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Jet Physics v.s. Conformal Field Theory

v.s.



Outline

• Brief introduction to jets


• Energy correlators in QCD: what they are and some 
recent progress


• Energy correlators in conformal field theory


• Interplay between QCD and N=4 sYM



What are jets

• Jets are collimated spray of energetic particles

from G. Salam

• Historically, gluon was discovered in three jet events in 
e+e-

Gluon discovery 

√s = 27.4 GeV, in 1979



Nowadays jets are everywhere

ALICE

from G. Salam



First IR safe definition for jet

• Sterman-Weinberg jet, 1979

LO NLO-virtual NLO-real 
out-of-jet

NLO-real 
in jet

• For the first 
time an 
operational 
definition for 
jet beyond LO 
in perturbation 
theory



Jet measurements at the LHC 

• Since then, a significant theoretical efforts in making 
precision predictions for jets production


• Resulting in the remarkable success in comparing theory 
and measurements at the LHC



What we want to learn from jets?

Scattering amplitudes : hard physics

nonperturbative hadronization: soft physics

jet evolution: semi-hard physics

• What do you expect to learn? Isn’t it just the good old 
QCD?

• QCD in several order of magnitude 
in energy


• Jet evolution is a link between hard 
and soft physics





• I hope I have convinced you that there is something 
interesting to learn from jets


• There are many different observables “designed” to probe 
the structure of jets


• In this talk, I will focus on the simplest one: the energy 
correlators



Correlation functions

• Correlations are the most basic observables in physics


• Perhaps the most well-known example is the spin-spin 
correlation in Ising model


• Scattering amplitudes in QFT are related to correlation 
functions through LSZ reduction


• But amplitudes in gauge theory are not directly 
observable beyond tree-level, due to the appearance of 
IR divergences


• Energy Correlators are a class of observables, which are 
both physical, and infrared finite



Energy-Energy Correlator

• The simplest energy correlator is the two-point energy 
correlator (EEC)


• Consider e+e- -> anything

From 
AnJie Gao
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• EEC was proposed 40 years ago


• Since then dedicated theoretical and experimental study


• Very accurate experimental measurement!

Basham, Brown, Ellis, Love, 1978



Analytical calculation 
beyond Leading Order



• Suppose we want to compute some physical observable 
O, which is a function of final state momenta:

O = Ô({ki})

• Standard textbook teach us that O can be computed from 
integrating the phase space of ki
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• Complications:


• For individual n, the phase space integrals are usually not 
IR finite. But the sum is (KLN theorem). Regularization for 
IR is needed


• The observable define a very complicated codimension 1 
sub-manifold in the 3n-4 dimension phase space  



Previous analytical jet observable
• Historically, only very few jet observable are known even 

just at leading order


• Progress is very slow in a long period

Ellis, Ross, Terrano, 1981

Integral representation for C parameter@LO

Not until now



The methods
• Reverse unitarity (phase space becomes “loops”)


• Nonlinear (in Mandelstam variable) propagator


• Integration-By-Parts relation


• Differential equation for Feynman integral
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Virtual corrections

real corrections



A little bit detail

• Thanks to IBP reductions, O(10000) integrals reduced to 
O(40) (initially takes 3 days on 18 core server with 128G 
RAM. Now takes only 1 hours)


• System of differential equations can be casted into 
canonical form


• Alphabet:

d~f(z, ✏) = ✏
h
d
X

k
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The space of function
• At the NLO, EEC is fully described by the following set the 

uniform weight special function



The analytical NLO results
Dixon, M.X. Luo, Shtabovenko, T.Z. Yang, HXZ, 2018



Did we get it right?

• Excellent agreement with 
numerical calculation (done 
some 13 years ago!)

• Using the same method, we 
also calculate the EEC 
distribution in hadronic Higgs 
decay


• No numerical results to 
compared with this time!

M.X. Luo, Shtabovenko, T.Z. Yang, HXZ, 2019



Back-to-back limit

� ! ⇡



Appearance of large logarithms

• One benefit of having analytical results is making 
investigation of the structure easy


• In QFT, one typically encounters large logarithms due to 
RG running between two different scales
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Sudakov double logarithms

• Instead of single logarithms, we encounter double 
logarithms in the back-to-back limit
1
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• They are Sudakov double logarithms. They arise from 
soft-collinear radiation of massless gauge theory
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• The proper effective theory for resumming soft/collienar 
logarithms is Soft-Collinear Effective Theory (SCET)



Brief introduction to SCET
• SCET is an EFT for separating different modes with 

hierarchy in virtuality (offshellness)  
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Back-to-back factorization for EEC

x
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hard function: 
form factor for vector current

jet function: 
N=2 moment of TMD 

fragmentation function

Soft function: 
semi-infinite light-like Wilson 

loop

Moult, HXZ, 2018



Where does the Sudakov logs come from?

• Double logs appears in hard, jet, and soft functions


• Take soft function as an example. Renormalization of 
Wilson loop

⇡ �s(↵) ln(L⇤UV)
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⇡ �cusp(↵s,�) ln
2(L⇤UV)

+�s(↵) ln(L⇤UV)
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semi-infinite light-like Wilson line

Polyakov, 1980



From factorization to resummation
• Solving the RG equation for the hard, jet, and soft 

function resum the Sudakov logarithms to all order


• Such a resummation is important to compare theory with 
experiment
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Collinear limit from 
factorization approach

� ! 0



Single logarithmic collinear divergence

• In the small angle limit, cross section diverges as 1/z
�2 ⇠ z
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time-like splitting kernel

collinear limit



Leading Log resummation

• LL series resummed long time ago by jet calculus
Konishi, Ukawa, Veneziano, 1979

• Attempt to go beyond LL with limited success
Kalinowski, Konishi, Scharbach, Taylor, 1980

1/z Coefficient of 4 quark interference

Dixon, M.X. Luo, Shtabovenko, T.Z. Yang, HXZ, 2018

NLL resummation not 
available in general!



