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Sudakov logarithms

in massive form factor in physical observable: 
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Sudakov logarithms are consequence of soft and collinear 

dynamics of massless gauge theory
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Sudakov logarithms at NLP
• Resummation Sudakov logarithms in collider processes at leading power is 

no longer a rocket science — thanks to SCET!


• The current frontiers is to go beyond leading power


• Has practical applications: e.g. improving slicing methods such as qT 
subtraction and N-jettiness subtraction


• Can guide parameterization for non-perturbative hadronization effects


• Teach valuable lessons for QFT near lightcone in general
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Sudakov logarithms double lightcone OPE
Introduce a new method to resum Sudakov logarithms (LP, NLP, and beyond) 

based of operator production expansion
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Double lightcone dominance
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(x1 � x2)
2 ⇠ (x2 � x3)

2 ⇠ 0

conformal symmetry

large spin perturbation theory


analyticity in spin

Energy-Energy Correlator
Probably the simplest event shape


Measured at LEP at the LHC

CERN courier 2023

Related to C/D parameter by moment

See talks by: Cao, Jaarsma, Lee



EEC in the back-to-back limit
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EEC(�) =
1

�

X

i,j

Z
d�e+e�!i+j+X

EiEj

Q2
�(cos�� ~pi · ~pj

|~pi||~pj |
)

back-to-back limit: χ → π
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EEC(y)
���
y!0

⇠ H(Q,µ)S(b, µ, ⌫)Jq(b, µ, ⌫)Jq(b, µ, ⌫)

TMD soft function
First moment of TMD fragmentation function

Collins, Soper, 1983

Moult, Zhu, 2018

A SCET-II problem!

Basham, Brown, Love, Ellis, 1978



Position space definition of EEC
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EEC as Lorentizan Wightman correlation 
function of null-integrated opeartors
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Z
d4x eiq·x13hJµ(x1)E(n2)E(n4)J

†
µ(x3)i
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1Z
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dni ·xi

16
lim

n̄i·xi!1
(n̄i · xi)

2Tµ⌫(xi)n̄
µ
i n̄

⌫
i

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov, 2013

Tkachov, 1995; Hofman, Maldacena 2008; Bauer, Fleming, 
Lee, Sterman, 2008 

t
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One of the simplest observables from the theoretical perspective is the Energy-Energy

Correlator (EEC), defined as [2, 3]
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Q2
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1 � cos �ij

2

◆
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,

and their angular separation is �ij . d� is the product of the squared matrix element and the

phase-space measure. The EEC can also be defined in terms of correlation function of ANEC

operators [4–7]

E(~n) =

1Z

0

dt lim
r!1

r
2
n
i
T0i(t, r~n) , (1.2)

where it is given by

d�

dz
=

hOE(~n1)E(~n2)O†
i

hOO†i
, (1.3)

for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.

There has recently been significant progress in the understanding of the EEC from a

number of di↵erent directions. For generic angles, the EEC has been computed at next-to-

leading order (NLO) in QCD [8, 9] for both an e
+
e
� source, and Higgs decaying to gluons,

and up to NNLO in N = 4 SYM [7, 10]. It has also been computed numerically in QCD at

NNLO [11, 12].

There has also been progress in understanding the singularities of the EEC, which occur as

z ! 0 (the collinear limit) and z ! 1 (the back-to-back limit). In the back-to-back limit, the

EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described

by a factorization formula [13, 14]. In the z ! 0 limit, which will be studied in this paper,

the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This

limit is of theoretical interest for studying the OPE structure of non-local operators, and of

phenomenological interest as a jet substructure observable.

The two-point correlator is particularly simple since it depends on a single variable, z.

