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CHEOPS E PRONTO PER OSSERVARE | PRIMI ESOPIANETI

CHEOPS (CHaracterizing ExoPlanets Satellite) ha completato i tre mesi di test in orbita, dimostrando di
poter raggiungere e addirittura superare tutte le prestazioni per cui ¢ stato costruito ed é ora pronto ad
iniziare il suo lavoro di osservazione dei pianeti e sistemi planetari esterni al sistema solare. Per quanto

finora ha dimostrato, ci aspettiamo straordinarie scoperte a cominciare dai prossimi mesi

CHEOPS e stato lanciato dalla base della Agenzia Spaziale Europea (ESA) a Kourou, in Guaiana francese,
il 18 dicembre 2019 e la sua attivita in orbita durera come da programma circa quattro anni. Dopo i primi
test sul funzionamento generale del satellite, il suo telescopio, di 30 cm di diametro, € stato messo in
funzione verso fine gennaio e da allora ha iniziato a raccogliere immagini stellari, volutamente sfuocate,
per avere un maggior numero di elementi sensibili (pixel) su cui far arrivare la luce stellare e quindi
poterne misurare 1’intensita con altissima precisione. La precisione nella misura della luce che ci arriva
da una stella ¢ ’elemento chiave per poter misurare le dimensioni dei pianeti che le orbitano attorno. E la
misura del raggio dei pianeti, specialmente pianeti piccoli, di dimensioni pari o inferiori a Nettuno, é lo
scopo principale della missione CHEOPS.

«La fase di commissioning in orbita - dice Nicola Rando, CHEOPS project manager per ESA - ¢ stato un
periodo estremamente eccitante e siamo felici di poter annunciare che le prestazioni del satellite sono
come ci aspettavamon.

In febbraio e marzo gli esperti dell’ Airbus Spagna (primo responsabile del satellite) e dell’ESA hanno
osservato molte stelle note per verificare che la stabilita di
puntamento, la qualita delle ottiche del telescopio e il detector
(CCD) permettano di ottenere gli scopi scientifici per cui
CHEOPS e stato costruito. | test hanno confermato tutte le
prestazioni previste per il satellite e la possibilita di
comandarlo da Terra e ricevere tutti i dati delle osservazioni.

«Nelle ultime settimane CHEOPS - afferma Giampaolo
Piotto, professore di Astronomia al Dipartimento di
Fisica e Astronomia dell’Universita di Padova - ha
osservato alcune stelle che sapevamo ospitare pianeti e visto
I pianeti transitare di fronte a loro. La precisa misura della
piccola diminuzione, molto minore dell’1% nella maggior
parte dei casi, della luminosita della stella al passaggio del
pianeta davanti ad essa é esattamente cio per cui CHEOPS é
stato costruito. Da questa variazione, gli astronomi sono in
grado di misurare il raggio del pianeta e i parametri che
definiscono la sua orbita».

Giampaolo Piotto La prima stella osservata € stata HD93396, posta a 320 anni
luce da noi, un po’ piu fredda del Sole, ma tre volte piu
grande. Attorno ad essa orbita un pianeta gassoso, KELT-11b, circa 30% piu grande di Giove, ma ad una
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distanza molto minore di quella di Mercurio rispetto al Sole. CHEOPS ha permesso di misurare il suo
diametro (181.600km), con un errore di soli 4300km.

«La misura fatta da CHEOPS e cinque volte piu precisa di quanto fatto finora da Terra. Questo ci fa
pregustare quello che potremo fare con CHEOPS nei prossimi mesi e anni» sottolinea Willy Benz,
dell’Universita di Berna, investigatore principale del consorzio che gestisce la missione.

I1 25 marzo, alla conclusione dei test, ESA ha formalmente passato la gestione della missione al consorzio
che ha ideato il progetto e che ora ha la responsabilita di gestire le osservazioni, I’analisi dei dati e la
pubblicazione dei risultati. Del consorzio fanno parte, oltre alla Svizzera, partner principale, Austria,
Belgio, Francia, Germania, Inghilterra, Italia, Portogallo, Spagna, Svezia e Ungheria. Dopo la Svizzera,
I’Italia, tramite 1’Agenzia Spaziale Italiana, € il maggior contributore al programma. Le ottiche del
telescopio sono state progettate presso I’INAF-Osservatorio Astronomico di Padova dal gruppo del Prof.
Roberto Ragazzoni, con un contributo anche di INAF-Catania e costruite in Italia, presso la Leonardo
(Finmeccanica) di Firenze.

