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varying densities (e.g., Calvet & Gullbring 1998; Muzerolle
et al. 1998a; Robinson & Espaillat 2019). In Wendeborn et al.
(2024a, hereafter Paper I), we model multiepoch Hubble
Space Telescope (HST) observations of four CTTSs
(TWHya, RU Lup, BP Tau, and GMAur) from the UV
Legacy Library of Young Stars as Essential Standards
(ULLYSES; Roman-Duval et al. 2020) survey using a
multicolumn shock model and find significant variability
(factor of ∼2–5 within several days) in each target, with
slightly elevated accretion rates as compared to previous
studies, also shown by Pittman et al. (2022). We find that
generally the connection between accretion rates and UV line
luminosities is not significant.

Photometry provides an opportunity to probe accretion with
a higher cadence than spectroscopy can typically provide.
Excess u-band luminosity has long been associated with
accretion in CTTSs (Gullbring et al. 1998; Robinson &
Espaillat 2019). In Wendeborn et al. (2024b, hereafter
Paper II), we find strong global relationships between accretion
luminosity and excess uBgVriz luminosity, though these
connections break down for some bands/targets. Additionally,
light curve characteristics (time lags, periodicities) can be used
to infer characteristics about the accretion, such as the shape/
distribution of the hotspot (Espaillat et al. 2021; Herbert et al.
2023; Wendeborn et al. 2024b), hotspot latitude (Siwak et al.
2014, 2018), and structural changes in the flow (Blinova et al.
2016; Venuti et al. 2017; Sicilia-Aguilar et al. 2020; Zsidi et al.
2022).

Emission lines in optical and near-infrared (NIR) spectra
provide another opportunity to estimate accretion rates by more
directly probing the accretion flows themselves. Empirical
relationships between line strength and accretion have been
established using large samples of CTTS and (often)
simultaneous estimates of accretion rates and line luminosities
(Muzerolle et al. 1998b; Natta et al. 2004; Herczeg &
Hillenbrand 2008; Ingleby et al. 2013; Alcalá et al.
2014, 2017). While the connections between Lacc and LLine
are strong, their use in estimating individual CTTS accretion
rates introduces significant uncertainty and scatter (e.g.,
Fiorellino et al. 2021; Bouvier et al. 2023; Herczeg et al.
2023; Nelissen et al. 2023). Alternatively, Muzerolle et al.
(2001), Espaillat et al. (2008), Alencar et al. (2012),
Thanathibodee et al. (2019, 2023) use magnetospheric accre-
tion flow models to model the emission profiles of the
hydrogen Balmer series.

Here we employ both accretion flow modeling and empirical
Lacc–LLine relationships to estimate and better understand the
accretion in a monitoring campaign of four CTTSs: TWHya,
RU Lup, BP Tau, and GMAur by the ULLYSES and
PENELLOPE (Manara et al. 2021) surveys, using contempora-
neous data from the Outflows and Disks Around Young Stars:
Synergies for the Exploration of ULLYSES Spectra (ODYS-
SEUS, Espaillat et al. 2022) collaboration. See Paper I (Table
1, Section 2) for details on these targets. Here we present our
optical observations and data in Section 2. In Section 3, we
describe the accretion flow model and the results of modeling
the monitoring data. Next, in Section 4, we discuss these results
in more detail and connect them to the results of our shock
modeling (Paper I) and photometry (Paper II). We present our
final conclusions and summarize in Section 5.

2. Observations and Data Reduction

Multiwavelength, multiepoch observations of the CTTSs
TWHya, RU Lup, BP Tau, and GMAur were carried out in
2021 (Epoch 1/E1) and 2022 (Epoch 2/E2). More background
information on the individual objects can be found in Paper I.
Here, we present the results of our optical spectral monitoring.
Contemporaneous HST UV spectra are presented in Paper I,
while contemporaneous UV–NIR photometry is presented in
Paper II.
The contemporaneous optical spectra presented here were

obtained on a variety of instruments, including SMARTS/
CHIRON, VLT/ESPRESSO, VLT/X-shooter, VLT/UVES,
Haute-Provence/SOPHIE, and Tautenburg/TCES. Details
of these observations can be found below and in Table 1. All
spectra have been corrected for radial velocity: TW Hya,
12.3 km s−1 (Soubiran et al. 2018); RU Lup, 3.3 km s−1

(Frasca et al. 2017); BP Tau, 16.6 km s−1 (Jönsson et al.
2020); GM Aur 15.2 km s−1 (Nguyen et al. 2012). All
spectra have also been dereddened using the extinction
values listed in Table 1 of Paper I and the reddening law of
Whittet et al. (2004), assuming RV = 3.1 and constant
extinction AV.
In Paper II we show that variable extinction does not

contribute significantly to the variability of our targets. To test
if the variability was due to local dust, we compared the
observed color slopes (for u− g, B− g, g− V, g− r, g− i,
and g− z versus g) to that predicted by a local population of
dust grains. We consider a range of grain sizes, from 0.1 to
10 μm, including both silicate and graphite grains. We found
that no population of dust grains can reproduce the
photometric color slopes we see in any object. Further,
variable extinction is typically associated with dipper-like
events from disk warps/inhomogeneities, which our light
curves do not exhibit. The light curves used for these analyses
cover a wider time span than our optical spectra, showing that
variable extinction should not be significant during our optical
monitoring.

2.1. CHIRON

High-resolution (R∼ 80,000) optical spectra of all four
targets were obtained with the CHIRON (Tokovinin et al.
2013) spectrograph on the Small and Medium Aperture
Research Telescope System (SMARTS) 1.5 m telescope.
These spectra cover wavelengths of about 4100–8800Å and
have been reduced using a custom reduction pipeline with
improved treatment of background emission and bright
emission lines.23

They were obtained contemporaneously with HST spectra
(see Paper I) and photometry (see Paper II) in both E1 and E2,
though the number of observations and cadence vary by target/
epoch. TWHya and RU Lup were monitored with roughly
nightly cadence in both E1 and E2. BP Tau was observed twice
in E1, and both BP Tau and GMAur were monitored with
roughly nightly cadence in E2. More details on the timing of
these observations can be found in Table 1.

23 https://www.astro.sunysb.edu/fwalter/SMARTS/CHIRON/ch_
reduce.pdf
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2.2. ESPRESSO, X-shooter, and UVES

Several other optical spectra were obtained using the Echelle
Spectrograph for Rocky Exoplanets and Stable Spectrographic
Observations (ESPRESSO, Pepe et al. 2021), X-shooter (Vernet
et al. 2011), and UV–Visual Echelle Spectrograph (UVES, Dekker
et al. 2000) instruments on the Very Large Telescope (VLT)
alongside the HST observations for all four targets in one or both
epochs. Based on observations collected at the European Southern
Observatory under ESO programs 106.20Z8.001, 106.20Z8.002,
106.20Z8.003, 106.20Z8.004, 106.20Z8.005, 106.20Z8.006,
106.20Z8.007, 106.20Z8.011 as part of the PENELLOPE Large
VLT Program (Manara et al. 2021). Details of these observations
can be found in Table 1.

Our ESPRESSO spectra cover 3800–7900 Å at high
resolution (R∼ 140,000). X-shooter spectra are obtained
using three arms (UV, visible, NIR) covering 2989–5560,
5337–10200, and 9940–24790 Å, respectively. Spectral
resolution varies by arm: 5400, 18,400, and 11,600 for the
UV, visible, and NIR arms. UVES spectra are obtained using
two arms (UV, Visible) covering 3282–4563 and
4726–6835 Å with spectral resolutions of 71,000 and

87,400, respectively. Details regarding the reduction of
these spectra can be found in Manara et al. (2021), and the
data can be downloaded from the PENELLOPE Zenodo
website24 and the ESO Archive.

2.3. SOPHIE

We also utilize observations from Observatoire de Haute-
Provence using the Spectrographe pour l’Observation des
Phénomènes des Intérieurs stellaires et des Exoplanètes
(SOPHIE) for GMAur. GMAur was observed with SOPHIE
15 times roughly nightly between MJD= 59499∼ 59517.
These spectra cover 3870–6940Å at a resolution of about
40,000. See Bouvier et al. (2023, who first published these
spectra) for details of the data reduction and processing.

2.4. TCES

GMAur was monitored with the Tautenburg ́Coude Echelle
Spectrograph (TCES) on the 2 m Alfred Jensch telescope at

Table 1
Optical Spectral Observations

Object Epoch Instrument MJD Date # of Int. Timea

(Begin/End) (Begin/End) Observations (s)

TW Hya 1 CHIRONb 59241.3/59314.2 2021-01-27/2021-04-10 26 600
ESPRESSOc 59280.3/59313.2 2021-03-07/2021-04-09 4 720
XSHOOTERd 59307.0/59310.2 2021-04-03/2021-04-06 2 140, 50, 40e

TW Hya 2 CHIRONb 59653.1/59698.1 2022-03-15/2022-04-29 42 600
UVESf 59667.0/59669.0 2022-03-29/2022-03-31 2 340, 340e

RU Lup 1 CHIRONb 59264.4/59453.0 2021-02-19/2021-08-27 20 1800
ESPRESSOc 59449.0/59458.1 2021-08-23/2021-09-01 2 600
XSHOOTERd 59436.1/59448.1 2021-08-10/2021-08-22 2 140, 50, 30e

RU Lup 2 CHIRONb 59676.2/59817.0 2022-04-07/2022-08-26 27 1800
ESPRESSOc 59801.0/59814.0 2022-08-10/2022-08-23 5 600

BP Tau 1 CHIRONb 59467.4/59470.4 2021-09-10/2021-09-13 2 1200
ESPRESSOc 59459.4-59464.4 2021-09-02/2021-09-07 2 1000
XSHOOTERd 59448.4-59460.4 2021-08-22/2021-09-03 3 150, 100, 50e

BP Tau 2 CHIRONb 59845.4-59953.1 2022-09-23/2023-01-09 42 1200
ESPRESSOc 59928.1-59936.1 2022-12-15/2022-12-23 5 1000
XSHOOTERd 59928.1-59931.2 2022-12-15/2022-12-18 2 150, 100, 50e

GM Aur 1 ESPRESSOc 59509.2-59556.2 2021-10-22/2021-12-08 5 1200
XSHOOTERd 59504.3-59556.2 2021-10-17/2021-12-08 2 390, 300, 100e

SOPHIEg 59499.0-59516.0 2021-10-12/2021-10-29 15 3600
TCESh 59503.0-59559.9 2021-10-16/2021-12-11 17 3600

GM Aur 2 CHIRONb 59910.2-59931.1 2022-11-27/2022-12-18 18 1200
ESPRESSOc 59910.2-59916.1 2022-11-27/2022-12-03 2 1200

Notes.
a Exact integration times may vary within and between epochs.
b CHIRON: Spectral coverage = 4100–8000 Å, R ∼ 80,000.
c ESPRESSO: Spectral coverage = 3800–7900 Å, R ∼ 140,000.
d XSHOOTER: Spectral coverage = 3000–24800 Å, R ∼ 5400–11,600.
e Integration times differ between spectral arms.
f UVES: Spectral coverage = 3800–6800 Å, R ∼ 71,000–87,400.
g SOPHIE: Spectral coverage = 3900–6900 Å, R ∼ 40,000.
h TCES: Spectral coverage = 4660–7350 Å, R ∼ 67,000.