Indeed, in a conformal field theory (CFT), its behavior in the collinear limit is fixed to be a

power law

⌃(z) =
1

2
C(↵s) z

�N=4
J (↵s) , (1.4)
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<latexit sha1_base64="zPGfVTTH3WcFQEtXnWn3HZi8pE8=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0UQxJLUoi4LbrqsYB/QxDCZTtqhM0mYmYgl5Dfc+CtuXCjiUlf+jdM2grYeGDiccy93zvFjRqWyrC+jsLS8srpWXC9tbG5t75i7e20ZJQKTFo5YJLo+koTRkLQUVYx0Y0EQ9xnp+KOrid+5I0LSKLxR45i4HA1CGlCMlJY80xpDR1IOnUAgnN57qX2W3Z7AnJxmP1I1g9BREbQ8s2xVrCngIrFzUgY5mp754fQjnHASKsyQlD3bipWbIqEoZiQrOYkkMcIjNCA9TUPEiXTTabIMHmmlD4NI6BcqOFV/b6SISznmvp7kSA3lvDcR//N6iQou3ZSGcaJIiGeHgoRBHXFSE+xTQbBiY00QFlT/FeIh0h0pXWZJl2DPR14k7WrFPq/UrmvleiOvowgOwCE4Bja4AHXQAE3QAhg8gCfwAl6NR+PZeDPeZ6MFI9/ZB39gfH4D/uafDA==</latexit>

y ⇠ x+
13x

�
13

x2
13

! 0

<latexit sha1_base64="V7EPIDrqCoSrJhOs7mrn46I77JY=">AAACDHicbVDLSsNAFL3xWeur6tLNYBFcSEliUcFNwU2XFewDmlgm00k7dPJgZiKW0A9w46+4caGIWz/AnX/jpM1CWw8MnHPuvdy5x4s5k8o0v42l5ZXVtfXCRnFza3tnt7S335JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Sd1dv3VEgWhbdqHFM3wIOQ+Yxgpa1eqfzQSy17cmejU+RcIa3ss0w5nGfCyoTuMivmFGiRWDkpQ45Gr/Tl9COSBDRUhGMpu5YZKzfFQjHC6aToJJLGmIzwgHY1DXFApZtOj5mgY+30kR8J/UKFpu7viRQHUo4DT3cGWA3lfC0z/6t1E+VfuikL40TRkMwW+QlHKkJZMqjPBCWKjzXBRDD9V0SGWGCidH5FHYI1f/IiadkV67xSvamWa/U8jgIcwhGcgAUXUIM6NKAJBB7hGV7hzXgyXox342PWumTkMwfwB8bnD83pmPg=</latexit>

x2
12, x

2
23 ⌧ x2

13

Double lightcone dominance

7

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

hJµ(x1)T
⇢�(x2)T

�(x4)J
µ(x3)i

<latexit sha1_base64="nLWPiO1CEdRTgBzJE3t4O67gUS0=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmKoEKGCuxdCwSfUhNGjmO01p1nGA7iCrKD7DwKywMIMTKzsbf4LYZoOVIVzo6517de4+fMCqVZX0bS8srq2vrpY3y5tb2zq65t9+WcSowaeGYxaLrI0kY5aSlqGKkmwiCIp+Rjj+6nvideyIkjfmtGifEjdCA05BipLTkmccO5QoG/Rp88DL7PIekn1F4Bx0cxKrQcs+sWFVrCrhI7IJUQIGmZ345QYzTiHCFGZKyZ1uJcjMkFMWM5GUnlSRBeIQGpKcpRxGRbjb9JocnWglgGAtd+rap+nsiQ5GU48jXnRFSQznvTcT/vF6qwis3ozxJFeF4tihMGVQxnEQDAyoIVmysCcKC6lshHiKBsNIBlnUI9vzLi6R9VrUvqrWbWqXeKOIogUNwBE6BDS5BHTRAE7QABo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwBTkpqA</latexit>Z
d4x13e

iq·x13 + Light transformation

Where is the back-to-back limit in position space?
Choose a frame where detectors 
are exactly back-to-back