Fixed by kinematics and 
dimension analysis

All-order factorization for z→0

• Cumulant ⌦(z, ln
Q2

µ2
, µ) =

Z z

0
dz0 ⌃(z0, ln

Q2

µ2
, µ)

⌦(z, ln
Q2

µ2
, µ) =

Z 1

0
dxx2 ~JT (ln

zx2Q2

µ2
, µ) · ~H(x, ln

Q2

µ2
, µ)

• Both jet and hard function are vector in flavor space


• Hq (Hg) : probability of finding a quark (gluon) with 
momentum fraction x


• Jq (Jg) : probability of finding two parton with 
momentum fraction y1, y2 and relative transverse 
momentum qT in quark (gluon) initiated jet, 
weighted by y1*y2

Full interference 
effects retained in H 

and J, separately

z =
q

2
T

x

2
Q

2

Dixon, Moult, HXZ, to appear



Counting the order

• To get to NNLL 
require:


• NNLO splitting kernel


• NNLO hard function


• NNLO jet function

↵s ↵2
s ↵3

s ↵4
s

1/z

ln z/z

ln2 z/z

ln3 z/z

�(z)

⌃(z)

LL Konishi, Ukawa, Veneziano, 1979

NLL + NNLL Dixon, Moult, HXZ, 2019, to appear

ColorfulNNLO 

numerically
Mitov, Moch, 2006; 

Almasy, Moch, Vogt, 2011

Moch, Vermasseren, Vogt

Very challenging!

. . .1



• The results obey leading transcendental principle: setting CF=CA, the leading transcendental series agree 
with N=4 SYM.


• Furthermore, this leading transcendental series is simply AD of twist-two spin 1 anomalous dimension in N=4 
SYM γuni(1). Maybe the first all order prediction in QCD cross section for the leading transcendental part!
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Numerical impact of NNLL
Dixon, Moult, HXZ, to appear

preliminary



EEC in N=4 sYM



EEC as four point correlator

• The nice thing about EEC is that it can be defined directly 
in terms of field theory correlator

energy flow operator

• The operator O produce localized excitation from vacuum


• In N=4 sYM, one can choose the operator O to be in the 
same supermultiplet of the energy-momentum tensor

known to very high order!

Hofman, Maldacena, 2008



EEC in N=4 SYM
• The only difficulty is that EEC is defined as Wightman 

correlation with Minkowski signature, while known results 
are for Euclidean correlator. Require very non-trivial 
analytical continuation


• This has been done at NLO by Mellin space techniques


• Very recently, exploring the Lorentzian inversion formula, 
EEC can be computed through triple discontinuities 

Henn, Sokatchev, Y. Kai, Zhibodove, 2019



Collinear limit from field theory
• Collinear limit in CFT has a particular interesting 

interpretation as operator product expansion


• For a jet in z direction, useful to change coordinate 
x+=x0+x3, x-=x0-x3
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<latexit sha1_base64="ygwKiLGQG9zl9X3K9WoHeY9jw+4=">AAACInicbVBNS8NAEN34WetXrUcvi0XwICUpgh6LXjxWsB/QhrDZTtqlm2TZnRRr6F/xJOhv8SaeBP+IN9OPg219MPB4b4aZeb6SwqBtf1lr6xubW9u5nfzu3v7BYeGo2DBxojnUeSxj3fKZASkiqKNACS2lgYW+hKY/uJ34zSFoI+LoAUcK3JD1IhEIzjCTvEKxMwSejsZeWrmgHQVajb1CyS7bU9BV4sxJicxR8wo/nW7MkxAi5JIZ03ZshW7KNAouYZzvJAYU4wPWg3ZGIxaCcdPp7WN6lildGsQ6qwjpVP07kbLQmFHoZ50hw75Z9ibif147weDaTUWkEoSIzxYFiaQY00kQtCs0cJSjjDCuRXYr5X2mGccsroUtKAZPC1+kqhcoGaOZZOUsJ7NKGpWyY5ed+8tS9WaeWo6ckFNyThxyRarkjtRInXDySJ7JK3mzXqx368P6nLWuWfOZY7IA6/sXQ/GlUQ==</latexit><latexit sha1_base64="ygwKiLGQG9zl9X3K9WoHeY9jw+4=">AAACInicbVBNS8NAEN34WetXrUcvi0XwICUpgh6LXjxWsB/QhrDZTtqlm2TZnRRr6F/xJOhv8SaeBP+IN9OPg219MPB4b4aZeb6SwqBtf1lr6xubW9u5nfzu3v7BYeGo2DBxojnUeSxj3fKZASkiqKNACS2lgYW+hKY/uJ34zSFoI+LoAUcK3JD1IhEIzjCTvEKxMwSejsZeWrmgHQVajb1CyS7bU9BV4sxJicxR8wo/nW7MkxAi5JIZ03ZshW7KNAouYZzvJAYU4wPWg3ZGIxaCcdPp7WN6lildGsQ6qwjpVP07kbLQmFHoZ50hw75Z9ibif147weDaTUWkEoSIzxYFiaQY00kQtCs0cJSjjDCuRXYr5X2mGccsroUtKAZPC1+kqhcoGaOZZOUsJ7NKGpWyY5ed+8tS9WaeWo6ckFNyThxyRarkjtRInXDySJ7JK3mzXqx368P6nLWuWfOZY7IA6/sXQ/GlUQ==</latexit><latexit sha1_base64="ygwKiLGQG9zl9X3K9WoHeY9jw+4=">AAACInicbVBNS8NAEN34WetXrUcvi0XwICUpgh6LXjxWsB/QhrDZTtqlm2TZnRRr6F/xJOhv8SaeBP+IN9OPg219MPB4b4aZeb6SwqBtf1lr6xubW9u5nfzu3v7BYeGo2DBxojnUeSxj3fKZASkiqKNACS2lgYW+hKY/uJ34zSFoI+LoAUcK3JD1IhEIzjCTvEKxMwSejsZeWrmgHQVajb1CyS7bU9BV4sxJicxR8wo/nW7MkxAi5JIZ03ZshW7KNAouYZzvJAYU4wPWg3ZGIxaCcdPp7WN6lildGsQ6qwjpVP07kbLQmFHoZ50hw75Z9ibif147weDaTUWkEoSIzxYFiaQY00kQtCs0cJSjjDCuRXYr5X2mGccsroUtKAZPC1+kqhcoGaOZZOUsJ7NKGpWyY5ed+8tS9WaeWo6ckFNyThxyRarkjtRInXDySJ7JK3mzXqx368P6nLWuWfOZY7IA6/sXQ/GlUQ==</latexit><latexit sha1_base64="ygwKiLGQG9zl9X3K9WoHeY9jw+4=">AAACInicbVBNS8NAEN34WetXrUcvi0XwICUpgh6LXjxWsB/QhrDZTtqlm2TZnRRr6F/xJOhv8SaeBP+IN9OPg219MPB4b4aZeb6SwqBtf1lr6xubW9u5nfzu3v7BYeGo2DBxojnUeSxj3fKZASkiqKNACS2lgYW+hKY/uJ34zSFoI+LoAUcK3JD1IhEIzjCTvEKxMwSejsZeWrmgHQVajb1CyS7bU9BV4sxJicxR8wo/nW7MkxAi5JIZ03ZshW7KNAouYZzvJAYU4wPWg3ZGIxaCcdPp7WN6lildGsQ6qwjpVP07kbLQmFHoZ50hw75Z9ibif147weDaTUWkEoSIzxYFiaQY00kQtCs0cJSjjDCuRXYr5X2mGccsroUtKAZPC1+kqhcoGaOZZOUsJ7NKGpWyY5ed+8tS9WaeWo6ckFNyThxyRarkjtRInXDySJ7JK3mzXqx368P6nLWuWfOZY7IA6/sXQ/GlUQ==</latexit>

