
Introduction to Elementary Particle
Physics

Néda Sadooghi

Department of Physics
Sharif University of Technology

Tehran - Iran

Elementary Particle Physics

Lecture 9 and 10: Esfand 18 and 20, 1397

1397-98-II



Leptons and quarks
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Leptons



Lectrue 9

Remarks:
▶ Lepton flavor number conservation:

- Lepton flavor number of leptons Le, Lµ, Lτ = +1
- Lepton flavor number of antileptons Le, Lµ, Lτ = −1

Assumption: No neutrino mixing

Ex.: π+ → µ+ + νµ, n → p + e− + ν̄e, µ+ → e+ + νe + ν̄µ

But, µ+ → e+ + γ is forbidden

▶ Two other quantum numbers for leptons
- Weak hypercharge YW : It is 1 for all left-handed leptons
- Weak isospin T3:

For each lepton generation, for example
(

e−

νe

)
→T3 =

(
− 1

2
+ 1

2

)
▶ Type of interaction:

- Charged leptons undergo both EM and weak interactions
- Neutrinos interact only weakly
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Quarks
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Remarks

▶ Hadrons are bound states of constituent (valence) quarks

▶ Bare (current) quarks are not dressed. We denote the current
quark mass by m0

▶ Dressed quarks are surrounded by a cloud of virtual quarks and

gluons (Sea quarks)

▶ This cloud explains the large constituent-quark mass M

▶ For hadrons the constituent quark mass M = the binding

energy required to make the hadrons spontaneously emit a

meson containing the valence quark

For light quarks (u,d,s): m0 ≪ M
For heavy quarks (c,b,t): m0 ≃ M
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Remarks:

▶ Type of interaction:
- All quarks undergo EM and strong interactions

▶ Mean lifetime (typical time of interaction): In general,
- Particles which mainly decay through strong interactions have a

mean lifetime of about 10−23 sec
- Particles which mainly decay through electromagnetic interactions,

signaled by the production of photons, have a mean lifetime in the
range of 10−20 − 10−16 sec

- Particles that decay through weak forces have a mean lifetime in
the range of 10−10 − 10−8 sec
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Other quantum numbers (see Perkins Chapter 4)

Flavor Baryon Spin Isospin Charm Strangeness Topness Bottomness El. Charge

B J I I3 C S T B∗ Q/e

u +1/3 1/2 1/2 +1/2 0 0 0 0 +2/3
d +1/3 1/2 1/2 −1/2 0 0 0 0 −1/3

c +1/3 1/2 0 0 +1 0 0 0 +2/3
s +1/3 1/2 0 0 0 −1 0 0 −1/3

t +1/3 1/2 0 0 0 0 +1 0 +2/3
b +1/3 1/2 0 0 0 0 0 −1 −1/3
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General Formulae for quarks and hadrons
▶ Baryon number:

B = +
1
3
[(nu −nū)+(nd −nd̄ )+(nc −nc̄)+(ns −ns̄)+(nt −nt̄)+(nb −nb̄)]

Charm C = +(nc − nc̄)
Strangeness S = −(ns − ns̄)
Topness T = +(nt − nt̄)
Bottomness B∗ = −(nb − nb̄)

▶ Hypercharge:

Y = B + C + S + T + B∗

▶ Electric charge (Gell-Mann–Nishijima Formula)

Q
e

= I3 +
1
2

Y
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Interactions

Conserved quantity Strong nuclear Electromagnetic Weak nuclear

Energy/Momentum Yes Yes Yes
Charge Yes Yes Yes
Baryon number Yes Yes Yes
Lepton number Yes Yes Yes

I (Isospin) Yes No ∆I = 1, 1/2
S (Strangeness) Yes Yes ∆S = 0, 1
C (Charm) Yes Yes ∆C = 0, 1

P (Parity) Yes Yes No
C (C Parity) Yes Yes No
CP (or T) Yes Yes No (K 0 decay)
CPT Yes Yes Yes
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Quark patterns



Hadrons
Baryons and Mesons

Eightfold way (Baryon Octet), Baryon decuplet
Pseudoscalar and vector mesons
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Baryon Octet (u,d,s)
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Baryon Octet (u,d,s)
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Baryon decuplet (u,d,s)
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Baryon decuplet (u,d,s)



Lecture 10



Lecture 10



Lecture 10

Baryon Multiplet (u,d,s,c)

▶ Antibaryons (opposite charges and quark flavor quantum

numbers) are not in the same multiplets as the baryons
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Pseudo-scalar Mesons (u,d,s)

▶ Antimesons (opposite charges and quark flavor quantum

numbers) are in the same multiplets as the mesons
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Pseudo-scalar Mesons (u,d,s)
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Vector Mesons (u,d,s)


