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Probing Transiting Exoplanet Atmospheres
from ground, in low-resolution
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Probing Transiting Exoplanet Atmospheres
from ground, in low-resolution
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Traditional ground-based multi-object spectroscopy (MOS)
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Traditional ground-based multi-object spectroscopy (MOS)
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Traditional ground-based multi-object spectroscopy (MOS)
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Revisiting ground-based multi-object spectroscopy (MOS)
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Revisiting ground-based multi-object spectroscopy (MOS)
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Revisiting ground-based multi-object spectroscopy (MOS)
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Revisiting ground-based multi-object spectroscopy (MOS)

Strategy of Normalising Target by Comparison star
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Revisiting ground-based multi-object spectroscopy (MOS)

IS

1. Comparison stars could be

Strategy of Normalising Target by Comparison star

Normalised Flux

1.03-

1.02 -

1.01 -

=
o
o

0.99 -

Comparison LC . .-° oce.

Lo Il o) %o
o<,°0°ooao oo°°°°°°° ooo
o 0o
O°°°<b°ooo° 0000 . o°° oooo
%9050 0o° 0O °°o°°°°°° ooo
°ooc,ooo © o°°°o°oooo° 0°° %o
%00 ,© o °°°o°oo°°o°
AT %° arget LC
o°°°
o ©O P
o
oO e - - - | - B N ]
o 00@® s Airmass (3 hours)
o ©Op -
o o Oo%owo ’ ' o
%Ooooooo '
o (o) ' ®
o oomoo o '
°, @9 %" g P %
oo © 4 °
oCo0
° @ PO 0%o° Shutter
00 Y 4 % ° oooqm effect
P 2 % ©0 0 :
L 00 00° (1 mante)
o ©°
% o
O
d)O
o°°°
—-1.0 —0.5 0.0 0.5 1.0 1.5 2.0

Time from mid transit [Hours]




Revisiting ground-based multi-object spectroscopy (MOS)

Strategy of Normalising Target by Comparison star
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Revisiting ground-based multi-object spectroscopy (MOS)

Strategy of Normalising Target by Comparison star

IS .

1. Comparison stars could be

2. The operation of

3.
with no nearby suitable comparison stars

Normalised Flux

1.03-

1.02 -

1.01 -

=
o
o

0.99 -

Comparison LC . .°eee,

o

o & —------l
-

- .
%0 I Airmass (3 hours)

00 (o] oo

o ® ° o° o
A 0o® Shutter

00 Y 4 % ° oo%o effect
p % oo 0° -
L 00 00° (1 mante)
o

~1.0 —0.5 0.0 0.5 1.0 1.5 2.0
Time from mid transit [Hours]




Revisiting ground-based multi-object spectroscopy (MOS)

Strategy of Normalising Target by Comparison star

IS .

1. Comparison stars could be

2. The operation of

3

" with no nearby suitable comparison stars

Need for a new method!
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Normalised Flux

New method to correct for systematics in
ground based light curves
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Normalised Flux
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New method to correct for systematics in

ground based light curves
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Also see Gibson et al. 2011



Normalised Flux
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New method to correct for systematics in
ground based light curves
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New method improves accuracy and precision of transit parameters
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Extracting transmission spectrum using only the Target star
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Extracting transmission spectrum

using only the Target star
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Extracting transmission spectrum using only the Target star

Relative Flux

1.03-

1.02-

1.01-

-
o
O

0.99 -

0.98 -

Target LC - Transit model

Gaussian Spectroscopic
ProceSS > Target LC
model
~1.0 —0.5 0.0 0.5 1.0 1.5 2.0

Time from mid transit [Hours]

Panwar et al. (in review)



Gemini/GMOS view of the warm Neptune HAT-P-26b
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Gemini/GMOS view of the warm
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Extracting transmission spectrum using only the Target star

Correcting for

dependent systematics
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Extracting transmission spectrum using only the Target star

Correcting for

dependent systematics
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Extracting transmission spectrum: new vs conventional method
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Extracting transmission spectrum: new vs conventional method
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Gemini/GMOS transmission spectrum of the warm Neptune HAT-P-26b
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Gemini/GMOS transmission spectrum of the warm Neptune HAT-P-26b
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Gemini/GMOS transmission spectrum of the warm Neptune HAT-P-26b
Constraining the cloud deck pressure level
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Normalized flux

Measuring Accurate transit depth necessary for active host stars
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Measuring Accurate transit depth necessary for active host stars
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How does this change planet’s spectrum?



Contamination of transmission spectrum due to stellar spots/faculae
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WASP-19b observed by Gemini/GMOS over multiple epochs
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WASP-19b observed by Gemini/GMOS over multiple epochs
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WASP-19b observed by Gemini/GMOS over multiple epochs
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Transit Depth [ppm]

WASP-19b observed by Gemini/GMOS over multiple epochs
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Stellar variability: an obstacle to combining multi-epoch spectra
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Stellar variability: an obstacle to combining multi-epoch spectra
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Stellar variability: an obstacle to combining multi-epoch spectra
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Summary and Conclusions

* We develop a new method to extract ground-based transmission
spectra that does not rely on comparison stars.

* The new method is more accurate and more precise; it allows to
derive wavelength dependent absolute transit depths.

* The new method enables ground-based atmospheric follow-up of
bright targets with no suitable comparison stars nearby.

* Contamination due to stellar variability raises concerns on
reliably combining transmission spectra over multiple epoches.



