
Doojin Kim
(doojin.kim@tamu.edu)	

Seattle Snowmass Summer Meeting 2022
July 19th, 2022

mailto:doojin.kim@tamu.edu


Doojin Kim Snowmass Summer Meeting 2022

The “Curse” of Dimensionality
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At colliders (e.g., LHC)

At neutrino experiments (e.g., 𝜇BooNE)
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Dimensional Reduction
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(Image from Daniel Whiteson’s talk in Seattle Snowmass Summer Meeting)

More intuitive

Losing information

Less intuitive

Keeping information



Doojin Kim Snowmass Summer Meeting 2022

Kinematic Variables and Challenges
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Which axis (or variable) in the visible space is 

best sensitive to the signal of interest?

The existence of invisible particles (e.g., 

neutrinos, dark matter candidates)
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Discovery and Precision Measurement
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Kinematic variables

§ Expedite the discovery of new particles,

§ Help interpreting physics data,

§ Allow for particle property measurements (e.g., mass, spin, coupling) 
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Kinematic Variables and Feature Engineering
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[Franceschini, DK, Kong, Matchev, Park, Shyamsundar, arXiv:2206.13431]

Any feedback will be more than welcome. 
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Flow of Dimensionality Reduction and Kinematic Variables
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Inclusive (Shape) Variables
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[Inspired by Fabio Maltoni’s lecture slide at the 2013 CERN - Latin-American School of High Energy Physics]
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Exclusive Mass Variables
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Topology disambiguation with invariant masses 
[Cho, DK, Matchev, Park, arXiv:1206.1546]

Transverse mass distribution of leptonic W [CDF 
Collaboration, Science 376 (2022) 6589]

𝑀!" kink [Cho, Choi, Kim, 
Park, arXiv:0709.0288]

Algebraic singularity [I.-
W. Kim, arXiv:0910.1149]

§ Theoretical/phenomenological 

developments mostly motivated by 

missing energy events
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Exclusive Variables: Energy, Time, Distance
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Top quark mass measurement using the energy-
peak method [CMS Collaboration, CMS-PAS-TOP-15-002]

Long-lived particle searches with timing 
information [Liu, Lui, Wang, arXiv:1805.05957]

§ Re-discovering the implication of the energy peak at hardon colliders

§ Long-lived particle searches with timing and distance variables 
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Other Exclusive Variables
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Kink structure in the transverse variable of single resonance 
events with ISR [Barr, Gripaios Lester, arXiv:0711.4008]

Dark matter search in the mono-X + MET channels [CMS 
Collaboration, arXiv:2107.13021]

§ ISR (sometimes) helps both the discovery of 

new phenomena and particle mass 

measurements.
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Variables/Methods Using Ensembles of Events
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Dependence of # of undetermined parameters 
𝑁# − 𝑁$ in # of intermediate resonances 𝑛
[Burns, Kong, Matchev, Park, arXiv:0810.5576]

Particle mass measurement with the focus point method 
[DK, Matchev, Shyamsundar, arXiv:1906.02821]

Top quark mass 
measurement with 
kinematic endpoints 
[CMS Collaboration, 
arXiv:1304.5783]

Kinematic edge detection [Debnath, Gainer, DK, 
Matchev, arXiv:1506.04141]
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Kinematic Variables (KVs) in the Machine Learning (ML) Era

12

Traditional approach only with KVs

ML-based approaches with/without the 
aid of KVs

Construction of artificial KVs

“Blackboxness” of ML-based techniques and kinematic variables

§ To interpret/explain the ML blackbox ⇒ KVs for interpreting, explaining, and understanding the decisions made 

by ML [Chang, Cohen, Ostdiek, arXiv:1709.10106; Faucett, Thaler, Whiteson, arXiv:2010.11998; Agarwal et al, arXiv:2011.13466; 

Grojean, Paul, Qian, arXiv: 2011.13945]

§ To try the machine less of a blackbox ⇒ Constructing KV-inspired neural architectures [Komiske, Metodiev, Thaler, 

arXiv:1810.05165; Erdmann, Geiser, Rath, Rieger, arXiv:1812.09722]

§ To design robust ML-based analysis techniques despite blackboxness ⇒ Constructing ML-based event variables 
[DK, Kong, Matchev, Park, Shaymsundar, arXiv:2105.10126]

“Blackboxness” of ML-based techniques and kinematic variables

§ To interpret/explain the ML blackbox ⇒ KVs for interpreting, explaining, and understanding the decisions made 

by ML [Chang, Cohen, Ostdiek, arXiv:1709.10106; Faucett, Thaler, Whiteson, arXiv:2010.11998; Agarwal et al, arXiv:2011.13466; 

Grojean, Paul, Qian, arXiv: 2011.13945]

§ To try the machine less of a blackbox ⇒ Constructing KV-inspired neural architectures [Komiske, Metodiev, Thaler, 

arXiv:1810.05165; Erdmann, Geiser, Rath, Rieger, arXiv:1812.09722]

§ To design robust ML-based analysis techniques despite blackboxness ⇒ Constructing ML-based event variables 
[DK, Kong, Matchev, Park, Shaymsundar, arXiv:2105.10126]
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Kinematic Variables at Non-Collider Experiments
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Elastic low-mass dark matter signal separation 
from CCQE-induced backgrounds at DUNE [de 
Romeri, Kelly, Machado, arXiv:1903.10505]

Cosmogenic inelastic boosted dark matter at large-
volume neutrino detectors [DK, Park, Shin, 
arXiv:1612.06867]

Kinematic variables designed for collider phenomenology can be readily applied to non-collider experiments (e.g., 

neutrino experiments)

§ Experiment-wise ⇒ high-capability detectors

§ Theory-wise ⇒ Models predicting multi-particle states (e.g., non-minimal dark-sector scenarios) 



Doojin Kim Snowmass Summer Meeting 2022

Conclusions
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Discussion
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Future directions of kinematic variables

1) Applicability of kinematic variables for the non-

collider experiments, especially fixed target 

experiments and neutrino experiments 

2) Investigation of interpretability and reliability of ML-

based techniques using kinematic variables


