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Cali

B.S. Physics (2002-2007)
Thesis: Tachyons as source of dark energy
Research Interest: Cosmology, general relativity 
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Cali

PhD Physics (2008-2014)
Thesis: Threshold resummation in direct photon 
production.
Research Interest: perturbative QCD, hadron 
structure, collider phenomenology
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Staff Scientist, Jefferson Lab, (2020-)
Nathan Isgur Fellow, Jefferson Lab, (2019-2020)
Postdoc, Old Dominion University, (2018-2019)
Postdoc, University of Connecticut, (2017-2018)
Postdoc, Jefferson Lab,  (2014-2017)
Research Interest: QCD factorization, hadron 
structure, hadronization, event generators,  Machine 
learning  
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What is our world made of?
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Democritus held that everything is 
composed of “atoms”
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Fructose

Carbon 8



Carbon Proton/Neutron

The world of quarks 
and gluons
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Femtoscale
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The elementary 
particles as of today



How these particles interact?
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● Two people can 
exchange momentum by 
throwing a ball

● Newton’s laws describes 
these interactions

● For elementary particles 
the physics laws are 
more complicated ... 
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Theory of strong 
interactions, aka QCD
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How do we know these things?

Scattering experiments
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Hamburg



electron proton

Detector

What is going in on 
here?

Outgoing electron

Hadronic debris
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This is what can be measured

An event seen by the detector



Electrons can “interact ” 
with quarks and gluons 
by “exchanging” 
photons

Electrons can knock 
off quarks and gluons 
from proton 
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How small is 10^-15 m? 
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Lets scale up the 
femtoscale to the size 
of Earth.

What would be the 
size of the detector? 
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Seems crazy...but it works!

How?  First we need to 
convert events to histograms 



24

example of a histograms

Event = someone sick

The histograms provides the 
connection with modeling



electron proton

Detector

Outgoing electron

Hadronic debris

25

This is what can be measured

Key: Repeat the collision many many times 
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event E’ theta’ phi’

1 E’_1 theta’_1 phi’_1

2 E’_2 theta’_2 phi’_2

3 E’_3 theta’_2 phi’_3

⋮ ... ... ...

Events recorded by experiments

https://en.wiktionary.org/wiki/%E2%8B%AE
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Events recorded by experiments

Histograms
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Histograms = probability density
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Histograms = probability density

The bin 
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Histograms = probability density

The bin 

Number of counts in a bin 
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Histograms = probability density

Total number 
of events The bin 

Number of counts in a bin 
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Can be connected 
with theory 

Histograms = probability density
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Calculable in perturbation theory 

To compute the “histograms” from 
theory we need to know the 
momentum of k 
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Probability density for “parton” 
momentum fraction



Internal structure Collision dependent factor
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How theory meets the 
experiment 

The world of quarks 
and gluons

What experiments can see
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Moffat, Melnitchouk, Rogers, NS
arXiv:2101.04664

How does the world of quarks and 
gluons looks like? 

https://arxiv.org/abs/2101.04664
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Summary and outlook
● We have a way to access the world of quarks 

and gluons using scattering experiments

● I showed one aspect of the world of quarks and 
gluons  1D distributions

● Hadrons are 3D objects -> many more exciting 
objects that one can study: TMDs, GPDs etc

● One can also study hadron formation in final 
states 

● Understanding hadron structure is the next 
frontier in particle physics 


