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Introduction to Particle Physics

(for non physics students)

2. PARTICLES

(from atoms to quarks and leptons)
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Structure of Matter

1. SPECTRA

Two ways that

structure Is :>
revealed:

J

2. SCATTERING FROM "HARY' CENTRE
True from atoms
to particles.....
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Quantised methions

Qualitatively
similar :1>




S U

Quantised metions

Quantitatively :’I> N <V
different _




Scattering —
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Qualitatively similar




Rutherford: Nuclear Atom

Alpha particles from
natural radioactivity
Gold leaf

Small scintillation screen




Rutherford used energy conservation...
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...and long division
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Quarks in the proton

Qualitatively: Same idea

Quantitatively:
Different scale




SLA_}_‘3km electron accelerator




Quarks in the proton

Electron beam = 3 km

Proton target (hydrogen)

Big electronic detector




| DETECTOR |

| TARGET |




Proton made of 3 quarks, gripped by gluons




To make

proton ,

and

neutron

requires two

“flavours”
of

Quarks

Up and own
Quarks




and
neutron

ddu




H atom

(not to scale!)

a miracle
of
neutrality

electron

balances

uud

hint of unification




The scale OF*‘I\MQ: in the
micre and mocro Catmes

earth 107 wm
100
sun 10% m
100
earth orbit 10 m
=18
elec:lwr{qwk 10 m 10000
nvucleus IO-mm
10000

electron orbit 107 m
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wfg\ / beta decay
;—h}’{i j at quark level
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Life, "% the Universe, me everghg
Stable (ordinary) matter

® up-quark (charge +2/3)
@ down-quark (charge -1/3)
o electron  (charge -1)

e neutrino (no charge and«zerm PSS |

... proton

.: neutron

what is the neutrino needed for 72



The Ghostly Neutrine

- goes through almest everything
-"impossible’ to stop/detect
- the "Smallest’'of the particles

-the first fossil m the Universe

~-Messenger from the corliest
Processes in the Umwerse

—determines the Exponcion Rate
of the Universe : Abundance of
the first (hght) Elements

-essenhal m cooking the Heavy
EIMMBILM\?-: Life

-~ Newtrino astronomy looks inside”
e Sun ond fuparnovae



SoME NEUTRING STATISTICS
€ach Second :
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SoME NEUTRING STATISTICS
€ach second :

. 2::!:'

»»400 Billion [sec.







Stars cook the elements . ]i\/drajen

Sun is dominantly this first step
* mium

Heavy elements cooked
In stars and ejected into

COSMmMosS Iin supernova explosion
ctbhon

Many protons; electrical disruption

Stabilised by STRONG force

ir‘an




At
the heart of the Sun:

L
® + 0 —b@-l-t + o

@® Profon -
- deuteron
e positron

neutrino

2: @ ¢
® — @ (He

8
e+ — §o+0
(*He)

Net result:
.-l-::-.-l-. . 0-&!4-
b = Me +2¢ +2:-'
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Afler ......7

How do we know
the neutrino is produced?

It hits a nucleus upstream
and turns into charged
lepton which is detected.
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o - v
After ......7

Three charged leptons
electron
muon

tau And three neutral:

e-neutrino
mu-neutrino
tau-neutrino




MATTER
fundomental LEPTONS ( ke, cleckm

Composite HABRONS (made of QUARKS

BUARK MASSES ( oppreximate)

U (2 Mev) d (5 May)

c (1.2 Gev) s (100MeY)

t (1T0Gev) b( 4.56Ge)

LEPTON MASSES

e (0,5 MaV) Vs +hree. neutrinas
eoch with

p(lob MaV) Y } 7ex0 "

'CO-BQV) p | olse have

T ) X ZERO MasSe:



Neutrinos

and their
charged partner
are always linked

If

neutrinos are
massless

e-neutrino
mu-neutrino
tau-neutrino

electron
muon
tau




BUT if neutrinos have mass, they can oscillate back and forth
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B”T! If » have wmass

Y (\}WP con oscillate. back +forth
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Neutrino Oscillations

Nu beams from lab (CERN,Fermilab,KEK)
Measure intensity nearby
Measure 100s km away

Evidence that nu are disappearing
Direct evidence for oscillation not yet

Major research programme to understand
neutrinos- masses, mixing, key to pattern

of the three generations?
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Nature’s Three Party System

gy taw fewtrin




“E)ementary cbject —a Struchured System

Quantised mehions -
- S ExcitationSpectn | Spectra

So are quarks
\d (and leptons)

neV &V

 P— 3E ‘| - also composites?
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MATTER guarks

electron
neutrino
leptons

A NTI MATTE R antiquarks

positron
antineutrino
antileptons




MATTER qgq proton

ANTIMATTER aqq antiproton




MATTER qgq proton
BARYONS

.
BUSSISIAS Py

ANTIMATTER qdqg antiproton
ANTIBARYONS




A Very Short Introduction Coming out in December

T 7 EW A
Oua{ks ar;d the Nature of the Universe
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A Journey to the Heart of matter







