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Abstract. The H.E.S.S. (High Energy StereoscopicSystem) experiment hasbeenin operation
in its current set-up since the beginning of 2004. The construction of the extension of H.E.S.S.
(\Phase 1I") has started: A telescope with a mirror surface of 600 m? in the certer of the
four existing H.E.S.S. Phase| telescopes This \Large Cherenkov Telescog" (LCT) will operate
stand-alone as well asin coincidence together with the Phasel telescopes. The LCT will start
triggering on gamma-ray initiated air showers at an energy of 20 GeV. In this contribution, a
status of the existing installation and plan for the future will be given.

1. Intro duction

The H.E.S.S. collaboration is currently composed of roughly 100 scierists working in 24
institutes in 9 courtries (for more details on the collaboration, seee.g. [1]). The original
conceptof a 100GeV threshold telescope array was rst sketched about 10yearsago[2, 3]. The
H.E.S.S. collaboration formed in 1998 as an e ort driven by the French and German groups
involved in the CAT [4] and HEGRA [5] Cherenlkov telescope experiments. The H.E.S.S. site
in Namibia was chosenfor mainly two reasons: its excellert record of clear and dark nights
as well as for its geographiclocation in the southern hemispherewhere the inner part of the
Galaxy culminates at small zenith angles. The built-up phaseof the H.E.S.S.telescopes started
with the ground-breaking in 2000 and the rst telescoge structure was in place in July 2001
followed shortly after by the installation of the mirrors and the camera. This telescoe sav
\rst light" in summer2002. The installation of the remaining three telescopstook on average
six months for eat additional telescope sud that the nal fourth telescope was operational in
Decenber 2003. Data-taking cortinued without interruption throughout the installation phase
with changing setups. Since January 2004, the telescope system (H.E.S.S. Phasel) has been
operational in its current form without the needto intro duce major upgradesand changes.

In the following, the setup and performanceof the H.E.S.S. Phasel telescopeswill be reviewed.
In the third section, the designand status of the construction of the LCT will be given (seeFig.
1 for a view of the existing telescopgesincluding an artist's conception of the LCT).

2. Status: H.E.S.S. Phase |

2.1. Systemlayout and telesope structure

The H.E.S.S.experiment is an array of four identical imaging air Cherenkov telescogesarranged
at the cornersof a squarewith 120m sidelength. The array is located in the Khomas Highlands
in Namibia at 1800 m a.s.l. The four telescopes consist ead of a light concerrator with a



Figure 1. An artist view of the LCT located in the certer of the existing H.E.S.S. Phasell
telescopes

diameter of 13 m and a focal length of 15 m. The re ectiv e area of 107 m? is comprised of 380
quartz coated spherical mirror facets of 60 cm diameter [7] which are individually adjustable
with a remote cortrolled alignment system[8].

2.2. Camera and electronics

The prime focus is equipped with an integrated camera consisting of 960 fast read out photo-
multiplier tubes(PMTs) including the corresponding triggering and digitization electronics|[6].
The PMTs (Photonis XP2960) are arranged in drawers of 16 tubeswhich can be replaced as
a unit. The PMTs are equipped with Winston coneswhich constrain the eld of view of eath
tube to avoid stray light contamination and to increasethe e ectiv e entrance window of eat
tube. The angular sizeof the PMT is 0.16 which is well-matched by the point-spread function
of the concertrator: 80 % of the light of a point sourceis imagedin a region with a diameter of
0.04 for on-axisand 0.16 for 2 o -axis obsenations [8].

The point spreadfunction is remarkably stable over the time of operation. Dedicated pointing-
runs are usedto monitor the point spread function. During pointing runs, the telescopes are
tracking a star with the cameralid closed. The image of the star on the cameralid is usedto
characterize the point spreadfunction of the telescope: As expected, the point spread function
is found to slowly increasewith time. However, the rate of changeis su cien tly small to operate
the telescomeswithout the needfor re-adjusting the mirrors.

While the telescoges provide their own single telescope trigger, a multi-telescope coincidenceis
formed to initiate the read-out of triggered telescopes. The multi-telescope trigger coincidence
is usedto discriminate air shawver everts from possiblebadkground everts due to muonsor night
sky badkground uctuations which a ect only individual telescopes[9].

