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Various Non-Gaussianities
In Cosmology: 3-pt correlation of scalar/gravity wave fluctuation

In CFT: deviation of 4-pt correlation from its “gaussian” counterpart
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[e.g. Maldacena, 2002; Babich, Creminelli, Zaldarriaga, 2004; …]

probes the non-gaussianity in the early universe 
and distinguishes different inflation models

h�1�2�3�4i
h�1�2ih�3�4i+ h�1�3ih�2�4i+ h�1�4ih�2�3i

<latexit sha1_base64="Mp77jq+sG8Xpkg7xCluqBQ5FP5w="></latexit>

[Rychkov, Simmons-Duffin, Zan, 2016]

Critical 3D Ising Non-Gaussianity
e.g. spin operators in Ising model
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Primordial fluctuations

What cosmic history gave rise to primordial fluctuations?
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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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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]
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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
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Can we study similar concept in the flat space collider experiment? 
Any basic building block, e.g. like spin correlation in the Ising model? 
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Energy-Energy Correlator (EEC)
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[Basham, Brown, Ellis and Love, 1978] introduced energy-energy correlation

which characterizes the correlation of two energy detectors at spatial infinity (celestial sphere).
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Energy Correlation  
on the celestial sphere

Spin Correlation  
on the plane (2D Ising)

Boltzmann factor
e��H
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differential cross section
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Probability Distribution

Weighting Factor

eigenvalues of spineigenvalues of energy
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Outline

• construction of celestial non-gaussianities from EECs


• properties/shapes of celestial non-gaussianities


• celestial non-gaussianities with CMS open data


• conclusion
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Construction
Numerator — EEEC



Kinematics of Collinear EEEC
Non-trivial shape dependence starts from 3 point in the collinear limit.

shape of the triangle for collinear EEEC

Different parameterizations:

(1) 3 ordered lengths RS < RM < RL
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refers to opening angles between calorimeters

(2) the longest length      and a complex number RL
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(3) coordinate change z ! (⇠,�)
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[shape]

map to a square

[Komiske, Moult, Thaler,  Zhu, 2022]
z
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plane

squeezed

equilateral

flattened

squeezed
equilateral

flattened

⇠ = |z|/|1� z|
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� = arcsin

s

1� (1� |1� z|)2
|z|2

<latexit sha1_base64="JE89Eg4k5MuT3m/gWd7a+qr4+f4="></latexit>

7



Factorization of EEEC

8

Perturbative EEEC has divergence in the squeezed limit. 

The schematic leading power factorization is 

E(~n1)
<latexit sha1_base64="BtY8xWZS+oIA3ro4NfSgm59dgSw="></latexit>

E(~n2)
<latexit sha1_base64="jv7FVcovmVLcyZCQ4uVUF0fY16I="></latexit>

E(~n3)
<latexit sha1_base64="lwrvIGwC5mcW7LrHkELd53QacMI="></latexit>

E(~n1)
<latexit sha1_base64="BtY8xWZS+oIA3ro4NfSgm59dgSw="></latexit>

E(~n2)
<latexit sha1_base64="jv7FVcovmVLcyZCQ4uVUF0fY16I="></latexit>

E(~n3)
<latexit sha1_base64="lwrvIGwC5mcW7LrHkELd53QacMI="></latexit>

E2(~n1)
<latexit sha1_base64="mv9soD9z2hL2/GqWZwqHCUwsqZY=">AAACH3icbVDLSsNAFJ3UV62vqks3wSLUTUmqoMuiCC4r2Ac0tUwmN+3QySTMTIol5AP8DL/ArX6BO3HbD/A/nLZZ2NYDA4dz7p17OG7EqFSWNTFya+sbm1v57cLO7t7+QfHwqCnDWBBokJCFou1iCYxyaCiqGLQjAThwGbTc4e3Ub41ASBryRzWOoBvgPqc+JVhpqVcsObM/EgFe6gRYDQhmyV36VC07IyAJT3v2uZ6yKtYM5iqxM1JCGeq94o/jhSQOgCvCsJQd24pUN8FCUcIgLTixhAiTIe5DR1OOA5DdZBYkNc+04pl+KPTjypypfzcSHEg5Dlw9Oc0rl72p+J/XiZV/3U0oj2IFnMwP+TEzVWhOmzE9KoAoNtYEE0F1VpMMsMBE6f4WrjzPo+pe7OUWVkmzWrEvKtWHy1LtJmsoj07QKSojG12hGrpHddRABL2gN/SOPoxX49P4Mr7nozkj2zlGCzAmv7PopBU=</latexit>

