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Determination of the energy and flux of the gamma photons by Imaging Atmospheric Cherenkov

Technique is strongly dependent on optical properties of the atmosphere. Therefore, atmospheric

monitoring during the future observations of the Cherenkov Telescope Array (CTA) as well as

anticipated long-term monitoring in order to characterize overal properties and annual variation

of atmospheric conditions are very important. Several instruments are already installed at the

CTA sites in order to monitor atmospheric conditions on long-term. One of them is a Sun/Moon

photometer CE318-T, installed at the Southern CTA site. Since the photometer is installed at

a place with very stable atmospheric conditions, it can be also used for characterization of its

performance and testing of new methods of aerosol optical depth (AOD) retrieval, cloud-screening

and calibration. In this work, we describe our calibration method for nocturnal measurements and

the modification of cloud-screening for purposes of nocturnal AOD retrieval. We applied these

methods on two months of observations and present the distribution of AODs in four photometric

passbands together with their uncertainties.
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1. Introduction

The Sun/Moon photometer CE318-T, installed at the Southern site of the Cherenkov Tele-

scope Array (CTA) in Chile, is part of the auxiliary scientific instrumentation developed for the

atmosphere monitoring and calibration of the CTA [1]. The photometer can measure day-time

and night-time evolution of the integral optical depth of the atmosphere with very high precision

in 9 photometric passbands (with the central wavelengths at 340, 380, 440, 500, 675, 870, 937,

1020 and 1640 nm) with high cadence of one measurement every three minutes. This allows an

understanding of the detailed characteristics of the atmospheric extinction and the underlying par-

ticulates, mainly aerosols.

The usual disadvantage of passive devices measuring AOD at night is the low incoming light

flux from stars. Using the Moon as a light source with brightness 105-times bigger than that of

the brightest star Sirius enables the photometer to reach a high signal-to-noise ratio and therefore

also a precision unreachable for star photometers. The only disadvantage is that the photometer

does not measure continuously at night but requires at least 40 % illumination of the Moon and its

altitude above 10 degrees in order to obtain reasonable precision of all measurements.

The photometer is a completely stand-alone device, equipped with built-in batteries, solar

panel, GPS synchronization and a control unit which enables autonomous measurements and data

acquisition. It was installed at the Southern site of the CTA in June 2016 and since then it col-

lected data until September 2016. In this work we present the analysis of the last two months of

observations.

Installed at a high altitude of 2154 metres above sea level, near Cerro Paranal, a place with

very stable atmospheric conditions, the photometer can also be used for the characterization of its

performance and for testing new methods of AOD retrieval, cloud-screening and calibration. This

is very important in the case of Moon photometry, which is still not completely optimized. In this

work, we discuss our calibration method for nocturnal measurements and modification of usual

cloud-screening for the purposes of the Moon photometry.

2. Calibration

The photometer is part of AERONET (AErosol RObotic NETwork)1, a wordwide network

of precisely calibrated instruments, which provides globally distributed observations of diurnal

AODs. It was calibrated for diurnal measurements in AERONET in November 2016, which allows

us to compare the results of our on-site calibration with those obtained by AERONET and to es-

timate systematic uncertainties of our AODs. However, photometry of the Moon and calibration

of nocturnal measurements is still not satisfactorily understood and AERONET does not yet pro-

vide calibration of the photometer for the purposes of nocturnal measurements. In order to obtain

night-time AODs we had to develop our own methods based on recently published papers.

For the purpose of diurnal calibration, the classical Langley method was used. The Langley

method is based on a simple linear fit of the equation (2.1) based on the Lambert-Beer’s law

lnV = ln(V0/R2)−Xτ (2.1)

1https://aeronet.gsfc.nasa.gov/
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λ σV 0CTA (V0CTA −V0AERO)/V0AERO

(nm) (%) (%)

340 1.51 1.15

380 1.38 1.92

440 1.17 0.66

500 1.05 0.92

675 0.76 0.41

870 0.64 0.34

Table 1: Precision of calibration constants for diur-

nal observation and comparison with AERONET.

λ σκ(|g|< π/4) σκ(|g|> π/4)

(nm) (%) (%)

340 – –

380 – –

440 0.63 1.77

500 0.41 0.97

675 0.26 0.61

870 0.28 0.55

Table 2: Precision of calibration constants for noc-

turnal observation for different Lunar phases (g).

where V stands for measured voltage, X for airmass, τ for optical depth, R for Sun-Earth distance

and V0 is the so-called extraterrestrial voltage, assumed constant in a given photometric passband.

According to the suggestion made by Shaw [3], only morning measurements on a short interval of

airmasses from 2 to 5 were used, because of more stable atmospheric conditions in the morning

than after noon. After a preliminary cloud-screening based on the AERONET V3 algorithm (see

further details in section 3) sigma-clipping was applied in order to reject outliers and remaining

measurements affected by clouds. Finally, only those fits with empirically estimated threshold on

RMS of the distribution of residuals as RMS ≤ 0.01 were kept and the final precision of the mean

values of V0 for each passband2 is listed in Table 1, together with its comparison to those obtained

from AERONET.

The case of calibration of nocturnal measurements is much more difficult, because illumina-

tion of the Moon varies with time and therefore also the extraterrestrial voltage strongly depends

on the phase of the Moon and the standard Langley method has to be modified. Barreto et al.

[4] developed the so-called Lunar-Langley method, where the extraterrestrial voltage V0 in each

passband is modified as V0 = I0κ , where κ is a calibration constant and I0 is an extraterrestrial

irradiance of the detector, which can be calculated using the ROLO lunar reflectance model [5].

The lunar reflectance in the ROLO model is given as a complicated empirically derived analyti-

cal function of geometrical variables like the absolute value of the phase angle, the selenographic

longitude of the Sun and selenographic latitude and longitude of the observer, respectively. These

variables have to be obtained with the use of some reliable source of precise ephemerides. In this

work, we used JPL (Jet Propulsion Laboratory) Horizons ephemerides obtained via the Python

library callhorizons.3

The accuracy of the ROLO model plays a critical role in the calibration. The authors of the

original paper quoted an accuracy of better than 1%. However, during our analysis it turned out

that after Lunar-Langley calibration, we obtained a lot of negative AODs or apparent nocturnal

cycles of AODs (see left Fig. 1), occuring when the calibration is wrong (e.g. [6]). This means

that κ is not really a constant and the extraterrestrial voltage, although corrected by the ROLO

model, still varies with time. This problem was independently found by Barreto et al. [2] and they

2The 937 nm passband is not included, because there is strong contribution of water vapour to absorbtion and the

total optical depth is therefore highly varible.
3Available at https://pypi.python.org/pypi/CALLHORIZONS

3












