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Abstract. The H.E.S.S. experiment is a next-generation imaging atmospheric Cherenkov detector
with a � 1% Crab flux sensitivity for gamma-rays above 100 GeV. The full 4-telescope array has
been operational since December 2003. The three young pulsars, Crab, Vela, and PSR B1706-44,
are among the six pulsars whose pulsed emission has been detected up to energies of several GeV
by EGRET. These pulsars have been selected for H.E.S.S. observations on grounds of their high
rank in apparent spin-down luminosity Ėsd

�
d2 and observability for the H.E.S.S. array. No pulsed

emission was found and flux upper limits are given.

INTRODUCTION

Up to now, high-energy emission from pulsars is observed from the optical through X-
ray up to the GeV gamma range. A significant fraction of the spin-down power of the
gamma-ray emitting pulsars is radiated in this range. Physical parameters including the
period P, distance d, surface magnetic field Bs and spin-down luminosity Ėsd , of the
observed pulsars are summarized in Table 1. The high-energy radiation is commonly
assumed to be produced by electrons and positrons accelerated in the vicinity of the
rotating neutron star, in the so-called pulsar magnetosphere. The primary accelerated
particles emit synchrotron and curvature radiation, inducing electromagnetic cascades
via pair production mechanisms. TeV Gamma-rays might also be produced by the
energetic particles via inverse Compton scattering off soft photons.

There is no consensus on the location of the accelerating regions in the magneto-
sphere. Two scenarios are especially popular: the polar cap model places the accelera-
tion zone near the neutron star surface at the magnetic pole, the outer gap model assumes
an extended acceleration region along the last open magnetic field lines. Observations at
the highest energies are crucial for distinguishing between these models, as the radiation
of the primary particles can be observed directly in this range.

The H.E.S.S. experiment [1] is an atmospheric Cherenkov detector dedicated to the
observation of gamma-rays with energies above 100 GeV. Situated in Namibia, the
full 4-telescope array has been operational since December 2003. Each telescope has
a mirror area of 107 m2 and is equipped with a camera consisting of 960 photomultiplier
tubes. The system has a field of view of 5 � and allows a reconstruction of the individual
shower direction and energy, with precisions of 0.1 � and approximately 15%.



FIGURE 1. Phasograms (total count of events passing all cuts, binned in pulsar phase) for the three
observed pulsars; EGRET pulse profiles (crosses, [3, 4]) and signal regions (shaded areas) are indicated.

TABLE 1. Physical parameters of the observed pulsars.

P [ms] d [kpc] Bs � 1012 G] Ėsd [erg s � 1]

Crab 33.4 2.0 3.7 4 � 5 � 1038

Vela 89.3 0.3 3.3 6 � 9 � 1036

PSR B1706-44 102.4 1.8 3.1 3 � 4 � 1036

DATA ANALYSIS AND RESULTS

The data sets used for the analysis were recorded from April to July 2003 (for
PSR B1706 � 44), in October 2003 (for Crab), and January to March 2004 (for Vela).
Only runs fulfilling strict quality criteria were selected. During the first period, two of
four telescopes were operational and events were combined in software. From October
2003 on, data were taken with three or four telescopes and an array-level hardware
trigger [2]. The configurations and live times are summarized in Table 2.

After calibration and image cleaning, showers were reconstructed using standard
techniques [5, 6]. Cuts were applied on image parameters such as scaled width, scaled
length and image amplitude, as well as on the reconstructed shower direction in order to
reduce the hadronic background [5].



TABLE 2. Summary of data sets and results.

