPTloHMtm8uzWclE="></latexit>

z̄2(2� z̄)

2(1� z̄)
+ z̄ log(1� z̄) =

1

2✏
+ regular terms

<latexit sha1_base64="+r6qMjUz1LmQ8RJxKMlEEKlDAk8=">AAAB/nicbVBNS8NAEN3Ur1q/quLJy2IRvFgSKepFKHrxWMF+QBPKZjtpl242YXcj1FDwr3jxoIhXf4c3/42bNgdtfTDweG+GmXl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7l5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6ObzG8/gFQsEvd6HIMXkoFgAaNEG6lXPnDwKXZ9IvEjvsIuxIrxTK/YVXsKvEicnFRQjkav/OX2I5qEIDTlRKmuY8faS4nUjHKYlNxEQUzoiAyga6ggISgvnZ4/wcdG6eMgkqaExlP190RKQqXGoW86Q6KHat7LxP+8bqKDSy9lIk40CDpbFCQc6whnWeA+k0A1HxtCqGTmVkyHRBKqTWIlE4Iz//IiaZ1VnfNq7a5WqV/ncRTRITpCJ8hBF6iOblEDNRFFKXpGr+jNerJerHfrY9ZasPKZffQH1ucPzMyUIg==</latexit>

1� z̄ = ✏

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>

C⌧̃0H(m,i)
⌧0 =

X

l

a
(0)
⌧0,l

logi J2
⌧̃0,l

J
2(m�1)
⌧̃0,l

G�+4,l

<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>

C⌧̃0H
(m,i)
⌧0 (z, z̄) = H

(m�1,i)
⌧0 (z, z̄)

…<latexit sha1_base64="c07i0XQBBGvY4o10HxO9gHpLznI=">AAACFnicbVBJS8NAGJ241rpFPXoZLEILtSRS1GPRS48V7AJNDJPppB06WZiZCG3Ir/DiX/HiQRGv4s1/4zTNQVsfDDze+7Z5bsSokIbxra2srq1vbBa2its7u3v7+sFhR4Qxx6SNQxbynosEYTQgbUklI72IE+S7jHTd8c3M7z4QLmgY3MlJRGwfDQPqUYykkhz9LLGyIYnLEB6nsOkklkSxY6T3SdmvGpW0PK1Cy0UcTiupo5eMmpEBLhMzJyWQo+XoX9YgxLFPAokZEqJvGpG0E8QlxYykRSsWJFKL0ZD0FQ2QT4SdZBel8FQpA+iFXL1Awkz93ZEgX4iJ76pKH8mRWPRm4n9eP5belZ3QIIolCfB8kRczKEM4ywgOKCdYsokiCHOqboV4hDjCUiVZVCGYi19eJp3zmnlRq9/WS43rPI4COAYnoAxMcAkaoAlaoA0weATP4BW8aU/ai/aufcxLV7S85wj8gfb5A9zAnoQ=</latexit>

H
(m,0)
⌧0 (z, z̄)

<latexit sha1_base64="ZZ78o2kVhCVDMDMYhHZB5i4VoIM="></latexit>

H
(m,0)
⌧0 (z, z̄) =

1

2
✏
m�1�(1�m)2 + · · ·
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="C4x0NFZ1+ZicYXPr4F8ef7gjUdY=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZREirosuumygn1AE8NkOmmHTh7MTIQ25Cfc+CtuXCjiVnDn3zhNs9DWAxcO59w7c+9xI0aFNIxvrbC2vrG5Vdwu7ezu7R/oh0ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMnN3O/90C4oGFwJ6cRsX00CqhHMZJKcvRaYmWPJC6LSQpbTmJJFDtGep9UzBqtppVZDVou4nBWTR29bNSNDHCVmDkpgxxtR/+yhiGOfRJIzJAQA9OIpJ0gLilmJC1ZsSARwhM0IgNFA+QTYSfZQik8U8oQeiFXFUiYqb8nEuQLMfVd1ekjORbL3lz8zxvE0ruyExpEsSQBXnzkxQzKEM4jgkPKCZZsqgjCnKpdIR4jjrBUQZZUCObyyauke143L+qN20a5eZ3HUQQn4BRUgAkuQRO0QBt0AAaP4Bm8gjftSXvR3rWPRWtBy2eOwR9onz8h1p4i</latexit>

