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. 'é The PICARD mi;s;sion and thesc_iehtificobjecti'ves (115)

'PICARD is a SCIentlflc m|SS|on dedlcated to
__'the study of the Sun | bt

" Cycle 24 Sunspot Number (V2.0) Prediction (2016/10)
T T ks ﬁ T T T T ' T 1 T T I T T T T | T T T T

The Plcard mission ex-parids obServations of
~ the global parameters of the Sun in the hope
. _-of linking the varlablllty of its total and spectral
|rrad|ance to |ts geometrlc shape -
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1~ The PICARD mission and the scientific objectives (215)

o - Pans: 23430°E. 48.8581° N . 20111008 1200:42 (UTC) -

- PICARD is a space-based mission, which .

~ was launched on 15 June 2010 into a Sun

._synchronous dawn- dusk orblt (735 km
_Incllnatlon 98 29 ) R = :

-
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¥
PLATEAU CALERN

{

]'-_.-PICARD SOL is the ground based'_.'

component of the PICARD mission and

is operational smce " March 2011
: -(Calern France) — CA and LATMOS'.' |
- (CNRsS). A



~ 1-The PICARD mission and the scientiic objectives (3/5)

?f.1.,30'0,0'00_'i_magés :aclc'mi're_d_.'l', e T BN 150;0'100'i_mag?es,a_cquifr,éd'
~ PICARD hasrecordedmore ~ PICARD SOLoperates
thanf‘one’_mil—l_iOn:sbIar._images' RS nominally since 2011.

~ from June 2010 to April 2014. R .



1 — The PICARD mission and thescientific objectives (4/5)

Measure the solar d|ameter and the solar oblateness
(absolute values) and their changes over t|me ” --

: Measure the total solar |rrad|ance (TSI) in abs_olute and over tirne.__' ‘
| Impact on the cllmate ' - - . B

Establish the reIatlonshlp varlatlon of the soIar dlameter / change of the TSI (solar
parameter W). - - | | |

'Measure the varlatlons of the solar spectral |rrad|ance in the UV (mfluence on ozone and
,cllmate) - - -

Obsen/atlons of low- frequency acoustlc oscnlatlons and detectlon of the pmodes
(detailed study of the nuclear core and his dynamlcs) - -



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

 During the last 40 years, solar radius measurements from ground have been
performed. In particular, Francis Laclare started in 1975 a series of radius
measurements at Calern (Observatoire de la Cote d’Azur, France). -

“+ The origin of these varlatlons IS unclear It may be due to the observer the
atmosphere (turbulence) or the Sun |tself e

ece - Solar radlus can be derlved from observatlons durlng solar ecllpses since the
- 18th century | - -
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2 The SODISI\/I telescope of the PICARD space based m|SS|on |

is an 11-cm thchey Chretlen |mag|ng Front
telescope associated with a 2Kx2K Charge-

Coupled Device (CCD), taking solar images at
five wavelengths (215, 393 37 535 7, 607.1 and

782 2 nm)

window

Front 4 Bitams Secondary Primary 4
window P Mirror Mirror Photodiodes

SODISM main characterlstlcs

s = Telescope type thchey Chretlen | e _M
- Focal length: 2626 mm v |
- Field of view: 35 arc- mlnutes

-Angular resolution: 1.06 arc- second: | _ ! LR
- Dimensions: 300x308x370 mm3 | = L
: : : . Filters

- Mass: 26.4 kg Wheels
- Power: 30.6 W - - | | o
- Data flow: 2.2 Gbits per day = = Aperture ||~ o 3piezosat || Annular | gp e

-Onei image per minute | . Stop_| ne || Moo
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3 PICARD SOL our ground based facrllty

-- The maln objectlves of the PICARD SOL m|s3|on are: YT A
To understand the influence of the atmosphere on the soIar radrus measurements
To contrnue soIar radrus measurements wrth ground based |nstruments | |

arc seconds
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4~ Sonti fesyfe: ol esramsiry (sbsciuts vove). -

The tranS|t of Venus on June 2012 prowded a unlque opportunlty to determme the
| absolute radius of the Sun usmg soIar |magers The tranS|t was observed from space
'by the PICARD spacecraft | e e = S -