24 https://zenodo.org/communities/odysseus/
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and GMAur. Peak-to-peak, Hα, Hβ, and Hγ fluxes vary by
factors of 3.8, 5.1, and 6.7, respectively.

The Balmer lines in GMAur (Figure 1, last row) show the
strongest variability and most complex morphology. The shape
of Hα is dominated by strong, variable blueshifted absorption
from −200 to −50 km s−1 in both E1 and E2. Hβ and Hγ also
show very strong absorption in both epochs, but it is much
more pronounced in E1. While the red wing in Hγ is never
unambiguously in absorption, it does appear to be more
depressed than the other lines/targets, suggestive of matter
inflow. Peak-to-peak, Hα, Hβ, and Hγ fluxes vary by factors of
3.1, 8.5, and 201.4, respectively. The dramatic variability in Hγ
is due to a particularly low observation where Hγ is largely
washed out by noise. Ignoring this observation, the peak-to-
peak variability in Hγ is 9.0.

While we cannot rule out the possibility that extinction plays
some role in the different variability amplitudes of the Balmer
lines, it is unlikely to be the primary cause. It is more likely that
these differences originate in the accretion flows and outflows.
The absorption features (from outflows) can be quite strong,
but are stochastic and not directly correlated with accretion.
Additionally, each Balmer line has a different sensitivity to the
flowʼs temperature and optical depth (Muzerolle et al. 2001),
leading to different variability between each line since they
probe different parts of the accretion flow. Previous accretion
shock modeling shows that the accretion occurs along columns
of different radial density profiles (e.g., Ingleby et al. 2013;
Robinson & Espaillat 2019; Espaillat et al. 2021; Pittman et al.
2022). The material of different densities has different
contributions to the Balmer lines, so the accretion rates derived

Figure 1. Continuum-subtracted line profiles for Hα, Hβ, and Hγ (left to right) for TW Hya, RU Lup, BP Tau, and GM Aur (top to bottom). Red lines are spectra
from E1, while blue lines are spectra from E2. Darker lines denote spectra obtained earlier in their respective epoch. Spectra have been smoothed using a Savitzky–
Golay filter for clarity.
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from these lines may be different from one another or from that
of the total flow, as measured by the accretion shock model.

3.1.2. Non-Balmer Lines

Beyond the three bright Balmer lines described above, we
also focus on seven additional He lines present in most of our
optical spectra. These are listed in Table 2. In general, these
lines exhibit similar variability when compared to the Balmer
lines, though with additional scatter. In GMAur, some of these
lines are not detected, resulting in near- or subzero fluxes.

Alcalá et al. (2017) simultaneously and self-consistently
estimate the accretion luminosities and line luminosities of 92
young stellar objects and derive relationships between these
parameters. For every line they study, they find strong
correlations, suggesting a connection between optical line
luminosity and accretion luminosity. We use these same
relationships to estimate mean accretion luminosities in our
sample. These results are shown in Figure 3.

Besides Hδ, the Balmer lines, which tend to be bright and
robustly detected in all observations, provide the most
consistent Lacc as compared to our shock modeling from
Paper I. On average, Hα, Hβ, and Hγ are consistent to within

0.5 dex (a factor of ∼3), with Hα typically being closest. That
said, there is little consistency as to whether an epoch with
higher median accretion also sees brighter median emission
lines; only in RU Lup are the lines dimmer in conjunction with
the lower accretion rate in Epoch 2. Some He lines (in
particular He I4471, He I5875, and He I7065) are generally equally
as consistent as the Balmer lines. The other lines can deviate by
up to 1.5 dex (a factor of ∼30) with large uncertainties. Like
the Balmer lines, fluxes of the He lines, and therefore their use
with the Alcalá et al. (2017) relationships, are sensitive to the
adopted value of extinction.

3.2. Optical Veiling

The strong continuum emission produced by the accretion
process at optical wavelengths can be comparable to the
underlying photospheric emission. This can act to “fill in”
absorption lines in a process called veiling. Estimating the
veiling is important not only for the accretion shock model
(see Paper I), but is closely tied to accretion (e.g., Ingleby
et al. 2013; Sousa et al. 2023; Herczeg et al. 2023; Nelissen
et al. 2023). These veiling measurements, along with
contemporaneous V-band photometry from Paper II, are

Figure 2. Flux vs. time for Hα, Hβ, Hγ, and Hδ (top to bottom) for TW Hya (top left), RU Lup (top right), BP Tau (bottom left) and GM Aur (bottom right). Marker
shape denotes the instrument used, with CHIRON, ESPRESSO, XSHOOTER, SOPHIE, and TCES as circles, squares, triangles, diamonds, and crosses, respectively.
Line flux is in units of 10−12 erg s−1 cm−2. Dashed gray lines are times of the HST observations from Paper I. Note that some observations that are far removed in
time are not included here. Note the broken axis for GM Aur, E1.
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Rin is comparably low for both Hβ and Hγ (∼1.5–2.8 Rå),
but is higher for Hα (2.6–4.8 Rå). For all three lines, Rin is
lower in E2. Wr is very low in Hβ and Hγ, in most cases
preferring the lower bound of our grid (0.1 Rå), but for Hα the
median is 0.33 Rå. Tmax and i are lowest for Hα and highest
for Hγ.

The flow model appears to fit Hα and Hγ equally well
(average MAPEs are 0.14 and 0.16) in E1 and for some of the
later visits in E2, but the earlier visits in E2 with particularly
strong blueshifted emission are poorly fit. Thus, observations
between MJD= 59653∼ 59680 should be considered
carefully.

Figure 5. Examples of flow model fits for the best-fit observation for each target. Top to bottom: TW Hya, RU Lup, BP Tau, GM Aur. Left to right: Hα, Hβ, Hγ. The
solid red line is observed spectrum. Blue lines are 500 best-fit models. Gray regions denote regions not fit by the flow model. Examples of the worst-fit observations
can be found in Figure 8.
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Appendix B
Optical Line Luminosities

Tables 9–12 present the measured line luminosities for all 14
lines we focus on. Figures 9 and 10 show the line luminosities

for the remaining seven lines over time for TWHya/RU Lup
and BP Tau/GMAur, respectively. Hα, Hβ, and Hγ are shown
in Figure 2 in Section 3.1.1.

Figure 8. Examples of flow model fits for the worst-fit observation for each target. Top to bottom: TW Hya, RU Lup, BP Tau, GM Aur. Left to right: Hα, Hβ, Hγ.
The solid red line is the observed spectrum. Blue lines are 500 best-fit models. Gray regions denote regions not fit by the flow model. Examples of best-fit observations
can be found in Figure 5.
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Table 9
Line Luminosities for TW Hya

