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1—The PICARD mission and the scientific objectives (1/5)

PICARD is a SC|ent|f|c m|SS|on dedlcated to ";ffi'-*
the study of the Sun ot 3

'- .The name of the mlssmn ‘comes from Jean RO A
“Picard (1620- 1682), a pioneer of precise N LS
“modern  astrometry, who observed the  "'7
- sunspots, and measured the|r rotatlon veloc:|ty S

"and the solar d|ameter P

-_The-_PiC_a_rd _miSsi_on expands observations of -
the global parameters of the Sun in the hope
of linking the vanablllty of its total and spectral P

: |rrad|ance to its geometnc shape =




1= The PICARD mission and the scientifc objectives (2/5)

\ L~ PARIS
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— VA

PLATEAU CALERN

Pans: 234307 E. 48.8582" 2011-10-08 1200:42 (UTC)

E PICARD IS a space mlssmn WhICh was T ..'PICARD SOL |s the ground component_
successfully launched on 15 June 20100 of the PICARD mission and |
into a ‘Sun synchronous dawn -dusk Or'blt"_.-.. ~ operational since March 2011 (Cal._ern,'-_-";
.(735 km Incllnatlon 98 29 ) ~ France)- OCAand LATMOS (CNRS).



1 —The PICARD mission and the scientific objectives (3/5)

4.1'3'00 ooo'imé'gés 'acqui'redf | :f 7 .' 2 100 000 Images acqwred

PICARD has recorded more - S ___PICA_RD'SO_L_.operate‘s._..... SEEa
-~ than one million solar images - nominally since 2011.
~ from Ju_n_e_2010toApr|I 2014. SR S B



1 -The PICARD mission and the scientific objectives (4/5)
.Measdre_t'he;di'ameie_r_ of the Su_nj(abSo'IUte'-'VaI_U_fe-)'and’ i'ts'v_aria_tions-o\-_/er time.

Measure the varlatlons of the solar spectral |rrad|ance over trme

S AnaIyS|s of spectral |rrad|ance observed by PICARD/SODISM and I|nk W|th SOLAR/
SOLSPEC. -
> Cru0|al for our understandlng of soIar var|ab|I|ty and and |ts |mpact on Earth cllmate

£ _PlCA_Ro/soorsM |

- SOLAR/SOLSPEC



1 - The PICARD m|SS|on and the sc:lentlflc obJectlves (5/5)

Var|ab|I|tv of the solar radlus and maqnetlc f|eId

Why |t varles ? What |s the |mpact on the var|ab|I|ty of the spectral |rrad|ance ’? '- | : o

;Tlme var|at|on of the solar radlus

% Ianuence of inner magnetlc f|e|d ?
= Otherinfluences ? SraT T
o Order of magmtudes measurable or not ’? |

Corona

Core

Radiative zone

Convective zone

Flare

Structure of the Sun

Eruption

/el

et '_ Chromosphere

Photosphere Prominence

Transition region /

-1)Thef|rststep |sto g
~determine the evolution of the
. solar radius during the rising
i phasedf Solar'cyCI-e_24-..' !

- 2) Next we W|I| determlne the:-. .
_ evolution of the spectral solar 5!

rrradlance over t|me |
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2 The PICARD/SODISM space mstrument (1/3)

1SV is an 11 cm thchey Chretlen |mag|ng telescope developed at CNRS by
LATMOS (ex Service d’Aéronomie, France) associated with a 2Kx2K Charge Coupled
DeVIce (CCD) taklng solar i |mages at flve wavelengths

Front

SODISM main characterlstlcs .- window |

- Telescope type thchey Chretlen
e —'.Fo_c_:al length:-2626 mm_ Y
% --..'Field"of'-v_ie'vy:'.35 '_a:ro_-min.utes-__ 5 |
- A"n'gdlar reso.l'utio'n-' 1' | 06 arc-seo; '_
- Dimensions: 300x308x370 mm®
- Mass: 264 kg |
i Power 30. 6 W
.- -. | - Data flow 2 2 Gblts per day

-- - One image pe_r mlnute_.




