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How to search for planets 
in photometric data?

 

Box Least Squares
(Kovacs et al. 2002)

periods
depths
durations

Template transits using a range of:

 Transit Least Squares
(Hippke et al. 2019)

Modulate the transit shape 
according to the stellar properties



Primary goal: discovery of 50 L1-planets (1-4 R   , nearby, bright stars)

Almost a full sky survey (80%)

Now in the extended mission until 2024 (at least!)

Cadences: 20s, 120s, 600s, 1800s

SPOC & QLP (Jenkins et al. 2016; Huang et al. 2020)

TESS mission



Primary goal: discovery of 50 L1-planets (1-4 R   , nearby, bright stars)

Almost a full sky survey (80%)

Now in the extended mission until 2024 (at least!)

Cadences: 20s, 120s, 600s, 1800s

SPOC & QLP (Jenkins et al. 2016; Huang et al. 2020): TOIs

TESS mission

PUBLICPUBLICPUBLIC
DATA!DATA!DATA!
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TESS mission

https://exofop.ipac.caltech.edu/tess/

Where are all the TESS 
data products?

https://archive.stsci.edu/

Hundreds of millions of data!
No easy to navigate through it

Where are all the TESS 
alerts?

https://exofop.ipac.caltech.edu/tess/
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Why SHERLOCK?

Easy access to the TESS data

Just using the TIC-ID!

tess_lightcurves.ipynb



Easy access to the TESS data

Recover the alerted TOIs or CTOIs

Why SHERLOCK?

TESS Objects of Interest (TOIs)

Community TESS Objects of Interest (CTOIs)

https://exofop.ipac.caltech.edu/tess/



Easy access to the TESS data

Recover the alerted TOIs or CTOIs

Search for unnoticed exoplanets 

Why SHERLOCK?

(Crossfield et al. 2019)



Easy access to the TESS data

Recover the alerted TOIs or CTOIs

Search for unnoticed exoplanets 

Why SHERLOCK?

(Peterson et al. 2023)

SHERLOCK detection!



Easy access to the TESS data

Recover the alerted TOIs or CTOIs

Search for unnoticed exoplanets 

Enhanced detection algorithm 

Multi-detrend
approach

Satvitzky-Golay
filter

Transit Least Square
&

Box Least Square

Mask &
 Search

Automatic
selection

Why SHERLOCK?



Easy access to the TESS data

Recover the alerted TOIs or CTOIs

Search for unnoticed exoplanets 

Enhanced detection algorithm 

End-to-End public pipeline available on GitHub 

Why SHERLOCK?

From data exploration to trigger an accurate ground-based observation campaign 
using only 6 command lines!

Wotan OBSERVER



(II)  Workflow and scientific cases

SPECULOOS 
FATE 

 - The six SHERLOCK modules

 - Examples of scientific cases: 
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(2)(1) (3) (4) (5) (6)
Prepare the

 data
Search for 
candidates

Vetting Statistical 
validation

Fitting Observation
plan

The six SHERLOCK modules

python3.10 -m sherlockpipe --properties explore.yaml --explore

python3.10 -m sherlockpipe --properties file.yaml

python3.10 -m sherlockpipe.vet --candidate x

python3.10 -m sherlockpipe.validate --candidate x

python3.10 -m sherlockpipe.fit --candidate x

python3.10 -m sherlockpipe.plan --observatories observatories.csv

(1)

(2)

(3)

(4)

(5)

(6)

 6 command lines



The six SHERLOCK modules

Wotan OBSERVER

(1)
Prepare the

 data
python3.10 -m sherlockpipe --properties explore.yaml --explore
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(1)
Prepare the

 data
python3.10 -m sherlockpipe --properties explore.yaml --explore

TICxxxxxxx_explore



The six SHERLOCK modules

Wotan OBSERVER

(1)
Prepare the

 data
python3.10 -m sherlockpipe --properties explore.yaml --explore

TICxxxxxxx_explore

How does the photometry look like?
How many sectors are available?
Which cadences are available?
Is it a fast rotator?
Are there some noisy regions?
Which is the field-of-view?



The six SHERLOCK modules

Wotan OBSERVER

(1)
Prepare the

 data
python3.10 -m sherlockpipe --properties explore.yaml --explore

TICxxxxxxx_explore

fov detrends tpfs rms_mask

TICxxxxxx_report.log

apertures.yaml

lc_n.csvlc.csv

lc_data.csv

periodogram.png

x3
autocorrelation.png

x2

properties.yaml



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore
TICxxxxxx_report.log detrends

The six SHERLOCK modules

(1)
Prepare the

 data

MODE: GLOBAL / SECTOR / BOTH
EXPTIME: 20 / 120 /  600 / 1800
PERIOD_MIN: 0.3
PERIOD_ MAX: 13

How does the photometry look like?
How many sectors are available?
Which cadences are available?



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

DETREND_L_MIN:  >0.1
DETREND_L_MAX:  <1.3
DETRENDS_NUMBER: 5-10

The six SHERLOCK modules

(1)
Prepare the

 data detrends

How does the photometry look like?



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

DETREND_L_MIN:  >0.1
DETREND_L_MAX:  <1.3
DETRENDS_NUMBER: 5-10

The six SHERLOCK modules

(1)
Prepare the

 data detrends

How does the photometry look like?

detrending_lightcurves.ipynb



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore
periodogram.png

x3
autocorrelation.png

x2

The six SHERLOCK modules

(1)
Prepare the

 data

AUTO_DETREND_ENABLE: TRUE / FALSE  
Is it a fast rotator?



