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Pulsars are the dominant Galactic gamma-ray sources
2013

Second Fermi-LAT pulsar catalog (2PC, Abdo+2013)

117 pulsars



Pulsars are the dominant Galactic gamma-ray sources
2023

Third Fermi-LAT pulsar catalog (3PC, Smith+2023)

294 pulsars



Pulsars are (extremely) efficient particle accelerators
Double-peaked γ-ray lightcurves[3PC]
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Global PIC model (2014-): A mini-revolution in the field
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Consensus : γ-rays originate from the wind current sheet
=> See Sasha Philippov’s talk on Thursday !



Global PIC model: reconnection-powered pulses
2016

Cerutti et al. 2016
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Global PIC model: reconnection-powered pulses
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Shinning current sheet: geometric origin of pulses
Striped current sheet, χ=60°

Cerutti et al. 2020
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Shinning current sheet: geometric origin of pulses



Striped current sheet, χ=60°
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Shinning current sheet: geometric origin of pulses
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Shinning current sheet: geometric origin of pulses
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Shinning current sheet: geometric origin of pulses



The model can reproduce generic feature of Fermi pulse profiles

Synthetic skymap
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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



3PC lightcurve fitting (χ2 minimization)

Main features reproduced (peaks, bridge, energy evolution)

Main peak amplitude underestimated, asymmetric pulses not explained

Encouraging, but we need a better model => higher scale separation
Still not good enough to fit observed lightcurves.



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

MHD domain

PIC domain

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

(Soudais et al. 2024)
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Some takeaway messages

● Reconnection in the wind current sheet powers synchrotron (GeV) and inverse 
Compton (TeV) radiation

● The global PIC model explains the salient features of observed pulse profiles           
 (# peaks, bridge, width, energy evolution)

● Lightcurve fitting gives encouraging results, but the model is still not good enough

● Scale separation problem : Need to scale simulations up !  
Develop innovative methods (GPU, hybrid => Soudais et al. 2024) 

● Please stay tuned and check out our upcoming paper : Cerutti, Figueiredo & Dubus 
(submitted)



Synchrotron or curvature radiation?

Pitch angle

Synchrotron radiation dominates 
beyond the light cylinder
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