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NON LINEAR PARTICLE ACCELERATION IN SHOCK WAVES

ORIGIN OF COSMIC RAYS — ACCELERATION IN SNR AND PROPAGATION IN
THE GALAXY

PHENOMENOLOGY OF SUPERNOVA REMNANTS

ORIGIN OF COSMIC POSITRONS

ORIGIN OF ULTRA HIGH ENERGY COSMIC RAYS (UHECR) AND NEUTRINOS

PARTICLE ACCELERATION IN RELATIVISTIC SHOCKS

PULSAR WIND NEBULAE

MAGNETARS
NON-THERMAL PHENOMENA IN CLUSTERS OF GALAXIES

SIGNATURES OF DARK MATTER ANNIHILATION




. DEVELOPMENT OF THE NON LINEAR THEORY OF PARTICLE
ACCELERATION AT SHOCK WAVES AND APPLICATION TO SNR

. PARTICLE ACCELERATION IN PARTIALLY IONIZED MEDIA

. PULSAR WIND NEBULAE AND THEIR TEMPORAL BEHAVIOUR

. THE TRANSITION REGION FROM GALACTIC CR TO EXTRAGALACTIC
COSMIC RAYS

. MAGNETARS AS POSSIBLE GAMMA RAY BURSTS PROGENITORS




ORIGIN OF CR IN SNRs

Problems:

1) Create a theoretical framework that describes observations
and predicts new observables

2) Have a theory of the transport to the Earth that is

compatible with observed chemicals and anisotropy




A theory of particle acceleration that allows one to describe:
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CHARGE EXCHANGE -> BROAD
BALMER LINE (NEUTRALS
THAT MADE CHARGE
EXCHANGE) REFLECTING

THE TEMPERATURE OF IONS...

BUT THE LATTER AFFECTED BY EFFICIENT CR ACCELERATION
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Shock speed from proper motion

v, .= 6000+2800km/s L) L o T,= 20— 150 keV ( no equilibration)

2.5+.5kpe| 1052 yr! : 12—-90keV (equilibration)
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Pulsar Wind Nebulae

p

lerions:

: v Supernova Remnants with a center filled morpholog
v'Flat radio spectrum (0x<0.5)
| v'Very broad non-thermal emission spectrum (from

\r'adio to multi-TeV y-rays)

(Bietenholz, 2006)

\ contours

(Temim et al., 2006) (Gavriil et al., 2008) (Aharonian et al., 2006)




The Crab Nebula

relativistic
particles intense
ordered

magnetic field

Supernova
Blast Wave
and Swept-up
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TS structure

Del Zanna et al. 04
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Courtesy E. Amato
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Millisecond Magnetar Model for GRBs

Alternative to accretion on a BH. More
compatible with SN connection. Naturally
explain Late Activity. Stronger observational
predictions.

Results: Simulations show that magnetar
outflows can lead to the formation of GRB jets.
Correct timing (100 sec). Correct energetics
(10°! erg). Correct collimation (10 deg)
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The Pierre Auger Collaboration (PB)

Fermi-LAT (PB)

Cherenkov Telescope Array (CTA) (EA, RB, PB, GM)
MAGIC (MS)

Past Students (10 yrs)




