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Structure of Matter

1.SPECTRA
Two ways that

structure is :>
revealed:

|

2. SCATTERING FROM “HARY' CENTRE

True from atoms
to particles.....




Qualitatively
similar
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Rutherford
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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




SLQ 3km electron accelerator
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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

U P and dOWh
Quarks
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ddu




H atom

(not to scale!)

a miracle
of
neutrality

electron

balances

uud

hint of unification




The scale of things in the
micre ond mocro casmes

earth |07 wm
100
sun 10% m
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earth erbit 10V m
=18
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nucleus 10™"*m
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electron orbit 107 m
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Xt beta decay
o - at quark level
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Life, "% the Universe, i everghg

Stable (ordinany) matter

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

e neutrino (no charge and«zef mss,

%. proton

.: neutron

what is the neutrino needed for 72



The Ghostly Neutrine

- goes through almast everything
-"mpossible’ to stop/detect
- the "Smallest'of the particles

-the first fossil m the Universe

~-Messenger from the <orliest
Processes m the Uniwerse

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

-essenhel m cooki ﬂhe_Henvy
Blemands n-wld\af Life

= Neutrino astronomy \ooks wside”
the Sun and Suparnovae



SOME NEUTRING STATISTICS
€ach second
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SoME NEUTRING STATISTICS
€ach Second :
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How do we know
the neutrino is produced?

It hits a nucleus upstream
and turns into charged
lepton which is detected.




Befee ()

\%
AM 4 --t.ll
Three charged leptons
electron
muon
tau And three neutral:
e-neutrino
mu-neutrino

tau-neutrino




MATTER
fundomental LEPTONS (Wee, Slackm

Composite HADRONS (mde of QUARKS

SUARK MASSES ( appraximate)
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Neutrinos

and their
charged partner
are always linked

if

neutrinos are
massless
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BUT if neutrinos have mass, they can oscillate back and forth
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BUT! If » have wmass
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Neutrino Oscillations

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

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

of the three generations?
+ Neutrino astronomy — new science
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Nature’s Three Party System
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“E\ementary objeck —a Struchured System

Quantised metions ‘todion
oy - ExcitationSpectn | Spectra
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MATTE R quarks

electron
neutrino
leptons

AN TI MATTE R antiquarks

positron
antineutrino
antileptons



MATTER qqq proton

ANTIMATTER 4qqq antiproton



MATTER qqq proton
BARYONS

g

ANTIMATTER 4aqq antiproton
ANTIBARYONS