Ad inizio aprile CHEOPS ha poi
osservato altri esopianeti, come
la super-Terra calda, un oceano
di lava, che orbita molto vicino
alla stella 55Cancri e il Nettuno
“tiepido” (GJ436b che sta
perdendo lentamente la sua
atmosfera a causa dell’intensa
radiazione ricevuta dalla stella
ospite.

«CHEOPS sta ora passando alla
fase di osservazioni scientifiche
vere e proprie. Inizia il lavoro,
duro, ma estremamente
eccitante, che vedra il nostro
Dipartimento  di  Fisica e
Astronomia e 1’Osservatorio
Astronomico di Padova in prima
linea. Nell’ultimo anno abbiamo
molto lavorato per selezionare i
sistemi esoplanetari piu adatti
per misurare le dimensioni dei
loro pianeti e, a partire dal 18 aprile, cominceremo ad avere i dati tanto attesi - dice Giampaolo Piotto -.
La squadra é pronta e i risultati non mancheranno ad arrivare, molto presto».

L’alta automazione di tutte le procedure ha fatto si che 1’attuale emergenza legata al coronavirus non abbia
avuto alcun impatto sulla gestione del satellite e si prevede sara cosi anche nel prossimo futuro. Ad inizio
aprile era programmato un congresso a Padova, dove i primi risultati dovevano essere presentati, con la
presenza del premio Nobel per la Fisica 2019 Didier Queloz, responsabile del comitato scientifico di
CHEOPS. Il congresso si € tenuto ugualmente, ma per via telematica e ci si & dati appuntamento a Padova,
per la prossima primavera.



CHEOPS OBSERVES ITS FIRST EXOPLANETS
AND IS READY FOR SCIENCE

Cheops, ESA’s new exoplanet mission, has successfully completed its almost three months of in-
orbit commissioning, exceeding expectations for its performance. The satellite, which will
commence routine science operations by the end of April, has already obtained promising
observations of known exoplanet-hosting stars, with many exciting discoveries to come.

“The in-orbit commissioning phase was an exciting period, and we are pleased we were able to meet all
requirements,” says Nicola Rando, Cheops project manager at ESA. “The satellite platform and
instrument performed remarkably, and both the Mission and Science Operation Centres supported
operations impeccably.”

Launched in December 2019, Cheops, or the Characterising Exoplanet Satellite, opened its eye to the
Universe at the end of January and shortly after took its first, intentionally blurred images of stars. The
deliberate defocusing is at the core of the mission’s observing strategy, which improves the measurement
precision by spreading the light coming from distant stars over many pixels of its detector.

Precision is key in today’s exoplanet research. More than 4000 planets — and counting — are known to be
orbiting stars other than the Sun. A key follow-on is to start to characterise these planets, providing
constraints on their structure, formation and evolution.

Taking the steps to characterise exoplanets through the precise measurement of their sizes — in particular
those of smaller planets — is exactly the mission of Cheops. Before being declared ready for the task,
however, the small, 1.5 metre sized satellite had to pass a large number of tests.

Outstanding performance

With the first series of in-flight tests, performed between January and February, the mission experts started
analysing the response of the satellite, and in particular of the telescope and detector, in the actual space
environment. Proceeding into March, Cheops focused on well-studied stars.

“To measure how well Cheops performs we first needed to observe stars whose properties are well known,
stars that are well-behaved — hand-picked to be very stable, with no signs of activity” says Kate Isaak,
Cheops project scientist at ESA.

This approach enabled the teams at ESA, the mission consortium and Airbus Spain — the prime contractor
— to verify that the satellite is as precise and stable as needed to meet its ambitious goals.