(y1 � y2)
2 = �(~y1,? � ~y2,?)

2 < 0
<latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit>

y+ = 0
<latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit>

coordinate 
transformation

plane

leading term: ⇠ 1/z
<latexit sha1_base64="mnFlsXlqnXecbMNHHsshxwPh/zI=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoMeiF48V7Ie0pWTTbBuabEIyK7RLf4UnQX+LN/Hq0Z/izbTdg60+GHi8N8PMvFALbsH3v7zcyura+kZ+s7C1vbO7V9w/qFuVGMpqVAllmiGxTPCY1YCDYE1tGJGhYI1weDP1G4/MWK7iexhp1pGkH/OIUwJOemhbLnFwNsbdYskv+zPgvyTISAllqHaL3+2eoolkMVBBrG0FvoZOSgxwKtik0E4s04QOSZ+1HI2JZLaTzg6e4BOn9HCkjKsY8Ez9PZESae1Ihq5TEhjYZW8q/ue1EoiuOimPdQIspvNFUSIwKDz9Hve4YRTEyBFCDXe3YjoghlBwGS1sAT4cL3yR6n6khQI7cVkFy8n8JfXzcuCXg7uLUuU6Sy2PjtAxOkUBukQVdIuqqIYokugJvaBX79l78969j3lrzstmDtECvM8fRnigkg==</latexit><latexit sha1_base64="mnFlsXlqnXecbMNHHsshxwPh/zI=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoMeiF48V7Ie0pWTTbBuabEIyK7RLf4UnQX+LN/Hq0Z/izbTdg60+GHi8N8PMvFALbsH3v7zcyura+kZ+s7C1vbO7V9w/qFuVGMpqVAllmiGxTPCY1YCDYE1tGJGhYI1weDP1G4/MWK7iexhp1pGkH/OIUwJOemhbLnFwNsbdYskv+zPgvyTISAllqHaL3+2eoolkMVBBrG0FvoZOSgxwKtik0E4s04QOSZ+1HI2JZLaTzg6e4BOn9HCkjKsY8Ez9PZESae1Ihq5TEhjYZW8q/ue1EoiuOimPdQIspvNFUSIwKDz9Hve4YRTEyBFCDXe3YjoghlBwGS1sAT4cL3yR6n6khQI7cVkFy8n8JfXzcuCXg7uLUuU6Sy2PjtAxOkUBukQVdIuqqIYokugJvaBX79l78969j3lrzstmDtECvM8fRnigkg==</latexit><latexit sha1_base64="mnFlsXlqnXecbMNHHsshxwPh/zI=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoMeiF48V7Ie0pWTTbBuabEIyK7RLf4UnQX+LN/Hq0Z/izbTdg60+GHi8N8PMvFALbsH3v7zcyura+kZ+s7C1vbO7V9w/qFuVGMpqVAllmiGxTPCY1YCDYE1tGJGhYI1weDP1G4/MWK7iexhp1pGkH/OIUwJOemhbLnFwNsbdYskv+zPgvyTISAllqHaL3+2eoolkMVBBrG0FvoZOSgxwKtik0E4s04QOSZ+1HI2JZLaTzg6e4BOn9HCkjKsY8Ez9PZESae1Ihq5TEhjYZW8q/ue1EoiuOimPdQIspvNFUSIwKDz9Hve4YRTEyBFCDXe3YjoghlBwGS1sAT4cL3yR6n6khQI7cVkFy8n8JfXzcuCXg7uLUuU6Sy2PjtAxOkUBukQVdIuqqIYokugJvaBX79l78969j3lrzstmDtECvM8fRnigkg==</latexit><latexit sha1_base64="mnFlsXlqnXecbMNHHsshxwPh/zI=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoMeiF48V7Ie0pWTTbBuabEIyK7RLf4UnQX+LN/Hq0Z/izbTdg60+GHi8N8PMvFALbsH3v7zcyura+kZ+s7C1vbO7V9w/qFuVGMpqVAllmiGxTPCY1YCDYE1tGJGhYI1weDP1G4/MWK7iexhp1pGkH/OIUwJOemhbLnFwNsbdYskv+zPgvyTISAllqHaL3+2eoolkMVBBrG0FvoZOSgxwKtik0E4s04QOSZ+1HI2JZLaTzg6e4BOn9HCkjKsY8Ez9PZESae1Ihq5TEhjYZW8q/ue1EoiuOimPdQIspvNFUSIwKDz9Hve4YRTEyBFCDXe3YjoghlBwGS1sAT4cL3yR6n6khQI7cVkFy8n8JfXzcuCXg7uLUuU6Sy2PjtAxOkUBukQVdIuqqIYokugJvaBX79l78969j3lrzstmDtECvM8fRnigkg==</latexit>