H
(1,i)
⌧0 (z, z̄)

<latexit sha1_base64="BxvayQLUaZJl90vAp0jgBfCS7FM=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZREirosuumygn1AE8NkOmmHTh7MTIQ25Cfc+CtuXCjiVnDn3zhNs9DWAxcO59w7c+9xI0aFNIxvrbC2vrG5Vdwu7ezu7R/oh0ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMnN3O/90C4oGFwJ6cRsX00CqhHMZJKcvRaYmWPJC6LSQpbTmJJFDtGep9UjBqtppVZDVou4nBWTR29bNSNDHCVmDkpgxxtR/+yhiGOfRJIzJAQA9OIpJ0gLilmJC1ZsSARwhM0IgNFA+QTYSfZQik8U8oQeiFXFUiYqb8nEuQLMfVd1ekjORbL3lz8zxvE0ruyExpEsSQBXnzkxQzKEM4jgkPKCZZsqgjCnKpdIR4jjrBUQZZUCObyyauke143L+qN20a5eZ3HUQQn4BRUgAkuQRO0QBt0AAaP4Bm8gjftSXvR3rWPRWtBy2eOwR9onz8gQp4h</latexit>

H
(0,i)
⌧0 (z, z̄)

<latexit sha1_base64="KGhxKje5niTFdiZ7qTvXP68n6+E=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgt1JJIUZdFN11WsA9oYphMpu3QyYOZidCG/IQbf8WNC0XcCu78G6dpFtp64MLhnHtn7j1uxKiQhvGtrayurW9sFraK2zu7e/v6wWFHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xzczvPhAuaBjcyUlEbB8NAzqgGEklOXo1sbJHEk68FDadxJIodoz0PimfmVWjkpanVWi5iMNpJXX0klEzMsBlYuakBHK0HP3L8kIc+ySQmCEh+qYRSTtBXFLMSFq0YkEihMdoSPqKBsgnwk6yhVJ4qhQPDkKuKpAwU39PJMgXYuK7qtNHciQWvZn4n9eP5eDKTmgQxZIEeP7RIGZQhnAWEfQoJ1iyiSIIc6p2hXiEOMJSBVlUIZiLJy+TznnNvKjVb+ulxnUeRwEcgxNQBia4BA3QBC3QBhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBYiWdqQ==</latexit>

H
(�1,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0<latexit sha1_base64="kEyd6rfuQEHgvsKOwGlTjk92KqA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZakFHVZdNNlBfuAJobJdNoOnTyYmQhtyE+48VfcuFDEreDOv3GaZqGtBy4czrl35t7jhowKaRjfWm5tfWNzK79d2Nnd2z/QD486Iog4Jm0csID3XCQIoz5pSyoZ6YWcIM9lpOtObuZ+94FwQQP/Tk5DYnto5NMhxUgqydErsZU+EnMySGDTiS2JIsdI7uPSea1ilJPSrAItF3E4KyeOXjSqRgq4SsyMFEGGlqN/WYMARx7xJWZIiL5phNKOEZcUM5IUrEiQEOEJGpG+oj7yiLDjdKEEnillAIcBV+VLmKq/J2LkCTH1XNXpITkWy95c/M/rR3J4ZcfUDyNJfLz4aBgxKAM4jwgOKCdYsqkiCHOqdoV4jDjCUgVZUCGYyyevkk6tal5U67f1YuM6iyMPTsApKAETXIIGaIIWaAMMHsEzeAVv2pP2or1rH4vWnJbNHIM/0D5/AGO5nao=</latexit>