2 The PICARD/SODISM space mstrument (2/3) i

optlcal path and mterferentlal filters Characterlstlcs
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- 2-The PICARD/SODISM space instrument (3/3)

SODISI, an imaging telescope
‘with a lot of mechanisms and
- many technology
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3 PICARD SOL our ground based faC|||ty (1/1)
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Measure the d|ameter of the Sun (absolute value)

Wlth PICARD/SODISM space mstrument



-47 ; SC'ien.’tific; re's_ullte

Solar radlus determlnatlon is one of the oldest problems in astrophysms
The tran | | prowded a unique opportunity to determlne the_

absolute radius of the Sun usmg solar i |magers The transit was observed from space by
the PICARD spacecraft | - | :

Radiance decrease
estimation

Venus _

Background
estimation

Hauchecorne, Meftah, Irbah et al., APJ, 2014

a Meftah, H_au'_checo'rne, Irbah et al., Sol. Physics, 2014



_ Method for determlnlng the radlus of Venus and the Sun (IPP method)

'-'" N0|se removal (medlan f|Iter to remove outller plxels then a Gaussmn qur |s applled
to smooth the edges in the image). E A
Extractlng contours (usmg a Sobel fllter and the Canny method)

I_-:I'or.i;onta'l grad|ent f - Vertical g‘l_"ad'ient o -_:“'- AN : '-'.'_N"or_m.of-_th_'_e".gradient_'— R



4 - Sc-ientific results

I\/Iethod for determlnlng the radlus of Venus and the Sun (IPP method)

- Center detection usmg the Hough method
- Extracting the inflexion-point position (IPP)
- Characterizing the best fit (circle, ellipse, etc.)
- Determination of Venus radius and Sun radius

g ‘5 ™
F
o/ Solar limb derivative Venus limb derivative
w2y ——607.1 nm (HM98 profile convolved with SODISM psf) —— Venus limb derivative at 607.1 nm (0° - equator)
——607.1 nm (COSI profile convolved with SODISM psf) Venus limb derivative at 607.1 nm (90° — pole)
% Limb intensity at 607.1 nm —— Venus limb derivative at 607.1 nm (180° — equator)
e Solar limb derivative at 607.1 nm ——Venus limb derivative at 607.1 nm (270° — pole)
/ SODISM measured
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4 - Scientific results

Last publication:
Marcelo Emilio et al., |
Paper ac., 2014 7

~ 959.7 arcsec.
pie

L *A O
P _______T___ S

+  Canonical solar radius:
I 959.63 arc—seconds X

©

o))

S
©
o))
o
3

Solar astrolabes

Solar eclipses

Heliometer

Meridian transit time

Mercury transit

Transit time

Venus transit

Photoelectric drift scan
'c Others...

Solar eclipse (Sri Lanka, 2010)

SDS (last revision)

SoHO-MDI ]

Picard-SODISM 1 O058.5+ b

SDO-HMI 1 1

955

©
a
©
[3)

©
(o
o

%)
°
c
@)
O
i O
T
O
P
S,
%)
=
ol
©
| -
| -
o
@)
w

Solar radius [arc—seconds]

1970 1980 1990 2000 2010 2020
Year Year

The work of the physicist'_is to e'stabli.sh a rigorbus unlc_e'rtain'ty -budg_et'.'



e -Measure the solar diameter variations over time
A) With PICARD ground-based facility _



4 ~ Scientific resullts

Measurements of the solar rad|us are of great |nterest wrthln the scope i the debate on the role of
the Sun in climate change. | _
Possible temporal variations of the soIar radlus are |mportant as an |nd|cator of |nternal energy'
storage and as a mechanlsm for changes in the TSI. ; - -

Space observatlons are a priofri most favorable however space entarls a harsh enV|ronment
On ground the mstruments are affected by atmosphere |

PICARD observations | s0D|SM

Eclipses periods
(from November—~
to February)

AR [arc-second]

24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014

SODISM lI

AR [arc-second]

24—OCt—201 1 11-May-2012 27-Nov-2012 1 5—Jun—201 3 01-Jan-2014 |8




4 - Scientific results

(PICARD SOL) were corrected for the effects of refraction and turbulence by
numerical methods. | ' R T S S e .

> .Sol_dr radius variations AR 4 <5 0 mas

| Monthly
300 * DORAYSOL average
¢ SODISM II data

?g,.

