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The ExoClock Project 
 

Ground - based exoplanet observations in 
support of the ARIEL space mission 



ARIEL space mission 

•  ESA medium (M4) mission: Launch 2028 
•  Telescope aperture: 1 m 
•  Spectrograph 
•  Wavelength coverage: 0.5 - 7.8 μm 
•  Key science question: 

How chemically diverse are exoplanets? 
•  Science goal: 

Observe ~1000 exoplanet atmospheres 



Importance of the atmopshere 



Transit spectroscopy 



Transit spectroscopy 

Wakeford et al. 2017 



Time-critical 



Time-critical 

Mandel et al. 2017 



 
 
 
 

Hellier et al. 2015:  
T0 = 2455928.8853 ± 0.0004  

P=4.971252 ± 0.000015 
Last observation Feb. 2012 

 
 

Our observations:  
28 / 03 / 2018 
02 / 04 / 2018 

Expected uncertainty: ± 9 minutes 
	

Ephemeris refinement: WASP-83 b 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Confirmed time shift of 25 minutes 

Ephemeris refinement: WASP-83 b 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Confirmed time shift of 25 minutes 

Ephemeris refinement: WASP-83 b 



The ExoClock project 
 
Need for ephemeris confirmation for ~1000 ARIEL targets:  
 
Ø Not so many observations required: ~1 per 1-2 year(s)! 

Ø  But needs to be well organised 
 
Ø  Every transit is a unique opportunity to contribute to the 

mission  
 
Ø Observations can be available for further research 



What is new in ExoClock 
u Open to everyone 
 
u Live up-to-date ephemerides 

u Target prioritization with alert system 

u Personalised observation schedule 

u Direct publications for participants 

u Continuous feedback to the observers 













The Exoworlds Spies project  



Our strategy 

•  Education and Research  
•  Observation toolkit 
•  Data analysis software 
•  Educational material (videos, 

data for training etc) 
•  Website/ email  
•  www.exoworldsspies.com  
	



HOPS – the HOlomon Photometric Software 

github.com/ExoWorldsSpies/hops  



HOPS – characteristics 
Open source code

open to contribution from the pro/am communities

GUI for Linux / Mac OS / Windows
no scientific or coding background needed

Written in Python
easy to implement modern scientific codes

Flexible on data formats
suitable for most small and medium class telescopes 

github.com/ExoWorldsSpies/hops 



User profile

github.com/ExoWorldsSpies/hops 

HOPS – features 



Reduction

github.com/ExoWorldsSpies/hops 

HOPS – features 



Reduction

github.com/ExoWorldsSpies/hops 

HOPS – features 



Frame selection

github.com/ExoWorldsSpies/hops 

HOPS – features 



Alignment

github.com/ExoWorldsSpies/hops 

HOPS – features 



Photometry

github.com/ExoWorldsSpies/hops 

HOPS – features 



Photometry

github.com/ExoWorldsSpies/hops 

HOPS – features 



Photometry – ExoClock_info.txt

github.com/ExoWorldsSpies/hops 

HOPS – features 



Fitting

github.com/ExoWorldsSpies/hops 

HOPS – features 



Fitting

github.com/ExoWorldsSpies/hops 

HOPS – features 



Register at ExoClock: 
   exoclock.space  

 
 
 
 
 
Start training at ExoworldsSpies: 

   www.exoworldsspies.com  

Join us in the ExoClock project! 

Launched! 


