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Particle Physics Reminder



The Particle
Z00

electron neutrino . muon neutrino 4_tau neutrino i
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Neutrinos

The lightest particle in the universe

No electric charge, so it does not leave a track in our
detectors

Three types : electron, muon and tau neutrinos. Each
type is associated with the electron, muon and tau
particles.

Is critical to make the sun work, to blow up stars
and (potentially) to explain why we exist



An electron makes an electron

neutrino
Force carrying
“boson”

nucleon

“Charged Current”
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When

neutrinos Interact

An electron
D

neutrino A L

makes another
neutrino

Force carrying
“boson”
nucleon

“Neutral Current”




TTTTTTTTTTTTTTT

WARWICK

How to detect a particle
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Energy Deposition

Path of Particle

 Particle enters detector

e Particle interacts
with detector atoms
—lonisation
— Excitation

Detector

* (Generally only possible if particle is electrically
charged)
 Energy left behind where particle has been!
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Detector Signals

* lonisation signal - signhal from charge
(electrons/ions)
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e Excitation - ads to phton emission -
signal from light (photons)

% Nucleus /
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Types of detectors: Light

Liquid / Solid Scintillators  Cerenkov Detectors

. .\i. Fat
{18 LUK N
5 - R Re R s P e[ d e AR
4 3 G T i b 1
i i SR 4 S N el
g R PR R A% vl - “RH
i e P -] .- . -
T aNE R R i ey 2.
= o e Vi % = ~ = o
- . - : n ;- =
& - : & - =2 ]
K o BT T T
e 8 immam gy TRt & %
= i e, Ty o &
B e e @ .
> (S="4 1 -
= - = % R

* Light detected by Photosensors
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Types of Detectors: Charge

* Solid state detectors e Y, =
— Silicon detectors "
— Germanium detectors

* lonisation Chambers e
* Wire Proportional counters /A
=

* Bubble Chambers
* Time Projection Chambers
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Measurements
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Physics properties
 Energy deposited ¢ Momentum

* Decay time

 Charge on
particle

* Particle type

* Decay products
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Summary and Conclusions

 Particle detectors allow us to “see” where
a particle has left energy

* Different detectors use light /charge to do
this.

* Measurements help us to learn physics
properties of particles.



THE UNIVERSITY OF

WARWICK

Exercise

The exercise you are going to do is to try to recognise
different types of particles and neutrino interactions
using a program

The human brain is one of the best pattern matching
machines ever evolved. However, even we will get
some of these wrong.

Imagine how much harder it is to ask a computer to
do this automatically.
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Offline - data processing

o After the data has
been collected, it is
analysed.

* This analysis can
help to answer
questions we have
about the world
around us.

Computational data analysis

Physics Questions
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Online - In real time

 Data is collected,
amplified, and
written to disk in
real time.

Preamplifier ° Ampliﬁcation close
to the detector
allows better signal
to noise.

Detector

Data Acquisition System
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