Hofman, Maldacena, 2008



Two very different picture

• In the factorization approach, small z limit determined by 
time-like splitting 

t !
<latexit sha1_base64="W4fcMnWkCde85o07oyYGWaFsd54=">AAACE3icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V3LbQlpJNs21oNgnJrFCX/gZPgv4Wb+LVH+BP8Wba7sG2Phh4vDfDzLxIC27B97+9wtr6xuZWcbu0s7u3f1A+PGpYlRrKQqqEMq2IWCa4ZCFwEKylDSNJJFgzGt1O/eYjM5Yr+QBjzboJGUgec0rASSHgDqheueJX/RnwKglyUkE56r3yT6evaJowCVQQa9uBr6GbEQOcCjYpdVLLNKEjMmBtRyVJmO1ms2Mn+MwpfRwr40oCnql/JzKSWDtOIteZEBjaZW8q/ue1U4ivuxmXOgUm6XxRnAoMCk8/x31uGAUxdoRQw92tmA6JIRRcPgtbgI+eFr7I9CDWQoGduKyC5WRWSeOiGvjV4P6yUrvJUyuiE3SKzlGArlAN3aE6ChFFHD2jV/TmvXjv3of3OW8tePnMMVqA9/ULHzOffg==</latexit><latexit sha1_base64="W4fcMnWkCde85o07oyYGWaFsd54=">AAACE3icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V3LbQlpJNs21oNgnJrFCX/gZPgv4Wb+LVH+BP8Wba7sG2Phh4vDfDzLxIC27B97+9wtr6xuZWcbu0s7u3f1A+PGpYlRrKQqqEMq2IWCa4ZCFwEKylDSNJJFgzGt1O/eYjM5Yr+QBjzboJGUgec0rASSHgDqheueJX/RnwKglyUkE56r3yT6evaJowCVQQa9uBr6GbEQOcCjYpdVLLNKEjMmBtRyVJmO1ms2Mn+MwpfRwr40oCnql/JzKSWDtOIteZEBjaZW8q/ue1U4ivuxmXOgUm6XxRnAoMCk8/x31uGAUxdoRQw92tmA6JIRRcPgtbgI+eFr7I9CDWQoGduKyC5WRWSeOiGvjV4P6yUrvJUyuiE3SKzlGArlAN3aE6ChFFHD2jV/TmvXjv3of3OW8tePnMMVqA9/ULHzOffg==</latexit><latexit sha1_base64="W4fcMnWkCde85o07oyYGWaFsd54=">AAACE3icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V3LbQlpJNs21oNgnJrFCX/gZPgv4Wb+LVH+BP8Wba7sG2Phh4vDfDzLxIC27B97+9wtr6xuZWcbu0s7u3f1A+PGpYlRrKQqqEMq2IWCa4ZCFwEKylDSNJJFgzGt1O/eYjM5Yr+QBjzboJGUgec0rASSHgDqheueJX/RnwKglyUkE56r3yT6evaJowCVQQa9uBr6GbEQOcCjYpdVLLNKEjMmBtRyVJmO1ms2Mn+MwpfRwr40oCnql/JzKSWDtOIteZEBjaZW8q/ue1U4ivuxmXOgUm6XxRnAoMCk8/x31uGAUxdoRQw92tmA6JIRRcPgtbgI+eFr7I9CDWQoGduKyC5WRWSeOiGvjV4P6yUrvJUyuiE3SKzlGArlAN3aE6ChFFHD2jV/TmvXjv3of3OW8tePnMMVqA9/ULHzOffg==</latexit><latexit sha1_base64="W4fcMnWkCde85o07oyYGWaFsd54=">AAACE3icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V3LbQlpJNs21oNgnJrFCX/gZPgv4Wb+LVH+BP8Wba7sG2Phh4vDfDzLxIC27B97+9wtr6xuZWcbu0s7u3f1A+PGpYlRrKQqqEMq2IWCa4ZCFwEKylDSNJJFgzGt1O/eYjM5Yr+QBjzboJGUgec0rASSHgDqheueJX/RnwKglyUkE56r3yT6evaJowCVQQa9uBr6GbEQOcCjYpdVLLNKEjMmBtRyVJmO1ms2Mn+MwpfRwr40oCnql/JzKSWDtOIteZEBjaZW8q/ue1U4ivuxmXOgUm6XxRnAoMCk8/x31uGAUxdoRQw92tmA6JIRRcPgtbgI+eFr7I9CDWQoGduKyC5WRWSeOiGvjV4P6yUrvJUyuiE3SKzlGArlAN3aE6ChFFHD2jV/TmvXjv3of3OW8tePnMMVqA9/ULHzOffg==</latexit>

• In the field theory correlator approach, small z limit 
corresponds to space-like OPE

(y1 � y2)
2 = �(~y1,? � ~y2,?)

2 < 0
<latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit><latexit sha1_base64="gfED1SP12CF2kNgOwZeiNJZErvM="></latexit>

y+ = 0
<latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit><latexit sha1_base64="49cLfTgojQ5R13FrMb/WszoKPgM=">AAACFnicbVBNSwMxEM36WetX1aOXYBEEoeyKoBeh6MVjBfsB7VqyabYNzWZDMiusS/+EJ0F/izfx6tWf4s203YNtfTDweG+GmXmBEtyA6347S8srq2vrhY3i5tb2zm5pb79h4kRTVqexiHUrIIYJLlkdOAjWUpqRKBCsGQxvxn7zkWnDY3kPqWJ+RPqSh5wSsFIrfTjFV9jF3VLZrbgT4EXi5aSMctS6pZ9OL6ZJxCRQQYxpe64CPyMaOBVsVOwkhilCh6TP2pZKEjHjZ5N7R/jYKj0cxtqWBDxR/05kJDImjQLbGREYmHlvLP7ntRMIL/2MS5UAk3S6KEwEhhiPn8c9rhkFkVpCqOb2VkwHRBMKNqKZLcCHTzNfZKofKhGDGdmsvPlkFknjrOK5Fe/uvFy9zlMroEN0hE6Qhy5QFd2iGqojigR6Rq/ozXlx3p0P53PauuTkMwdoBs7XL4xrn5g=</latexit>

plane
~y2,? ! ~y1,?

