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Soyuz VS-23 fairing at French Guyana Space Center
December 2019

CHEOPS!

Credits: Arianespace
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Soyuz launch VS-23 from French Guyana Space Center
18 December 2019
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Insertion in low-Earth orbit at 700 km
18 December 2019

Credits: ESA



D cHEOPS

ESA’s first S-class mission
First space mission dedicated to study known exoplanets

Studying terrestrial

A targeted search for First step, planets in orbits up Performing a chemical
Pioneering stellar terrestrial and larger characterisation to the habitable zone census of a large and
seismology and planets in or near the . of known Earth- of Sun-like stars, diverse sample of
exoplanet hunting habitable zone of a First all-sky transit to-Neptune size and characterising exoplanets by analysing

mission wide variety of stars survey satellite ~ exoplanets these stars their atmospheres

Ground-| 1990 2003 2013 DMERE Spiians
based Launch (@ (®) ® (®) (®) ° il O e O sl () S >
2006 2009 2018 Exoplanet-sensitive

missions

First discoveries of
exoplanets in the 1990s .
opened up the field of
exoplanet research.
New innovations and
discoveries continue

to this day
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“» Revealing exoplanets )
Probing the through its all-sky survey Detailed characterisation

composition of Studying exoplanet of the position, brightness of exoplanet atmospheres

exoplanet signatures in and motion of over one through transit studies

atmospheres infrared light billion stars and direct imaging



S-class mission:

S is not for “Simple”

“Small” Budget Short time Several countries
milestone when
call issued Mar 2012
call answered Jun 2012
mission selected Nov 2012

- total budget: ~105 M€ - 4-5 years development time - 11 countries & ESA
- ESA: 50 M€ - ~30 institutions

= Top Science is expected!
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A 30-cm space telescope capable of ultra high-precision photometry




What are exoplanets made of?

telluric gas dwarfs?

super-Earths? °
massive core

subgiants?

ocean
planets?
mini
Neptunes?
. hydrogen/helium envelope
.thin atmosphere

ice mantle/volatile envelope

solid core (rocks+metals)




Science goals

1. Measure precise densities for super-earths and neptunes

2. ldentify “golden targets” for atmospheric characterisation

Improving radii

50%




Science strategy

CHEOPS is a follow=up mission
it must be.flexible




! CHEOPS

SuperWASP
SuperWASP-South

Speculoos
HATNet

HAT South
iy Wide-FastCam
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Building a science programme




Building a science programme




Finding transits

of known exoplanets

Prioritise RV planets hard to detect with TESS

Warm & temperate super-earths & mini-neptunes
(P > 9 days) in Year 1

Outer planets not known to transit in transiting systems

~60 exoplanets < 6Mg (likely < 2Re)
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Improving radius

of known transiting exoplanets

e Space-borne photometry = higher photometric precision

e Larger collecting area = higher photometric precisionxﬁ‘z)' |

e Follow-up of mono-transits
~70% of TESS primary mission mono-transits
can be followed-up by CHEOPS

(assuming their P can be determined)

AAAAAAAA

doi:10.1093/mnras/staa768

CHEOPS observations of TESS primary mission monotransits

fin 2 2 . 3 . 3
Benjamin F. Cooke “,'** Don Pollacco,'* Monika Lendl ©,** Thibault Kuntzer **
and Andrea Fortier’

Cooke et al. (2020)




Characterising
atmospheres

@Q@

e How common are very reflective hot Jupiters?

* How reflective are ultrahot gas giants?




Characterising atmospheres

of ultrahot gas giants

A&A 637_. A36 (2020) %tronomy

rg/10.1051/0004-6361/201936647

©ESO 2020 Astrophysics

Optical phase curve of the ultra-hot Jupiter WASP-121b*

V. Bourrier!, D. Kitzmann?, T. Kuntzer', V. Nascimbeni’, M. Lendl', B. Lavie', H. J. Hoeijmakers'2, L. Pino*,
D. Ehrenreich!, K. Hengz. R. Allart!, H. M. Cegla', X squel, C. Melo® illo-Defru® aldwell”-®,

M. Cretignier!, H. Giles!, C. . Jenk . is / F. Pepe!, G. R. Ricker!!,
°,S. Udry',
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Normalized flux

TESS lightcurve of WASP-121b - Bourrier et al. (2020)




GTO programme summary

e 33 science programmes
e 350+ targets

e 13,500+ CHEOPS orbits = 2.5+ years




Is this science programme
schedulable?

Mission Planning System

Ancillary

y
I 16%

Exploring new planets
29%
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Automatised planning software
optimising observation efficiency
based on genetic algorithm




Science Operations Center at the University of Geneva

(Communication antena is in Spain)




Simulated CHEOPS mission

Sullivan et al. (2015)




News since Dec 2019
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Credits: ESA



News since Dec 2019

e 8 Jan 2020: CHEOPS switched on (darks!

