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Table 1
Average escape rates from Venus' upper atmosphere involving hydrogen
and oxygen

Planet Venus Mars
Escape process Loss rate (s™1) Loss rate [s_]]
Jeans: H 2.5 x 10"° 1.5 x 10%
Photochemical reactions: H* 1.8 x 10%%

Photo<hemical reactions: O* 2.8 s 107
Electric field force™: HT <7 x 105

lon pick up: H™ 1x10% 1.2x10%
Ion pick up: Hy <10% 1.2x 107
Pick up: O 1.6 x 10%° 3 x 10%
Detached plasma clouds: O 53 10— 1 > 10% 2 1 ¢ 102
Sputtering: O 6 x 10% 22 % 107

The thermal, photo-chemical and ion loss rates are based on our model
results. The sputtered O loss rates is taken from Luhmann and Kozyra
(1991) and the electric force driven H™ loss rates due to ionospheric holes
on Venus nightside are based on estimations of Hartle and Grebowsky
(1993).

“Estimated by Hartle and Grebowsky (1993).
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H/He ratio:98/2

Results. We find that the measured spectrum constra
Hydrogen 1s almost fully 1onised at altitudes above 2.9
at effective radii from 1.16 to 1.30 Rp, and that the He 1
averaged mean molecular weight i1s confined to the 0.(
than 90/10, and most likely approximately 98/2. We al
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Abstract

Detecting exoplanet transits at X-ray wavelengths would provide a window into the effects of high-energy
irradiation on the upper atmospheres of planets. However, stars are relatively dim in the X-ray, making exoplanet
transit detections difficult with current X-ray telescopes. To date, only one exoplanet (HD 189733 b) has an X-ray
transit detection. In this study. we investigate the capability of future X-ray observatories to detect more exoplanet
transits, focusing on both the NewAthena Wide Field Imager instrument and the proposed Advanced X-ray
Imaging Satellite (AXIS), which provide more light-collecting power than current instruments. We examined all
the transiting exoplanet systems in the NASA Exoplanet Archive and gathered X-ray flux measurements or
estimates for each host star. We then predicted the stellar count rates for both AXIS and NewAthena and simulated
light curves, using null-hypothesis testing to identify the top 15 transiting planets ranked by potential detection
significance. We also evaluate transit detection probabilities when the apparent X-ray radius is enlarged due to
atmospheric escape, finding that >five of these planetary systems may be detectable on the >4¢ level in this
scenario. Finally, we note that the assumed host star coronal temperature, which affects the shape of an X-ray

trancit ~an alen cionificantly affant ane ahilitv ta datect tha nlanat

hitps: / /doi.org /10.3847 /1538-3881/ad6d6

CrossMar

separate from super-Earths, believed to be rocky cores
(J. E. Owen & Y. Wu 2017). Direct observation of escaping
atmospheres provides the strongest means by which to test these
hypotheses.

Observing transits in the X-ray provides another unique way
to observe atmospheric escape. The first and only planetary
transit to be detected in the X-ray is that of HD 189733 b
(K. Poppenhaeger et al. 2013; P. 1. Wheatley et al. 2024, in
preparation), one of the earliest discovered planets and a
canonical hot Jupiter. The results of K. Poppenhaeger et al.
(2013) imply that the apparent radius of the planet is 509%—80%
larger in the X-ray than it is in the optical. This can be
attributed to an extended envelope of near-neutral material, for
which X-ray absorption via the photoelectric effect is much
stronger than typical absorption features in the UV, optical, and
infrared—with the exception of Lya. However, the utility of
the Lya feature is made difficult by absorption by the
intervening interstellar medium. Additionally, interpreting the
physical extent and mass-loss rates of planetary outflows from
metal line and metastable He absorption is complicated by our
lack of knowledge of the exact atmospheric conditions and
(variable) radiation field that populates the relevant atomic
states (A. Oklopc&i¢ 2019; L. Wang & F. Dai 2021). X-rays
interact with inner-shell electrons, making the photoelectric
absorption cross sections across a broad energy range relatively
insensitive to the exact ion population. Thus, X-ray transits
provide a more agnostic tracer of the physical extent of
planetary atmospheres with which to measure atmospheric
escape rates, making exoplanet transits a unigque subject of

interest for future X-ray observatories
e— - - . as - = o (]
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TRANSIT OBSERVATIONS OF THE HOT JUPITER HD 189733b AT X-RAY WAVELENGTHS
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X-ray temperatures and their radial distributions from winds
of O-type supergiants: the effects of clumps
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Young stars (pre-main sequence stars and proplanetary disk )

Table 1. Line widths of the program stars.
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Theoretical Observational

{O0riA OVII

610-880 5004, 900 + 2007

NeIX  610-880  1360¢,900 + 200" 7

MgXI  480-800 900 = 2007 _ ]

SiXII  360-700 900 = 2007 - ]
ZPup  OVI 9001100 g

NeIX  780-1050 ]

MgXI  690-990 .

SiXIT  350-700

Notes. “’ Cohen et al. (2006); » Waldron & Cassinelli (2000); ) Kahn

et al. (2001).




Early-type supergiants

X-RAY DATA OF OBSERVED STARS

TABLE 2

(0.2-4.5) keV

Effective Net
Exposure Intensity E, L.
Name Time (s) (ctss™ 1) (10 Pergsem 2571 (103" ergss ')
(n @) 3 ) ©)
D8R ovwinaniny 3906 0.057=0,005 1 =1 58 =5
(Pup............ 2529 0.57 =0.02 114 =4 26 =1
O 1827 0.033+0.006 65x1.1 16 =3
HD 152248 ...... 1551 0.037=0.007 T74=14 65 =12
HD 151804...... 9698 0.011=0.002 2.1x03 13 =2
WCMa ,.ooiains 1965 <0.014 <29 <14
o Cam .. 1153 0.027=x0,005 5:5+1.0 13 =2
eOn............. 1541 0.32 =0.02 64 =3 20 =1
RON oo 1757 0.086 0,008 1T =2 g %1
yAra............ 5705 0.020+0.003 40x05 2704
p Leo 7228 <0.0073 <15 <17
13 Tag i 6654 <0.0063 <13 <29
HD 190603 ...... 3231 <0.016 <33 <28
Y2 O ivasviiss 2734 <0.0047 <0.94 <44
1T ) 3013 0.0075 =0.0022 1.5+04 1204
YR covimin o 11 <(0.0039 <0.79 <2.6
o CMa-wisviinas 1770 <0.0074 <15 <20
nCMa........... 6295 <0.0046 <(.92 <0.7
67 Ol comsvaca 7743 <0.0080 <16 <1.7
T s e 3138 <0.0091 <1.8 <8.5
G N 2879 <0.0056 <11 <0.5
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