<latexit sha1_base64="b8xMuikoDi3HfTaBM14/MyL99kg=">AAACOHicbVC7SgNBFJ31GeMramkzGIQUIewGQcugjWUEo4FsCLOTu8mQ2d1h5m4gLvkFv8ZK0P+wsxNbOzsnD8SoBwYO59zLnXMCJYVB131xlpZXVtfWcxv5za3tnd3C3v6NSVLNocETmehmwAxIEUMDBUpoKg0sCiTcBoOLiX87BG1EEl/jSEE7Yr1YhIIztFKnUPKHwLPRuJNVy9RXoNWY+pjQb9krz9ROoehW3CnoX+LNSZHMUe8UPv1uwtMIYuSSGdPyXIXtjGkUXMI476cGFOMD1oOWpTGLwLSzaaIxPbZKl4aJti9GOlV/bmQsMmYUBXYyYtg3v72J+J/XSjE8a2ciVilCzGeHwlRSG3lSD+0KDRzlyBLGtbB/pbzPNONoS1y4gmJwt5AiU71QyQTNpCvvdzN/yU214rkV7+qkWDuft5Yjh+SIlIhHTkmNXJI6aRBO7skDeSLPzqPz6rw577PRJWe+c0AW4Hx8AUZZrn4=</latexit><latexit sha1_base64="b8xMuikoDi3HfTaBM14/MyL99kg=">AAACOHicbVC7SgNBFJ31GeMramkzGIQUIewGQcugjWUEo4FsCLOTu8mQ2d1h5m4gLvkFv8ZK0P+wsxNbOzsnD8SoBwYO59zLnXMCJYVB131xlpZXVtfWcxv5za3tnd3C3v6NSVLNocETmehmwAxIEUMDBUpoKg0sCiTcBoOLiX87BG1EEl/jSEE7Yr1YhIIztFKnUPKHwLPRuJNVy9RXoNWY+pjQb9krz9ROoehW3CnoX+LNSZHMUe8UPv1uwtMIYuSSGdPyXIXtjGkUXMI476cGFOMD1oOWpTGLwLSzaaIxPbZKl4aJti9GOlV/bmQsMmYUBXYyYtg3v72J+J/XSjE8a2ciVilCzGeHwlRSG3lSD+0KDRzlyBLGtbB/pbzPNONoS1y4gmJwt5AiU71QyQTNpCvvdzN/yU214rkV7+qkWDuft5Yjh+SIlIhHTkmNXJI6aRBO7skDeSLPzqPz6rw577PRJWe+c0AW4Hx8AUZZrn4=</latexit><latexit sha1_base64="b8xMuikoDi3HfTaBM14/MyL99kg=">AAACOHicbVC7SgNBFJ31GeMramkzGIQUIewGQcugjWUEo4FsCLOTu8mQ2d1h5m4gLvkFv8ZK0P+wsxNbOzsnD8SoBwYO59zLnXMCJYVB131xlpZXVtfWcxv5za3tnd3C3v6NSVLNocETmehmwAxIEUMDBUpoKg0sCiTcBoOLiX87BG1EEl/jSEE7Yr1YhIIztFKnUPKHwLPRuJNVy9RXoNWY+pjQb9krz9ROoehW3CnoX+LNSZHMUe8UPv1uwtMIYuSSGdPyXIXtjGkUXMI476cGFOMD1oOWpTGLwLSzaaIxPbZKl4aJti9GOlV/bmQsMmYUBXYyYtg3v72J+J/XSjE8a2ciVilCzGeHwlRSG3lSD+0KDRzlyBLGtbB/pbzPNONoS1y4gmJwt5AiU71QyQTNpCvvdzN/yU214rkV7+qkWDuft5Yjh+SIlIhHTkmNXJI6aRBO7skDeSLPzqPz6rw577PRJWe+c0AW4Hx8AUZZrn4=</latexit><latexit sha1_base64="b8xMuikoDi3HfTaBM14/MyL99kg=">AAACOHicbVC7SgNBFJ31GeMramkzGIQUIewGQcugjWUEo4FsCLOTu8mQ2d1h5m4gLvkFv8ZK0P+wsxNbOzsnD8SoBwYO59zLnXMCJYVB131xlpZXVtfWcxv5za3tnd3C3v6NSVLNocETmehmwAxIEUMDBUpoKg0sCiTcBoOLiX87BG1EEl/jSEE7Yr1YhIIztFKnUPKHwLPRuJNVy9RXoNWY+pjQb9krz9ROoehW3CnoX+LNSZHMUe8UPv1uwtMIYuSSGdPyXIXtjGkUXMI476cGFOMD1oOWpTGLwLSzaaIxPbZKl4aJti9GOlV/bmQsMmYUBXYyYtg3v72J+J/XSjE8a2ciVilCzGeHwlRSG3lSD+0KDRzlyBLGtbB/pbzPNONoS1y4gmJwt5AiU71QyQTNpCvvdzN/yU214rkV7+qkWDuft5Yjh+SIlIhHTkmNXJI6aRBO7skDeSLPzqPz6rw577PRJWe+c0AW4Hx8AUZZrn4=</latexit>



light cone

t

x

factorization approach

OPE approach

• How comes that the time-like picture and space-like 
picture describe the same physics?

