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The origins of the timing method
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Durée de totalité fonction de

: Valeur de UT1 : position I'observateur (rotation de la Terre).
“|l Valeur de UTC : échelle de temps utilisée pour I’observation.
| Coordonnées de I'observateur.
Ephémérides de la Lune et du Soleil.
| Parameétres physiques de la Lune : libration, direction du péle de la Lune,
écarts entre le centre de masse et le centre optique.
Parameétres liés aux limbes lunaires : rayon moyen, ellipticité et erreurs
sur le profil.
Rayon du soleil.
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1st campaign during the 11 July 2010 eclipse
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Baily’s Beads
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The total solar eclipse of 14 November 2012

Track of the Total Eclipse
2012 November 13
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Total Eclipse
at Thornton Beach,
North Australia
on November 14, 2012
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The weather was cloudy with small showers on Thornton Beach
on the early morning of November 14, as seen of the
photometric readings. Hopefully, the skies opened up for about

half-an-hour at totality time.
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Totality at Lakeland (close to Thornton Beach)




Photometric
observations at
Thornton Beach
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Photometer | Counting | Sensitivity Latitude Longitude (W) Color Curve
(S) 16° 145° (Figure 4)

50 ms Variable 10.2968’ 26.5610’ green
1-100 dark green
10 ms 10 58A 10.2945’ 26.5629’ yellow
dark green
10 ms Variable 56 10.2889’ 26.5692’ red
1-100 light green
10 ms 100 96-0.6 10.2866’ 26.5720’ blue
neutral

Set up of the four MPSP-1 photometers (A, B, C, D)
deployed at Thornton Beach. Counting is the period of
the frequency counter in milliseconds. Filters are
identified by their Wratten number. The sensitivity is the
number of active cells of the photodiode (electronic iris).
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Thorton Beach Photometers Comparison
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Comparison of the 4 photometer light curves taken at Thornton
Beach. The light curves are embedded. This phenomenon is due to
the different wavelength responses for each photometer.
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Modeling the
photometric

observations at
Thornthon Beach



Modeling the photometric

observations
To be solved for (free parameters):
* Radius of the Sun

* Marine Aerosols (salt particules)=®» Beer’s Law [exp (-6 m)]

As a function of (fixed parameters):

e Equivalent radius of Moon limb (1736.645 km)

* Sun Limb darkening function

 Photometer calibration (laboratory)
 Photometer response (photodiode + optical filters)
* Sun/Moon ephemeris (IMCCE)

=» least-squares observed/computed



1.0

Sun limb )
darkening
function used to
reduce the §
observations
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Sun normalized radius

1
LDF(Rs, 1) = é =5 Wiy =

coming from a point at a distance r from the center of the solar disk, I denotes the intensity
coming from the center itself, A is the wavelength, h the Planck constant , ¢ the speed of light, k
the Boltzmann constant and Ts the temperature of the Sun surface. The relative radius r is by
definition r = R/Rs Where R is the quantity we are looking for, the radius of the Sun.
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Geometry of the contacts (courtesy Faury, Lamy LAM / Rocher, IMCCE)



Sun Radius: Results

Photom Formal Formal
eter Error Error ()
0.08

A 58A dark 695,845 959.42

green
58A dark Too - - -
green noisy
56 light 696,585 21 960.44 0.09
green
96-0.6 695,374 20 958.77 0.09
neutral

C (narrowband) compatible with Emilio et al. (2012): 960.12” + 0.09”
A (wideband) compatible with PICARD BOS (2013): 959.41" + 0.11“
D very large wideband



What’s next?

The processing of the 2012 campaign is not complete

-Still on going PICALI data analysis at LAM (Philippe Lamy) by comparison between
observed and theorical light curves based on Kaguya altimetry data to reconstruct
the lunar limb as seen by the instruments

- comparison of the results from the 6 photometers located at Thornton Beach (4
from UPF, 1 ‘old’ PICALI, 1 x100 PICALI) yet to be done

- then processing of the other photometers which have yielded reliable
observations: 3 on the Northern edge, 1 in the South

Then revisit of the 2010 data taking into account the expertise aquired for the 2012
data analysis

On going preparation of the forthcoming Total Solar Eclipse (Gabon,3 November)
for cross comparison of photometer data (UPF, PICALIs) high resolution image
timing

