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Abstract. To date, seven gamma-ray pulsars are known, showing putsegien up to tens of GeV and associated

light-curves with a double-pulse structure. We study thitspd high-energy emission in the framework of the striped
wind model. By numerical integration of the time-dependemiissivity in the current sheets, we compute the phase-
dependent spectral variability of the inverse Comptonatioin. Several light curves and spectra are presentede®uls

are a direct consequence of relativistic beaming. Our migdle to explain some of the high-energy (10 MeV-10 GeV)

spectral features and behavior of several gamma-ray @ldee Geminga and Vela.

1 Introduction

The high-energy, pulsed emission from rotating magnetieadron stars is usually explained in the framework of githe
the polar cap or the outer gap models. In both of these madtthelsadiation is produced within the light cylinder.

An alternative site for the production of pulsed radiati@s tbeen investigated (Kirk et al. 2002) based on the idea of
a striped pulsar wind, originally introduced by CoronitBd0) and Michel (1994). Emission from the striped wind orig-
inates outside the light cylinder and relativistic beamiffgcts are responsible for the phase coherence of the radiatio
It has already been shown that this model can satisfacfftritye optical polarization data from the Crab pulsar (P&tr
Kirk 2005).

We use an explicit asymptotic solution for the large-scalefstructure related to the oblique split monopole (Bogov-
alov 1999). We calculate the properties of the phase-regddwnd spectral variability of the pulsed emission and compa
our results with high-energy observations of several gamagaulsars.

2 THE STRIPED WIND MODEL

The model used to compute the high-energy pulse shape aptidise-resolved spectrum arising from the striped wind is
briefly presented in this section. The geometrical confijoinds as follows. The magnetized neutron star is rotatirana
angular speef., directed along the(z)-axis i.e. the rotation axis €. = Q. &. We use a Cartesian coordinate system
with coordinatesX, y, z) and orthonormal basigy, €, €;). The stellar magnetic momefit= méy,, assumed to be dipolar,
makes an anglg with respect to the rotation axis. This angle is thereforingel by cog = &, - &. The inclination of
the line of sight with respect to the rotational axis, andrkdiby the unit vectaf, is denoted by, we have co = ii- &,.
It lies in the QOyz) plane. Moreover, the wind is expanding radially outwarts eonstant velocity close to the speed of
light denoted byc.

Our model involves some geometrical properties relatetdéartagnetic field structure and some dynamical properties
related to the emitting particles. Furthermore, in ordezdmpute the light curves and the corresponding spectraged n
to know the emissivity of the wind due to inverse Comptonteeatg. This is explained in the next paragraphs.

2.1 Magnetic field structure

We adopt a geometrical structure of the wind based on the ptstim magnetic field solution given by Bogovalov (1999).
Outside the light cylinder, the magnetic structure is repthby two magnetic monopoles with equal and opposite inten-
sity. The current sheet sustaining the magnetic polarigngal arising in this solution, expressed in sphericardbo
nates{, 6, ¢) is defined byr4(0, ¢,t) = Br [+ arccosf cotd coty) + ct/r. — ¢ + 21 ] whereg = V/c, r. = ¢/Q. is the
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radius of the light cylindett is the time as measured by a distant observer at rest, andnteger. Because of the ideal
MHD assumption, this surface is frozen into the plasma aarefiore moves also radially outwards at a constant speed
Strictly speaking, the current sheets are infinitely thinowdver, as was already done in the study of the synchrotron
polarization of the pulsed emission (Pétri & Kirk 2005) vederase this prescription. Indeed, the current sheet anereesb

to have a given thickness, parameterized by the quasgityMoreover, inside the sheets, the particle number dersity i
very high while the magnetic field is weak. In whole space ntagnetic field is purely toroidal and given by

B, =B L, (2.2)

The strength of the magnetic field at the light-cylinder isated byB, . In the original work of Bogovalov (1999) , the
functionn, is related to the Heaviside unit step function and can omgtao valuest1, leading to the discontinuity in
magnetic field. In order to make the transition more smoothyedefine the function, by

Ny tanh(A, ) (2.2)
W = c0sd cosy + sind siny cos|p — Q, (t - %)

With this expression, the transition layer has a thicknésgpproximatelyA,,.