2.3. Data calibration and analysis

The data are analysedin parallel to the data-taking and rst results are available in real-time to
the shift crew on-site. This feed-bak allows a immediate responseto aring activities of sources
ase.g. were obsened recertly from the Blazar PKS 2155-304[10] (seealso Giebels et al. these
Proceedings). While the online analysisis performed on the coarselycalibrated real-time data,
the oine sciertic analysisis applied to the fully calibrated data which includes identi cation
of switched o or broken pixels, electronic pedestal subtraction, relative gain calibration, at-
elding correction, and optical e ciency corrections [11].



2.4. Operation and performance

The H.E.S.S. array is fully operational since the beginning of 2004 and performs within the
expectations at an energy threshold of 100 GeV for vertical incidence gamma-ray evernts. On
average, individual everts are reconstructed with an angular accuracy better than 0.1 and a
relative energy resolution of 15 %. Faint gamma-ray sourceswith a ux of 1 % of the Crab
nebula are detected within a 25 hour obsenation.

The wide eld of view covering a regionin the sky with a diameter of 5 in conbination with the
good gamma-hadronseparation has beenproven to be well suited for the survey of parts of the
Galactic plane and to study the spatially extended emissionof sourceslike shell type supernova
remnants and pulsar wind nebulae. For a review of the recert results of H.E.S.S. obsenations
seethe accomparying articles in these proceedings.

3. Under Construction: H.E.S.S. Phase |1

The Large Cherenkov telescope (LCT) will start the Phase Il operation of the H.E.S.S.

experiment. The LCT will extend the energy range with an expected trigger threshold of
20 GeV while improving the performanceand reducing the threshold of the existing Phasel

telescopes. The rst test assenblies of the steel structure in Namibia have started. The time

schedule foreseeghe beginning of operation in 2008.

3.1. Design of the Large Cherenkovtelesope (LCT)

The LCT is plannedto have an increasedmirror collection areaof 600m?. The overall structure
is basedon a steelframe architecture. The mirror dish consistsof a spaceframe support structure
and 25 mirror panels. The arrangemert of the at panelsapproximates the shape of a parabolic
dish with a focal length of 35 m. The concertrator is of parabolic designin order to minimize
the arrival time spreadof the Cherenkov light pulsein the focal plane.

Up to 1006 hexagonalmirrors with a at-to- at size of 90 cm can be mounted on the panels.
Eacdh mirror will be aligned with two remote controlled motors which will drive the mirrors into
the correct alignment using a procedure very similar to the one successfullyusedfor H.E.S.S.
Phasel. The steelstructure will be su cien tly rigid under gravity and wind load to maintain a
stable point spread function for obsenations up to zenith angle distancesof 50 . For larger
zenith angleobsenations, are-alignmert of mirrors during operation will be necessary Similarly,
the cameraposition will be adjusted automatically during obsenations to maintain a focus on
the air shover imagesat di erent zenith angles(and therefore distance to the telescoge).

3.2. Camera design

The cameraof the LCT will be basedlargely on the existing camera design of the Phasel

telescopes [12]. The size of the PMTs will remain the same as well as the dimensions of the
drawers. Howewer, as a result of the increasedfocal length of 35 m, the angular diameter of the
pixels will be reducedto 0.07 . The number of pixels will be increasedto 2048to cover a total

eld of view of 3.17 diameter.

Similar to H.E.S.S. Phase |, the pixel read-out will be based on an analogue ring sampling
systemintegrated on a chip directly connectedto the baseof the PMTS. The newring sampling
chips have beenlargely improved with respect to the versionusedfor H.E.S.S. Phasel with an
increasedmemory depth and sampling speed (up to 2 GHz) and larger bandwidth (300 MHz)

resulting in an increaseddynamical range of 6 000 photoelectrons. Most importantly, the readout
speed has improved from 60 sto an averageof 2 s (seealso Feinstein, these Proceedings).
The reducedread-out time is crucial to keepthe overall dead-time negligibly small (< 1 %) for
the expectedtrigger rate of up to 3 kHz. While the expected read-out and network transfer rate
is su cien tly high to deal with the anticipated 3 kHz rate, a secondlevel trigger is foreseento

allow for tagging and/or rejecting night-sky badckground and muon induced everts.



