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Abstract: TenTen is a proposed array of Imaging Atmosph€herenkov Telescopes (IACT) opti-
mized for the gamma ray energy regime of 10 TeMQ@0 TeV, but with a threshold of ~1to a few
TeV. It will offer a collecting area of 10 Knabove energies of 10 TeV. In the initial phaseelaof 3

to 5 modest-sized telescopes, each with 10-3@niror area, is suggested for an Australian gite.
possible expansion of the array could comprise nsarth cells. Here we present work on configura-
tion and technical issues from our simulation ®adif the array. Working topics include array layou
telescope size and optics, camera field of viel@st®pe trigger system, electronics, and site gstve

Introduction Initial Simulation Study

We present design work for an IACT telescope Simulations of extensive air showers were per-
array operating in the energy regime of 1 TeV to formed with CORSIKA v6.204 [6] and SYBILL
100 TeV, the motivation for which is studied in a [5]. On-axis gamma ray-induced air showers with
companion paper [13]. Conducting multi-TeV a zenith angle of 30as well as isotropic proton-
astronomy within reasonable observation times induced air showers, between 1 TeV and 100 TeV,
will require a large effective collection area of were simulated using flat primary energy spectra.
~10 knf at energies above 10 TeV ([13] and ref-
erences therein). To this end, we investigate the IACT Cell
performance of an array of many modest-sized

telescopes employing established ideas from =

existing stereoscopic instruments such as
H.E.S.S. [8], VERITAS [17], CANGAROO Il

[2] and MAGIC 1l [10].
Following Plyasheshnikov et al. [11], initial simu- %

lations have been carried out [12] by adopting a
HEGRA-type cell approach [7]. While this may

Side Length L

not be optimum, it was considered appropriate for

first-order studies. The basic parameters of the Q é

cell such as telescope spacing, camera field of

view (FoV) and mirror optics were tuned to im-  Figure 1: Layout of an IACT cell with side length
prove the effective collection area. L

. . . An example cell layout with 5 IACT telescopes
Two alternative camera electronics designs, both,,as simulated (Figure 1), with four telescopes

based on existing technology, are under consid-pjaced at the corners of a square of side L, aad th
eration. fifth at its centre. The observation level was 200
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m a.s.l., which is appropriate for Australian sites parameters for energies above 10 TeV, such as
The telescope response was simulated using [15]cosmic ray background rejection and angular
and verified with an independent telescope simu- resolution, were found to be comparable to those
lation based on [3]. of H.E.S.S. operating in its energy range. The
effective collection area of the simulated cell is
Simulated telescopes used f/1.5 optics and a 23.8given in Figure 3 and shows >1 kmttained for
m? mirror comprising 84 x 60 cm spherical mirror >30 TeV. Also represented is the H.E.S.S. effec-
facets. An elliptical dish shape was simulated as tive collection area for 3Qzenith angle, after ‘std
suggested in [14], using conic parametérs 5 cuts’ [1] and removal of MSW cut efficiencies.
and r = 0.85f, due to its superior off-axis per- The effective collection area of the cell can be
formance in comparison to a Davies Cotton de- estimated to be larger than that of H.E.S.S. by a
sign. In addition, mirror segments were canted so factor of ~2 at 10 TeV and by a factor of ~5 at
that on-axis light was imaged at the focus, which 100 TeV. Extrapolating to an array of 10 inde-
gave a reduced optical point spread function by apendent cells, we estimate the total effective col-
factor of a few for small off-axis angles. The lection area to be ~10 Km
focal ratio used allowed the containment of at
least 80% of photons from a point source inside avg "
pixel of 0.25 diameter, for light arriving up to°4 =
off-axis (Figure 2). For comparison, the d80 val- =
ues obtained using a Davies Cotton design were
~10% larger for off axis angles in thé b 5 0
range.

