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Schmidt	et	al.	2014,	Wang	et	al.	2015

Planet	Hunters

Kepler	Data



planethunters.org

Planet	Hunters	TESS



20,000
Subjects	
each	seen	
by	8	- 15	
volunteers

Top	~500	
looked	at	by	
science	team

5	- 10 high	priority	
candidates

Extract	and	
rank	new	
planet		

candidates

Per	Sector:

Step-by-Step	Summary





• Inject	transits	into	real	lightcurves
• SNR	>	7

Assess	project	sensitivity

Give	feedback

Assess	the	skill	of	each	volunteer
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Simulated	Data	



Histogram	of	Location	of	Transit	Markings	– Sector	4

Time	since	start	of	Sector	(days)
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Removal	of	Systematics



20,000
Subjects	
each	seen	
by	8	- 15	
volunteers

Top	~500	
looked	at	by	
science	team

5	- 10 high	priority	
candidates

Per	Sector:

Extract	and	
rank	new	
planet		

candidates

Step-by-Step	Summary



• DB	scan	clustering	algorithm	: 5	points	define	a	cluster

Significance	=
Sum	of	user	weights	in	the	cluster

Total	user	weights	of	volunteers	who	saw	the	subject

Density	Based	clustering
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PHT	volunteers

τ Ceti

τ Ceti lightcurve

1.	Transit-like	signal in	the	identified	by	PHT	
volunteers



Oscar	Barragan

τ Ceti
1.	Transit-like	signal in	the	identified	by	PHT	
volunteers

2.	Modelling suggest	
- 0.94	Earth	Radii?	
- ~225	K?	
- Earth	like	planet?



Benjamin	Pope

τ Ceti
1.	Transit-like	signal in	the	identified	by	PHT	
volunteers

2.	Modelling suggest	
- 0.94	Earth	Radii?	
- ~225	K?	
- Earth	like	planet?

3.	Third	magnitude	star		->		saturated	the	pixels
- ‘halo	photometry’



1.	Transit-like	signal in	the	identified	by	PHT	
volunteers

2.	Modelling suggest	
- 0.94	Earth	Radii?	
- ~225	K?	
- Earth	like	planet?

3.	Third	magnitude	star		->		saturated	the	pixels
- ‘halo	photometry’

4.	Full	Frame	Images	
- background	revealed	’ripples’

Chelsea	Huang

Conclusion:	Found	the	Earth

τ Ceti

τ Ceti
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Single	Transits	(~80%)

Around	variable	Stars	(~20%)	

Candidates



~84	days ~84	days

PHT	Candidate

Eisner	et	al.	(in	prep.)
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PHT	Candidate:	follow-up

• Bayesian	with	MCMC	sampling	• Bayesian	with	MCMC	sampling	

• ~	7.1	Earth	radii

• ~	84	day	period

• Subgiant	host	star

• Expected	RV	signal	~	6-7	m/s

Pyaneti:	Barragán	et	al.	2019 Eisner	et	al.	(in	prep.)

2-minute	cadence

30-minute	cadence



Eisner	et	al.	(in	prep.)

• ANU reconnaissance	spectroscopy
• HARPS single	high-res	spectrum
• Zorro speckle	imaging

ALMOST	Statistically	Validated

PHT	Candidate	:	follow-up

VESPA:	Morton	et	al.	2012



Eisner	et	al.	(in	prep.)

• ANU reconnaissance	spectroscopy
• HARPS single	high-res	spectrum
• Zorro speckle	imaging

ALMOST	Statistically	Validated

VESPA:	Morton	et	al.	2012

Longest-Period	(almost)	confirmed	TESS	Planet	



https://mast.stsci.edu/phad/

PHAD



• Over	9	million classifications	since	December	2018
• Over 12,000	registered	volunteers

Multi-planetary,	or	a	double	binary,	or	quadruple	binary,	or	a	planetary	binary	system?
- thaichitsiga

“
An	Ultra-Hot	Jupiter	or	a	doomed	EB	around	HD	27342?		

- ProtoJeb21
“

Planet	Hunters	TESS:	Community



Thank	you	

nora.eisner@physics.ox.ac.uk
@planethunters

@eisnernora





User	Weighting

• Difficulty	factor	per	subject:
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Follow-up

- Photometric	and	RV	follow-up	observations	are	being	carried	out
- 140	hours	of	LCO

- SBIG	(and	some	Sinistro)	and		NRES
- 4.8	days	CTIO

- CHIRON

- Collaborating	with	various	teams	for	long	term	radial	velocity	follow-up



Fraction	of	TOIs	Recovered



Longest-period	TESS	planet:	Vetting

• Odd/even	transits

• Centroid	shifts

• Momentum	dumps

• LC	in	different	aperture	sizes

• Contamination	from	nearby	stars





Kepler/K2’s	Success

• Multi-Planet	Systems	
(e.g.,	Rowe	et	al.	2014)

• Quadruple	Star	System
(e.g.,	Schwamb et	al.	2013)

• Potentially	Habitable	Planets	
(e.g.,	Kaltenegger2011)

• Water	Worlds	
(e.g.,	Borucki et	al.	2013)

• Long-Period	Planets
(e.g.,	Wang	et	al.	2015)