×∼

Energy square weighting

Such a factorization is also called light-ray OPE (at leading twist).  
[Hofman, Maldacena, 2008; Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 2019;  
 HC, Moult, Zhu, 2020; Chang, Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 2020]



Construction
Denominators



Choosing Denominators

10

One Aim: construct a ratio that is free of divergence

Hint from intuitive factorization in the squeezed limit: 
hE(~n1)E(~n2)E(~n3)i ⇠ hE(~n1)E(~n2)i hE2(~n1)E(~n3)i

<latexit sha1_base64="q+QJCeOJiBq324V1OGGlv8L0dkA="></latexit>

EEC(RS)
<latexit sha1_base64="bn4h/kzDstQIDSVxw7aYnCnlOk0=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAh1U5Iq6LJYCi7row9oQ5hMJ+3QmUmYmagl9Bv8Arf6Be7Erd/gB/gfTtosbOuBC4dz7uUejh9RIpVtfxsrq2vrG5u5rfz2zu7evlk4aMkwFgg3UUhD0fGhxJRw3FREUdyJBIbMp7jtj2qp337AQpKQ36txhF0GB5wEBEGlJc8s9BhUQ8GSer02Kd16d6eeWbTL9hTWMnEyUgQZGp750+uHKGaYK0ShlF3HjpSbQKEIoniS78USRxCN4AB3NeWQYekm0+gT60QrfSsIhR6urKn69yKBTMox8/VmGlQueqn4n9eNVXDpJoRHscIczR4FMbVUaKU9WH0iMFJ0rAlEguisFhpCAZHSbc19eZpF1b04iy0sk1al7JyVKzfnxepV1lAOHIFjUAIOuABVcA0aoAkQeAQv4BW8Gc/Gu/FhfM5WV4zs5hDMwfj6BUwom84=</latexit>

E2EC(RL)
<latexit sha1_base64="XkFFv6FSaOl4T68riIaHtWvvx0s=">AAACD3icbVDLSsNAFJ34rPUV7dJNsAh1U5Iq6LJYCi5cVLEPaGOYTKft0JlJmJmIIfQj/AK3+gXuxK2f4Af4H07aLGzrgQuHc+7lHo4fUiKVbX8bK6tr6xubua389s7u3r55cNiSQSQQbqKABqLjQ4kp4bipiKK4EwoMmU9x2x/XUr/9iIUkAb9XcYhdBoecDAiCSkueWegxqEaCJfWHSr02Kd15N6eeWbTL9hTWMnEyUgQZGp750+sHKGKYK0ShlF3HDpWbQKEIoniS70UShxCN4RB3NeWQYekm0/AT60QrfWsQCD1cWVP170UCmZQx8/VmGlUueqn4n9eN1ODSTQgPI4U5mj0aRNRSgZU2YfWJwEjRWBOIBNFZLTSCAiKl+5r78jSLqntxFltYJq1K2TkrV27Pi9WrrKEcOALHoAQccAGq4Bo0QBMgEIMX8ArejGfj3fgwPmerK0Z2UwBzML5+AXyVnGs=</latexit>

EEEC(RS , RM , RL)
<latexit sha1_base64="gN+OOFvL1Ltmiw9xVxyK4HbI+kM=">AAACFnicbVDLSsNAFJ3UV62vqDvdDBahgpSkCrosloILhVrtA9oQJtNJO3TyYGYillDwM/wCt/oF7sStWz/A/3DSZmGrBy4czrmXe+9xQkaFNIwvLbOwuLS8kl3Nra1vbG7p2ztNEUQckwYOWMDbDhKEUZ80JJWMtENOkOcw0nKGlcRv3RMuaODfyVFILA/1fepSjKSSbH2v6yE54F5crVYr40Ldvj2u29eqro5sPW8UjQngX2KmJA9S1Gz9u9sLcOQRX2KGhOiYRiitGHFJMSPjXDcSJER4iPqko6iPPCKsePLDGB4qpQfdgKvyJZyovydi5Akx8hzVmVws5r1E/M/rRNI9t2Lqh5EkPp4uciMGZQCTQGCPcoIlGymCMKfqVogHiCMsVWwzWx6mp6pczPkU/pJmqWieFEs3p/nyRZpQFuyDA1AAJjgDZXAJaqABMHgEz+AFvGpP2pv2rn1MWzNaOrMLZqB9/gD7957A</latexit>

