intensity

In 1967, graduate student Jocelyn Bell and her
advisor Anthony Hewish accidentally

discovered a radio source in Vulpecula (LGMJ.) -

Sharp pulse recurred every 1.3 sec.

Determined it was 300 pc away.

They called it a “"pulsar”, but what was it?
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The Crab Pulsar

The mystery was solved
when a pulsar was

discovered in the heart
of the Crab Nebula.

The Crab pulsar also pulses in V1sua1 11ght

0.083 sec, —1—0.083 sacr 0. 033 sec/——0.033 sec. /033 sec. '_
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X-rays Crab Nebula
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Centrifugal acceleration at equator < gravitational acceleration

GM 4n* GM R’

=S < = P> 21—

R* P> R’ GM

Q°R <

Minimum spin period for:
Typical WD (R=10000 km, M=0.5 Mg ) P>24s
The fastest WD (R=3000 km, M=1.3 My) P>2.5's
Typical NS (R=10 km, M=1.4 M) P>0.5 ms



Theory

Tiny

Mass ~ 1.5 Mg
Supernova Corpse
Rotating Fast

High magnetic field

Observations
Small Pulse Width

Confirmed in binaries
Seenin SN Remnants
Short Pulse Period

Synchrotron nebula
and spin-down rate



A

Isolated NSs are born as fast-spinning radio pulsars

Pulsars spin down because of dipole radiation

From young, fast and energetic to old, slow and faint pulsars
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Crab: P=33 ms, I5=4.3 X103 ss™

2
Rotational energy loss: E,, = d(llwz)dwmd” d(1)=-4x21}5p-3
o dr\2 P dt\P

. 38 -1
= Erm‘.{'_"mf) = 5 X 10 erg 5

Rotating magnetic dipolein vacuum:  E = —(327*/3*) B2 R°P~*
3¢’ IPP

19 1/2
= B, =45 ~32x10 (PP)" G

=B, ~4x10" G

Characteristic age: 7= P/2P

Assuming B = const : PP = const

dP 1 . P
PP=P——= ['PdP= [ PPdt = —(P’-P})=PPT=1~_= if P, <<P
d 2 2P

=1, =1218 yrs = 2014 —1054 =960 yrs



log[Period Derivative]
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Rotating Radio Transients (RRaTs): discovered in 2006 as
isolated radio pulses. But pulse separations are not random:
regularly slowing down periods = “intermittent” radio pulsar:

Radio-quiet gamma-ray pulsars: only one (Geminga) known
before 2008. Tens discovered by Fermi gamma-ray satellite.
Why not detected in radio?

Emission beam much broader in gamma than in radio



Egret Pulsars

Table 3 ~-ray fluxes of EGRET pulsars [17, 44, 70]

Fulsar Period (ms)  Ape (kyr) EGRET Pulsar catalog  2FGL
P Pi2p Fy F_y F(1-100GeV)*

0B33-45, Vela B93 11.3 B343 4112 1061 £7.0 1358+ 04
J06334 1746, Geminga 237 340 3529457 353+£35 Tr9403
0531421, Crab i3 1.25 22624112 209+4 8.3 015
1706-44 102 7.6 112462 [4984+4] 9.1+ 1.7
1055-52 197 540 334382 345417 504009
19514-32° s 110 16+ 2 176419 2.1 +007
150M-58,F Circinus BE.9 150 - BT+14 .45 £ 0.08

* Also in units of 107% phem =2 57!
Y Associated with SN 1054
“Pulsars not reported in the 3EG [71]



Gamma-ray spectrum

N(E) x E~T exp[—(E/E.)"].
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Crab Pulsed SED
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Pulsar Wind
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Crab Flares
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Fig. 41 Time evolution of the Crab SED during the April 2011 flare. The flare duration of approxi-
mately 9 days has been divided in 11 time windows of approximately constant flux. The dot-dashed
line indicates the assumed constant background from the synchrotron nebula. The dotted lines show

the flaring component, and the dashed lines are the sums of the background and flaring components
(from Ref. [110])
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Fig. 48 SED of broad-band IC gamma-ray emission of the pulsar wind nebula HESS J1825-137
calculated for 12 zones with a constant 6 arcmin width of the zones: 0’ — 6", 6' — 12, ...66"' =72,
The theoretical curves are shown together with observational points obtained with the Suzaku (the
inner 6 zones), Fermi LAT (the entire nebula), and HESS (all 12 zones) telescopes [242]
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