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An error was detected in the code used for the analysis of the HD209458b sodium profile (Vidal-Madjar et al. 2011). Here we present

an updated 7'-P profile and briefly discuss the consequences.
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During the analysis of the HST/STIS observations of the Nal
line in the atmosphere of the exoplanet HD189733b (Huitson
et al. 2011), an error was detected in the code used for the
HD209458b data analysis (Vidal-Madjar et al. 2011). In the con-
version of the absorption depth into altitude, the altitudes were
systematically overestimated. Following the correction of this
mistake, the atmospheric parameters were re-evaluated.

The change in the altitude evaluations do not significantly
affect the temperature estimations because the spectral do-
mains covered by each temperature step are relatively narrow.
However, the physical sizes of the atmospheric layers are now
smaller, and if we keep the same layers some are now smaller
than the atmospheric scale heights. Therefore, to properly cor-
rect the Table 1 of the Vidal-Madjar et al. (2011) paper the num-
ber of considered layers has been decreased to four. The revised
Table 1 and the resulting T-P profile (Fig. 9 of the original pa-
per) have been updated (hereafter Table 1 and Fig. 1).

The most important update concerns the pressure estimates.
Because the overall atmospheric layer covered by the observa-
tions is smaller, in hydrostatic equilibrium the overall decrease
in pressure with altitude is less.

The resulting new T-P profile (Fig. 9 in Vidal-Madjar et al.
2011) is shown in Fig. 1.

The absorption profile as a function of bandwidth (Fig. 2 in
Vidal-Madjar et al. 2011) shows a plateau interpreted in terms
of a sodium abundance drop, likely because of ionization. The
abundance drop of a factor of 4 remains unchanged, but the
ionization pressure is now estimated to be around 7 x 1076 bar
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rather than around 3 x 1075 bar. Most important, we confirm the
detection of the thermosphere in the atmosphere of HD209458b
which is not affected by the error in the original paper. We find
that the thermobase corresponds to a rise in temperature at more
than 2200K above the pressure level of 5 x 1077 bar. The new
profile shows a more pronounced discrepancy with the predic-
tion of Yelle (2004). The temperature rise in the thermosphere is
now found at higher pressures than in the theoretical 7-P profile.

1. Conclusion

The results of our analysis favor the sodium condensation sce-
nario to explain the deficiency of sodium observed in the line
core and the possible presence of an Na ionization layer just be-
low the base of the thermosphere.

Our temperature profile presents the following patterns:

— arise from 365 K to 1400 K over nearly 1000 km (about
6 scale heights) in the pressure range of 3x1073=7x 107 bar
with a relatively long isothermal layer at about 500 K over
three scale heights over the 3 x 107#~7 x 107° bar range;

— a thick layer with a nearly constant temperature at about
1400 K. This layer has a thickness of about 1350 km
corresponding to nearly three scale heights for a pressure
range of 7 x 107°=5 x 1077 bar;

— a further temperature rise is observed at higher altitudes, up
to 3600 K at the highest altitudes, at nearly 4500 km above
the reference level, corresponding to a pressure of about
1077 bar.
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Fig. 1. Plot of the new T'-P profile (diamonds). The symbols are the same as in Fig. 9 of Vidal-Madjar et al. (2011). The vertical error bars show
the altitude regime over which we fit each temperature. The new 7'-P profile remains consistent with the 7'-P profile obtained by Sing et al. (2008)

(bar)

Pressure

WO*WO

107°

1072

A&A 533, C4 (2011)

T T T T T T T L \,\»\/\7{,#7‘\ T T T T T TT \. ‘ L .\ T \.\ T ‘ T T T T T T T ‘ T T T T T T T
_.—-—"7 "Vertical atmospheric motion in m/s (Yelle 2004)
,/‘/7 ——————
[ - T T T T T T T—P profile (Yelle 2004)
L —
é
T
I Low Na abundance
\ High Na abundance
Barman\
et\ \OIT \20\0\5.\ \‘ U W Y Y ‘ | ‘ Y Y ‘ Y Y ‘ Y Y
0 1000 2000 3000 4000 5000 6000

Temperature (K) (or m/s)

using a parametric fit of the same data set (dotted line).

Table 1. Evaluated atmospheric parameters within adjusted atmospheric layers in order to have H/Az > 1.

References

Zmin Zmin T + AT H H/AZ Pmax Pmin
(km)  (km) (K) (km) (bar) (bar)
0 300 3654200 133 2228 30x107° 32x10°

300 1000 500 + 200 183 3.8730 32x10™%  6.9x10°
1000 2350 1400 + 200 511 27+04 69x10° 48x1077
2350 4450 3600 + 1400 1315 l.6f(1):2 48x107 9.7x1078
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