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FACT — STATUS AND FIRST RESULTS
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ABSTRACT. FACT is the first imaging Cherenkov telescope based on a camera using solid state
photosensors (Geigermode Avalanche Photodiodes G-APD aka SiPM).

Since October 2011, it has been taking data regularly. Apart from commissioning and calibration
measurements, it has already started regular operation, where the main goal is to do long-term
monitoring of bright TeV blazars. In June 2012, a flare of Mrk 501 was observed. Thanks to the
robustness of the G-APDs, observations can be carried out during strong moon light without aging of
the sensors. This improves the duty cycle of the instrument and provides better statistics for long-term
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light curves.

The telescope, situated on the Canary Island of La Palma, is operated, already now, remotely
from central Europe. For the future, robotic operation is planned.
We report on our experiences during the commissioning, and we present first results from the first

1.5 years of observations.
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1. FACT — FirsT G-APD
CHERENKOV TELESCOPE

With the aim to monitor bright active galactic nu-
clei (AGN) in the very high energy (VHE) range,
the First G-APD Cherenkov Telescope (FACT) was
designed for stable and robust operation. G-APDs
[1] were therefore chosen as photosensors which has
provided also the opportunity to show that Si-based
photodetectors are suitable for Cherenkov telescopes.
In Cherenkov astronomy, the cameras have until now
been built using photo-multiplier tubes (PMTSs).
Apart from the use of this new technology, FACT
features plexiglass cones, a sum trigger, electronics
based on the DRS-4 [2] analogue ring buffer and fully
integrated into the camera housing, as well as a read-
out via standard Ethernet. The G-APD camera was
mounted on the refurbished HEGRA CT3 mount
which was also equipped with a new drive system,
basically a down-scaled version of the MAGIC drive
system [3], and the re-coated mirrors of the former
HEGRA CT1 telescope, providing a mirror area of
9.5m2. With its 1440 pixels, each consisting of one
G-APD and a plexiglass cone glued to it, FACT has a
field of view of 4.5°. The camera has low power con-

sumption of less than 500 Watts. A full description
of the design and the construction of the system can
be found in [4]. A photo of the telescope is shown in
Figure

The camera was mounted on the telescope in Octo-
ber 2011. Since then, it has been taking data regularly.
Thanks to its reliability, FACT is the first telescope
of its kind that is remotely operated.

1.1. STABILITY OF THE DETECTOR

Already now, G-APDs provide performance compara-
ble to that of the best PMTs available. For the future,
an increase in the photon detection efficiency as well
as a significant reduction in cost is expected. G-APDs
are very easy to handle, as they do not require a high
voltage but can be operated at about 70 Volts. In
addition, they provide very good timing resolution.
Being insensitive to magnetic fields and mechanically
more robust, they provide an ideal alternative for
longterm use in a monitoring telescope which is oper-
ated remotely or is robotic. Another very important
advantage is that G-APDs can be operated during
strong moon light. So far, no indication of ageing
due to strong light has been found [5]. Afterpulses,
darkcounts and crosstalk are well under control for
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FicURE 1. The First G-APD Cherenkov Telescope, situated on the Canary Island of La Palma at 2200 m a.s.l.

Photo: Courtesy of Daniela Dorner

FACT: the darkcount rates are much lower than the
rates from the night sky background light (NSB), and
can therefore be neglected. The crosstalk (i.e., two
or more cells in one pixel are discharged by a single
photon) only increases the signal in the pixels slightly
and therefore also does not pose a problem except
for fake triggers. In FACT, the operation voltage of
the G-APDs is set to result in a crosstalk probability
of about 10 %, which is well within acceptable limits.
The afterpulses can be treated by choosing a signal
extractor insensitive to this feature. In addition, after-
pulses in G-APDs do not tend to arrive with constant
delays, as they do in PMTs, and are therefore no
problem for the trigger.

One important feature of G-APDs that cannot be
ignored is the dependence of their gain on tempera-
ture and on the applied voltage. These dependencies
have to be corrected to keep the gain of the G-APDs
stable which is important for ensuring consistent and
stable data. The temperature dependence of G-APDs
is known and can therefore be corrected easily. In
addition, NSB light introduces a continuous current in
the G-APD, causing a voltage drop. A special method
has been developed to correct for this: the voltage
change, needed to keep the gain constant, is calcu-
lated from the measured current. Since May 2012, a
feedback system including temperature and current
correction has been in use [6], and a detailed paper
is in preparation. Measurements of the gain with the
help of a temperature-stabilized light pulser show that
with this method the gain can be kept constant within
6 % in time, i.e., correcting for temperature changes of
more than 15 degrees, and 4 % between the individual
pixels.

