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

PICARD is a scientific mission dedlcated to
the study of the Sun - |

- The name of__the _mlssion comes from Jean
Picard (1620-1682), a pioneer of precise
_modern' astrometry, who observed the
sunspots, and measured their rotatlon velocity
‘and the solar dlameter P |

Cycle 24 Sunspot Nﬁmber Prediction (2015/08)
T ‘ T T T T ‘ T T T T | T T T T ‘ T T T T

The Picard missi_on- expands observations of
the global parameters of the Sun in the hope
of linking the variability of its total and spectral
Jirradiance to its geometric shape.

2010
Hathaway NASA/ARC




1 — The PICARD mission and the scientific objectives (2/5)

_ is a space mission, which was™~ RD 8 is the ground component

~successfully launched on 15 June 20100 ~  of the PICARD mission and is

into a Sun synchronous dawn-dusk orbit operational since March 2011 (Calern,
(735 km, Inclination; 98.29°). RLETA France) — OCA and LATMOS (CNRS)




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

© ~1,300,000 images acquired ~ ~100,000 images acquired
 PICARD hasrecordedmore ~ PICARD SOL operates
~ thanone million solarimages nominally since 2011.
- from June 2010 to April 2014. - . S




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

Measure the diameter and the solar oblateness of the Sun (absolute vaers) and their
changes over t|me | g -

Measure the total solar |rrad|ance (TSI) in absolute and over tlme
Impact on the cllmate

Establlsh the relatlonshlp varlatlon of the solar dlameter / change of the TSI (solar
parameter W). - | . | _, |

Measure the var|at|ons of the solar spectral |rrad|ance in the UV (|nfluence on ozone and
.oI|mate) - o

Observatlons of low- frequency acoustic oscillations and deteotlon of the p- modes |
'(detalled study of the nuclear core and his dynamlcs) | -




1~ The PICARD mi_ssion and the-Sciehtific o'bjeetives (5/5)

| Var|ab|l|tv of the solar radius, solar oblateness and maqnetlc fleld

| Why it varies ? What is the |mpact on the varlablllty of the spectral |rrad|ance '?

T|me varlatlon of the solar radlus

_ Influence of inner magnetlc f|eId ? -
- — Other influences ? |
- Order of magnltudes measurable or not ?

Granule Corona .
1) The first stepisto
~determine the evolution of the
~ solar radius during the solar |
| cycle 24.

) Next ‘we will determine the
_ evolutlon of the spectral solar _' |
irradiance over trme e |
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o T_he payload. of-the' PICARD mission (1/5)

'PICARD is a mlcrosatelllte of 130 kg mass
(CNES) dedlcated to the study of the Sun

‘Main instr'u'ments:

| (SOIar Diameter Imager and Surface
Mapper) Is an |mag|ng teIescope

(SOlar VArlab|I|ty PI-CARD) s a radiom'eter |

_ (PREC|sron MOnrtonng Sensor) s a
photometer and radlometer |

is an onboard electronics

Responsibility of the payload (LATMOS)
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2 — The PICARD/SODISM space instrument (3/5)

M is an 11-cm Ri_tchey'Chretie'n"imaging tele'sCope"'de'v'eIoped ‘at CNRS by'
LATMOS (ex. Service d’Aéronomie, France) associated with a 2Kx2K Charge Coupled
DeV|ce (CCD) taklng solar images at flve Wavelengths

Front

SODISM main characteristics: Front g

- Telescope type: Ritchey Ch retien

. Focai length: 2626 mm -
- Fié.ld"of.v_iew:'.35'ar¢-m-inufe's . |
- A'h'gular resdlut_idn-: 1.06 arc-sé.con.d
- DlmenS|ons 300x308x370 mm?3 3
- Mass 26 4kg |