PT (x, sij > 0)
<latexit sha1_base64="bHIxnV7VJh4vCIFbc297AQmZHS8=">AAACH3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAnCXrxGCEvSMIyO5lNxsw+mOkV47Jf4knQb/EmXvMp3pwkezCJBQ1FVTfdXW4kuALLmhi5tfWNza38dmFnd2+/aB4cNlUYS8oaNBShbLtEMcED1gAOgrUjyYjvCtZyR3dTv/XEpOJhUIdxxHo+GQTc45SAlhyzWHPq5edz5ST8Mb2xzhyzZFWsGfAqsTNSQhlqjvnT7Yc09lkAVBClOrYVQS8hEjgVLC10Y8UiQkdkwDqaBsRnqpfMDk/xqVb62AulrgDwTP07kRBfqbHv6k6fwFAte1PxP68Tg3fdS3gQxcACOl/kxQJDiKcp4D6XjIIYa0Ko5PpWTIdEEgo6q4UtwEcvC18k0cCLRAgq1VnZy8mskuZFxbYq9sNlqXqbpZZHx+gElZGNrlAV3aMaaiCKYvSK3tGH8WZ8Gl/G97w1Z2QzR2gBxuQXgNijQw==</latexit><latexit sha1_base64="bHIxnV7VJh4vCIFbc297AQmZHS8=">AAACH3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAnCXrxGCEvSMIyO5lNxsw+mOkV47Jf4knQb/EmXvMp3pwkezCJBQ1FVTfdXW4kuALLmhi5tfWNza38dmFnd2+/aB4cNlUYS8oaNBShbLtEMcED1gAOgrUjyYjvCtZyR3dTv/XEpOJhUIdxxHo+GQTc45SAlhyzWHPq5edz5ST8Mb2xzhyzZFWsGfAqsTNSQhlqjvnT7Yc09lkAVBClOrYVQS8hEjgVLC10Y8UiQkdkwDqaBsRnqpfMDk/xqVb62AulrgDwTP07kRBfqbHv6k6fwFAte1PxP68Tg3fdS3gQxcACOl/kxQJDiKcp4D6XjIIYa0Ko5PpWTIdEEgo6q4UtwEcvC18k0cCLRAgq1VnZy8mskuZFxbYq9sNlqXqbpZZHx+gElZGNrlAV3aMaaiCKYvSK3tGH8WZ8Gl/G97w1Z2QzR2gBxuQXgNijQw==</latexit><latexit sha1_base64="bHIxnV7VJh4vCIFbc297AQmZHS8=">AAACH3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAnCXrxGCEvSMIyO5lNxsw+mOkV47Jf4knQb/EmXvMp3pwkezCJBQ1FVTfdXW4kuALLmhi5tfWNza38dmFnd2+/aB4cNlUYS8oaNBShbLtEMcED1gAOgrUjyYjvCtZyR3dTv/XEpOJhUIdxxHo+GQTc45SAlhyzWHPq5edz5ST8Mb2xzhyzZFWsGfAqsTNSQhlqjvnT7Yc09lkAVBClOrYVQS8hEjgVLC10Y8UiQkdkwDqaBsRnqpfMDk/xqVb62AulrgDwTP07kRBfqbHv6k6fwFAte1PxP68Tg3fdS3gQxcACOl/kxQJDiKcp4D6XjIIYa0Ko5PpWTIdEEgo6q4UtwEcvC18k0cCLRAgq1VnZy8mskuZFxbYq9sNlqXqbpZZHx+gElZGNrlAV3aMaaiCKYvSK3tGH8WZ8Gl/G97w1Z2QzR2gBxuQXgNijQw==</latexit><latexit sha1_base64="bHIxnV7VJh4vCIFbc297AQmZHS8=">AAACH3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAnCXrxGCEvSMIyO5lNxsw+mOkV47Jf4knQb/EmXvMp3pwkezCJBQ1FVTfdXW4kuALLmhi5tfWNza38dmFnd2+/aB4cNlUYS8oaNBShbLtEMcED1gAOgrUjyYjvCtZyR3dTv/XEpOJhUIdxxHo+GQTc45SAlhyzWHPq5edz5ST8Mb2xzhyzZFWsGfAqsTNSQhlqjvnT7Yc09lkAVBClOrYVQS8hEjgVLC10Y8UiQkdkwDqaBsRnqpfMDk/xqVb62AulrgDwTP07kRBfqbHv6k6fwFAte1PxP68Tg3fdS3gQxcACOl/kxQJDiKcp4D6XjIIYa0Ko5PpWTIdEEgo6q4UtwEcvC18k0cCLRAgq1VnZy8mskuZFxbYq9sNlqXqbpZZHx+gElZGNrlAV3aMaaiCKYvSK3tGH8WZ8Gl/G97w1Z2QzR2gBxuQXgNijQw==</latexit>

i
<latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit>

j
<latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit>

i
<latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit><latexit sha1_base64="IVdYGyzr6YNN1oKCSOMyd88WwfQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gHtUDJppg3NJCG5I9ShX+BK0G9xJ279BD/FnWk7C1s9cOFwzr3ce0+kBbfg+19eYW19Y3OruF3a2d3bPygfHrWsSg1lTaqEMp2IWCa4ZE3gIFhHG0aSSLB2NL6d+e0HZixX8h4mmoUJGUoec0rASQ3eL1f8qj8H/kuCnFRQjnq//N0bKJomTAIVxNpu4GsIM2KAU8GmpV5qmSZ0TIas66gkCbNhNj90is+cMsCxMq4k4Ln6eyIjibWTJHKdCYGRXfVm4n9eN4X4Osy41CkwSReL4lRgUHj2NR5wwyiIiSOEGu5uxXREDKHgslnaAnz8uPRFpoexFgrs1GUVrCbzl7QuqoFfDRqXldpNnloRnaBTdI4CdIVq6A7VURNRxNATekGv3rP35r17H4vWgpfPHKMleJ8/K6Sd7A==</latexit>

j
<latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit><latexit sha1_base64="XGUaVehTCM18sVW8PTA82meE4a4=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk008ZmkpDcEerQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s1HZixX8h7GmnVjMpA84pSAk2oPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rFy1Pne0=</latexit>