“The pointing is extremely stable: this means that while the telescope observes a star for hours while the
spacecraft moves along its orbit, the image of the star remains always within the same group of pixels in
the detector,” explains Carlos Corral van Damme, ESA’s System Principal Engineer for Cheops.

“Such a great stability is a combination of the excellent performance of the equipment and of the bespoke
pointing algorithms, and will be especially important to fulfill the scientific objectives of the mission. The
thermal stability of the telescope and the detector has also proven to be even better than required,” adds
Carlos.

The commissioning period demonstrated that Cheops achieves the required photometric precision and,
importantly, it also showed that the satellite can be commanded by the ground segment team as needed to
perform its science observations.

“We were thrilled when we realized that all the systems worked as expected or even better than expected,”
says Cheops Instrument Scientist Andrea Fortier, who led the commissioning team of the consortium for
the University of Bern, Switzerland.

Time for exoplanets

During the final two weeks of in-orbit commissioning, Cheops observed two exoplanet-hosting stars as
the planets ‘transited’ in front of their host star and blocked a fraction of starlight. Observing transits of
known exoplanets is what the mission was built for — to measure planet sizes with unprecedented precision
and accuracy and to determine their densities by combining these with independent measurements of their
masses.



One of the targets was HD 93396, a subgiant yellow star located 320 light-years away, slightly cooler and
three times larger than our Sun. The focus of the observations was KELT-11b, a puffy gaseous planet
about 30% larger in size than Jupiter, in an orbit that is much closer to the star than Mercury is to the Sun.
The light curve of this star shows a clear dip caused by the eight hour-long transit of KELT-11b. From
these data, the scientists have determined very precisely the diameter of the planet: 181,600 km — with an
uncertainty just under 4300 km.

“The measurements made by Cheops are five times more accurate than those from Earth. That gives us a
foretaste for what we can achieve with Cheops over the months and years to come,” said Willy Benz,
Principal Investigator of the Cheops mission consortium, and professor of astrophysics at the University
of Bern.

A formal review of the satellite performance and ground segment operations was held on 25 March, and
Cheops passed it with flying colours. With this, ESA handed over responsibility for operating the mission
to the consortium led by Willy Benz.

Fortunately, the commissioning activities were not affected much by the ensuing emergency caused by
the coronavirus pandemic, which resulted in social distancing measures and restrictions to movement
across Europe to prevent the spread of the virus.

“The ground segment has been working very smoothly from early on, which enabled us to fully automate
most of the operations for commanding the satellite and downlinking the data already in the first few
weeks after launch,” explains Carlos. “By the time the crisis emerged in March, with the new rules and
regulations that came with it, the automated systems meant that the impact on the mission was minimal.”
Cheops is currently transitioning towards routine science operations, which are expected to begin before
the end of April. Scientists have started observing some of the ‘early science targets’ —a selection of stars
and planetary systems chosen to showcase examples of what the mission can achieve: these include a ‘hot
super-Earth’ planet known as 55 Cancri e, which is covered in a lava ocean, as well as the ‘warm Neptune’
GJ 436b, which is losing its atmosphere due to the glare from its host star. Another star on the list of
upcoming Cheops observations is a white dwarf, the first target from ESA’s Guest Observers Programme,
which provides scientists from beyond the mission consortium with the opportunity to use the mission
and capitalize on its observational capabilities.

More about Cheops

Cheops is an ESA mission developed in partnership with Switzerland, with a dedicated consortium led
by the University of Bern, and with important contributions from Austria, Belgium, France, Germany,
Hungary, Italy, Portugal, Spain, Sweden and the UK.

ESA is the Cheops mission architect, responsible for procurement and testing of the satellite, launch, the
launch and early operations phase, in-orbit commissioning, as well as the Guest Observers’ Programme.
The consortium of 11 ESA Member States led by Switzerland provided essential elements of the mission.
The prime contractor for the design and construction of the spacecraft is Airbus Defence and Space in
Madrid, Spain. The Cheops mission consortium runs the Mission Operations Centre located at INTA, in
Torrejon de Ardoz near Madrid, Spain, and the Science Operations Centre, located at the University of
Geneva, Switzerland.
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