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Leptons

e Six leptons: e W T Ve Vu Vo

e Six anti-leptons: e* ut " V. W Vr

e Three quantum numbers used to characterise leptons:
e Electron number, L., muon number, L,, tau number L.
e Total Lepton number: L=L.,+ L, + L.
e L, L, L:& L are conserved in all interactions

| Lepton | Le [ Ly [ L [ Q(e) | ) . .
clectron e [ +1] 0 0 —1 | Think of L., L, and L. like electric
muon p=| 0 | +1] 0 | =1 |charge:
tau 7| 0] 0 |+1| =1 |e They have to be conserved at
electron neutrino ve | +1 | 0 0 0 every vertex.
inuon n?{trlno Vu 8 JBl 01 8  They are conserved in every

at neutrino Vr + decay and scattering process
anti-electron et | =11 0 0 +1 y gp

anti-muon ut | 0 | =11 0 +1

anti-tau 0|0 | 1] +1 Parity: intrinsic quantum number.
electron anti-neutrino 7, | —1 0 0 0 n=+1 for lepton

muon anti-neutrino v, | 0| —=1] 0 0 n=-1 for anti-leptons

tau anti-neutrino Ur 0 0 | —1 0




Introduction to Quarks

e Six quarks: duscthb Parity: intrinsic quantum number.
n=+1 for quarks

i ti- ks duscth
e Six anti-quarks usc n=-1 for anti-quarks

e Lots of quantum numbers used to describe quarks:
e Baryon Number, B - total number of quarks
e B=+1/3 for quarks, B=-1/3 for anti-quarks
e Strangness: S, Charm: C, Bottomness: B, Topness: T - number of s, ¢, b, t
e S=N(5)-N(s) C=N(c)-N(C) B=N(B)-N(b) T=N(t)-N(t)
e Isospin: I, Iz - describe the up and down quarks

e ‘B conserved in all

’Quark ‘ ! ‘ Lz ‘ o ‘ ¢ ‘ = ‘ L ‘ Q) ‘ interactions

down d(1/2|-1/2( 0|0 | 0] 0 ]-1/3 '
up ul1/2| 1/2 0 0 0 0 | +2/3|° S, C, B, T conserved in
strange s | 0 | 0 |-1| 0| 0 |0 |-1/3| strongand

charm ¢ | 0 | 0 | 0 |+1| 0 | 0 |+2/3| electromagnetic
bottom b 0 0 0 0 -1 0 ~1/3 | o I, Iz conserved in strong
top t 0 0 0 0 0 | +1 ] +2/3 interactions only

Conservation Laws

Noether’s Theorem: Every symmetry of nature has a conservation law associated
with it, and vice-versa.

e Energy & Momentum; Angular Momentum

conserved in all interactions

Symmetry: translations in space and time; rotations in space
e Charge conservation

conserved in all interactions

Symmetry: gauge transformation - underlying symmetry in QM description of
electromagnetism

e Lepton Number and Baryon Number symmetry
L., L,, L, baryon number, 55
symmetry: mystery!
e Quark Flavour, Isospin, Parity
conserved in strong and electromagnetic interactions
violated in weak interactions
Symmetry: unknown




e Protons uud and neutrons udd have almost equal mass:
e mp= 938.3 MeV/c? m,=939.6 MeV/c?

e 11 (ud, Ud) and n° (ut, dd) have almost the same mass

e To describe this symmetry between sets of hadrons we define a new quantum
number: isospin, /

e In baryons, we combine isospin in the same way as spin
e total isospin I and third component of isospin, Iz: I<lz<-I
e p and n form an ‘isospin doublet’ with I=V2

e proton has Iz=+2 neutron has Iz=-12 Iz == [N(u)— N(d)+ N(d) — N(u)]

N =

e 1", 1% and m form an ‘isospin triplet’ with /=1
e 1" has Iz=+1, n1°has Iz=0, 1~ has Iz=-1