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

INITIAL_HIGH_RMS_MASK: TRUE / FALSE
INITIAL_HIGH_RMS_THRESHOLD:  1.25 - 2   

rms_mask

Are there some noisy regions?



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

INITIAL_SMOOTH_ENABLE: TRUE/FALSE    
Savitsky-Golay

filter 

SG 

Similar SDEs but increase the SNR significantly!



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

INITIAL_SMOOTH_ENABLE: TRUE/FALSE    
Savitsky-Golay

filter 

SG 

Similar SDEs but increase the SNR significantly!

sherlock_algorithm.ipynb



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

MAX_RUNS: 1-5
SNR_MIN: 5
SDE_MIN: 5

SEARCH
MODULE

SIGNAL
?

SDE>5
SNR>5

Nº RUNs<x
END

NO

YES

MASK

YESNOSearching-and-masking loop



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

DETREND_CORES: [NUMBER OF CORES YOU WANT TO USE]
CPU_CORES:  [NUMBER OF CORES YOU WANT TO USE]
UPDATE_OIS: TRUE/FALSE    



Wotan OBSERVER

python3.10 -m sherlockpipe --properties explore.yaml --explore

The six SHERLOCK modules

(1)
Prepare the

 data

AND MANY MORE...
https://github.com/iaa-so-training/sherlock-

tutorial/blob/main/Yaml_examples/properties.yaml

DETREND_CORES: [NUMBER OF CORES YOU WANT TO USE]
CPU_CORES:  [NUMBER OF CORES YOU WANT TO USE]
UPDATE_OIS: TRUE/FALSE    
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The six SHERLOCK modules

Search for 
candidates
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The six SHERLOCK modules

Search for 
candidates

SHERLOCK  will search for planets 
over the 

detrended light curves + PCD_SAP



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

10+1 !!

SHERLOCK  will search for planets 
over the 

detrended light curves + PCD_SAP



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

shearching_planets.ipynb

SHERLOCK  will search for planets 
over the 

detrended light curves + PCD_SAP



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

SHERLOCK  will search for planets 
over the 

detrended light curves + PCD_SAP
a number of times 

3 !!
Searching-and-masking loop



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

SHERLOCK  will search for planets 
over the 

detrended light curves + PCD_SAP
a number of times 

shearching_masking.ipynb



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

TIC259377017_[3,4,5]

1 2 3

candidates.csv

TIC2593770_[3,4,5]_
report.log

TIC2593770_[3,4,5]_
candidates.log

Results of 
each run

[...] +



Wotan OBSERVER

python3.10 -m sherlockpipe --properties xxxxx.yaml 

(2)

The six SHERLOCK modules

Search for 
candidates

TIC259377017_[3,4,5]

Have a quick 
look at the results!

Transit shape?
Border score?
Persistent signal?

Let's explore the files y
together!

1 2 3

candidates.csv

TIC2593770_[3,4,5]_
report.log

TIC2593770_[3,4,5]_
candidates.log

[...] +



Wotan OBSERVER

python3.10 -m sherlockpipe.vet --candidate x 
(3)

vetting_2

vetting_1

vetting_3

The six SHERLOCK modules

Vetting
x=1, 2, 3 ...

TIC259377017_[3,4,5]

[...] +
TIC259377017_transit
_validation_report_s

ummary.pdf

TIC259377017_transits_
validation_report.pdf

 Are the transit depths consistent?
Where is the signal produced in the tpf?
How do the harmonics look like?
How does each individual transit look like? 
May any systematic be producing the signal?
Which is the field-of-view?

Let's explore the files y
together!



Wotan OBSERVER

python3.10 -m sherlockpipe.validate --candidate x 

validation_2

validation_1

validation_3

TIC259377017_statistical
_validation_report.pdf

(4)

The six SHERLOCK modules

x=1, 2, 3 ...

TIC259377017_[3,4,5]

[...] +

 Is there any other astrophysical scenario producing the
signal?

Let's explore the files y
together!

Statistical 
validation



Wotan OBSERVER

python3.10 -m sherlockpipe.fit --candidate x 

fit_2

fit_1

fit_3

ns_corner.pdf

results

ns_fit_SOI_x.pdf

The six SHERLOCK modules

x=1, 2, 3 ...

TIC259377017_[3,4,5]

[...] +

Let's explore the files y
together!

orbital period

Epoch nº cyclesPredicted
transit time

(5)
Fitting



Wotan

python3.10 -m sherlockpipe.plan --observatories observatories.csv

fit_2

fit_1

fit_3

ns_corner.pdf

results

ns_fit_SOI_x.pdf

(6)

OBSERVER

The six SHERLOCK modules

TIC259377017_[3,4,5]

[...] +

List of the observatories from where you
would like to observe the candidate

Observation
plan

plan

Let's explore the files y
together!



FATE

Examples of scientific cases



(III) Examples 

        - Jupyter Notebooks
        
        - A fast rotator: TOI-540

        - A multiplanetary system: TOI-270

        - A false positive: TOI-5747



 Jupyter Notebooks

shearching_masking.ipynb

tess_lightcurves.ipynb

detrending_lightcurves.ipynb

sherlock_algorithm.ipynb

shearching_planets.ipynb

EXTRA!EXTRA!EXTRA!

EXTRA!EXTRA!EXTRA!

EXTRA!EXTRA!EXTRA!



A multi-planetary system: TOI-270

A fast rotator: TOI-540
 
A false positive: TOI-5747

 Full Examples
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Take home message

End-to-End pipeline 

Can be used for any transiting planet search

You only need to execute 6 command lines

Is designed to run on a computational server

Strong support and a Slack channel for help



THANKS !


