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Somewhere In

Switzerland...
Situated on the Swiss-French border, near Geneva

Is the World’s largest physics laboratory
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CERN

The Large Hadron
Collider (LHC)

Which will accelerate sub-atomic particles to 0.999999991 the,
speed of light ....
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.. and collide them together in four
cathedral-sized caverns around the
27 km ring.

b Creating sub-atomic| &

explosions, and
conditions that
existed less than a
billionth of a second

. after the Big Bang.

In 4 massive particle detectors
Up to 600 million times per second
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The LHC

jr

Let’s start at the beginning.....
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Building Blocks of
Matter @N

We know S .
. size in atoms in metres
= All matter around us 1s made of atoms.
= Atoms consist of a positive nucleus 1 ;o0

(containing 99.98% of the atom’s mass)
and a cloud of electrons.

10,000

-14

1 ‘) 15
10
= Nuclei consist of protons and neutrons. 100,000 (
= The protons and neutrons are made of 1

three quarks. 100,000,000 3) e ifl,gest
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Elementary Particles @N

[ Protons and neutrons are made from two types of
quarks: Up (u) and Down (d).

L u-quarks have electric charge +2/3 while d-quarks have
charge —1/3 (electron has electric charge -1 in these units).

Proton Neutron

- P
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2

Up quark (u)  Down quark (d) Electron (e)) Electron
neutrino (v,)

P 0 .

Mass ~ 0.003 ~ 0.006 = 0.0005 <1087?
(relative to the mass of a single proton)

&Le.,..m.:.,,. J S NPl B A /e [ NN (D"":”dl:C

Gt S0, that’s nice and simple then! ,
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Nature supplies us with two extra families J

that are very much heavier:

> O up charm top

Y%

|-

©

=

© down O strange bottom
We don’t
know why!
\\ /

2 =3 O M T

=

Q.
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Virtual Particles

The forces between fundamental particles are mediated by
virtual carrier particles.

For example, the electromagnetic
Interaction between two charged
particles (say two electrons) Is
understood to be due to the
exchange of virtual photons.

A virtual particle is one that violates

conservation of energy, but only for

a short period of time (At < h/AE)

— It ‘borrows’ energy using the

Heisenberg uncertainty principle. 10
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The Forces @

For Atoms: Gravitational force is: I Str_esggth
100,000,000,000,000,000,000,000,000,000,000,000 10
(a hundred billion trillion trillion) 0.01

times weaker than electromagnetic (electric) force 1
oL uIy SIUI L YIuuliiS (111adSIEdd) 1000

@ity— stars, planets etc,

[Electromagnetic — atoms, electricity etc.}
n—>=pe 7

Weak force eak — beta decay, how stars gene@

o<

Strong — binds quarks (residual

e
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The Weak Force
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The Electromagnetic @
Force AV

quarks

leptons

C)O}
© ©
C>O}
®© O

DO

@

Photon
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The Strong Force

@

gluon

Gravity too weak to even consider at the atomic scale ;s
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Antimatter @

> Every fundamental particle has its antiparticle.
= These have the same mass but opposite charge.

@ G positron

electron \

!

up quark @ 63 up anti-quark

EtcC.

16
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If a particle and antiparticle each of mass, M collide
they annihilate with the production of energy, E in the

— E=2M

» The opposite i

can create matter with ¢ ounts Of antimatter.
17


http://images.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/4/42/CERN_logo_400x400.gif/200px-CERN_logo_400x400.gif&imgrefurl=http://en.wikipedia.org/wiki/CERN&h=200&w=200&sz=9&hl=en&start=3&tbnid=UrQCf4Ylb3C6nM:&tbnh=104&tbnw=104&prev=/images%3Fq%3Dcern%2Blogo%26gbv%3D2%26svnum%3D10%26hl%3Den

Big Bang @

« So far, our experiments show that equal amounts of
matter and EfliBuEagare produced when energy is
converted into matter — for every up quark created, an

up anti-quark is also created etc.

PR e - SO, equal amounts of

e o matter and anti-matter
should have been created
during the Big Bang.

e But we live In a universe
made from matter.
*Where did all the anti-

matter go? =
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Other Questions —
What Is Mass? @N

In the mid 1960s, British
physicist Peter Higgs came
up with a theory on why
some particles have mass.

He proposed a new heavy
particle, now called the Higgs,
which generates a Higgs field.

Particles who ‘feel’ this field gain mass.
Light particle don’t feel this field strongly, heavy particles do.

Just one problem with the theory ...
Nobody had seen the Higgs particle! 19
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The visible Universe
(made from u, d, e, v)
only accounts for
about 4% of its
measured mass.

What makes up
the rest?

20
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Many More o
Questions ... J

What is mass?

