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THE LARGE HADRON COLLIDER

The LHC collides protons millions of times a second!
At the highest ever energy (13 TeV!)




THE LARGE HADRON COLLIDER

THE LARGE HADRON COLLIDER

The LHC accelerates some of the
objects In the universe

up to almost the fastest

speeds possible in the
universe (speed of light)

Using magnets 1.9 K

(-271.3°C), COlCer
than Outer space: W



WHY ARE WE SMASHING THINGS TOGETHER

WHY do we smash protons together at high
energies millions of times a second?




WHY ARE WE SMASHING THINGS TOGETHER

WHY do we smash protons together at high
energies millions of times a second?

The Big Bang .
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WHY ARE WE SMASHING THINGS TOGETHER

WHY do we smash protons together at high
energies ?

v RARE particles (like Higgs, or particles we
haven't found yet) are not made very often
— so we need MANY collisions to collect a
large enough sample




WHY ARE WE SMASHING THINGS TOGETHER

HOW DO WE STUDY PARTICLE PHYSICS?




WHY ARE WE SMASHING THINGS TOGETHER

W H AT D O E S A Pﬁf" RTIC LEPHYS ICIST DO ?

Questlons we ask

= Where dld e.if’;erythlng e
come from’?

5 What IS everythlng
made 0 ut o :'_4’._-;__::

- How does it ‘work
~ (interact)?

Physicists are ambitious!



HISTORY OF PARTICLE PHYSICS

Turn. 20t century Lord ‘Z't;,_'elvrn (maybe) sarol that Physrcs Was
basrcally frnrshed 0 e

OnIy some decrmal places to be sorted outI

AIong came Quantum Meohanrcs ’
Specral and General Relatrvrty

Quantum Freld Theory that led to our
Standard Model of Partrcle Physrcs



WHAT IS EVERYTHING MADE OF?
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In 1869 RUSS|an chemlst Dlmltrl I\/Iendeleev

,,;Vpubllshed the periodic t arranglng chemical
"‘i“_-"»'felements by atomlc mass. = -

>80 elements - WHY SO I\/IANY’7

Is th'er'e‘asimpl‘er‘ StructUre?,
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Proton

. Neutron

Electron

* 1897 electron discovered by J.J. Thompson

« 1911 of the atom di'scovered by Ernest Rutherford,
and nucleus of hydrogen a

» 1932 discovered by James Chadwick



* Photon — partlcle of the ' ymagnet force Suggested
by Elnsteln in 1905 . -

. Electromagnetlc Waves could only eX|st as dlscrete wave
packets - Ilght quantum or photon |

E photon = hv ®
5 Electromagnetic
Photon ® Ejected

Electron

550 nm Viay = g_‘ahdu m/s
2.25 eV

3

4{]{} nm
3 1eV
no
electrons

Potassium - 2.0 eV needed to eject electron

Photoelectric effect 62003 HowStuttWorks




WHAT IS EVERYTHING MADE OF?

However other partrcles not part of the atom seemed to
appeaﬂ | L _ ne |

K 1932 pOS|tron detected (predlcted by Drrac |n 1928)

establrshed |n theory — detected in 1956

' :5- 1937 muons were drscovered 1n cosmrc rays

» 1947 pions ( a type of meson) were also
discovered!! 4

ol , Things were getting out of hand!
What were all these particles?




WHAT IS EVERYTHING MADE OF?

Atom smashers (19503)

e Plethora of NEW particles
started comlng out of these
iy atom smashes!

The Brookhaven Cosmotron, at

Delta particles, | ,
1.3 — 3.3 GeV accelerator ' oo

Some of the Particles in the "Particle Zoo"
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WHAT IS EVERYTHING MADE OF?

BREAKTHROUGH”I e
1960s I\/Iurray."’f{"ell Mann of Caltech r
sa|d hadrons are composed of
AE partlcles WhICh

he called




WHAT IS EVERYTHING MADE OF?

DISCOVERY: Bottom, Top, W/Z, HIGGS!

1977 Bottom quark discovered at Fermilab -

2000 Tau neutrino at Fermllab

2012 at LHC, CERN



WHAT IS EVERYTHING MADE OF?

