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Current Understandings of the Pulsar Magnetosphere

contents

1.Basic ideas and solid results.

2.A lot of challenge has been made;
mess; magnetic reconnection?? no
outer gap??

3.Untangle: go back to the original
idea, “centrifugal acceleration”;



Basic 1deas and solid results

The problem of the pulsar magnetosphere is well-defined.

What happens if a rotating magnet is put in space?

complication

due to pair plasmas.
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Basic 1deas and solid results The two solid solutions

Electrostatic solution: [~ = "o
“electrosphere™

cbr a0

both have no acceleration

if no pair creation

Gaps

/ unstable to pair-creation

! |because of very strong E//
| (electric field parallel to the

magnetic field)

Krause-Polstorf, J., Michel,
F.C., 1985, A&A, 144, 72-80
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force-free solution
sufficient plasma source Z /

25 I open field lines

resistive / acceleration region
is hidden in a infinitely thin
layer, which is outside of the
solution.

Contopoulos, I., Kazanas, D., &
Fendt, C. 1999, apj, 511, 351
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A lot of challenges were made

Electrostatic solution:
“electrosphere™

force-tree solution

something between the two ( ES and FF)

with pair creation
coupled with particle
acceleration and
photon emission

very complicated
rely on numerical works

MHD approaches difficult

PIC applicable



A lot of challenges were made

Summary of Previous PIC approaches

« With the current computer performance, pair plasmas are
injected by hand (difficult to treat whole process).

 Once the closed current circuit is established by pair
injection, a pulsar becomes active.

« how one makes a setting for the pair injection.
= For any setting, whatever, a simulator gives a solution
even if the setting is not realistic.

« =>»Results of PIC simulations fully depend on the
assumptions =»mess. No convincing result.

Analyse what setting makes what 395 Kisaka's talk
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A lot of challenges were made

Summary of Previous PIC approaches

« With the current computer performance, pair plasmas are
injected by hand (difficult to treat whole process).

 Once the closed current circuit is established by pair
injection, a pulsar becomes active.

« how one makes a setting for the pair injection.
= For any setting, whatever, a simulator gives a solution
even if the setting is not realistic.

« =>»Results of PIC simulations fully depend on the
assumptions =»mess. No convincing result.

Analyse what setting makes what 395 Kisaka's talk
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A lot of challenges were made A case of surface injection

Natural supply of charged particles by E//
= electrosphere (not active)

high density pairs (high multiplicity ) are injected near the
surface typically with some initial speed.

maybe to obtain an open field structure, something like the
force-free solution.



Alot of challenges were made A case of surface injection

/\ e.g. solar wind ]‘

an outflow makes open field lines + current sheet

< A

\ \thermal centrifugal wind
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Alot of challenges were made

misleading by too much injection from the surface

® magnetic field is
opened.

® reconnection is the :’i:
origin of acceleration. < =3

® instabilities in the
Teutral shet S—— S —
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1'; J_ acceleration

and
centrifugal acceleration



direct EL acceleration

in low density cases

ele@tron

N
. >?B

positron

for possible E>B, see
Uzdensky, D.A. 2003, apj, 598, 446
Wada T., Shibata S., 2011, MNRAS, 418, 612. 5




ELacceleration in rich plasma is “centrifugal acceleration”.

A i

centrifugal force makes open field lines + current sheet
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Untangle | back to the original idea.

1. EJ_ causes the corotation motion.

2. the corotation speed tends to the light speed 14 1 j Qr —c

ynme® y N
32/47T B ’VmaX/M -

agnetic field lines

3. inertia increases.

4. centrifugal drift current o

5 “massive corotating
plasma” flows out

catapult!



Untangle | back to the original idea.

Acceleration efficiency

L(ICC ~ g

s,
)
b

atapult!
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Summary for the future:

Let us see

. what setup for pair creation makes what,
. centrifugal acceleration in detail



A short comment on the Crab Nebula

21



A short comment on the Crab Nebula

Preamble

« |XPE gives a spatially resolved polarization measurement for the Crab
Nebula. A good opportunity to improve nebula model.

« Nakamura and Shibata (2007) constructed a model to give a polarization
map of the Crab Nebula. We concluded about 60 percent of the
magnetic field energy is in the form of turbulent: $|¥delta B|*2 /B ¥sim
0.6% .

* |t has already been suggest that the turbulent fields plays important
roles on nebula dynamics and particle acceleration (see. eg. Porth et al.,
2014: Tanaka et al., 2018).

« With the help of the data by IXPE, Chandra and IC gamma-rays
telescopes, we are attempting an empirical model of the nebula.

Let us make an empirical mode with minimized assumptions!
Axisymmetry. disc + inner ring + outer ring + jet + halo 4 component ,,



observation

model

uniform disc + uniform halo
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Chandra Image by Mori et al. ; Note pile-up
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Doppler boost free I(r) profile
= volume emissivity profile j(r)
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The flow speed increases with the distance!



The Crab Nebula model in construction

axisymmetry

| sivit +continuity
volume emissivity
| image — 4 +<B> €IC
velocity field n(r), B2(r) profile
Qand U image ' 6 B"2/B"2 +momentum eq.
+energy eq.

g

radial profiles for
acceleration of the flow
dissipation of magnetic in the flow
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Thank you



