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The NS magnetosphere

[Acceleration sites and efficiency? J
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Evidence of acceleration

Main evidence for the presence of
accelerated plasma produced by the

pulsars are: Crab Pulsar PSR1509-58 Yela Pulsar

Pulsed Radio emission

Pulsed Gamma-ray emission

Presence of synchrotron nebulae

Optical
No known Pulse
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Polar caps physics
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(Gap acceleration
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16, 1,—Schematic dingram showing the corotating magnetosphere and the wind gone. Star is at
lower left.
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Polar or Outer ?
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Maximum energy - Composition
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Pair production

How many particles are produced? What limits production?

radio
. optical

SN X-ray

v-ray
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Multiplicity depends on emission
mechanism CR/ICS
It is strongly dependent on age
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Wind

Arons 07

The ration of particle energy vs total spin down power at the LC is
generally << 1 - FF magnetic dominated wind
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X-RAYS y—rays (<100 MeV)

Lifetime: X-rays -- few years, y-rays --
months. Need energy input!

Crab pulsar: E, =5x10* erg/s, 10-20%
efficiency of conversion to radiation.

. optical

. X -rJ-\'

Max particle energy > 3x10"7 eV,

LOG FLUX (3y)

comparable to pulsar voltage.
Nebular shrinkage indicates one TN

accelerating stage:

require 10°*° —10” e* /s, radio mystery
PSR also injects B field into nebula (~104 G)
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Sketch of PWN / SNR interaction

Pulsar wind Relativistic bubble (PWN, plerion)

Particles are accelerated at the
termination shock where magnetic field
could be dissipated

Maximum energy of accelerated
particles can be as high as the voltage

Bulk energy dominated by 10GeV
particles

Possible presence of ions?

E.w= 10%erg
SNR ejecta SNR shell
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Role of the Nebula

I-‘PWN

1.5

PSR

Gotthelf 04
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Positrons.
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Positron excess

Mylishev et al 09

Mylishev et al 09
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Positron excess
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Positron excess
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Positron excess
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Old pulsars vs young ones

4 M
PSR older than 107 yr have More problematic to establish a limiting constraint for

negligible pair creation. younger PSR.

In general the typical age 10° yr is used. SNR confinement.
& )
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Magnetars
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UHECR from magnetars
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Local sources
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Local sources
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PSR B1509
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PSR B1509

[ However
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PSR B1509

[ However........... j

Too young to contribute
1550 yr

J
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PSR B1509

[ However
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PSR B1509
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Conclusions
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