' —_Power: 30.6 W
e - Data row:-2,2_GbitS -pér d_ay |

- One image per minute




2 — The PICARD/SODISI\/I space mstrument (4/5)

optlcal path and mterferentlal filters characterlstlcs

Front
window

Secondary

4 pnsms Mirror

Aperture : 3 piezos at
Stop Green Filter 120°

Bandwidth
- AN in nm
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' 2 The PICARD/SODISM space instrument (5/5)

o
£

IS, an imaging telescope
with a lot of mechanisms and
~ many technology
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3 PICARD SOL our ground based faC|I|ty (1/2)
©

During the 2012
transit of \_./enus




* 3— PICARD SOL, our ground-based facility (2/2)




SODISM-2
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~ Measure the diameter of the Sun (absolute value) =

~ With PICARD/SODISM space instrument




| 4. — -Sc-ientific resu_l'ts;

Solar radlus determlnatlon is one of the oldest problems in astrophysms
The tran 2 provided a unique opportunity to determlne the

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

Radiance decrease
estimation

Venus _

Background
estimation

L

| - B e * Hauchecorne, Meftah,ll_rbah etal., APJ,
Meftah Hauchecorne Irbah et al., Sol. PhyS|cs 2014 B . :




4 — Scientific resu_lts

'Method for determining the radiu‘S Of Venus and,the Sun ('IPP' method)'

N0|se removal (medlan fllter to remove outher plxels then a Gau33|an qur IS applled
~ to smooth the edges in the image).
Extractlng contours (usmg a Sobel fllter and the Canny method)

Horizontal gradient' S .. Vertical gfadient B S -~ Norm of the gradient




| 4 — Scientific resu_lts;

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

Solar limb derivative Venus limb derivative

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)

® Solar limb derivative at 607.1 nm Venus limb derivative at 607.1 nm (270° — pole)
AR
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SODISM Theoretical
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4 — Scientific results

Last publication:

Emilio et al., 2015
~ 959.7 arcsec.

©

o))

o
©
o,
o
[3)

Canonical solar radius:
959.63 arc—seconds

Solar astrolabes

Solar eclipses

Heliometer

Meridian transit time

Mercury transit

Transit time

Venus transit

Photoelectric drift scan
Others...

Solar eclipse (Sri Lanka, 2010)
SDS (last revision)

SoHO-MDI i
Picard-SODISM 958.5
SDO-HMI

955

©
a0
©
[3)

©
()
o

%)
©
C
o
o
i O
T
o
=
S,
n
=
o
©
-
| =
<
@)
w

Solar radius [arc—-seconds]

PVA: o0 xOO>k+C

+

1700 1800 1900 2000 1970 1980 1990 2000 2010
Year Year

The work of the _physicist'_is to establish a rigorbus uncertainty budget.




~ Measure the solar diameter variations over time
~A) With PICARD ground-based :facility £

B) With PICARD/SODISM space instrument




| _4 —~ Scientific resu_lts

Measurements of the solar radlus are of great |nterest W|th|n the scope of the debate on the role of
the Sun in climate change.

Possible temporal variations of the soIar radlus are |mportant as an rnd|cator of |nternaI energy
storage and as a mechanism for changes in the TSI. - -

“Space observatlons are a priori most favorable however, space entalls a harsh enV|ronment
On ground the mstruments are affected by atmosphere |

PICARD observations | soolswl
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After corrections
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4 — Scientific results
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| 4 — Scientific r'e'su_lts;

Astrénomibal refraction (Ref) influencés the solar radius m’eésurements (more_thén i
arc-seconds for observations made above 70° of zenith dlstance) that we obtain from
'|mages taken with SODISM II.- | - iy e

Rcf:fn"- ta n#ﬂ

n , ad Ta Py [n. A) is the air refractivity for local atmosphenic
, _ -1 condiions at a given wavelength, and n(I,, F,. f,. A) is the
Reoe = Rops % ((m'( L. B fio A I]) (20} refractive ndex of air at the instrument {Ciddor 1996)

Corl T B fo M 2) =1 —k(To B . 2) ol B foo \) =0(T B i N) — 1. (1)

