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A digression about modeling curvature radiation

“Non-relativistic” term, 

Must be included even if γ>>1

“Relativistic” term

Radiation reaction force (Landau-Lifschitz):

Only relativistic

γ4

Both terms

γ4

Consider a particle moving along a magnetic 

loop with zero pitch angle

Curvature drift velocity :
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B. Cerutti
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Cerutti et al. 2015





Particle / radiation mean energy (χ=30°)

Photons

B. Cerutti

Particle energy in the sheet given by :

Cerutti et al. 2015; Philippov & Spitkovsky 2014; 2017

(here)

Cerutti et al. 2016
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Mostly synchrotron radiation Relativistic reconnection

Plasma multiplicity, depends on microphysics !



B. Cerutti

2D

Particle acceleration and e+/e- asymmetry





B. Cerutti

2D

Particle acceleration and e+/e- asymmetry



B. Cerutti Cerutti et al. 2015

2D

Particle acceleration and e+/e- asymmetry



B. Cerutti

Positron orbits in oblique pulsar (30°)

In the co-rotating frame

From Cerutti et al. 2016

See also Philippov & Spitkovsky 2018 and Brambilla et al. 2018



B. Cerutti

Electron orbits in oblique pulsar (30°)

In the co-rotating frame

From Cerutti et al. 2016

See also Philippov & Spitkovsky 2018 and Brambilla et al. 2018



Proton acceleration
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From Guépin, Cerutti & Kotera (2019)



Proton acceleration

From Guépin, Cerutti & Kotera (2019)
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Proton acceleration

From Guépin, Cerutti & Kotera (2019), see also Philippov & Spitkovsky 2018
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B. Cerutti

High-energy radiation flux (ν>ν
0
, χ=0°)

Cerutti et al. 2016





B. Cerutti

The tearing mode in action (mid-plane)
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Pulse-to-pulse variability : radio profile from the sheet





B. Cerutti

Observed high-energy radiation flux (ν>ν
0
, χ=30°)

Cerutti et al. 2016

Light curve shaped by the geometry of the current sheetGray : Total flux (all directions)

Color : Observed flux

One pulse per crossing of the current sheet



Skymaps

High-energy photons are concentrated within the equatorial regions 

where most of the spin-down is dissipated.B. Cerutti



A few typical lightcurves

B. Cerutti

Bridge

Cerutti et al. 2016

See also Philippov & Spitkovsky 2018

Kalapotharakos+2018





Pulse-to-pulse variability

Cerutti & Philippov 2017



Pulse-to-pulse variability

B. Cerutti Cerutti & Philippov, submitted, 2017

Radio (observations) Gamma (PIC simulations)

Deshpande & Rankin 1999



Fitting Fermi-LAT pulsar lightcurves

B. Cerutti

PRELIMINARY

Observations

PIC model

Courtesy of Aloïs de Valon (Univ. Grenoble Alpes), Master thesis project

Second catalog (Abdo+2013) : 117 pulsars

χR method





B. Cerutti

(Incoherent) Polarization signature : Observations

Optical

[Słowikowska+2009]

2PA

Polarized flu
x



B. Cerutti

(Incoherent) Polarization signature : PIC

PIC model

χ=60°, α=130° 

[Cerutti, Mortier & Philippov 2016]

Degree of polarization : 

≈� 15-30 %
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Merging binary pulsar

Interacting magnetospheres: an 

electromagnetic precursor to 

merging neutron star?

Abbott+2017



Merging binary pulsar: PIC simulations

Establishement of the magnetospheres Inspiral begins

[Crinquand, Cerutti & Dubus 2018]

Driven reconnection in the inspiral phase. Reconnection of the poloidal field

=> Strong magnification of dissipation



A detectable precursor?

2 orders of magnitude gamma-ray luminosity increase during the inspiral !

Still too weak to be detected. Go to 3D + orbital motion !

[Crinquand, Cerutti & Dubus 2018]
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