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MAGNETOSPHERES OF (QUIESCENT MAGNETARS

* Magnetars are neutron stars powered by magnetic energy
(Duncan, Thompson 1992).

«  Bright post-outburst X-ray emission ~ 103 erg/s >
spin-down powetr.

* Activity is powered by residual twist in the
magnetosphere.

* Resonant inverse Compton scattering (RICS) produces
energetic photons. e*-creation sustains the current.

* Voltage of ~1GeV multiplied by current required to provide
the twist with angle ~1radian explains the luminosity.

hyo(@—k - V) = haog Ly~ I® ~ w%@

3
) st a)B/ Wy ~ 10°(B/ BQ)(1 keV/ th) Beloborodov, Thompson, 2008
Beloborodov, 2013
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RaD10 EMisSION OF (QUIESCENT MAGNETARS

ATCA A A m @
* Radio activated post-outburst Parkes O

* Very hard spectrum extends to high frequencies

(very different from pulsars) 070820

; .

* Broad radiation beams (radio lightcurve;
significantly wider than for normal pulsars)

<
g
070724~ i
«  Luminosity ~ 10%° erg/s orosee
» Activity in the open field line region (like in
pulsars) can not explain the luminosity.
1 1 | 1 1 1 1 Il 1 1 | |
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Frequency v (GHz)
Camilo et al., 2008
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MAGNETOSPHERES OF (QUIESCENT MAGNETARS
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Mahimann, Philippov et al., in prep

y ~ wglwy ~ 10%(B/By)(1 keV/hawy) ettty
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ELEcTRIC CURRENT AND Prasma Frow

r du
. -
T cuy dt ID_|
40 . ' 102
« e~ &e™ resonate with the bulk of the stellar
photons somewhere at 10-30 R,
» The current has to flow despite the drag. - 101
du,
mec—— =t ek + F,4(u.) >
dt
jo=nelel (B, —B) -
* The plasma flow consists of two radiatively
cooled e~ & et beams.
10+

X/R *
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1D: RADIATIVELY-DRIVEN TWO-STREAM INSTABILITY

L3keyl

As the hot flow gets cooled,
instability is excited.

Squeezing of beams by RICS
cooling is balanced by diffusion
due to electrostatic turbulence.

Power decreases as cooling time
increases:

E2

=——~ T«
SnWth (pr)

€p

Turbulence stays strong! This is
because the pump shifts to long

wavelengths.
_ eE 1
A kmvy,
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1D: RADIATIVELY-DRIVEN TWO-STREAM INSTABILITY
* As the hot flow gets cooled, k ery”

instability is excited. 0.0004

0.0002 A

* Squeezing of beams by RICS

g
cooling is balanced by diffusion § 0000 3
due to electrostatic turbulence. £ I
LTT —0.0002 A
* Power decreases as cooling time
increases: T T 30 6 20 40
E2 : x(de)
eg=—— ~ (0,7 K1 1.0 -
SEWth
0.8 A 10521
* Turbulence stays strong! This is il i
because the pump shifts to long < 04 Y 0-s ham Wi —— topoi=300w;?
wavelengths. ' tcool = 1000 wp
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oD: RADIATIVELY-DRIVEN TWO-STREAM INSTABILITY

* In 2D, electromagnetic
modes are excited!

e  Qur simulation setup
achieves steady state.
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oD: RADIATIVELY-DRIVEN TWO-STREAM INSTABILITY

6 = pi/6 8 = pi/3

i 10—2

ex 3
3
* In 2D, electromagnetic .
modes are excited! &y 3
e  Qur simulation setup
achieves steady state.
bz 5“
3

k(1/de) k(1/de) k(1/de)
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“SuB-GrID” MODEL

Can extract the luminosity from simulations
Ly ~ 2 X 107372(jyF,.a/€)(v4/0.5¢)*

6 %10-3 LEA..{/(VJ()E()) 3 x10~3

(a) — t ool = 300wp_1 (b) m— 10_3(1:,1,1/0.50)2
5 —— teoot = 1000w; | [

w— booot = 3000w, ||
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[ ARGE-SCALE MODEL: [ AMPPOST

- ~ 1030
Can extract the luminosity from simulations Matches with observed 10" erg/s
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MAGNETAR GIANT FLARES

First MHD simulations of

outbursts / giant flares
(Chatterjee, Philippov, Beloborodov
et. al., in prep)
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*  Qur simulations explain rapid onset, duration and energetics of the main peak of giant flares;
qualitatively, the post-peak fireball emission and enhanced spin-down.

Time (s)

; C ) Israel et. al., 2005
* FEruptions produce relativistic electromagnetic pulses.
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(CONCLUSIONS

» We developed a first-principles model of transient radio emission from magnetars.

* Next steps: include time-evolving magnetospheric X-ray radiation field during the untwisting.
Can we predict the time of onset and spectrum of radio emission?

» QObservational test(s): cutoff at high frequencies”?
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