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Abstract

In this work, we investigate the potassium excess
absorption around 7699A of the exoplanets
HD189733b and HD209458b. For this purpose, we
used high spectral resolution transit observations
acquired with the 2 x 8.4m Large Binocular
Telescope (LBT) and the Potsdam Echelle
Polarimetric and Spectroscopic Instrument (PEPSI).
For a bandwidth of 0.8A, we present a detection > 7-
o with an absorption level of 0.18% for HD189733b.
Applying the same analysis to HD209458b, we can
set 3-0 upper limit of 0.09%, even though we do not
detect a K- excess absorption. The investigation
suggests that the K- feature is less present in the
atmosphere of HD209458b than in the one of
HD189733b. This comparison confirms previous
claims that the atmospheres of these two planets must
have fundamentally different properties.

1. Introduction

For hot Jupiter atmospheres with T~ 1500K, the
strongest atomic  absorber in  the  optical
wavelengths are Na and K (Fortney et al. 2010).
Different investigations on HD189733b and
HD209458b have confirmed the presence of Na
using low- and high resolution spectroscopy (see
e.g. for HD209458b Charbonneau et al. (2002)
and Snellen et al. (2008) or for HD189733b
Redfield et al. (2008) and Wfyttenbach et al.
(2015)). However, the detection of K was not yet
assured from high resolution investigations for any
exoplanet, although attempts were made e.g. recently
by Gibson et al. (2019) investigating K on the
exoplanet ~ Wasp-31b.  Several investigations

attempted to detect K on HD189733b and
HD209458b. For instance, Jensen et al. (2011) used
the Hobby-Eberly-Telescope and stated a non-
detection of K for both exoplanets. A tentative 2.5-0
detection of K in the at- mosphere of HD189733b
was claimed by Pont et al. (2013) using the ACS
camera at the Hubble Space Telescope. To date, there
is no significant detection of K for these two
exoplanets, neither in low- nor in high- resolution
observations. In this work, we show the first high
resolution K- detection in an exoplanet atmosphere.

2. Observations

We observed one transit for HD189733b on October
11, 2017 at 01:47 — 06:39 UT (PI: J.D. Turner, UVA)
and one transit for HD209458b on October 13, 2017
at 03:03 — 08:04 UT (PI: K.G. Strassmeier, AIP)
using the PEPSI instrument (Strassmeier et al. 2015,
2018b) with a 3.2— pixel resolution of 130 000 at the
LBT. The spectograph is a white—pupil fiber—fed
spectograph located in a pressure-controlled chamber
at a constant pressure, temperature and humidity to
ensure constant refractive index of the air inside,
providing radial velocity stability about 5 m/s on the
long term and less than 0.5 m/s on the short term
(Strassmeier et al. 2018).

3. Figures

K- excess absorption for HD189733b (left) &
HD209458b (right). Shown are absorption curves at
0.8A bandwidth using reference bands (top) & no
reference bands (middle). Bottom panel shows the
excess level for other bandwidths. Green line shows
the CLV-curve & the blue line the planet absorption.
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Figure 1: Potassium excess absorption for
HD189733b (left) and HD209458b (right)

4. Summary and Conclusions

The excess absorption levels for HD189733b are
0.181 % + 0.022 % (top) and 0.184 % + 0.025 %
(middle), thus similar within their error bars. This
absorption value corresponds to ~13 scale heights,
hinting that the absorption must originate at high
altitudes in the atmosphere. The left bottom panel
shows the mean absorption for different bandwidths
(using no reference bands) and the significance level.
By increasing the bandwidth more than 0.8A, the
absorption level decreases, as expected, due to the
integration of less atmospheric K absorption relative
to the continuum flux. Also shown on the right y-
scale is the apparent planetary radius i.e. the radius
until which the atmosphere is opaque in units of the
white light radius. The significance level of the K-
detection for the 0.8A bandwidth is determined with
> 7-0 with respect to the zero level. For the
remaining other bandwidths, the determined excess
absorption levels are also above 3-0 with respect to
the zero level. In contrast to the HD189733b
observation, there is no excess absorption evident in
the atmosphere of HD209458b at the investigated
bandwidths. Moreover, the result suggests an
emission like behaviour at low bandwidths.
Assuming zero excess absorption to not
underestimate the error (as a negative excess level
would suggest emission either than absorption), we
determine a 3-0 upper limit of around 0.084% at a
bandwidth of 0.8A.

Concluding, in comparison to HD189733b,
HD209458b shows no significant absorption of
potassium in its atmosphere
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