Resolving the Scales of the Quark-
Gluon Plasma with Energy Correlators
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Introduction

Time

We want to study the QGP in HIC.
— 20 years of HIC at RHIC, 10 years of HIC at the LHC, sPHENIX coming soon.

We need to study the QGP with sensitive QCD probes with good theoretical control...



Introduction

Prototypical observable:

" dN, 4/ d°pr dy
<Ncoll> dep/dsz dy

RAA

R4 # 1 for coloured probes.

Principle mechanism is energy loss due
to medium induced radiation.
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*PRELIMINARY PbPb\s, = 2.76 TeV f L dt=7-150 ub ™|

*Z (0-100%) lyl <2

W (0-100%) p: > 25 GeV/c, In'l < 2.1
Isolated photon (0-10%) h)l < 1.44
Charged particles (0-5%) )l <1

*B — J/p (0-100%) )l <2.4
*Inclusive jet (0-5%) Iyl <2

*b-jet (0-10%) Inl <2
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Problem:

Jet quenching is a multi-scale process. It is difficult to unambiguously resolve the
scales/properties of the QGP involved within current approaches.
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https://arxiv.org/pdf/1907.03653.pdf
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There has been a lot of work introducing observables.

1512.08107,1710.03237,1812.05111, 2010.00028, and more
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We would like to present a new approach to add to this body of work.
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. Correlation functions

Solid = Hadron level
Dashed = Parton level
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Correlation functions of £(n)

* Generally one can define correlators of any quantum charge or
conserved quantity.

* For QCD, correlators of energy flux are usually of most interest —

these naturally remove soft physics without grooming. AQ
= A
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https://arxiv.org/abs/0803.1467

Correlation functions of £(n)

Which correlation function is the one for us?
* In the previous slide the 2-point correlator gives a sentive pobe of hadronisation.
* In 2201.08393 the 3-point provided a sentive probe to the top mass.

Look to what is currently done and sucessful.
* R, 4 can be expressed as a function of one-point correlators + corrections:

* Ryy = <NAA>/(<NC011><Npp>)- (N) is the one point correlator of the number
opertator and due to momentum conservation (N) = (£)/(Q).

* In effect, R44 gives access to the simplest but also least sensitive correlator. Let us
increase the sentivity (at the expense of a little more complexity) by looking
directly at the 2-point correlator.
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The observable analytically
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The observable analytically
Equiv.to tr < L

By
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The observable numerically
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The observable numerically
0. > 0y, 0. < o,
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For angles 6. > 68 > 0, the quark jet Initial splitting can be resolved by the
undergoes some energy loss but the medium when 6 > 6;. Broadening and

substructure is not resolved. energy loss occur.



The observable numerically
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The observable numerically
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The observable numerically
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The observable numerically

An analysis in JEWEL is now also under way.

Energy-Energy Correlator pr > 0.5 GeV/c

Energy-Energy Correlator pr > 0.5 GeV/c
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Conclusions

Energy Correlators are cool and fun! {22,

e Our early results suggest properties of the QGP can be resolved by using
energy correlators for jet substructure.

e Our initial analysis uses the BDMPS-Z model for the numerics. However,

the basic features should be model independent, they are set by formation
times and uncertainty relations. Could not be explained by changing g/g

fraction.

* Correlators are naturally insentive to low scale physics — hadronisation,
background amd soft corrections typically are sub-leading.

* We are optimistic for a future measurement at STAR and sPHENIX, and we
are studying feasibility in JEWEL.
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Part N/A: Supplemental Material
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