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* At the American Physical Society meeting in
December 1933, Walter Baade and Fritz
Zwicky proposed the existence of neutron
stars to explain the origin of a supernova.

""" with all reserve we advance the view that
supernovae represent the transition from ordinary stars
into neutron stars, which in their [inal stages consist of

closely packed neutrons.”

(Baade W, Zwicky F, 1934, Phys. Rev. 46, 76)

* Pacini (1967) first proposed that a rapidly
rotating neutron star (in a vacuum) with a
strong magnetic field emits dipole
radiation.

(Pacini, 1967, Nature, 216, 567)
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CALL ME WHEN
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UP THERE. [ WANNA
CHECK ON THOSE
FIGGERS.
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How does the magnetosphere fill
with charge?

What is the solution of fields and
currents in the magnetosphere?
What is the energy spectrum of
outflowing particles?

What is the mechanism of the

coherent radio emission?

Beskin (2016); Harding (2017)



\

rotation axis

open |
field lines |

P

Lorimer & Kramer (2005)

magr7tic axis

‘radio beam

outer _
acceleration

gap

. inner

. acceleration
. gap

Closed |
field lines !light

icylinder

e B« (P-P)/?2
» Age = P/2P



« Radio pulsars
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Prior to 2008
Light /[J
Cylinder
o v 1. Acceleration region: polar cap, slot
ot
e gap, outer gap?
2. Radiation mechanism: synchrotron,
null charge surface N outer curvature, inverse Compton
Q-B=0— closed field gap
region .
Lastonan scattering?
field line
3. Spectral cutoff: maximum electron
energy, absorption?

Harding (2005)



Gamma-ray (>30 MeV)

; O
e 7 PSR J1312+00
®©
* PSR J1231-1411
” . ’
PSR J18346+5925 e O
' @ : _ : : PSR J1302-32 @)
" PSR J1614-2230 (0] PSR JO751+1807
CTA 1 PSR J1810+17 (0] R . PSR J1124-36
" 2 ™ spn
O é "Boomerong . O "Eel" Rabbit . \
(PSR J2229+61 14) (PSR J1826-1258) o T (PSR J1418-6058) PSR "1%7_5226 ? Geminga

. - ®,
3 Y § o v O %
: .ﬁ@‘ C PSRUO734-1SSY @O

Vela @

"Kookaburra" 0) P

T @!O A

PSR J0248+6021

O  PSR-J1907+0402

+ "Taz"
(PSR J1809-2332) ~

o : i . o 0] o ® - (PSR J1420-56048) . PSR J0613-0200

0 [0 PSR J2302+4442 G) PSR J2017+0603 o

PSR JO357+3205 4 A ; PSR J1902-5105 b O

A PSR J2214+3000 | PSR J0614-3329
,
NN PSR J2124-3358 PSR J0437-4715 3
i (0) :
- : PSR JO101-6422 o
© O '
PSR JO030+0451 ; PSR J2241-5236
© : %
O -

PSR J0034-0534

ermi

Gamma-ray

Space Telescope Credit: NASA/DOE/Fermi LAT Collaboration



* A large fraction of the
local energetic pulsars are

GeV emitters.

* The gamma-ray emission
accounts for a large
fraction of the spin-down

luminosity.
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Galactic Centre

 Discovery of a population
of new millisecond

pulsars.

 What’s the origin of
gamma-ray in the
Galactic Centra and

globular clusters?

Unprocessed map of 1.0 to 3.16 GeV gamma rays Known sources removed

Credits: T. Linden
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Gamma-ray (>10 GeV)
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Towards TeV Gammas...

* Vela up to TeV (H.E.S.S in prep.)

PSR B1706-44: sub-100GeV
(Spir-Jacob et al. 2019)

 Geminga: up to 75GeV (Acciari
et al 2020)
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Towards TeV Gammas...

* Average emission per pulsar
from a sample of 115 pulsars
was limited to lie below ~7% of
that of the Crab pulsar in the
56-100 GeV band and below
~30% in the 100-177 GeV
band.
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Cherenkov Telescope Array (CTA), ZOGeV to 300TeV

 Which pulsars are TeV emitter?

Spectral shape/cutoff at TeV energies 3 g R

Light curves at TeV energies | £
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CTA will shed new light on the origin of
very high energy (VHE) emission from
pulsars.

VHE emission reveals key information
about the outer part of pulsar
magnetosphere (close to the light cylinder),
where radio giant pulses and fast radio
bursts (possibly) originate.

Understanding the VHE spectrum of
pulsars (MSPs) is important for a range of
astrophysics (e.g., dark matter, globular
clusters, Galactic Centre).