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

- N0|se removal (medlan fllter to remove outller plxels then a Gau53|an blur |s applled
to smooth the edges in the image). - o

- Extractlng contours (usmg a Sobel f|Iter and the Canny method)

"'.Horizo_ntal_:gradient ~Vertical gradient - NormOfthegradlent



4"— Sciehti,fic- résul_ts: solar' a_stromet_ry (absoluté value)'_

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

- Center detectlon using the Hough method

- Extracting the inflexion-point position (IPP)

- Characterizing the best fit (circle, ellipse, etc.)
- Determination of Venus radius and Sun radius
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4 SC|ent|f|c results solar astrometry (absolute value)_

Summarv of the PICARD solar radlus observations at dlfferent wavelenqths

A [nm] AN [nm] Radius at 1AU® S (arc-seconds) A (arc-seconds) Experiment
0.5 959.83 arc-seconds +0.15 +0.36 SODISM
0.7 059.86 arc-seconds +0.06 +0.20 SODISM
1.6 959.91 arc-seconds +0.19 +0.34 SODISM

0.7 961.360 arc-seconds +0.106 +0.387 SODISMII
0.5 959.777 arc-seconds 40,125 +0.194 SODISMII
0.7 05 ‘c-seconds +0.126 +0.185 SODISMI1
1.6 959.876 arc-seconds +0.099 +0.129 SODISMII
6.4 059.832 arc-seconds +0.181 +0.105 SODISMII §

- S represents the standard deviation of the mean value (0=1). - :
-A represents the absolute uncertainty (0=1) in the determlnatlon of the solar
radrus with random and systematrc errors. ' :

—&— PICARD - SODISM (space-based measurements)
"Chromosphere" —e—PICARD SOL - SODISM Il (ground-based measurements)
—e— PICARD SOL - SODISM Il (ground-based measurements)

Photosphere

Solar radius [arcsec]

600 700 1000 1100
Wavelength [nm]




4 Sciehti_fic results: solar astrometry (absolute value)
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- 4 — Scientific results: solar astrometry (solar radius variations)
‘Measurements of the solar radius are of great interest within the scope of the debate on the roIe of
the Sun |n climate change. -

POSS|bIe temporal varlatlons of the solar radius are |mportant as an |nd|cator of mternal energy
storage and as a mechanlsm for changes i in the TSI. ' -

Before corrections

PICARD oservtions SODISM

Configuration telescope change—

Eclipses periods
(from November—
to February)

AR [arc-second]

19— Sep -2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014

SODISM I

AR [arc-second]

11-May-2012 27-Nov-2012 15—Jun—2013 01-Jan-2014 &




4 — Scientific results:.solar astrometry (solar radius variations)

Astronomlcal refraotlon (Ref) |anuenoes the solar radlus measurements (more than 1
arc-seconds for observations made above 70° of zenith dlstance) that we obtaln from

|mages taken with SODISM II

SODISM Il

Daily mean
——Monthly mean
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| (Left) Evqutlon of the solar radii at one astronomlcal unit (uncorrected and corrected data for refraction with
mean value of k) smce the first measurements carrled out by SODISM Il in May 2011. . ..

Correotions are cla'ssios. _ ased r (PICARD SOL) were oorrected for
the effects of refraction by numerical methods.



4 — Seientifie _re_sul't's:.solar astrometry (selar_rad.i_us,'_ var’iatio_ne)' '
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- | (PICARD SOL) were corrected for the effects of (systematlc
bias linked with the Frled parameter (r0)). See Ikhlef et al., 2016




4 — Seientifie _re_sul't's:.solar astrometry (selar_rad.i_us,'_ var’iatio_ne)' '

Several physncal phenomena can lead to severe degradatlon of the optlcal performance of «
(PICARD). In the case of SODISM these effects entail solarlzatlon and
polymerlzatlon of molecular contamlnatlon( aun Jin space). .