= 0.8 F
o Figure 3: Effective collection area for an IACT
. cell with L = 300 m at 200 m a.s.l., (larger pojnts
and the equivalent (see text) H.E.S.S. effective
collection area (smaller points)
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Figure 2: Parameter d80 (deg.), the diameter of a . . .
circle containing 80% of the light versus off-axis Refinement of simulations

angle (deg.). . . . .
gle (deg.) The detection of showers in our simulated cell is

A square camera made of 32x32 square pixelssuch that most of the events are at large core
with diameter 0.25was modelled with the above distance (> 200 m) from the telescopes. The elec-
mentioned optics. The resulting FoV was tronics design must therefore be able to function
8.2%x8.2, including dead space. The camera re- correctly for this larger core distance regime.
sponse was simulated using conservative values

for the camera trigger (2 next-neighbor pixels

above 12 p.e.) and a small 16 ns ADC gate cen-
tered on the camera trigger time. The hardware
simulation required that at least two telescopes
met the camera trigger condition. Stereoscopic
reconstruction of the showers was performed if
more than two images haie > 60 p.e. andiist

< 3.5 (distance of the centre of gravity from the

FoV centre). Rejection of cosmic rays was inves-
tigated using mean scaled width (MSW) [9].
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Figure 4: Arrival time distributions w.r.t. the'st
With L set to 300 m, a single cell was found to P-€. to reach the telescope, for two differentener
have an energy threshold of ~2 TeV. Performance 9ies, and for an infinite FoV (left) and an 8x8
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FoV (right). Showers had a fixed core distance of
400 m, a zenith angle 3@nd arrived on-axis.

NN Coinc Trig.

As core distances become larger (especially >200] PMT
m), the shower images are more elongated an
take longer to form in the camera. For on-axis
showers with core distance of 100 m, Cherenkov
light arrives within ~14 ns, whereas for showers
at 400 m the image can take ~100 ns to form in
the focal plane (Figure 4). In the right panel of
Figure 4, the finite FoV limits the maximum time
spread of an image for on-axis showers because Figure 5: Block diagram representing the first
the tails of images are truncated. However, larger option as described in the text.

time spreads, like those in the left panel, can be
expected when the image is fully contained in the
FoV (e.g. for off axis gamma rays).

Concerning the signal digitization and readout,
the first option (Figure 5) uses two discriminators
. i ) . per pixel, one with a higher threshold (HLD) used
Given the maximum time spread of the images, 5 pyild the camera trigger and a lower level dis-
an integration gate in each pixel that centered oncyiminator (LLD) which opens a small time gate
a camera-wide tri_gger would need to _be order of 5yer which the PMT pulse is integrated. The
100 ns to contain the Cherenkov signal. Such gnajogue value is held until a resultant camera
large gate widths would result in increased night trigger arrives, at which time it is digitized and
sk)_/ background contamination (NSB)_ of the _data. read out and the analogue integral value is
This problem may be overcome with a ‘time- clegred. If the LLD triggered but no camera trig-
floating’ ADC gate. Given that the mean of the ger arrives within ~200 ns, the analogue integral
distribution of arrival time RMS in any pixel was ygjue is cleared. To prevent single pixel triggers
found to be fairly independent of core distance gue to NSB pileup becoming part of an image if
and onI.y increasgd in.ghtIy with an order of mag- ihe shower arrives within ~200 ns, it may be
nitude increase in primary energy, the use of apecessary to include a second gated integrator

small 10 to 20 ns gate triggered off its own PMT (36t shown) that is digitized instead if the HLD is
pulse seems ideal. For instance, at 100 TeV eneryriggered.

gies, the mean arrival time RMS inside a pixel
with more than 5 Cherenkov p.e. is just over 4 ns.
Therefore a 16 ns wide pixel gate centered on the
signal pulse would contain the signal.

