Precision jet substructure

and machine learning for jets

Benjamin Nachman T

Lawrence Berkeley National Laboratory

bpnachman.com @bpnachman O bnachman
bpnachman@Ibl.gov

\
ir/r}‘ 1 BlD S Guido Altarell
Award, DIS

BERKELEY LAB BERKELEY INSTITUTE Aprll 16, 2021

FOR DATA SCIENCE



http://bpnachman.com

A renaissance in QCD theory

In Theory

quark jets (Pythia 6 MC)
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There has been an explosion of new ideas, paired with
an analytic understanding of jet substructure (JSS)

Shameless self-promotion: A. Larkoski, |. Moult, BPN,1709.04464-
JSS at the L HC: A Review of Recent Advances in Theory and ML



http://arxiv.org/abs/1709.04464

A Complex Reconstruction Challenge

Unlike other objects: no right answer at particle level!

In Theory In Principle
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Interesting interplay between algorithm, pileup
mitigation strategy, grooming, calibration, resolution...

More promotion - R. Kogler, BPN, A. Schmidt (editors), et al., 1803.06991:
Jet Substructure at the [ arge Hadron Collider: Experimental Review



https://arxiv.org/abs/1803.06991

Applied JSS - searches

Jet tagging has made a huge impact on the search program

In Theory In Principle In Practice
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Extending limits for diboson, ditop resonances, stops &
gluinos, covering new phase space (many jets, single jets),



Precision Jet Substructure

In Theory In Principle In Practice In Precision
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Most of the modern techniques were motivated by QCD
calculations ... now that those calculations are
becoming precise (beating the PS formal accuracy) we
can start to use them for measurements!



Example: jet charge
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Example: Jet Charge
(IR safe, C unsafe)

Qs =p;" ZieJ PT 19

Higher pt — higher x
- more valence guarks
- More up quarks
- more positive

But is there a residual
change aside from PDFs?



Example: jet charge
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Example: jet charge
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More examples of precision |SS
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The mysteries of QCD

Eur. Phys. J. C 78 (2018) 847, Phys. Lett. B (2015) 475
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Recent theory progress: A. Larkoski, S. Marzani, C. Wu, JHEP 01 (2020) 104, Phys. Rev. D 99, 091502 (2019)



What about ML




Data analysis in HEP

Theory of everything Nature
v v
Experiment
v v
Detector-level observables  Detector-level observables
v v

Pattern recognition «—— Pattern recognition



Data analysis in HEP + ML
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clustering
enhance tracking
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, particle identification
“signal” versus “background”



Data analysis in HEP + ML
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Data analysis in HEP + ML
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Mixed Sample 1

Mixed Sample 2
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Complete pipeline

from methods to datal

...but this is not the end, we

need new methods and

more applications to data!
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The LHC Olympics 2020

A Community Challenge for Anomaly
Detection in High Energy Physics




Now is the time to think big !

Measure what is measurable, and make measurable what IS not SO
-Galileo
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What if we can use machine learning to make measurements,
unbinned, in variable-dimensions, using low-level information?
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April 8, 2021
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Measurement of lepton-jet correlations in high Q?
neutral-current DIS with the H1 detector at HERA

The HI1 Collaboration

Abstract

A measurement of jet production in high Q0 neutral-current DIS events close to the Born-level con-
figuration y*q — ¢ (Born kinematics) is presented. This cross section is measured deferentially as
a function of the jet transverse momentum and pseudorapidity, as well as lepton-jet momentum im-
balance and azimuthal angle correlation. The jets are reconstructed in the laboratory frame with the
kr algorithm and a distance parameter of 1.0. The data are corrected for detector effects using the
OMNIFOLD method, which incorporates a simultaneous and unbinned unfolding in four dimensions
using machine learning. The results are compared with leading order Mont Carlo event generators
and higher order calculations performed within the context of collinear or transverse-momentum-
dependent (TMD) factorization in Quantum Chromodynamics (QCD). The measurement probes a
wide range of QCD phenomena, including TMD parton-distribution functions (PDFs) and their evo-
lution with energy.

“Only” 6-dimensions
simultaneously and unbinned
- the future is bright!

(maybe not with the collider you had in mind!)
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https://indico.bnl.gov/event/9726/contributions/46542/attachments/33840/54474/H1leptonjet_DIS2021.pdf

e Jets and Jet Sy bstructure are
essential tools for the future of high
energy particle/nuclear physics

Jets have provided a
catalyst for machine
learning in HEP;
we now have access to
our data in their natural
high-dimensionality!

visit ML4Jets 2021!
https://indico.cern.ch/event/980214/




Thank you for the great honor of sharing
a prize in the name of Dr. G. Altarelli!

...and a deep gratitude to my
collaborators, mentors, and mentees for
a wonderful research environment!



