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Whatarethe Invisibles?



At the macroscopiclevelΧ

Matter

Whatwe know.



ΧΦ

Fourfundamental forces:

-Gravity

-Electromagnetic

-Strong Interaction

-WeakInteraction

Nuclearforces



At the fundamentallevel

Elementaryparticle

Not elementaryparticles. 
Constitutedby elementary
particles: quarks

Electromagnetic, strong andweakinteractionsaredescribed
at the fundamental levelby the Standard Model of ParticlePhyisics
(SM). 

Gravity evadesa unifiedpicture. Onlymacroscopicdescriptionprovidedby9ƛƴǎǘŜƛƴΨǎrelativity.



Standard modelandneutrinos
(first exampleof Invisibles)



Electromagneticinteraction

Strong interaction
Weakinteraction



Neutrinos arealmostmasslessparticleswith a verytiny probabilityof interaction
with the other particles. 

Whatevermaterial issubstantiallytransparent to neutrinos. Theyareapparently
undetectable. 

Theyare(almost) invisibles.   

Howonecandetectan (almost) invisible 
particle?



Even undetectableparticlescanindirectlyaffect
observable phenomena.

Option 1:



Example:Beta-decay

Beta-decay: decayof a nucleouswith the emissionof
electrons.

In a world without neutrinosenergyconservationwould imply fixed
energyfor the emitted electrons, approximatelygivenby the mass
differencebetweenthe original andthe daughternucleous.

HoweverΧ



The energyof the electronsisnot 
fixed. This ispossible
only if there isanother(invisible) 
decayproduct.


