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Quick introduction to TESS



So Many Planet Candidates, So Few Planets

1 TESS pixel = 21’’ (arcseconds)



Image credit: Andrew Collier Cameron

False Positives and how seeing-limited 
photometry can help identify them



Testing for On-Target Eclipsing 
Binaries with Small Ground-Based 
Telescopes
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Extended Data Figure 2: Summary of
all transit observations of WD 1856
b, arbitrarily offset for visual clarity.
From top to bottom, we show the light
curves from TESS ; data from several
private telescopes in Arizona (oper-
ated by Gary and Kaye) with odd and
even-numbered transits shown sepa-
rately; simultaneous light curves in
four colors from MuSCAT2; a light
curve from the GTC, and a light curve
from Spitzer. The individual two-
minute-cadence TESS flux measure-
ments are shown as grey points, and
the rose-colored points are averages
of the brightness in roughly 30 sec-
onds in orbital phase. The TESS data
have been corrected for dilution from
nearby stars so that the transit depth
matches that of the GTC data.

LRS2 spectra had the highest signal-to-noise ratio of all of our observations, but still showed no368

compelling evidence for any spectral features. In particular, the LRS2 spectrum rule out any H↵369

absorption feature deeper than about 1%.370

Finally, we observed WD 1856 on 21 November 2019 with the Gemini Near InfraRed Spec-371

14

Eclipsing Binary

Planet



Testing for Nearby Eclipsing Binaries with 
Small Ground-Based Telescopes



Some of the telescopes used

PEST Observatory (Credit: TG Tan)

NGTS (12 20-cm telescopes)



Some of the telescopes used – citizen 
scientists/amateur astronomers

PEST Observatory (Credit: TG Tan)

Unistellar network



“Round the World” Light Curve Examples

Transit detections from LCO (K. Collins), NGTS (M. Battley), and Unistellar eVscope Network (P. Dalba)

9Paul Dalba | TESS Science Meeting 29

Dragomir, Dalba, et al. in prep

TOI-4465.01: A Successful Single Recovery

NGTS

Unistellar eVscope Network 
(230 hours of photometry over 3 days)

LCO- 3 sites

Transit detections from LCO (K. Collins), NGTS (M. Battley), and Unistellar eVscope Network (P. Dalba)
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TOI-4465.01: A Successful Single Recovery

NGTS

Unistellar eVscope Network 
(230 hours of photometry over 3 days)

LCO- 3 sites

Dragomir, Dalba et al., in prep.Transit detection from LCO (K. Collins)

Unistellar eVscope Network (P. Dalba)

1-m telescopes
11-cm telescopes



Shallow Light Curve Examples

Combined observations from 
seven 20-cm telescopes

1-m telescope



Transit Timing Variation 
Light Curve Examples

Figure 2 |Transit timing variations of LP 791-18d. Colored data points indicate the transit
timing measurements obtained with Spitzer (red), LCOGT (green), MuSCAT/MuSCAT2 (dark
blue), MEarth (yellow), TRAPPIST (purple), EDEN (brown), ExTrA (pink), and SPECULOOS
(grey), compared to the best fitting TTVFast model (blue curve). The vertical axis represents the
deviation from the best-fitting linear ephemeris and the horizontal axis the Julian Date of the
observation. Dark and light shaded regions illustrate the posterior population of models in the
MCMC fit corresponding to 68% and 95% confidence, respectively. Transit timing variations
with 4.53± 0.43 minutes chopping amplitude are consistently detected in both the Spitzer and
ground-based data, at a phase consistent with the planetary conjunctions of planet c and d. Some
transits near BJD = 2458900 were observed with up to four telescopes simultaneously, with
points slightly offset horizontally for clarity. Only part of the data set is shown here for clarity,
and the full data set of 72 transit timing measurements of LP 791-18c and d is depicted in
Extended Data Fig. 2.
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Extended Data Fig. 1 |All 72 transit observations of LP 791-18c (left) and LP 791-18d
(right) lined up to their fitted mid-transit times. Circles indicate the detrended normalized flux
measurements from TESS (black), Spitzer (red), LCOGT (green), EDEN (brown),
MuSCAT/MuSCAT2 (dark blue), TRAPPIST telescope (purple), MEarth (yellow), ExTrA (pink),
and SPECULOOS (grey), compared to the best-fitting transit models based on the transit times
from the TTV analysis (solid black curve). Vertical lines indicate the 68% uncertainties. Multiple
transits from a given telescope or telescope network are directly overplotted, while observations
from the different telescopes are vertical offset and in different colors for clarity (Extended Data
Tables 1-2)
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Peterson et al. (2023), Nature 



Takeaway Points

A small telescope in space is discovering thousands of transiting exoplanet science 

But it alone cannot verify which candidates are true planets 

Small (0.1 – 1m) ground-based telescopes come to the rescue

With ground-based seeing-limited photometry, we can:

• Check for chromaticity in the depth of the transit events 
(chromaticity = eclipsing binary)

• Test whether the transit events are actually off-target (e.g. 
a nearby eclipsing binary)

• Do both of the above for long transits, while also 
improving the constraints on the period of the planets

• Provide observations of multiple transits of Transit Timing 
Variation analyses


