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Abstract

Imaging Atmospheric Cherenkov Technique (IACT) has provided very
important discoveries in Very High Energy (VHE) γ-rays astronomy for the
last two decades, being exploited mainly by experiments as H.E.S.S. [1],
VERITAS[2] and MAGIC[3]. The same technique will be used by the next
generation of γ-ray telescopes, CTA (Cherenkov Telescope Array), which is
conceived to be an Observatory composed by two arrays strategically placed
in both hemispheres, Northern and Southern. Each site will consist of sev-
eral tens of Cherenkov telescopes of different sizes and will be equipped with
about 5000 m2 of reflective surface. Because of its large size, the reflec-
tor of a Cherenkov telescope is composed of many individual mirror facets.
Cherenkov telescopes operate without any protective system from weather
conditions demanding mirrors to resist several environmental aggressions. In
order to fulfill the specifications on optical properties, mechanical behavior
and costs, different technological solutions are under study. Most of them
involve composite structures which behavior against ambient aggression has
not been exhaustively studied until now.This paper describes the experi-
ments carried out to test the robustness of optical and mechanical properties
of prototype mirror facets for CTA under real observation conditions. A ded-
icated facility was built at one of the Argentinean candidate sites to host the
CTA Southern array. We monitored the mechanical and optical performance
of the mirrors along one year and we study the behavior of the mirrors in
presence of water vapor condensation. The study presented here shows im-
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portant guidelines in the selection procedure of mirror technologies used in
future Cherenkov telescopes.
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1. Introduction1

The Cherenkov Telescope Array (CTA) will dramatically improve the2

current instruments’ sensitivity in a factor of ten for a broad energy range3

(from 50 GeV to 100 TeV), also achieving an angular resolution five times4

better than typical values of around 0.1◦. It will consist of over 100 telescopes5

operating in two different sites, in the Northern and Southern hemispheres.6

CTA is designed to allow the study of the origin of cosmic rays through the7

investigation of acceleration processes, black hole particle accelerators and8

the examination of nature beyond the Standard Model, searching for dark9

matter and effects of quantum gravity [4].10

The mirror facets is a crucial part of Cherenkov telescopes, therefore, it is11

necessary to test different manufacture techniques to find which one has the12

best cost/effectiveness ratio while keeping the desired quality requirements.13

Among several characteristics which determine the quality of a reflective14

surface, two main ones should be considered first in the qualification of a15

mirror facet: the Point Spread Function (PSF) and the reflectivity. The PSF16

of a facet is determined by its mechanical and optical properties. The size17

of the PSF should be typically smaller than the photomultiplier pixel. The18

reflectivity is given by the coating material and fabrication technique and it19

should be maximized between 300 and 450 nm. Current experiments [5, 6]20

use mirrors with aluminium as a reflective material and protective layers21

(e.g. quartz) to ensure resistance against weather conditions. These mirrors22

usually lose 3-4% of its reflectance per year [7], which requires re-coating23

every 5 years.24

This work aims to assist in the choice of both the mirror facets and the25

site where the Observatory will be constructed. In order to do that, we26

developed a facility in San Antonio de los Cobres (SAC), one of the proposed27

sites for CTA. The facility was constructed to study the behavior of prototype28

mirrors in the operational conditions of the site. The mirror facets proposed29

to equip CTA telescopes are large and heavy. The midium size telescope30

(MST) is going to have hexagonal mirror facets with 1.2 m face-to-face and31

weight around 25 kg. The dimensions of the facets and the remoteness of32
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the candidate sites make it difficult to transport them to a well equipped33