R n =10,0)
Isospin sets for the
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Strangeness

atmosphere p

Proton collides with an
atmospheric molecule

e Strange particles found 1947
G in cosmic rays: “V” and “K”

XT N mp— K°A 7(K% = 0(107%% )

K - 7ntr= 7(K%)=09x10"1s
7(A\) = 2.6 x 10719

e Entirely unexpected4.\ —Tp

e Particles are produced in pairs via strong interaction.
Decay via weak interaction.

e Introduce a new quantum number to describe these
particles: Strangeness.

e conserved in strong interactions and
electromagnetic interactions.

e violated in weak interactions.




Quark Model

e By the mid-1960’s so many particles were being found
no one knew what was going on...

Murray Gell-Man, 1969
Nobel Prize in Physics

e These could not all be fundamental particles...

Mesons | (Mass) JFC I s
aalort | 1380 U L 0 Baryons (Mass) | J7 I 5
Ku'{: LRy i 1/2 < pn 938.9 1/2t 1/2 0
K~k ~ . -1 A e 12+ 0 -1
T :')3 (1'__ ? :i 5,20, Bt 1193 1/2+ 1 -1
rerer ;:31:9 — o ol |aanatas] 2 o3pr 32 o
K 1o | 8937 - 12 41 E-, =0 1318 /2t 1/2 -2
o -1 b2l Ml Hea 1385 3/2+ 1 -1
7 957.8 | 0°F 0 0 B 1533 3/2t  1/2 -2

) 0195 1 0 0

e In 1964 Gell-Mann and Zweig proposed the idea of
quarks to explain isospin symmetry and strangeness.

e Three quarks: up, down and strange.

Quark Chaerge, IT?,SIIJZT S;;ig,gg-
Up +2/3 | V2, +V2> 0
Down -1/3 | |, V2> 0 4
Strange | -1/3 |0, 0> 1 George Zweig

Discovery of

L]

In 1974 a new resonance state found in

the J/y

242 Eventso

A sl pwret

L D=t porrest

SPECTROMETER ||

-

strong interactions: p+Be—J/y+X “I

Decay: J/y—e+e-, J/y—=p+u-

Lifetime t1(J/y) = 7.6x102" s - decays

by electroweak force.
Mass M(J/y) = 3.1 GeV/c2.

The discovery caused a revolution in
particle physics. Lead to acceptation

of Gell-Mann and Zweig’s idea that
hadrons were composed of quarks.

J/y is composed of ¢ and ¢.
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Richter and Ting independently
discovered the J/y. 1976
Noble prize in physics




5.:‘4'”. : Fom the peoph who brcght you the ¥, 3 ﬁ'a’.u., (bt _wot mewerwiily
bellen) resommee —  TKY  1h776)

Bottom quark was discovered in
1977. New resonance state Y.
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Top Quark

The top quark was discovered in 1995 at CDF and
D@ at the Tevatron.

Production: pp—tt

The top is so heavy it decays via weak force
before it forms hadrons.

Decay t—Wb
M(t)=170 GeV/c?
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Summary

Leptons are described by three quantum numbers: L., L, L.
e conserved in all interactions.
Quarks, mesons, baryons are described by six quantum numbers:
e Baryon Number, B - total number of quarks
e B=+1/3 for quarks, B=-1/3 for anti-quarks
e Conserved in all interactions.
e Strangness: S, Charm: C, Bottomness: B, Topness: T - number of s, ¢, b, t
e S=N(5)-N(s) C=N(c)-N(c) B=N(b)-N(b) T=N(t)-N(t)
e Conserved in stronlg and electromagnetic interactions.
e Isospin, I, 1z 1z=3 [N(u) = N(d) + N(d) — N(u)]
e Describes the symmetry between the up and down quarks
e Conserved in strong interactions.

Strange, charm, bottom and top quarks discovered in strong interactions
production of a qq pair.

e Decay by electromagnetic or weak decay indicated that something new had been
created!
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