Datei Bearbeiten Font

T / file does ||

COMMENT
COMMENT
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
HIERARCH
END

8 / number of
0 / number of
T / FITS datas
FITS (Flexible Image Transport Sy
and Astrophysics', volume 376, p:
0BSID = 42 (0x0000002a)
TIMETAG 31868230.088028
COUNTER
SIZE = 760267
VERSION = 28171 (0x6e0b)
STACKINGNUMBER = 1
ACQUISITIONMODE = 5
READOUTMODE = 3
OVERSAMPLING =
FRAMESOURCE = 0
INTEGRITY = 0
REPETITIONPERIOD = 5025
EXPOSURETIME = 5000
SEMWINDOWPOSX = 0
SEMWINDOWPOSY = 0
SEMWINDOWSIZEX
SEMWINDOWSIZEY
TARGETLOCATIONX
TARGETLOCATIONY = 51200
SEM_HK_STAT_DATA_ACQ_ID = 0
HK_VOLT_FEE_VOD = 30.800644
HK_VOLT_FEE_VRD = 17.800350
HK_VOLT_FEE_VOG = 3.054017
HK_VOLT_FEE_VSS = 8.800313
HK_TEMP_FEE_CCD = -38.651260
HK_TEMP_FEE_ADC = -11.444290
HK_TEMP_FEE_BIAS = -13.274765
THERM_AFT_1 -10.227295
THERM_AFT_2 = -10.063812
THERM_AFT_3 = -11.188599
THERM_AFT_4 = -10.925232
THERM_FRONT_1 = -9.397644
THERM_FRONT_2 = -9.675629
THERM_FRONT_3 = -9.737122
THERM_FRONT_4 = -10.084320
ADC_N5V 5.133658
TEMP1 = 16.178589
CCD_TIMING_SCRIP
PIX_DATA_OFFSET
CENTR_OFFSETX =
CENTR_OFFSETY =
CENTR_TARGET_LOC_X = 51200
CENTR_TARGET_LOC_Y = 51200
CENTR_STARTINT_CRS = 631868215
CENTR_STARTINT_FINE = 50463
CENTR_ENDINT_CRS = 631868220
CENTR_ENDINT_FINE = 50463
CENTR_CADENCE = 502
CENTR_VALIDITY = Oxfc
PHOT1 = 0.000000
PHOT2 = 0.000000
PHOT3 = 0.000000

Zoom

Skalierung Farbe

Region WCS Analyse Hilfe

SAOImage ds9

Datei Bearbeiten Ansicht Rahmen

Datei
Objekt

Physikalisch
Bild
Rahmen 7

datei bearbeiten ansicht rahmen bin

hineinzoomen herauszoomen zoom fit




News since Dec 2019
e 8 Jan 2020: CHEOPS switched on (darks!)

e 29 Jan 2020: Cover opened!

Benz et al. (submitted)




News since Dec 2019
e 8 Jan 2020: CHEOPS switched on (darks!)

e 29 Jan 2020: Cover opened!

e 25 March 2020: In-orbit commissioning review \
Successm'




D cHEOPS

re-flight performances

A&A 635, A22 (2020)

https://doi.org/10.1051/0004-6361/201935977 A&Stl‘ onomy
©ESO 2020 Astrophysics

Expected performances of the Characterising Exoplanet Satellite Deline et al. (2020)
(CHEOPS)
l. Photometric performances from ground-based calibration

A. Deline!, D. Quelozl"l, B. Chazelas', M. Sordet!, E. Wildi', A. Fortier’, C. Broeg3, D. Futyanl, and W. Benz3

A&A 635, A23 (2020)
https://doi.org/10.1051/0004-6361/201936616 A&stronomy

©ESO 2020 Astrophysics

Expected performances of the Characterising Exoplanet Satellite Futyan et al. (2020)
(CHEOPS)

Il. The CHEOPS simulator

D. Futyan', A. Fortier?, M. Beck!, D. Ehrenreich!, A. Bekkelien', W. B_enzz. N. Billot!, V. Bourrier!, C. Broeg?,
A. Collier Cameron®, A. Deline!, T. Kuntzer!, M. Lendl'#, D. Queloz'%, R. Rohlfs', A. E. Simon?, and F. Wildi'

A&A 635, A24 (2020)
https://doi.org/10.1051/0004-6361/201936325 tronomy

© S. Hoyer et al. 2020 Astrophysics

Expected performances of the Characterising Exoplanet Satellite  JRRL) 1K 1H (2020)
(CHEOPS)

lll. Data reduction pipeline: architecture and simulated performances

S. Hoyer!, P. Guterman'?, O. Demangeon'-, S. G. Sousa®, M. Deleuil', J. C. Meunier', and W. Benz*




In-flight performances

47 hour sequence on V=9 star

Credits: CHEOPS Project Science Office
Andrea Fortier (Instrument scientist), Christopher Broeg (project manager)




In-flight performances

e 47 hour “flat” sequence on V=9 star

Benz et al. (submitted)

Relative Flux [ppm]

BJD-2458901.77391 [days]

Credits: CHEOPS Project Science Office
Andrea Fortier (Instrument scientist), Christopher Broeg (project manager)




In-flight performances

Minimum transit depth that can be detected with SNR=1
(= Kepler’s CDPP; Christiansen et al. 2012)

20

Mean value: 11.2 ppm
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Credits: CHEOPS Project Science Office
Andrea Fortier (Instrument scientist), Christopher Broeg (project manager)




In-flight performances

e 47 hour “flat” sequence on V=12 star

3 hours
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Credits: CHEOPS Project Science Office
Andrea Fortier (Instrument scientist), Christopher Broeg (project manager)




The Sun HD 93396 (V=8)

Jupiter
KELT-11b (Pepper et al. 2017)

Earth

9 March 2020: CHEOPS’ first transit!



Flux/trend

KELT-11b
R,/R, = 0.0463 £ 0.0003

| R, =1.295%0.025 Ry, = 90,500 £ 1,747 km

Residual

0.4 0.5
BJD-2458918

Benz et al. (submitted)

9 March 2020: CHEOPS’ first transit!



The Sun -

Flux/trend

Residual

Jupiter

Earth

Rp =9O,500i1’ ..... 7477 km




@ e - @:esa
ESA Guest Observer’s programme

e 20% observmg tlme to Communlt

* Proposals solicited thr_ough Annual Call nto all

e Selected on scientific merit, by an ESA—app'ointed.TA_C'.‘- |

e Can be on any science topic,
using existing capabilities of CHEOPS

" Targets on the Guaranteed Time, ]




