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Introducing
Particle Physics

Pablo del Amo Sanchez

Where we started from:
electricity and magnetism

* Blectricity and magnetism, well understood one
century ago

* Most of our present technology is based on them!

- Examnle: Repulsion of electric charges at rest
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* But how does this rmlly hoappen?
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Forces as exchanges!

No! It happens in many steps, in ’

many exchanges of small,
indivisible bits of energy!

These bits of energy ave carried by
particles of light, the

F o
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Forces as exchanges!

No! It happens in many steps, in
many exchanges of small,
indivisible bits of energy!

These bits of energy ave carried by

particles of Light, the
®Both attraction

and repulsion ﬂ
between charges % >
ave explained L
Like this. | &
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Now we do know EM!

- owe kRind of charge (electric charge), of
which we can have excess (+) or defect (-)

* Force arises from exchange of photons, that
are born from charges, and carry energy to
another charge wheve they die.
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“F& Whatif... 3 charges?

* EMwith three different types of charge
- Let’s call them red, green, blue, just for fun...”
“Positive” charge Ls thew red whereas “negative”

is (cgaw, in this awaLogg).
- call “quark” a particle with color charge
E&M 3 charges

Color

- Anti- "
- @ Anti-Quarks
Anti-Color

* Particles with color not responsible for colours of light!
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What if... 3 charges?

* Charges attract(repel) Lf opposite(same), ¢.9.
red and red repel, ved and attract.
* Also through exchange of particles (gluon )
© But red and green (blue) attract as well. Move
possibilities: the exchanged particles must
ﬁ carry charge (color) themselves!
green quark So quarks

} = O O  changecolorafter
1

blue quark 6Mi’ctiw@ @ Luons!
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What if... 3 charges?

Neutrality (neither excess nor defect) of these
color charges is got from.:
color+anti-color
- red+oreentblue stnee anti-red= =greentblue
Since in EM where we find particles is in newtral
arvangements (atoms), if we find these special
charges will be tn neutral arrangements too!

(hadrons: two or three particles with color)
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LR \\ { - )_-';:-l-:
W Whatif... 3 charges? &~  Strong but short...

i\ - TN
- When fired electrons tnto protons PROTON © Sinee gluons earry color charge, are attracted

found = particles inside! ﬂ by quarks and other gluons and concentrate

N

, i , avound Line between quarks
* Theory of particles with color describe
. * Pull quarks apart and there'll be more gluons so
protons, neutrons and nuclel of atoms

force will be stronger! No quark own its own!
* Protons and neutrons bound by residual force

between guarks, same as atoms tn molecules

. Y\
5 L, - e
i u—r <) - Keep pulling and energy between them will be
- ¢ U—> < enough to create a quark and an antiquark:
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Quark confinement!

How many quarks? TR Puzzle #1
C Wi is § w @ 6
* To get electric charge of hadrons WMU/ s Lt, then, icmt w (UB/ chats 'r03p
(proton, neutron...) right, quarks must have e)qaenmerts we find
electric charoe: at least, one with three versions

(“generations”) of the

PROTON NEUTRON OUAH rles u a wd o?

z e (OUAQHQ llull

3 @) D * They are heavier (Mmore  dswn  strange bottom
; @ @ mass) as we go from
an. 1 left to right, but

_ § e (quark “d”) otherwise the samel :
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What if... heavy “photon”?

© BMwith two different types of charge and
heavy ‘photons’.
call them “Z", “W*" and “w"

* if masses of Z, W are very high, gathering
the energy to emit them will be far Less Likely
thaw to emit a normal photon

© So Z and ws will only play a role when EM
and strong force don't! Hence called “weak
force”!
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What if... heavy “photon”?

© Some radioactive processes happew Like that!
€.9. neutron goes to proton and electron

P-FOe-Be-$2

© Same as a quark changes color whew
emitting a gluow, a particle emitting a w will
changel (d—u tn this caset)
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What if... heavy “photon”?

© Sowme radioactive processes happew Like that!
€.9. neutron goes to proton and electron

o

© Same as a quark changes color when
emitting a gluown, a particle emitting a W will
changel (c—s n this casel)
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Puzzle #1 (cont'd)

© What is a neutrine?

* Very light, only affected by Z and \Ws

* Thus hard to see...

* Palred with electron, also light and without
color

* _Just as happened with the quarks, heavier
versions of electrons and neutrines have
turned up bn experiments!
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Puzzle #1 (cont'd)

* S0 wmatter seevus to come in three different

flavours or “generations” T
gquiclt
- Those without col IS

0 eLL; iutco or 8 d S mb
are callea “leptons” o Symrgs_dugton
%" Vol Vil V&
g‘i—wénn g—mma L—_N,er_lm

W HY? ? ? ? 3 slecton  §muon tay
I II III

The Generations of Matter
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What if... heavy “photon”?

* Have seew that Ws turn linto quark and
, or Leptons (e.9. muon plus neutrino)

© Zs ave a bit different: turn into particle plus
its antiparticle (eg w and anti-u, electron and
anti-electron, neutrino and anti-neutrino).

- Also, a particle doesn't change whew emitting
az
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Puzzle #2

© How Mea\@ ave Z, and \W?
« About 100 and 25 thmes heavier than proton!

* How can photons and
gluons have nearly no

mass and Z and W .

have so much? é
*© The Higos boson!

(see Neil’s talk)
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Recap...

* The world of particles works vith variations of

EMI

© BM: 1 kind of charge, transmitted by photons
© Strong: 2 kinds of charge, exchange gluons
* weak: 2 Rinds of charge, heavy particles Z, W

* Still many puzzles! Generations, mass of par-

ticles, wh Y matter and antl-matter wot same...
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