<latexit sha1_base64="W0WFMhTrRvr1bBvk8MJaF0d7SD8=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBE8ld1S1GPBS48V7A9015JNs21okk2TrLAsfQAvvooXD4p49QG8+Tam7R609YOEYWY+kplQMqqN6347a+sbm1vbhZ3i7t7+wWHp6Lit40Rh0sIxi1U3RJowKkjLUMNIVyqCeMhIJxzfzPTOA1GaxuLOpJIEHA0FjShGxlL9UjmFvqYc+pFCOJv0fUmUvK9Os4m9IPRNDF3rcivufOAq8HJQBvk0+6UvfxDjhBNhMENa9zxXmiBDylDMyLToJ5pIhMdoSHoWCsSJDrJ5mCk8t8wARrGyRxg4Z39vZIhrnfLQOjkyI72szcj/tF5iousgo0Imhgi8eChKGLQRZ83AAVUEG5ZagLCi9q8Qj5Ctxdj+irYEbznyKmhXK95lpXZbK9cbeR0FcArOwAXwwBWogwZoghbA4BE8g1fw5jw5L86787Gwrjn5zgn4M87nD3j8mqE=</latexit>

y ⇠ q2?
q2

! 0

<latexit sha1_base64="pFN7i9W3pU0ioVyXFPKszutnR3M=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKUS9CwUuPFewHtCFstpt26WYTdjeFEPpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKW9s7u3vl/crB4dHxiX161lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMH1Y+L0ZlYrF4klnCfUiPBYsZARrI/m2Lfw6ukfDAMtczP0G8u2qU3OWQJvELUgVCrR9+2s4ikkaUaEJx0oNXCfRXo6lZoTTeWWYKppgMsVjOjBU4IgqL19ePkdXRhmhMJamhEZL9fdEjiOlsigwnRHWE7XuLcT/vEGqwzsvZyJJNRVktShMOdIxWsSARkxSonlmCCaSmVsRmWCJiTZhVUwI7vrLm6Rbr7k3tcZjo9psFXGU4QIu4RpcuIUmtKANHSAwg2d4hTcrt16sd+tj1Vqyiplz+APr8wfK+ZKA</latexit>

n2 = n̄4

dominated by

S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="NcPhy7DGsvkMbjxwkP2szw9wblw=">AAACEXicbZC7TsMwFIYdrqXcAowsFhVSpyoJFTBWYulYJHqRmhA5rtNadZzIdhBVlFdg4VVYGECIlY2Nt8FtM5SWX7L06zvn6Pj8QcKoVJb1Y6ytb2xubZd2yrt7+weH5tFxR8apwKSNYxaLXoAkYZSTtqKKkV4iCIoCRrrB+GZa7z4QIWnM79QkIV6EhpyGFCOlkW9W3VAgnNl59uhntpPfOzl0XbhInYsp9c2KVbNmgqvGLkwFFGr55rc7iHEaEa4wQ1L2bStRXoaEopiRvOymkiQIj9GQ9LXlKCLSy2YX5fBckwEMY6EfV3BGFycyFEk5iQLdGSE1ksu1Kfyv1k9VeO1llCepIhzPF4UpgyqG03jggAqCFZtog7Cg+q8Qj5AOQ+kQyzoEe/nkVdNxavZlrX5brzSaRRwlcArOQBXY4Ao0QBO0QBtg8ARewBt4N56NV+PD+Jy3rhnFzAn4I+PrF7ppnPo=</latexit>

1

x2
12

1

x2
23

<latexit sha1_base64="uomxLfW+TA8wt8P2OOU+QBA0fY8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinoseOnNCtYW0lI22027dJMNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePRqVasZbTEmlOwE1XIqYt1Cg5J1EcxoFkreD8e3Mbz9xbYSKH3CS8F5Eh7EIBaNoJf+un3WRphdETvvlilt15yCrxMtJBXI0++Wv7kCxNOIxMkmN8T03wV5GNQom+bTUTQ1PKBvTIfctjWnETS+bnzwlZ1YZkFBpWzGSufp7IqORMZMosJ0RxZFZ9mbif56fYnjTy0ScpMhjtlgUppKgIrP/yUBozlBOLKFMC3srYSOqKUObUsmG4C2/vEoeL6veVbV2X6vUG3kcRTiBUzgHD66hDg1oQgsYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx/ROpD7</latexit>

