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: magnetic moment

PULSAR g: angular speed

Fast spinning & magnetised neutron star Pulsar

* R=10-15km

* M=14-2Mqn

* Biiew = 10°G - 10“G
* Psin=ms - seconds
* Spindown = 10" s/s

MAGNETOSPHERE

E,B fields + plasma
* 3 main zones: - light cylinder Ric=c/Q
- pulsar wind

- nebula Biihler & Blandford (2014)
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Pulsar-companion interaction

Many opened questions: Rearrangement of the magnetosphere ?
Strength and location of particle acceleration ?
Strength of high-energy radiation ?
New class of long-period high-energy transients ?
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Pulsar-companion interaction

Many opened questions: Rearrangement of the magnetosphere ?
Strength and location of particle acceleration ?
Strength of high-energy radiation ?
New class of long-period high-energy transients ?

Choice of companion characteristics
Astrophysical applications
Settled in the pulsar wind |
pulsar - neutron star

Intermediate size (rcomp < Astripe) pulsar — white dwarf
pulsar — planet
Unmagnetized companion pulsar - asteroid

Perfectly conducting companion
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Energy transfer sequence

Befior e reconnection After Reconnection

Region whers fluid modeal is imvalid

Plzsma Flow

o rC == IThirhne-ssﬁ

Plasma mowing with figld lines

magnetic reconnection

synchrotron radiation

ting fl | -
pulsar’s spindown S \4
. —>

paier plasma wind

In order to explain the electromagnetic emissions:

Global PIC

- need of global magnetospheric simulations

e c > simulations
- need of kinetic scales for relativistic plasma
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2D equatorial view
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Reference case: the isolated pulsar magnetosphere

‘striped wind’: magnetic field
stripes of alterning polarity

bulk Lorentz factor globally
increases with radius

highest mean Lorentz factor in
the current sheets due to
magnetic reconnection

high-energy synchrotron
radiation emitted from plasmoids

—1 0.0
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Parametric study

fast magnetosonic point
I

|
I 3 different radii

° Companlon |n the Wlnd Zone. Porb,companion >> Pspin,pulsar
= COMpanion at rest in the simulation

» 2 different regimes depending on the companion location with respect to the fms point
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Bulk Lorentz factor averaged over several Ppin

dcomp = 2RLc, Fcomp =T+ deomp = 5RLc, Fcomp =1+ deomp = 9RLC, Fcomp =T+
90°

|f rcomp>rfms, ShOCk

: higher reomp iImplies broader
L, shocked cone

higher binary separation
implies narrower shocked
cone

1

red circle = light cylinder radius
green contour line = fast magnetosonic surface
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Bulk Lorentz factor averaged over several Pgin

deomp = 2RLc, Fcomp =T dcomp = 5RLc, Fcomp =T-
90° 90°

|f rcomp>rfms, ShOCk

higher recomp implies broader
shocked cone

dcomp = 9RLc, Fcomp = 2r.
9%0°

higher binary separation
implies narrower shocked
cone

red circle = light cylinder radius
green contour line = fast magnetosonic surface



Interaction with a companion (dcomp = 9 Ruic, I'comp = lpuisar)

perturbations advected in a cone
behind the companion

20

increased magnetic islands on the
cone surface

favorable zone for particle
acceleration behind the companion

1.0

very low density inside the cone
== highest synchrotron power
at its borders
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Zoom on the current sheet at the companion surface

slow down bending

|

% h

== Magnetic field lines pile up in front of the companion
== fOrced reconnection
== enhanced particle acceleration

==p cnhanced non-thermal radiation
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Zoom on the current sheet at the companion surface

slow down ' breaking

t=11.46 Pspin \ t=11.50 R 90 t=11.88 Pspin t=11.97 Pépin
: |
¥ ‘.“
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== enhanced particle acceleration

== cnhanced non-thermal radiation
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High-energy synchrotron spectra

1010 -

| —— isolated pulsar
- dcomp =2R.c) rcomp =Tr

— dcomp =5Rc, Fcomp =T+
- dcomp =9Ric, lcomp =T+
107 E dcomp = 9RLC: I'comp = 0.5r.,
s dcomp =9Rc, lcomp = 2r.

dcomp = 15R.c, Feomp =T+
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1072 1071 10° 101 102 103
V/vg

106 1

Significant enhancement of the high-energy radiation
compared to the isolated pulsar

Emission decreases with dcomp and increases with reomp
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High-energy synchrotron spectra

