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Abstract. An overview of the design parameters and the status of the 17 m Ø MAGIC telescope project will be given. During phase I the telescope will reach a threshold of 30 GeV and a sensitivity of 6.10-11/cm2 sec. 'First light' is expected in mid 2001 and observations will begin in 2002. The telescope will be installed at the HEGRA site on La Palma.

INTRODUCTION

Gamma ray (in short ) astronomy has successfully established the existence of a few galactic and extragalactic  sources above 300 GeV. On the other hand satellite borne instruments, such as EGRET, with an about 5 orders of magnitude smaller collection area revealed at least 270 sources in the energy range between 20 MeV and 20 GeV. It is expected that future experiments in the up to now unexplored range between 20 and 300 GeV will reveal many new results of fundamental nature. A new satellite borne  detector, GLAST (see contribution to this conference) will be launched in 2006. This instrument should explore the energy range up to 300 GeV with a nearly flat sensitivity above 20 GeV. On the other hand technical progress will allow one to increase the sensitivity and to lower the threshold of groundbased air Cherenkov telescopes (ACT) to below 50 GeV with classical photomultiplier (PM) cameras and eventually to below 15 GeV with high quantum (QE) efficiency photosensors. The sensitivity of these telescopes for point source studies will be significantly higher than that of GLAST, e.g.; these instruments are complementary. 

Here we describe a new generation 17 m Ø ACT, dubbed MAGIC (Major Atmospheric Gamma Imaging Cherenkov) telescope with a threshold of 30 GeV (peak of the differential flux) in phase I and 10-15 GeV with high QE, red extended photosensors in phase II.

THE SCIENTIFIC OBJECTIVES
The main research targets for the MAGIC telescope will be:

a) The study of active galactic nuclei (AGN) up to z ~ 2.8. Measurements of the spectra and fluxes between 20 GeV and 1 TeV will allow one to set stringent limits on the existence and size of the hitherto unquantified infrared (IR) background. The high sensitivity will allow one to measure flux variations down to a time scale of a few minutes. Conservative estimates predict that one will discover at least 50 – 100 new AGNs.

b) Testing of gamma ray bursts (GRB) in the new energy window. A telescope like MAGIC, whose collection area is between 105 and 106 times larger than that of satellite borne -detectors, should be able to collect large data samples provided the -spectra extend to the GeV range, bursts last at least a minute and precise guidance from a satellite detector is available in due time. 

c) The systematic study of possible galactic  emitters such as supernova remnants (SNR), plerions, X-ray binaries, unidentified galactic EGRET sources, etc., which will hopefully lead to the identification of the main sources of the galactic cosmic radiation up to about 1015 eV. A special trigger should permit to lower the threshold to about 10 GeV for time structure analysis of pulsars, i.e., to decide between the polar cap and outer gap model.

d) The search for exotics such as for the lightest supersymmetric particle (SUSY), test of quantum gravity effects, etc.

THE TECHNICAL CONCEPT OF THE TELESCOPE

At groundlevel the photon density from air showers scales basically with energy. For imaging ACTs a minimum number of photoelectrons (PE) is required for efficient /hadron (/h) separation. Typically 60 - 100 PEs/image are needed, i.e., significantly above the night sky light background (NSB). A lower threshold can be achieved by increasing the mirror area, minimization of losses in the optical elements and by increasing the quantum efficiency (QE) of the PMs. For high /h separation the so-called stereo system is considered superior compared to a single dish. In a funding limited scenario a single large dish allows one to lower considerably the threshold compared to a same cost multi-telescope system. The MAGIC collaboration has chosen to concentrate at first on the single dish approach and to lower the threshold by exploring all the possible technical improvements. Later we intend to add more telescopes in the so-called DUO arrangement. It should be mentioned that below a few hundred GeV the determination of the impact parameter is less important compared to higher energies where MAGIC might be operated anyhow in the stereo mode in combination with some of the existing HEGRA ACTs. Below 100 GeV the energy resolution is dominated by intrinsic shower fluctuations

The main technical challenges for the construction of the MAGIC telescope are:

* Use of a very large mirror collector with high imaging quality

* A nearly 100 % active area camera of 4° diameter

* A fine granularity camera with 0.1° pixels in the central section and optimized PMs.