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

TW Hya 59241.30 C 283.0 ± 1.0 27.5 ± 3.0 23.4 ± 2.7 13.7 ± 1.6 −1.7 ± 0.5 2.9 ± 0.5 1.4 ± 0.4 −0.5 ± 0.3 2.0 ± 0.3 0.2 ± 0.2 0.3 ± 0.2
TW Hya 59280.17 C 477.0 ± 0.7 47.9 ± 4.9 28.1 ± 2.9 17.9 ± 1.9 −0.9 ± 0.3 3.2 ± 0.4 0.8 ± 0.3 0.1 ± 0.2 2.7 ± 0.3 0.5 ± 0.1 0.6 ± 0.2
TW Hya 59280.29 E 489.0 ± 1.2 51.2 ± 5.3 30.1 ± 3.6 19.4 ± 2.4 −0.5 ± 0.6 2.5 ± 0.6 0.4 ± 0.3 0.2 ± 0.3 3.1 ± 0.4 0.5 ± 0.2 1.0 ± 0.2
TW Hya 59281.18 C 497.0 ± 0.6 62.6 ± 6.3 35.2 ± 3.6 22.3 ± 2.3 −0.8 ± 0.3 3.2 ± 0.4 0.8 ± 0.2 0.2 ± 0.2 3.6 ± 0.4 0.5 ± 0.1 0.9 ± 0.2
TW Hya 59284.24 C 438.0 ± 0.7 54.5 ± 5.5 31.6 ± 3.3 21.4 ± 2.2 −0.7 ± 0.3 3.2 ± 0.4 1.0 ± 0.3 0.1 ± 0.2 3.2 ± 0.3 0.8 ± 0.1 0.9 ± 0.2
TW Hya 59286.26 C 310.0 ± 0.7 24.5 ± 2.6 17.4 ± 1.9 10.6 ± 1.1 −0.9 ± 0.3 2.1 ± 0.3 0.6 ± 0.3 −0.4 ± 0.2 1.1 ± 0.2 0.1 ± 0.1 0.1 ± 0.2
TW Hya 59288.25 C 592.0 ± 0.8 67.1 ± 6.8 36.4 ± 3.8 23.1 ± 2.4 −0.9 ± 0.3 3.8 ± 0.5 0.9 ± 0.3 0.2 ± 0.2 3.6 ± 0.4 0.7 ± 0.2 1.1 ± 0.2
TW Hya 59291.18 C 401.0 ± 0.6 44.7 ± 4.5 24.8 ± 2.6 14.8 ± 1.5 −0.4 ± 0.2 1.7 ± 0.3 0.5 ± 0.2 0.1 ± 0.2 2.9 ± 0.3 0.4 ± 0.1 0.6 ± 0.2
TW Hya 59294.17 C 411.0 ± 0.8 36.0 ± 3.7 21.2 ± 2.4 13.3 ± 1.5 −0.4 ± 0.3 1.7 ± 0.4 0.5 ± 0.3 0.2 ± 0.2 2.6 ± 0.3 0.3 ± 0.1 0.2 ± 0.2
TW Hya 59295.20 C 487.0 ± 0.7 59.1 ± 6.0 33.0 ± 3.4 21.2 ± 2.2 −0.2 ± 0.3 2.7 ± 0.4 0.6 ± 0.2 0.6 ± 0.2 4.1 ± 0.4 0.9 ± 0.1 1.0 ± 0.2
TW Hya 59296.18 C 649.0 ± 0.7 95.6 ± 9.6 50.7 ± 5.1 32.8 ± 3.3 −0.0 ± 0.3 4.5 ± 0.5 1.1 ± 0.3 1.2 ± 0.2 8.2 ± 0.8 2.0 ± 0.2 2.4 ± 0.3
TW Hya 59298.15 C 446.0 ± 0.6 50.4 ± 5.1 28.8 ± 3.0 18.7 ± 1.9 −0.3 ± 0.2 2.5 ± 0.3 0.4 ± 0.2 0.3 ± 0.2 3.2 ± 0.3 0.7 ± 0.1 0.7 ± 0.2
TW Hya 59300.11 C 324.0 ± 0.7 29.1 ± 3.0 18.7 ± 2.0 12.2 ± 1.3 −0.4 ± 0.2 1.8 ± 0.3 0.4 ± 0.2 0.0 ± 0.2 2.2 ± 0.2 0.3 ± 0.1 0.4 ± 0.2
TW Hya 59302.13 C 282.0 ± 0.6 31.6 ± 3.2 21.8 ± 2.3 14.7 ± 1.5 −0.4 ± 0.2 1.9 ± 0.3 0.4 ± 0.2 0.2 ± 0.2 2.2 ± 0.2 0.5 ± 0.1 0.4 ± 0.2
TW Hya 59303.12 C 395.0 ± 0.7 45.5 ± 4.6 23.8 ± 2.5 14.0 ± 1.5 −0.5 ± 0.2 1.8 ± 0.3 0.3 ± 0.2 0.1 ± 0.2 2.7 ± 0.3 0.4 ± 0.1 0.5 ± 0.2
TW Hya 59304.16 C 471.0 ± 0.6 59.7 ± 6.0 32.8 ± 3.4 21.9 ± 2.2 −0.7 ± 0.3 2.7 ± 0.4 0.7 ± 0.2 0.2 ± 0.2 3.3 ± 0.3 0.6 ± 0.1 0.7 ± 0.2
TW Hya 59305.12 C 482.0 ± 0.7 56.2 ± 5.7 28.6 ± 3.0 18.4 ± 1.9 −0.7 ± 0.3 2.9 ± 0.4 0.6 ± 0.2 0.2 ± 0.2 3.8 ± 0.4 0.7 ± 0.1 1.0 ± 0.2
TW Hya 59306.15 C 516.0 ± 0.6 62.0 ± 6.3 31.7 ± 3.2 20.6 ± 2.1 −0.4 ± 0.2 2.4 ± 0.3 0.5 ± 0.2 0.1 ± 0.2 3.1 ± 0.3 0.3 ± 0.1 0.6 ± 0.2
TW Hya 59307.00 X 440.0 ± 2.8 60.3 ± 6.2 31.9 ± 3.3 21.0 ± 2.1 −0.1 ± 0.3 3.5 ± 0.5 0.8 ± 0.4 0.8 ± 0.4 7.1 ± 0.8 1.8 ± 0.5 2.1 ± 0.6
TW Hya 59307.16 C 466.0 ± 0.8 64.5 ± 6.5 30.7 ± 3.3 21.0 ± 2.3 −0.9 ± 0.4 3.9 ± 0.5 0.8 ± 0.3 0.3 ± 0.2 4.5 ± 0.5 0.9 ± 0.2 1.1 ± 0.2
TW Hya 59308.04 E 489.0 ± 1.8 54.5 ± 5.8 31.7 ± 4.2 20.3 ± 3.0 −0.4 ± 0.8 2.6 ± 0.8 0.1 ± 0.5 0.3 ± 0.5 3.7 ± 0.5 0.5 ± 0.3 1.0 ± 0.3
TW Hya 59308.13 C 471.0 ± 0.8 59.2 ± 6.0 33.7 ± 3.5 23.8 ± 2.5 −0.4 ± 0.3 3.6 ± 0.5 1.1 ± 0.3 0.4 ± 0.2 4.3 ± 0.5 1.3 ± 0.2 0.9 ± 0.2
TW Hya 59309.14 C 608.0 ± 0.7 84.7 ± 8.5 43.9 ± 4.5 31.0 ± 3.2 −0.6 ± 0.3 4.4 ± 0.5 0.8 ± 0.3 1.3 ± 0.2 8.3 ± 0.8 2.2 ± 0.3 2.5 ± 0.3
TW Hya 59309.14 E 579.0 ± 1.1 79.5 ± 8.0 44.3 ± 4.6 28.9 ± 3.1 0.0 ± 0.4 3.9 ± 0.5 0.6 ± 0.3 1.0 ± 0.3 7.5 ± 0.8 1.6 ± 0.3 2.4 ± 0.3
TW Hya 59310.09 E 561.0 ± 1.0 71.8 ± 7.3 37.9 ± 4.0 23.4 ± 2.6 −0.0 ± 0.4 3.1 ± 0.5 0.7 ± 0.3 0.6 ± 0.3 4.7 ± 0.5 0.9 ± 0.2 1.6 ± 0.2
TW Hya 59310.13 C 576.0 ± 0.7 75.3 ± 7.6 38.4 ± 3.9 23.9 ± 2.4 −0.4 ± 0.3 3.1 ± 0.4 0.7 ± 0.2 0.5 ± 0.2 3.8 ± 0.4 0.8 ± 0.1 1.1 ± 0.2
TW Hya 59310.15 X 554.0 ± 1.7 68.5 ± 7.0 32.5 ± 3.3 20.1 ± 2.0 −0.2 ± 0.3 2.9 ± 0.4 0.6 ± 0.3 0.5 ± 0.3 4.0 ± 0.5 0.6 ± 0.3 1.1 ± 0.5
TW Hya 59311.14 C 440.0 ± 0.6 42.4 ± 4.3 23.5 ± 2.5 14.4 ± 1.5 −0.6 ± 0.3 1.7 ± 0.3 0.5 ± 0.2 −0.1 ± 0.2 2.2 ± 0.2 0.2 ± 0.1 0.6 ± 0.2
TW Hya 59312.16 C 345.0 ± 0.6 31.1 ± 3.2 17.6 ± 1.9 11.7 ± 1.2 −0.5 ± 0.2 1.7 ± 0.3 0.4 ± 0.2 0.0 ± 0.2 1.6 ± 0.2 0.1 ± 0.1 0.4 ± 0.2
TW Hya 59313.15 C 279.0 ± 0.7 26.2 ± 2.8 18.0 ± 2.0 11.1 ± 1.2 −0.4 ± 0.3 1.5 ± 0.3 0.3 ± 0.2 −0.0 ± 0.2 1.8 ± 0.2 0.4 ± 0.1 0.2 ± 0.2
TW Hya 59313.22 E 287.0 ± 1.1 27.3 ± 2.9 19.2 ± 2.6 12.5 ± 1.8 −0.6 ± 0.5 1.7 ± 0.5 0.3 ± 0.3 −0.2 ± 0.3 1.2 ± 0.2 0.2 ± 0.2 0.4 ± 0.2
TW Hya 59314.23 C 311.0 ± 0.7 32.0 ± 3.3 19.1 ± 2.1 11.7 ± 1.3 −0.5 ± 0.3 1.5 ± 0.3 0.3 ± 0.3 −0.1 ± 0.2 2.1 ± 0.2 0.4 ± 0.1 0.1 ± 0.2
TW Hya 59653.15 C 450.0 ± 0.6 30.7 ± 3.1 17.5 ± 1.9 10.8 ± 1.1 −0.3 ± 0.2 1.5 ± 0.3 0.3 ± 0.2 −0.1 ± 0.2 2.2 ± 0.2 0.2 ± 0.1 0.2 ± 0.2
TW Hya 59654.15 C 623.0 ± 0.8 51.9 ± 5.3 29.6 ± 3.0 19.7 ± 2.0 −0.5 ± 0.3 2.9 ± 0.4 0.6 ± 0.3 −0.1 ± 0.2 5.7 ± 0.6 0.9 ± 0.2 1.0 ± 0.2
TW Hya 59656.17 C 484.0 ± 0.7 37.6 ± 3.8 21.0 ± 2.2 14.9 ± 1.6 −0.5 ± 0.3 2.5 ± 0.3 0.4 ± 0.2 0.2 ± 0.2 3.7 ± 0.4 0.6 ± 0.1 0.6 ± 0.2
TW Hya 59657.21 C 566.0 ± 0.7 52.8 ± 5.4 28.5 ± 3.0 18.9 ± 1.9 −0.5 ± 0.3 3.0 ± 0.4 0.6 ± 0.2 0.3 ± 0.2 5.1 ± 0.5 1.1 ± 0.2 1.1 ± 0.2
TW Hya 59658.19 C 351.0 ± 0.7 32.2 ± 3.3 23.1 ± 2.4 17.3 ± 1.8 −0.6 ± 0.2 2.5 ± 0.3 0.6 ± 0.2 0.1 ± 0.2 3.5 ± 0.4 1.0 ± 0.2 0.5 ± 0.2
TW Hya 59659.20 C 497.0 ± 0.6 53.5 ± 5.4 27.2 ± 2.8 18.1 ± 1.9 −0.3 ± 0.2 3.0 ± 0.4 0.6 ± 0.2 0.4 ± 0.2 4.5 ± 0.5 0.9 ± 0.1 0.8 ± 0.2
TW Hya 59660.15 C 459.0 ± 0.6 49.5 ± 5.0 28.2 ± 2.9 19.2 ± 2.0 −0.3 ± 0.2 2.9 ± 0.4 0.6 ± 0.2 0.3 ± 0.2 4.3 ± 0.4 1.1 ± 0.1 0.9 ± 0.2
TW Hya 59661.22 C 381.0 ± 0.5 40.7 ± 4.1 25.2 ± 2.6 16.7 ± 1.7 −0.3 ± 0.2 1.9 ± 0.3 0.4 ± 0.2 0.2 ± 0.2 3.4 ± 0.4 0.7 ± 0.1 0.5 ± 0.1
TW Hya 59662.16 C 332.0 ± 0.6 35.6 ± 3.6 24.3 ± 2.5 17.0 ± 1.7 −0.4 ± 0.2 2.4 ± 0.3 0.5 ± 0.2 0.4 ± 0.2 3.3 ± 0.3 0.7 ± 0.1 0.4 ± 0.2
TW Hya 59663.18 C 278.0 ± 0.6 26.4 ± 2.7 17.8 ± 1.9 12.0 ± 1.2 −0.6 ± 0.2 1.6 ± 0.3 0.2 ± 0.2 0.1 ± 0.2 1.9 ± 0.2 0.5 ± 0.1 0.1 ± 0.1
TW Hya 59664.14 C 258.0 ± 0.5 23.1 ± 2.4 14.8 ± 1.6 9.9 ± 1.0 −0.6 ± 0.2 1.4 ± 0.2 0.3 ± 0.2 −0.2 ± 0.2 1.7 ± 0.2 0.3 ± 0.1 −0.0 ± 0.1
TW Hya 59665.16 C 379.0 ± 0.6 44.7 ± 4.5 27.5 ± 2.8 18.5 ± 1.9 −0.6 ± 0.2 2.4 ± 0.3 0.5 ± 0.2 0.2 ± 0.2 3.2 ± 0.3 0.7 ± 0.1 0.4 ± 0.2
TW Hya 59666.19 C 448.0 ± 0.6 70.9 ± 7.1 38.8 ± 3.9 25.4 ± 2.6 −0.5 ± 0.2 3.1 ± 0.4 0.6 ± 0.2 0.3 ± 0.2 5.4 ± 0.6 1.1 ± 0.2 1.2 ± 0.2
TW Hya 59667.14 C 364.0 ± 0.6 40.2 ± 4.1 24.2 ± 2.5 16.9 ± 1.7 −0.6 ± 0.2 2.8 ± 0.3 0.7 ± 0.2 0.1 ± 0.2 3.5 ± 0.4 0.5 ± 0.1 0.7 ± 0.2
TW Hya 59668.14 C 392.0 ± 0.6 45.3 ± 4.6 27.2 ± 2.8 18.6 ± 1.9 −0.7 ± 0.2 2.1 ± 0.3 0.5 ± 0.2 −0.0 ± 0.2 3.3 ± 0.3 0.6 ± 0.1 0.4 ± 0.1
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Table 9
(Continued)

