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A pulsar
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. i : Pl A pulsar is a neutron star (NS) characterised by a rapid
eadmg Y Ieadmg rotation around its axis, by a very intense magnetic field,
and by a secular increase of its spin period

Classical description
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Neutron stars are
natural particle
accelerators
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Particles are produced
Particles are accelerated

Particles radiate and photons interact with B field—
gamma-ray emission
Particles impinge into the surface Hot spot X-rays

Particles escape into the ISM PWNe X-rays VHE gamma-rays



Polar cap accelerators
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Particles are produced

Particles are accelerated
Particles radiate and photons interact with B field— gamma-rays

Particles impinge on the surface. Hot spots X-rays

Particles escape into the ISM: PWNe X-rays VHE gamma-rays
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Particles are produced
Particles are accelerated

Particles radiate and photons interact with
B field— gamma-ray emission

Particles impinge on the surface. Hot spots X-rays

Particles escape into the ISM: PWNe X-rays VHE gamma-
rays






Gamma-ray astronomy tells US that the
magnetosphere of a NS (of sufficient Edot) is filled
with high energy e+ e-



Magnetic field lines are 2-way streets



Particles are produced
Particles are accelerated
Particles radiate and photons interact with B field— gamma-rays

Particles Iimpinge on the surface
Hot spots X-rays

Particles escape into the ISM PWNe X-rays VHE gamma-rays
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Particles are produced

Particles are accelerated

Particles radiate and photons interact with B field— gamma
Major channel

Particles impinge into the surface Hot spot X-ray

Particles escape into the ISM PWNe
X-rays- VHE gamma-rays
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What happens to particles accelerated away
from the star?




Anatomy of NSs’ emission
X-rays

* (rotating) surface emission
, particle re-heating

* (rotating) magnetospheric emission
particle acceleration- rot. energy loss

* NS surroundings
relativistic wind
(escaping particles),
Interaction with ISM




Anatomy of NSs’ emission

» (rotating) surface emission X-rays
, particle re-heating

 (rotating) magnetospheric emission

particle acceleration- rot. energy loss X-rays
mmm) Y-Fays
* NS surroundings
relativistic wind X-rays
(escaping particles), y-rays

Interaction with ISM
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40 years of gamma-ray PSRsS
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PSRs’ families
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ep=radio pulsars
=l=radio-quiet pulsars

=gr=msec pulsars




TODAY
> 200 gamma-ray pulsars
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58 young radio- and X-ray-selected (green circles, cyan crosses: EGRET pulsars)
57 young gamma-ray-selected (white squares)
93 radio-selected MSPs ( ), 3 Y-ray-selected MSPs (yellow diamonds)
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Efficiency
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Fig.

MSPs resemble young pulsars.
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Gamma-ray emission sites
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Key Observables: Energy spectrum

The energy spectrum can be described by a power law with an (hyper)

exponential cutoff :
Speciral Index

(i) o (S
bl i
i ihinitd Ee /— (utoff Energy

B : cutoff index
= 1:Slot Gap and Outer Gap models (high altitude emission)
= 2 : Polar Cap model (low altitude emission)




J0835-4510
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Vela pulsar. Abdo, A. A. et al. 2009, ApJ, 696, 1084

Atypical 3" peak ("shoulder") drifts with phase. Two main peaks are typical.

(here, 3 years of data.) _
By Thierry Reposeur, Bordeaux.
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Radio-loud versus Radio-quiet.

—— radio emission cone
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VERITAS > 120 GeV

Counts per Bin

Crab

Pulsars| at VHE

Aliu et 4l. 201 I, Science, 334, 69
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Are there other y-ray emission models?
The striped wind model et 20128 a0 b

Equatorial magnetic field lines for the orthogonal rotator

1T I B Striped pulsar wind introduced from Coroniti
1990. The y-ray emission is generated outside
1 the pulsar light cylinder in the striped wind
region, where the magnetic field switches from
1 dipolar to toroidal.

toroidal magnetic field

\. _____ Striped win sheet, opened

S

= - Light cylinder (black circle)
s 0N

—_ Dipolar magnetic field region,
closed dipolar magnetosphere

. Ly “' (E /P)O'SSynchrotron, Pétri 2012b

Emission is due to the current flowing in
the toroidal striped wind sheets.

-5 -4 -3 -2 -1 0 1 2 3 4 5
From Pétri 2012a X



What happens to the inbound particles?



Beam of
¢ radiation
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Intensity




Hot bb: heated polar cap(s) ?

thelrdlmensms are vastly dlfferent

although they should not !!!
polar cap radii ~300 m




What happens to the outbound particles?



X-ray pulsar wind nebulae
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To produce keV photons in 10~ G B field
one needs 1014 eV electrons

The Pulsar Lighthouse Effect
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1014 eV electrons will have a Larmor radius
of 3.4 1015 cm = thickness 6.8 106 cm =27”

1 arcmin

1014 eV electrons will loose half of their
energy in 800y .
180 “ / 170 mas/y = 1,000 y



End-to-end test for a cosmic particle accelerator
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From particles to radiation

Energy-dependent
propagation flattens
spectrum as a function
of distance

In a uniform target
field (CMB),
y-rays probe
particle
distribution

Target field

Source size given
by diffusion /

convection speed Radiative losses

steepen spectrum as a
function of distance

and age of source
or cooling time of
particles




y-ray sources

are

E extended

E displaced
from pulsar

O(1%) of
spin-down
energy loss
converted to

gamma rays
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The TeV sk
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