H
(�2,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0 <latexit sha1_base64="K/kFyCoo6aKtKbZXuPpOob85e7k=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtlpJIUZdFN11WsA9oYphMpu3QyYOZidCGfIQbf8WNC0XcunDn3zhNs9DWAxcO59w7c+9xI0aFNIxvbWV1bX1js7BV3N7Z3dvXDw47Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb2Z+94FwQcPgTk4iYvtoGNABxUgqydHPEit7JOHES2HTSSyJYsdI75OyUTUqaXlahZaLOJxWUkcvGTUjA1wmZk5KIEfL0b8sL8SxTwKJGRKibxqRtBPEJcWMpEUrFiRCeIyGpK9ogHwi7CTbJ4WnSvHgIOSqAgkz9fdEgnwhJr6rOn0kR2LRm4n/ef1YDq7shAZRLEmA5x8NYgZlCGcJQY9ygiWbKIIwp2pXiEeIIyxVjkUVgrl48jLpnNfMi1r9tl5qXOdxFMAxOAFlYIJL0ABN0AJtgMEjeAav4E170l60d+1j3rqi5TNH4A+0zx/p3J1x</latexit>

H
(0,0)
⌧0 (z, z̄)

<latexit sha1_base64="KAA/OQDGfVoOPTloHMtm8uzWclE="></latexit>

z̄2(2� z̄)

2(1� z̄)
+ z̄ log(1� z̄) =

1

2✏
+ regular terms

<latexit sha1_base64="+r6qMjUz1LmQ8RJxKMlEEKlDAk8=">AAAB/nicbVBNS8NAEN3Ur1q/quLJy2IRvFgSKepFKHrxWMF+QBPKZjtpl242YXcj1FDwr3jxoIhXf4c3/42bNgdtfTDweG+GmXl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7l5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6ObzG8/gFQsEvd6HIMXkoFgAaNEG6lXPnDwKXZ9IvEjvsIuxIrxTK/YVXsKvEicnFRQjkav/OX2I5qEIDTlRKmuY8faS4nUjHKYlNxEQUzoiAyga6ggISgvnZ4/wcdG6eMgkqaExlP190RKQqXGoW86Q6KHat7LxP+8bqKDSy9lIk40CDpbFCQc6whnWeA+k0A1HxtCqGTmVkyHRBKqTWIlE4Iz//IiaZ1VnfNq7a5WqV/ncRTRITpCJ8hBF6iOblEDNRFFKXpGr+jNerJerHfrY9ZasPKZffQH1ucPzMyUIg==</latexit>

1� z̄ = ✏

<latexit sha1_base64="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

C⌧̃0G�+4,`(z, z̄) = J2
⌧̃0,`G�+4,`(z, z̄)

<latexit sha1_base64="bUO5oc1pw7dsJDQzoTwjsA7bGvY="></latexit>

C⌧̃0H(m,i)
⌧0 =

X

l

a
(0)
⌧0,l

logi J2
⌧̃0,l

J
2(m�1)
⌧̃0,l

G�+4,l

<latexit sha1_base64="vA573/aMTWY01zenUw3baNaxYuo="></latexit>

C⌧̃0H
(m,i)
⌧0 (z, z̄) = H

(m�1,i)
⌧0 (z, z̄)

…<latexit sha1_base64="c07i0XQBBGvY4o10HxO9gHpLznI=">AAACFnicbVBJS8NAGJ241rpFPXoZLEILtSRS1GPRS48V7AJNDJPppB06WZiZCG3Ir/DiX/HiQRGv4s1/4zTNQVsfDDze+7Z5bsSokIbxra2srq1vbBa2its7u3v7+sFhR4Qxx6SNQxbynosEYTQgbUklI72IE+S7jHTd8c3M7z4QLmgY3MlJRGwfDQPqUYykkhz9LLGyIYnLEB6nsOkklkSxY6T3SdmvGpW0PK1Cy0UcTiupo5eMmpEBLhMzJyWQo+XoX9YgxLFPAokZEqJvGpG0E8QlxYykRSsWJFKL0ZD0FQ2QT4SdZBel8FQpA+iFXL1Awkz93ZEgX4iJ76pKH8mRWPRm4n9eP5belZ3QIIolCfB8kRczKEM4ywgOKCdYsokiCHOqboV4hDjCUiVZVCGYi19eJp3zmnlRq9/WS43rPI4COAYnoAxMcAkaoAlaoA0weATP4BW8aU/ai/aufcxLV7S85wj8gfb5A9zAnoQ=</latexit>