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

TW Hya 59670.10 C 374.0 ± 0.6 48.2 ± 4.9 28.5 ± 2.9 18.6 ± 1.9 −0.2 ± 0.2 2.8 ± 0.3 0.6 ± 0.2 0.5 ± 0.2 3.8 ± 0.4 1.2 ± 0.2 0.9 ± 0.2
TW Hya 59671.06 C 360.0 ± 0.6 36.2 ± 3.7 21.8 ± 2.3 14.6 ± 1.5 −0.3 ± 0.2 2.1 ± 0.3 0.5 ± 0.2 0.0 ± 0.2 2.9 ± 0.3 0.6 ± 0.1 0.5 ± 0.2
TW Hya 59672.01 C 304.0 ± 0.5 26.0 ± 2.7 17.4 ± 1.8 11.0 ± 1.1 −0.4 ± 0.2 1.6 ± 0.3 0.4 ± 0.2 −0.1 ± 0.2 2.3 ± 0.2 0.3 ± 0.1 0.2 ± 0.1
TW Hya 59672.26 C 315.0 ± 0.6 29.9 ± 3.1 18.6 ± 1.9 11.3 ± 1.2 −0.2 ± 0.2 1.7 ± 0.3 0.3 ± 0.2 0.0 ± 0.2 2.6 ± 0.3 0.4 ± 0.1 0.2 ± 0.1
TW Hya 59673.13 C 325.0 ± 0.5 39.2 ± 4.0 25.8 ± 2.6 17.1 ± 1.7 −0.3 ± 0.2 2.2 ± 0.3 0.5 ± 0.2 0.3 ± 0.2 3.5 ± 0.4 1.1 ± 0.1 0.5 ± 0.1
TW Hya 59674.14 C 431.0 ± 0.6 53.1 ± 5.4 33.3 ± 3.4 23.1 ± 2.3 −0.0 ± 0.2 3.1 ± 0.4 0.7 ± 0.2 0.6 ± 0.2 5.4 ± 0.5 1.5 ± 0.2 1.2 ± 0.2
TW Hya 59675.09 C 345.0 ± 0.6 31.8 ± 3.3 22.2 ± 2.3 15.7 ± 1.6 −0.2 ± 0.2 2.3 ± 0.3 0.4 ± 0.2 0.2 ± 0.2 3.2 ± 0.3 0.9 ± 0.1 0.4 ± 0.1
TW Hya 59676.01 C 479.0 ± 0.6 55.9 ± 5.6 32.6 ± 3.3 22.7 ± 2.3 −0.2 ± 0.2 3.0 ± 0.4 0.6 ± 0.2 0.4 ± 0.2 4.3 ± 0.4 0.9 ± 0.1 0.7 ± 0.2
TW Hya 59676.23 C 456.0 ± 0.6 49.2 ± 5.0 26.8 ± 2.8 17.0 ± 1.7 −0.3 ± 0.2 2.5 ± 0.3 0.5 ± 0.2 0.4 ± 0.2 4.3 ± 0.4 1.2 ± 0.2 0.9 ± 0.2
TW Hya 59677.07 C 485.0 ± 0.6 57.8 ± 5.8 30.2 ± 3.1 18.9 ± 1.9 −0.3 ± 0.2 2.4 ± 0.3 0.4 ± 0.2 0.2 ± 0.2 3.3 ± 0.3 0.8 ± 0.1 0.5 ± 0.2
TW Hya 59678.01 C 343.0 ± 0.6 34.4 ± 3.5 23.0 ± 2.4 15.6 ± 1.6 −0.4 ± 0.2 1.9 ± 0.3 0.3 ± 0.2 0.1 ± 0.2 3.2 ± 0.3 0.3 ± 0.1 0.5 ± 0.2
TW Hya 59678.18 C 354.0 ± 0.6 33.2 ± 3.4 23.2 ± 2.4 15.5 ± 1.6 −0.4 ± 0.2 2.1 ± 0.3 0.4 ± 0.2 0.0 ± 0.2 2.9 ± 0.3 0.2 ± 0.1 0.2 ± 0.2
TW Hya 59679.05 C 458.0 ± 0.6 53.0 ± 5.3 30.5 ± 3.1 19.8 ± 2.0 −0.2 ± 0.2 2.4 ± 0.3 0.5 ± 0.2 0.2 ± 0.2 3.7 ± 0.4 0.5 ± 0.1 0.7 ± 0.2
TW Hya 59680.07 C 482.0 ± 0.6 49.5 ± 5.0 26.9 ± 2.8 16.8 ± 1.7 −0.4 ± 0.2 1.9 ± 0.3 0.3 ± 0.2 0.1 ± 0.2 3.3 ± 0.3 0.3 ± 0.1 0.5 ± 0.2
TW Hya 59682.09 C 491.0 ± 0.6 57.5 ± 5.8 31.6 ± 3.2 19.7 ± 2.0 −0.3 ± 0.2 2.6 ± 0.3 0.6 ± 0.2 0.5 ± 0.2 4.6 ± 0.5 1.1 ± 0.2 1.1 ± 0.2
TW Hya 59684.15 C 461.0 ± 0.6 53.2 ± 5.4 32.1 ± 3.3 21.8 ± 2.2 −0.1 ± 0.2 3.0 ± 0.4 0.7 ± 0.2 0.6 ± 0.2 5.9 ± 0.6 1.7 ± 0.2 1.6 ± 0.2
TW Hya 59686.12 C 482.0 ± 0.6 56.5 ± 5.7 30.2 ± 3.1 18.8 ± 1.9 −0.3 ± 0.2 2.4 ± 0.3 0.5 ± 0.2 0.4 ± 0.2 4.4 ± 0.5 1.0 ± 0.1 0.9 ± 0.2
TW Hya 59688.09 C 471.0 ± 0.6 56.1 ± 5.6 33.4 ± 3.4 23.1 ± 2.3 −0.2 ± 0.2 2.8 ± 0.3 0.6 ± 0.2 0.4 ± 0.2 4.9 ± 0.5 1.2 ± 0.2 1.0 ± 0.2
TW Hya 59690.06 C 482.0 ± 0.8 56.0 ± 5.7 32.3 ± 3.5 18.8 ± 2.1 −0.1 ± 0.4 2.4 ± 0.4 0.3 ± 0.3 0.5 ± 0.3 3.5 ± 0.4 1.0 ± 0.2 0.2 ± 0.2
TW Hya 59692.07 C 426.0 ± 0.6 49.1 ± 5.0 32.0 ± 3.3 21.4 ± 2.2 −0.3 ± 0.2 3.0 ± 0.4 0.6 ± 0.2 0.6 ± 0.2 4.4 ± 0.5 1.4 ± 0.2 1.0 ± 0.2
TW Hya 59694.03 C 558.0 ± 0.7 63.8 ± 6.4 35.9 ± 3.7 22.8 ± 2.3 −0.1 ± 0.3 3.0 ± 0.4 0.5 ± 0.2 0.5 ± 0.2 4.1 ± 0.4 1.2 ± 0.2 0.8 ± 0.2
TW Hya 59695.05 C 495.0 ± 0.6 42.5 ± 4.3 24.3 ± 2.5 15.5 ± 1.6 −0.2 ± 0.2 2.2 ± 0.3 0.5 ± 0.2 0.2 ± 0.2 3.0 ± 0.3 0.5 ± 0.1 0.5 ± 0.2
TW Hya 59696.18 C 536.0 ± 0.6 50.3 ± 5.1 27.1 ± 2.8 17.1 ± 1.8 −0.1 ± 0.3 2.2 ± 0.3 0.3 ± 0.2 0.3 ± 0.2 4.0 ± 0.4 0.9 ± 0.1 0.7 ± 0.2
TW Hya 59696.24 C 519.0 ± 0.7 51.7 ± 5.2 26.2 ± 2.8 14.8 ± 1.6 −0.3 ± 0.3 2.5 ± 0.4 0.2 ± 0.2 0.2 ± 0.2 3.8 ± 0.4 0.8 ± 0.1 0.5 ± 0.2
TW Hya 59697.15 C 383.0 ± 0.6 37.4 ± 3.8 26.2 ± 2.7 17.5 ± 1.8 −0.1 ± 0.2 2.2 ± 0.3 0.3 ± 0.2 0.1 ± 0.2 2.9 ± 0.3 0.7 ± 0.1 0.4 ± 0.1
TW Hya 59698.14 C 462.0 ± 0.6 50.5 ± 5.1 31.8 ± 3.2 21.2 ± 2.2 −0.1 ± 0.2 2.9 ± 0.4 0.6 ± 0.2 0.6 ± 0.2 3.8 ± 0.4 1.1 ± 0.1 0.7 ± 0.2

