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Pulsar Wind Nebulae (Plerions)

2

(Aharonian and Bogovalov, 2003)



3



Properties of PWN’e

• Observable at all wavelengths

• Filled appearance

• Flat radio spectrum

• X-ray spectrum has a steeper photon index

• Well defined magnetic field

(Weiler and Panagia, 1980; De Jager and Djannati-Ataï, 2009)
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The Vela Supernova Remnant
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Properties
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• Displaced PWN

• Pulsar



(0.9-2 keV: Markwardt and Ögelman, 1995)
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(0.55-65 TeV: Aharonian et al., 2006)



The Model

• Mangano et al. (2005): XMM-Newton (3-10 keV)

– photon index a function of distance from pulsar

– synchrotron cooling

• Model X-ray emission from compact nebula
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Lepton Injection Spectrum

• Broken power-law
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• Determining Q0

• Time-independent



• p ≠ 2
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• p = 2

• Position of PWN shock: r = 0’.35 

• Γ = 1.5 at r = 0’.5 

• Negligible energy loss: p = 2

• Limited dependence on Eb

• Energy loss mechanisms

– synchrotron

– adiabatic

(Ng and Romani, 2004)

(Mangano et al., 2005)



Constraints on the Model

• Spherical symmetry
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• Conservation of magnetic flux in a steady-state MHD approximation

• Velocity profile

(Kennel and Coroniti, 1984)



• Magnetic profile
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• Maximum lepton energy

– gyroradius limit

• Minimum lepton energy

– Eb = 100 GeV



Free parameters
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Results and Discussions
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Synchrotron spectra



Discussions and Conclusions

• η

– this study: η > 0.04

– De Jager et al. (2008): η = 0.003

– particle escape from PWN

– reverse shock?

– other mature PWN’e?
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