laboratory in order to measure its properties. To avoid these difficulties and34

still obtain relevant data, we developed this facility in SAC to measure the35

main properties of the mirrors as a function of the exposition time.36

We exposed two prototype mirrors from November/2013 until June/2014.37

One mirror was coated with aluminium and a quartz protective layer, the38

other one is a dielectric mirror. During this period, two PSF and reflectivity39

measurement campaigns were done, with the aim to analyze if the shape of40

the mirrors changed and if their reflectivity was damaged. We also studied41

the formation of condensation on its surfaces. We calculated the time the42

mirrors were condensed during the night, giving an estimation of the opera-43

tional time lost due to condensation if a Cherenkov telescope would operate44

in the SAC site.45

In section 2, we describe the experimental setup and the data taking46

procedure. In section 3, we analyze the data and in section 4 we conclude47

the study.48

2. Experimental setup and data taking49

2.1. Site description50

The San Antonio de los Cobres site is located at Lat. 24◦ 02’ 42.7” S51

and Lon. 66◦ 14’ 05.8” W, in the Province of Salta, Argentina. Altitude52

of the site is 3600 meters a. s. l. It is a flat area of approximately 4 km53

× 5 km surrounded by hills of hundreds of meters high above the plateau54

(see Fig. 1). In the region, a semi-arid continental climate dominates, with55

high temperature fluctuations between day and night. Since 2010, several in-56

struments have been installed to monitor the general atmospheric conditions57

(temperature, humidity, wind speed, etc.), the night sky background and the58

cloud coverage (see [8] and [9] for details).59

2.2. Installation60

Inside the fenced area at the SAC site, the two MST mirrors were installed61

in a suitable position for the tests. The system consists of independent62

structures to hold each mirror in three different positions: parking (mirrors63

facing down), observation (mirrors facing up, at -45◦ from the zenith) and64

test (mirrors in vertical position facing the horizon). During daytime the65

mirrors remain at parking position. After sunset, they move to observation,66

coming back to parking at sunrise. The mechanical structure was calculated67

3



in order to support by far the standard facets weight (∼ 30 kg) and to stay68

still under extreme wind blow.69

Each mirror is viewed by an IP camera (Ubiquiti AirCam 1) and images70

of the mirrors are taken every 10 minutes. In order to distinguish the fog or71

ice formation on the mirror surfaces when it happens, they are tangentially72

illuminated by high intensity white LED (SMD cold white 5060 2) during73

night (see Fig. 2) in order to increase scattering effects when water particles74

laid over the reflective surfaces. Temperature (DS18B20) and humidity (IH-75

4000) sensors are installed at the mirrors surface in order to permanently76

monitor their behavior.77

The complete system is controlled and managed by an SBC (Single Board78

Computer) TS-7260, which has a built-in Embedded Linux operating system,79

allowing the control of various associated devices using the RS232 ports avail-80

able (weather station, sensors and motor controller), control the IP cameras81

and a self-made communication system. With this system the meteorologi-82

cal data and camera images are acquired to be stored on a flash drive, the83

reflectors are switched on and the mirrors positioned automatically. A link84

that works through a high power outdoor wireless access point (model TL-85

WA5210G AP) with a grilled 24dBi antenna allows to transfer information86

to servers located in Mendoza, serving also for remote diagnostics and mon-87

itoring. After collecting the data (images and sensors data), the SBC is88

autonomously synchronized once per day to Mendoza servers. The data was89

available by a secured ftp server for the project members.90

Because the entire system should operate in an area lacking of an electric-91

ity grid, a photo-voltaic system powering the controller, the reflectors, the92

cameras, the engines and the communication system was installed. A scheme93

with the different components of the control system is showed in figure 3.94

2.3. Optical measurement setup95

A 2f system [10] was mounted in order to measure the PSF and focal96

length of the mirrors. The blueprint of the equipment is shown in figure 4.97

Its parts were a variable height tripod, a high-power blue LED collimated98

by simple lenses to work as a punctual source, a white screen to observe99

the image formed by the mirrors, a laser distance measurer to learn the100

1http:www.ubnt.com
2http://dled.com.ar/leds-5060-exterior
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distance of the system from the mirror and a commercial digital camera.101

