
FYST17 Lecture 13 
The cosmic connection 

Thanks to R. Durrer, L. Covi 
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Today’s outline 

• High energy cosmic rays 

– GKZ cut-off 

• Detectors in space 

– The PAMELA signal 

• Some words on the expansion of the Universe 

• Some words on the exam + evaluation 
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Cosmic rays 
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Cosmic rays 
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GZK cut-off? 
Greisen-Zatsepin-Kuzmin  (sometimes GKZ) 

Predict cuf-off in cosmic ray energies around 5x1019 eV if they 
result from protons. (protons have to origin max 30 Mpc from 
our Galaxy) 
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At very high energy 
the CMB s interact 
with the protons to 
produce pions           
( + p  + + n  etc. ) 
 leptons + high 
energy neutrinos 

NO 

YES 



GZK cut-off? 

Difference probably due to calibration problem, with 
recalibration spectrum seems to be cut-off .  

But GZK pions produce both photons and neutrinos – need 
spectrum for both! 
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And then of 
course has to be 
proven that cut-
off due to GZK 
mechanism … 



Detectors in space: AMS-02 
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PAMELA Satelite 
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The PAMELA signal 
The big news of 2003 was the positron excess observed 
by PAMELA:  
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Confirmed by AMS and Fermi 

Rising spectrum doesn’t fit secondary positron hypothesis 
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What is this?  Need 
new source of positrons 
and not too far away 
Is it perhaps from Dark 
matter annihilation?!! 



The positron excess 

• Dark Matter  annihilation hypothesis by now 
excluded by the PLANCK experiment 

• Could it be a local pulsar? 
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The expanding Universe 
12 
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Understanding the expansion of the 
Universe within Newtonian gravity 
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Understanding the expansion of the 
Universe within Newtonian gravity 
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Expansion within General Relativity 
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Curvature 
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The Universe is accelerating 
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The Universe is accelerating 
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Summary / outlook 

• Particle physics exploration started out with cosmic 
rays and we are still exploring that source! 

• Complementary searches particle physics and astro-
particle physics 

– Similar techniques 

– Pros and cons of working ”directly” with the Universe 

 

• Input from cosmology has huge implications for 
particle physics model building! 
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Exam info 

• Pick up 

– Monday March 14 at 10:00  

 

• Turn in:  

– Wednesday March 16 at 10:00 
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Learning outcomes  

• The purpose of this course is to provide advanced 
knowledge of current aspects of experimental 
particle physics 
– Current status and challenges 
– Experimental programs current and future 
– Basic statistical methods in particle physics 

• Students should also: 
– Learn to acquire scientific knowledge, including 

reading scientific papers 
– Improve their problem solving skills in the area 
– Improve communication skills, both written and oral 
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