Detection of the Geminga pulsar with the MAGIC
telescopes
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We present the results of the analysis of Geminga pulsar observations with the MAGIC Telescopes conducted between 2017 and 2019. The data were taken using a trigger system specially
developed for reducing the energy threshold below 30 GeV, dubbed Sum-Trigger-II. The analysis
of the data led to the detection of pulsed gamma rays above 20 GeV from the second emission
peak of the Geminga pulsar. The measured spectrum joins smoothly with the one measured at
lower energies by Fermi-LAT.
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1. Introduction

2. Observations and data analysis
MAGIC consists of a set of two 17-meter diameter telescopes using the Imaging Air Cherenkov
Technique. The telescopes are located at an altitude of 2200 m a.s.l. on the Roque de los Muchachos Observatory, in La Palma island (Spain). With the standard trigger system, MAGIC achieves
an energy threshold of 50 GeV [7]. In order to lower this threshold further, MAGIC has developed
in recent years an analogue trigger system, referred to as Sum-Trigger-II [8]. This system allows
us to reduce the energy threshold by a factor of two, which is crucial for observing sources like
pulsars, GRBs or distant AGN.
Observations of the Geminga pulsar were carried out between 2017 and 2019 with the SumTrigger-II. A dedicated analysis pipepline was developed to exploit the low energy threshold trigger
[9]. The analysis includes the use of dedicated Monte Carlo simulations of Extensive Air Showers
following the trajectory of the source on the sky to properly account for the effect of the geomagnetic field at tens of GeV. MAGIC observations were then combined with more than 10 years of
data provided by the Fermi LAT space telescope. Data from both telescopes were phase-folded
using the same pulsar ephemeris. The two peaks visible in the Fermi-LAT light curve were fitted
to obtain the expected phase signal regions for the MAGIC analysis.

3. Results
Observations with MAGIC have led to the first ground-based detection of the Geminga pulsar
above 20 GeV. MAGIC detects emission only from the second peak, P2, of the Geminga light
curve. The derived spectrum for P2 is in agreement with Fermi-LAT in the overlapping energy
range, favoring a power-law fit. No evidence of flux variability is found in the MAGIC energy
range.
1 https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
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After the discovery of more than 230 gamma-ray pulsars by Fermi-LAT 1 , attention is moving
to the search for pulsars at higher energies. Two of the brighter and younger pulsars in the GeV
sky, Crab [1, 2] and Vela [3], have already been firmly detected in the Very High Energy (VHE)
domain by Cherenkov telescopes. The details on the possible mechanism responsible for VHE
pulses are still under debate. The most plausible scenarios involve Inverse Compton scattering,
unlike the curvature radiation mechanism used to explain the sharp spectral cutoffs observed in the
vast majority of Fermi-LAT pulsars. One important question is now whether there are other pulsars
emitting up to high energies. To answer this question, MAGIC has focused on the Geminga pulsar.
Geminga is the archetype of the radio-quiet pulsar population and one of the brightest sources
in the GeV sky. Its spectrum, as measured by Fermi-LAT, deviates from an exponential cutoff
above 10 GeV [4]. This motivated several attempts to detect Geminga, both with VERITAS [5]
and MAGIC [6].
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