The distance between the mirror and the screen was changed in steps of 50102

cm around the quoted 2f distance. A picture of the screen was taken and103

the size of the PSF was calculated as the radius containing 80% of the image104

light. Figure 5 shows an example of the pictures taken. We can determine105

the minimum PSF size and the 2f distance in a single experiment through an106

analysis of the size variation of the PSF with the distance between the light107

source and the image.108

The reflectivity of the mirror surfaces was measured with a commercial109

Ocean Opticsr spectrometer of the Jazr model. Jazr is a portable spec-110

trometer with a pulsed Xenon lamp, which emits light that is sent through111

an optical fiber to the mirror surface. The light is then reflected back to112

the spectrometer through a second optical fiber. Both fibers are protected113

by a metal tube. Since our measurements were made at daylight under the114

sun, a black head was adapted on the top of the tube where the optical115

fibers are located to isolate the analyzed surface from the background light.116

The spectrometer is built such that it can analyse wavelength-depended light117

intensities between 250 and 850 nm.118

Before each reflectivity measurement a dark and a reference spectrum119

were taken. The former is done by putting the reference mirror over the black120

head with the Xenon lamp turned off, and the latter with the lamp turned121

on. Due to the reduced width (radius) of the optical fibers, the spectrometer122

measure only the local reflectivity, which is defined as the ration between the123

measured spectrum and the reference one. In order to obtain an estimate of124

the global reflectivity of the mirror surface we repeated the measurements125

in twelve different points around the aluminium coated hexagonal mirror126

and in ten points around the dielectric circular one, as shown in figure 6.127

We quote an overall reflectivity of the mirror facet as the average of these128

measurements.129

During the period from November/2013 to June/2014, two different mir-130

rors were exposed at the SAC - Mirror Test System (MTS). One of the131

mirrors was build at INAF Brera [11] using the cold slump technique. The132

glass substratum is molded to the desired shape and coated with aluminium.133

We have also used a dielectric mirror taken from H.E.S.S. I telescopes [12].134

Out of 1600 mirror facets currently in use in H.E.S.S. I telescopes, 100 mir-135

rors were done with a dielectric coating. Details of the construction of these136

mirrors can be found in the references given above. We refer to the mirrors137

as aluminium and dielectric throughout this paper.138
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The mirror facets exposed in the SAC-MTS were concave and had quoted139

focal positions around 16 meters for the aluminium and 15 meters for the140

dielectric. The reflectivity, PSF size and 2f distance were measured with141

six months of interval, characterizing the deterioration of the mirror after142

exposition to the environmental conditions.143

During the night, a picture was automatically taken of each mirror every144

10 minutes. Figure 7 shows an example of the pictures taken by the automatic145

web-cams. The left figure shows a clean mirror and the right one a mirror146

fully condensed. These pictures were analyzed to extract the amount of time147

and area of condensation of the mirrors under the site weather conditions.148

Table 1 shows a summary of mirrors used in the experiments.149

3. Data analysis150

3.1. Variation of the 2f distance and of the PSF size151

Figure 8 illustrates the analysis done to determine the PSF size as the152

radius containing 80% of the light in the image formed by the mirror when153

illuminated by a point source. Figure 9(a) corresponds to the spot size of154

the aluminun mirror in November at 33 m. Figure 9(b) corresponds to the155

spot size of the dieletric mirror in November at 31.5 m. Figure 9 shows the156

PSF size as a function of the distance between the mirror and the screen on157

which the image was formed. The minimum PSF was calculated by fitting158

the data with two straight lines with a break point. The break point was159

allowed to vary in the fitting procedure. The distance of the minimum is160

the 2f distance. Table 2 summarizes the calculated 2f and the corresponding161

PSF size.162

It is clear from this analysis that the 2f distance and the PSF size did not163

change in both mirrors significantly in one month. The 2f distance changed by164

0.2 m in both cases. The PSF size changed only 0.1 cm in one case. However,165

the measured size of the PSF far from the 2f distance changed significantly166

for both mirrors as seen in figure 9. This changes were caused by different167

experimental conditions and therefore are an instrumental artefact instead168

of a change in the mirror shape. The illumination and background light were169

not the same in both measurements moreover the surface of the mirrors were170

dirty after one month of of exposition causing an increase of the PSF size.171
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3.2. Reflectivity measurements172