Submission of a proposal (J.P. Barriot, E.Quemerais,P. Lamy) to PNST for supporting
this approach taking into account that the CNES support in connection to PICARD
will not be extended



Conclusions

The origin of the attempts to monitor the solar diameter through total solar eclipse
photometry was to use the PICARD SODISM as a reference for an absolute value of the solar
radius and calibrate the eclipse observation data against them in order to initiate a long
term serie of solar radius records

The SODISM anomaly prevents to maintain this approach

The main question now is:

can this method provide a significant improvement for the monitoring of the solar
radius change on a long term scale?

and then, if positively answered,

which improvements in instrumentation and data analysis should be supported ?
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Photometers set-up on Thornton Beach, November 14, 2012, 5 am




Thornton Beach



Libration topocentrique Rappornt dos diamétres Lune/Soledl: 1,0379 NI = pdie nord do la lune
L 023 AT: 66 85s

b: 0,14 duT:034s

c: 16,49

Observatour

LaL: 16°47,024'S N

Lon.: 145%°41 S09E
Al 20,0m

Geometry of the eclipse
at Thornton Beach
. (courtesy X. Jubier)

Lieu: Vue Trinity Beach - TSE 2012 (Australia) Eclipse totale de soleil du 13 nov. 2012 Libration topocentrique:
Lat.: 16°47,024'S Facteur d'amplification de I'altitude lunaire: 1x I:-0,23°

Lon.: 145°41,909°E b: 0,14°
Alt.: 20,0m c: 16,49°
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Thorton Beach A 16d 10.2968 145d 26.5610
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Light curve at Thornton Beach with the photometer A facing the sea.

Red curve: raw reading, Blue curve: electronic iris switching. Local times for the
contacts were: 5:44:10 (first), 6:37:55 (second), 6:38:46 (third), 07:39:18 (fourth).
Approximate duration of totality was 102.5 seconds.



Data(red), Modeled(blue) and Sensitivity(green)
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The Lakeland Downs Hotel * ﬂ
M Solar Eclipse
Wednesday 14" November 2012
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Coordonnées géographiques de I'observateur
(saisissez votre localisation [Convertisseur Lat/Lon DMS<->DD] et fuseau horaire)
° Recherchez votre lieu par nom @ Recherchez votre fuseau horaire (page Internet)

102068 " [s[¢] —=> -16,17161°

Longitude : 145 26561 | |E[w] —> 145,44268°

Altitude : D meétres
Fuseau horaire : : IEB I(Heure d’hiverlnormale)EI

Calculer les circonstances de I'éclipse |

Latitude : 16 ¢

4

Prédiction des circonstances locales de I'édlipse
(pour les coordonnées ci-dessus avec AT=66,9s)

Phase Date Heure Alt Azi P v CL

Début de I'eclipse partielle : ["414/112012 | [ 0544103 |[ +0087 [ 10887 [ 2867 | 108

(1" contact)

Debut de I'eclipse totale : 441112012 | [ 06:37854 | [ +1317 [ 10557 [ o73|[ 061 | |
(2™ contact)

Maximum de I'éclipse : | 141102012 | | 06:38:464 || +1337 | 10547 | 1987 | 020

Fin de éclipse totale : | 1411172012 | | 06:39:378 || 1357 | 10547 | 322 098 |
(3=™%= contact)

Fin de l'eclipse partielle : 44412012 | [ 07:39:185 | [ <2747 [ 1025 109 | 051

(4=™%= contact)

Type d'éclipse : Durée : |1m 42 5s | |[2m 03,8s] | Degré d'obscuration : |100,00%
Grandeur de |'éclipse : 1,00797 Rapport Lune/Soleil : 1,03690 Afficher le profil du limbe lunaire

Peénétration dans 'ombre : 43,2% Libration lunaire | : l-12,50° l b: l-0,12° l c: l16,18° l




KEPLER LightGreen56(red), DarkGreen58a(green), Neutral96-0.6(blue)
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spectral response of the photodiode; joint
response of the Kepler Neutral filter 96-0.6 and the photodiode;
Bold green: joint response of the Kepler Dark Green filter 58A and
the photodiode; Bold red: joint response of the Kepler light Green
filter 56 and the photodiode



raw photometer units
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