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call issued March 3, 2012
proposal due June 15, 2012

mission selection October 19, 2012
mission adoption Nov 2013/ Feb 2014

launch 2017

ESA small missions requirements
• Science

‣ top rated science in any area of space science
• Cost

‣ total cost < 150 M€
‣ cost to ESA: not to exceed 50 M€

• Schedule
‣ developed and launched within 4 years



Country Institutes Contacts

CH
University of Bern (project lead)
University of Geneva
Swiss Space Center (EPFL)
ETH-Z

Willy Benz,  Nicolas Thomas
Didier Queloz
Anton Ivanov
Michael Meyer

Austria Institut für Weltraumforschung, Graz Wolfgang Baumjohann

Belgium Centre Spatial de Liège
Université de Liège

Etienne Renotte
Michaël Gillon

France Laboratoire dʼastrophysique de Marseille Magali Deleuil

Germany DLR Institute for Planetary Research Tilman Spohn

Hungary Konkoly Observatory Laszlo Kiss

Italy
Osservatorio Astrofisico di Catania – INAF
Osservatorio Astronomico di Padova - INAF
Università di Padova

Isabella Pagano
Roberto Ragazzoni
Giampaolo Piotto

Portugal Centro de Astrofisica da Universidade do Porto Nuno C. Santos

Sweden Onsala Space Observatory, Chalmers University
University of Stockholm

R. Liseau
G. Olofsson

UK University of Warwick Don Pollaco
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Science objectives
‣ Mass-radius relation for planets below 

the mass of Saturn
‣ Constraints on planet migration paths
‣ Identification of planets w/ atmospheres 

in the 1–10 MEarth regime
‣ Energy transport in hot Jupiter 

atmospheres
‣ New targets for future characterization 

facilities with spectroscopic capabilities



Science objectives
‣ Mass-radius relation for planets below the mass of Saturn



Science objectives

gas fraction

M

R

• Constraints on planet migration paths

different
histories



Science objectives
• Energy transport in hot Jupiter atmospheres

Optical phase curve of a V=10.5 mag star by Kepler

Borucki et al. (2007)



Future characterization of 
Earths/Superearths
detected in transit with CHEOPS

‣ New targets for future characterization facilities with spectroscopic 
capabilities

Science objectives

message:%3CD1469F7FC92D4345BCF77EACA03E1526696856@foxtrot.isis.unige.ch%3E
message:%3CD1469F7FC92D4345BCF77EACA03E1526696856@foxtrot.isis.unige.ch%3E


Photometric accuracy

High-level Sci Reqs.



Photometric accuracy

High-level Sci Reqs.



High-level Sci Reqs.
Sky coverage



Platform
• Attitude Control

‣ 3-axis stabilized S/C - one side facing Earth
‣ pointing accuracy < 8 arc sec rms for 10h

• Instrument Power
‣ 50 W continuous power, 
‣ 70 W peak

• Data rate
‣ 1 Gbit/day downlink

• Total mass with payload
‣ 200 kg



Payload

outer baffle

secondary 
mirror

primary 
mirror

structure
(carbon fiber)

F/8 ~30 cm effective diameter on-axis 
telescope

payload mass: 60 kg

baffle tower

focal plane 
assembly

beam
shaper

radiators



CHEOPS Payload FBD
CIS System AIT
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Optics
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System
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F/5.13 Ritchey-Chretien Telescope (0.2 central obstruction) + collimator-camera re-imaging system 

EPD 312 mm
efl 2676 mm

F/# 8.6
Plate scale 1 arcsec/pixel

primary
mirror

secondary
mirror

400 mm

312 m
m

collimator camera

Intermediate
pupil

focal
plane

folding
mirror

Optical Design

Polychromatic defocused PSF with 30 pixel diameter



Optical design and stray light performance 

CHEOPS Baffle version 3
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e2V CCD47-20 Detector

Characteristic Value
Effective wavelength range 0.4 – 1.1 nm 
Size 1024x1024 px
Operating temperature range -60 .. -40 C

Temperature stability requirement < 10 mK

Angular scale approx. 1.2 “/px
Full well capacity 80,000 e- 
Read Noise 4 e/px
Dark Current negligible
Readout frequency 5 MHz

