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Part 1: Dissipation

BC + Sasha Philippov + Guillaume Dubus



Inclined rotator: Striped current sheet

Bogovalov 1999
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Magnetic dissipation and particle acceleration
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2D PIC : _t/P=225
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Scenario 1 : Complete dissipation far before the shock
Coroniti 1990 ; Michel 1994 ; Lyubarsky & Kirk 2001 ; Kirk & Skjeraasen 2003
Scenario 2 : Shock-driven reconnection at the termination shock
Lyubarsky 2003 ; Pétri & Lyubarsky 2007 ; Sironi & Spitkovsky 2011
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First attempt with 2D PIC simulations in 2017

Bogovalov 1999
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Our conclusion was: full dissipation of the stripes
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Is it still true in full 3D?
What is the latitudinal dependence of dissipation?



I BACE The FROMTON project

PRACE PROJECT: FROM the Magnetosphere TO the Nebula (FROMTON) ‘ .
26.7 million CPU-hours allocated on Irene-SKL (TGCC)

x=30°, 60°(r-log & r-lin), 90°

~5 million CPU-hrs per run
(2016x1024x512) cells
(rx0xo)

1019 particles (~10 per cell)
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Plasmoid-dominated reconnection: dynamical chain
of merging flux ropes




Plasmoid-dominated reconnection: dynamical chain
of merging flux ropes

Local 3D Cartesian plane-parallel reconnection
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Zoom-in view




Pulsar spin down and dissipation

e.g., Philippov & Spikovsky 2014; Cerutti et al. 2015; Belyaev 2015; Brambilla et al. 2018
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Significant dissipation within a few R !
=> Energy transferred to energetic particles and radiation!



Dissipation proceeds without any sign of saturation

Cerutti et al. 2020
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Dissipation proceeds without any sign of saturation

Cerutti et al. 2020
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Conclusion: full dissipation of the wind far upstream in isolated pulsars
In contrast with Kirk+ 2003 and Lyubarsky & Kirk 2001 conclusions




Dissipation proceeds without any sign of saturation

Cerutti et al. 2020
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Conclusion: full dissipation of the wind far upstream in isolated pulsars
In contrast with Kirk+ 2003 and Lyubarsky & Kirk 2001 conclusions




Dissipation rate robust against resolution & grid spacing
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Dissipation and the gamma-ray luminosity
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The y-ray luminosity may be a measure of the reconnection rate!




Saturation of the bulk Lorentz factor
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Particle acceleration

A good model:
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On the origin of the radio electrons
in pulsar W1nd nebulae"

Crab PWN I
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Part 2: Lightcurves & subpulses

Subpulses: BC + Ceyhun Andag + Yavuz Eski + Guillaume Dubus



Geometric origin of pulses

Cerutti et al. 2020
Striped current sheet, x=60°




Geometric origin of pulses

Cerutti et al. 2020 Current sheet 2 (spinning)

- —c0° Current sheet 1 (spinning) . . .
Striped current sheet, x=60 Shape : Archimedean spiral Shape : Archimedean spiral
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Line of iso-phase for a gf\;en observer (fixed)
Shape : Archimedean spiral




Geometric origin of pulses

Cerutti et al. 2020 Current sheet 2 (spinning)

- —c0° Current sheet 1 (spinning) . . .
Striped current sheet, x=60 Shape : Archimedean spiral Shape : Archimedean spiral
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Line of iso-phase for a gij\;en observer (fixed)
Shape : Archimedean spiral
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=> One pulse of light when the observer spiral overlaps with a current sheet




Geometric origin of pulses

Cerutti et al. 2020

Striped current sheet, x=60°
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Geometric origin of pulses

Cerutti et al. 2020

Striped current sheet, y=60°
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Skymaps

X= 30° BC+2016; Philippov & Spitkovsky 2018
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A few typical lightcurves
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Pulse profiles reminiscent of Fermi-LAT double-peaked lightcurves!
We are waiting for 3PC to perform lightcurve fitting!
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A equatorial view at the plasmoid instability
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Zoom-in view unfolded layer

Cerutti & Philippov 2017, Andac et al. 2022




Noisy lightcurves induced by plasmoid formation
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Number subpulse per pulse 1/B___~10 (universal)

=> prediction for fast optical observations ?




Observational evidence?

e With the Fermi-LAT: thanks pairs of photons in a single period
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« With single pulse Crab optical data using fast and sensitive cameras
[Germana+2012; Ambrosino+2019]
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Part 3: Hybrid simulations

Subpulses: BC + Adrien Soudais




