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Abstract

Cheretkov telescop obsevatiors at zenih angles> 70° are capabé of providing large collection areas.
Thisimprovesthe detectiam efficiency for photors at very high enggies In orde to understad the telescopis
performane extenda& Monte Carlo studies have been mack taking the first HEGRA Cheretkov telescop CT1
as an example First resuls of thes studies will be presented.

1 Introduction

Inthe lag few yeass Cherelkov telescops have shown their capabiliy to dete¢ photon-flixes from discrete
point-source on the level of 10~'2 cm™2 s~! albove 300 GeV. Most of these obsevatiors have been made
a zenih angles< 40° since at larger zenith angles the enegy threshatl is highe ard less Monte Carlo-
simulatiors are existing. This constraim reduce the numbe of obsevable-y-sourcesTo avoid this limitation
the study of the highe zenith-angle-egion on the bass of appropriag¢ simulatiors is necessar

Observimy astrophysichsourcs at larger zenih angles offers anothe importan feature Becaus of the
large increag of the geometricacollection area it is possibé to achieve a betta acceptane for high enegy
~-primaries (Sommes & Elbert 1987) By thee mears a Cherelkov telescop is able to expard its enagy
range for measurig the sour@ spectrun (Tanimoi et al., 1994 (Tanimor et al., 1998 (Krennrich et al., 1999)
(Chadwick et al., 1999).

Herewediscusthe possibilities and problerns of this obsewvation mode using the HEGRA CT1 asexample.
The HEGRA experimen locatel on the Canay island La Palrma operats six Cheretkov telescopesfive are
combinal in a systen while the CT1 is a stard alore telescope CT1 has a high resolutiommn PMT camera
consistiiy of 127 pixelsin an3.25° field of view (pixel diameter0.25°) and amirror area of 10 m?. Details of
the telescop are describé in Mirzoyan et al.(1994 ard Rauterbeg et al.(1995).

2 ~-Hadron-Separation

To acheve a highe sensitvity for y-induced air showers from a particula source a separatia of these
showers from the dominart backgroun of hadrors is required In the cae of moden Cheretkov telescopes
sudh as CT1 this is possibé due to their high resolution cameras Due to the telescopks imaging capabili-
ties the air shower developmer is visible in the camea ard difference in it are fixed in the measurd image
of the air shower's Chereikov light. One methal to apply a-y-hadron-separativis to calculate appropriate
parametes which characterie the image (Hillas, 1985) The methal of the Hillas parametes is to calcu-
late the secoml momens of the pixels intensity-distrbution in the camea frame Therely one achieves an
obsevable for the longitudind (LENGTH) and transerse (WIDTH) extensia of the shower, its direction
(ALPHA), enagy (SIZE), the distane to the shower s maximum (DIST, MDIST) ard for theimpad parame-
ter of the shower core (DIST). At smal zenith angles mog of they-hadron-separatiois obtainel by cuts on
the transrerse extensia of the shower (WIDTH) ard its direction (ALPHA).

3 Geometricd Aspects

Air showers at larger zenih angles read their maximum further away from the telescop due to the larger
amoun of slart deph the particles have to penetrat (see Table 1). Since telescope are able to deted air
showerswith large impad parametes correspondig to large DIST-angles in the camera-planghe geometrical



collection area A (see Figure 1) is a function of the zenith anglé)jAand thus from the distance to the shower
maximum D as given by Sommers & Elbert (1987):

A(0) = w ( D(0) tan a)* ~ D2.

The anglex which is related to the position of the shower maximum in Figure 1 is found to be approximately
equivalent to the MDIST-parameter for showers parallel to the telescope axis.

Since the signal-to-noise ratio is a function of the distance D and the quality factor Q gfhihdron-
separationqignal /noise ~ VA - Q ~ D - Q), itis necessary to study the shower characteristics at large
zenith angles. Otherwise the increase of collection area will be balanced by the decrease of the quality factor.
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Figure 1: Change of geometrical collection area A at large zenith angles. Vertical showers reach their max-
imum at approximately 10 km distance (height) from the detector. The shower maxima of more horizontal
showers have distances D which could be more than ten times longer corresponding to larger geometrical
collection areas (A D?).

4 New Monte Carlo Simulations

Since the air shower simulation code CORSIKA (Heck et al., 1998) treats the shower developement in a
flat atmosphere, modifications have to be done for complete simulations at large zenith angles. Here these
changes habe been implemented by applying a sequence of local flat coordinate frames which result in a
spherical treatment of the shower development (see also Heck et al., 1999). The curvature of the Earth is
now taken into account which is essential for large zenith angles due to the different slant depths and path
lenghts in the different geometries (see Table 1). After the Cherenkov light of the shower passes the detector
simulation and the same analysis steps as the real data it should be possible to extract differences-between
and hadron-induced air showers.

Difficulties of this procedure are due to the larger distance to the shower maximum and thus the higher
extinction by the atmosphere. This results in smaller and more concentrated images in the camera. As a
consequence of the relatively large pixels of HEGRA C024°) a good fit of the Hillas parameters will



zenith angle flat Earth curved Earth
[°] path length [km] | slant depth[g/cm?] | path length [km] | slant depth [g/cm?]

0 113 1037.2 113 1037.2
30 130 1197.6 130 1197.2
45 160 1466.8 158 1465.1
60 226 2074.4 220 2067.3
70 330 3032.5 311 3006.8
80 650 5972.9 529 57715
85 1294 11900.4 771 10583.0
89 6463 59429.3 1098 25942.7
a0 00 s 1204 36479.9

Table 1: Increase of atmospheric matter with zenith angle as seen at sea level. Path length and slant depth for
a flat and a spherical atmospheric geometry. It is obvious that they differ at large zenitharngles

be difficult. Especially the LENGTH- and WIDTH-parameter are expected to be about the same size and
therefore the ALPHA-parameter will be hard to determine. Because two of the parameters which are suitable
for y-hadron-separation can not properly be defined, it is not yet clear to which extepiatteeptance can

be improved.

5 Results

As a first result a Monte Carlo study of the increase of geometric collection area depending on the zenith
angle and a preliminary set of cuts for observationg0° zenith angle will be presented. Therefore we are
capable to demonstrate the detection efficiency which is essential for flux calculations. As an application a
preliminary analysis of observations of thesource SN 1006 (Tanimori et al, 1998) which are scheduled from
March to June 1999 with HEGRA CT1 will be shown at the conference.

Acknowledgements

The HEGRA collaboration would like to thank the Instituto Astrofisico de Canarias (IAC) for the use of the
HEGRA site at the Roque de los Muchachos and its facilities. This work is supported by the BMBF (Germany)
under contract number 08 107 206.

References

Chadwick, P. M. et al., 1999, astro-ph/9904405

Heck, D. et al., 1998, Report FZKA 6019, Forschungszentrum Karlsruhe
Heck, D. et al., 1999, HE.2.5.28, Proc. 26th ICRC (Salt Lake City, 1999)
Hillas, A. M., 1985, Proc. 19th ICRC, La Jolla, 3, 445

Krennrich, F. etal, 1999, ApJ 511, 149

Mirzoyan, R. et al., 1994, Nucl. Instr. Meth. A, 351, 513

Rauterberg, G. et al., 1995, Proc. 24th ICRC, 3, 460

Sommers, P. & Elbert, J. W., 1987, J. Phys. G: Nucl. Phys. 13, 553
Tanimori, T. et al., 1994, ApJ 429, 61

Tanimori, T. et al., 1998, ApJ 457, L25

Tanimori, T. et al., 1998, ApJ 492, L33



