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HISTORY OF THE UNIVERSE \ A

Cosm icrowave
RHIC & Background radiation
Accelerators |LHC is visible
heavy
LHC ions
High-energy Prygons

cosmic rays
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SUBATOMIC PARTICLES
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actually empty spacel!



FORCES AND PARTICLES

(AT LHC ENERGIES)
‘ Generation
A 5& A 1 2 | 3

A force is another way of saying
“an Interaction”

p—

-The range of a force depends on
the mass of the particle that
carries that force

A

Just Quarks
A

Charged Particles

All Particles
A

Most interactions we experience
in daily life are based on the
electromagnetic force /

Increasing Mass

W Force Carriers



THE STANDARD MODEL OF PARTICLE PHYSICS
IT'S THE “PERIODIC TABLE" OF PHYSICS (PRE 2012)
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Image credit: Particle Fever




HOME OF THELARGE HADRON COLLIDER

THE WORLD’S LARGEST PARTICLE ACCELERATOR

«27 km tunnel 100m
underground with more —
than 9000 magnets & LHCb ATLAS

«Sends protons round &
round at 99.9999991% of
the speed of light, and
smashes them together
millions of times per = LN _ o o
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HOME OF THELARGE HADRON COLLIDER

THE WORLD’S LARGEST PARTICLE ACCELERATOR

«27 km tunnel 100m

underground with more
than 9000 magnets

«Sends protons round &
round at 99.9999991% of
the speed of light, and
smashes them together
millions of times per
second




INSIDE A PROTON

(AT LHC ENERGIES)

-The three “valence” quarks

«“Sea” quarks: quark-antiquark
pairs popping in and out of
existence

-Gluons holding them all together

|deal discovery machine!




THELHC

A PARTICLE FACTORY

- Bunches of protons collide every 25
nanoseconds at 4 points around the LHC ring

At each of these points is a huge detector
specially designed to “catch” all the outgoing
particles

Geneva

LHCb







INGS IN THE LHC HAPPEN
s PER.SECOND
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Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic

Calorimeter
Solenoid magnet
Transition
. Radiation
Trqclq ng Tracker

Pixel/SCT detector




FIRST THINGS FIRST

- Basically every particle physics data
plot ever:

e X-axis: range of something we're
measuring (like mass)

e y-axis: how many times the
something has happened

« Smooth curve shows the
background (random stuff)

- Spikes show a particle!

ATLAS Preliminary
Data 2010,\s=7 TeV
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THE STANDARD MODEL OF PARTICLE PHYSICS
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THE FORMULA OF THE UNIVERSE
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HOW PARTICLES GET MASS
HOW THE HIGGS WORKS




THE COMPOSITION OF THE UNIVERSE
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- Despite popular fiction giving the
. , | . | .
impression otherwise, antimatter is ubble chamber photo
f | | d 1 showing an electron and
pertectly normal, everyday stut positron (anti-electron)

: ., pair being created and
- Basically, it's the same as normal . . .
spiralling off in opposite

matter, but with opposite charge directions

« and we make it all the time in our

experiments! 5 L ‘7_% :é
\*/

‘ *
;)x/ \Q
.

(a) Pair production (b) Annihilation
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THE ANTIMATTER PROBLEM

THE PROBLEM WITH ANTIMATTER IS THERE ISN'T ENOUGH OF IT AROUND THESE DAYS

Primordial

antimatter Primordial

10 000 000 000 a a

matter
10 000 000 001




NEUTRINOS

WEIRD LITTLE THINGS

(S
" o

- Neutrinos are almost, but not quite, massless

« Each type of neutrino is made up of 3 different components in
different quantities - kind of like three different cocktails, each
with the same 3 ingredients, just in different quantities

- But the really special thing about neutrinos is that they change
into other types of neutrino (or “oscillate”) as they travel




NEUTRINOS... OSCILLATE!

- The special thing about neutrinos is that they change into other types of neutrino
(or “oscillate”) as they travel .

()

« DO neutrinos and antineutrinos oscillate the same?

Components with different speed Components with the same speed




Currently being built!
Deep Underground Neutrino Experiment

Sanford
Underground
Research
Facility

Fermilab

. MUON NEUTRINO
PARTICLE PRODUCTION
DETECTOR

UNDERGROUND
PARTICLE
=yiaTiNg  DETECTOR

1) Use a muon neutrino beam, and measure how much it oscillates

2) Then use a muon antineutrino beam, and make the same measurement
3) Compare the two measurements!

Incoming beam:
100% muon neutrinos

If neutrinos and
antineutrinos oscillate at

1400 1200 1000 800 0 km : .
different rates, this could
Probability of detecting electron, muon and tau neutrinos .
explain the matter/
antimatter asymmetry in

the universe!
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NEUTRINOS.FNAL.GOV AND WWW.HOME.CERN
¥ @CLAIRE


http://www.home.cern