Scans of the trigger rate in dependence on the ap-
plied trigger threshold have been carried out under
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various light conditions from dark night to almost
full moon. The result of these rate scans shows that
the change in the rate at a low trigger threshold de-
pends only on the effect of NSB light, while at high
thresholds the rate from hadronic showers remains
constant. This proves not only that FACT keeps the
NSB dependence well under control, but also allows
non-standard conditions of the atmosphere to be de-
tected [7]. This means that apart from a higher energy
threshold, the performance of the system is stable for
all light conditions. In this way, a lot of observation
time can be gained, improving the duty cycle of the
telescope. This is a big advantage for monitoring, as
the gaps between the observations can be kept small.

Based on the analysis of muon rings, an upper limit
for the timing resolution of the whole system could be
determined. The distribution of the rms of the arrival
time of the pulses in a muon provides a measurement
of the timing resolution as the arrival time spread
of the light from muons is known to be very small.
Therefore the arrival time of muons can give an upper
limit for the timing resolution of the whole system.
For FACT, the timing resolution has been measured
to be around 600 picoseconds, probably dominated by
the non-isochronicity of the mirror.

2. DATA SELECTION AND ANALYSIS

The results shown here include the data taken between
1. 5. 2012 and 30. 6. 2013. All data were taken in
wobble mode with an offset of 0.6° from the camera
center. Details on the data selection and data quality
checks can be found in [§].

The performance of the telescope was studied with
observations of the Crab Nebula in all possible obser-
vation conditions, including zenith distances up to 75°
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FIGURE 2. Signals of Mrk 421 (left) and Mrk 501 (right). ¥2-distributions for both sources, where the black crosses
are the signal and the gray shaded area is the background measurement. The vertical dashed line indicates the cut in
¥ of 0.11°. The events to the left of this line are used to determine the significance of the detection. These plots
include data from 1.5.2012 until 30.6.2013 with zenith distance smaller than 40° and a trigger threshold smaller than
500 DAC counts. A data quality check as described in [§] has been applied.

and light conditions ranging from dark night to almost
full moon. With the current analysis, the excess rate
remains stable for a zenith distance up to 40° and
also with moderate moon light. Based on this and
in addition to the data check mentioned above, data
with zenith distance smaller than 40° and a trigger
treshold of less than 500 DAC counts were selected.

The analysis is done using the software package
MARS - CheObs ed. [10]. Details on the analysis
chain and the quick look analysis are given in [§] and
[9]. So far, the analysis has been providing excess rate
curves, as shown and discussed in detail in [IT].

Work on the Monte Carlo simulations and on re-
constructing the energy spectrum is ongoing.

Once the dependency of the performance of the
system on the zenith distance and the light conditions
is fully understood, data taken with larger zenith
distances or under different moon conditions can be
corrected and will be included.

Nevertheless, significant flaring activities will show
flux changes larger than these corrections, so it is
already possible to send alerts.

3. RESULTS

In the time between 1.5.2012 and 30.6.2013, Mrk 421
was detected with 34 ¢ in 141 hours of observation
(see Figure 2] left plots). Mrk 501 was detected with
410 in 258 hours (see Figure [2| right plot). From
both sources, major flares could be detected (two
from Mrk 501 and one from Mrk421). More details
on the results of the longterm monitoring of bright
TeV blazars with FACT can be found in [II]. In
the night with the highest flux measured so far by
FACT, Mrk 501 was detected with 22.6 o in 1.9 hours
(see Figure [3] left plot), and within a single run of
5 minutes, the source was detected with up to 6.7¢
during this flare night (see Figure right plot), which
nicely demonstrates the capability of FACT to send
fast flare alerts to other telescopes.

During the first 1.5 years of operation, the Crab
Nebula has also been observed. By comparing these
results to those of HEGRA, a sensitivity of 8 % Crab
and an energy threshold of about 700 GeV for cuts
optimized on sensitivity and about 400 GeV for open
cuts are estimated. Preliminary results on this can be
found in [9].