⇠<latexit sha1_base64="W3Wq69d6gx0ixJj+ZMikMyeYqjM=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Q8mkmTY0yQxJRixDwS9wq1/gTtz6K36A/2GmnYVtPRA4nHMv9+QEMWfauO63U1hb39jcKm6Xdnb39g/Kh0ctHSWK0CaJeKQ6AdaUM0mbhhlOO7GiWASctoPxbea3H6nSLJIPZhJTX+ChZCEj2GRSTzPRL1fcqjsDWiVeTiqQo9Ev//QGEUkElYZwrHXXc2Pjp1gZRjidlnqJpjEmYzykXUslFlT76SzrFJ1ZZYDCSNknDZqpfzdSLLSeiMBOCmxGetnLxP+8bmLCaz9lMk4MlWR+KEw4MhHKPo4GTFFi+MQSTBSzWREZYYWJsfUsXHmaR7W9eMstrJJWrepdVGv3l5X6Td5QEU7gFM7Bgyuowx00oAkERvACr/DmPDvvzofzOR8tOPnOMSzA+foF0sWWwQ==</latexit>

Abbreviation
to manifest angles

However, double energy weighting is not IR safe. (Ea + Eb)
2 6= E2

a + E2
b

<latexit sha1_base64="j7jx0p1IIdWd2wOPntnDEc85pTM=">AAACGXicbVDLSgMxFM34rPU16lKEYBEqhTIzCrosSsFlBfuAdjpk0kwbmsmMSUYspSs/wy9wq1/gTty68gP8D9N2Frb1QMjJOfdyb44fMyqVZX0bS8srq2vrmY3s5tb2zq65t1+TUSIwqeKIRaLhI0kY5aSqqGKkEQuCQp+Rut+/Hvv1ByIkjfidGsTEDVGX04BipLTkmUf5socKZc8/bTstTu6hfrYdWNC333Y8M2cVrQngIrFTkgMpKp750+pEOAkJV5ghKZu2FSt3iISimJFRtpVIEiPcR13S1JSjkEh3OPnGCJ5opQODSOjDFZyofzuGKJRyEPq6MkSqJ+e9sfif10xUcOkOKY8TRTieDgoSBlUEx5nADhUEKzbQBGFB9a4Q95BAWOnkZqY8TlfVudjzKSySmlO0z4rO7XmudJUmlAGH4BjkgQ0uQAncgAqoAgyewAt4BW/Gs/FufBif09IlI+05ADMwvn4BK3WetA==</latexit>

We try to remedy this by dividing another IR unsafe numerical factor

hE(~n1)E(~n2)i hE2(~n1)E(~n3)i/hE2i
<latexit sha1_base64="py0d2rhz/ewX7vlwQhMVXqlKKA4="></latexit>

The intuition is that during the late time evolution, particles moving along different directions are space-like separated,

so we expect, as a good approximation, different detectors are independent at that stage.



Celestial Non-Gaussianities
Proposal 1:

11

RL
<latexit sha1_base64="vZK4+eGjvajNs6Ew0oVorCjg6KU=">AAACC3icbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6Lbly4qGJroQ1hMpm0QycPZiZiCf0Ev8CtfoE7cetH+AH+h9M0C9t6YOBwzr1zLsdLOJPKsr6N0srq2vpGebOytb2zWzX39jsyTgWhbRLzWHQ9LClnEW0rpjjtJoLi0OP0wRtdTf2HRyoki6N7NU6oE+JBxAJGsNKSa1b7+R+ZoP4E3bk3rlmz6lYOtEzsgtSgQMs1f/p+TNKQRopwLGXPthLlZFgoRjidVPqppAkmIzygPU0jHFLpZHnoBB1rxUdBLPSLFMrVvxsZDqUch56eDLEaykVvKv7n9VIVXDgZi5JU0YjMgoKUIxWjaQvIZ4ISxceaYCKYvhWRIRaYKN3VXMrT7FTdi73YwjLpNOr2ab1xe1ZrXhYNleEQjuAEbDiHJlxDC9pAIIUXeIU349l4Nz6Mz9loySh2DmAOxtcvpYCbhg==</latexit>