O⌧,l

lightcone OPE

twist expansion

requires sum over infinite operators 
with degenerate twist to reproduce

<latexit sha1_base64="RpzdjN873sB1VDVErdURDEpj+8o=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwYkmkqBehoIceK9gPaELZbDft0s0m7E6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5uFreL2zu7evl06aOk4VZQ1aSxi1QmIZoJL1gQOgnUSxUgUCNYORjdTv/3AlOaxvIdxwvyIDCQPOSVgpJ5d8oCk+Bp7t0wAwWdY9OyyU3FmwMvEzUkZ5Wj07C+vH9M0YhKoIFp3XScBPyMKOBVsUvRSzRJCR2TAuoZKEjHtZ7PTJ/jEKH0cxsqUBDxTf09kJNJ6HAWmMyIw1IveVPzP66YQXvkZl0kKTNL5ojAVGGI8zQH3uWIUxNgQQhU3t2I6JIpQMGkVTQju4svLpHVecS8q1btquVbP4yigI3SMTpGLLlEN1VEDNRFFj+gZvaI368l6sd6tj3nripXPHKI/sD5/ACFYkqY=</latexit>

⌧ = �� l

Korchemsky 2019; Chen, Zhou, HXZ, 2023

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

x1 = 0, x2 = (t2, r~n2), x4 = (t4, r~n4)q: virtual photon momentum



Concrete example: N=4 SYM
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A close cousin of QCD

<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) + · · ·

�
+ · · · .

Drummond, Duhr, Eden, Helsop, Pennington, Smirnov, 2013 

<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) .light transform

Henn, Sokatchev, Yan, Zhiboedov, 2019

see also an expansion leading to different 
results in Moult, Vita, Yan, 2019

superconformal sym. Korchemsky, Sokatchev, 2015
<latexit sha1_base64="5yNoiFnKPGIAxnyo2pgVdBTBiG8="></latexit>

hO(x1)O(x2)O(x4)O(x3)idyn =
1

(2⇡)4
x4
13x

4
24

(x2
12x

2
34)

4
F(u, v)

<latexit sha1_base64="ktLXgjmOM7uM7NT39m7JxOBXnhE="></latexit>

hO(x1)T (x2)T (x4)O(x3)idyn =
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)conformal cross ratio double lightcone limit:
<latexit sha1_base64="3fr3M0Duk6hm5yChrTuDu6mX8ho=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LblxWsA9oQplMJu3QySTOo1BD8VfcuFDErf/hzr9xmmahrQcGzpxzL/feE6SMSuU439bS8srq2nppo7y5tb2za+/tt2SiBSZNnLBEdAIkCaOcNBVVjHRSQVAcMNIOhjdTvz0iQtKE36txSvwY9TmNKEbKSD37UHsqgc4Z9B40CuEo//XsilN1csBF4hakAgo0evaXFyZYx4QrzJCUXddJlZ8hoShmZFL2tCQpwkPUJ11DOYqJ9LN8+wk8MUoIo0SYxxXM1d8dGYqlHMeBqYyRGsh5byr+53W1iq78jPJUK8LxbFCkGTQnTqOAIRUEKzY2BGFBza4QD5BAWJnAyiYEd/7kRdI6r7oX1dpdrVK/LuIogSNwDE6BCy5BHdyCBmgCDB7BM3gFb9aT9WK9Wx+z0iWr6DkAf2B9/gB9qpP4</latexit>

u ! 0, v ! 0



Double lightcone expansion

9

Sudakov limit in EEC singularities in
<latexit sha1_base64="3fr3M0Duk6hm5yChrTuDu6mX8ho=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRoi6LblxWsA9oQplMJu3QySTOo1BD8VfcuFDErf/hzr9xmmahrQcGzpxzL/feE6SMSuU439bS8srq2nppo7y5tb2za+/tt2SiBSZNnLBEdAIkCaOcNBVVjHRSQVAcMNIOhjdTvz0iQtKE36txSvwY9TmNKEbKSD37UHsqgc4Z9B40CuEo//XsilN1csBF4hakAgo0evaXFyZYx4QrzJCUXddJlZ8hoShmZFL2tCQpwkPUJ11DOYqJ9LN8+wk8MUoIo0SYxxXM1d8dGYqlHMeBqYyRGsh5byr+53W1iq78jPJUK8LxbFCkGTQnTqOAIRUEKzY2BGFBza4QD5BAWJnAyiYEd/7kRdI6r7oX1dpdrVK/LuIogSNwDE6BCy5BHdyCBmgCDB7BM3gFb9aT9WK9Wx+z0iWr6DkAf2B9/gB9qpP4</latexit>

