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Rocky Worlds is a joint JWST and HST Director’s Discretionary Program designed to
implement the top recommendations from the Working Group on Strategic Exoplanet
Initiatives with HST and JWST (Redfield et al,, 2024). The HST side of the Rocky
Worlds DDT focuses on ultraviolet (UV) characterization of the nearby M-dwarf hosts
of the rocky planets observed with JWST. We use COS and STIS to measure the UV
to blue-optical spectra of these stars, including UV flare monitoring and measuring
the wings of the Lyman-a profile where appropriate. With these observations we con-
strain the high-energy output of these host M dwarfs in the UV, which can be applied
to planetary models of atmospheric escape, as well as photochemistry if a planetary
atmosphere is present. As detailed below, the HST Target Scheduling Team has con-
structed a plausible SED for TOI-198 (§1) and has used these values to calculate APT
inputs (§2). We discuss some additional safety issues for TOI-198 in

1 Stellar Parameters

We adopt parameters for TOI-198 primarily from | Oddo et al.| (2023), who provided
detailed stellar parameters based on a mix of SED fitting and high resolution spec-
troscopy. The parameters are presented in Table

Since TOI-198 does not have previous HST observations, we utilize a proxy star to
estimate signal-to-noise (SNR) of important UV emission lines at various wavelengths
scaled to the distance and radius of TOI-198 (23.7 pc; Gaia Collaboration et al., 2016,
2023).

TOI-198s similarity to GJ 676A in terms of Gaia DR3 colors, spectral type, and
rotation period (P,,=41 days; Suarez Mascareno et al., 2015) suggested that GJ 676A
might be a decent proxy for SNR calculations in the proposed STIS and COS modes.
Emission line strengths are uncertain due to intrinsic variability in M dwarfs and the
unknown chromospheric activity level of TOI-198 , but may be correlated with rotation
period (Youngblood et al.,|2017).

For our purposes, we scale the observed SED of GJ 676A , using the TIC v8 stellar
parameters (Stassun et al., 2019). Additionally, GJ 676A has extensive UV coverage in
the Mega-MUSCLES program (HST Program 15071; PI C. Fronig).

For our ETC calculations, we used MUSCLES!|v22 of the adapt —~const-res. fits
HSLP version of the G] 676A SED for SNR estimates in the NUV-Optical (France et al.,
2016) to estimate line SNRs.

Table 2 has the estimated SNRs. The values for G130M are based on the archival
observations and scaled to an assumed exposure time from the 12 orbits of flare mon-
itoring. While archival data at E140M exists, the sensitivity is not sufficient to detect
lines beyond Lyman-o. The Rocky Worlds team assessed that the line SNRs from

https:/ /archive.stsci.edu/prepds/muscles/


https://archive.stsci.edu/prepds/muscles/

the G130M and G140M observations would be sufficient for the goals of the Rocky
Worlds project, but that we would use G160M to attempt to detect lines such as C IV
and Si IV. Additionally we included additional STIS/G230L and G750L observations
to create a high SNR UV-visible SED. Without previous observations, COS/G160M
was not deemed a safe mode to observe TOI-198in Program 17503. With successful
G140M and E140M observations, the guidelines for clearing M dwarf safety can be
augmented with directly measured upper limits to the line strengths of CIV and Si1V,
which we discuss further in Section[3

Parameter Value
Ter (K) 3650+75
log g 4.754+0.25

Radius (Rp) 0.441+0.02
Spectral Type MOV
H-o EQW (A)  0.4240.02
RV (kms™!) 20.5

Table 1: Adopted Stellar Parameters from Oddo et al.|(2023)

2 APTINPUTS

The goal for each target host star is to obtain a) flare monitoring in the FUV, b)
UV coverage of emission lines across a range of formation temperatures as wide as
is feasible, c) an NUV-Visible spectral energy distribution (SED), and d) high enough
SNR observations of the wings of the Lyman-« line to reconstruct the intrinsic Lyman-
« profile.

For TOI-198, we meet our science goals by scheduling 12 orbits of flare monitoring
using COS G130M /1222 and 4 orbits of FUV line coverage with COS G160M /1533,
which together provides complete UV coverage from 1070-1710 A. We discuss the
choice and safety of COS/G160M in We will additionally obtain NUV /Vis low
resolution spectroscopy with STIS G230L, G430L, and G750L using the 52x0.2 slit
for SED construction. We determined that for G430L, it was preferable to use the
52x0.2E1 slit position to minimize CCD charge transfer inefficiency at short wave-
lengths, which could degrade signal-to-noise. We will observe TOI-198 for 4 orbits
using STIS/G140M 52x0.2D1 exposures to measure the wings of the Lyman-« line in
order to reconstruct the intrinsic line profile (Youngblood et al., 2017). The D1 position
minimizes the potential FUV-MAMA glow region that becomes more significant the
longer the detector has high voltage applied.


https://hst-docs.stsci.edu/stisihb/chapter-13-spectroscopic-reference-material/13-4-apertures/52x0-1e1-and-52x0-1d1-pseudo-apertures

Line SNR Grating

Lyman-a(1216A) 18,12 STIS/G140M

Sill (1261) 6 COS/G130M
Sill (1264) 14 COS/G130M
Si III (1206) 30 COS/G130M
SiIII (1294) 2 COS/G130M
SiIV (1393) 6 COS/Gl60M
Si IV (1402) 4 COS/G160M
C I (1334) 34 COS/G130M
C 11 (1335) 50 COS/G130M
C III (1175) 30 COS/GI130M
C1V (1548) 13 COS/G160M
C 1V (1550) 8  COS/G160M
OV (1401) 3  COS/Gl60M
OV (1371) 1 COS/G160M
N V (1238) 37  COS/G130M
NV (1242) 25 COS/GI130M
Mg T1(2796) 50  STIS/G230L
Mg 11(2803) 50  STIS/G230L

Table 2: Estimated Line SNR for key UV Lines, based on archival observations. Lyman-
a has estimates for the red and blue wings of the line.



3 Demonstrating the Safety of TOI-198 for G160M/1533

The Rocky Worlds DDT Program observations for targets without sufficient archival
observations have often involved the G130M /1222 and G160M /1533 settings, ensur-
ing coverage of FUV emission lines from 1070 A to 1710 A. However, TOI-198 is bright
enough that it raises the risk that observing the C IV and Si IV lines during a rare
flare could in principle damage the COS detector, as determined by using the default
procedure to clear M-dwarfs (Osten, 2017)).

However, with careful timing of the TOI-198 observations, we can use additional
information to identify whether this mode is safe for COS. For example, |Youngblood
et al.[/(2017) found several correlations between the line strength of Lyman-a C 1V, and
SilV, the three strongest emission lines that might dictate safety concerns for COS. Our
proposed STIS/G140M observations and our COS/G130M observations cover several
other species of Si and C. Thus, we can leverage the expected UV line strength relation-
ships to estimate the quiescent line strength of C IV and Si IV from either Lyman-a or
other lines detected with COS/G130M. Then we can use a similar approach that was
used for HD 260655 to clear the G160M mode for observing the star (See Rocky Worlds
Scheduling Report for HD 260655). For this reason, we have placed the COS/G160M
visit on hold until we have observed TOI-198 with another mode in our program. If
we find that the quiescent line strengths are still not safe, our alternative approach will
be to conduct a deep observation of the star with STIS/E140M.
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