Note. Fluxes are in units of 1013 erg s−1 cm−2. An additional 10% uncertainty due to continuum subtraction has been included in all uncertainties except Hα and Hβ. Instrument names are abbreviated as: C: CHIRON,
E: ESPRESSO, X: XSHOOTER, S: SOPHIE, U: UVES, T: TCES.
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Table 10
Line Luminosities for RU Lup

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

RU Lup 59264.37 C 288.0 ± 0.6 69.7 ± 7.0 30.2 ± 3.2 18.5 ± 2.0 3.8 ± 0.5 4.2 ± 0.5 0.0 ± 0.2 18.1 ± 1.8 8.6 ± 0.9 3.2 ± 0.3 2.6 ± 0.3
RU Lup 59318.26 C 248.0 ± 0.5 67.8 ± 6.8 30.7 ± 3.3 19.1 ± 2.0 4.4 ± 0.6 5.3 ± 0.6 0.3 ± 0.2 18.2 ± 1.8 8.9 ± 0.9 3.1 ± 0.3 2.7 ± 0.3
RU Lup 59395.05 C 327.0 ± 0.5 83.5 ± 8.4 42.9 ± 4.4 25.6 ± 2.6 5.0 ± 0.6 5.4 ± 0.6 0.3 ± 0.2 20.9 ± 2.1 10.4 ± 1.0 3.9 ± 0.4 2.7 ± 0.3
RU Lup 59434.99 C 260.0 ± 1.0 70.2 ± 7.2 35.3 ± 4.2 13.6 ± 2.1 3.4 ± 0.8 4.1 ± 0.7 0.1 ± 0.5 15.7 ± 1.6 6.7 ± 0.7 2.4 ± 0.3 2.2 ± 0.3
RU Lup 59435.98 C 261.0 ± 0.5 71.1 ± 7.1 34.6 ± 3.6 21.4 ± 2.2 4.2 ± 0.5 4.4 ± 0.5 0.2 ± 0.2 16.9 ± 1.7 7.5 ± 0.8 2.7 ± 0.3 2.1 ± 0.2
RU Lup 59436.10 X 256.0 ± 1.8 70.1 ± 7.1 31.6 ± 3.6 17.0 ± 1.9 4.5 ± 0.8 4.5 ± 0.7 0.1 ± 0.3 18.2 ± 1.8 8.5 ± 0.9 3.0 ± 0.4 2.4 ± 0.3
RU Lup 59437.00 C 265.0 ± 0.5 79.6 ± 8.0 38.5 ± 4.0 24.0 ± 2.5 5.4 ± 0.7 5.7 ± 0.7 0.5 ± 0.2 19.6 ± 2.0 8.4 ± 0.8 3.6 ± 0.4 2.4 ± 0.2
RU Lup 59437.97 C 298.0 ± 0.5 91.1 ± 9.1 46.2 ± 4.8 28.3 ± 2.9 6.5 ± 0.8 6.7 ± 0.8 0.2 ± 0.2 22.9 ± 2.3 10.5 ± 1.1 4.0 ± 0.4 2.9 ± 0.3
RU Lup 59439.02 C 231.0 ± 0.5 72.1 ± 7.2 36.4 ± 3.8 23.6 ± 2.4 4.7 ± 0.6 4.6 ± 0.6 0.3 ± 0.2 17.4 ± 1.7 7.9 ± 0.8 3.1 ± 0.3 2.1 ± 0.2
RU Lup 59439.99 C 271.0 ± 0.5 78.9 ± 7.9 41.6 ± 4.3 25.4 ± 2.6 4.9 ± 0.6 5.8 ± 0.7 0.3 ± 0.2 18.0 ± 1.8 9.3 ± 0.9 3.5 ± 0.4 2.5 ± 0.3
RU Lup 59442.03 C 303.0 ± 0.7 89.8 ± 9.0 46.1 ± 4.9 28.7 ± 3.1 6.1 ± 0.8 6.3 ± 0.8 0.2 ± 0.3 23.3 ± 2.3 10.8 ± 1.1 4.0 ± 0.4 3.0 ± 0.3
RU Lup 59443.02 C 263.0 ± 0.5 85.3 ± 8.6 40.3 ± 4.2 26.2 ± 2.7 6.4 ± 0.8 5.7 ± 0.7 0.5 ± 0.2 22.0 ± 2.2 8.6 ± 0.9 3.8 ± 0.4 2.3 ± 0.2
RU Lup 59443.14 C 233.0 ± 0.5 92.2 ± 9.3 40.6 ± 4.3 22.5 ± 2.4 7.1 ± 0.8 6.5 ± 0.8 0.7 ± 0.3 24.0 ± 2.4 8.4 ± 0.8 3.3 ± 0.3 1.8 ± 0.2
RU Lup 59444.02 C 294.0 ± 0.5 91.4 ± 9.2 44.9 ± 4.7 27.2 ± 2.8 7.3 ± 0.8 6.4 ± 0.7 0.3 ± 0.2 24.3 ± 2.4 8.8 ± 0.9 3.8 ± 0.4 2.4 ± 0.3
RU Lup 59444.03 C 291.0 ± 0.8 94.4 ± 9.5 47.9 ± 5.1 20.7 ± 2.5 6.8 ± 0.9 6.5 ± 0.8 0.6 ± 0.4 23.1 ± 2.3 8.3 ± 0.8 4.0 ± 0.4 2.5 ± 0.3
RU Lup 59447.02 C 289.0 ± 0.9 113.0 ± 11.4 51.1 ± 5.5 19.0 ± 2.5 6.9 ± 1.0 7.9 ± 1.0 −0.3 ± 0.4 26.1 ± 2.6 13.3 ± 1.3 5.3 ± 0.5 3.3 ± 0.4
RU Lup 59447.05 C 359.0 ± 0.6 113.0 ± 11.3 48.5 ± 5.0 27.5 ± 2.9 7.8 ± 0.9 7.5 ± 0.8 0.1 ± 0.3 28.2 ± 2.8 13.7 ± 1.4 5.0 ± 0.5 3.5 ± 0.4
RU Lup 59448.00 C 359.0 ± 0.6 94.1 ± 9.4 43.5 ± 4.5 26.4 ± 2.8 6.2 ± 0.8 6.1 ± 0.7 0.1 ± 0.2 22.0 ± 2.2 12.9 ± 1.3 4.5 ± 0.5 3.6 ± 0.4
RU Lup 59448.07 X 325.0 ± 1.1 86.2 ± 8.6 35.7 ± 4.0 19.1 ± 2.1 5.4 ± 0.9 5.8 ± 0.8 0.2 ± 0.3 21.4 ± 2.2 11.4 ± 1.2 4.1 ± 0.4 3.2 ± 0.4
RU Lup 59449.00 E 319.0 ± 0.8 91.3 ± 9.2 47.6 ± 5.0 23.4 ± 2.6 7.5 ± 0.9 7.8 ± 0.9 0.2 ± 0.3 26.7 ± 2.7 9.6 ± 1.0 3.5 ± 0.4 3.2 ± 0.3
RU Lup 59449.04 C 342.0 ± 0.5 89.8 ± 9.0 40.8 ± 4.2 23.0 ± 2.4 6.1 ± 0.7 5.8 ± 0.7 0.0 ± 0.2 25.3 ± 2.5 11.1 ± 1.1 4.2 ± 0.4 3.1 ± 0.3
RU Lup 59449.98 C 336.0 ± 0.6 96.8 ± 9.7 46.8 ± 4.9 28.2 ± 3.0 6.9 ± 0.8 6.2 ± 0.7 0.1 ± 0.3 24.7 ± 2.5 10.4 ± 1.0 3.4 ± 0.4 2.9 ± 0.3
RU Lup 59453.01 C 270.0 ± 0.6 100.0 ± 10.0 55.2 ± 5.8 33.8 ± 3.5 8.2 ± 1.0 7.7 ± 0.9 0.1 ± 0.3 28.3 ± 2.8 11.8 ± 1.2 4.4 ± 0.5 2.7 ± 0.3
RU Lup 59458.02 E 253.0 ± 1.3 72.9 ± 7.5 36.1 ± 4.9 19.2 ± 3.2 5.9 ± 1.1 5.9 ± 1.0 0.1 ± 0.5 20.3 ± 2.1 10.2 ± 1.0 4.0 ± 0.5 3.3 ± 0.4
RU Lup 59458.06 E 233.0 ± 1.5 68.4 ± 7.2 33.5 ± 6.1 17.8 ± 4.6 5.4 ± 1.5 5.3 ± 1.3 0.1 ± 0.6 18.9 ± 2.0 9.1 ± 1.0 3.5 ± 0.5 2.9 ± 0.4
RU Lup 59676.20 C 333.0 ± 0.6 80.4 ± 8.1 37.8 ± 3.9 21.7 ± 2.3 5.7 ± 0.7 5.8 ± 0.7 0.2 ± 0.2 22.6 ± 2.3 9.4 ± 0.9 4.0 ± 0.4 2.7 ± 0.3
RU Lup 59723.14 C 204.0 ± 0.5 54.9 ± 5.5 27.0 ± 2.9 16.7 ± 1.8 3.7 ± 0.5 3.8 ± 0.5 0.2 ± 0.2 14.7 ± 1.5 7.1 ± 0.7 2.7 ± 0.3 2.1 ± 0.2
RU Lup 59736.11 C 328.0 ± 0.5 80.3 ± 8.1 38.5 ± 4.0 22.5 ± 2.3 4.8 ± 0.6 4.9 ± 0.6 −0.1 ± 0.2 20.4 ± 2.0 10.6 ± 1.1 3.8 ± 0.4 3.2 ± 0.3
RU Lup 59790.11 C 301.0 ± 0.5 85.8 ± 8.6 44.3 ± 4.6 27.2 ± 2.8 4.9 ± 0.6 5.5 ± 0.6 −0.0 ± 0.2 20.5 ± 2.1 11.4 ± 1.1 3.9 ± 0.4 3.5 ± 0.4
RU Lup 59799.03 C 257.0 ± 0.5 60.8 ± 6.1 31.9 ± 3.3 18.0 ± 1.9 2.7 ± 0.4 4.1 ± 0.5 0.1 ± 0.2 13.2 ± 1.3 6.4 ± 0.6 2.3 ± 0.2 2.0 ± 0.2
RU Lup 59800.03 C 288.0 ± 0.5 76.6 ± 7.7 39.7 ± 4.1 23.6 ± 2.4 4.6 ± 0.6 5.1 ± 0.6 0.1 ± 0.2 17.6 ± 1.8 8.6 ± 0.9 3.0 ± 0.3 2.5 ± 0.3
RU Lup 59801.00 C 330.0 ± 0.5 92.7 ± 9.3 48.5 ± 5.0 28.6 ± 2.9 5.7 ± 0.7 6.2 ± 0.7 −0.1 ± 0.2 22.5 ± 2.3 11.1 ± 1.1 3.4 ± 0.3 3.3 ± 0.3
RU Lup 59801.05 E 305.0 ± 1.5 82.0 ± 8.5 41.0 ± 5.0 21.1 ± 3.0 4.7 ± 1.0 6.0 ± 1.0 0.0 ± 0.6 21.1 ± 2.2 9.2 ± 1.0 3.1 ± 0.4 3.1 ± 0.4
RU Lup 59801.98 C 304.0 ± 0.5 73.9 ± 7.4 38.3 ± 4.0 21.1 ± 2.2 3.7 ± 0.5 4.5 ± 0.5 −0.1 ± 0.2 15.8 ± 1.6 8.8 ± 0.9 2.5 ± 0.3 2.7 ± 0.3
RU Lup 59802.07 E 287.0 ± 1.3 72.0 ± 7.5 36.3 ± 4.4 19.5 ± 2.7 3.0 ± 0.8 4.9 ± 0.9 0.1 ± 0.6 15.6 ± 1.6 7.6 ± 0.8 2.2 ± 0.3 2.5 ± 0.3
RU Lup 59802.97 C 250.0 ± 0.6 64.0 ± 6.5 31.6 ± 3.4 18.1 ± 2.0 4.0 ± 0.6 4.0 ± 0.6 0.1 ± 0.3 14.5 ± 1.5 6.7 ± 0.7 2.2 ± 0.2 1.8 ± 0.2
RU Lup 59804.00 C 244.0 ± 0.4 59.6 ± 6.0 30.4 ± 3.1 17.4 ± 1.8 2.7 ± 0.4 3.1 ± 0.4 0.1 ± 0.2 11.7 ± 1.2 5.3 ± 0.5 1.5 ± 0.2 1.6 ± 0.2
RU Lup 59804.10 E 236.0 ± 0.7 61.0 ± 6.2 31.4 ± 3.5 17.4 ± 2.1 2.5 ± 0.5 4.2 ± 0.6 0.1 ± 0.3 13.0 ± 1.3 5.8 ± 0.6 1.9 ± 0.2 1.8 ± 0.2
RU Lup 59805.06 C 250.0 ± 0.4 72.6 ± 7.3 39.0 ± 4.0 23.6 ± 2.4 3.5 ± 0.4 4.6 ± 0.5 0.1 ± 0.2 15.3 ± 1.5 8.4 ± 0.8 2.5 ± 0.3 2.5 ± 0.3
RU Lup 59806.00 C 252.0 ± 0.5 53.3 ± 5.4 26.1 ± 2.8 15.1 ± 1.6 1.7 ± 0.4 2.5 ± 0.4 −0.2 ± 0.2 10.0 ± 1.0 5.5 ± 0.6 1.6 ± 0.2 1.7 ± 0.2
RU Lup 59807.00 C 189.0 ± 0.4 42.1 ± 4.2 21.9 ± 2.3 12.9 ± 1.3 1.0 ± 0.2 2.3 ± 0.3 0.1 ± 0.1 7.3 ± 0.7 4.4 ± 0.4 1.2 ± 0.1 1.3 ± 0.1
RU Lup 59807.10 E 184.0 ± 1.3 40.3 ± 4.5 20.4 ± 3.6 11.8 ± 2.6 1.1 ± 0.9 2.3 ± 0.8 0.0 ± 0.6 7.7 ± 0.9 4.5 ± 0.5 1.3 ± 0.3 1.6 ± 0.3
RU Lup 59808.05 C 168.0 ± 0.3 42.3 ± 4.2 21.8 ± 2.2 12.8 ± 1.3 0.8 ± 0.2 2.1 ± 0.3 0.1 ± 0.1 6.4 ± 0.6 3.9 ± 0.4 1.1 ± 0.1 1.1 ± 0.1
RU Lup 59809.07 C 166.0 ± 0.3 46.3 ± 4.7 24.5 ± 2.5 13.6 ± 1.4 0.9 ± 0.2 2.1 ± 0.3 0.0 ± 0.1 7.4 ± 0.7 4.4 ± 0.4 0.9 ± 0.1 1.2 ± 0.1
RU Lup 59810.03 C 147.0 ± 0.4 37.0 ± 3.7 19.6 ± 2.0 11.1 ± 1.2 0.5 ± 0.2 1.4 ± 0.2 0.1 ± 0.1 5.9 ± 0.6 2.8 ± 0.3 0.7 ± 0.1 0.8 ± 0.1
RU Lup 59811.05 C 224.0 ± 0.4 72.4 ± 7.3 37.4 ± 3.9 21.0 ± 2.2 5.4 ± 0.6 5.5 ± 0.6 0.1 ± 0.2 17.4 ± 1.7 7.5 ± 0.8 2.9 ± 0.3 2.2 ± 0.2
RU Lup 59812.02 C 222.0 ± 0.4 69.2 ± 6.9 32.0 ± 3.3 19.3 ± 2.0 4.9 ± 0.6 4.7 ± 0.5 0.2 ± 0.2 16.7 ± 1.7 7.5 ± 0.8 3.0 ± 0.3 2.3 ± 0.2

