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What 1s a Pulsar Wind Nebula?

= Neutron stars can
have very strong
magnetic fields and
spin very quickly

= Generate a highly
relativistic electron /
positron “wind”

= Expansion of pulsar
wind into Its
surroundings
creates a PWN.

(Animation: CXC/D.Berry)

(X-ray: NASA/CXC/SAO/F.Seward; Optical: NASA/ESA/ASU/J.Hester & A.Loll; Infrared: NASA/JPL-Caltech/Univ. Minn./R.Gehrz)
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Galactic sources of y-rays

= Many y-ray
sources in
Galactic Plane
s Most
coincident with
uyo u n g ” " A
pulsars
= PWN likely

dominates
TeV emission

= PWN of young
pulsar likely
Inside a
supernova htt
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Pulsar Wind Nebula inside a
Supernova Remnant

= Neutron Star
= [nitial Spin Period and
Spin-down Luminosity
= Spin-down Timescale
= Braking Index

m Pulsar Wind

= Fraction of energy in
magnetic fields, electrons

/ positrons

= Acceleration mechanism:
minimum and maximum
particle energy, energy
Spectrum

= Progenitor Supernova
= Ejecta Mass

= Initial Kinetic Energy
(Credit: X-ray: NASA/CXC/Eureka Scientific/M.Roberts et al.; Radio: NRAO/AUI/NSF)
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Schematic of a Pulsar Wind Nebula
Inside a Supernova Remnant
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Evolutionary Model for a Pulsar Wind
Nebula Inside a Supernova Remnant

P

= Homogeneous ISM, PWN 4mwR_ 2P

= One-zone model

= Dynamical evolution
determined by motion of
swept-up material
= Difference in pressure

between PWN and SNR
results in net force

= PWN’s emission dominated
by synchrotron radiation and
Inverse Compton scattering
of electrons off background
photons

Pulsar Wind Nebula

(Gelfand et al. 2009, ApJ, 703,2051) (FgUres; Gelfand et al. 2007)
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HESS J1640 — 465
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m GeV & TeV y-ray
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= PWN Radius =
2.7 £0.5arcmin »

= SNR Radius = 3
45+05arcmin 5

= Radio upper-limit

= X-ray Spectrum s

= No pulsations =
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(Lemiere et al. 2009, ApJ, 706, 1269)
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Pulsar Wind Nebula dominated
y-ray emission

= Good fit favors —

Maxwellian + = X ot |
Power-law injection | — Azieno/d, |]
Spectrum 10* : | A=12A80 E!f::JP i
= Required for ~100 § |
MeV emission 5 10° E
™~
= Rough agreement 2
with recent PIC 198 E
simulations - D
- MOSt PWN favor 1-:}'_:_ 20 40 Blﬂ}'. [u'::; ‘]3:';.,{! 640 1280 E
broken power-law v
Injection spectrum . . - . .

(Slane et al. 2C (Sjroni & Spitkovsky, 2012, doi:10.1088/1749-4699/5/1/014014)
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Origin of MeV y-ray emission

m Possibilities:

s Different
acceleration
mechanisms In

different PWNe?

= MeV y-ray
emission from
pulsar?
m Test second
possibility

1FGL J1640.8-4634
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42:00.0 41:00.0 16:40:00.0
(Slane et al. 2010, ApJ, 720 266) Right Ascension (J2000)
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Modeling Pulsar + Pulsar Wind
Nebula

l>y ay Pulﬁ . . = Pulsar Wind Nebula
O Ipowkr- Iavvre-la- (!utoff [ = Assume 10 kpc distance
] I I = Assume ejecta mass
—I 8 M,; =8 M., and initial kinetic
= . e_(%) energy E,, = 10°" ergs
[ = Assume
I l I = Assume p =3, 1,4= 500

years, and E, = 104 ergs/s

= Assume wind magnetization
ng =107

s Free Parameters: Age,
parameters of broken power
law injection spectrum,
background photon field

sl Assyme Eq =L
andLIi :
K, FI E_are f[ee |E
parameters I

min
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Best fit model

= ~ 3500 yrs old
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= Broken power-
law injection
spectrum
= E_,. ~10MeV
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Summary

= Possible pulsar y-ray m Future Work
emission in HESS
J164o 465 M Apply technlque to
M EXpl '
puls

O Degeneraues
= Error analysis

m Test with additional
observables
= Hard X-ray flux and ‘

photon index

4 4= .
4 4=\
4 a4 A
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