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EAS direction reconstruction with HiSPARC
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HISPARC

HiISPARC is a research and outreach project
already operating for more than 10 years. The
HISPARC network currently consists of over 100
detection stations. Stations are located at high
schools and research institutes in the Netherlands,
United Kingdom and Denmark [1, 2].

Denénark

Q ®

United Kingdom Netherlands |
| A ;

HiISPARC network, each circle is one station [3].

Detection station

A single station consists of:

e Two or four plastic scintillators (100 x 50 x 2 cm).
e One photomultiplier tube per scintillator.

e 4-channel 12-bit ADC, 2.5 ns sampling.

e GPS for station position and synchronised timing.

The station triggers when at least 2 scintillators
simultaneously detect a minimum ionising particle
(MIP). All events are sent to data storage at Nikhef
and then publicly accessible through a web
interface [4] and API [5].
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Station layout and event readout example.

Shower direction

Analytical formulae for azimuth and zenith for a thin
and flat shower front define the shower direction n:
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The equations give two solutions; the one with
shower direction under the horizon is discarded.
Due to the 2.5 ns ADC sampling the direction
reconstruction results in a discrete distribution:
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Discrete azimuth and zenith angles for the three outer
scintillators of the station. The lines connect angles for fixed
timestamps in two scintillators while the third varies.
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KASCADE

A HiSPARC station was integrated in the
KASCADE experiment [6] for calibration. The
shower direction reconstructed by the HISPARC
station was compared with that of the KASCADE
array and shows excellent agreement:
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Azimuthal angle from KASCADE versus HiSPARC.

Science Park cluster

At the Amsterdam Science Park 9 HISPARC
stations are clustered:
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HiISPARC — 4-scintillator — stations at Amsterdam Science Park.

The cluster detects showers with energy >101° eV
triggering three or more stations. This requires
calibration of each GPS. The GPS offset between
stations is determined. The offset is defined as the
mean of the time difference distribution:
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Typical GPS time differences (At) between stations satisfies a
normal distribution. The width of the distribution increases with
station distance.
For more than three stations in coincidence
formulae (1) generalise to:
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This expression is minimised to derive the direction
of the shower. Reconstruction was tested using full
simulation of detection stations with air showers
generated by CORSIKA [7]. Various timing
uncertainties and detector response resolutions are
taken into account.
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Reconstruction

The angular resolution for reconstructed events as
a function of zenith is:
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For a single station (black) with ot= 1.8 ns and the combination
of three stations shown on the map (red) with ot= 5.5 ns for
Nmip = 2. 66% of the events are within this error.

For the following reconstructions 472 years of
shower data from the Science Park cluster has
been used. Reconstructed angles for events which
triggered any combination of 7 stations are shown:
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Azimuth and zenith for showers that hit 7 or more Science
Park cluster stations.

The reconstructed zenith distribution follows the
expected distribution:

Zenith (°)

Histogram of zenith reconstructions for events that hit at least 3
stations. Expected zenith distribution as given by Rossi is in red.

Summary

HISPARC is a sparse network of compact and
affordable stations allowing high school students to
meet science. As all data and tools are publicly
available events can be analysed in the classroom.

With a single station we achieve reasonable
angular resolution on the cosmic shower direction,
when we include more stations we observe a
significant improvement.
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