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E-mail: segreto@ifc.inaf.it

ASTRI-Horn is the Cherenkov telescope developed by INAF and operating in Italy on the slopes
of Etna volcano. Characterized by a dual-mirror optical system and a focal plane covered by
silicon photomultiplier sensors, ASTRI-Horn is a prototype of the telescopes proposed to form
one of the path�nder sub-arrays of the Cherenkov Telescope Array Observatory in Chile. The
electronics of the ASTRI-Horn telescope, optimized to detect nanosecond burst of light, is not able
to directly measure any continuous or slowly varying �ux illuminating its camera. To measure
the intensity of the night sky background (NSB) in the �eld of view of the telescope, the �rmware
of the ASTRI-Horn camera continuously performs the statistical analysis of its detector signals
and periodically provides in output the "variance" of each pixel, which is linearly dependent
on the rate of detected photons; in this way, an indirect, but accurate measurement of the NSB
�ux is obtained without interference with the normal telescope operation. In this contribution
we provide an overview of several calibration and monitoring tasks that can be performed in a
straightforward way by the analysis of the "variance" data such as the camera astrometry, the
actual telescope orientation and the monitoring of its optical point spread function.
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Calibration and monitoring of the ASTRI-Horn telescope by using the night-sky background A. Segreto

1. Introduction

ASTRI-Horn [1] is the end-to-end prototype telescope developed by the Italian National Insti-
tute of Astrophysics, INAF, in the context of the Cherenkov Telescope Array Observatory, CTAO. It
has been installed in Italy at the INAF station Fracastoro (located at Serra La Nave on Mount Etna)
during Fall 2014. The ASTRI-Horn telescope is characterized by a dual-mirror optical system and
a curved focal surface covered by silicon photomultiplier (SiPM) sensors (7� 7mm2) organized
in photo detection modules (PDMs) managed by a fast front-end electronics based on the ASIC
CITIROC [2].

In a way similar to other telescopes designed to detect fast pulsed signals (like e.g. the Fluores-
cence light or Cherenkov radiation produced by air showers), ASTRI-Horn adopts an AC-coupled
readout electronics that provides several advantages like, e.g., the safe connection between elec-
tronic stages powered at different voltage levels and keeps the working points of the signal ampli-
�ers and the baselines of the ADC converters stable at a prede�ned value, against any variation of
the external background light.

The AC-coupling however, blocking any slow varying signal, makes the telescope blind to
the Night Sky Background (NSB) �ux (diffuse emission and stars) thus eliminating any direct
feedback from the sky in the telescope �eld of view (FoV). However, due to the fact that the light
is a sequence of photons described by a Poisson process, the individual electronic pulses generated
at the random photon arrival times, produce fast varying �uctuations in the total electronic signal
that are not blocked by the AC-coupling and, reaching the input of the ADC converter, add a noise
component which is dependent on the rate of detected photons.

While the mean value of the ADC pedestal is therefore independent of the NSB �ux, the
variance (square of standard deviation) of the pedestal �uctuations, s2, is linearly dependent on it,
being expressed by

s2 = s2
dark +s2

sky = s2
dark + k �Fsky

where s2
dark is the intrinsic variance of the electronics and the detector as it would be observed in

perfectly dark conditions, and s2
sky the variance induced by the external NSB �ux which is directly

proportional to the photon �ux, Fsky, illuminating the detectors.
This equation shows how measurements of the pedestal variance performed by the statistical

analysis of a sequence of consecutive ADC converter outputs, allow us to obtain an indirect measure
of night sky �ux brightness without requiring any additional hardware. The statistical accuracy that
can be obtained with this method depends on the number of ADC samples used for the analysis;
denoting with ds2 the statistical uncertainty on the variance estimated from NADC samples, and
assuming that the samples follow a normal distribution, its fractional uncertainty is expressed by
the formula [3]

ds2

s2 =
r

2
NADC�1

From this equation we obtain that by using NADC = 216 samples, the variance of the pedestal
noise is estimated with a statistical uncertainty of t0:55% and, assuming negligible the intrinsic
dark noise, also the photon �ux is estimated with the same accuracy level.
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