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Cimel CE318-T

Sun/Moon photometer for Cherenkov
Telescope Array

Installed at the Southern CTA site close to
the Cerro Paranal in Chile (2154 m.a.s.l.)

9 photometric pass-bands, control unit
with 32 GB internal memory, standalone,
GPS synchronization, integrated in
AERONET network providing diurnal
AODs - cross-check of our methods

High cadence of measurements — all
pass-bands every three minutes

High precission:
Uncertainties in AOD < 0.01 (diurnal) and
< 0.02 (nocturnal) in 500 nm pass-band




Cimel CE318-T

 June — September 2016:
measurements at the site

« September - November 2016.
diurnal calibration in Goddard

 March - June 2017:
measurements at Pierre Auger
Observatory, cross-calibration campaign
with Raman Lidar and FRAM telescope
(processing is still in progress..)

« Since August 2017:
back at the CTA-S site and measuring..




Calibration: diurnal measurements

 Field photometers are usually calibrated (diurnal measurements only) at
GSFC by comparison with several master instruments.
 The photometer is placed at almost perfect place — we can calibrate by

ourselves with the use of long time-base data.

 Calibration of diurnal operation mode is straightforward — classical
Langley method.
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« Labert-Boguer’s law
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where V|, is extraterrestrial voltage
(calibration constant), R is distance
of the Sun, m is airmass and 7 is
optical depth.



Calibration: diurnal measurements

A\ OV0 OTA (Vo C’I{% ;;/;gERO)
(nm) (%) ()
340 1.4 2.4
380 1.2 2.8
440 0.9 1.4
500 0.9 1.2
675 0.7 0.6
870 0.6 0.4

Table 1: Precision of calibration constants for diurnal observation and compar-

ison with AERONET.

e Uncertainties of VO within (0.6, 1.4) %

 Differences between our and AERONET calibration within (0.4, 2.8) % -
under 2 % if we calibrate on data from 2016 only — consistent with
declared stability of VO for the photometer ~ 1 % change per year



Calibration: nocturnal measurements
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« But there is a big problem with Lunar-Langley method — Phase dependence of
calibration ‘constants’ — imperfection of the ROLO model?

 If we assumed x really is constant, we got wrong AODs — strong dependence on

airmass, many AODs < O (see also Barreto et al. 2017)
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Calibration: nocturnal measurements

» Methods of solution:

« Barreto et al. 2017 kept the k constant and fitted differences between
extrapolated diurnal AODs and measured nocturnal AODs by polynomial
function of Moon phase, modulated by airmass.

e Our approach is to say that x is no longer ‘constant’, measure many Lunar-
Langleys and fit dependency k(g) with a third order polynomial.
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Calibration: nocturnal measurements

» Before our correction..
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Calibration: nocturnal measurements

o After our correction..
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Calibration: Apollo correction

« Calculated ROLO spectrum of the lunar reflectance is too ‘spiky’ and has to be
smoothed before calculation of lunar irradiance for each time of observation.

_19 ROLO reflectance
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Calibration: Apollo correction

Calculated ROLO spectrum of the lunar reflectance is too ‘spiky’ and has to be
smoothed before calculation of lunar irradiance for each time of observation.

The real spectrum has been measured on lunar surface samples brought during
Apollo missions. But just for specific configuration of source of light and the
sample and for specific composition (breccia and soil) of the sample — average
composition of illuminated lunar surface probably varies with lunar phase.

The measured spectrum can be used for correction of the ROLO spectrum, but
the way how to do it is still matter of intensive discussions..

Our correction is based on suggestions given by Tom Stone:
« fixed soil and breccia ratio since we don not know how it changes with lunar
cycle
« fitting the spectrum on ROLO just by vertical stretching and shifting
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Apollo fitted on ROLO
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Calibration: Apollo correction

» Results strongly depends on the way of Apollo correction!
 Maybe one of causes for the ROLO phase dependence..
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Cloud-screening

Triplet stability criterion, diurnal measurements
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Cloud-screening

Triplet stability criterion, nocturnal measurements

AERONET has no algorithm for cloud-screening of nocturnal measurements.

0.014}
0.012}
0.010}
. 0.008}
0.006}
0.004|

0.002+

0.000

s BB O IRYE .0 "

.w-&t sb N et
mw

Pl

m‘mJ.v'l.o LI L T )

..mm

¢ PRyl I Y 0 B Blaed, e .

jD(2457640 0+}

16

 In case of lunar measurements, At
strongly depends on phase of the
Moon and the criterion has to be
modified

 The dependence seems to be
parabolic
- We modify the criterion like

A7 < max([0.005,0.0157] P(g))
P(g) = 0.8¢> — 0.2|g| + 1
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Cloud-screening

Smoothness check, diurnal measurements

« AERONET V3: OK if AAOD(500 nm) < 0.01 per minute, measured from each pair
(AODJi+1] — AODIi]) / (ID[i+1] - JD[i]) — threshold is 14.4 day™

« But in our data out-liars correspond with values of AAOD/AJD > 1.
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Cloud-screening

Smoothness check, diurnal measurements

« AERONET V3: OK if AAOD(500 nm) < 0.01 per minute, measured from each pair
(AOD[i+1] — AODIi]) / (IDJ[i+1] - JD[i]) — threshold is 14.4 day™
« But in our data out-liars correspond with values of AAOD/AJD > 1.

« We lower the threshold like: OK if AAOD/AJD < 1 day™
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Cloud-screening

Smoothness check, nocturnal measurements

 In case of nocturnal measurements, the situation is again more difficult, AAOD/AJD
IS phase dependent
« Our approach is the same as before: AAOD/AJD < 1.4P(g)
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Question of diurnal trends

« Alot of observations show increasing AOD during the day — is it real change of
AOD or rather some systematic effect?
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Question of diurnal trends

« Alot of observations show increasing AOD during the day — is it real change of
AOD or rather some systematic effect?

AOD 500 nm
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e Can it be caused by temperature
instability?
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Question of diurnal trends

« Alot of observations show increasing AOD during the day — is it real change of
AOD or rather some systematic effect?

== Photosensitivity temperature characteristics
e Can it be caused by temperature
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Updated AODs: Uncertainties

Systematic uncertainty estimated from differences between our and Aeronet’s
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Thank You for Your attention
jurysek@fzu.cz

25



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

