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Abstract: Pulsar winds, containing charged particles,
waves and a net (phase-averaged) magnetic field, are
thought to fuel the high-energy emission from several
gamma-ray binaries. They terminate where the ram
pressure matches that of the surroundings. In binaries,
this is provided by the wind of the companion. Before
termination, pulsed emission can be produced by in-
verse Compton scattering of photons from the compan-
ion by particles in the waves. After termination, both
the bulk kinetic energy of the particles and the Poynting

flux in thewaves are dissipated into an energetic particle
population embedded in the surviving magnetic field.
Pulsed emission is no longer possible, but a substantial
flux of unpulsed high-energy photons can be produced.
The physical conditions at a pulsar wind termination
shock place it in one of two regimes: a high density one,
where current sheets in the wind are first compressed
by an MHD shock and subsequently dissipate by re-
connection, and a low density one, where the wind can
first convert into an electromagnetic wave in a precur-

sor to the shock. This wave then damps and merges
into the pulsar wind nebula. The shocks surrounding
isolated pulsars fall into the low-density category, but
those around pulsars in binary systems can be in the
high-density range. Very eccentric orbits such as that
of PSR 1259 −63, are likely to transit between these
regimes. When this happens, the radiation signature of
the shock should change.

Generic pulsar wind structure

•MHD wind

• r = rc (cut-off radius)
beyond EM wave possible

• r = r0 start of EM precursor

• shock = destruction of EMwave

•nebula

Parameters and estimates for young pulsars

Energy flux aL =

(

e2L

m2c5

)1/2

3.4× 1010L
1/2
38

Magnetisation σ =
B2

8πnmc2γ2
mhd

∼ 102

Mass-loading µ =
L

Ṁc2
∼ 104

L – pulsar spindown power, B – magnetic field in the outflow,
γmhd – Lorentz factor of the MHD wind, n – proper density

Superluminal strong waves

•Close to the pulsar the plasma is overdense; EM waves can propagate only
beyond a critical radius

r > rc =
aL
µ

c

ω
ω – angular frequency of a pulsar

•At r < rc, the pulsar wind is an MHD wave (striped entropy wave and/or
static shear)

•At r > rc, conversion of MHD wave into EM wave is possible and implies
jump conditions [4]

• For each conversion radius two superluminal solutions exist, with different
group speed Lorentz factors γ∗.

• Radial evolution follows from the integral of motion 〈γlab〉
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Red: The Lorentz factor of a circularly polarized EM wave, corresponding to an MHD wind with
µ = 104, σ = 100, aL = 3.4 × 1010; against conversion radius. Blue: the radial evolution of an EM
wave launched at a point on the red curve. Radius is normalized R = rµω/(caL)

Mode structure

Upper branch Lower branch
(free-escape mode) (confined mode)

γ∗ → ∞ γ∗ → 1

Prr →
1

r2
Prr → const

ω

ωp
→ ∞

ω

ωp
→ const

The confined mode forms a precursor, causally linked to the outer nebula

Matching to the surroundings

• Case 1: Pext > Prr(rc) e.g. close binary

– no EM precursor

– dissipation by shock + driven reconnection [1]

• Case 2: Pext < Prr(rc) e.g. isolated pulsar, some binaries

–match Pext to Prr(r → ∞) of confined mode

– aL, µ, σ and Pext determine the EM precursor

– the EM wave slows down either by radiation damping [2] or by the effects of spherical
expansion; eventually it becomes unstable [3] and thermalizes at a “shock front”

Prr > Prr(rc)

µ Crab PSR B1259-63 LS I 61◦303 LS 3059

∼ 104 case 2
periastron: case 1

case 1 case 1
apastron: case 2

∼ 105 case 2 case 2
periastron: case 1

case 1
apastron: case 2

Implications for particle acceleration and radiation

• Case 1: acceleration of particles by shock and driven reconnection

• Case 2: acceleration by shock + possible radiation from precursor:

–Nonlinear inverse Compton ν ∼ γ3ω

–External inverse Compton ν ∼ γ2hν∗

•Transition 30 days after periastron implies rc ≈ 1013 cm→ µ ≈ 104. Assuming
γ ≈ µ, this implies radiation at 100MeV by IC scattering of electrons in the
precursor.

• If this caused the gamma-ray flare [5] in PSR 1259 −63, then

–A simultaneous optical flare is predicted (∼ 1% of stellar flux)

–A “twin” optical flare must have occured before periastron, at a location
further from the companion star, (in order to comply with FERMI limits
on a pre-periastron flare).
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