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Abstract. The High Energy Stereoscopic System (H.E.S.S.) is an array of imaging atmospheric Cherenkov telescopes (IACTs) located in Namibia. It was built to detect Very
High Energy (VHE, >100 GeV) cosmic gamma rays, and consists of four 12 m diameter
Cherenkov telescopes (CT1-4), built in 2003, and a larger 28 m telescope (CT5), built in
2012. The larger mirror surface of CT5 permits to lower the energy threshold of the array
down to 30 GeV. The cameras of CT1-4 are currently undergoing an extensive upgrade,
with the goals of reducing their failure rate, reducing their readout dead time and improving the overall performance of the array. The entire camera electronics has been renewed
from ground-up, as well as the power, ventilation and pneumatics systems, and the control and data acquisition software. Technical solutions forseen for the next-generation
Cherenkov Telescope Array (CTA) observatory have been introduced, most notably the
readout is based on the NECTAr analog memory chip. The camera control subsystems
and the control software framework also pursue an innovative design, increasing the camera performance, robustness and ﬂexibility. The CT1 camera has been upgraded in July
2015 and is currently taking data; CT2-4 will upgraded in Fall 2016. Together they will
assure continuous operation of H.E.S.S at its full sensitivity until and possibly beyond
the advent of CTA. This contribution describes the design, the testing and the in-lab and
on-site performance of all components of the newly upgraded H.E.S.S. camera.
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1 Introduction
The H.E.S.S. experiment is situated at 1800 m hight in the Khomas Highland of Namibia. The ﬁrst
four telescopes (CT1 - 4) were built in 2002 - 2003 (H.E.S.S. phase I). They are arranged in a square
with 120 m side length and have 12 m diameter. In summer 2012 the ﬁfth telescope (CT5) with a
diameter of 28 m was build in the middle of the array (H.E.S.S. phase II). The larger mirror of the new
telescope lowered the array energy threshold from ∼100 GeV to ∼30 GeV and increased the array
trigger rate from (200 - 300) Hz to more than 1.5 kHz. The dead time of the old H.E.S.S. phase I
camera was ∼450 μs, which is much bigger than the dead time of the modern CT5 (∼15 μs) and is
not suitable for such high rates. Thus, signiﬁcant fraction of the triggered events is recorded only by
CT5, limiting the performance of the array.
Thereby, one of the main goals of the H.E.S.S. phase I upgrade is to reduce the dead time and to
increase the number of recorded stereoscopic events. The second reason for the upgrade is the aging
of the electronic components. The cameras of CT1-4 have been operating in the desert environment
for more than 10 years leading to an increased rate of failures. To avoid further degradation, the
electronics and cabling of the cameras are renewed during the upgrade.

2 Camera components
As it is seen from ﬁgure 1 most of the electronic components of the camera were replaced. Only
photomultiplier tubes (PMTs), their bases, single photoelectron (ph.e.) and ﬂat ﬁelding units for
calibration are the same.
The upgraded camera has a new concept for the ventilation system. Instead of many small fans
located inside the camera body now there is a single fan on the back door. It increases air pressure
and prevents dust accumulation inside the camera. In addition it can heat or cool air if needed. A
new back door design was developed for the upgraded ventilation system. However this increased the
weight of the back door and required two pneumatic cylinders to open and close it.
Behind the back door there is a rack with back-end electronics. It includes a power distribution
box (PDB) and a drawer interface box (DIB). The PDB provides power to the front-end electronics.
The DIB is one of the most important components in the camera and is responsible for the interface of
the calibration units, ventilation system, number of diﬀerent sensors, GPS timestamps for the events.
Its most important component is the camera trigger.
2.1 Front-end electronics

The telescope camera contains 960 PMTs arranged in 60 modules (16 PMTs in each) which are called
drawers. A drawer includes two analog boards and one slow control board. Each analog board obtains
signals from 8 PMTs. The signals are pre-ampliﬁed and sent in tree diﬀerent channels. One of them
is a trigger channel and two others are related to readout (low and high gain).
The trigger channel is fed to a comparator. If the signal is high enough (several photoelectrons)
then pixel is triggered (level 0 trigger) [1]. The level 0 trigger signals are routed to the DIB, where
N-majority trigger is built out of 38 overlapping groups of 64 pixels each. This is the camera-wide
trigger (level 1), which helps to reduce night sky background (NSB) and identify useful data (air
showers).
At the same time in readout channels signal gets into NECTAr chip [2] where it is sampled, stored
and digitised. There are two capacitor arrays for the signal storage. Each of them has a length of 1024
cells, but if camera is triggered only 16 cells will be read.
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Figure 1: Schematic illustration of upgraded H.E.S.S. camera

2.2 Tests

More than 270 drawers were tested at DESY (Zeuthen) with several test setups. A copy of the camera
body (CopyCam, ﬁg. 2, left top) was used for tests of the ventilation system, back door mechanics,
pneumatics, centre camera trigger etc. The MiniCam is a dark box for four drawers with PMTs, which
oﬀered a possibility to check the function of front-end electronics in realistic conditions.
One more test bench (ﬁg. 2, left bottom) was used to check basic functionality of the electronic
components and test the drawers without PMTs. Specially for this setup 8-channel pulse generator
was developed. It can generate negative pulses with ∼1 ns rising and falling time and amplitudes from
∼0.6 mV to ∼300 mV. A number of diﬀerent characteristics were tested here: low gain (LG) and high
gain (HG) linearity, cross-talk, pedestal noise, trigger path etc. An example of the linearity test results
is illustrated on ﬁgure 2 (right). High gain shows linear behaviour from 0 to ∼200 ph.e., low gain
from ∼30 ph.e. to 4200 ph.e. Deviation from linearity do not exceed 2%.

3 Status of the upgrade
The ﬁrst camera (CT1) was upgraded in summer 2015 and since March 2016 has been included in
regular observation. The upgrade of other three cameras started in September 2016 and currently they
are in the process of commissioning. Monte-Carlo simulations for the upgraded cameras are ongoing.
For that purpose CORSIKA [3] and sim_telarray [4] are used. First results showed good match
between the simulated trigger rate and the observed one with real upgraded camera.
H.E.S.S. phase I upgrade allows us to keep H.E.S.S. operating in a stable regime and improves the
sensitivity of the lowest and highest energies. New fast readout electronics gives us the opportunity
to lower the trigger threshold and as a result collect more stereoscopic events at energies <100 GeV.
In turn, the optimisation of the length of the readout window could improve reconstruction of high
energy events. Moreover, the current upgrade of the H.E.S.S. telescopes is a great opportunity to test
new electronics, software and algorithms for the future ground based experiments.
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Figure 2: Left: testing setups at DESY (Zeuthen) - CopyCam (top) and test bench with pulse generators (bottom); right: result of linearity tests.
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