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» Acceleration near the polar cap and beyond

* High energy emission in 3”

» Open questions



Force-free magnetosphere

Goldreich & Julian 1969

In vacuum E; >> F,.,, at NS
surface

Vacuum conditions (Deutsch
1955) cannot exist!

If charge supply creates
force-free conditions,
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Polar cap accelerators
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Accelerating electric field

Space charge limited flow (SCLF)
~V*O = V:E” = 477(,0 ~ Ps3 )
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SCLF Pair Formation Front
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B, (Gauss)

Polar Cap Pair Death lines

Harding & Muslimov 2002
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Electric field screening & Polar cap heating

Screening region

Onset of e'e”

E”(r)

to neutron star surface




Polar cap heating
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Slot gap mode/

Pair-free zone
near last open
field-line

(Arons 1983, Muslimov &
Harding 2003, 2004)

Slower acceleration

Pair formation front at
higher altitude

Slot gap forms
between conducting
walls

E|, acceleration is
not screened E|| =0

Closed field
region




Slot gap energertics (msimov & Harding 2003)
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Which pulsars have slot gaps?

Harding, Muslimov & Zhang 2002
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Polar cap cascades

X(surface)

e [(0.05-500 GeV)

near the surface
not efficient screening
N.,/N,; = 10-3-102

Sturner & Dermer ‘94
Hibschmann & Arons '01

e (1-10 TeV)

higher above the surface
E,, screening
N.,/N,; = 10-10%

Daugherty & Harding '82
Zhang & Harding ‘00



Traditional PC MOde/(Daugherty & Harding 1996)
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Polar cap/low altitude slot gap

polar cap « = 10°, ¢ = 18° lightcurve
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High altitude slot gap

(Muslimov & Harding 2004)

Primary CR, IC

Slot gap pair
Closed field cascade
region




High altitude slot gap - radiation

Continuous acceleration in gap -> particles reach radiation reaction limit

= Curvature
= Balance CR losses with acceleration gain

= Steady-state Lorentz factor

= Curvature radiation peak energy:
3

P
R, =2 % an 30 Gev
p.

= Synchrotron

= Cyclotron resonant absorption of radio photons
(Lyubarsky & Petrova 1998) B
Ve =3x10° :

oo L= Biy)

= Steady-state: SR losses balance acceleration and

resonant absorption
(Harding et al. 2005)

= |nverse Compton
= Scattering of radio photons

rp/Ale

Tracing the path of an electron along a
magnetic field line

£~ Venén ~ oW GeV




Special Relativistic Effects

e Aberration

A¢ab ~ =

re
RLC

e Time-of-flight delays

e Retardation of magnetic field



Magnetic field retardation: distortion of polar cap
t =t-r/c

Arendt & Eilek 1998
Dyks & Harding 2004

Deutsch 1955
Yadigaroglu 1997




Projected field lines
from single pole

Sweepback only ...

plus aberration ...

... and travel time delay

Yadigaroglu 1997



Caustic emisSIONn Morini 1983

e Particles radiate along last open field line from polar cap
to light cylinder

e Time-of-flight, aberration and phase delay cancel on
trailing edge —— emission from many altitudes arrive In
phase —— caustic peaks in light curve




Formation of caustics




Formation of caustics

——— —

Emission on trailing field lines
e Bunches in phase

e Arrives at inertial observer
simultaneously

Emission on leading field lines
e Spreads out in phase

e Arrives at inertial observer : —
at different times Caustic emission

e Dipole magnetic field
e Quter edge of open volume




High-altitude slot gap - geometry

Two-pole caustic geometry
(Dyks & Rudak 2003, Dyks et al. 2004)

-> good pulse profiles for large a and ¢

slot gap « =45°, £ = 100° lightcurve
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Slot gap radiation

caustict

(Muslimo?

o =48 E > 100 MeV

caustic8

=10 E > 100 keV
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But CR alone
does not give
the right
spectrum
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High energy spectrum of J0218+4232 in 2D

Harding, Usov & Muslimov 2005
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Radlio beams of fast pulsars

- High altitude (kijak & Gil 2003) SN/ TB=-

a0 =01 1 PP N
» Flat polarization swings (RVM) //A\\\

(Johnston & Weisberg 2006,
Crawford et al. 2003)

e \Wide cone beams (Manchester 1996)
With distortion by relativistic effects

- _ 16P*%v,, for P<0.7s
oreioTene 1 6.3P 8y L for P >0.7s

. Position angle

(Gonthier et al. 2006)
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Radio profile of JO218+4232

(Kramer et al. 1999) PSR J0218+4232 o =450 ¢ =63°
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Use core and cone beams

| (Arzoumanian et al. 2002) with
““““ 500 Vs radius-to-frequency mapping
(Kijak & Gil 2003)
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High energy emission of JO218+4232 in Qf

1 1 2

Stern, Dyks, Frackowiak,Harding, in prep b 's colatitud
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Radio caustic emission?
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Multi-wavelength profiles of y-ray pulsars

Crab 11513-5908 Wela 11703-4429  J11952+3252  eminga  J1057-5226
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a-ray and radio caustic
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Open guestions

What are the boundary conditions on charge flow?

-  SCLF or vacuum?
e Qe«B>o0r<0

What is E|; in high altitude slot gap?
- Will distorted field lines avoid sign reversals?
- Simulation of cross field particle m MAGIC

Connection of pair cascades to
»  Radio emission
- Wind flow/solutions

Slot gaps or outer gaps?




Two-pole caustic and
outer gap models

Dyks & Rudak 2003
Dyks, Harding & Rudak 2004
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PSR J0437-4715 |

Profiles of millisecond pulsars [Tt
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X-ray peaks (mostly) In
phase with radio peaks
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Pulsar high-energy emission models

Light
Cylinder
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closed field
region
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