3.3. Performance of the LCT
H.E.S.S. Phasell will register mainly three di erent typesof events: (i) A coincidenceof 2
Phase| telescopes (ii) a coincidenceof the LCT and at least one Phasel telescope, and (iii)
LCT provides a trigger. The ewvent class (i) is similar to what is obsened with the current
telescopes. The ewvert class (i) will be a new type of hybrid event which will predominartly
occur at photon energiesbelow the current 100 GeV threshold. In this transition energyrange,
the LCT will provide well de ned imageswith roughly one hundred photo-electrons while the
Phasel telescopes operate at their trigger threshold of a few ten photo-electrons. While the
2 imagesare sucient to provide a stereoscopicview of the air showver with the benets
of good angular resolution and redundancy on the shower parameters, the large number of
detected photoelectrons and high de nition view of the shaver obtained with the LCT will
provide excellen gamma-hadronseparation basedon the shape of the image. The hybrid evens
will decreaseahe threshold for events seenby the Phasel array aswell asimprove the sensitivity
at the 100 GeV energyrange. Finally, the events of type (iii) are \mono LCT" ewents which
will be already triggering at energiesas low as 20 GeV. The performance (especially of
gamma-hadronseparation)is known to degradefor air showver everts at energiesbelov 100GeV.
Howewer, Monte Carlo simulations show that the sensitivity of the LCT mono everts is expected
to be better than 10 1%ph/(cm 2 s) integral uxes above 20 GeV in 50 hrs obsenation time.

4. Summary and Outlo ok

Ground basedgamma-ray astronomy is rapidly ewlving. The H.E.S.S. Phasel telescopeshave
nally readed a sensitivity which is su cien t to explore Galactic and extragalactic sourcesof
gamma-rays. The extensionof the H.E.S.S.telescopeswith a Large Cherenkov telescope (LCT)

will start the Phasell of the H.E.S.S. experiment: The LCT will improve the performance of
the existing telescopesin the 100 GeV energy range and extend the accessibleenergy range to
20 GeV opening a new window for exploration of sourcesestablishedwith H.E.S.S. Phasel as
well as discover new sourcesas e.g. AGN at high red-shift, pulsars, and possibly gamma-rays
from Dark matter particle self-annihilation.

The LCT will start operation in 2008, which will bein time to operate simultaneously with the
GLAST satellite (seeJ. Carson, these Proceedings).

Ac knowledgmen ts

The supp ort of the Namibian authorites and of the Univ ersit y of Namibia in facilitating the construction and operation of H.E.S.S. is gratefully

ackno wledged, as is the supp ort by the German Ministry for Education and Researc h (BMBF), the Max Planc k Society, the French Ministry

for Researc h, the CNRS-IN2P3  and the Astroparticle In terdisciplinary Programme of the CNRS, the U.K. Particle Physics and Astronom y
Researc h Council (PP AR C), the IPNP of the Charles Univ ersity, the South African Departmen t of Science and Technology and National

Researc h Foundation, and by the Univ ersit y of Namibia. ~We appreciate the excellen t work of the technical supp ort sta in Berlin, Durham,

Ham burg, Heidelb erg, Palaiseau, Paris, Saclay, and in Namibia in the construction and operation of the equipmen t.

References
[1] The main web-site of the H.E.S.S. collaboration: http://www.mpi-hd.mpg.de/hess
[2] Aharonian, F.A., Hofmann, W., Konopelko, A.K. & Velk, H.J. Astrop. Physics 6 (1997) 343
[3] Aharonian, F.A., Hofmann, W., Konopelko, A.K. & Velk, H.J Astrop. Physics 6 (1997) 369
[4] Barrau, A. et al. NIM A 416 (1998) 278{292
[5] Daum, A. et al. Astrop. Physics 8 (1997) 1{11
[6] Vincent, P. et al. in Proc. of the 28th ICRC (2003), Tsukuba, Japan, eds.T. Kajita, Y. Asaoka, Y. Kawachi,
Y. Matsubara, and M. Sasaki, 2887
[7] Bernlohr, K. et al. Astrop. Physics 20 (2003) 111{128
[8] Cornils, R. et al. Astrop. Physics 20 (2003) 129{143
[9] Funk, S. et al. Astrop. Physics 22 (2004) 109{125
[10] Benbow, W. et al. (H.E.S.S. coll.) Astronomer's telegram 867 (2006)
[11] Aharonian, F. et al. (H.E.S.S. coll.) Astrop. Physics 22 (2004) 109{125
[12] Vincent, P. et al. in Proc. of \High Energy Gamma-Ray Astronomy", eds.F. Aharonian, H.J. Volk, & D.
Horns AIP Conf. Series745 (2005) 791{796



