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Modeling Elements
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1D

* Theoretical model for PWNe - 1-D steady-state (Rees
& Gunn 1974; Kennel & Coroniti, 1984) and self-similar
(Emmering & Chevalier, 1987) - free expansion phase.

Basic assumptions:

R =3x10"cm, L=5x10"erg/s, y=3x10°, o =3x10"
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Global properties 1D

e\ Polarization

1.5x10%
Time (years)

General evolution
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Evolution 1D

“Free expansion”
* Duration T ~ 1034 yr
« Constant pulsar energy INout -
Emission at high energies
Reverberation -
o T~10%yr \
* Enhanced emission due to re- g
energization

Sedov -
. T~105yr

Bow-Shock - interaction R e
with the ISM 0 5.0x10° 1.0x10% 1.5x10% 2.0x10% 2.5x10% 3.0x10°

Time (years)

(van der Swaluw et al. 2001,2005; Bucciantini et al. 2003, 2005)
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Fine structures

Crab

Vela /

* Crab nebula (Weisskopf et al., 2000; Hester et al., 2002)
* Vela pulsar (Helfand et al., 2001; Paviov et al., 2003)
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Wind models 2D

Force-free (Contopulos et al 1999, Gruzinov 2005, Spitkovsky 2006)
RMHD (Bogovalov 2001, Komissarov 2006, Bucciantini et al. 2006)

Lorentz factor ~ sin(0)
Energy flux ~ sin2(0)
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-

Dynsmics 20C

« Initial magnetic field with a narrow equatorial neutral sheet
« Dissipation in a striped wind
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Fine structures
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Fine structures
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3D - Final Solution?
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Evolution 2D

Reverberation - Crushing by the SNR Reverse Shock

forward shock

reverse shock

S !)’

van der Swaluw et al. (2004) Vela (radio) Duncan et al.
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Evolution 2D

Relic PWNe

L 4

SNR G327.1-1.1, Gaensler & van der Swaluw (2004)
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Evolution 2D

» Most pulsars kick velocity is supersonic in ISM
* Forward shock visible in Ha
* PWN visible as a radio and X-rays tall

PSR B1957+20 (Stappers et al. 2003) Bucciantini et al. 2005
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Acceleration: Pair Plasma

wpt=6750 w,1=9000
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Acceleration: Striped -Wind

YaN/dy
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Making what we see 1D

hv’F(v) (erg/s)
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Making what we see 2D

Main torus

Inner ring (wisps structure)

Knot

Back side of the inner ring (Anvil)

No jet - Axisymmetric assumption

/ et
| XS AN _/'\\\

Torus

Komissarov & Lylubarky
2004

Hster et al. 1995
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Making what we see 2D
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Making what we see 2D

N. Bucciantini: The Fast and the Furious
Madrid, Spain, 2013

19



Radio particles 2D

Ad (arcsec)

RADIO EMISSION

200 [

100 — «'%’

- > a ™

o

|
I
o
o

—200 p——+—+—+——+—+—+—1
200 -Bandiera et al 02

100 |

or

—100 [

_200 :1 1 i i i 1 i 4 i 1
200 0 —200

Ao (arcsec) Olmi et al'in prep = -+ < O

N. Bucciantini: The Fast and the Furious
Madrid, Spain, 2013 20



Time variability - wisps

*Wisp moving outward
*Year long limit cycle
Variability in the knot
*Bubble in the jet v~ 0.6 c

PSR B150Y-5%

e - 7.
Variability in the knot structure \ e w ~._| 4 i |
Jet feature moving at 0.6 ¢ Rob T =
g 2 8 B —_’:".‘
Local instabilities or global modes? —= s

Slane 05, DelLaney 06
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MHD variability - Flow
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MHD variabllity - Flow
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Wisps speed

run A: brightness |, (X—ray)
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Wisps speed

run A: brightness |, (X—ray)
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Flares
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Summary and conclusions
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Summary and conclusions

Thank you
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