22

T
h
e
A
stroph

ysical
Jou

rn
al,972:100

(30pp),
2024

Septem
ber

1
W
endeborn

et
al.



Table 10
(Continued)

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

RU Lup 59813.05 C 287.0 ± 0.4 71.8 ± 7.2 34.9 ± 3.6 19.6 ± 2.0 2.0 ± 0.3 3.5 ± 0.4 0.0 ± 0.2 13.1 ± 1.3 5.7 ± 0.6 1.5 ± 0.2 1.7 ± 0.2
RU Lup 59814.00 C 194.0 ± 0.4 51.6 ± 5.2 26.4 ± 2.8 15.5 ± 1.6 1.1 ± 0.3 2.4 ± 0.3 0.0 ± 0.2 7.9 ± 0.8 4.5 ± 0.5 1.1 ± 0.1 1.2 ± 0.1
RU Lup 59814.04 E 199.0 ± 1.0 49.6 ± 5.1 25.6 ± 3.0 14.4 ± 1.9 1.2 ± 0.5 2.6 ± 0.5 0.0 ± 0.4 8.4 ± 0.9 4.7 ± 0.5 1.3 ± 0.2 1.5 ± 0.2
RU Lup 59815.05 C 268.0 ± 0.4 84.3 ± 8.4 42.3 ± 4.3 24.8 ± 2.5 4.8 ± 0.6 5.4 ± 0.6 −0.1 ± 0.2 19.9 ± 2.0 9.2 ± 0.9 2.9 ± 0.3 2.4 ± 0.3
RU Lup 59816.02 C 282.0 ± 0.4 93.4 ± 9.4 48.6 ± 5.0 29.0 ± 3.0 7.4 ± 0.8 7.3 ± 0.8 0.2 ± 0.2 23.2 ± 2.3 10.5 ± 1.1 3.4 ± 0.3 2.9 ± 0.3
RU Lup 59817.04 C 300.0 ± 0.4 93.1 ± 9.3 48.6 ± 4.9 28.8 ± 2.9 5.1 ± 0.6 5.9 ± 0.7 0.0 ± 0.2 20.8 ± 2.1 10.0 ± 1.0 2.9 ± 0.3 2.7 ± 0.3

Note. Fluxes are in units of 1013 erg s−1 cm−2. An additional 10% uncertainty due to continuum subtraction has been included in all uncertainties except Hα and Hβ. Instrument names are abbreviated as: C: CHIRON,
E: ESPRESSO, X: XSHOOTER, S: SOPHIE, U: UVES, T: TCES.
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Table 11
Line Luminosities for BP Tau

