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About Me

34 years old, single, no children

Live with family and dog in Logan Square, Chicago

Doing physics research since 2008: Cosmic Ray astronomy, Optical
transients, Computational Linguistics, Mathematical Linguistics,
worth with SiPMs, CMS internship, Dark Matter Search (SBC),
Gamma Ray Burst imaging pipeline, work with CF4, work with piezos

Worked at Fermilab before COVID furlough

Have yet to finish my BS degree

Run a successful tutoring business

Live with a degenerative neuro-psychiatric disorder

First-generation student with parents from Jalisco, Mexico
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Elementary Intros: 1984 to Post-Higgs Era
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Top Quark Physics

Velasco, David (CMS) Toponium June 22, 2023 4 / 16



In short

According to a particle theory book from 2015:

This may be wrong.

Moral: Work with the end goal in mind. Always do a literature search. Is
an incomplete product a bad product? Is bad the right word to use in this
context?
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Evidence for Toponium?

ATLAS [arxiv:1910.08819] and
CMS see an excess of low mℓℓ̄

events (dilepton events)

Fuks et. al. showed that this
can be explained via a tt̄ scalar
resonance [arxiv:2102.11281]

Using an event selection
procedure biased for toponium
production Fuks et. al. achieved
a S/N ratio of 7% when
considering only tt̄ events
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Goal of Toponium analysis

A lot of work done so far:

MadGraph

PYTHIA

delphes

BiLSTMs

transformers??

Goal: Put a limit on the cross
section for Toponium using
Higgs PAG - combine and
machine learning tools.

Moral: You will need to climb a steep learning curve to get anything done
that may be useful to your mentor. Just focus on the goal of learning. You
are starting something that may mature into a full career. Also, there are
plenty of physicists who have never and will probably never understand
quantum field theories. There is room for everyone in physics work.

Velasco, David (CMS) Toponium June 22, 2023 7 / 16



Method

Techniques used to identify final state particles and their evaluation:
neural network methods are used.

Event Selection Criteria: TBD. Maybe use the same as Fuks et al?

Background determination: Comes from NN classifier.

Uncertainties: 20 known of in analysis thus far.

Expected Results: Make a plug-and-play limit setting procedure that
can be used with any Monte Carlo data and hopefully with real data
in the near future

Comment: Machine learning methods are the future whether or not we
like that fact. Take solace that the math is starting to justify many of the
ad hoc approaches taken by certain groups in using the latest tool du jour.
Look up the Universal Approximation Theorem.
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Statement of Classifier Problem in n = 7

From this we want to map this vector:

v =< pt , ηt , ϕt , pt̄ , ηt̄ , ϕt̄ ,mtt̄ > (1)

under
Γ : E7 −→ [0, 1]

where Γ is a kernel map determined by the choice of classifier architecture.
The output of Γ(v) is a probability that that v is a signal event as
determined by the classifier.

Note: We have never seen a quark. We infer the existence of a qq̄ by
looking at a relevant variable or kinematic discriminator among decay
products.
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Results

How would you use this plot to look for the toponium out of all events
produced at the HL-LHC?
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Dark Matter Physics
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Dark Matter Candidates
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Make it, break it, or shake it
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SBC
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Future

A good idea will keep your seat at the table, but where do the good ideas
come from?
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Thank you!

Thank you for your time. Special thanks to Guillermo and Dr. Malik for
setting this up. My email is velascodavid00 at gmail; Feel free also to
contact me via Slack or LinkedIn if you wish. Questions?
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