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NEAT space instrument

» Detection of Earth-like extra-solar planets around nearby stars

 Two free-flying vessels, one for the single-mirror telescope, the other
for the focal plane array

» Relative star positions to be measured within 1 micro-arcsec,
corresponding to 5 10 pixels !!

 |IPAG, CNES, CEA and IAS decided to develop a test bench for
demonstrating the feasibility of the extremely ambitious performance
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Test bench product tree

« Designed to simulate the most demanding functions of the

space instrument
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Test bench - Schematic representation
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Test bench — General view
* Inside vacuum enclosure :
Liquid core fiber Metrology
Water coolin . i
& Fiber support baselines

CCD :
Baffle Pinhole mask support

Invar bench etrology
Translation stage Zerodur bench fibers
Peltier Mirror and diaphragm
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Pixels metrology system (PMS)

 Heart of the instrument, generates set of Young'’s fringes with
temporal phase modulation, sweeping each individual pixel

» Allows to measure their gains g,,, and centroid location errors
(éx’mniéy,mn)

« 6 different horizontal and vertical baselines thanks to an
optical switch and 8 polarizing maintaining fibers
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Subsystems requirements

.| Metrology radiometric
and contrast budgets

A 4
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Subsystems requirements

| | Pseudo-stars simulator
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etc.
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etc.
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Pseudo-stars, metrology

Noises (daek, readout...)

Crosstalk

etc.

patial crosstalk
Digitization
Dark current ( -10C)
Readout noise (1 kHz)
Digitization noise factor
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E— |
____________ q
Metrology radiometric : Pixel dimensions !
and contrast budgets R ’: errors T
' L Oy Ot | '
A 4 : :
Metrology photon number Ny, | |
i i i . .. |
getectloncnmses o Metrology and Pixel position |
DI » calibration errors
A
N:;Ah gmn BXXImn-'-BYylmn |
| (t)=—2nSmliqiy | cog 2r—x"mn Y mn 4 gty ———
M N AL Pixel gain
- errors
. B, w . nB/h
V.., = Csincard| —*—™ | sincard| —-"m e
AL AL
Calibration Errors
. | . . . Pixel osition
Subsystem ype of noise Pixel gain . )
(fraction of pixels)
Laser source - Phase noise ¢ 1.75E-18 1.00E-07
Phase noise d¢ 9.21E-16 5.28E-05
Intensity noise di 0.00E+00 0.00E+00
2.24E-05 Intensity noise &i 1.01E-05 5.88E-05
2.24E-05 Intensity nois 1.01E-05 5.88E-05
Fibered system Baseline stab|I|ty 0.00015|micron Phase noise d6¢ 8.73E-21 5.00E-10
Optical bench |Bench stability (Z-axis) 0.6{micron Phase noise d¢ 1.75E-19 1.00E-08
0.00E+00} < 0.00E+00 0.00E+00
Detection unit  |Shot noise 1.10E+05|photons Intensity noise oi 4.09E-06 2.39E-05
Detection unit  |Readout noise 2.94]e™ / pixel Intensity noise di 7.77E-07 4.08E-06
Detection unit  |Digitization noise 6.36E+04|e” Intensity noise di 2.63E-06 1.38E-05
Detection unit  [Dark current 2853|e / pixel /' s Intensity noise di 1.26E-06 6.61E-06
RMS Sum 1.51E-05 1.03E-04
B
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|
| Metrology radiometric Pseudo-stars characteristics
| and contrast budgets PSF half width (1/e) 4.39E-05[m
PRF half width (1/e) 1.20E-05|m
. Radiometric budget
Metrology photon number _
Detection noises i Shot noise 6.54E+04|electrons
Contrast C Readout noise 1.88E+04|electrons
Digitization noise 2.16E+04|electrons
Phase noises ¢§Dark current 3.04E+04|electrons
A Centroiding errors
12 . .
_ o O X Pixel gain error 1.51E-05
Im =0n N Ph_m EX ‘—? Erf (Wm/ZGm) Pixel position error 2.46E-09|m
Go Go Straylight (ghost images) 7.67E-05
M M Non linearity 7.67E-06
= — 1 Pxel width uncertainty 1{nu
X = Z X m | m/z | m PSF width stability 1{nm
PRF width stabilit
‘ Star centroid and astrometric errors \ Astrometric
Tvpe of error Centroid accuracy Astrometric error
yp (fractional pixels) (micro-arcsec) v
Star intensity noise 6.29E-06 52 Astrometric
Pixel gain error 7.18E-06 59 error
Pixel position error 4.80E-05 396 RON.... budget
Straylight (ghost images) 2.95E-05 244 2
Non linearity 2.95E-06 24
Pxel width uncertainty 8.78E-06 72
PSF width stability 6.42E-06 53
PRF width stability 1.81E-05 149
RMS positoin sum 6.10E-05 503
B ]
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Pixel Response (Hyper-Gaussian
Functions (PRF) functions)
Metrology Pseudo stars
er?;ﬁlicc)g%iﬁafs Pseudo stars data: Dark and
y fringes 9 co-moving stars flat fields
I|Fringe processing E' D;::?ba:gg(j:? {
Maps of pixel offsets pg:ﬁ ;:!?;?t;;a
M t | 4| Centroiding
etrology |
. i iati Centroid iti
firi nges Un-noisy Allan deviations ef&éfsluszzl] éOﬂS
I B ‘ 5| Procrustes analysis PSGU dO-S tars
1 O e Standard deviation Un-noisy .
: ol of distance between Images
NOi : pixel offsets centroids
olsy
Noisy
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Comp aring models with experimental results

Both models in global agreement

Unexpected critical error items appearing on the test bench :

— Parasitic interferograms  in laser metrology chain - New camera
baffle under design, concentrating optics at a later stage

— Pseudo-stars ghost images of electronic origin Ay
- Modify electronic circuits or use another CCD -

Error items not so critical as expected :
» Pseudo-stars photon noise
» Metrology laser wavelength stability
« Zerodur and Invar bench thermal stability

Other errors to be investigated :

« Laser intensity fluctuations
* Fringes phase fitting accuracy

 PRF width instabilitx o
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Breadboard performance status

Dark

current

Required Estimated 22%
Performance , ,
(fractions of pixel)
Shot noise
Pixel position error 5.00E-06 1.03E-04 o 48%
Digitization
Star position error 5.00E-06 6.10E-05 noise
16%
Readout
noise
. . .. 14%
Pixel position error Star position error ’ 7
bark current 0 W __
3% PRF width IStar intensity |
Digitization stability I noise |
Readout noise noise Phase control 14% | 5% I Pixel gain error

6%

2%

Shot noise
11%

Straylight
(parasitic
interferograms)
27%

accuracy
24%

Intensity noise
27%

PSF width
stability
5%

Pxel width

Non linearity
2%

Straylight (ghost
images)
23%

6%
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Conclusion

« The NEAT performance models were very helpful to identify the
dominant error sources of the breadboard:

 Most of errors are well understood (shot noise, detector noise)

e Some ones deserving further investigations: parasitic interferograms in
metrology beam, pseudo-stars ghost images (electronic crosstalk)

- In way to be eliminated

 NEAT space instrument will probably be postponed after year 2020,
but its test bench will be pursued for high precision characterization of
detectors in situ

* Future developments:
— New detector arrays funded by CNES
— Evolutions of the metrology and astrometric performance models:
» Detector defocus and tilt stability effects
* More realistic PSF and PRF shape

* Influence of opto-mechanical errors on PSF width stability
* Ghosts and parasitic interferograms issues
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