H
(m,0)
⌧0 (z, z̄)

<latexit sha1_base64="ZZ78o2kVhCVDMDMYhHZB5i4VoIM="></latexit>

H
(m,0)
⌧0 (z, z̄) =

1

2
✏
m�1�(1�m)2 + · · ·
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<latexit sha1_base64="1wUfx95fQLi4yQLs9AJsRLX4h5E="></latexit>

F(u, v) =
X

�

X

even `

a⌧,`G�+4,`(u, v)

twist conformal block
Alday, 2016

<latexit sha1_base64="JTbP96GbOMw1DyGbGnFRcX+09y4="></latexit>

H⌧=2 =
X

even `

a
(0)
⌧,`G`+6,`(u, v)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

<latexit sha1_base64="zsFo++YC8+z29sAMBn5ynJU2Pxs=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBEEoiRR1IxTduKxgL9CEMJlM26GTCzMnQgnZ+CpuXCji1sdw59s4abPQ1h8GPv5zDmfO7yeCK7Csb2NpeWV1bb2yUd3c2t7ZNff2OypOJWVtGotY9nyimOARawMHwXqJZCT0Bev649ui3n1kUvE4eoBJwtyQDCM+4JSAtjzz0AEuApY5QNLcs/A1Luis4Zk1q25NhRfBLqGGSrU888sJYpqGLAIqiFJ920rAzYgETgXLq06qWELomAxZX2NEQqbcbHpAjk+0E+BBLPWLAE/d3xMZCZWahL7uDAmM1HytMP+r9VMYXLkZj5IUWERniwapwBDjIg0ccMkoiIkGQiXXf8V0RCShoDOr6hDs+ZMXoXNety/qjftGrXlTxlFBR+gYnSIbXaImukMt1EYU5egZvaI348l4Md6Nj1nrklHOHKA/Mj5/AId4lbc=</latexit>

⌧̃0 = ⌧ + 4

<latexit sha1_base64="bVY5ZYnk63VMbD/CufaVvkydXik="></latexit>

H
(m,i)
⌧0 (z, z̄) =

X

`

a
(0)
⌧0,`

logi J2
⌧̃0,`

J
2m
⌧̃0,`

G�+4,`(z, z̄)

<latexit sha1_base64="C4x0NFZ1+ZicYXPr4F8ef7gjUdY=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZREirosuumygn1AE8NkOmmHTh7MTIQ25Cfc+CtuXCjiVnDn3zhNs9DWAxcO59w7c+9xI0aFNIxvrbC2vrG5Vdwu7ezu7R/oh0ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMnN3O/90C4oGFwJ6cRsX00CqhHMZJKcvRaYmWPJC6LSQpbTmJJFDtGep9UzBqtppVZDVou4nBWTR29bNSNDHCVmDkpgxxtR/+yhiGOfRJIzJAQA9OIpJ0gLilmJC1ZsSARwhM0IgNFA+QTYSfZQik8U8oQeiFXFUiYqb8nEuQLMfVd1ekjORbL3lz8zxvE0ruyExpEsSQBXnzkxQzKEM4jgkPKCZZsqgjCnKpdIR4jjrBUQZZUCObyyauke143L+qN20a5eZ3HUQQn4BRUgAkuQRO0QBt0AAaP4Bm8gjftSXvR3rWPRWtBy2eOwR9onz8h1p4i</latexit>

H
(1,i)
⌧0 (z, z̄)