The environmental conditions, such as wind, rain and dust, are expected173

to damage the surface of the mirror, decreasing its reflectivity. The aim of174

our observations is to verify this effect. We took reflectivity measurements175

twice, the first time in December 2013 and the second one in June 2014. The176

relevant range for Cherenkov light observation is between 300 and 450 nm,177

therefore the analysis of the optical quality of the mirrors was made in this178

wavelengths interval.179

The reflectivity as a function of wavelength for both mirrors is shown in180

figure 10 for wavelength between 300 and 650 nm. The lines show the mean181

of all reflectivity values measured along the mirror in the positions shown in182

figure 6. The hatched zones represent the statistical fluctuation of the mean.183

For the aluminium mirror (figure 10(a)), the largest variation is at most184

3% in the ranges of 330-340 nm and 400-450 nm. The dielectric mirror (fig-185

ure 10(b)) shows no significant variation in its reflectivity between the data186

obtained in December/2013 and June/2014 for the wavelength range between187

300 and 450 nm. Two discontinuities in the reflectivity measurements at 520188

and 550 nm are shown. In this regions the variation of the reflectivity from189

December/2013 to June/2014 is larger than in other wavelenghts.190

3.3. Condensation calculation191

Figure 11 shows a color coded map of the aluminuim mirror in two oc-192

casions: when it was not condensed (a) and full of condensation (b). The193

vertical feature seen in the middle of the image is a support bar which is194

removed from further analysis.195

In extreme conditions as the one shown in figure 11, it is not hard to dis-196

criminate mirrors with some condensation, however when small parts of the197

mirror are condensed the identification must be done by a more sophisticated198

analysis. The first step of this analysis was to identify the pictures in which199

the mirror had some condensation. In order to do so, we calculated nine200

relevant parameters to classify each picture. The parameters were chosen201

due to its potential to discriminate a mirror with condensation from a mirror202

without any condensation. Four standard statistical parameters were calcu-203

lated for the pixel intensity distribution of each picture: average, standard204

deviation, kurtosis and skewness. Condensed mirror scatters more light and205

therefore the larger the average intensity is, the surface is more condensed.206

Condensation usually starts from the borders of the mirror and for a long207

time only a small part of the surface is condensed. In this cases, there is a big208
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variation of the intensity in the surface, increasing the standard deviation.209

The kurtosis is smaller for not-condensed mirrors, since they are expected210

to have intensities close to the average. And the skewness will be larger for211

condensed mirrors because of their intensity variation on its surface.212

Besides the standard statistical parameters, other five proposed by Har-213

alick et al. [13] were used to improve the identification of the mirrors with214

condensation: second angular momentum, contrast, correlation, entropy and215

inverse different momentum. Haralick parameters are widely used in image216

processing [14], pattern recognition [15], edge detection [16] and noise re-217

moval [17]. The second angular momentum gives the homogeneity of the pic-218

ture. Therefore, large second angular momenta are related to not-condensed219

mirrors. Contrast measures the local variation of intensities, being larger for220

not-homogeneous pictures. Correlation is a measurement of the linear de-221

pendency of the intensity over the image, varying greatly with the observed222

angle. It is larger for condensed mirrors than for not-condensed ones. En-223

tropy measures the randomness of the intensity distribution of the pictures,224

being smaller the more homogeneous a picture is. Therefore large entropies225

are related to condensed mirrors. And the last parameter chosen was the226

inverse different momentum, considered the inverse of the contrast.227

Figure 12 shows the distribution of the nine parameters for a set of 100228

images identified by visual inspection as mirrors with (50 images) and with-229

out (50 images) condensation. The nine parameters were used as an input230

for classifier mechanisms. We have used supervised algorithms based on231

Random Forest [18] techniques implemented in the Weka software [19]. The232

classification algorithm was trained with the 100 pictures classified by eye233

as condensed or not. The software combines the nine parameters and re-234

moves possible correlation. The output of the analysis is the classification of235

the picture as containing or not condensation. For more details about the236

classification techniques see references [18, 19].237

Table 3 shows the confusion matrix of the algorithm for both mirrors.238

The efficiency of the selection is similar for both mirrors. For the aluminium239