u ! 0, v ! 0

<latexit sha1_base64="zn9GQma1VXZEqfkNpx+3yltLXHk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ae0Q8mkmTY2kwx5CGXoP7hxoYhb/8edf2PazkJbDwQO59xL7jlRypk2vv/tFdbWNza3itulnd29/YPy4VFLS6sIbRLJpepEWFPOBG0aZjjtpIriJOK0HY1vZ377iSrNpHgwk5SGCR4KFjOCjZNatmck8vvlil/150CrJMhJBXI0+uWv3kASm1BhCMdadwM/NWGGlWGE02mpZzVNMRnjIe06KnBCdZjNr52iM6cMUCyVe8Kgufp7I8OJ1pMkcpMJNiO97M3E/7yuNfF1mDGRWkMFWXwUW45cxFl0NGCKEsMnjmCimLsVkRFWmBhXUMmVECxHXiWti2pwWa3d1yr1m7yOIpzAKZxDAFdQhztoQBMIPMIzvMKbJ70X7937WIwWvHznGP7A+/wBAC6Oww==</latexit>

u ! 0

<latexit sha1_base64="5+D1OuHr//TgXJETu0FymwahP+o=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewaoh6JXjxiIkgCG9ItXah0203bJSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0cto1JNWZMqoXQ7JIYJLlnTcitYO9GMxKFgj+HoduY/jpk2XMkHO0lYEJOB5BGnxDqpNe5ahb1eueJVvTnwKvFzUoEcjV75q9tXNI2ZtFQQYzq+l9ggI9pyKti01E0NSwgdkQHrOCpJzEyQza+d4jOn9HGktHvS4rn6eyMjsTGTOHSTMbFDs+zNxP+8Tmqj6yDjMkktk3TxUZQK7CLOouM+14xaMXGEUM3drZgOiSbUuoJKrgR/OfIqaV1U/ctq7b5Wqd/kdRThBE7hHHy4gjrcQQOaQOEJnuEV3pBCL+gdfSxGCyjfOYY/QJ8/AbeOxA==</latexit>

v ! 0

twist expansion. Power corrections computed by 
including higher twist operator

Large spin expansion. Power corrections computed 
by retaining 1/spin suppression terms

collinear

soft

<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)

<latexit sha1_base64="C3YPXF3PKg8pJ47pAHLGjN14kYI="></latexit>

�(1)
2,` = log J2

6,` + 2�E +
1

3J2
6,`

+O(J�4
6,` )example:

cusp anomalous dim.
normal anomalous dim. large spin suppression



Crossing symmetry
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For a large part, twist suppression is determined by large spin suppression

<latexit sha1_base64="wMLM2X/Ec6VwCbsf6Ee9kagOnIY="></latexit>

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

<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)

<latexit sha1_base64="W67pQLs+057lR0bc+E8n8ojX/LU=">AAAB/HicbVBNSwMxEM3Wr1q/Vnv0EiyCp7Iroh6LXjxWsB/QlpJNs21oNlmS2cqy1L/ixYMiXv0h3vw3pu0etPXBwOO9GWbmBbHgBjzv2ymsrW9sbhW3Szu7e/sH7uFR06hEU9agSijdDohhgkvWAA6CtWPNSBQI1grGtzO/NWHacCUfII1ZLyJDyUNOCVip75YT3BUsBM2HIyBaq0c86bsVr+rNgVeJn5MKylHvu1/dgaJJxCRQQYzp+F4MvYxo4FSwaambGBYTOiZD1rFUkoiZXjY/fopPrTLAodK2JOC5+nsiI5ExaRTYzojAyCx7M/E/r5NAeN3LuIwTYJIuFoWJwKDwLAk84JpREKklhGpub8V0RDShYPMq2RD85ZdXSfO86l9WL+4vKrWbPI4iOkYn6Az56ArV0B2qowaiKEXP6BW9OU/Oi/PufCxaC04+U0Z/4Hz+AN4wlO0=</latexit>

u $ v

<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

For leading and sub-leading log, we are left with large spin corrections



Conformal block expansion
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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="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



<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,` )

Twist conformal block
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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

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)