2.2 Particle distribution function

The innermost regions of the pulsar magnetosphere is leeli®/be a site of high-energy pair production feeding thedwin
with ultra-relativistic electrons and positrons. For thesnitting particles, we adopt an isotropic distributiondtion in
momentum space in the comoving frame of the wind. It is givgmpower law in energy, with a sharp low and high-
energy cut-&, ymin andymax respectively, such that the particle number density at tiraed position” with energy
betweeny andy + dy is

Ne(y, 1) dy = Ke(F, ) y P dy (2.3)

with ymin < ¥ < ymax andKe(F, 1) is related to the number density of emitting particles ia tlarrent sheet. The particular

form of the magnetic field in the current sheets, decreaskegd tangent hyperbolic function tanh as given in Eq. (2.1),

suggests to use a plasma density profile dictated by the smhdton of the relativistic Harris current sheet, namely a

secant cosines hyperbolic function sech, see for instagre&Kirk (2007). We thus adopt the following expressian f

the density

(N = Np) secR(A, ) + No
r2

Ke(T, 1) = (2.4)

Np sets the minimum density in the stripes, between the cusieeets, whereas defines the highest density inside the
sheets. However, in order to allowffifirent peak intensities in the light curves, we choogierint maximum densities

in two consecutive sheets, nameély andN,. The radial motion of the wind at a fixed speed imposes an tvife?
dependence on this quantity, due to conservation of particinber. However, adiabatic losses in the current sheets
due to pressure work will cool down this distribution furaetiin such a way that. decreases with an additional factor
1/r?/3(+2) see Kirk (1994). As already done in a previous work, we agstie emission commences when the wind
crosses the surface defined by ro > r_. Let us now discuss the exact form of the emissivity funcionthe striped
wind for the inverse Compton radiation.

2.3 Inverse Compton emissivity

We assume an isotropic distribution of mono-energeticigphotong with densityn, () in the observer frame. The total
emissivity is denoted b'icbs. Knowing the inverse Compton emissivity, the light curves abtained by integration over
the whole wind region. This wind is assumed to extend fromdéusro to an outer radiuss which can be interpreted as
the location of the termination shock. Therefore, the isggCompton radiation at a fixed observer tini® given by

rs T 27
19°51) = fr fo 5 JOPS(T, trer) 1% sin@drdédy (2.5)

The retarded time is expressedtas=t — IRy - Fl/c ~ t — Ry/C + - P/c. The approximation is valid if the observer,
located afRy, is very far away from the radiating systely; > rs. EQ.(2.5) is integrated numerically. We compute the
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inverse Compton intensity for several frequencies fronbflow the low cut-& frequency to far over the high frequency
cut-off. We are therefore able to predict the phase resolved speatiability and the pulse shape simultaneously. The
results and applications to someay pulsars are discussed in the next section.

3 APPLICATION TO y-RAY PULSARS

We apply the aforementioned model to inverse Compton saagtef low-energy photons from the cosmic microwave
background with typical energy @tmp = ks Temb = 2.36x 107* eV and energy density of @ x 10° eV/m>. We focus
on 2 pulsars, namely, Vela and Geminga.

3.1 Geminga pulsar

In our best fit, we choose an inclination of the magnetic maméth respect to the rotation axis gf= 6C°. In order to
obtain a phase separation of 0.5 between the two pulses,weadadopt an inclination of the line of sight= 90°. The
Lorentz factor of the wind i’ = 10.

Results for the light-curve above 100 MeV and the definitibthe different phase intervals is shown in Fig. 1. The
rising and falling shape of both pulses are well fitted by owdel. The corresponding spectra are shown in Fig. 2. The
spectral variability is reproduced with satisfactory aeay except for the OP phase for which the intensity is overes
mated.

3.2 Vela pulsar

In our best fit, we choose an inclination of the magnetic mameth respect to the rotation axis gf = 60° and an
inclination of the line of sight = 76°. The Lorentz factor of the wind iE = 16.

Results for the light-curve above 100 MeV and the definitiérine different phase intervals is shown in Fig. 1.
The corresponding spectra are shown in Fig. 2. The specthanvthe two pulses, P2, IP1, LW2 and TW1 are well
reproduced as well as the cuf energy around a few GeV. The other phases still need somesihtdevel readjustment.
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Fig. 1. Gamma-ray light curve above 100 MeV of Geminga, on the ledt\&la, on the right, fitted with the inverse Compton emission
from the striped wind.

4 CONCLUSION

In the striped wind model, the pulsed high-energy emisgiomfpulsars arises from regions well outside the light+oyér.
By computing the inverse Compton emission on the CMB photeasvere able to fit the EGRET data of the light-curves
and spectra for several gamma-ray pulsars such as Vela amthGa
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Fig. 2. Phase-resolved inverse Compton emission from the Gemiunigarp on the left and the Vela pulsar, on the right, fdfetent
phase intervals: bridge (BD)ffopulse (OP), interpulse/2 (IPY/1P2), leading wing 2 (LW1/LW?2), peak 12 (PYP2), trailing wing 12
(TW1/TW2), for the definition of the intervals see Fierro et al. 4839
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