(dieletric) mirror, 92% (97%) of the mirrors known to be condensed were clas-240

sified as condensed. The set of mirrors known to have no condensation were241

classified as condensed with 7% (3%) for the aluminium (dieletric) mirror.242

The mirrors that were badly classified are below 10% of the total. The mis-243

classification percentage is going to be propagated into the final results. The244

set of mirrors which were selected to have some condensation is considered245

in the next step of the analysis.246
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In order to calculate which area of the mirror is condensed and for how247

long, it is necessary to know which pixels from the selected pictures are con-248

densed. The second step of this analysis is to identify within the condensed249

mirrors the condensed pixels. Each pixel in the picture corresponds to an250

area of the mirror.251

Figure 13 and 14 shows the pixel intensity as a function of the height in252

the mirror. Many pictures ( 100) have been analyzed by visual inspection and253

we have selected condensed and clean pixels along the height of the mirror.254

For the aluminium mirror, the first 30 cm were too illuminated, saturating255

the image. Therefore the first 30 cm at the top of this mirror (large Y values)256

are not considered in this analysis.257

Figure 13 shows how the dependence of the intensity of the reflected258

light by a clean (blue) and a condensed (yellow) region of the mirror is very259

different. We fit a second order polynomial function in the lower bound of260

the two sigma region defining the condensed pixels and used it as a selection261

curve. The region in orange in figure 13 shows the parameter space in which262

a pixel is considered to be obscured due to condensation or other effects.263

Figure 14 shows the equivalent plot for the dielectric mirror.264

Other effects may obscure the area of a mirror rather than condensation.265

The first analysis step selected mirrors with some condensation, however,266

many pixels in those mirrors are not condensed. Pixels corresponding to267

dirty or very wet (rain - big water drops) parts of the mirrors also scatter268

light in abundance. We have tried to identify some of the obscured but not269

condensed pixels, but we have not reached a high efficiency. Moreover, wet270

areas of the dielectric mirror reflects light in a very different way from the271

aluminium mirror. Pixels corresponding to wet areas in the aluminium mir-272

ror are often classified as obscured. On the other hand, pixels corresponding273

to wet areas in the dielectric mirror are often classified as clean. We esti-274

mated that the percentage of pixels corresponding to dirty or wet areas in275

the condensed mirrors sample is not larger than 5%. Therefore, the pixels276

selected as obscured according to figures 13 and 14 include areas which are277

not only condensed, but are dirty or wet as well. In this way, the following278

calculation of the time and area the mirror was obscured represents an upper279

limit on the condensation time for the aluminium mirror and a lower limit on280

the condensation time for the dielectric mirror. We use the word obscured281

from now on to remember the reader the mix between condensed, dirty and282

wet pixels.283

With each pixel classified as obscured, we calculated the time they re-284
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mained that way. Each picture represents ten minutes of observation time,285

