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Pulsar Winds
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Pulsar Winds

Where does the rotational energy of a
pulsar go?

g E>1O35ergs/s
* < 10% in radiation (X-rays, y-rays)
* > 90% in pulsar winds (KE of particles)
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Radio PWN

 Direct calorimeter
 Polarization measurement

 Anomalous morphology

* Highly linearly polarized (> 10%)
» Flat radio spectrum (S v+, a=—0.3-0.0)
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Pulsar Wind Nebula
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PWN Evolution

* Free expansion phase
—e.g. the Crab

Reverse Shock

PWN Shoc

van der Swaluw et al. (2004)
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PWN Evolution

» Reverse shock interaction
—e.g. G327.1-1.1

Relic PWN

PWN Head

van der Swaluw et al. (2004)
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PWN Evolution

* Bow shock
—e.g. the Mouse

van der Swaluw et al. (2004)
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Bow Shocks

» |Late stage evolution
— Supersonic PSR motion in ISM
— Ram pressure confinement
— Bullet head + long trails
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Bow Shocks

Guitar Nebula

EC (J2000)
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Mouse PWN
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== PSR J1509-5850

S

Discovered in the Parkes Multibeam Survey
P=89ms, E=5x10%%erg/s, t.=1.5x10°yr
* dpy~= 2.6-3.8KPC (Cordes & Lazio 2002, Taylor & Cordes 1993)

Longest X-ray trall
— 6.5pc (Kargaltsev et al. 2008)
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MSC 319.9-0.7

* Discovered in the MOST survey

* 4'SW from PSR J1509-5850

* Elongated 12'x 3’
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ATCA Observations

« /50C + EW 367 array configurations
« 2 X 12 hr integration time
e 3+6 cm
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DEC (J2000)
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Polarization
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Polarization

]
=
o
=
o
=

e
L
=)
=

1 ﬁh'.-," il

L
40"

5

Fed

| 1 1
207 1o*

RA (J2000)

DEC (J2000)

i I
1580™40"

1 1
20" 10"

R (J2000)

: &™o"

LY

[+

uy
an®

=
b,
i LIS N

N

-
e
r_':l"" i ]I‘

L=

i | |
40"




DEC (J2000)
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RA (J2000)
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=3,

Multiwavelength Comparison

X-ray vs. radio

Chandra + ATCA
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Flux Density (Jy)
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Tomography
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20cm SGPS data

— Faraday rotation mostly
negligible at 3 & 6cm

— consistent with a helical field
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Compare to the Mouse

* Different Mach number?
— M~30 vs. M~60 (Kargaltsev et al. 2008, Gaensler et al. 2004)
— Direct proper motion measurement

 Different B-field?

PSR spin and magnetic axes orientation?
— Viow™ 10,000km/s (Kargaltsev et al. 2008)
— PSR polarization measurements
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Declination (J2000)
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Summary

« Radio polarimetry provides a powerful probe of
the physical conditions in a PWN

« MSC 319.9-0.7 as the radio PWN powered by
PSR J1509-5850

» 2nd [ongest pulsar trail known in radio
 First evidence of a magnetotail

* Very different from the Mouse,
more examples needed
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