"76,, What about gravity?
/Z
% e
n O
Q”&,o,’ é\d C>\\Or&
4 forces? s> \m@@ o\\e‘g
: *{\(0
12 matter particles? o°
W,,yhof
Mini Dlack holes? "eeqa
vk
§2
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L HC - Facts

27 km circumference

Each proton goes around the 27km ring over 11,000
times a second.

300 trillion protons In the beam

Energy of proton beam in LHC > 0.3 GJ (freight
train travelling at 100 mph)

Energy stored in magnets > 1 GJ

Super-conducting magnets cooled to ~ 1.9 K (colder
than Outer Space).

Vacuum as low as interplanetary space (1012 atm)

23
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Why so Cold?

)

**At LHC energies, we need huge magnetic fields to
accelerate and steer the beams of particles — about 10,000
times that of a strong bar magnet.

“*Not possible with conventional magnets.

**Need superconducting magnets.

24
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Exploring New Frontiers @
7

» The LHC Project Is pushing out the
frontiers of physics in three
directions:

Highest temperatures and densities

Recreate primordial soup (quark-gluon plasma) — a millionth of a
second after Big Bang ALICE

Highest energy collisions
- new particles, eg Higgs,

Highest Precision
- Differences between

matter and dark matter particles, etc.
anti-matter
LHCb ATLAS and CMS

All looking for New physics


http://images.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/4/42/CERN_logo_400x400.gif/200px-CERN_logo_400x400.gif&imgrefurl=http://en.wikipedia.org/wiki/CERN&h=200&w=200&sz=9&hl=en&start=3&tbnid=UrQCf4Ylb3C6nM:&tbnh=104&tbnw=104&prev=/images%3Fq%3Dcern%2Blogo%26gbv%3D2%26svnum%3D10%26hl%3Den

IllIIIIlllllIIIIIIIIlIlll|l|IlllllIllllllIl|I|IIl|Illll|IlIIIII!IIIIIIIIIII

-600 -400 -200 0 200 400 600

7 TeV p-p collision iIn ALICE
. "

M
PN PN ~ ~

http://atlas.web.cern. ch/AtIas/pubIlC/EVTDISPLAY/events html

..uATLAS

A EXPERIMENT

Run Number: 152166, Event Number: 347262

Date: 2010-03-30 13:05.04 CEST
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Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693
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LHCb STATUS

@i

LHCDb Event Display
~200- ~200
o r © F
3 180 LHCb > 180 LHCb
S 160 Preliminary - 160— Preliminary
s F \s =7 TeV Data S E \'s =7 TeV Data
— 140 ~ 1401~
%) : » -
t 120 T 120—
e o

3 54 55 56 57 58
K'n* invariant mass (GeV/c

|
5.4 5.5 5.6 5.7 ?.8
K*'n invariant mass (GeV/c

e - HCD already making beautiful measurements —
e some for the first time.

— Already testing the differences between matter and anti-

matter to the highest precisions.
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Hunt for the Higgs

2

@EXPEMMENT il o B S B L B S
* [1h]

bu:!p'//u'x',?s:z'(h Q- Fa s Data S/B Weighted

o ’ o 100 —— Sig+Bkg Fit (m,=126.5 GeV)

Time: 29:28:11 CEST ) H

--- Bkg (£th order polynomial)

welights
[ws]
[ ]

2 T -
:n:—
20
- (C)
) b —
@ A
,:‘ E 0
1‘ |:;-| _5|||.|I||||I||||I||||I||||I||||
< 100 110 120 130 140 150 160

My [GeV]

ATLAS & CMS looking for Higgs, dark matter, extra
dimensions etc.

Higgs Discovery announced on 4™ July 2012
Mass around 125 GeV (133 times proton mass) :
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ALICE STATUS

* Analysis already shows we have created the
nighest temperatures and densities ever
oroduced In an experiment.

» Results show fireball is over 300,000 times hotter
than centre of Sun and 50 times denser than a
neutron star (40 billion tonnes per cm?).

* Primordial ‘soup’ — the Quark-gluon plasma
behaves like ideal liquid.
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Summary

«» Particle physics & nuclear has discovered much
about how the Universe works

¢+ Still many outstanding questions

“* The World’s largest machine (LHC) will add to
this knowledge

“*Huge challenges ahead

s But LHC will find new. & exciting physics

“*We will learn more about the very early Universe
** An exciting journey of discovery lies ahead.

Thank you for Ustening
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offs

Research

For every £10 spent on
NHS, only 1p is spent
on particle physics. No,
PET scanners, no MRI
: scans, no cancer kKilling ™= 2N
Computing particle beams etc. TeCh”°'°9Y

without particle physics &
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