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My favourite particle 
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The muon is 80 years old 
Experimental	  techniques	  and	  theory	  are	  ready	  for	  the	  muon	  

1912	  -‐	  Charles	  Wilson:	  the	  Cloud	  Chamber	  
1928	  -‐	  the	  Geiger-‐Mueller	  counter	  
1934	  -‐	  Enrico	  Fermi:	  Theory	  of	  beta	  decay	  
1935	  -‐	  Hideki	  Yukawa:	  Theory	  of	  nuclear	  forces	  
1936	  -‐	  Walter	  Heitler:	  Quantum	  theory	  of	  radia7on	  	  

The muon is hard 
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The muon is elegant 
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Tracking muons ! 

Even more elegant 



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   6	  



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   7	  

Life7me:	  comparing	  par7cle	  flux	  at	  different	  al7tudes	  
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Life7me:	  comparing	  par7cle	  flux	  at	  different	  al7tudes	  

But	  the	  life*me	  in	  ma.er	  is	  different	  for	  μ+	  and	  μ-‐	  …	  	  
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Life7me:	  the	  delayed	  coincidence	  method	  	  

The muon is longlived 



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   10	  

Is	  the	  mesotron	  the	  Yukawa	  par7cle?	  
Why	  the	  μ+	  and	  μ-‐	  have	  different	  life7me?	  	  
The	  pion	  is	  yet	  unknown	  
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Louis Alvarez Nobel lecture:  

After Conversi-Pancini-Piccioni evidence 
the Muon abandons the ugly name of mesotron, it is not a mediator 
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A]er	  Isaac	  Rabi:	  	  

Who	  ordered	  that?	  

The muon is elementary 

Muon	  is	  a	  great	  gi]:	  
	  Hard	  
	   	  Elegant	  
	   	   	  Longlived	  
	   	   	   	  Generous	  
	   	   	   	   	  Faithful	  
	   	   	   	   	   	  Precise	  



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   13	  

Muon capture and µ-mesic atoms 

The muon measures the size of the nuclei 
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Today intriguing puzzle: the radius of the proton 

2P1/2 - 2S1/2 transition  

muon does it better 

Proton Structure from the Measurement of 2S-2P 
Transition Frequencies of Muonic Hydrogen 
Science 339, 417 (2013)	

?	  
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In the decay π -> µν muons are polarised,  
and the decay electron should keep memory 

The τ−θ puzzle and parity 
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The proof, few months later: 

gµ = 2 

The muon is generous 
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Few years later: when does the g-2 saga begin 

The muon explores the vacuum 
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Twin muons confirm the paradox 

the first CERN muon storage ring 
at the ‘magic’ energy 
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The muon gets impressive 
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The muon probes the unknown 

today most intriguing result 
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The V-A theory: 
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The proof: 

Michel spectrum 
ρ = 0.747 ± 0.005 

The muon is faithful 
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The muonium atom 

Muonium hyperfine Zeeman splitting 

mµ / me = 206.7682826 ± 46 

mµ = 105.658345 ± 24  MeV 
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The muon family 

ν ?	
 µ !	


The muon has its own daughter 
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The muon determines the Fermi constant 
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When did I meet the muon 

1968: lectures of Fisica Superiore 

il Maestro: Marcello Conversi  

Marcello Conversi handwriting 

it was love at first sight and I decided for my diploma thesis at ADONE  



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   27	  

Adone finally works 

the beauty of tracking muons 

e+e- -> µ+µ- 
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Thursday December 4, 1969 15:18 e+	  e-‐	  	  →	  μ+	  μ-‐	  	  
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γγ -> µ+µ- 

the first tagger in e+e- 

muon production in light-by-light scattering 
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Multihadron production! the muon is the reference 

how all this initiated 
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The muon as a probe of strong interactions 
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the muon strikes again 

Altarelli-‐Parisi-‐Dokshitzer-‐Gribov-‐Lipatov	  at	  work	  !	  
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µ± µ± µ± µ± 

Muon beam is naturally longitudinally polarised. 
The γ−Z interference differs for the gL gR couplings of the muons  
and the quarks of a Carbon isoscalar target,  
as in the famous SLAC experiment. 

The muon as a probe of the electroweak theory 
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The muon as a probe of heavy quark coupling 
 Glashow-Iliopoulos-Maiani:   FCNC 

B0
s

W−

u, c, t

W+

νµ

s

b̄

µ−

µ+

Manuela thesis 

Nature	  522	  (2015)	  68-‐72	  
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The muon as a probe of heavy quark coupling 

1999 
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The muon hunting for new particles 
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The muon unveiling new gauge bosons 
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What the muons can do 

explore the whole spectrum 

explore αQED running 

e+e- -> µ+µ-γ  
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The muon and the W mass 

the muon does it (slightly) better 
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The muon and the LHC 



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   40	  

The π x π  fast tracking muon trigger 
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The muon determines the experiment’s structure 

The ATLAS muon toroid 

The Compact Muon Solenoid 
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The muon and the Higgs 



The muon and the lepton number 

Physical Review 73 (1948) 
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Charged lepton flavour violation ? 

doubly charged Higgs boson Δ++ 

heavy Majorana neutrino 
susy s-neutrino ΦN 
bilepton diagonal gauge boson X++  

mass limit 
2 – 3 TeV 

µ+e- −> µ-e+  conversion 
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CLFV µ -> e conversion 

COMET @ JPark 

Mu2e @ Fermilab 

SINDRUM @ PSI 
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CLFV - µ -> eγ decay 
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CLFV - exotic muon decays: µ -> 3e 

The muon does not mix 



February	  2,	  2017	   Filippo	  Ceradini	  -‐	  Dipar7mento	  di	  Matema7ca	  e	  Fisica	  -‐	  Università	  Roma	  Tre	   48	  

Name: Muon!
Surname: Lepton!
Date of birth: 1937!
Town of birth: Atmosphere!
Mass:105.6583745±0.0000024 MeV!
Lifetime: 2.1969811±0.0000022 µs!
Magnetic moment: 8.89059705±0.00000020 µN!

Electric dipole: 0.0000001±0.0000009 fm!
Anomalies? 1.165920 89±0.00000063 x 10-3!

Muon Lepton!

MU271828183	  

MU271828183	  
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