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Instrumental Concept

* JOVIAL instrument is a Doppler Spectro-Imager
— It heritates SYMPA principle
— Spectral Fourier Transform on each pixel

— Measures Doppler shift of solar spectral lines
reflected at the surface of the planet

— Solves a number of SYMPA issues
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SYMPA design

Imaging Fourier tachometer
Mach-Zehnder design

Phase shift of ©/2 between polarisation
Four outputs
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Measurement principle

Intensity

)

* Interference phase proportional
to Doppler shift

@ = e ()

* Phase fringe determination
with “ABCD” method

I I
L= {1+ yeos¢) [, = {1+ ysing}
|

Iy = 4{:{1 — ysing}

I, -1,

3=ycosqb and V = 12+I4=ysinq5

Z=U+iV = |Z|e'?
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Theoretical performances

e U=(11-13)/(11+I3)
o V=(12-14)/(12+14)

* @=arg (U+iV)
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Optimisation of the sensitivity

Filtered solar spectrum
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DSI design

Conceived for a space instrument

Solve some SYMPA issues

Better sensitivity
Higher contrast

Self calibration
> OPD modulation

Regular fringes
Optical distorsion
Thermal stability
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Echoes instrument

Study for the JUICE mission

e D=3.2 cm (from 0.05 AU) equivalent to 2.5 m from ground
e FoV=2.9 deg

* Noise level <1 cm?/s%uHz

Detector

Chambers : l
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Optical design

= Mobile plate: mobile,
= ] § on piezoelectric plate,
i === achieves the OPD
Ein - Bt =i modulation
il =l | -
MNUAEAE Tilted plate sliced in 2
Hit | i Output bloc
=== =i = in K5G20
N L
\@llllllll
Entry bloc
in K5G20 Quartz plates: achieve the

phase quadrature

OPD modulation:
Tilted plates (BK7G18): .
minimizes stray lights and * Creates phase shifts of km/2

makes straight fringes — Response calibration of each channel

* Blur fringes to achieve flats fields

— Pixel sensitivity calibration
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Fringe pattern

Thermal

sensitivity

Sensitivity (m s-1 K-1)

Numerical simulations
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Vacuum tank

Mechanical and thermal studies made by IAS

Modeéle CAO, Gilles Morinaud

Ensure a temperature homogeneity of + 0,4°C
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Calibration

ﬁsi_carfhmtim [ ——

 Modulation of OPD
— Steps of /2

e (Calibration of

velocity maps |
— Specification 10 m/s/px 18

Erreur sur la mesure de vitesse en mfs
T

— respected for a variation of pixel 01
sensitivity 0,03%
5-
* Error on phase

m/s
o

— Modulation should be made
with precision better than 5F
/300, or 0,9 nm
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phase (en degres)
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Laboratory tests

Dérive de la phase (o= 101 BO05Bcm.s P=Es)

spectre du signal régulier avec interpolation (pas de 0)
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Tests on the sky

Proposed to CNES in 2013

Finalisation of R&T (TRL 5)
— Verification of real performances on Jupiter
— Jupiter: velocity field (non reproducible in lab)

Possibility of coordinated observations with other sites

Analyse of results DSI
— Comparaison with other concepts
— Development of data processing tools
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Observations at Calern

Telescope MeO at Calern
observatory

1.5m

Laser ranging
Refurbished in 2009
Coude focus

Observations available:
» afew weeks per year
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DSI Output optics

e December 2013-January 2014
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DSI @ MeO

e Observations of Jupiter in January 2014

« DSI placed at Coudé focus of MeO telescope at Calern
observatory
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ANR

MeO Optical path
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Optical interface and guiding
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Tip-Tilt  Guiding camera
mirror

Thermocontroler

Thermal probes

Agilent

Modulation
Plate

Science
Camera

ANR JOVIAL Kick-off Meeting



Instrument at MEO
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First light
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Estimated performances

2 nights and half
Total Transmission : 4% (Instrument + Tél.)
Flux 8 103 @ in 1 mn

Contrast 3 %
Noise level : 3 cm/s/uHzY/2
Gain vs SYMPA ~2
Velocity precision: 20 m/s/”” in 1h
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ldentified issues & bias

Effect of PSF (atmospheric turbulence)

Polarisation on Jupiter

Polarisation of the telescope

Drift of the optical pupil during the night
Field rotation
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PSF effects

The PSF is dominated by atmospheric turbulence
30 s integration

Around 1.5 arcsec

It decreases the fringe contrast on Jupiter : 4% -> 3.3%
A bias affects any Doppler shift measurements
(independently of the instrument)

[ Vrqa(u, V)F(u, v)PSF(x — u,y — v)dudv

[ F(u,v)PSF(x — u,y — v)dudv
It can be minimized by improving the size of the PSF
-> Adaptive Optics

Vyaa(X,y) =
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Polarisation

Contaminations between outputs ~ %
Changes in the phase of each output
Bias in phase measurement

Correction depends on polarisation
rate and direction

|dentified contamination from beam
splitter (non uniform in the field)
— Will be fixed

Monitoring of polarisation direction



Phase estimation bias

U =YCOS®+6U Vv’ sy
V =ysin(@ + 6) + 6V b

| sur

U'=U=vycos®+ U’

V,_V—Usin@_ 0+ 5V 0
~ 7 cosg o U
O'ZV sinZ 0
2 = 2
oV c0329+0 Ucos2o
@ = at v
1

0 = 2y2(1 — sin 20 sin 6) [(oy? — 0y,2) sin 20 cos 6 + sin 20 (o, “cos*® — g, *sin*@)]
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2016 observations

e C2PU telescope 1 m telescope
e Simplified coudé train :
less polarisation

* Better transmission

e Pupil stabilisation

* Longer observations
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DSI - C2PU
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JOVIAL improvements

New thermal control: less sensitivity to thermal environment
Vacuum tank with longer life time (no pipes)

Optical design for any telescope (up to 3.5m)

Optimised transmission: better coatings

Simultaneous fast-camera imaging

Monitoring of polarisation?
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