Daily sunspot
number
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‘Meftah, Corbard, Irbah et al., Ground-based r'neasurementsl of the solar diameter dufin_g the rising phase of solar cycle 24, A&A, 2014 :



4 - Scientific results

Several phyS|CaI phenomena can lead to- severe degradatlon of the optlcal performance of |
_ (PICARD). In the case of SODISM these. effects entail solanzatlon and
polymeriz_a'tion of molecular contamlnauon. |

— Normallzed time senes of mtegrated |ntenS|ty dunng the PICARD space mISSIon
-.-9 ngh degradatlon in the UV | |
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4 - Scientific results

Polymerization of contaminants (UV)
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4 — Sc-ien'tific r'e.'s_ullts}

--- Normalized time series evolution (contamination)

== Important -température change of SODISM front
‘window and _direct; impact on solar radius
measurements ' - ' ' -

45 _T—rT—1—T_I_V_T_T_f'ﬁ|—T_Tﬁ_f1_1—I’—r—I_r‘hW_7_T—1_T_T_Tﬁ_T—F_IY'—T_‘ —y 11T T [ T—r 1 171 _'T_I_
0 |
| 6™ (daily mean) ' _ Configuration
40 - put - Elipses period modification ———>
I (from November of the telescope ,
to February)

35 -

§ I
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19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-NOV-2012 15-Jun-2013 01-Jan-2014



4,'—Scien't'ific r'e.sulfé. e ‘

We developed a S_imU‘Iator to try to correct the “signal’ (t_heer_—OpticaI'effect').", |

F :
L__FC]x]o(z'xer)—l-szyo(fX?’XC)
SoutXU'XT 3

on

! . _ —
ﬁ—Ao-i—/hXexp(Bl) :
‘_ el | e | o MFalse(t) - FISODISM(t) * MTrue(t) |
| » - 2 | 7 Manyinstruments Kave .
PSFsopism = (FFT2 (E) )" RS R ythis-.problemi i

‘Bi-dimensional fast
Fourier transformer.

B LDFsopism = () PSFsopism) * (LDF) | |

- Convolution -

E = exp (2i x m x Wp)




4 - Scientific results

Relation between solar radius and temperature gradient -
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4 - Scientific results

The space environment (UV effeCts contamtnation thermal cycling, etc. ) eombined with initial -
defects in telescope calibration (astigmatism, position of the focal plane etc.) can degrade |
con3|derably the measurements taken by our mstrument -

| Solar_ med-els :
-COSI -

-HM98 % %o.oe
- Neckel2005 = &
_ E £

S = £0.04
SODISM PSF & 2

is predominant

960 970 960 970
X [arc-seconds] X [arc-seconds]

Evolutlon of the soIar limb f|rst derlvatlve (S|mulat|on) for dlfferent angular sectors
of the |mage ConS|stent with what we observe | -



4 - Scientific results

Temperature gradient evolution and uncertainty budde.t_ of the model

200 300 400
Number of days since T'0

~ Evolution of the front Wi_ndOW
temperature gradient.

500

Uncertainty sources Typical values Uncertainty Error on AT [°C] Uncertainty type

0.14 +0.001 +0.10 Test (S) & aging (R)
0.81 +0.01 +0.30 Test (S)
1.38W.m LK-! £004W.m—1.K-! 40.31 Test (S)
22°C +0.10 +0.03 Calibration & measurement (S)
1,362 W.m—2 +2.4W.m—2 +0.02 Measurement (S)
238 W.m 2 +6.0W.m—2 +0.02 Literature (S & R)

~20W.m—2 +9.0W.m—2 +0.02 Literature (S & R)

Uhcertainty- budget.

- Spectral reflection and transmission measurements were -

performed with-a spectrophotometer (Agilent Cary 5000 Uv-
NIS-NIR). The estimated tolerances are expected to be Iess

- than +/-1%.

- Near-normal IR reflectance measurements were performed in
accordance with ASTM E408 (with an IR Reflectometer model
DB100). The estlmated tolerances are expected to be less

than +/-1:5%. :

-etc...



4 — Scientific results

01/09/2010 - 01/10/2011: OLR (Outgoing Longwave Radiation) estimation with a resolution of the satellite position of 0.5 degres

IR flux used in the model (obtained with PICARD data).




