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Like quarks come in 3 colors, in GUT quarks & 
leptons are different components of the same particle  

Matter is unstable? 
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Feb 26, 1896: Becquerel studies 
phosphorescence of a uranium salt 

“Invisible	  phosphorescence	  radiation	  
emitted	  with	  a	  persistence	  in5initely	  greater	  
than	  the	  persistence	  of	  luminous	  radiation”	  



4 

Discovery of many radioactive elements 
(radium, thorium, polonium... + berzelium, carolinium...) 

At a time when the nucleus was not known, the relation 
between radioactive and usual matter was unclear 
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In 1903, Rutherford and Soddy ask the question: 
•  Are all elements radioactive, but some have 

lifetimes too long to be measured? 
•  Radioactivity is due to small impurities of radium 

common in many materials? 

Principle of simplicity: all matter is unstable  
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With the discovery of the nucleus and the 
understanding of its stability properties, it 

became clear that matter is stable 

In 1929 Weyl formulated 
proton stability as 
conservation law 
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In 1948 Wigner talks about p-decay if 
conservation law is violated (p -> e+ γ) 

In 1954 Goldhaber 
says “we feel it in our 
bones that the proton 
lifetime is long”: 
τp>1018 yr	  	  

Experiments by Reines et al.: 
τp>1021 yr;	  then 1026 yr 
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Shocking news from GUT: matter is unstable! 
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1031−32  yr

Exp:  τ p(p→ e+π 0 )> 8.2×1033  yr
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GUT is based on a bold extrapolation 

MZ MX 
Theoretical argument suggests that 

this extrapolation is dubious 



Higgs 

Sensitivity to quantum fluctuations 

No separation of 
scales:  

why MZ << MPl 
(GN << GF)? 
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The “stability” of the hierarchy MZ / MPl requires an explanation 

Higgs is “screened” at energies larger than TeV   ⇒  
new forces and new particles within LHC energy range 

What is the new phenomenon? Enter pure speculation… 
These speculations created remarkable conceptual discoveries 
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Having MZ << MPl requires tuning up to 34th digit !  
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3-d space 

translations/rotations 

P = (x,y,z) 

4-d space-time 

Poincaré 

P = (t,x,y,z) 

4-d space 

superspace 
susy 

translation 

The new coordinates have a quantum character 
and cannot be described by ordinary numbers 

superspace 

supersymmetry 

P = (t,x,y,z,θ,θ) 

Some of the new ideas about naturalness and EW breaking 
revolutionize our concepts of space-time, matter and forces 

 
Supersymmetry emerges from the search for new space-time 

symmetries  
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θ ×η = −η ×θ ⇒ θ 2 = 0

SUSY × SUSY = Translation 
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Taylor expansion of superfields: 

€ 

ϕ (x,θ) = ϕn (x) θ
n =

n
∑ ϕ0 (x) +ϕ1 (x) θ

Fields: ψ(x)  è  particles  	


What is the physical meaning of superspace? 

This new space has unfamiliar geometric properties 
(but it is mathematically consistent) 
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What happens to particles propagating 
in superspace? Superparticle! 

4-d space 

superspace 
boson 

(integer spin) fermion  
(half-integer spin) 

superparticle 

Supersymmetry 
particle spin S 

particle spin S+1/2 

Special relativity & 
quantum mechanics 
particle charge Q 

antiparticle charge -Q 
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Why is supersymmetry interesting? 

•  supersymmetry relates particles with 
different spin è must involve space-time 
transformations è (super)gravity 

•  supersymmetry necessary ingredient for 
string theory? 

•  supersymmetry may be the answer to the 
naturalness problem 
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