and for both mirrors the total number of pictures taken is of the order of286

6000, providing us with 60000 minutes or 1000 hours of observation. The287

percentage of time each pixel was obscured is shown in figures 15 and 16,288

for the aluminium and dielectric mirrors respectively. The top part of the289

aluminium mirror was removed because the pixels were saturated in that re-290

gion. As mentioned above, a central column where a support bar was located291

was also removed from this analysis. We estimate that the misclassification292

of some mirrors and pixels represents a systematical uncertainty of 4% in the293

calculation of the obscured time.294

The Aluminium mirror 15 condensed mostly in the upper part. The red295

areas in figure 15 correspond to the maximum condensation time of 18%.296

The condensation sprays from the top to the bottom of the mirror. A large297

portion of the mirror is usually condensed.298

The dielectric mirror 16 showed a different condensation pattern. The299

upper and lower part of the mirror condensate more often while the inner300

part remains most of the time clean.301

In figures 17 and 18, we show the relation between the time and area302

obscured for both mirrors. The Aluminium (figure 17) mirror stays nearly303

75% of the time with more than 10% of its surface obscured, and 35% of the304

time with more than 80% of its surface obscured. The dieletric mirror (figure305

18) had only 18 to 26% of its area obscured in the period of observation.306

4. Conclusions307

Three tests were described in this paper: the measurement of the focal308

position variation, the reflectivity variation and the condensation time of309

prototype mirrors exposed to the Santo Antonio de los Cobres site condition.310

The PSF and the radius of curvature of both mirrors studied did not311

change significantly during one month of observation as seen in figure 9. The312

variation of the size of the PSF far from its minimum is an experimental313

artfact due to different experimental conditions.314

The reflectivity of both mirrors also did not change significantly during315

6 months of observation (figure 10). Previous experiments [7] have reported316

a variation of 3-4% of the reflectivity per year. Considering the same degra-317

dation speed one could foresee a variation of 1.5-2% in six months which is318

much smaller than the dispersion of our measurements as shown in figure 10.319

10



A method to identify condensation in mirror pictures and to classify ob-320

scured areas in the mirror was developed. The method uses image analysis321

and classification algorithms to reach a high selection efficiency. We used the322

developed technique to study condensation time and area of the prototype323

mirrors.324

We showed different condensation patterns in aluminium and dielectric325

mirrors in figures 17 and 18. The condensation tend to spray widely over an326

aluminium mirror and stays concentrated in small portions in the dielectric327

one. The estimated times of condensation represent a lower limit for the328

dielectric mirror and an upper limit for the aluminium mirror due to the329

different misclassification of wet pixels.330

The percentage of the condensed area influences the capabilities of the331

telescopes in several ways. In SAC, dielectric mirrors would have at least332

20% of its area obscured for about 2% of the operational time. Aluminium333

mirrors would have at most 20% of its area obscured for about 6% of the334

operational time. The relation between obscured time and area is given in335

figures 17 and 18. The amount of time with large condensation areas of the336

mirrors would be a serious limitation for a Cherenkov telescope to operate337

in SAC.338
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Origin Type Size (m)
Number

of exposed days
INAF-Brera Glass/Aluminium 1.2 (face-to-face) 103
H.E.S.S. Glass/Dielectric 0.30 (radius) 103

Table 1: Summary of the mirrors used in the experiment.

November/2013 December/2013
2f (m) PSF (cm) 2f (m) PSF (cm)

Aluminium 33.0 1.4 32.8 1.3
Dielectric 30.8 1.5 30.6 1.5

Table 2: Point Spread Function (PSF) size and 2f distance calculated for the two mirrors
in the two months in which the measurement was done.

(a)

Classification: Condensed Not-Condensed True:
92% 8% Condensed
7% 93% Not-Condensed

(b)

Classification: Condensed Not-Condensed True:
90% 10% Condensed
3% 97% Not-Condensed

Table 3: Confusion matrix of classification algorithm for (a) aluminium and (b) dielectric
mirrors.
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Figure 1: Panoramic view of the San Antonio de los Cobres site.

Figure 2: Experimental setup installed in SAC. The picture shows the mirror held by
its adjustable support, the LED stripe which illuminated the mirrors while the picture is
taken by the web-cam every 10 minutes.
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Figure 3: Comm diagram.

