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Astroparticle Physics

Second ASPERA* Astroparticle physics
IS a new multidisciplinary field of research
that deals with the study of particles
coming from the Universe.

*It Is an European network of national
government agencies responsible for
coordinating and funding national
research efforts in Astroparticle Physics.



Astroparticle Physics

The study of the physics phenomena

occurring in astronomical objects by

measuring the high energy particles
they produce.

Astrophysics  Particle Physics Cosmology



HOW DO WE DO
ASTROPARTICLE PHYSICS 7




Astroparticle Physics

ENERGY
SPECTRUM



WHAT CAN WE LEARN
FROM NATURE BY
UNSCRAMBLING THIS PUZZLE 7




Source Skymap

Source type identification




Energy Spectrum

Flux (/m?2 s sr GeV)
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Acceleration

AFE
E
(Original) Fermi acceleration mechanism First order acceleration Fermi

(second ordem). mechanism.



Keep the particle inside the acceleration
region
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Energy spectrum
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20 years ago...

Flux (/m?2 s sr GeV)
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Interesting points:

There are only a few sources able to
accelerate particles beyond 10%*° eV
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Interesting points:

There are only a few sources able to
accelerate particles beyond 10%*° eV

- Particle propagate straight from the source to
Earth



Universe is not empty
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Interesting points:

There are only a few sources able to
accelerate particles beyond 10*° eV

- Particle propagate straight from the source
to the Earth

Sources are not far away (D < 100 Mpc)
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Interesting points:

There are only a few sources able to
accelerate particles beyond 10%*° eV

- Particle propagate straight from the source
to the Earth

Sources are not far away (D < 100 Mpc)

The Universe Is anisotropic and has voids
Inside 100 Mpc
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Measurement flux
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UHECR Detector Technigues

Ground Arrays Fluorescence Telescopes
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Telescope view

Telescopes measure the intensity and arrival time
of the fluorescence light
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Camera view
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Telescopes measure the intensity and arrival time
of the fluorescence light



Longitudinal Profile
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The intensity as a function of elevation can be transformed
Into the energy deposited in the atmosphere as a function of depths



Fitting the Longitudinal Profile
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Telescopes measure the intensity and arrival time
of the fluorescence light



Hybrid Angular Resolution
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Figure 4: Hybrid angular resolution as a function of the tfrue energy.
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Source Skymap

Arrival
Direction

Figure 1: The 69 arrival directions of CRs with energy £ > 55 EeV detected by the Pierre Auger
Observatory up to 31 December 2009 are plotted as black dots in an Aitoff-Hammer projection
of the sky in galactic coordinates. The solid line represents the field of view of the Southern
Observatory for zenith angles smaller than 60°. Blue circles of radius 3.1° are centred at the
positions of the 318 AGNs in the VCV catalog that lie within 75 Mpc and that are within the field
of view of the Observatory. Darker blue indicates larger relative exposure. The exposure-weighted
fraction of the sky covered by the blue circles 1s 21%.



AGN Correlation
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Figure 2: The most likely value of the degree of correlation pgy, = k/N is plotted with black dots
as a function of the total number of time-ordered events (excluding those in period I). The 68%,
95% and 99.7% confidence level intervals around the most likely value are shaded. The horizontal

dashed line shows the isotropic value pis, = 0.21. The current estimate of the signal is (0.33’_’8:3;).
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No photons detected
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Fig. 8. The upper limits on the integral flux of photons derived n this
work (black arrows) along with predictions from top-down models
(SHDM. TD and ZB from Ref. [21]. SHDM" from Ref. [12]) and with
predictions of the GZK photon flux [21]. A flux limit derived indirectly by
AGASA (""A”) 1s shown for comparison [29].



No neutrinos detected
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Double Bangs in the Atmosphere
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UHECR Puzzle
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UHECR Puzzle
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Questions

Is the suppression above 5x10'° eV due to
Interaction with the CMB or is It due to the
source limit ?

How to reconcile the AGN correlation with A> 1 ?

Vtry low magnetic fields ?

arby source with enhanced flux and power ?
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Questions

Are AGNSs the sources

or are they only tracers ?

Is the composition change astrophysical
or do we need new particle physics for
E._.,>10"°eV~E _ > 5x10'*eV?




Questions

Is there something we do not understand

In the shower development ?
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Questions

Is there any relation of all this with DM and DE?
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ARES, NEMO,

Fermi, CDMS, Xenon, DAMA, etc.

MAP and similars-> DE



20 years ago...
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