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1 Newway to understand some subtle effects in
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Definitionof Energy Operator Penrose diagram
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Light transformation
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Energy Operator in free theory

free scalartheory in D 4 massless
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The integral an x gives two different delta
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Higher spin Light ray operator oddand evenspinbranch

Chew franstri plot
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Turn on interaction Collinear Safety
IRC Safety in pQCD
A physical obestvable is a functionof on shell

momentum
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AN EC is also collinear sate by linearity he
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from local operator point of view stress

tensor are protected operator conserved current

Higherspin twist 2 operators receive quantum
corrections to its scaling dimension
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An importantgoal of Energy Correlator study is to

carve out all the regge trajectory in the theory



Operator definition for higher spin light rays
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Interpretation in termsof PDFs and FFs

Twist 2 family in QCD
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DGLAP Equation for space like spliting
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Fragmentation function
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Example calculation of Splitting functions
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These are the unregularized splitting functions



Gribov Lipator Reciprocity

One loop
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Beyond one loop for the non singlet

non singlet Via J 859 J 8 J

For the singlet part reciprocity holds for
eigenvalues

ex check using results in 2006 10534

D How to understand this relation

to answer this question we need to study

matrix elementof Light ray operators



weighted cross section as correlationfunction
Wightman function
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One point energy flux E n x

Scalar Source O x e.g
2

LE n d4x e 9 0th Echl 061

Ecm fm.pt ax T

LO IXDT 1 27 01 37

li ii aYii
t

Y i
Completely fixed by conformalsymmetry no

free parameter
Wightman prescription

12 It XD IE 2311 23 IE

1 12 ie Xiz ie Xiii

X1 X2

take residue of Xir pole



d

to

8.9 11 Xii otcx.IT a 0 XD

I

xp
2 Kis 7

fd4xei9x
I

130
2

13 73

1940
1

4.813 cmsfram.tt

otatJdoonLEcnDoq5tct

consequence of energy
conservation

No free parameter in 1 point energy flux



K

VECTOR source
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polarization
refer field
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As canbe calculated in PGCD

in Yuk Imt α that
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Average Null Energy Condition

ECR 0 for any state Y
A trivial particle physics proof
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In a supersymmetric theory with a current in the

same supermultiplet of the stress tenser a and c

are encoded in JIT TTT

In a free theory with N 1 chiralsupermultiplet
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Anomaly

classical 2T 0

Quantum 2,35 EnupoFMFPT

In standard GFT book anomaly are usually
calculated by
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Gribov Lipatov reciprocity from one pointenergyfun
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Chew franstri Plot
free theory
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Commutativity
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Recall Xinants Lecture In CFT with 4scalaroperator
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Two approaches

4 Mellin Amplitude
2 cross ratio 2 Mellin Mandelstam
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EEC in GCD perturbation theory
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2 0 collinear limit ffy
LEE α

Z 1 back to back Mt
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Sudakov double leg
Relation to Event shape

Conjecture E EE EEE

form a complete basisof IRC safe observable
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Collinear limit

local CPE
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Light ray CPE
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In particular

dim ET 2 1 1

Spin E 1 4 3 localoperator
doesn't exist
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Back to chew franstri Plot

We can explore the
of

geese c F plat by multiple
Lee energy correlators

Ratio of energy correlators
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most uncertainties
cancel leads to precision
theory prediction

Factorization approach
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Probability

for producing a parton
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EE dx X HIx J x Z

In principle I can be calculated using
splitting Amplitudes
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EE dx x HIX J In

Solving the RG equation for J can resum

all the large logarithms in logz

Puzzle J is solved using Time Like Splitting
functions But light ray CPE tells us that

logz can be resummed by space like AD

Asumming a Power law solution for J
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