<latexit sha1_base64="BxvayQLUaZJl90vAp0jgBfCS7FM=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZREirosuumygn1AE8NkOmmHTh7MTIQ25Cfc+CtuXCjiVnDn3zhNs9DWAxcO59w7c+9xI0aFNIxvrbC2vrG5Vdwu7ezu7R/oh0ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMnN3O/90C4oGFwJ6cRsX00CqhHMZJKcvRaYmWPJC6LSQpbTmJJFDtGep9UjBqtppVZDVou4nBWTR29bNSNDHCVmDkpgxxtR/+yhiGOfRJIzJAQA9OIpJ0gLilmJC1ZsSARwhM0IgNFA+QTYSfZQik8U8oQeiFXFUiYqb8nEuQLMfVd1ekjORbL3lz8zxvE0ruyExpEsSQBXnzkxQzKEM4jgkPKCZZsqgjCnKpdIR4jjrBUQZZUCObyyauke143L+qN20a5eZ3HUQQn4BRUgAkuQRO0QBt0AAaP4Bm8gjftSXvR3rWPRWtBy2eOwR9onz8gQp4h</latexit>

H
(0,i)
⌧0 (z, z̄)

<latexit sha1_base64="KGhxKje5niTFdiZ7qTvXP68n6+E=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgt1JJIUZdFN11WsA9oYphMpu3QyYOZidCG/IQbf8WNC0XcCu78G6dpFtp64MLhnHtn7j1uxKiQhvGtrayurW9sFraK2zu7e/v6wWFHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xzczvPhAuaBjcyUlEbB8NAzqgGEklOXo1sbJHEk68FDadxJIodoz0PimfmVWjkpanVWi5iMNpJXX0klEzMsBlYuakBHK0HP3L8kIc+ySQmCEh+qYRSTtBXFLMSFq0YkEihMdoSPqKBsgnwk6yhVJ4qhQPDkKuKpAwU39PJMgXYuK7qtNHciQWvZn4n9eP5eDKTmgQxZIEeP7RIGZQhnAWEfQoJ1iyiSIIc6p2hXiEOMJSBVlUIZiLJy+TznnNvKjVb+ulxnUeRwEcgxNQBia4BA3QBC3QBhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBYiWdqQ==</latexit>

H
(�1,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0<latexit sha1_base64="kEyd6rfuQEHgvsKOwGlTjk92KqA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZakFHVZdNNlBfuAJobJdNoOnTyYmQhtyE+48VfcuFDEreDOv3GaZqGtBy4czrl35t7jhowKaRjfWm5tfWNzK79d2Nnd2z/QD486Iog4Jm0csID3XCQIoz5pSyoZ6YWcIM9lpOtObuZ+94FwQQP/Tk5DYnto5NMhxUgqydErsZU+EnMySGDTiS2JIsdI7uPSea1ilJPSrAItF3E4KyeOXjSqRgq4SsyMFEGGlqN/WYMARx7xJWZIiL5phNKOEZcUM5IUrEiQEOEJGpG+oj7yiLDjdKEEnillAIcBV+VLmKq/J2LkCTH1XNXpITkWy95c/M/rR3J4ZcfUDyNJfLz4aBgxKAM4jwgOKCdYsqkiCHOqdoV4jDjCUgVZUCGYyyevkk6tal5U67f1YuM6iyMPTsApKAETXIIGaIIWaAMMHsEzeAVv2pP2or1rH4vWnJbNHIM/0D5/AGO5nao=</latexit>

H
(�2,0)
⌧0 (z, z̄)

