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The HISCORE project aims at opening up a new energy windovamrga-ray astronomy: The
energy range above 30 TeV and up to several PeV. For this, ade@setor system is being de-
signed. It consists of a large array of non-imaging Chergmnlaiectors with a light sensitive area
of 0.5 square metres each. The total effective area of trectietwill be 100 square kilometres.
A large inter-station distance of 150 metres and a simplaraxpensive station design will make
the instrumentation of such a large area feasible.

A detailed detector simulation and event reconstructiostesy has been developed and used
in conjunction with the CORSIKA air-shower simulation tdigsate the sensitivity of the de-
tector to gamma-ray point sources. The threshold for gamaya-is 44 TeV (50% trigger ef-
ficiency) in the standard configuration, and the minimal detiele flux from a point source is
below 10 13erg s'* cm2 above 100 TeV.

Several options to lower the energy threshold of the detédree been examined. The threshold
is decreased to 34 TeV by a smaller station spacing of 100eseaind is further decreased to
24 TeV if the detector is set up at an altitude of 2000 metrevalsea level. At a spacing of 150
metres, however, a higher altitude has no positive effe¢herenergy threshold.

The threshold can also be reduced if the detector stationsigtoof small, independent 2 x 2
sub-arrays. In this case, the station spacing is not sigmififor the threshold, but again a higher
altitude decreases the threshold further.
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1. Introduction

Ground-based gamma-ray astronomy has become a thriviegpliie and a wealth of new
discoveries has been made in recent years - see e.g. [1] twr[Bviews. The key instruments
for this research are Cherenkov Telescopes like MAGIC [#3$% [4], and VERITAS [5]. Only
the large effective areas of up to1@? achieved by Cherenkov Telescopes make the detection of
weak gamma-ray fluxes in the very high energy band (VHE, 30 &e30 TeV) possible.

However, beyond about 30TeV (ultra high energy band, UHE)flinx of almost all known
gamma-ray sources is too weak to be detected by currentinstits, and even larger effective
areas are needed. The HiISCORE detector is specificallyrdssig fill this gap with an effective
area of 100krA. Using small non-imaging Cherenkov detectors with a largeristation spacing,
it becomes feasible to equip such a large area at a reascziédnlie A detailed description of the
detector will be given in section 2.

Many interesting open questions in high energy astronomybeaaddressed by observations
in the UHE band, above all the mystery of the accelerationhafrged cosmic rays. Gamma-
ray observations in the UHE band can help to unambiguougtify sites of hadronic cosmic
ray acceleration, since there is a significant drop in theieficy of leptonic processes (inverse
Compton effect) at these energies. This and other scientifiectives of gamma-ray astronomy in
the UHE band are outlined in [6].

In order to estimate the instrument’s sensitivity to UHE gaanrays, a detailed detector sim-
ulation has been developed, including an event recongirueigorithm. This has been used to
derive key performance figures of the detector like angwdaplution, energy resolution and par-
ticle separation power, and to calculate the sensitivitgamma-ray point sources in the UHE
regime. This simulation and its results will be presentedaation 3.

The HiISCORE project aims at achieving an overlap in energdly @iisting and other planned
gamma-ray observatories for cross-checks and to obtaiincmus spectra of gamma-ray sources.
However, a threshold in the low TeV regime is challenging danon-imaging detector like Hi-
SCORE. Section 4 presents possible modifications of thelatdrdetector configuration that may
help to lower the energy threshold.

2. The HiSCORE detector

The HISCORE detector will consist of a regular grid of noragimg wide-angle Cherenkov
detectors with an inter-station spacing of about 150m. Ailamapproach has been pursued by
the HEGRA collaboration with the AIROBICC detector, howewdth a significantly smaller total
effective area of only % 10*m? [7].