== Normallzed tlme serles of mtegrated |ntenS|ty durlng the PICARD space mISSIon
9 ngh degradatlon in the UV | |
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4 — Scientific _re_sul't's:.solar astrometry (solar radius variations)

‘Two different solar absorption -
~ evolutions (optics, contour)

- There is a very strong
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launch, etc.) = |
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4 — Scientific _re_sul't's:.solar astrometry (solar radius variations)

--- Normalized time series evolution (contamination) -

--- Important -température change of SODISM front
“window  and .direct. ~impact on solar radius
measurements e ' '

- _Uoul
— a0 (daily mean) ) _ Config'ura'tion
s Elipses period modification
(from November of the telescope
to February) '

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



4 — Scientific results: solar astrometry :(Sc"_)lar_'rad.i_us;_ variations)

We developéd a end-to-end simulator to correct the “dat'a,” (thermo-optical effect). )

Fl |
,L__Fclxjo(z'xer)—l—CzXYo(fX?‘XC)
EoutXUXT .

. an_ =
ﬁ—Ao—FAlxexp(B—l)

E = exp (2i x 7t x Wp)

| Mrasse(t) = Flsopism(t) * Mryye(t)

- B ‘ 2 S | | TR Man'_ihStrUments héve. =
PSFsopism = (FFT2 (E))” |8 e - Vt_his_problem__ gk

‘Bi-dimensional fast
Fourier transformer. |

LDFsopism = () PSFsopism) * (LDF) |

Convolution -



4 — SC|ent|f|C results solar astrometry (solar radlus varlatlons)
Optical model | |
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4 — Scientific results: solar astrometry (Selar_'rad.i_us;_ variations)

Relation bet_weeh solar radius as seen by the instrumen-t and the. temp‘e'fature gradient
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the inflection point position method) as a
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4 — S’Cientific _re_sul't's:.solar astrometry (sc',)lar_rad.i_us,'_ var’iatio_nS)'

Afte_-r__cdrrections
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4 — Solentlflo results soIar astrometry (solar radlus varlatlons) '

.The flgure shows the

The most outstandlng feature is an area of - |

_ < but extending vertloally to about 45 and 80 days, and Iastlng for about seven
months (from the- ). Smaller patches of strong coherence can
-also be found over the mterval of the 16- to 35- days perlod most Ilkely related to the
-solar rotational perlod - -

Wavelet Transform
Coherence (WTC)
between sunspotand
SES. Solid contour
~ lines represent the 95
~ %confidence level.
- Arrows represent the
- relative phase between
sunspot and SES time
. series. The cone-of-
- influence is |
represented by the pale |
- areas at the vertical
edges of the figure.

0310 04411 011 0512 12 0613 01414




4 — S’cientific _re_sul't's:.solar astrometry (sc',)lar_rad.i_us,'_ var’iatio_nS)'

Impact of very small solar radius variations (<20 mas) on SSI models depending on periodicities?

Solar radius (SODISM II)
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4 — SC|ent|f|c results soIar astrometry (solar radlus varlatlons)' '
'It S |mportant to contlnue to measure this essentlal cllmate variable.

. The total solar |rrad|ance (TSI)is measured to vary by approxrmately
~ of +/-0. 05 % (over the last three 11-year cycles).: |
« Composite TSI time series (ACRIM PMOD), TSI space- -based

radlometers or models (SATIRE) hlghllght dlfferences for the soIar
minima. .

Link with solar radius and periodicities
Impact on the climate if the TSI trend is greater than 0.3 W m-

01-Jan-1980 01-Jan-1990 01-Jan-2000 01-Jan-2010
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'The measurements taken by the |nstruments on board the PICARD satelllte were
completed by the ground -based measurements 3 -

This has made it possible to understand and modeI the dlsruptlve effect of the Earth S
atmosphere on solar observations conducted from the ground. Among the ground-

based instruments, a replica of the SODISM imaging telescope coupled to a MISOLFA
_turbuIence monitor were and contlnue to be used. __ .

Measurements performed by mstruments on the PICARD mission have allowed us to
“establish the evolution of the solar radius durlng the rising phase of solar cycle 24. It
“highlights the complementarlty of the measurements made on the ground and outside
the atmosphere. For this, we deveIoped speC|f|c methods in order to correct the various
measurements - - |

Main results:

'-. Determlnatlon of the absolute value of the solar radlus B
 Weak wavelength dependence of the solar rad|us
Solar radius. var|at|ons Iess than 20 mas _



