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What is Particle Physics?
● Studying the smallest building 

blocks of the universe
● Studying how they interact with 

one another
● Trying to explain why the 

universe looks the way it does
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The proton is made up of quarks!

The strong nuclear force holds the quarks 
tightly together



Neutron
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The neutron is also made up of quarks!
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Neutrino
● Last particle type*
● Zero electric charge
● Zero magnetic field
● Tiny (but not zero) mass
● Very hard to detect

*Except for force carrier bosons, but they’re for another day!



The first generation

Quarks make protons 
and neutrons

Electrons form clouds 
round nuclei in atoms

Neutrinos are like electrons shy 
little brother/sister

Everything you 
can see, touch, 
taste, and 
smell, is made 
of these!



The other generations

Every particle has two extra copies (which don’t usually 
live very long)

We don’t know why there are three generations

The only fundamental difference between them is their 
mass



The other generations

Every particle has two extra copies (which don’t usually 
live very long)

We don’t know why there are three generations

The only fundamental difference between them is their 
mass

There are three types of neutrino!
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Where do Neutrinos Come From?
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Where do Neutrinos Come From?

We can also 
produce beams of 
neutrinos using 
proton accelerators
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Neutrino Interactions
● Most neutrinos fly 

straight through you
● Billions each second
● Occasionally, they 

collide with the nucleus 
of an atom

● This produces all sorts 
of charged particles 
which we can see

65 million each second travel through 
your thumbnail!
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Detecting Neutrinos

Neutrino 
(invisible)

Nucleus
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Detecting Neutrinos

Neutrino 
(invisible)

Nucleus

proton

pion

muon

These particles all have charge
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Charged particles
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Charged particles
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Charged particles
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Charged particles
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Charged particles

Interactions with electrons in the atoms in your 
detector produce charge and light signals
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Liquid Argon Detectors

invisible neutrino
visible (charged) particles
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Liquid Argon Detectors

Charge signals along 
particle tracks
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Liquid Argon Detectors

Electric field pulls the free 
electrons
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Liquid Argon Detectors
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Liquid Argon Detectors
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Liquid Argon Detectors
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Liquid Argon Detectors
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Liquid Argon Detectors
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Liquid Argon Detectors
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Liquid Argon Detectors

These electrons

Arrive later

Than these
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Liquid Argon Detectors

These electrons

Arrive later

Than these

speed = distance / time
distance = speed x time

If we know the speed they move, we 
can work out where the electrons 
came from
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In Real Life

75 cm
Run 3493 Event 41075, October 23rd, 2015 

New technology improving 
neutrino measurements

Detector filled with liquid 
argon (89K / -184C / -300F)

In this detector, the charge is 
detected by a series of wires

Very high voltages required 
(up to 300,000 volts!)

Also detect light with photon 
detectors around the edges



 
Andrew Furmanski 34

In Real Life

75 cm
Run 3493 Event 41075, October 23rd, 2015 

neutrino

New technology improving 
neutrino measurements

Detector filled with liquid 
argon (89K / -184C / -300F)

In this detector, the charge is 
detected by a series of wires

Very high voltages required 
(up to 300,000 volts!)

Also detect light with photon 
detectors around the edges
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Three Wire Planes – Three views

30 cm
Run 3469 Event 28734, October 21st, 2015 

30 cm
Run 3469 Event 28734, October 21st, 2015 

30 cm
Run 3469 Event 28734, October 21st, 2015 

Three views of the same event can be combined to make a 3D image

You can tell how far away something is because you have two eyes – same thing!
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Neutrino Oscillations
Three types (flavors) of neutrino

Change back and forth as they travel

Known as “oscillations”

This is very weird
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What we need
● Lots of neutrinos
● A big detector
● A sensitive detector
● No external noise
● Enough distance to observe the oscillation effects
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Deep Underground Neutrino Experiment
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Each module contains over 10,000 tons of liquid argon!
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Each module contains over 10,000 tons of liquid argon!
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300 planes of wires inside (per detector)
Each 2m x 6m, with 10,000 wires each
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The Collaboration
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The Collaboration
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Prototyping

Prototypes built at CERN
1,000 tons each

Even the protoype 
detector is huge!

Color because UV light is 
filtered out to protect 
sensitive components
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What the 
experiment looks 
like right now
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DUNE in Numbers

• 40 million kg of liquid argon
– Created from 2.5 billion cubic meters of air!

• 1 mile underground

• 800 miles from the neutrino beam source

• 1000 scientists from 180 universities and labs in 30 
countries, covering 5 continents!

• Turning on in 2026, minimum 10 year run