¢ (| +05 x lan:("i) 5c) Bl X7:) 1s the ratio between the height of the equivalent
homogeneous atmosphere and the Earth radius of curvature
ML P fi. AN =a 0, B . A) x (1 —8(T;))., (54)§l at the observer position assuming the ideal gas law for dry air

ar e gk ’
: X : : e e A Cox T, -
where a, (1, F. f;, A) is the air refractivity for local atmo 3(T,)= = . (12) g

sphenic conditnons at a given wavelength (Ciddor 1996), and 8 prEXE fe

(T;) (see (Appendix B)) is the rato between the height of the where p is the air density, g is the gravity acceleration, C, is a |
| equivalent homogeneous atmosphere and the Earth radius of Jll constant equal 10 29255 mK ™' (on the assumption that the §

curvature at observer position assuming the ideal gas law for ideal gas law is obeyed ), and r, represents the curvatre of the '
| dry air (Ball 1908). In our calculation, we used a mean value of Earth at Calem (~6.367.512m)

kld I,a- f,". A). -

Corrections are classics. Our ground resul (PICARD SOL) were corrected_for- the
effects of refractlon and turbulence by numerlcal methods | - o | .




| 4 — Scientific results

The Figure shows the evolutlon of var|at|ons in solar radii observed at one AU by the two
telescopes of the PICARD mission. - - - .

On the other_ hand, measurem’ents,oarried out in orbit by SODISM show solar radius
-variations that are much greater than the expected order of magnitude (several milli-arc-
seconds). The different measurements obtained from space show a temporal trend,
which is wavelength dependent (th|s can be up to 3 arc seconds on solar radius
varlatlons) - - -

PICARD observations | SODISM

Configuration telescope change/
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| 4 — Scientific r'e'su_lts;

Several phyS|caI phenomena can lead to severe degradatlon of the optlcal performance of |
_ (PICARD). In' the case of SODISM these  effects  entail solarlzatlon and
polymerization of molecular c_ontamlnatlon. | - -

e Normallzed time series of mtegrated |ntenS|ty during the PICARD space mission
_9 ngh degradatlon in the UV | |
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4 — Scientific results

Two different solar absorption -
- evolutions (optics, contoUr)

- There is a very strong
- contamination of the satellite
(due to solar panels, during the
launch, etc.) | |
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4 — Scientific results

--- Normalized time series evolution (contamination)

--- Important -température change of SODISM front-
‘window and direct impact on solar radius
measurements | | | |
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'4—Scien't'ific re'sults;. et
ey n LATM@S B

We developed a simulator to try to correct the “signal” (t_hermd-OptiCaI'effe'ct).” S

Fl
#_—{-C]XIO(iXTXC)+C2XY0(ierC)
EoutXUXT

|E=ap (26 x 7r x Wo) | e it Lig B | Mrase(t) = Flsoprsm(t) * Mrpe(t) |

- » ' ' > TR ~ Manyinstruments have .
PSsoDISM = (FFT2(E))" | et B " this problem, |

.BFdNnenﬂonaHbst L = L . - e e
Fouﬂervanabnner ) ' ' = .

LDFsopism = () PSFsopism) * (LDF)

- Convolution - -




4 — Scientific results

Relat'i.on bet_weeh solar radius and tem'erature'radient !
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- 4 — Scientific resu_lts

The space environment (UV effects, contarnination thermal cycling, e’tc' ) combined with initial -
defects in telescope calibration (astigmatism, position of the focal pIane etc.) can degrade B
conS|derany the measurements taken by our |nstrument

Solar models :
- COSI

- HM98

- Neckel2005

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




| 4 — Scientific resu_lts;

Temperature gradie_nt evolution and unc'ertéinty budget_ of the model

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

asl®) 0.14 +0.001 +0.10 Test (S) & aging (R)
0.81 +0.01 +0.30 Test (S)
1.38W.m—1K-! 4004W.m1K-! +0.31 Test (S)
22°C +0.10 +0.03 Calibration & measurement (S)
1,362 W.m—2 +24W.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)

Un_certainty- b_udget.