Each detector station contains four detector modules, ehalhich consists of an 8” photo-
multiplier with a light concentrator on top, facing towarzisnith (see figure 1). The light concen-
trator (Winston cone) has a half opening angle of @bich allows to detect air-showers up to at
least 25, resulting in a simultaneous monitoring of about 0.6 sr efshy. The light-sensitive area
of a four-module station is.Bn?.
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Figure 2: Visible regions of the sky for HISCORE from a southern
hemisphere site (35south). Given are hours of exposure per year,
Figure 1. Layout of one de- without bad weather correction, in galactic coordinatesatb black
tector module. R1= 10cm, dots are known VHE gamma-ray sources, the black line shows th
R2=20cm, H=52cm position of the super-galactic plane.

The signals of the four channels are summed up and stored &st difjital readout system
like the DRS4 chip. The trigger is constructed locally using the clipped sugnai of the four
modules in a similar fashion as the sum trigger in MAGIC [8]n @e first level, each station
operates independently in order to avoid the need for fést-station communication. All signals
above threshold are saved and sent to a central computensyser a standard wireless network
connection. An event is accepted if three stations havgdregd and the shower core position is
reconstructed to be within the boundaries of the detectaydfacceptance cuts”).

In order to reconstruct air-shower events, each data padkeg is sent to the central computer
needs to contain an accurate time-stamp. A system using G& $adio wave interferences is
currently under development. In a first stage, the detedémtrenics and communication will be
controlled by a small PC at each station; however, in the teng most of the electronics will be
incorporated into an FPGA.

It is currently planned to deploy the detector on a southemikphere site in order to allow
direct observation of a large part of the inner GalacticoagiFigure 2 shows the expected one-year
sky exposure times for a site at“3south (southern Australia, Namibia, Argentina, etc.). 4o
35% of the sky are in the field of view for more than 100 hoursymsar, and 26% (including the
central Galaxy region) are viewed for more than 200 hoursypar.

3. Simulation of detector performance

A detailed detector simulation has been developed anditasteg simulated air-showers from
CORSIKA with the IACT option [9]. The detector simulationrgains atmospheric absorption,
angle- and wavelength dependent transmission of the ligitentrator, photomultiplier quantum

Ihttp://drs. web. psi.ch/
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Figure 3: Effective areas for gamma-rays and fouiFigure 4: Effective areas for gamma-rays and four
types of hadronic cosmic rays after acceptance cutsypes of hadronic cosmic rays after gamma-ray cuts.

efficiency, pulse shaping and all relevant noise sourcgsecgaly noise generated by night sky
brightness.

The output of the detector simulation is analysed by an eremunstruction algorithm that
reconstructs shower core position, direction and energyriaiary particle and the position of the
shower maximum. The event data is also used to estimate theerdd the primary particle, i.e. to
distinguish photons from hadrons and to study the mass csitigpoof the cosmic rays.

The resolution of the reconstructed values depends syrargthe number of triggered sta-
tions, and therefore on the energy of the primary particlee &ngular resolution is about 0.@&8%
containment) at the threshold and Odt 200 TeV, while the energy resolution is 40% and 10% re-
spectively. The energy threshold for gamma-rays is 44 T&¥(fficiency) and about 150 TeV for
iron nuclei. The effective areas after acceptance cutshawrsin figure 3.

After the application of a gamma / hadron separation algorjtheavy hadrons are efficiently
suppressed (see figure 4). The angular resolution, thetigffeareas after the gamma / hadron
separation and the cosmic ray rates from [10] are used tmatgithe sensitivity of the HISCORE
detectof. Figure 5 shows the sensitivity of a 10krand a 100krA HISCORE detector array in
comparison to other existing and planned gamma-ray obseiss.

4. Conceptsto lower the energy threshold

In this section, several options to decrease the thresbdielbw the 44 TeV achieved in the
standard configuration have been examined: A change of tenadtion altitude, a closer spacing
of the detector stations and the use of small 2 x 2 sub-arresgead of standard detector stations.

At higher altitudes the Cherenkov light is more concenttaieound the shower core position
than at lower altitudes, which results in a higher signahia tentral detector stations and smaller
signals further away from the core position. Simulationserearried out for a detector at sea level
and a detector at 2000 m a.s.l. to examine the consequentigs effect on the energy threshold.

2The sensitivity is defined as the minimal flux at whichamma-ray point source can be detected above the back-
ground of cosmic rays with a significance af,5vith a minimum of 50 gamma events as additional requirement



Smulation of the expected performance for the proposed gamma-ray detector HiSCORE

—

o
3
=

10-12 L

=

e
A
w

CTA

HiSCORE 100 km?