RL
<latexit sha1_base64="vZK4+eGjvajNs6Ew0oVorCjg6KU=">AAACC3icbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6Lbly4qGJroQ1hMpm0QycPZiZiCf0Ev8CtfoE7cetH+AH+h9M0C9t6YOBwzr1zLsdLOJPKsr6N0srq2vpGebOytb2zWzX39jsyTgWhbRLzWHQ9LClnEW0rpjjtJoLi0OP0wRtdTf2HRyoki6N7NU6oE+JBxAJGsNKSa1b7+R+ZoP4E3bk3rlmz6lYOtEzsgtSgQMs1f/p+TNKQRopwLGXPthLlZFgoRjidVPqppAkmIzygPU0jHFLpZHnoBB1rxUdBLPSLFMrVvxsZDqUch56eDLEaykVvKv7n9VIVXDgZi5JU0YjMgoKUIxWjaQvIZ4ISxceaYCKYvhWRIRaYKN3VXMrT7FTdi73YwjLpNOr2ab1xe1ZrXhYNleEQjuAEbDiHJlxDC9pAIIUXeIU349l4Nz6Mz9loySh2DmAOxtcvpYCbhg==</latexit>

RS
<latexit sha1_base64="B8wa57yIefOnLRv8VGTwUwP3sjg=">AAACDHicbVDLTsJAFL3FF+Kr6tLNRGLiirRookuiG5f4AEmgaabDABOm02ZmSiQNv+AXuNUvcGfc+g9+gP/hULoQ8CSTnJxz75ybE8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJKENEvFItgKsKGeCNjTTnLZiSXEYcPoYDK+n/uOISsUi8aDHMfVC3BesxwjWRvJtu5P9kQY8oRN059/7dtmpOBnQMnFzUoYcdd/+6XQjkoRUaMKxUm3XibWXYqkZ4XRS6iSKxpgMcZ+2DRU4pMpLs9QJOjFKF/UiaZ7QKFP/bqQ4VGocBmYyxHqgFr2p+J/XTnTv0kuZiBNNBZkF9RKOdISmNaAuk5RoPjYEE8nMrYgMsMREm7LmUp5mp5pe3MUWlkmzWnHPKtXb83LtKm+oCEdwDKfgwgXU4Abq0AACI3iBV3iznq1368P6nI0WrHznEOZgff0CiW6cBA==</latexit>

RS
<latexit sha1_base64="B8wa57yIefOnLRv8VGTwUwP3sjg=">AAACDHicbVDLTsJAFL3FF+Kr6tLNRGLiirRookuiG5f4AEmgaabDABOm02ZmSiQNv+AXuNUvcGfc+g9+gP/hULoQ8CSTnJxz75ybE8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJKENEvFItgKsKGeCNjTTnLZiSXEYcPoYDK+n/uOISsUi8aDHMfVC3BesxwjWRvJtu5P9kQY8oRN059/7dtmpOBnQMnFzUoYcdd/+6XQjkoRUaMKxUm3XibWXYqkZ4XRS6iSKxpgMcZ+2DRU4pMpLs9QJOjFKF/UiaZ7QKFP/bqQ4VGocBmYyxHqgFr2p+J/XTnTv0kuZiBNNBZkF9RKOdISmNaAuk5RoPjYEE8nMrYgMsMREm7LmUp5mp5pe3MUWlkmzWnHPKtXb83LtKm+oCEdwDKfgwgXU4Abq0AACI3iBV3iznq1368P6nI0WrHznEOZgff0CiW6cBA==</latexit>

QE
<latexit sha1_base64="N+FVs9K/pyV45Ji9z2VQbBOw4XU=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiCC5bsA9oQ5lMJ+3QySTOTMQS+gF+gVv9Anfi1s/wA/wPJ20WtvXAhcM593IPx4s4U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9+kfvuRSsVCca8nEXUDPBTMZwRrI7mNfi/AekQwT26n/WLJLtszoFXiZKQEGer94k9vEJI4oEITjpXqOnak3QRLzQin00IvVjTCZIyHtGuowAFVbjILPUVnRhkgP5RmhEYz9e9FggOlJoFnNtOIatlLxf+8bqz9KzdhIoo1FWT+yI850iFKG0ADJinRfGIIJpKZrIiMsMREm54WvjzNo5penOUWVkmrUnYuypVGtVS7zhrKwwmcwjk4cAk1uIM6NIHAA7zAK7xZz9a79WF9zldzVnZzDAuwvn4ByS6amQ==</latexit>