4 — Scientific results

Sun (5778 K)

Earth (254 K)
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Solar s_pec_itrUm'_ used in the model (o_bt-éin_ed_ with PICARD data).




4 - Scientific results

it (PICARD) were corrected for the temperature effects and contamlnatlon S

9 ARn < 20 mas varzatzons durmg the rzsmg phase

| We find a smaII varlatlon of the solar radlus from space measurements with a typ|cal perlod|C|ty

gy F0 lll il
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Meftah, Hauchecorne, Irbah et al., Paperin prep. . B



4 - Scientific results

| 'Sp'eC_tra_-l .

gggigm ; ana|ysis
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B Period|0|ty analy3|s of the solar radius from few days to one hundred days )
- 6 days variations ? (very small) | - |
- 13 days, 27 days (very small variations)

- 40 days (very small variations) -
- 60 days (very small variations), etc...



4 — Scientific results

—— Sunspot
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Measure the spectral solar |rrad|ance varlatlons
overt|me | | SRR

© Work in progress...



4 — Scientific results

From Lean and Frohlich (1998)

MECHANISMS OF THE SOLAR
TOTAL IRRADIANCE CYCLE

Development of technics for faculae area with’
SODISM 393.37 nmimages (blind deconvolution)

_ 9 Ssli reédnstructlons durlng PICARD m|SS|on.
> Contributions on TSI variations dunng PICARD -

. mission
2.

Any residual TSI vanatlons from slower changes in e. g

~solar dlameter or convectlve patterns ?



4 — Scientific results

Threshold technique
d Curto et al. (Solar Physics, 2008) for example

| + Combination of different mathematical tools
(morphological operators, filters, threshold) seems to
be easier

@ + Most of the tools are already implemented
3 + Only improvements to be done

+ Possible improvements: data fusion of results

Bl obtained with other wavelengths, region-growing or

shrinking, additional filters, ...

- How to find or determine the threshold?

- The threshold may depend on the input image

| (contrast, ...)

- Detection of sunspots is easier than detection of
3 faculae

- Both techniques need a pre-processing step.

MRF (Markov Random Field) approach

Turmon et al. (Solar Physics, 2010)

+ Possibility to work with multidimensional data
(magnetic field, intensity, equivalent width)

+ Modeling of solar images in relation to solar
physics

+ MRF prior allows to take into account spatial
coherence of labels

- Bayesian framework: more complex computations,
possible longer time of execution

- Hypothesis on likelihood model and priors: GMM
(Gaussian Mixture Model) or IHM (Interpolated
Histogram densities): similar results

- Estimation step of unknown model parameters:
Expectation-Maximisation, Gibbs sampler

- Need of a training set or a threshold segmentation
for a first estimation?

Contact with Turmon on 09/01/2015...

| Possible improvement: remove limb-darkening spatial attenuation,...




Le cture de I'image (format

¥

Recherche des Images de longueur d'onde de 607 nmet1393 nm

4 — Scientific resul

Longueur d’onde 607 l | Longueur d’onde 393

Filre meédian

Opération de fermeture

Opération morphologique :

!

-hat tom- = -
Top-hat et Bottom-hat Re dime nsionnement de I'intensité

:

Amélioration de contraste

Déconvolution aveugle

!

Seuillage adaptatif

Egalisation d'histogramme : opérations
Détection des morphologiques (addition, top-hat, bottom-hat)

tdches solaires

5

Seuiilage surle complément

|

Region growing des facules

dé te ctées avec seull adaptatif par

région

v

Calcul nouvelle image avec régions

plus grosses et plus contrastées

v

Détection des facules par seuillage

Détection
Tracé des contours détectés surl'imagede | des facules
’ il
longueur d'onde de 393 nm
‘ r
Calculs des surfaces et du diamétre Différence entre les facules
l détectées sur I'image d’entrée et
surl’image 393 si besoin.
Affichage et/ou enregistrement de I'image

|

Ecriture des résultats dans un fichier Excel




4 — Scientific results
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3 Measurement of the photosphenc diameter dunng the tranS|t of Venus o

- Solar radlus vanablllty with SODISM and SODISM 2





