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Abstract: Gamma-ray photons emerging from high-energy particles accelerated in magnetospheres of pulsars are an
important probe to investigated high-energy processes involved in the magnetospheres. Recently, GeV light curves of
several tens of pulsars have been obtained with the Fermi LAT. We use the revised two-pole caustic model to investigate
properties of GeV light curves for pulsars. In the model, although acceleration gaps can extend from the star surface to
the light cylinder along near the last open field lines, the extension of the gaps along the azimuthal direction is limited
because of photon-photon pair production process. The detected GeV light curves of pulsars can be reproduced with
the model, and the inclination and the viewing angles for a pulsar can be estimated by comparison of the resulting light
curves with the detected one.
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1 Introduction

GeV γ-rays from several tens of pulsars have been detected
with the Fermi Large Area Telescope (LAT), which pro-
vides important limitations to -ray emitting models of pul-
sars. The profiles of the detected GeV light curves of pul-
sars vary greatly with each other, and a large fraction of
them show two peaks with a phase separation of ≥ 0.2[1].
With these observed light curves, the geometrical proper-
ties, such as the inclination and the viewing angles, of a
pulsar can be investigated by comparison of the theoretical
γ-ray profile with the detected one.
High-energy radiative properties of pulsars have been stud-
ied with polar cap model[2, 3], slot gap model[4, 5], and
outer gap model[6, 7, 8]. The common feature of these
models is that electrons and/or positrons are accelerated
by the electric field parallel to the magnetic field and pro-
duce photon emission through different radiation processes
in the open volume of the pulsars magnetosphere. On the
other hand, the main difference of the these models is that
the acceleration regions are different. For examples, pho-
ton emission occurs within several radii of a neutron star
above a polar cap surface in the polar cap models. How-
ever, in the outer gap ones, both particle acceleration and
photon emission take place in the outer magnetosphere.
The two-pole caustic model to interpret the high-energy
light curves of pulsars have fist been proposed by Dyks &
Rudak (2003)[9]. In the model, photons are emitted uni-
formly in the gap which extends from the star surface to
high altitudes. Two sharp peaks with well-developed wings
and a phase separation of 0.4−0.5 can easily be reproduced

using the model; moreover, a bridge emission and a sig-
nificant off-pulse emission also appear in the light curve.
Therefore, the light curves of the pulsars with two main
peaks separated by 0.4−0.5 in phase can be well explained
using the two-pole caustic model.
Furthermore, to better reproduce the GeV light curves,
Fang & Zhang (2010)[10] revised the two-pole caustic
model by taking the pair production process into account.
In the revised model, the extension of the outer gap along
the azimuthal direction is limited by the pair production
process. Therefore, high-energy photons cannot be effi-
ciently produced along the field lines where the distances
to the null charge surface are larger than fin ∼ 1 times of
the distance of the light cylinder. As a result, the level of
the emission of the light curve in the off-pulse region can
be greatly reduced, and the result is more consistent with
the observational results.
In this paper, we investigate the GeV γ-ray light curves
based the revised two-pole caustic model, and some results
are given.

1.1 Model

In the caustic model, the gap confined to the last open field
lines is thin and extends from the polar cap to the light
cylinder; the high-energy photons are uniformly emitted
uniformly within the gap region along the field lines ex-
tending from the star surface to high altitudes.
The structure of the pulsar magnetosphere is assumed as a
retarded vacuum dipole, and Runge-Kutta integrations are
employed to receive the shape of the polar cap rim. The
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Figure 1: Polar cap shapes for various inclination angles, α = 30◦, 45◦, 60◦, and 80◦, respectively

Figure 2: The last closed field lines for the inclination angle, α = 30◦, 45◦, 60◦, and 80◦, respectively, in the rotating
frame.

resulting profiles of the polar cap and the last open field
lines are shown in Fig.1 and Fig.2, respectively.

The high-energy photons are emitted tangentially to local
magnetic field lines in the corotating frame, and the direc-
tion ηin the observer frame can be obtained from the direc-

Vol. 7, 221



32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Figure 3: The last closed field lines for the inclination angle, α = 30◦, 45◦, 60◦, and 80◦, respectively, in the rotating
frame.

tion η′ in the corotating frame with

η =
η′ + [γ + (γ − 1)(β · η′)/β2]β

γ(1 + β · η′) , (1)

where γ = (1 − β2)−1/2, β = v/c, v = Ω× r, Ω is the
angular velocity of the pulsar and r is the radial distance of
the emitting point [9]. Then a phase of detection Φ can be
obtained with

Φ = −φem

2π
− r · η

2πRlc
, (2)

where φem is the azimuthal angle of η.
High-energy photons are emitted uniformly along the field
lines in the gap. Different from the original two-pole caus-
tic model proposed by [9], the high-energy photons from

the field lines for which the distance to the null charge sur-
face rnul is larger than that of the light cylinder are ex-
cluded in the revised version of the model[10].

1.2 Results

The intensity maps of the high-energy photons on the space
(Φ, ζobs) and the corresponding light curves can be seen
in Fig.3 and Fig.4, respectively, where ζobs is the viewing
angle. The two blank deformed ovals correspond to the two
polar caps, and two caustics resulting from aberration and
the finite speed of light can be seen as the dark arches along
the trailing field lines in the projection map. So photons
can be piled up along a broad range of altitude because,
for the trailing lines, the effect of different altitudes on the

Vol. 7, 222



FANG AND ZHANG

Figure 4: The last closed field lines for the inclination angle, α = 30◦, 45◦, 60◦, and 80◦, respectively, in the rotating
frame.

final phase can be almost compensated by the aberration
and time of flight[9, 10], and two main peaks can be usually
seen in the pulsar high-energy light curves.
For a relatively small inclination angle α ≤ 20◦., the light
curves show single peak for ζobs < 60◦, and the phase
width of the peak can be as large as 0.6. Two main peaks
appear for large viewing angles, and at ζobs = 90◦, the two
peaks are the same as each other with a phase separation
of 0.5. For a larger inclination angle angle, for example,
α = 60◦, the profile of the light curve change from one
peak for a smaller viewing angle to two main peaks for
a larger one. Each of the peaks has smaller phase width
compared with that for a smaller inclination angle. With
20◦ ≤ ζobs ≤ 30◦, there is bridge emission between the
two main peaks, but no emission from the phase 0.7 to 1.
Noth that the observed light curves of PSR J0007+7303
and PSR J1709-4429 by the Fermi LAT have similar pro-
file. With 45◦ ≤ ζobs ≤ 70◦, there is a third peak follow-
ing the fist main peak, and the light curves of some pul-
sar such as Vela, PSR J1418-6058, PSR J1732-31 and PSR
J1813- 1246 show similar properties. The observed GeV
light curves of pulsars can be reproduced with the revised
two-pole caustic model, and the geometric parameters of
the pulsars can be expected by comparison of the resulting
light curves from the model with the detected ones.
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