= = hE(~n1) E(~n2) E(~n3)i hE2(~n1)i
hE(~n1) E(~n2)i hE2(~n1) E(~n3)i

<latexit sha1_base64="Jw+2a5gU9oAAm5g+A1o0EPu3fJs="></latexit>

deviation from flatness may come from: • higher twist effects

• quark/gluon mixing

• …

Proposal 2: symmetric version eQE
<latexit sha1_base64="5NGGANXU6C0rQjokZUCUagRs5bk=">AAACF3icbVDLSsNAFJ3UV62vqMtugkVwVZIq6LIogssWbCu0IUwmN+3QyYOZiVpCFn6GX+BWv8CduHXpB/gfTtosbOuBgcM593LPHDdmVEjT/NZKK6tr6xvlzcrW9s7unr5/0BVRwgl0SMQifudiAYyG0JFUMriLOeDAZdBzx1e537sHLmgU3spJDHaAhyH1KcFSSY5eHTxQDyRlHqTtzEkHAZYjgll6nWWOXjPr5hTGMrEKUkMFWo7+M/AikgQQSsKwEH3LjKWdYi4pYZBVBomAGJMxHkJf0RAHIOx0+onMOFaKZ/gRVy+UxlT9u5HiQIhJ4KrJPKNY9HLxP6+fSP/CTmkYJxJCMjvkJ8yQkZE3YniUA5FsoggmnKqsBhlhjolUvc1deZxFVb1Yiy0sk26jbp3WG+2zWvOyaKiMqugInSALnaMmukEt1EEEPaEX9IretGftXfvQPmejJa3YOURz0L5+AVRwoV0=</latexit>

EEC(RS)E
2EC(RL) + EEC(RS)E

2EC(RM ) + EEC(RM )E2EC(RL)
<latexit sha1_base64="PdjfUOSMtecPwV6xifq1b6S11WA=">AAACb3icjVFbSwJBGJ3dbmo3q4ceghiSQAlk14J6lEToIcEuXkA3mR1HHZy9MDMbyeIP9Qf0A/oFNesukZeHPhg4nHO+C2dsn1EhDWOm6RubW9s7qXRmd2//4DB7dNwUXsAxaWCPebxtI0EYdUlDUslI2+cEOTYjLXtcifTWO+GCeu6rnPjEctDQpQOKkVRULyu6DpIj7oTVamWaf+69FOAv81aKucdC5uofttqqrbZ2Wi+bM4rGvOAqMBOQA0nVe9nPbt/DgUNciRkSomMavrRCxCXFjEwz3UAQH+ExGpKOgi5yiLDCeThTeKmYPhx4XD1Xwjn7tyNEjhATx1bO6FSxrEXkOq0TyMGdFVLXDyRxcbxoEDAoPRglDfuUEyzZRAGEOVW3QjxCHGGp/mNhy0d8qsrFXE5hFTRLRfO6WHq6yZXvk4RS4AxcgDwwwS0ogwdQBw2AwQx8ayktrX3pp/q5DmOrriU9J2Ch9MIP4GS6Aw==</latexit>

additional 2 permutationsused in asymmetric one

use denominator:

We will mainly focus on the first proposal in this talk for its simpler denominator.
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Hadronization Effects
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We find hadronization effects are greatly reduced using Pythia simulation.
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This is not the case even

for the IR safe observable

EEC in the collinear limit.

