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Introduction to Z 5>
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We reproduced

* Total spectrum @ 1kyr

* Flux decrease rate ~0.2%/year @ radio
We obtain

 mean B-field inside PWN.

* particle energy & number inside PWN.

* magnetization at injection.

- particle injection spectrum (broken PL).
* spin evolution of the central PSR.




Virtue of Z=3

Bright and extended object

 Brightness map in different frequencies of the Crab.
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« Spectral index map in different frequencies of the Crab.

Bietenholz+97ApJ Temim+ 12ApJ Mori+04ApdJ (X-
(radio) (IR) ray)

BIETENHOLZ ET AL. Vol. 490
-200
I
I
03—
02— AL. Vol. 609
THE ASTROPHYSICAL JOURNAL, 753:72 (9pp). 2012 July 1 TeEMIM ET AL
01— @ = 1.0 in the NW (Veron-Cetty & Woltjer 1993).
on uncertainty on the ratio of the fluxes in the two
5), which
n spectral
00— ystematic
across the nebula and does not affect the spatial variations in the
in index.
In order to investigate the morphology of the dust and line
59— emission in the Crab Nebula, we subtracted the synchrotron con-
tribution from the IRAC 5.8 and 8.0 m images and the MIPS
24 and 70 um images. We as
s8l— image for each by ing the s
tribution extrapolated from the IRAC 3.6 4m image using the
equation
Frresiauat = Fi — F3.6(3.550/4)7. @)
57—
Here, the subscript i refers to the wavelength of the image
from which the is being
In each case, the 3.6 um image was convolved to.
56— the resolution of %; (Gordon et al. 2008), and each of the

255
Photon Index

PWN emission reflects B-field & particle distribution of PWN



2-1: Qualitative Description

PWN is powered by central pulsar

Magneto- Pulsar wind SN ejecta
sphere region (Shocked)
| _ | v
pulsar i i i -
Light cylinder Termination Shock Contact Shock
R c~108cm Rts~ O.1pc Discontinuity

Rpwn ~ 2pcC

Young PWNe are almost spherical.
(Whole particles are confined within SNR)



Motrivation

What do we learn from observations of the Crab Nebula?
PSR & PWN properties
- Magnetization of pulsar wind. = o-problem

* Ingection spectrum of particles. = k-problem & particle acceleration

- e* escaping process from PWN. = PAMELA anomaly

Physics

* Particle transport mechanism inside PWN. = advection? diffusion?

* Particle acceleration process inside PWN. =@ second-order acceleration?

e Expansion of PWN. = Interaction between PWN & SNR at outer boundary.



Past Studies

Amato+00, advection only Tang & Chevalier 12, diffusion
Radio brightness map optical spectral index map
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Model

Transport Equation

0 1 0O 1 _
oy =Vl KV o (590 (Bt e ) 9°F | + Qun

Radial flow & toroidal B-field + induction equation

T (A

v(r) = vo <—> h er, B(r,tinj) = B(tinj) <—>—aB €y,

o 0

68_? =V X (v x B)
Bohm-type diffusion & particle injection
1 o(r — o) (p/pp)*~ Pt for pmin < p < pp ,
B =38ere Quilntp) = a7 { (p/pu)?>772 for py < p < Pinax

We take into account the evolution of the spin-
down luminosity (injection) & the Rpyy (expansion).



Application to the Crab Nebula

We consider that the particles and the magnetic
field are injected at the inner radius r = rg at a time

t = tinj‘

Main parameters are
1. gyro-factor &,

2. inner radius rg or velocity profile index «,,
Rpwn = 2.0pc, Vpyn = 1.500km/s @ t_.. = Tkyr
(rO = 0.1pc & vO = ¢/3 are too much.)

3. injected B-field or magnetization o
BO=300uG

4. broken power-law injection with
p;=1.5,p,=25, rn.=10% v =105, .. =10°
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Results: Particle
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- |  —— 1. strong adiabatic cooling
Bl for ro = 0.007pc.
H 2. When & is non-zero, e*
| can escape from PWN (r »
10 b RPWN)°
Y Y 3. Escaped high energy e*
7 are cooled slowly.
E 4. For ro = 0.007pc,

because rg is smaller than

diffusion length for high
energy e+, more particles

v>d Ny/dy[a.u.]
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» | can escape than for rg =

0.2pc, mostly in an early
phase of evolution.



Results: Spectral Index Profile
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without diffusion with diffusion (£=1)
P = 1.5 & ps = 2.5 corresponds a = 0.25 & 0.75

1. Without diffusion, we find synchrotron cooling effect
increases spectral index at10'®Hz > 10 at 100r, ~ 0.7pc.

2. Diffusion effect smooths spectral index profile and we do
not find synchrotron cooling hardening of the spectrum for
Eo = 100 4 G. We need to select appropriate parameter set of

(5, Bp) to fit the spectral index distribution.

2. =1/3 corresponds to low frea. side of synchrotron
spectra and is anneared at r > Rou., @ < 1016H>.



Conclusion

e Convection-Diffusion transport equation is considered to study the
broadband emission structure of PWNe.

* For the escaping of e from PWNe, we should compare diffusion length
& rO.

e r-ray distribution almost traces the particle distribution for inverse
Compton scattering off CMB.

e Synchrotron Self-Compton process is considered to be dominated in the
Crab Nebula in v -rays and should be considered the future work.

e We need larger value of B-field at injection point, to obtain softer
spectra observed for many PWNe in X-rays (a > 2).