- Spectral reflection and transmission measurements were
performed with-a spectrophotometer (Agilent Cary 5000 UV-
NEENRIGTE estimated toIerances are expected to be less
200 300 400 _than +/-1%. B |
. NAoer of days SmeTO - Near-normal IR reflectance measurements were performed in
. Evolution of the front window accordance with ASTM E408 (with an IR Reflectometer model
- 'te'mperat'ure gradient. B - DB100). The estimated tolerances are expected to be less
o : R . than +/-1:5%. - o
B (o




| 4 — Scientific re'su_ltsi

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 r'e'su_lts;
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4 SC|ent|f|C results

Model equations:

Flux(r)
— — (1)
Eomt X Op X T(2)
X Joli x r x C(1))
+ Car) x loli xr x C(n))

T;Iol(n”:Tx T

Flux(r) = ay(r) x @g(t) + am X fr, (1)
X or(t) + arlt) x fu, (1) x @,(0)

T = (T + Tutr. ) x (12 + Gutr. 1))

|Eout X Op X T(I)

C(r)= |
V .'\ X h\g

Ci(t) = —bou (1) x Kili x 1 x C()))/
(Jl(i X e % C(1)) x Yoli X rgm x C(1))
— Joli X rom % C(r)) x Ki x 1 % CU)})

—Ci(r) x Jli X i x C(l))
¥ili x r. x C(D)) '

Calr) =

Thermal model with Bessel functions

Optlcal model

16
wp = Z(—A x Zx(p, )
k=1

X hy X AT (ay)

PSFsopsmi(x, \)—[_ f ”1 R)
x e2ixex(ra+y8) dn dp (26) §

5 asli)

LDF(m, \) = 1 — 55 (2¢)

' ¥
LDFsopism = f PSFsopism(x, y)dy @ LDF(m. A).  (2d)
Y

Y [arc-seconas]

0o L " o g "
X [arc-seconds)] X [arc-seconds) X |arc-seconds)




| 4 — Scientific resu_lts

(PICARD) were corrected for the temperature effects and contamlnatlon
2 AR < 20 mas varzatlons durmg the rlsmg phase

| We find a smaII varlatlon of the solar radlus from space measurements with a typlcal per|od|C|ty
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4 — Scientific results

For studies of our different time series data (solar radius), it'is'crucial to know at what
time scales certain periodicities occur or recur. - |
In our appllcatlon we need to know the frequency and temporal |nformat|on at the same
‘time. - |
We use: | ,

- Wavelet Analysis to Study Solar Radlus B Wiba)=— [v ( ~

(|n partlcular Morlet Wavelet) | va

It is common to have inCompIete'or unevenly sampled time series for a given variable.
Determining cycles in such series is not directly possible with methods such as Fast
Fourier Transform (FFT) and may requwe some degree of mterpolatlon to f|II in gaps An
aIternatlve is the Lomb- Scargle method. -

\ 2

9
" N < ' N
( > (zp — ) cos{w(ty — 7) )) ( > (xp — T) sin(w(ty — T)))
e T e —————————————
:\: \ | _'\" 9
> cos?(w(te — 7)) 3 sin?(w(te — 7))
k'il k’—l




| 4 — Scientific r'e'su_lts;
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Scientific results
' S8 Table 1. Solar radius periodicities with statistical significance

level of over 99%. Long periodicities (greater than 300days) are
not resolved due to Picard short periods of observation.

Instrument Period [days] Variations [mas rms]

PICARD-SODISM 129.5 4.6
(Jul. 2010-Jan. 2012)

PICARD-SODISMII

Spectral power
[Arbitrary Unit]

(May 2011-May 2015)

Sunspots number (SIDC data)
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This finding sheds new light on the

Solar radius Lomb-Scargles periodogram - solar dynamo mechanism, where

- (daily mean) - better approach

~ very small solar radius variations
- (0.02 arc-second root mean
square) are linked with magnetic
activity for typical solar
periodicities (130-d‘ays (Bai, 2003)
and 154-days (Rieger period))
Periodicities in Solar Flare
“Occurrence (130-days "
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