Nucleon Energy Correlators for the
Color Glass Condensate

Hao-yu Liu (YR £)
(Beijing University of Chemical Technology)
With Xiaohui Liu, Ji-chen Pan, Feng Yuan and Hua Xing Zhu
P EYESDFADESHF TRESE AT SFSARTIN,FS
15th Aug, 2024

Based on
Email address: |hy1991dbc@126.com



Outline

»Review of CGC effective theory
»Nucleon energy correlator
»Nucleon energy correlator for small x

»Summary




Review of CGC effective theory

Gluon Saturation
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The gluon density increases with Bjorken x decreases ) Gluon saturation
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Review of CGC effective theory

Gluon Distribution in CGC
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Transverse Momentum distribution by CGC (Color Glass Condensate)

Effective theory of QCD
One of the most appropriate theories for saturation .



Review of CGC effective theory

Searching for deterministic evidence of saturation

HERA data
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Single hadron production in pA

Search for saturation in pA collisions and DIS,
many hints, no solid evidence
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Nucleon energy correlator

The measurement of Nucleon energy correlator

[X.Liu, H.Zhu, 2022] [H.Cao,X.Liu, H.Zhu, 2023]

Similar to normal DIS One detector for lepton x5 = % Q? = —

Another detector for the energy deposits at @
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Nucleon energy correlator

The factorization of the weighted cross section

Factorization when Aqcp < 0Q < Q
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inclusive partonic DIS cross section

Suppose collinear factorization still holds for small x
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Nucleon energy correlator

Naive analysis S
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No Sudakov suppression  Higher order
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Similar to the collinear case for 6Q) > QS»insensitive .



Nucleon energy correlator for small x

Nucleon energy correlator by CGC

F, ., (g:) gluon transverse momentum distribution in CGC
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Numerical result

Comparing CGC and collinear result

rp =3 x 1073, Q% = 25GeV?, /s = 105GeV
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Collinear and CGC prediction for HERA kinematics

CGG result is suppressed for small 6

Collinear factorization can’t give
this suppression because of the
absence of Sudakov factor

NEEC 1s a clean probe for small-x
phenomena

10



Numerical result

Comparing CGC and collinear result

zp=3x107%, Q" = 25GeV?, /s = 105GV The spectrum becomes flat for Q) > ()4
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A probe for the onset of gluon saturation
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Numerical result

RPA(QZa rp, 9)

Nuclear Modification Factor
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Take ratios to reduce the systematics
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Summary and Outlook

Nucleon energy correlator 1s a new probe of the gluon saturation phenomenon in DIS at the
future electron-1on colliders. The 0-shape of the weighted cross section behaves differently
in the collinear factorization theorem and the CGC.

The difference 1s due to the intrinsic transverse momentum of order Qs induced by the non-
linear small-x dynamics. The nucleon energy correlator offer a great opportunity to pin down
the onset of the gluon saturation phenomenon 1n €A collisions.

This probe 1s fully inclusive and does not involve fragmentation functions or jet clustering, it
1s both theoretically and experimentally clean.

Extensions to other observables, such as measuring nucleon energy correlator in prompt
photon production, can also be carried out at the LHC.
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The Back up




Back up

Definition of Nucleon energy correlator
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Back up

Nucleon energy correlator in collinear factorization

By SCET
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Back up

Evolution of Nucleon energy correlator

By the factorization
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Back up

Comparing CGC and collinear result

rp =3 x 107%, Q% = 100GeV?, /s = 318GeV
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Back up

Full CGC
02y by direct CGC calculation
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