Integral Flux Sensitivity [erg s™! cm™2]

10—14 I I I I I I
102 10" 10° 10" 10° 103 10* 10°
Energy [TeV]

Figure 5: Integral flux sensitivity of selected current and future gaanray observatories. For HESS,
MAGIC and CTA, 50 hours of pointed observation is assumed.aif@ther instruments, continuous 5 year
operation in survey mode is assumed, which correspondsdotd®00 hours in the case of HISCORE.
References for instrument sensitivities are: [4], [L1R][413], [1]

Figure 6 shows the effective areas for gamma-rays afterpsacee cuts for a detector array
with a spacing of 100 m and one with a spacing of 150 m, both gt bnd low altitude. For
a spacing of 150 m (the standard configuration), a highetud#i has no positive effect on the
threshold, which is about 44 TeV (50% trigger efficiency) ed $evel and 50 TeV at 2000 m a.s.l.
For a detector with 100 m spacing, the threshold is lowerethfB4 TeV to 24 TeV by going to
a higher altitude. Generally, the threshold is lower for tiedector with a closer spacing, as on
average more stations are triggered at a given energy.

A second strategy to lower the threshold is to split up the foadules of a standard detector
station into four separate detectors about five to ten mafyag from each other. These 2 x 2 sub-
arrays can perform a basic reconstruction independerdty feach other, so that a single triggered
sub-array is enough to accept an event. The trigger thréshigenerally lower in this configuration
(see effective areas in figure 7), and the spacing of the salysahas not a strong influence on the
threshold (because near the threshold most events argeatbteuly by a single sub-array). At
low altitude the threshold is about 28 TeV for both spacingiile the threshold at 2000 m a.s.l.
is 19 TeV for the 150 m spacing and 15 TeV for the 100 m spacimgthis scenario, the higher
altitude decreases the threshold significantly, since tixeper lateral distribution function of the
Cherenkov light has no negative effect on the single-sulyagvents. It has to be noted, however,
that single-sub-array events cannot be reconstructed asately as usual accepted events, and
the sensitivity in the single-sub-array regime may be a®rsibly worse than in the three stations
regime.
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Figure 6: Effective areas for a detector array at se&igure 7: Effective areas for a detector array with
level ("low") and at 2000m a.s.l. ("high") with an 2 x 2 sub-arrays at sea level and at 2000 m a.s.l. with
inter-station spacing of 100m and 150 m. a station spacing of 100m and 150 m.

5. Conclusionsand Summary

The presented simulations show that the HISCORE detectmeq is well capable of opening
up the observation window of the ultra-high energy band ofigrea-ray astronomy. Point sources
can be detected down to a flux level of #0TeV by a 100km array. The simple design of the
individual stations and the large inter-station spaciigves the instrumentation of such a large
area at a reasonable effort.

During its nominal operation time of five years, the detectumtinuously scans a large fraction
of the sky, including promising regions for ultra-high egyegamma-ray sources like the Galactic
Centre region. About 35% of the sky are in the field of view farmthan 100 hours per year.

The reconstruction techniques developed so far allow foirection reconstruction with an
accuracy of better than (°,1an energy reconstruction of better than 10% and a gammardmad
separation that is also capable of separating differengeldlacosmic rays for composition studies.

The gamma-ray threshold of a detector in standard configar#150 m spacing, sea level) is
about 44 TeV (50% efficiency), which results in a small oyesath some existing and planned de-
tector systems. A closer inter-station spacing of 100 m ewite of 2 x 2 sub-arrays are promising
concepts for lowering the threshold. In both scenarios hérigletector altitude helps to further de-
crease the detector threshold, while there is no benefit gjleehaltitude when using the standard
layout.

Both concepts, a closer spacing and a detector layout witkagays, result in a higher cost
of the detector system per area, so that a detector with a liweshold will cover a smaller total
area. A trade-off between a low energy threshold and a goedadsensitivity has to be made in
order to decide on the final detector configuration.
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