/'

N’ NI ATLAS

EXPERIMENT
Candidate Event:
pp—-H(—=bb) + W(-,V)

Run: 338712 Event: 335908183
2017-10-19 23:31:18 CEST




WHAT IS EVERYTHING MADE OF?
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Fermions: spin = 1/2 particles
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WHAT IS EVERYTHING MADE OUT OF AND HOW TO THINGS INTERACT

STANDRAD MEL CF P?"‘f’f?fRTICLE PHYSICS

:: f;;rf;ij;.'ﬁ;‘-.;.;_j::;z-;f‘}-f??‘RuLES OF HOW THEY INTERACT

Leptons




WHAT IS EVERYTHING MADE OUT OF AND HOW TO THINGS INTERACT
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STANDARD MODEL HD!



WHAT IS EVERYTHING MADE OUT OF?

If the Universe were a game of chess, the theories of the forces (such
as the EM force) would dictate the way the pieces (or particles) would
move..



EXPLORING THE ENERGY FRONTIER

MATTE R FORCE

Quarks GaugeBosons .

nggs Boson AR
THE STANDARD MODEL OF*
. PARTICLES AND FORCES' )

Leptons » s THIS ALl. THAT EXISTS?

. Each particle / chess plece has Its own propertles SO we know what It
‘looks’ like ke ~

» With particle phyS|cs how they move/mteract is dependent of the rules
of the Standard Model



EXPLORING THE ENERGY FRONTIER

15 thousand miillion years

The Big Bang

U lithium 1) 9112020_03 F ™



WHAT ARE WE LOOKING FOR?

WHAT ARE WE LOOKING FOR? e

THERE MU ST B N E“;p vsi c - HIGHERES

. so'_lve' hi'e_farC hyroblem e ‘

THERE ARE UNSOLVED MYSTERIESH!
v DARK MATTER ~ DARK ENERGY
v/ MATTER - ANTII\/IATTER ASYI\/II\/IETRY‘
v GRAVITY = HOW DOES IT FIT IN?



WHAT ARE WE LOOKING FOR?

THE DARK
UNI‘{?-:,ERSE F
‘!_ = Stars, Planets, etc.

Interste!,i@:' - 3.6%
23% +«= Dark Matter
Dark Energy == 73%

¥
\t



WHAT ARE WE LOOKING FOR?

© WHERE IS ALL THE ANTIMATTER?



WHAT ARE WE LOOKING FOR?

AT f.}@ 73




WHAT ARE WE LOOKING FOR?

THE |- -.:«_\,---:?OBLEM

DESCRIBED BY GENERAL RELATIVITY VERY WELL
VERIFIED THEORYII i :

WE CURRENTLY CANNOT DESCRIBE GRAVITY IN THE
STANDARD MODEL - IT'S TOO WEAK, WE CAN'T
[T



WHAT ARE WE LOOKING FOR?

A LOT TO DO

WE HAVE BUILI‘,{‘?’AN AMAZING I\/IACHINE THAT IS RUNNING
AT UNPRECENDENTED RATES AND ENERGIES |

WE HAVE THOUSANDS OF SCIENTISTS ENGINEERS A\\1D,
TECHNICIAN ALL OVER THE WORLD
WITH A COMMON GOALL. - ,4

- MACHINE LEARNING / DEEP LEARNING
- GRID AND CLOUD COMPUTING
- CUTTING EDGE TECHNOLOGY, ELECTRONICS, HARDWARE



THE FUTURE

I | I | | 1 ] I ] ] 1 ] I \
ATLAS Online Luminosity Vs=13TeV We will be
qoing here
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THE FUTURE

EXCITING TIME TO BE STUIYING PHYSICS'

- 100 years ago SC|ent|sts thought phyS|cs was almost
| complete Iook how far we have come

- Who knows what the next 100 years of mvestlgatlon WIII
~ bring, along with advances in technology and tools



The unanswered questrons We have about our Unrverse
teII us daan i

| we have Just scratched the surface there IS a deeper and
more connected theory that descnbes matter space and

There |s so much more to learn

Watch this space .

We are at the beginning of a
tremendous journey, with

thousands of scientists utilizing ‘ We are on the brink of a
and developing cutting edge new way of
technology! | understanding matter

space and time.