<latexit sha1_base64="wFSHu78Szewmwi0ZykPN4VoWKH8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSKeqx2IvHCrYWmhA2m027dPPB7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZp6fCq7Asr6Nysrq2vpGdbO2tb2zu2fuH/RUkknKujQRiez7RDHBY9YFDoL1U8lI5At274/bU//+gUnFk/gOJilzIzKMecgpAS155lHuUCJwu/ByB7gIGHaAZJ5VeGbdalgz4GVil6SOSnQ888sJEppFLAYqiFID20rBzYkETgUrak6mWEromAzZQNOYREy5+eyDAp9qJcBhInXFgGfq74mcREpNIl93RgRGatGbiv95gwzCKzfncZoBi+l8UZgJDAmexoEDLhkFMdGEUMn1rZiOiCQUdGg1HYK9+PIy6Z037ItG87ZZb12XcVTRMTpBZ8hGl6iFblAHdRFFj+gZvaI348l4Md6Nj3lrxShnDtEfGJ8/DTWWpQ==</latexit>

C⌧̃0

analytic continuation in m
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Examples:  
• N=4 SYM 
• QCD charge-charge correlator QQC
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Explicit example for a toy model: N=4 SYM
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Agree with fixed-oder expansion (up to terms not enhanced by large spin)
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Resummation of EEC in N=4 SYM

30

<latexit sha1_base64="k5xVA6leqZzQrDMkd4/S5DLw5IY="></latexit>

EEC(y) ⇠
1X

n=1

2n�1X

m=0

↵n
s

✓
cn,m

logm y

y
+ dn,m logm y

◆

NLL: <latexit sha1_base64="QIcsS2KqFwIj3YJe/cOlyxG3yhw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZDUI9BLx4jmAcmS5id9CZDZmfXmVkhhPyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqHSPJb3ZpSgH9G+5CFn1FjpIer08ZGU5Xm5Wyi6JXcGsky8jBQhQ61b+Or0YpZGKA0TVOu25ybGH1NlOBM4yXdSjQllQ9rHtqWSRqj98eziCTm1So+EsbIlDZmpvyfGNNJ6FAW2M6JmoBe9qfif105NeOWPuUxSg5LNF4WpICYm0/dJjytkRowsoUxxeythA6ooMzakvA3BW3x5mTTKJe+iVLmrFKvXWRw5OIYTOAMPLqEKt1CDOjCQ8Ayv8OZo58V5dz7mrStONnMEf+B8/gBUOZAM</latexit>

m � 2n� 2

<latexit sha1_base64="+lojhuZFqhunV8hjnXeOYU8fVbI="></latexit>

EEC(y) = �aLye�
aL2

y
2

4y
� 1

4

r
⇡

2

p
a erf

✓r
a

2
Ly

◆
+aLye

�
aL2

y
2

�
+

a

48
(7aL2

y � 4)e�
aL2

y
2 +

a

12
+ · · ·

<latexit sha1_base64="z0yAsKxmGorR+pRRbI7G3eretXI="></latexit>

erf(z) =
2p
⇡

Z z

0
e�t2dt

“

“

”

”

<latexit sha1_base64="b8JOlC8O3g+Ww3x6FrWvHEtStN8="></latexit>

EEC(1) = �
1

4y
log y�

1

2
log y+0 · y0 +O(y) ,

EEC(2) =
1

y

✓
log3 y

8
+ 0 · log2 y + · · ·

◆
+

✓
log3 y

6
+

3

16
log2 y + · · ·

◆
+O(y)

EEC(3) =
1

y

✓
�
log5 y

32
+ 0 · log4 y + · · ·

◆
+

✓
�
3 log5 y

80
�

log4 y

12
+ · · ·

◆
+O(y) .

Henn, Sokatchev, Yan, Zhiboedov, 2019
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Local charge-charge correlator in QCD
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Chicherin, Henn, Sokatchev, Yan, 2020

twist 3 operators

Chen, HXZ, in preparation



Summary
• We have proposed a new method to resum Sudakov logarithms in EEC 

based on double lightcone OPE


• Power corrections from twist expansion and infinite spin expansion


• Simplify by crossing symmetry


• Resummation by RG + large spin perturbation via twist conformal block


• Towards QCD (work in progress):


• Spinning conformal block


• Running coupling effects (only appear at NLL and beyond)


• Generalization to more observables
32



Analytic continuation of twist conformal block
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Generic formula at negative m:

Expand at m=0, 1:


