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To remember going in . . .

Special relativity

Electromagnetism: Lorentz force

® 1(A 1 A ot
. L AT R
Electric fields i gain =
In energy \/ Al H
At relativistic regime 1
Magnetic fields i Increase of energy does not
change of trajectory correspond to a change in

velocity —
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Why particle accelerators?

@ In high energy physics

sub-atomic particle collisions at enormous energies are
observed and measured

Collision Matter
energy New particles

I ‘Partlcle

Since 1939 particle accelerators have aCCEI eratO rli

contributed to 26 Nobel prizes
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'==>) Particle colliders

| f—

Fixed target Collider
% N q%l' A % % %
High rate of events High energy reach
== |_ow energy reach == | oW rate of events

In a fixed target experiment: 2 A compared to a collider!
But is it easy to collide 2 beams of sub-atomic particles?

We will see |ater !
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Lepton vs hadron machines

What do we collide ?

@ ‘e

Leptons Hadrons

electrons and positrons protons

AComposite particles

AElementary particles i wh a t constituent quarks collide

we accelerate-c ol | 1 des o A
: : Uncertainties for collision
Acpéﬁgisoenly SEIMINE! Eime)y &l energy, not all of the energy

used

Used for precision physics Used for fAnew pl

Record collision energy: 13.6 TeV

How large is it?
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How much iIs it?

One proton of 1 eV = 1.6 * 10-1° Joules
One proton of 6.8 TeV = 1.1 * 10° Joules

There are 1.15*10%* protons in a bunch of LHC

One LHC bunch = 1.25*10° Joules

It is all about energy
density:

Apple and plane: 10° - 10% J/m?3

LHC beam at
interaction point; 1012 J/m?3

e

90 cal = 376.56 J 1*1019 J
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Have we used a particle accelerator?

<1 keV

Electrostatic acceleration

Generally, we consider a particle accelerator as
Aparticle acckNe¥r ator o ar

So ...wejust apply 6.8 TV electric field? Well.. Not really!
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How to accelerate a particle ? A

In 1928 Rolf Wider°eds P Timevarying electric

concept still used for modern particle accelerators

Radio-Frequency acceleration The «trick» #1

particle beam must be
bunched not continuous

- ——

The «trick» #2
sycnhronize the movement
of the particle with the
radiofrequency wave

PSS oA

[9]
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'==>) Linear accelerators

Electrons T relativistic at low
exfepgieguerafte length

B B b2dnt09858'F non-relativistic
o ogavaAYderigthMitdst account

Radiofrequency cavities + radiofrequency generator = induced time-varying EM

What are the limits?
Accelerating gradient 7 electrical breakdown

Increase energy 1 Increase length of the structure
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Going circular - cyclotron A

What are the limits?
Maximum energy Is limited by the diameter
of machine

Acceleration with the basic concept works
only in non-relativistic regime

N

How to regain the synchronicity?
Varying magnetic field strength with radius T isochronous cyclotron

Gradually lower the RF frequency - synchrocyclotron

—

[11]
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Everything in sync - synchrotron A
7

What are the limits?

Limits coming from
technological capabillities i
discussed later

Synchronization rule for acceleration:
Keep a constant trajectory
Ramping magnetic field strength and adapting RF

frequency

Baltic Teacher Programme 2023 25/04 /2023

—

[12]



_==>) The accelerator complex of CERN
) CMS -

LHC

ALICE A North Area LHCb

—_—

- T/ AWAKE

HiRadMat ATLAS
ISOLDE
— ﬁ REX/HIE
g —| East Area
LINAC 4 ’j' , CLEAR
2020 N 1

LEIR
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Lorentz force and centrifugal force

— @ Centrifugal

. orentz force

e 1 °1A &

Beam rigidity & "Hf
T

One of the main parameters describing
the technical requirements for a synchrotron
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How big should my synchrotron be?

In the case of LHC . .. Optlmum
B} =6800 / 0.3 = 22667 T*m parameters

| f we woul d want ACirc@nferdnBe ofRMAm r i r
6.5 km i for dipole magnets ABending radius of 2803 m
] =1035m ADipole magnets of 8.3 T

We would need 21.9 Tesla dipole [RBISSIIC[aNe) Mo [oF]S
magnets 1 not really feasible to 7 TeV
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—))

RF system
8 cavities @ 400 MHz

Magnets

1232 dipole SC magnets
Quadrupoles T focusing
Sextupoles i chromaticity
Up to dodecapoles . ..
Corrector magnets

Support systems

Instrumentation (sensors), True eng EE gm arvel

vacuum, cryogenics,
mechanical support etc.
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=>> d Does the moon affect LHC?

With the enormous size of LHC . ..

Even when 100 m underground, the central orbit trajectory Is affected.:

Aby the gravitational pull of the Moon i the miniscule changes in
gravity around the circumference

Aseasonal changes- rain, snow and temperature of the earth
Aground tides

All these Impacts are registered and
corrected

25/04 /2023
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Before we accelerate . . .

What are the prerequisites for
acceleration?

Aparticles must be electrically charged
Asufficient vacuum to limit the interaction with the environment
Aparticles must be stable or decay slowly enough

Each day just 2 nanograms are

For LHC accelerated
everything
starts here . . . 1 gram of hydrogen would take

a million years to accelerate
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