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Global PIC model (2014-): A mini-revolution in the field
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Global PIC model: reconnection-powered pulses
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Global PIC model: reconnection-powered pulses
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Target photons :
1. Isotropic

2. Radial

(IC cooling 
negligible)



Ab-initio modeling of emitted skymaps
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The model can reproduce generic feature of Fermi pulse profiles

Synthetic skymap
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Inverse Compton (isotropic)

IC lightcurves (TeV) thinner but 
similar to synchrotron (GeV)



The model can reproduce generic feature of Fermi pulse profiles
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The model can reproduce generic feature of Fermi pulse profiles
Energy evolution 

for Vela-like pulsar
Vela (Abdo+2010)
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Origin of the Vela-like third peak

Volumetric return 
current

Jpol

Jret

(Philippov & Spitkovsky+2018)
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Radial VS isotropic photon field
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Radial VS isotropic photon field

Homogeneous
Isotropic

Radial field

Synchrotron power distribution

Steep decay

Log increase

Steep decay In Vela, the need to push the accelerating zone away from 
the light cylinder disfavors a radial photon field

=> Pulse width may tell us about the photon distribution 



Origin of pulse width: radial and energy evolutions

Pulses become thinner at higher energies
  
=> Higher energies are produced further away where 
the wind is more relativistic (stronger beaming)

Model



Origin of pulse width: radial and energy evolutions
Crab (Abe+2024)

Geminga (Abdo+2010)

Pulses become thinner at higher energies
  
=> Higher energies are produced further away where 
the wind is more relativistic (stronger beaming)

Model HE-VHE 
observations



Origin of pulse width: radial and energy evolutions
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Bulk acceleration of the wind
Pulse width → Doppler beaming
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Expansion of the sheet :
Pulse width → thickness of the layer

Bulk acceleration of the wind
Pulse width → Doppler beaming
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Expansion of the sheet :
Pulse width → thickness of the layer

Bulk acceleration of the wind
Pulse width → Doppler beaming

Origin of pulse width: radial and energy evolutions

Multiplicity k

Implications :
● The TeV emission in Vela probably shifted away from the light cylinder, but within ~10-100 RLC
● 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

PIC domain

MHD (force-free) domain

Pulsar period : 1ms
Surface magnetic field : 107 G (no rescaling)

(Soudais et al. 2024)



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

TeV
Particle 

acceleration

Pairs : TeV
Protons : >10TeV

Radiative efficiency

(Soudais et al. 2024) Pulsar period : 1ms
Surface magnetic field : 107 G (no rescaling)

Canonical (108-109G) millisecond pulsars could be TeV emitters
Narrow TeV spectral feature ?

>100MeV

Bolometric



Where to go next?

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

● GPU acceleration and exa-scale computing => large 10,0003 grid cells 
simulations, and broader exploration of the parameter space in 3D

● 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-GJ currents?

● Local photon field emitted by secondary pairs, spatial and energy distribution ? 
Include SSC in global PIC models.
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Preregistration 
closes on Dec 1!

https://r-magnetosphere.sciencesconf.org/ 
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