4. CONCLUSIONS AND OUTLOOK

Since October 2011, FACT has stable operation, and
since January 2012 continuous monitoring of bright
AGN in the TeV range has been ongoing. Three major
outbursts at TeV energies of the sources Mrk 501 and
Mrk 421 have been detected so far. In the meantime,
the telescope can be operated remotely and automat-
ically via Internet. The operation is being further
automated aiming at a fully robotic operation [12].

Thanks to the robust photosensors, observations
during strong moon light are possible. This is ideal for
monitoring, as it enlarges the duty cycle and provides
a more complete data sample. G-APDs have shown to
be ideal photosensors for the camera of a Cherenkov
telescope.

Inexpensive, small telescopes like FACT are ideal
systems for extended monitoring of bright TeV blazars
and multi-wavelength campaigns.
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FIGURE 3. Signals of Mrk501 for the night of 8.6.2012 (left) and for one 5-minute-run from that night (right).
¥2-distributions for subsets of the Mrk501 observations, where the black crosses are the signal and the gray shaded
area is the background measurement. The vertical dashed line indicates the cut in ¥ of 0.11°. The events to the left
of this line are used to determine the significance of the detection. Data selection criteria, as described in the text,

have been applied.

thank the group of Marinella Tose from the College of
Engineering and Technology at Western Mindanao State
University, Philippines, for providing us with the schedul-
ing web-interface.

REFERENCES

[1] Hamamatsu, http://www.hamamatsu.com/jp/en/
product/category/3100/4004/4113/S10362-33-050C/
index.html [2014-06-01]

[2] http://www.psi.ch/drs/

[3] T. Bretz, et al. The drive system of the ma-
jor atmospheric gamma-ray imaging Cherenkov
telescope. Astroparticle Physics 31:92-101, 2009.,
DOI: 10.1016/j.astropartphys.2008.12.001

[4] H. Anderhub et al. (FACT Collaboration), Design
and operation of FACT - the First G-APD Cherenkov
Telescope. JINST 8 P06008, 2013, DOI: 10.1088/1748-
0221/8/06,/P06008

[5] M.L. Knoetig at al. (FACT Collaboration), FACT -

Long-term stability and observations during strong moon
light. Proceedings of 32nd ICRC, Rio de Janeiro 2013

[6] T. Bretz et al. (FACT Collaboration), FACT - How
stable are the silicon photo detectors? Proceedings of
32nd ICRC, Rio de Janeiro 2013

176

[7] D. Hildebrand et al. (FACT Collaboration), Measuring
Atmospheric Conditions with Imaging Air Cherenkov
Telescopes. Proceedings of 32nd ICRC, Rio de Janeiro
2013

[8] D. Dorner et al. (FACT Collaboration) FACT - Long-
term Monitoring of Bright TeV Blazars Proceedings of
32nd ICRC, Rio de Janeiro 2013

[9] T. Bretz et al. (FACT Collaboration) FACT -
the First G-APD Cherenkov Telescope Proceedings
of 5th Gamma Ray Conference, Heidelberg 2012,
DOI: 10.1063/1.4772374

[10] T. Bretz and D. Dorner, MARS - CheObs ed. —
A flexible Software Framework for future Cherenkov
Telescopes. Astrop., Particle and Space Physics, 681.,
2010, por: 10.1142/9789814307529_ 0111

[11] K. Meier, et al. (FACT Collaboration) FACT -
monitoring of bright TeV blazars. These proceedings.
2014.

[12] A. Biland et al. (FACT Collaboration) FACT:
Towards Robotic Operation of an Imaging Air Cherenkov
Telescope Proceedings of 32nd ICRC, Rio de Janeiro 2013


http://www.hamamatsu.com/jp/en/product/category/ 3100/4004/4113/S10362-33-050C/index.html
http://www.hamamatsu.com/jp/en/product/category/ 3100/4004/4113/S10362-33-050C/index.html
http://www.hamamatsu.com/jp/en/product/category/ 3100/4004/4113/S10362-33-050C/index.html
http://dx.doi.org/10.1016/j.astropartphys.2008.12.001
http://dx.doi.org/10.1088/1748-0221/8/06/P06008
http://dx.doi.org/10.1088/1748-0221/8/06/P06008
http://dx.doi.org/10.1063/1.4772374
http://dx.doi.org/10.1142/9789814307529_0111

	Acta Polytechnica 54(3):173–176, 2014
	1 FACT — First G-APD Cherenkov Telescope
	1.1 Stability of the Detector

	2 Data Selection and Analysis
	3 Results
	4 Conclusions and Outlook
	Acknowledgements
	References

