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Asking the right questions

In a physics problem set, someone usually knows the answer.

In research, the answer may not be known, and sometimes the first
challenge is deciding exactly what question to ask.

We usually start with big questions and we break them down into
smaller ones!
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What happens when a particle and its anti-particle collide?

(positron) e +

(photon)

(electron) e
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START WITH A QUESTION

Why is our universe
dominated by matter?

Simple questions inspired by an observations!
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TTTTTTTTTT QUESTION

How do particles
acquire mass? (The Higgs Mechanism)




START WITH A QUESTION

Where does the proton spin
come from? '/

Simple questions inspired by an observations! \

https://www.energy.gov/science/articles/how-did-proton-get-its-spin
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Collisions leave clues.
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Collisions leave clues.
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Collisions leave clues.
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Collisions leave clues.

PARTICLE BEAM
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LOOK CLOSELY

Collisions leave clues.
ATLAS

EXPERIMENT

http://atlas.ch

What would
you look for?

Take a moment.
Notice a pattern?

Run: 186877
Event: 84622334
2011-08-05
15:03:21 CEST
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LOOK CLOSELY

Collisions leave clues.
@ATLAS

EXPERIMENT
http://atlas.ch

What would
you look for?

Take a moment.
Notice a pattern?

h — uuee
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FROM IDEAS TO EVIDENCE

How do we make sense of it all?

@ S ®

Theory Simulation Experiment
Ask how nature could Predict what Compare with
behave. we would see. what we observe.

¥ L ¥
>3 AR Then check the assumptions — and ask again.

e
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MAKE ONE COMPARISON

Which prediction could we distinguish?

SCHEMATIC ONLY — NOT DATA, JUST THEORY!

ldea A - = |dea B

The shape
can tell a story.

Events

Choose one feature.
Explain why it matters.

An observable
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MAKE ONE COMPARISON

Which prediction could we distinguish?

Events/GeV

107" E
107k
103k
107 E
10°E

Ll LELEL | L

Vs =13 TeV, 139 fb™
LQLQ— bebe 1-tag

_ Signal Region

Tl B T R
—e— Data

m, q=1 TeV, B=1
B Drell-Yan
B Top-quark
| Other

XX Uncertainty
Pre-fit background

An observable
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The shape
can help!

Red:anew
hypothetical
particle!

everything else:
stuff we know
exists.

white dots
represent real data!



PARTICLE PHYSICS / AN INVITATION TO RESEARCH

A Monte Carlo Event Generator

cee ™ Projects — ssh -Y tiresias.servebeer.com — 145x38
~[Projects — ssh -Y tiresias.servebeer.com

(xgb-py310) [17:21, Wed Aug 27] apapaefs@tiresias:[~/Projects/HerwigExample]:

--> Herfl
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Getting started...

Learn a tool (e.g. a Monte Carlo event
generator),

Make a prediction, test an assumption.

That Is the place to begin!



YOUR NEXT STEP

The questions are big.

But you can start with small steps!

Start with a question!
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