Analyticity in spin
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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="tp/Fwg0+hPhPrtVCMUEk2XpSq00="></latexit>

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

<latexit sha1_base64="qzHDK9vMjd3MEQNvFaONJw5WNo0=">AAACInicbVDLSsNAFJ3UV62vqEs3wSJUpCUJxcdCKNaFywr2AU0Ik+mkHTp5MDMRSsi3uPFX3LhQ1JXgxzhpg2jrgWEO59zLvfe4ESVc6PqnUlhaXlldK66XNja3tnfU3b0OD2OGcBuFNGQ9F3JMSYDbggiKexHD0Hcp7rrjZuZ37zHjJAzuxCTCtg+HAfEIgkJKjnph+VCMEKRJM3UsAePLH+E6dcwTy2MQJUaa1NPMrZiDavZXzWNHLes1fQptkRg5KYMcLUd9twYhin0cCEQh531Dj4SdQCYIojgtWTHHEURjOMR9SQPoY24n0xNT7UgqA80LmXyB0Kbq744E+pxPfFdWZvvzeS8T//P6sfDO7YQEUSxwgGaDvJhqItSyvLQBYRgJOpEEIkbkrhoaQRmKkKmWZAjG/MmLpGPWjNNa/bZeblzlcRTBATgEFWCAM9AAN6AF2gCBB/AEXsCr8qg8K2/Kx6y0oOQ9++APlK9v7yKj2w==</latexit>

C⌧ = D2 +
1

4
⌧(2d� ⌧ � 2)

<latexit sha1_base64="s9zKNurW11KAuIb+eTEVlu8zJ4I="></latexit>

D2 = z2((1� z)@2
z � @z) +

(d� 2)zz̄

z � z̄
(1� z)@z + (z $ z̄)

<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="3sR4UbA+MBTTdtoeG9cgHSTIbg4="></latexit>

H
(m,i)
⌧0 (z, z̄) = C⌧̃0H(m+1,i)

⌧0 (z, z̄)

analytic continuation in m

Alday, 2016

Henriksson, Lukowski, 2017

…<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="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 = ✏



Resummation for local correlator
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<latexit sha1_base64="JEqv7MmNUKzxtOb3MV9p1KrYREs="></latexit>

F
(n)(z, z̄) = z3

⇢
1

n!
logn z


1

✏

✓
(�1)n

2n+1
logn ✏+ · · ·

◆
+

✓
(�1)n+1

2n+1
logn ✏+

(�1)nn

3⇥ 2n
logn�1 ✏+ · · ·

◆
+ · · ·

�

+
logn�1 z

(n� 1)!


1

✏

✓
(�1)n

2n+1
(n+ 1)⇣2 log

n�1 ✏�
(�1)n

2n+1
3(n� 1)⇣3 log

n�2 ✏+ · · ·

◆

+

✓
(�1)n

2n+1n
logn ✏+

(�1)n+1

2n+1
(n+ 1)⇣2 log

n�1 ✏+ · · ·

◆�
+ · · ·

�
+O(z4)

Agree with fixed-oder expansion (up to terms not enhanced by large spin)
<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) + · · ·

�
+ · · · .



Resummation for EEC beyond leading power
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<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="J7D1n6HzxK6aoOaagYKl/nanWe4="></latexit>

EEC(2) = �
p
2a⇡

2
e�x2

erfi

"r
�cusp

2
log y

#
Discrepancy with NLP-LL prediction of Moult, Vita, Yan, 2019

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

erf(z) =
2p
⇡

Z z

0
e�t2dt



Summary
• A new method to resum Sudakov logarithms for 

EEC based on double lightcone expansion


• conformal symmetry/large spin perturbation/
analyticity in spin


• First LL and NLL resummation at NLP!


• Towards resummation in QCD (w.i.p.):


• spinning conformal block


• higher twist operators


• running coupling


• ……
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SC
ET

C
FT

Two distinct continents, SCET and CFT, 
Each with their own story and history set, 

Developed on their own, far apart, 
But connected by an unexpected start. 

EEC opened up the door, 
To a world of possibilities, never seen before, 

Bringing together what was once apart, 
With newfound knowledge and a fresh start. 

—chatGPT


