


Basic properties of pulsars December 10th 2010

PRESENTATION

The lighthouse effect
Rolation
fuln Number in our galaxy : around 1200
Radiatior
- | | v Radiation powered by rotation

Small periods of rotation
High magnetic field

Small radius

High mass density
| A magnetosphere around it, but
Kgdlillll)l'l : wait...

Cédric GOUVERNET
Astrophysical Dynamics 2



http://www.nrao.edu/pr/2003/pulsaremission/pulsardiagram.jpg
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Mass: 1.4 M to 2.1Mq

Increase of the mass density during the collapse by a factor of: 101>
(new density comparable to the atomic nucleus density)

Contraction of the radius by a factor of: 10> (Rpuisar = 10km)

5 2 _ 2
Conservation of the angular momentum: MQ;, Rj;, = MQ finalR final

2m
. . 1.
Estimated angular velocity: innal & - S
Measured period: Ppulsar = 1073~10° s
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-

Alfvén’s theorem of flux freezing : “The magnetic flux linked with a
surface that moves with the fluid is constant’.

0B
The proof is based on the induction equation: —-=Vx (¥ xB) + nv‘B
and the approximation negligible resistivity.

Then, ¢ a BR? = constant

B ~ 108T
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<l

ROTATING MAGNETIC DIROLE
AN\ RIS T M@ODE s
Assumptions:

Rotating magnetic dipole moment emitting
magnetic dipole radiation

The radiation is powered by the kinetic
energy of the pulsars

The region surrounding the pulsar is a
vaccum and the emission is free

We ignore the relativistic effects near the
neutron star

— We do not bother solving the
electromagnetic fields in the whole space

dric GOUVERNET
Astrophysical Dynamics 5




Models December 10th 2010

-
dE ™ dS) 2 il?
e — = ——1m
dt dt c3
- dQ B?R°0*sin? «a
dt 6¢3
1

a=0,(1+5) ° il
= — T = :
o\ TZ) | VT = peint a0

T~v10%yr
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THE ALIGNED) ROIFATOR

A MORE ACCURNRE Y@ODIE

magnetic axis

Assumptions
S

, : ‘radio beam
rotation axis :

Neutron star: conducting rotating sphere.

// Uniform internal magnetic-field:

outer )
acceleration

innergap B — Boez

i acceleration
1 gap

Eiﬁ,”lmes ; ; The axis of rotation and the magnetic axis
: I d .

field Ines | light are aligned

icylinder

The particles move to compensate for the
magnetic force:

E=—

VX B
C
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Calculus of the electric potential

Inside the neutron star

OByrsing
Ein = — . (sinfe, + costeg) = -V,
1By 5 . 2
bin = —_ Tsin 6 + constant
Outside the neutron star
Adpou: =0 -
OByR ; _—
Poue = ——— 5 (3cos 6 — 1) +constan
QByR® OB R®
E. . k= — 8 (3cos? 6 — 1)e,— i sinfcosbeg
ByR® |
Byt = (2cos B e, + sinfey)

213

Magnetic field lines: 7 = Ksin*6
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Deduction of the densities and electric currents -
VE R C
p = . and j = e VxXB
OB, _
Pin = % and Jin = 0

Pour =0 and  joyue = 0

Apparition of surfacic charges

OBy R > , by
Do = - (9 —15c0s“0) and  jgp, = gszneeg

-
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Pulling out particules? .
OB, R? iy QR i
(f)su'r o ~10°°V and E = _BD ~ 10%esu
2C C
...depending on the solid state of the crust! r = Ksino
But let us assume it happens. _
1d bl h 1 laht
Field capable to give energy to the particules cvlinder
£, = o T ?‘p?dnr
= —— = ——PB, coS ; ield lines
/T e Z
Why do the particules follow the field lines?? =
C HF=
Light cylinder: R; = a null =
So, emission through the polar cap of radius: +|Ine + :_ 0
R\2 + - P
RP ~ RSiné’P ~ R (R_) ~ 104cm last Open |
L 5 \
- What happens to the field lines near the light  field line: ‘
cylinder? Derive the derivative of : closed neutron
angular velocity! field lines star
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|

PAIR RPRODUCTION IN A
PULSAR ATMOSRFIERE

pu—

co—rotating magnetosphere

Accelerated charged particules
V- hoton H.ighly ene.rge_tic photons in a
charge high electric field
Cascade...
What only electrons and not protons?

neutron star surface

-
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-

Near the surface, acceleration of electrons to high energies
BO*R?
265

-y =10’

ymc? = eAV =~ e

Radiation following a synchrotron spectrum

he
Condition of pair-production by a photon: ~ y3 i hw > 2m,c?

Z_(2) > 0025
1087 \lis/as .

Another condition to be respected for the cascade: [ < R
3

B (P)_§>31
10°T \1s

which gives:

which gives:
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COMNCEL USIO)N

Glitches

Binary pulsars
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