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Welcome!
• Yeon-jae Jwa


• 3rd year graduate student in 
physics in MicroBooNE, DUNE 
@ Fermilab


• Master’s thesis in CMS 
experiment @ CERN
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Class Schedule
Date Topic

Week 1 (9/22/18) Introduction
Week 2 (9/29/18) History of Particle Physics
Week 3 (10/6/18) Special Relativity
Week 4 (10/13/18) Quantum Mechanics
Week 5 (10/20/18) Experimental Methods
Week 6 (10/27/18) The Standard Model - Overview
Week 7 (11/3/18) The Standard Model - Limitations
Week 8 (11/10/18) Neutrino Theory
Week 9 (11/17/18) Neutrino Experiment
Week 10 (12/1/18) LHC and Experiments
Week 11 (12/8/18) The Higgs Boson and Beyond
Week 12 (12/15/18) Particle Cosmology
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Class Policy
• Classes from 10:00 AM to 12:30 PM (10 min break at ~ 11:10 

AM).


• Attendance record counts.


• Up to four absences


• Lateness or leaving early counts as half-absence.


• Send email notifications of all absences to 
shpattendance@columbia.edu.
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Class Policy
• No cell phone uses during the class.


• Feel free to step outside to the hall way in case of 
emergencies, bathrooms, starvations.


• Feel free to stop me and ask questions / ask for 
clarifications.


• Resources for class materials, Research Opportunities + 
Resources to become a particle physicist 


https://twiki.nevis.columbia.edu/twiki/pub/Main/ScienceHonorsProgram
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Introduce yourself to 
the class
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Power of tens

https://www.youtube.com/watch?v=0fKBhvDjuy0
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Quiz: What is a particle?
• Elementary(fundamental) particles; unbreakable


• - Quarks, leptons, gauge bosons, scalar boson


• Composite particles; breakable


• - Hadrons (Baryons, Mesons), Atomic nuclei, Atoms, Molecules

Can you tell  
(electron, proton, neutron, neutrino, anti-electron)  
are composite particles or elementary particles?
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What consists the universe?

Quarks, leptons, gauge bosons, scalar bosons

From a chemist’s point of view
From a physicist’s point of view
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Our current model of 
matter consists of point-
like particles  
(<10-18m), interacting  
through four forces.  
-> More about this later 

3 g e n e r a t i o n s i n 
elementary particles 
- 1nd, 2nd, 3rd generations

What consists the universe?
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What consists the universe?

Mass!
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What consists our body?
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Is that all?

Not even close! 
Lol… 
What consists the universe : 
Ordinary matter Ver. : https://www.youtube.com/watch?v=CBZH4dMac-Q 
Dark side included Ver. : https://www.youtube.com/watch?v=QAa2O_8wBUQ&t=4s

Do we truly know what consists the 
universe? 

73% of dark energy, 23% of dark matter, 
4% of ordinary matter
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A list of mysteries
• What is the “dark matter” that makes up a quarter of the universe?


• What is the “dark energy” that is causing the universe to expand at an 
increasing rate?


• Why was there slightly more matter than antimatter in the very early 
universe?


• Why do particles have the masses that they have?


• Why is gravity much weaker than other forces?


• How do neutrinos fit into the picture?


• And more … 
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• What is the “dark matter” that makes up a quarter of the universe?
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• Why was there slightly more matter than antimatter in the very early 
universe?


• Why do particles have the masses that they have?
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• How do neutrinos fit into the picture?


• And more … 

The real perk of being a particle physicist 
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How matter interacts 
(on the chalk board)

The mediators carry momentum (energy) between two interacting particles, 
thereby transmitting the force between them.
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How matter interacts
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Forces are mediated by gauge bosons

How matter interacts

Quarks experience strong, electromagnetic, weak interactions 
Charged leptons experience electromagnetic, weak interactions 

Neutrinos experience weak interactions

#Note  
Boson means a particle 

with spin value 0, 1, 2, 3, … 
Fermion means a particle 
with spin value 1/2, 3/2, … 
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How matter interacts
• The Standard Model vertices

The strengths of interactions are usually expressed with 𝛂
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How matter interacts
• Feynman diagram for a+b > c+d

Graphical representation of particle interactions 
Momentum transfer (by gauge boson) is in the middle, outer lines are incoming particles 
and outgoing particles. In this example, there are two possible time ordering. However, 
since the exchanged particle is not observed, only the combined effect of these two time-
ordered diagrams is physically meaningful.
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How matter interacts
• Examples of Feynman diagrams

Muon -> electron + 2 neutrinos
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How matter interacts
• Examples of Feynman diagrams

Muon -> electron + 2 neutrinos
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How matter interacts
• Examples of Feynman diagrams

Beta decay 
Neutron -> Proton + electron + neutrino

Hint:  
Neutron has 1 up quark (+2/3 e), 

2 down quark (-1/3 e).  
Proton has 2 up quarks and 1 

down quark.  
Electromagnetic charge should 

be conserved.
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How matter interacts
• Examples of Feynman diagrams

 e+, e- pair annihilation

Hint:  
Elementary particle and its anti-

particle can annihilate
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How matter interacts
• Examples of Feynman diagrams

 e+, e- pair annihilation

Hint:  
Elementary particle and its anti-

particle can annihilate
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Quiz: Interactions

• Name 4 interactions


• Name the mediating particles for those interactions


• Classify them to fermions or bosons
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Class Survey
• Name / Year


• Favorite subject


• What made you register for SHP particle physics?


• What are you most excited to learn from this class?


• What is the most exciting thing in physics for you?


• Any physics/ research in physics related questions? 
(Optional)
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