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A Chemical Census of a Large and \
Diverse Sample of Exoplanetary Systems :
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VisPhot
FGS-1
FGS-2
NIRSpec

AIRS-
ChO

AIRS-
Chl

0.5-0.55
0.8-1.0
1.05-1.2
1.25 -
1.95
1.95-3.9
3.9-7.8

ARIEL fact-sheet :

Spectral

Resolution
Reqt / Design

Photometer
Photometer
Photometer
R=10/20 - 25

R=100/102 - 180

R=30/30 - 64

 1-m class Cassegrain
telescope

e L2 orbit

 Photon noise dominated
performance

« Ultra-stable spectrophotometry,
better than 10—-20 ppm

« Fast slew over large portion of
skys: ~70deg/15min + 5min
overhead

Enzo Pascale
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Payload optical d

TRSTRUMENT GPTCIL BEWEH

TELESCOPE OFTICALBENCH

CasseRA FOCUS |

TELESCOPE ENTRANGE
EAFFLE

1KEUT aPERTURE

L 70mm

TELESCOPE ENTRANCE
BAFFIE

TELESCORE

SUBASSEMBLY
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Photometric and spectroscopic bands

Total Optical efficiency vs wavelength

8.00E-01

6.00E-01

4.00E-01

Optical Efficiency

2.00E-01

0.00E+00 —

Wavelength [micron]

0.7

= [G5] 0.6}

= [(G52

05F Qs fiee

== \|SPhot

== NIRSpec 04k . L N

== AIRS-CHO

o3f - f 4

== AIRS-CH1

02f o f

01 F e

0.0

Not included: detector quantum efficiency

Al
v

Wavelength [pm

0.0132

40.0128

40.0126

0.0124

LR B R
PR : Kl
U ST S 14
T . o
! Ay I v
41 T ..I.\ S VL
' | |
- : ANV
| Planet spectrum |

| Joo1z2

0.0120
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Narrow FOV, light bucket Iinstrument

e Aluminium primary mirror
 Silver coated
 Diffraction limited at A = 3 pm

- 1100 mm

0.9 ym

A=

=1.1pum

A

3 um

A=

Enzo Pascale ARIEL — INAF - ottobre 2018
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VISPhot — FGS1 — FGS2 — NIRSpec

Negative-lens
+long-passfilte
Detector 1 q ape .
Positive’len:
VIS-Photo mirrorsq|
0,5-0,55pm
longpass filter longpass filter
: : >0'&_|m :: >0'5um
D4
R<0,55um mirror
T>0,6pum
Detector 2 —
prism
v, L
D3 D5 V
R<1,0um R<1,2pm

T>1,05um T>1,25um

Enzo Pascale ARIEL — INAF — ottobre 2018 7



AIRS CHO - CH1

Input Slit
/
‘ CHO
Focal plane array

erture Stoj
e P L3 CaF2 N

"\

L1CaF2 L4 Sapphire

M1 plano mirror gold coated

Input Slit

%
CH1

St
Aperture Stop Focal plane array

L3 CaF2

L1car2 P1CaF2

L4 ZnSe

M1 plano mirror gold coated
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Wpivel

Dark Current (e/

HgCdTe (MCT) detectors :

Teledyne—IS

Temperature (K)
. 50 45 40 35 30

’

onsnd wooed bosedd 1isd s vnd vl sonel sied 1

T

McMurtry 2013

T PR TR SR T U B U S
0018 002 0022 0024 0026 0028 003 0032 0034
Inverse Temperature (1/K)

”‘ TELEDYNE
‘ IMAGING SENSORS

A Teledyne Technologies Company

Euclid electronics and detector heritage
AIRS-CHL1 leverages US-NEOCam development, but ARIEL—customised

Enzo Pascale ARIEL — INAF — ottobre 2018 9




Negligible systematics by design

Type of uncertainty

Source

Mitigation Strategy

Detector noise

Dark current noise

Readout noise

Choice of low-noise detectors

Gain stability

Calibration, post- processing data analysis, choice of
stable detectors.

Persistence

Post-processing decorrelation. Continuously staring
at a target for the whole duration of the
observation.

Thermal noise

Emission from telescope,
common optics and all optical
elements

Negligible due to surface emissivity properties and
in-flight temperatures of the payload.

Temperature fluctuations in time

Negligible impact by design

Astrophysical noise

Photon noise arising from the
target

Fundamental noise limit, choice of aperture size (M1
diameter).

Photon noise arising from local
zodiacal light

Negligible over ARIEL band

Stellar variability with time

Multi-wavelength stellar monitoring, post-
processing decorrelation

Pointing jitter

RPE and PDE effects on the
position, Spectral Energy
Sistribution, and detector
intra/inter pixel response

Small RPE and PDE, Nyquist sampling, post-
processing decorrelation

Slit losses

Spectrometer input slit sufficiently large

Enzo Pascale
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Ultra-stable operational environment :

Attribute: Temperature

Enzo Pascale ARIEL — INAF — ottobre 2018 11



Built to be photometrically stable @

Achieved by using same TeIe»scope Collimator Camera
material ( ) for

telescope mirrors, supports,

optical benches and channel [~ """ """ Tt AT T T T I>
instruments.