The relative normalization is 
not trustable in this plot.
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Here, we have averaged over      and kept only     dependence.�
<latexit sha1_base64="b1M01Ew2/kP7Bg5cIFn9J1VnZd4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcsK9gFtKJPppBk6mYSZiVhCwS9wq1/gTtz6K36A/+EkzcK2Hhg4nHMv98zxYs6Utu1vq7S2vrG5Vd6u7Ozu7R9UD486KkokoW0S8Uj2PKwoZ4K2NdOc9mJJcehx2vUmt5nffaRSsUg86GlM3RCPBfMZwTqTBnHAhtWaXbdzoFXiFKQGBVrD6s9gFJEkpEITjpXqO3as3RRLzQins8ogUTTGZILHtG+owCFVbppnnaEzo4yQH0nzhEa5+ncjxaFS09AzkyHWgVr2MvE/r59o/9pNmYgTTQWZH/ITjnSEso+jEZOUaD41BBPJTFZEAiwx0aaehStP86imF2e5hVXSadSdi3rj/rLWvCkaKsMJnMI5OHAFTbiDFrSBQAAv8Apv1rP1bn1Yn/PRklXsHMMCrK9fxgaWuQ==</latexit>

⇠
<latexit sha1_base64="Q/DeNZl146HZWznWOCHTeuQTGC0=">AAAB/XicbVDLTgIxFL3FF+ILdemmkZi4IjNookuiG5cY5ZHAhHRKBxo6nUnbMZAJ8Qvc6he4M279Fj/A/7DALAQ8SZOTc+7NPT1+LLg2jvONcmvrG5tb+e3Czu7e/kHx8Kiho0RRVqeRiFTLJ5oJLlndcCNYK1aMhL5gTX94O/WbT0xpHslHM46ZF5K+5AGnxFjpoTPi3WLJKTsz4FXiZqQEGWrd4k+nF9EkZNJQQbRuu05svJQow6lgk0In0SwmdEj6rG2pJCHTXjqLOsFnVunhIFL2SYNn6t+NlIRaj0PfTobEDPSyNxX/89qJCa69lMs4MUzS+aEgEdhEePpv3OOKUSPGlhCquM2K6YAoQo1tZ+HKaB7V9uIut7BKGpWye1Gu3F+WqjdZQ3k4gVM4BxeuoAp3UIM6UOjDC7zCG3pG7+gDfc5HcyjbOYYFoK9fBz+WTw==</latexit>
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Shape
The shape peaks at the flattened region. Here we use LO result to illustrate.

squeezed

equilateral

flattened

1

2

1 signal of perturbative 1-particle propagator
1

sn=1,2
123

<latexit sha1_base64="o6rWrJKXfzYBlj3y99gIDpgKtok=">AAACFXicbZDLSsNAFIYn9VbrLepK3AwWwYWUJBV0IxTduKxgL9DGMJlO2qGTSZiZiCUEH8MncKtP4E7cuvYBfA+nbRa29YeBn/+cwznz+TGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84fW43nogQtKI36lRTNwQ9TkNKEZKR5550A0EwqmdpdJLbaea3af80j51sswzy1bFmgguGjs3ZZCr7pk/3V6Ek5BwhRmSsmNbsXJTJBTFjGSlbiJJjPAQ9UlHW45CIt108oUMHuukB4NI6McVnKR/J1IUSjkKfd0ZIjWQ87Vx+F+tk6jgwk0pjxNFOJ4uChIGVQTHPGCPCoIVG2mDsKD6VogHSDNRmtrMlsfpqZqLPU9h0TSdil2tOLdn5dpVTqgIDsEROAE2OAc1cAPqoAEweAIv4BW8Gc/Gu/FhfE5bC0Y+sw9mZHz9AogAnyg=</latexit>

2 higher twists contributions
[ twist-2 descendants

  + higher twists blocks ]
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Celestial Non-Gaussianities in CMS Open Data
• CMS has released a sample of high quality data for public use.


• Packaged in “MIT Open Data”, provided by Jesse Thaler and Patrick Komiske.


• Celestial non-gaussianity from the CMS open data:
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Comparing (LL + LO) with CMS Open Data

• CMS Open Data

The (LL + LO) prediction is made under the 45% quark assumption.
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Symmetric Version

Symmetric version is quite flat, which may be more 
sensitive to small effects in the 3 point correlation.
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It seems there are larger spin correlation in CMS 
Open Data than that in Pythia simulation.


But this is a very preliminary exploration, we lack the 
understanding about it.17



Conclusion

• We have introduced the concept of celestial non-gaussianities based on EECs.


• Celestial non-gaussianities are robust to hadronization effects.


• We found a good agreement between perturbative calculation and CMS Open 
Data, indicating that it might be helpful for exploring physics at high energy.


• We believe the symmetric version is worth of careful study, in particular for spin 
correlations.

Thanks !