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

BP Tau 59448.39 X 99.3 ± 0.8 14.4 ± 1.5 8.0 ± 0.8 4.9 ± 0.5 −0.2 ± 0.1 0.7 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.8 ± 0.2 0.2 ± 0.1 0.2 ± 0.2
BP Tau 59452.35 X 71.3 ± 0.6 9.7 ± 1.0 5.5 ± 0.6 3.6 ± 0.4 −0.1 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.9 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
BP Tau 59459.38 E 109.0 ± 0.5 16.3 ± 1.7 9.0 ± 1.3 5.8 ± 1.0 −0.0 ± 0.3 0.8 ± 0.3 0.2 ± 0.2 0.5 ± 0.2 1.4 ± 0.2 0.5 ± 0.1 0.5 ± 0.1
BP Tau 59460.37 X 82.4 ± 0.5 12.7 ± 1.3 7.0 ± 0.7 4.5 ± 0.5 −0.1 ± 0.1 0.7 ± 0.1 0.1 ± 0.1 0.3 ± 0.1 0.9 ± 0.1 0.3 ± 0.1 0.2 ± 0.1
BP Tau 59464.36 E 72.6 ± 0.9 9.5 ± 1.6 5.9 ± 2.7 3.8 ± 2.0 0.0 ± 0.8 0.6 ± 0.7 0.2 ± 0.4 0.0 ± 0.3 0.7 ± 0.2 0.2 ± 0.2 0.2 ± 0.2
BP Tau 59467.38 C 58.1 ± 0.3 15.0 ± 1.7 8.5 ± 1.4 2.7 ± 0.7 0.9 ± 0.3 0.4 ± 0.3 0.0 ± 0.2 0.3 ± 0.2 0.6 ± 0.1 0.2 ± 0.1 0.1 ± 0.1
BP Tau 59470.38 C 74.1 ± 0.3 13.1 ± 1.5 4.8 ± 1.0 2.1 ± 0.7 −0.2 ± 0.3 0.5 ± 0.2 −0.0 ± 0.2 0.2 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 −0.1 ± 0.1
BP Tau 59845.35 C 83.2 ± 0.3 12.9 ± 1.3 5.5 ± 0.6 1.9 ± 0.3 −0.1 ± 0.1 0.5 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 1.0 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
BP Tau 59863.31 C 65.1 ± 0.2 7.3 ± 0.8 3.1 ± 0.4 1.0 ± 0.2 −0.2 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.5 ± 0.1 0.1 ± 0.0 0.0 ± 0.1
BP Tau 59868.29 C 62.1 ± 0.2 8.1 ± 0.9 3.1 ± 0.5 0.8 ± 0.2 −0.2 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.6 ± 0.1 0.1 ± 0.0 0.0 ± 0.1
BP Tau 59882.25 C 53.7 ± 0.2 8.0 ± 0.9 3.0 ± 0.5 1.0 ± 0.3 −0.2 ± 0.1 0.2 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.6 ± 0.1 0.1 ± 0.0 0.0 ± 0.0
BP Tau 59893.21 C 28.6 ± 0.2 3.2 ± 0.5 1.4 ± 0.5 0.3 ± 0.3 −0.6 ± 0.2 0.1 ± 0.1 −0.1 ± 0.1 −0.2 ± 0.1 0.5 ± 0.1 0.1 ± 0.0 0.0 ± 0.0
BP Tau 59898.19 C 62.9 ± 0.3 9.6 ± 1.0 4.0 ± 0.5 1.2 ± 0.3 −0.0 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.8 ± 0.1 0.2 ± 0.0 0.0 ± 0.1
BP Tau 59907.19 C 66.6 ± 0.2 11.8 ± 1.2 3.6 ± 0.5 1.2 ± 0.3 −0.3 ± 0.1 0.7 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 0.9 ± 0.1 0.2 ± 0.0 0.2 ± 0.1
BP Tau 59909.17 C 54.5 ± 0.2 9.2 ± 1.0 3.1 ± 0.5 1.3 ± 0.3 −0.3 ± 0.1 0.7 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.8 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59910.17 C 67.5 ± 0.3 12.4 ± 1.3 4.9 ± 0.6 2.1 ± 0.3 −0.3 ± 0.1 0.8 ± 0.1 0.3 ± 0.1 0.4 ± 0.1 1.3 ± 0.1 0.4 ± 0.1 0.2 ± 0.1
BP Tau 59911.18 C 81.0 ± 0.2 13.9 ± 1.4 5.7 ± 0.6 2.3 ± 0.3 −0.4 ± 0.1 0.9 ± 0.1 0.3 ± 0.1 0.4 ± 0.1 1.2 ± 0.1 0.3 ± 0.0 0.2 ± 0.1
BP Tau 59912.15 C 65.1 ± 0.2 10.4 ± 1.1 4.4 ± 0.5 1.6 ± 0.2 −0.4 ± 0.1 0.8 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.8 ± 0.1 0.1 ± 0.0 0.1 ± 0.1
BP Tau 59913.17 C 81.1 ± 0.3 13.3 ± 1.4 4.7 ± 0.6 1.9 ± 0.3 −0.4 ± 0.1 0.9 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 1.2 ± 0.1 0.3 ± 0.1 0.2 ± 0.1
BP Tau 59914.18 C 72.7 ± 0.3 11.5 ± 1.2 3.9 ± 0.6 1.7 ± 0.3 −0.5 ± 0.1 1.0 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 1.0 ± 0.1 0.1 ± 0.0 0.1 ± 0.1
BP Tau 59915.18 C 65.9 ± 0.3 10.5 ± 1.1 4.4 ± 0.6 1.2 ± 0.3 −0.1 ± 0.1 0.2 ± 0.1 0.0 ± 0.1 0.4 ± 0.1 0.8 ± 0.1 0.2 ± 0.1 0.1 ± 0.1
BP Tau 59916.19 C 55.2 ± 0.3 8.7 ± 0.9 3.2 ± 0.5 1.0 ± 0.3 −0.2 ± 0.1 0.1 ± 0.1 −0.0 ± 0.1 0.2 ± 0.1 0.6 ± 0.1 0.1 ± 0.0 0.0 ± 0.1
BP Tau 59917.16 C 65.0 ± 0.3 11.7 ± 1.2 4.6 ± 0.6 1.5 ± 0.3 −0.1 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 1.1 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59918.16 C 67.4 ± 0.3 11.5 ± 1.2 4.8 ± 0.6 1.8 ± 0.3 −0.1 ± 0.1 0.5 ± 0.1 0.2 ± 0.1 0.4 ± 0.1 1.0 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
BP Tau 59919.15 C 77.8 ± 0.2 14.3 ± 1.5 5.2 ± 0.6 1.8 ± 0.3 −0.1 ± 0.1 0.6 ± 0.1 0.1 ± 0.1 0.7 ± 0.1 1.6 ± 0.2 0.4 ± 0.1 0.3 ± 0.1
BP Tau 59922.14 C 49.0 ± 0.3 7.8 ± 0.9 2.6 ± 0.8 1.8 ± 0.5 −0.9 ± 0.2 1.1 ± 0.2 0.5 ± 0.1 −0.1 ± 0.1 0.8 ± 0.1 0.0 ± 0.0 0.2 ± 0.1
BP Tau 59925.16 C 56.7 ± 0.3 9.3 ± 1.0 3.9 ± 0.7 2.0 ± 0.4 −0.8 ± 0.2 0.9 ± 0.2 0.4 ± 0.1 0.2 ± 0.1 0.7 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
BP Tau 59926.14 C 71.8 ± 0.3 11.8 ± 1.2 4.8 ± 0.6 2.5 ± 0.4 −0.6 ± 0.1 0.8 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 1.0 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
BP Tau 59927.15 C 77.1 ± 0.3 14.9 ± 1.5 5.2 ± 0.6 2.6 ± 0.3 −0.4 ± 0.1 0.9 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 1.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.1
BP Tau 59928.11 E 60.4 ± 0.9 8.8 ± 1.8 5.4 ± 2.6 3.4 ± 2.0 −0.1 ± 0.8 0.5 ± 0.7 0.1 ± 0.5 0.3 ± 0.4 0.7 ± 0.2 0.2 ± 0.2 0.2 ± 0.2
BP Tau 59928.13 C 63.3 ± 0.3 9.3 ± 1.0 3.2 ± 0.5 1.3 ± 0.3 −0.5 ± 0.1 0.8 ± 0.2 0.4 ± 0.1 0.2 ± 0.1 0.7 ± 0.1 0.1 ± 0.0 0.1 ± 0.1
BP Tau 59929.14 C 50.0 ± 0.2 7.9 ± 0.9 3.7 ± 0.5 1.6 ± 0.3 −0.6 ± 0.1 0.7 ± 0.1 0.3 ± 0.1 0.0 ± 0.1 0.5 ± 0.1 0.0 ± 0.0 0.0 ± 0.1
BP Tau 59930.07 E 49.6 ± 0.5 7.3 ± 1.1 5.3 ± 1.3 3.3 ± 1.0 −0.2 ± 0.4 0.5 ± 0.3 0.1 ± 0.2 0.1 ± 0.2 0.4 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
BP Tau 59930.13 C 53.2 ± 0.3 7.7 ± 0.9 3.2 ± 0.6 2.0 ± 0.4 −0.5 ± 0.2 1.0 ± 0.2 0.4 ± 0.1 −0.0 ± 0.1 0.6 ± 0.1 0.0 ± 0.0 0.1 ± 0.1
BP Tau 59931.13 C 65.9 ± 0.3 9.8 ± 1.1 3.7 ± 0.5 1.7 ± 0.3 −0.5 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.6 ± 0.1 0.0 ± 0.0 0.0 ± 0.1
BP Tau 59932.13 C 54.8 ± 0.3 8.3 ± 0.9 2.7 ± 0.5 1.0 ± 0.3 −0.3 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.5 ± 0.1 0.1 ± 0.0 0.1 ± 0.1
BP Tau 59933.13 C 63.6 ± 0.3 10.4 ± 1.1 3.2 ± 0.5 1.2 ± 0.3 0.0 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 0.0 ± 0.1
BP Tau 59933.17 E 59.7 ± 0.7 9.0 ± 1.4 5.8 ± 1.8 3.6 ± 1.4 −0.2 ± 0.5 0.4 ± 0.4 0.0 ± 0.3 0.2 ± 0.2 0.5 ± 0.2 0.1 ± 0.1 0.2 ± 0.1
BP Tau 59934.07 E 57.7 ± 0.4 8.8 ± 1.1 6.2 ± 1.1 3.8 ± 0.8 −0.2 ± 0.3 0.5 ± 0.2 0.1 ± 0.2 0.1 ± 0.2 0.6 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
BP Tau 59934.12 C 64.0 ± 0.3 10.9 ± 1.2 3.6 ± 0.5 1.4 ± 0.3 −0.4 ± 0.1 0.7 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.8 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59935.11 C 63.8 ± 0.3 10.3 ± 1.1 3.3 ± 0.5 1.3 ± 0.3 −0.4 ± 0.1 0.7 ± 0.1 0.8 ± 0.1 0.1 ± 0.1 0.8 ± 0.1 0.0 ± 0.0 0.1 ± 0.1
BP Tau 59936.08 E 62.1 ± 0.6 9.4 ± 1.3 6.2 ± 1.5 3.9 ± 1.2 −0.1 ± 0.4 0.6 ± 0.4 0.1 ± 0.2 0.2 ± 0.2 0.7 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
BP Tau 59936.11 C 68.3 ± 0.2 11.4 ± 1.2 4.2 ± 0.5 1.5 ± 0.3 −0.3 ± 0.1 0.7 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.9 ± 0.1 0.2 ± 0.0 0.1 ± 0.0
BP Tau 59937.12 C 57.9 ± 0.2 10.8 ± 1.1 4.8 ± 0.6 1.9 ± 0.3 −0.2 ± 0.1 0.8 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.9 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59938.12 C 52.7 ± 0.2 9.9 ± 1.1 3.7 ± 0.5 1.7 ± 0.3 −0.5 ± 0.1 0.7 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.7 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59939.11 C 44.1 ± 0.3 7.3 ± 0.9 2.8 ± 0.6 1.6 ± 0.4 −0.4 ± 0.2 0.8 ± 0.2 0.3 ± 0.1 −0.0 ± 0.1 0.7 ± 0.1 0.3 ± 0.1 0.0 ± 0.1
BP Tau 59940.11 C 43.8 ± 0.2 7.5 ± 0.8 3.1 ± 0.4 1.2 ± 0.2 0.1 ± 0.1 0.1 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.6 ± 0.1 0.2 ± 0.0 −0.0 ± 0.1
BP Tau 59941.13 C 41.1 ± 0.2 6.6 ± 0.7 3.2 ± 0.4 0.8 ± 0.2 −0.0 ± 0.1 0.3 ± 0.1 −0.0 ± 0.1 0.1 ± 0.1 0.5 ± 0.1 0.1 ± 0.0 −0.0 ± 0.1
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Table 11
(Continued)