Negligible PSF variations during observations.
AFWHM/FWHM << 0.1%

Enzo Pascale ARIEL — INAF — ottobre 2018 12



Pointing stabllity :

e Can be problematic in presence of intra— and inter—pixel
detector response variations

e Can however be made negligible applying good practice in
Instrument design
- All focal planes shall be Nyquist sampled spatially

- Flat field coefficient shall be know with sufficient precision (< 0.5%)
* Both are true in ARIEL

Enzo Pascale ARIEL — INAF — ottobre 2018 13



Detector effects seen in HST-WFC3 @
Don’t apply to ARIEL

T T T T T T T L T ' 1

2.34 .— a .*’*-. r..-#—- -~ i _-
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. : - __
X L | L 1 M 1 L | L | L 1 n 1
T T ' T T T T T T T T
1.000
é t b ]
2 0.995 _— _
E [~ -
x | |
0985 |- i ! ; L ; . | . | . y ) L
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[
)
=
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]
w
S

e

=]
w
@
(=]

—_ T T T T
E | ¢ ]
=] 200 . ‘
2 .
w . * . e * - - n‘.
= 0 = - -, el
% | .u .., e .s N ]
g . - .
+= =200 - Root mean square = 70 p.p.m. =1
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Long staring: detector Is stable @

>

Time

Enzo Pascale ARIEL — INAF - ottobre 2018 15



ExoSum The ARIEL end-to-end simulator

Input
Configuration
File

Reference
Files

Star Planet
Model Model

Astroscene
Module

Stellar
Variability

Detector
Models

Photometer &

Spectrometer
Telescope Instrument e Jitter Simulation
Model Channel Models e Scanning Mode
Instrument Timeline
Noise Module ;
Module Generation
Backgrounds * Photon Noise
* Zodi e Jitter Noise
e Thermal Emission e Read Noise

Dark Current
* Systematics

FITS File
Output

Enzo Pascale
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Ex@Sim Input A0

Enzo Pascale ARIEL — INAF — ottobre 2018 17



ExeSim Output :

A
Exposure 3
P n
=
Exposure 2 =
Exposure 1
Exposure O

Enzo Pascale ARIEL — INAF — ottobre 2018 18



ARIEI Data Reduction Pipeline

Spectroscopic

Photometric

Initialize arrays and extract ancillary data

Iniialize arrays and extract ancillary data

v

v

Bias subtraction Bias subtraction
¥ ¥
Sublract zeroth read Subtract zeroth read
v v
Linearity correction Linearity correction
! !
Up-the-ramp fit Up-the-ramp fit

v

v

CR degliching stage 1

CR deglitching stage 1

v

v

Bad pixel rejection

Bad pixel rejection

1

1

Cross-talk correction

Cross-talk correction

i

1

Dark current subtraction Dark current subtraction
Flat fieling Flat fielding
Background sublraction Background sublraction

|

)

CR deglitching stage 2

CR deglitching stage 2

Spectroscopic

2

Photometric

v

Bad pixel interpolation

Bad pixel interpolation

Cross-calibration of spectral channels

Pointing jtter decorrelation

Unit conversion

Unit conversion

v

v

Caloulate image statistics

Calculate image statistics

v

v

Correct for geometic distortion

Gorrect for geometric distortion

v

v

Aperture masking of spectral images

Aperture photometry of photometric images

Simple/Optimal extraction of 1D spectra

Spectral binning

Detrending of light curve systematics

Detrending of ight curve systematics

v

v

Correction for stellar activity in ight curves

Gorrection for stellar activity in light curves

!

1

Light curve fitting and error bar generation

Light curve fitting and error bar generation

!

!

Correction for stellar activity bias in
reconstructed spectrum

Correction for stellr acivity bias in
reconstructed spectrum

« Under definition
in phase B1

« A working
prototype exists

e Used to reduce
ExoSim data

Enzo Pascale
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Mission Reference Sample and
archetypes

 Thousand of targets to chose
from

« Select a large, about 1,000,
diverse exoplanets

« Mission is sized using
archetypal targets for bright and
faint sources

- GJ1214 : a cold (T3000K) faint
(m, = 8.8) M dwarf

- HD219134: a bright (m, = 3.5) k-
star

Edwards et al., in prep

Enzo Pascale
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ARIEL end-to-end performance

HD219134 : ARIEL all channels
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Comparison with other instruments @

Not only a question of error bar sizes
Continuous coverage — formidable spectroscopic mapper
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Star activity: pulsation and granulation
Negligible for ARIEL

Pulsation [ppm] Granulation [ppm]

Total Amplitude [ppm]
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Star activity: spots & faculae

Relative Fluz

000
Time /Heliocentric Julian Days

GJ1214b in AIRS CH1: Monte Carlo (200 transits)

le-2 with 10 % spot coverage
155 - input spectrum
1500 IS variations due to photon noise
variations due to spots
1.45 -

“21.40 *i'ﬁi‘

TNITMENE |
€135 H«Hlull l|~|'< n--t--!«.--i:-- . i e I
1300 3t bt : !

» Cold spots shown in light blue.
» Hot faculae shown in brown.

-84 %
EHTE R

6
wavelength (pm)
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Abundances
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Closing thoughts :

 ARIEL is designed to be the most efficient chemical mapper of a
large and diverse population of known transiting exoplanets

« ARIEL performance is dominated by the astrophysical noise of
the targets in the Mission Reference Sample

* Nothing prevents observing fainter targets in instrument noise
dominated regime

* Performance modelling to support payload/ground segment
development

* Performance modelling to support science development

Enzo Pascale ARIEL — INAF — ottobre 2018 26
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