Figure 4: Blueprint of the 2f system used to take a picture of the image done by the
mirror under the illumination of a point source. The LED source and the screen target
over which the image was formed and the laser distance measurer are shown. The camera
which was used to take the picture is not showed.
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Figure 5: Pictures taken from the image formed over the screen of the 2f system. The
left picture is the image formed by the aluminium coated mirror close to its 2f distance.
The right picture is the image formed by the dielectric mirror close to its 2f distance. The
checked scale was used to determine the size of the PSF in centimeters.

(a) (b)

Figure 6: Approximate positions of the reflectivity measurements for the (a) aluminum
hexagonal and (b) dielectric circular mirrors. The measurements could not be taken in the
center of the mirrors because of the positioning of the sensors in their surfaces. Figures
not in scale.
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Figure 7: Example of pictures taken by the web-cam. The left image shows the mirror
without condensation. The right image shows the mirror completely covered by conden-
sation.
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Figure 8: Point Spread Function (PSF) determination for the (a) aluminium (at 33 m)
and (b) dielectric (at 31.5 m) mirrors. The central black dots show the barycenter of the
image from which the radius is measured. The black circle shows the radius containing
80% of the light which is the PSF size. The color code shows the light intensity ranging
from 0 to 256.
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Figure 9: Point Spread Function (PSF) as a function of the distance from the mirror to
the image for the (a) aluminium and (b) dielectric mirrors. The full and dashed lines
represent fits of the points. See text for the details about the fit.
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Figure 10: Reflectivity as a function of wavelength for (a) aluminium and (b) dielectric
mirrors. Data was measured in December/2013 (black dashed line - red contour) and
June/2014 (full blue line - blue contour). The hatched areas represent the dispersion of
the measurement done in 12 (aluminium) and 10 (dielectric) points along the mirror (see
figure 6).
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Figure 11: Color coded map showing the pixel intensity of the pictures taken from (a) a
not condensed and (b) a condensed mirror. The vertical feature seen in the middle of the
image is a support bar which is removed from further analysis.

20



MEAN
0 20 40 60 80 100 120

0

5

10

RMS
0 10 20 30 40 50 60 70

0

10

20

30

SKEWNESS
2− 1− 0 1 2 3 4 5 6 7 80

5

10

15

KURTOSIS
0 10 20 30 40 50 60 70 800

10

20

30

SECOND ANGULAR MOMENTUM 
0 50 100 150 200 250 300 350 4000

5

10

15

CONSTRAST
0 100 200 300 400 500 6000

10

20

30

CORRELATION
20− 15− 10− 5− 0 5 10 15 20

310×0

10

20

ENTROPY
80− 60− 40− 20− 0 20 40 60 800

10

20

INVERSE DIFFERENT MOMENTUM
0 5 10 15 20 25 30 35 40 45

0

5

10

15
CONDENSED

NOT CONDENSED

Figure 12: Distribution of the parameters used to discriminate condensed mirrors. See
section 3 for details. 21



Y (m)
0 0.2 0.4 0.6 0.8 1 1.2

In
te

ns
ity

0

50

100

150

200

250

Aluminium

Clean

Condensed

Obscured

Figure 13: Intensity of light in the picture of the aluminium mirror as a function of height.
The blue areas show the one and two sigma region for clean pixels. The yellow areas show
the one and two sigma region for condensed pixels. The orange area show the region for
which pixels were considered obscured.
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Figure 14: Intensity of light in the picture of the dielectric mirror as a function of height.
The blue areas show the one and two sigma region for clean pixels. The yellow areas show
the one and two sigma region for condensed pixels. The orange area show the region for
which pixels were considered obscured.
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Figure 15: Color coded map representing the percentage of time for which the area of the
aluminium mirror was condensed.
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Figure 16: Color coded map representing the percentage of time for which the area of the
dielectric mirror was condensed.
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Figure 17: Time versus percentage of condensed area versus integral of time for the alu-
minium mirror.
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Figure 18: Time versus percentage of condensed area versus integral of time for the di-
electric mirror.
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