NN Coinc. Trig

Fast ~100ns delay
The following block diagrams (Figures 5 and 6) Preamp v ]
represent two possible readout electronics con- '
cepts for a single channel, as well as a possible PMT skapi 128 cell
camera trigger. This trigger takes the short pulses aping Analog FPG

from all channels and makes the decision whether Amp  Ring Buffer
to read out the data based on 2 levels of discrimi-

nation: the first is a threshold on the number of

p.e. that is applied to each pixel, the secontlés t  Figure 6: Block diagram representing the second
requirements of next-neighbor (NN) multiplicity. option as described in the text.

In both cases the trigger signals are delayed to
allow sufficient time for the image to form in the
camera.

reedout

In the second option (Figure 6), the signal pusse i
sampled continuously by an analogue ring sam-
pler such as those used by H.E.S.S. (ARSO) or
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H.E.S.S. Il (SAM) [4]. The camera trigger stops [4] Delagnes, E. et al. 2006 Nuclear Instruments
the sampling after a delay, such that pixel signalsand Methods in Physics Research Section A,
occurring before and after the trigger are cap- Volume 567, Issue 1, p. 21-26

tured. The readout of the analogue memory is[5] Fletcher R.S. et al. Phys. Rev. D, 50:5710,
controlled by a field programmable gate array 1994.

(FPGA). The memory contents are digitized, the [6]Heck D. et al. Report FZKA 6019 (1998)

peak of the pulse is located, the samples corre-Forscingzentrun Karlsruhe  http://www-
sponding to ~16 ns around it are summed and thisik.fzk.de/corsika/physics description/corsika phy
number is read out. s.html

[7] HEGRA Project  http://www.mpi-
In both options, it is envisaged that two gain hd.mpg.de/hfm/CT/CT.html
channels for each pixel will be used to improve [8] H.E.S.S. Project http://www.mpi-
dynamic range. In future simulation studies we hd.mpg.de/hfm/HESS/HESS.html
plan to investigate the performance of other cell [9] Konopelko A., 1995 in Proc. Towards a Major
layouts as well as the performance of various Cherenkov Detector IV (Padova), 373
arrangements of cells. Optimum trigger condi- [10] MAGIC Project
tions for a single telescope are being investigated http://wwwmagic.mppmu.mpg.de/index.en.html
based on simulation of accidental trigger rates. [11] Plyasheshnikov A. V., et al. 2000 J. Phys. G:
Furthermore, we are considering Hamamatsu Nucl. Part. Phys. 26, 183.
H85000 multi-anode photomultipliers (MAPMT) [12] Rowell G. et al. TenTen: “A new IACT Array
to reduce per pixel cost. The small size of the for multi-TeV gamma ray astronomy”: Talk avail-
MAPMT requires a smaller focal plane scale. able at
Recent work using secondary optics by Vassiliev http://www.physics.adelaide.edu.au/astrophysics/
et al. [16] is encouraging in this respect and we pev_workshop/talks/gpr_tenten.pdf
plan to investigate this further. Surveying of pos- [13] Rowell G. et al.these proceedings Talk
sible Australian sites is being carried out, with 0.G.2.7:128
cloud cover data and available infrastructure the [14] Schliesser A., Mirzoyan R., 2005 Astropart.

main considerations. Phys. 24, 382
[15] sim_telarray package ver. 24 Oct 2005 from
Conclusions K. Bernlohr

[16] Vassiliev et al. 2007, preprint as-

We have simulated an IACT cell of five tele- (roph/0612718v2 _
scopes between energies of 1 TeV and 100 TeV.[17] , VERITAS Project
Based on these initial investigations, we found http://veritas.sao.arizona.edu/

that large effective collection areas greater than

km? are achievable using an IACT cell at multi-

TeV energies. When extrapolated to 10 independ-

ent cells, this suggest effective collection arefas

>10 knf above 10 TeV.

Further simulation work for the telescope re-
sponse will better characterize the performance of
a single cell. New simulation results will be made
available at the conference.
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