Pixel size 13 um

Manufacturer e2V

FEATURES
* 1024 by 1024 1:1 Image Format

* Image Area 13.3 x 13.3 mm

* Back Illuminated Format

* Frame Transfer Operation

* 13 mm Square Pixels

* Symmetrical Anti-static Gate Protection

* Very Low Noise Output Amplifiers

* Gated Dump Drain on Output Register

* 100% Active Area

* Advanced Inverted Mode Operation (AIMO)

APPLICATIONS
* Spectroscopy

* Scientific Imaging

* Star Tracking

* Medical Imaging

INTRODUCTION
This version of the CCD47 family of sensors has full-frame
architecture. Back illumination technology, in combination with
extremely low noise amplifiers, makes the device well suited to
the most demanding scientific applications. To improve the
sensitivity further, the CCD is manufactured without anti-
blooming structures.

This device has a single serial output register. Separate charge
detection circuits are incorporated at each end of the register,
which is split so that a line of charge can be transferred to either
output, or split between the two.

The register is provided with a drain and control gate along the
outer edge of the channel for charge dump purposes.

The sensor is made using e2v technologies’ Advanced Inverted
Mode process to minimise dark current, allowing the device to
be operated with extended integration periods and minimal
cooling.

Other variants of the CCD47-20 available are front illuminated
format and non-inverted mode. In common with all e2v
technologies CCD Sensors, the CCD47-20 is also available with
a fibre-optic window or taper, or with a phosphor coating.

Designers are advised to consult e2v technologies should they
be considering using CCD sensors in abnormal environments or
if they require customised packaging.

TYPICAL PERFORMANCE
Maximum readout frequency . . . . . 5 MHz
Output responsivity . . . . . . . . 4.5 mV/e7

Peak signal . . . . . . . . . . . 100 ke7/pixel
Dynamic range (at 20 kHz) . . . *50 000:1
Spectral range . . . . . . . 200 – 1100 nm
Readout noise (at 20 kHz) . . . . . . 2.0 e7 rms

GENERAL DATA

Format
Image area . . . . . . . . . 13.3 x 13.3 mm
Active pixels (H) . . . . . . . . 1024

(V) . . . . . . . . 1024
Pixel size . . . . . . . . . . 13 x 13 mm
Storage area . . . . . . . . . 13.3 x 13.3 mm
Pixels (H) . . . . . . . . . . . 1024

(V) . . . . . . . . . . . 1033

Additional pixels are provided in the image area for dark
reference and over-scanning purposes.

Number of output amplifiers . . . . . . . . . . 2
Weight (approx, no window) . . . . . 7.5 g

Package
Package size . . . . . . . . . . . 22.7 x 42.0 mm
Number of pins . . . . . . . . . . . . . . 32
Inter-pin spacing . . . . . . . . . . . 2.54 mm
Window material . . . . . . quartz or removable glass
Type . . . . . . . . . . . . ceramic DIL array

CCD47–20 Back Illuminated
High Performance AIMO

Back Illuminated CCD Sensor

# e2v technologies (uk) limited 2007 A1A-100041 Version 7, September 2007
102636

e2v technologies (uk) limited, Waterhouse Lane, Chelmsford, Essex CM1 2QU, UK Telephone: +44 (0)1245 493493 Facsimile: +44 (0)1245 492492
e-mail: enquiries@e2v.com Internet: www.e2v.com Holding Company: e2v technologies plc

e2v technologies inc. 4 Westchester Plaza, PO Box 1482, Elmsford, NY10523-1482 USA Telephone: (914) 592-6050 Facsimile: (914) 592-5148
e-mail: enquiries@e2vtechnologies.us



Mission summaryMission summary
Name CHEOPS 

(CHaracterizing ExOPlanet Satellite)
Primary 

science goal
Measure the radius of planets transiting bright stars 
to 10% accuracy

Targets Known exoplanet host stars with a V-magnitude < 
12.5 anywhere on the sky

Wavelength Visible range : 400 to 1100 nm 

Telescope 707 cm2 effective aperture reflective on-axis 
telescope

Orbit LEO sun-synchronous, LTAN 6am, 620-800 km 

Lifetime 3.5 years

Type s-class