* A flexible trigger and a high rate DAQ of at least 1 kHz event rate

* Optimization of the optics and electronics for minimization of the NSB impact.

Additional goals set by physics are:

* Possible operation at large zenith angles (> 80°)

* Possible operation in the presence of moon light

* Fast positioning  (< 30 sec) for GRB studies
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         FIGURE 1. A model of the 17 m Ø MAGIC telescope.

 Fig 1 shows an engineering drawing of the telescope. Technical details of the telescope can be found in the design report (1).

In the following some technical elements are discussed briefly:

I) The telescope space frame is made from carbon fiber tubes for stiffness and lightweight for rapid positioning.

ii) The 234 m2 mirror (f/d = 1) is composed of 1000 small all-aluminum mirrors of 50x50 cm2 area and with integrated heating. The gross mirror profile is parabolic, i.e., isochronous. Therefore individual mirrors differ in radius; this is achieved by diamond turning the surface of the blanks on a NC machine (2). Prototype mirrors are successfully operated since one year on the HEGRA CT1 telescope.

iii) In order to counteract small dish deformations and to optimize focusing an active mirror control system has been developed and successfully tested (3). Similar arrangements are now considered for all new large ACTs.

iv) For the camera (phase I with bialkali PMs) new, compact, hemispherical PMs with optimal photoelectron (PE) collection efficiency and minimal time dispersion are used. In order to minimize the impact of the DC like NSB and moon light the dynodes were reduced to six and operated with a total gain of only 15 000. Low noise, wideband, large dynamic range transimpedance amplifiers make up for the reduced gain. The light trajectory of most photons passes the semitransparent photocathode twice, thus increasing the QE by 15-20%. The camera of 4° Ø is composed of 600 PMs with coarser sampling in the outer section.

v) The analog PM signals are transported to the 100 m away counting house by optical fibers. The motivation for this concept stems from the needs to minimize the camera weight, size as well as heat dissipation inside the camera by placing the main readout and trigger electronics and service critical electronics in the counting room. The optical analog transfer system has be designed in part in collaboration with members of the Whipple/VERITAS collaboration (4). Some PM channels of both the HEGRA CT1 and the Whipple telescope are running successfully with such a readout since some time. 

vi) The DAQ is based on a 300 MHz, 8 bit FADC system which will eventually be replaced by a ≥ 1 GHz system necessary to make full use of the fast Cherenkov signals and the full potential of the new PMs and the analog transfer system. The trigger has multiple stages and make in part use of the data buffering of the FADCs. Sustained event recording rate will be 1 kHz (zero deadtime) with a possible prolonged burst rate of 5 kHz for GRB or low threshold pulsar studies. Dual ranging of the analog signals at the FADc inputs will extend the dynamic range of the FADCs to about 70-80 dB

SOME PERFORMANCE DATA

The telescope will have a threshold of about 30 GeV (peak of the differential flux) for phase I (using classical PMs in the camera). The collection area will flatten to around 105 m2 above 100 GeV. The /h separation will vary between 200 and 1000 as a function of energy. In the presence of moonlight the threshold has to be increased to 60-100 GeV (half-moon, > 30° away). Operation at moon light will increase significantly the potential for rare GRB observations and other transient studies. Close to threshold the energy resolution, dominated by intrinsic shower fluctuations will be around 50 %, and improves to around 10% at 1 TeV. MAGIC will be set up on the HEGRA site on La Palma (28.8° N, 17.8° W, 2200 m asl). Stereo observations with some of the already existing HEGRA telescopes will significantly enhance the prospects for precision measurements above 1 TeV. The upper energy limit of MAGIC is about 50 TeV.

SOME AUXILIARY INFORMATION

The costs of the telescope have been estimated to be around 3.5 M$. Prototypes have been built and successfully tested for all technical components. The construction of some long-lead items, such as the camera has already been started. We estimate that the telescope will see 'first light' in summer 2001 and observations will begin in early 2002. Up to now 12 institutions from 6 countries are participating in the construction.
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