1010 3
10° e N\
10° S gttt
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= dcomp =9Rc, Fcomp =T+ E —— isolated pulsar
107 3 dcomp =9R,c, I'comp = 0.5r. : — dcomp =9R,c, Fcomp =1+
- dcomp =9Rc, lcomp = 2r, | ——- shocked region
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A v/Vo
Significant enhancement of the high-energy radiation additional contribution
compared to the isolated pulsar exclusively due to
Emission decreases with dc.omp and increases with rcomp the shocked part
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High-energy light curves

— isolated pulsar

1
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d=15Rc,r=r. :

1

i

1

1

Flux [ph/s] / reference flux

Enhancement of the radiation flux up to ~ x10
2 broad peaks per orbit: hollow cone of emission
Higher reomp ===» higher peaks and higher A®
Higher dcomp === lower peaks and lower A®

Valentina Richard-Romei November 5, 2024




High-energy light curves

Flux [ph/s] / reference flux
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A® scales like 1/T" factor at the shock apex
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Conclusion

When adding a companion in the pulsar wind:

Significant alteration of the dynamical and energetic properties of the pulsar wind

Forced reconnection — enhanced particle acceleration — enhanced non-thermal radiation

orbital-modulated hollow cone of light
Transients should be observable on galactic distances (soft y-ray band)

What about radio counterparts ?

from plasmoid mergers (Lyubarsky, 2019; Philippov et al., 2019)
fast radio bursts (Mottez, Zarka, Voisin, 2020; Decoene, 2021)

=) Recently discovered galactic long-period radio transients
(Hurley-Walker et al. 2022,2023; Rea et al, 2022,2024)
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Pulsar magnetosphere

Z
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Particle-in-cell (PIC) simulations

Solve Abraham-Lorentz-Dirac equation B = — Grid
T - ™ Cell
d(’yme V) (Eulerian approach) ‘ R - \ I
= . (E+ﬂXB)+frad A 4 - Y
Particles evolve in /,w/( % | o * *®
(Lagrangian approach) \ > ' /
\ ‘/ >
< . é
A =] |4 ’
/ 4 ; *d L A
¥
Solve Maxwell Deposit charge and \ = N

equations current densities Cem B o X



dcond=2 RLC

)* ( r* rLC/ I'sta r2 )

dcond=9 RLC

(B(p/Bstar)*(r* rLC/rstarz)



Particles spectra
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What about radio counterparts?

. Coh t radi . | f (- collision of plasmoids with each other and with B field
oherent radio emission as a low frequency | . [ orturbation of B field
counterpart of relativistic magnetic < - short fast magnetosonic pulse
reconnection * pulse escapes the plasma as a radio wave
— Lyubarsky (2018), Philippov et al. (2019) .

AR\

(ng/Bstar)*(r* rLC/rstarz)

* See also the predictions of Fast Radio Bursts in the presence of a companion
(Mottez, Zarka, Voisin, 2020; Decoene, 2021)



Long-period radio transients

v Which phenomenon ?
Several discoveries of long-period (10-1000s) radio transients

~» which object ?

Y% Magnetar-like emission A Central compact objects
[l Thermally emitting (XDINSs) Radio pulsars

b i siearss smson
Considered interpretations:
. ) g isolated pulsar
23 b PSR_‘,_{QQB{;‘*O“G GPMJ183e-10 109G % isolated mag netar
s I white dwarf
i proto-white dwarf
. ) we & white dwarf + companion
e neutron star + companion
- star + exoplanet
* brown dwarf binaries
e TR A * new objects ?

Spin period (s) Hurley-Walker et al.(2023)



Simulation parameters

603 < lcomp < TR c

Parameter Value
Ocs /Teomp ~ 0.15 (run D2R1) to 0.9 (run D9ROS) Number of cells 4096 (1) x 4096 (¢)
Inner boundary s
= 250, 0.c~60 Kic )
GStar - ! GLC Fabsorb 24 RLC
(de/Ar)ic 16.2
Kstar = Nstar /Ny = 10, where nsr is the density injected at [y 4_3f<0104
the surface of the star i 5.1 Ry
1—‘fms 3.9
d* /1y 1.8x 107
Plasma composition Electrons and positrons
(d o /Ar)LC ~l10atr=R.c Injection model from the star surface

r. at r.c ~ 1 cell in the wind and ~70 cells inside the
current sheet



	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31