PS(x, tij < 0)
<latexit sha1_base64="Tzzm1b1LzAOyBWaYkd4YrgGXAAY=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhgoRdEfTgIejFY0TzgCQss5PZZMzsg5neYFz2TzwJ+i3exKP+iTcnyR5MYkFDUdVNd5cbCa7Asr6M3NLyyupafr2wsbm1vWPu7tVVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcAfXY78xZFLxMLiHUcQ6PukF3OOUgJYc06w6d6XHEwxOwh/SS+vYMYtW2ZoALxI7I0WUoeqYP+1uSGOfBUAFUaplWxF0EiKBU8HSQjtWLCJ0QHqspWlAfKY6yeTyFB9ppYu9UOoKAE/UvxMJ8ZUa+a7u9An01bw3Fv/zWjF4F52EB1EMLKDTRV4sMIR4HAPucskoiJEmhEqub8W0TyShoMOa2QJ88DTzRRL1vEiEoFKdlT2fzCKpn5Ztq2zfnhUrV1lqeXSADlEJ2egcVdANqqIaomiIntErejNejHfjw/ictuaMbGYfzcD4/gXbDqNr</latexit><latexit sha1_base64="Tzzm1b1LzAOyBWaYkd4YrgGXAAY=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhgoRdEfTgIejFY0TzgCQss5PZZMzsg5neYFz2TzwJ+i3exKP+iTcnyR5MYkFDUdVNd5cbCa7Asr6M3NLyyupafr2wsbm1vWPu7tVVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcAfXY78xZFLxMLiHUcQ6PukF3OOUgJYc06w6d6XHEwxOwh/SS+vYMYtW2ZoALxI7I0WUoeqYP+1uSGOfBUAFUaplWxF0EiKBU8HSQjtWLCJ0QHqspWlAfKY6yeTyFB9ppYu9UOoKAE/UvxMJ8ZUa+a7u9An01bw3Fv/zWjF4F52EB1EMLKDTRV4sMIR4HAPucskoiJEmhEqub8W0TyShoMOa2QJ88DTzRRL1vEiEoFKdlT2fzCKpn5Ztq2zfnhUrV1lqeXSADlEJ2egcVdANqqIaomiIntErejNejHfjw/ictuaMbGYfzcD4/gXbDqNr</latexit><latexit sha1_base64="Tzzm1b1LzAOyBWaYkd4YrgGXAAY=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhgoRdEfTgIejFY0TzgCQss5PZZMzsg5neYFz2TzwJ+i3exKP+iTcnyR5MYkFDUdVNd5cbCa7Asr6M3NLyyupafr2wsbm1vWPu7tVVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcAfXY78xZFLxMLiHUcQ6PukF3OOUgJYc06w6d6XHEwxOwh/SS+vYMYtW2ZoALxI7I0WUoeqYP+1uSGOfBUAFUaplWxF0EiKBU8HSQjtWLCJ0QHqspWlAfKY6yeTyFB9ppYu9UOoKAE/UvxMJ8ZUa+a7u9An01bw3Fv/zWjF4F52EB1EMLKDTRV4sMIR4HAPucskoiJEmhEqub8W0TyShoMOa2QJ88DTzRRL1vEiEoFKdlT2fzCKpn5Ztq2zfnhUrV1lqeXSADlEJ2egcVdANqqIaomiIntErejNejHfjw/ictuaMbGYfzcD4/gXbDqNr</latexit><latexit sha1_base64="Tzzm1b1LzAOyBWaYkd4YrgGXAAY=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhgoRdEfTgIejFY0TzgCQss5PZZMzsg5neYFz2TzwJ+i3exKP+iTcnyR5MYkFDUdVNd5cbCa7Asr6M3NLyyupafr2wsbm1vWPu7tVVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcAfXY78xZFLxMLiHUcQ6PukF3OOUgJYc06w6d6XHEwxOwh/SS+vYMYtW2ZoALxI7I0WUoeqYP+1uSGOfBUAFUaplWxF0EiKBU8HSQjtWLCJ0QHqspWlAfKY6yeTyFB9ppYu9UOoKAE/UvxMJ8ZUa+a7u9An01bw3Fv/zWjF4F52EB1EMLKDTRV4sMIR4HAPucskoiJEmhEqub8W0TyShoMOa2QJ88DTzRRL1vEiEoFKdlT2fzCKpn5Ztq2zfnhUrV1lqeXSADlEJ2egcVdANqqIaomiIntErejNejHfjw/ictuaMbGYfzcD4/gXbDqNr</latexit>



Time-like space-like connection from factorization equation

• We can demonstrate the 


• Power-law ansatz for the jet function

J(zQ2, µ) = CJ(↵s)

✓
zQ2

µ2

◆�N=4(↵s)

<latexit sha1_base64="4S73gSNyJ0PeNkB1PqB0s0UzG9A="></latexit><latexit sha1_base64="4S73gSNyJ0PeNkB1PqB0s0UzG9A="></latexit><latexit sha1_base64="4S73gSNyJ0PeNkB1PqB0s0UzG9A="></latexit><latexit sha1_base64="4S73gSNyJ0PeNkB1PqB0s0UzG9A="></latexit>

dJN=4(ln
zQ2

µ2 )

d lnµ2
=

Z 1

0
dy y2JN=4(ln

zy2Q2

µ2
)Puni(y)

<latexit sha1_base64="TSxShAH6iP2MjUST8LaylvxuUXE="></latexit><latexit sha1_base64="TSxShAH6iP2MjUST8LaylvxuUXE="></latexit><latexit sha1_base64="TSxShAH6iP2MjUST8LaylvxuUXE="></latexit><latexit sha1_base64="TSxShAH6iP2MjUST8LaylvxuUXE="></latexit>

2�N=4
S (N,↵s) = 2�N=4

T (N + 2�N=4
S (N,↵s),↵s)

