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Global PIC model (2014-): A mini-revolution in the field

Princeton/UMD
lumbi Sasha Philippov
C_O umbia Anatoly Spitkovsky
Andrei Beloborodov Hayk Hakobyan
Ale_x Chen
Rui Hu Code : Tristan
Code : Aperture
p NASA/UMD
Brambilla
Alice Harding
Konstantinos Kalapotharakos
GAr enObl.e Andrei Timokhin
Benoit Cerutti
Guillaume Dubus
Enzo Figueiredo Code : C-3PA
Claire Guépin
Valentina Richard-Romei .
Lisbon

Adrien Soudais

. . Fabio Cruz
Code : Zeltron Thomas Grismayer §y=
Luis Silva
Consensus : y-rays originate from the wind current sheet Rui Torres

Code : Osiris



Global PIC model: reconnection-powered pulses

A Light-cylinder
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Global PIC model: reconnection-powered pulses
This work
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Synchro-curvatﬁre + Inverse Compton
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Ab-initio modeling of emitted skymaps

Synchro-curvature Inverse Compton (isotropic)

Precipitating electrons
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The model can reproduce generic feature of Fermi pulse profiles

Synthetic skymap
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The model can reproduce generic feature of Fermi pulse profiles

Energy evolution

Synthetic skymap for Vela-like pulsar
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The model can reproduce generic feature of Fermi pulse profiles

Energy evolution Vela (Abdo+2010)

Synthetic skymap for Vela-like pulsar
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Origin of the Vela-like third peak

r=R_c (positrons)

(Philippov & Spitkovsky+2018) 175 0.0
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Radial VS isotropic photon field
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Origin of pulse width: radial and energy evolutions
Model o
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Origin of pulse width: radial and energy evolutions

HE-VHE
observations Crab (Abe+2024)
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Origin of pulse width: radial and energy evolutions
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Origin of pulse width: radial and energy evolutions
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Origin of pulse width: radial and energy evolutions
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Origin of pulse width: radial and energy evolutions
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Implications :
« The TeV emission in Vela probably shifted away from the light cylinder, but within ~10-100 R,
« Photon bath cannot be nebular, must be local, SSC from secondary pair emission ?



Hybrid PIC/MHD model: a (weak) ms Fermi pulsar in a box

(SOUdaiS et al. 2024) Pulsar period - 1ms
Surface magnetic field : 10? G (no rescaling)
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Hybrid PIC/MHD model: a (weak) ms Fermi pulsar in a box

(Soudais et al. 2024)

Pulsar period : 1ms
Surface magnetic field : 10’ G (no rescaling)
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Where to go next?

e Scale separation problem : Need to scale simulations up !
Develop innovative methods :

« GPU acceleration and exa-scale computing => large 10,0002 grid cells
simulations, and broader exploration of the parameter space in 3D

e Hybrid methods => MHD + PIC, MHD + subgrid models + test particles

« We need to better understand how pairs are created at light cylinder scales
« Along field lines carrying the volumetric return and super-GdJ currents?

e Local photon field emitted by secondary pairs, spatial and energy distribution ?
Include SSC in global PIC models.




Feeling the pull and the pulse of relativistic magnetospheres
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