Crab Vela PSR B1706-44

Configuration 3 Tel. 3/4 Tel. 2 Tel. (no central trigger)
Live time 4.0 h 12.8 h 14.3 h

Phase regions � 0 � 94 � 0 � 04
��� � 0 � 1 � 0 � 19

��� � 0 � 15 � 0 � 55
�

� 0 � 32 � 0 � 43
� � 0 � 45 � 0 � 57

�

Integr. flux upper limit � 6.30 ( � 560 GeV) 0.50 ( � 400 GeV) 1.38 ( � 500 GeV)
� 10 � 12 cm � 2s � 1 � 2.79 ( � 1 TeV) 0.22 ( � 1 TeV) 0.49 ( � 1 TeV)

� 99.9% confidence level

TABLE 3. Upper limits on pulsed emission relative to DC flux for the Crab
pulsar.

Energy range
Relative upper limit
(99.9% confidence level) Upper limit � on dN

�
dE

� 500 GeV 3.7 % 1 � 1 � 10 � 11 cm � 2 s � 1 TeV � 1

0 � 5 � � � 1 TeV 3 � 4 % 2 � 7 � 10 � 12 cm � 2 s � 1 TeV � 1

� 1 TeV 6.0 % 1 � 4 � 10 � 13 cm � 2 s � 1 TeV � 1

� Using DC spectrum from [10].

The GPS time stamps of the events which passed the gamma-candidate selection
were transformed to the solar system barycenter via the DE200 ephemerides [7]. Using
radio ephemerides of the observed pulsars from Jodrell Bank1 and the Australian Pulsar
Timing Archive2, the events are folded into a phase histogram (“phasogram”). The
phasograms for the three pulsars are shown in Figure 1, which show no signal modulated
at the pulsar frequency. Figure 1 also shows the EGRET pulse profiles taken from [3, 4].

We take the observed EGRET pulse regions in the phasograms (indicated in Figure 1)
as signal regions for the upper limit calculation. The remainder of the respective phaso-
gram is considered as background. Using the Helene method [8] and effective collection
areas derived from Monte Carlo simulations, upper limits on the flux were calculated to
a confidence level of 99.9%. Details on the model-independent upper limit calculation
for the integrated flux can be found in [9]. The derived integrated flux upper limits are
summarized in Table 2.

For the Crab pulsar, it is possible to determine relative upper limits on the pulsed
emission with respect to the observed DC flux, assuming the pulsed emission has the
same spectrum as the unpulsed one (Table 3). The systematic uncertainties involved in
determining the effective collection areas are thus reduced.

The upper limit on the fraction of pulsed emission is the ratio of the upper limit on

1 See http://www.jb.man.ac.uk/~pulsar/crab.html
2 See http://www.atnf.csiro.au/research/pulsar/archive/
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FIGURE 2. Pulsar model spectra for Vela and PSR B1706-44 with EGRET phase-averaged data points
[3, 4] and H.E.S.S. upper limits.

the number of events in the phasogram due to a pulsed component, which is determined
from the excess of the signal region over the background region in the phasogram, to
the normalized DC excess in the background region of the phasogram, which is derived
from on- and off-source areas in the field of view. This can be converted into an absolute
flux upper limit using the known DC spectrum of the Crab nebula [10].

Using the reconstructed shower energy one can also derive energy-resolved differen-
tial flux upper limits in energy bins in a similar way as the integrated flux upper limits.
These upper limits, shown in Figure 2 for the Vela pulsar and PSR B1706-44, are in-
dependent of any model assumptions. Also shown in Figure 2 are model predictions
which were calculated in the framework of recent polar cap [11, 12] and outer gap [13]
models. In the near future, improved upper limits will further constrain pulsar models in
this energy range. For all upper limits, the lower energy bound was chosen such that the
correction for biases in the energy reconstruction stayed lower than 10%.

SUMMARY

H.E.S.S. observations of the three young pulsars, Crab, Vela, and PSR B1706-44, reveal
no indication of a pulsed signal above a few hundred GeV. The derived flux upper limits
are considerably lower than previous published upper limits in the case of Vela [14]
and PSR B1706-44 [15]. In the near future, the upper limits will be improved by a
careful treatment of the energy bias and analysis of additional recent observational data,
putting further constraints on pulsar models. The presented results are preliminary, and
no systematic errors are included yet.
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