<latexit sha1_base64="Whtz8PA/74Abe3D0GMF9ipZFBe8="></latexit><latexit sha1_base64="Whtz8PA/74Abe3D0GMF9ipZFBe8="></latexit><latexit sha1_base64="Whtz8PA/74Abe3D0GMF9ipZFBe8="></latexit><latexit sha1_base64="Whtz8PA/74Abe3D0GMF9ipZFBe8="></latexit>

2�N=4(↵s) = � 2

Z 1

0
dy y

2+2�N=4(↵s)
PT,uni.(x,↵s)

= 2�N=4
T (3 + 2�N=4

,↵s)
<latexit sha1_base64="GbIMApx6Q1xJ4XDQ4DkVowXbuQw="></latexit><latexit sha1_base64="GbIMApx6Q1xJ4XDQ4DkVowXbuQw="></latexit><latexit sha1_base64="GbIMApx6Q1xJ4XDQ4DkVowXbuQw="></latexit><latexit sha1_base64="GbIMApx6Q1xJ4XDQ4DkVowXbuQw="></latexit>

• Reciprocity Basso, 
Korchemsky, 2006

�N=4(↵s) = �N=4
S (3,↵s)

<latexit sha1_base64="8cK5oWrGwqN8S6ZcL9CPW64z4Y4="></latexit><latexit sha1_base64="8cK5oWrGwqN8S6ZcL9CPW64z4Y4="></latexit><latexit sha1_base64="8cK5oWrGwqN8S6ZcL9CPW64z4Y4="></latexit><latexit sha1_base64="8cK5oWrGwqN8S6ZcL9CPW64z4Y4="></latexit>

)
<latexit sha1_base64="tNKW9zgY+eilzY47JJnICKu+qbw=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnFfMDlCHubvWTJ3u6xO6fEIz/DStDfYie2Vv4UOzfJFSbxwcDjvRlm5oWJ4AZc99sprKyurW8UN0tb2zu7e+X9g6ZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVDq8nfuuBacOVvIdRwoKY9CWPOCVgJb9zx/sDIFqrx2654lbdKfAy8XJSQTnq3fJPp6doGjMJVBBjfM9NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+sUoPR0rbkoCn6t+JjMTGjOLQdsYEBmbRm4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk1pbgvw4dPcF1nSjxKhwIxtVt5iMsukeVb13Kp3e16pXeWpFdEROkanyEMXqIZuUB01EEUKPaNX9Oa8OO/Oh/M5ay04+cwhmoPz9QuPDKJs</latexit><latexit sha1_base64="tNKW9zgY+eilzY47JJnICKu+qbw=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnFfMDlCHubvWTJ3u6xO6fEIz/DStDfYie2Vv4UOzfJFSbxwcDjvRlm5oWJ4AZc99sprKyurW8UN0tb2zu7e+X9g6ZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVDq8nfuuBacOVvIdRwoKY9CWPOCVgJb9zx/sDIFqrx2654lbdKfAy8XJSQTnq3fJPp6doGjMJVBBjfM9NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+sUoPR0rbkoCn6t+JjMTGjOLQdsYEBmbRm4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk1pbgvw4dPcF1nSjxKhwIxtVt5iMsukeVb13Kp3e16pXeWpFdEROkanyEMXqIZuUB01EEUKPaNX9Oa8OO/Oh/M5ay04+cwhmoPz9QuPDKJs</latexit><latexit sha1_base64="tNKW9zgY+eilzY47JJnICKu+qbw=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnFfMDlCHubvWTJ3u6xO6fEIz/DStDfYie2Vv4UOzfJFSbxwcDjvRlm5oWJ4AZc99sprKyurW8UN0tb2zu7e+X9g6ZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVDq8nfuuBacOVvIdRwoKY9CWPOCVgJb9zx/sDIFqrx2654lbdKfAy8XJSQTnq3fJPp6doGjMJVBBjfM9NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+sUoPR0rbkoCn6t+JjMTGjOLQdsYEBmbRm4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk1pbgvw4dPcF1nSjxKhwIxtVt5iMsukeVb13Kp3e16pXeWpFdEROkanyEMXqIZuUB01EEUKPaNX9Oa8OO/Oh/M5ay04+cwhmoPz9QuPDKJs</latexit><latexit sha1_base64="tNKW9zgY+eilzY47JJnICKu+qbw=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnFfMDlCHubvWTJ3u6xO6fEIz/DStDfYie2Vv4UOzfJFSbxwcDjvRlm5oWJ4AZc99sprKyurW8UN0tb2zu7e+X9g6ZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVDq8nfuuBacOVvIdRwoKY9CWPOCVgJb9zx/sDIFqrx2654lbdKfAy8XJSQTnq3fJPp6doGjMJVBBjfM9NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+sUoPR0rbkoCn6t+JjMTGjOLQdsYEBmbRm4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk1pbgvw4dPcF1nSjxKhwIxtVt5iMsukeVb13Kp3e16pXeWpFdEROkanyEMXqIZuUB01EEUKPaNX9Oa8OO/Oh/M5ay04+cwhmoPz9QuPDKJs</latexit>

• We can also derive a reciprocity relation in pure Yang-Mills

2�pure YM
S (N,↵s(µ)) = 2�pure YM

T

 
N +

2�pure YM
S (N,↵s(µ))

1 + ↵s(Q)
4⇡ �0 ln(z)

,↵s(µ)

!

<latexit sha1_base64="c9WIq/F0vTQ2re8T8OtUggmr7xU="></latexit><latexit sha1_base64="c9WIq/F0vTQ2re8T8OtUggmr7xU="></latexit><latexit sha1_base64="c9WIq/F0vTQ2re8T8OtUggmr7xU="></latexit><latexit sha1_base64="c9WIq/F0vTQ2re8T8OtUggmr7xU="></latexit>
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time-like kernel

Dixon, Moult, HXZ, to appear



Summary

• Jets provides excellent probe for connecting perturbative 
hard physics and non-perturbative soft physics


• Energy correlators are perhaps the simplest observable to 
understand structure of jets


• Recent progress in understanding energy correlators: 
fixed order calculation, all order resummation


• Energy correlators in N=4 sYM: interesting connection 
between time-like and space-like physics
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