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

BP Tau 59949.08 C 56.7 ± 0.2 9.0 ± 1.0 3.8 ± 0.5 1.4 ± 0.3 −0.2 ± 0.1 0.3 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.5 ± 0.1 0.1 ± 0.0 0.0 ± 0.1
BP Tau 59950.08 C 70.5 ± 0.3 11.7 ± 1.2 4.7 ± 0.6 1.8 ± 0.3 −0.2 ± 0.1 0.3 ± 0.1 −0.0 ± 0.1 0.6 ± 0.1 1.1 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
BP Tau 59951.08 C 57.1 ± 0.2 10.7 ± 1.1 5.0 ± 0.6 1.9 ± 0.3 −0.0 ± 0.1 0.4 ± 0.1 0.0 ± 0.1 0.2 ± 0.1 0.9 ± 0.1 0.3 ± 0.0 0.1 ± 0.1
BP Tau 59952.08 C 55.3 ± 0.2 11.1 ± 1.2 5.2 ± 0.7 2.1 ± 0.3 −0.1 ± 0.1 0.4 ± 0.1 −0.0 ± 0.1 0.3 ± 0.1 1.0 ± 0.1 0.2 ± 0.0 0.1 ± 0.1
BP Tau 59953.07 C 72.1 ± 0.2 14.5 ± 1.5 5.8 ± 0.7 2.1 ± 0.3 −0.1 ± 0.1 0.5 ± 0.1 0.1 ± 0.1 0.6 ± 0.1 1.0 ± 0.1 0.3 ± 0.0 0.2 ± 0.1

Note. Fluxes are in units of 1013 erg s−1 cm−2. An additional 10% uncertainty due to continuum subtraction has been included in all uncertainties except Hα and Hβ. Instrument names are abbreviated as: C: CHIRON,
E: ESPRESSO, X: XSHOOTER, S: SOPHIE, U: UVES, T: TCES.
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Table 12
Line Luminosities for GM Aur

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

GM Aur 59498.99 S 72.4 ± 0.3 4.8 ± 0.6 3.2 ± 0.7 1.0 ± 0.6 −0.1 ± 0.2 0.1 ± 0.2 −0.1 ± 0.1 0.1 ± 0.1 0.9 ± 0.1 0.1 ± 0.0 L
GM Aur 59499.98 S 70.5 ± 0.4 3.8 ± 0.6 2.8 ± 0.8 1.3 ± 0.7 −0.4 ± 0.2 0.3 ± 0.2 0.0 ± 0.2 −0.1 ± 0.1 0.8 ± 0.1 0.1 ± 0.1 L
GM Aur 59501.13 S 71.7 ± 0.4 5.4 ± 0.8 4.3 ± 0.8 2.4 ± 0.7 −0.3 ± 0.2 0.4 ± 0.2 −0.0 ± 0.2 0.0 ± 0.1 1.0 ± 0.1 0.1 ± 0.1 L
GM Aur 59502.03 S 61.4 ± 0.2 4.0 ± 0.5 3.5 ± 0.5 2.1 ± 0.4 −0.4 ± 0.1 0.3 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 0.0 ± 0.0 L
GM Aur 59502.96 T 52.2 ± 0.6 3.5 ± 1.0 L L L L −0.1 ± 0.3 −0.1 ± 0.2 0.2 ± 0.1 −0.0 ± 0.1 −0.0 ± 0.1
GM Aur 59503.11 S 64.3 ± 0.3 4.8 ± 0.6 3.9 ± 0.6 2.0 ± 0.5 −0.4 ± 0.2 0.2 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.5 ± 0.1 −0.0 ± 0.0 L
GM Aur 59504.08 S 69.6 ± 0.2 5.1 ± 0.6 3.9 ± 0.5 2.2 ± 0.4 −0.4 ± 0.1 0.2 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.6 ± 0.1 −0.0 ± 0.0 L
GM Aur 59504.34 X 77.4 ± 0.7 5.9 ± 0.7 3.4 ± 0.5 1.6 ± 0.2 −0.3 ± 0.1 0.3 ± 0.1 0.0 ± 0.1 −0.1 ± 0.1 0.5 ± 0.1 −0.0 ± 0.1 0.1 ± 0.1
GM Aur 59505.02 S 67.5 ± 0.2 5.1 ± 0.6 3.8 ± 0.6 2.0 ± 0.4 −0.4 ± 0.1 0.3 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.8 ± 0.1 0.0 ± 0.0 L
GM Aur 59505.11 T 59.4 ± 0.5 5.2 ± 1.1 L L L L −0.1 ± 0.3 −0.2 ± 0.2 0.1 ± 0.1 0.0 ± 0.1 0.0 ± 0.1
GM Aur 59505.96 S 74.6 ± 0.3 4.6 ± 0.6 2.6 ± 0.5 0.6 ± 0.4 −0.2 ± 0.1 0.1 ± 0.1 −0.1 ± 0.1 0.0 ± 0.1 0.8 ± 0.1 0.1 ± 0.0 L
GM Aur 59507.09 T 38.3 ± 0.8 1.8 ± 1.4 L L L L −0.1 ± 0.4 −0.1 ± 0.3 0.3 ± 0.2 0.1 ± 0.1 0.0 ± 0.2
GM Aur 59509.23 E 111.0 ± 0.6 13.0 ± 1.5 7.1 ± 1.4 4.0 ± 1.1 −0.3 ± 0.4 0.8 ± 0.3 0.0 ± 0.2 0.1 ± 0.2 0.7 ± 0.1 0.1 ± 0.1 0.4 ± 0.1
GM Aur 59510.04 S 94.6 ± 0.3 9.5 ± 1.0 6.7 ± 0.8 4.2 ± 0.6 −0.4 ± 0.1 0.5 ± 0.1 −0.0 ± 0.1 0.0 ± 0.1 1.0 ± 0.1 0.1 ± 0.0 L
GM Aur 59510.09 T 78.0 ± 0.6 7.8 ± 1.2 L L L L −0.0 ± 0.3 0.0 ± 0.2 0.4 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
GM Aur 59510.14 T 80.4 ± 0.6 8.2 ± 1.3 L L L L −0.0 ± 0.3 0.0 ± 0.2 0.5 ± 0.1 0.1 ± 0.1 0.0 ± 0.1
GM Aur 59511.97 T 47.5 ± 0.6 1.7 ± 1.1 L L L L −0.1 ± 0.3 −0.1 ± 0.2 0.1 ± 0.1 −0.1 ± 0.1 0.0 ± 0.1
GM Aur 59511.99 S 47.0 ± 0.3 1.5 ± 0.4 1.4 ± 0.4 0.3 ± 0.4 −0.5 ± 0.1 0.0 ± 0.1 −0.1 ± 0.1 −0.2 ± 0.1 0.5 ± 0.1 −0.0 ± 0.0 L
GM Aur 59512.01 T 46.5 ± 0.5 1.9 ± 0.9 L L L L −0.1 ± 0.2 −0.1 ± 0.2 0.1 ± 0.1 −0.0 ± 0.1 −0.0 ± 0.1
GM Aur 59513.03 T 54.5 ± 0.6 4.4 ± 1.1 L L L L −0.1 ± 0.3 0.0 ± 0.2 0.4 ± 0.1 0.0 ± 0.1 0.1 ± 0.1
GM Aur 59513.08 T 46.7 ± 0.7 3.1 ± 1.3 L L L L −0.2 ± 0.3 −0.1 ± 0.3 0.2 ± 0.1 0.0 ± 0.1 0.1 ± 0.1
GM Aur 59513.10 S 64.9 ± 0.3 5.5 ± 0.7 4.2 ± 0.7 2.4 ± 0.6 −0.4 ± 0.2 0.3 ± 0.2 −0.0 ± 0.1 −0.0 ± 0.1 1.0 ± 0.1 0.1 ± 0.0 L
GM Aur 59514.07 S 64.8 ± 0.3 5.5 ± 0.6 4.2 ± 0.6 2.6 ± 0.4 −0.3 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 −0.0 ± 0.1 0.9 ± 0.1 0.1 ± 0.0 L
GM Aur 59515.04 T 56.8 ± 0.4 4.9 ± 0.9 L L L L −0.0 ± 0.2 −0.1 ± 0.2 0.3 ± 0.1 0.0 ± 0.1 0.0 ± 0.1
GM Aur 59515.08 T 55.5 ± 0.4 5.0 ± 0.9 L L L L −0.0 ± 0.2 −0.1 ± 0.2 0.3 ± 0.1 0.0 ± 0.1 0.1 ± 0.1
GM Aur 59515.09 S 58.4 ± 0.4 4.5 ± 0.6 4.0 ± 0.7 2.1 ± 0.6 −0.4 ± 0.2 0.3 ± 0.2 −0.0 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 0.0 ± 0.1 L
GM Aur 59516.01 S 60.1 ± 0.3 5.1 ± 0.7 4.2 ± 0.7 2.3 ± 0.6 −0.4 ± 0.2 0.3 ± 0.2 −0.0 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 0.0 ± 0.1 L
GM Aur 59553.13 E 57.6 ± 0.5 3.9 ± 0.8 2.6 ± 1.6 1.3 ± 1.1 −0.2 ± 0.5 0.3 ± 0.4 0.1 ± 0.2 −0.2 ± 0.2 0.1 ± 0.1 −0.0 ± 0.1 0.1 ± 0.1
GM Aur 59554.17 E 56.2 ± 0.8 4.2 ± 1.4 3.3 ± 2.5 1.8 ± 1.7 0.6 ± 0.8 0.3 ± 0.7 0.1 ± 0.4 −0.1 ± 0.3 0.2 ± 0.2 0.0 ± 0.1 0.2 ± 0.1
GM Aur 59555.19 E 59.8 ± 0.4 6.4 ± 0.8 4.2 ± 1.1 2.2 ± 0.9 −0.2 ± 0.3 0.6 ± 0.3 0.1 ± 0.2 0.0 ± 0.1 0.9 ± 0.1 0.3 ± 0.1 0.4 ± 0.1
GM Aur 59556.15 X 65.6 ± 0.4 7.6 ± 0.8 4.8 ± 0.5 2.9 ± 0.3 −0.2 ± 0.1 0.5 ± 0.1 0.1 ± 0.1 0.0 ± 0.1 1.0 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
GM Aur 59556.19 E 66.3 ± 0.5 7.1 ± 1.1 4.9 ± 1.8 2.9 ± 1.4 −0.2 ± 0.5 0.5 ± 0.4 0.1 ± 0.3 0.0 ± 0.2 0.7 ± 0.1 0.2 ± 0.1 0.3 ± 0.1
GM Aur 59558.86 T 50.7 ± 0.5 4.8 ± 1.1 L L L L −0.0 ± 0.3 −0.1 ± 0.2 0.4 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
GM Aur 59558.90 T 48.3 ± 0.6 4.5 ± 1.1 L L L L −0.1 ± 0.3 −0.0 ± 0.2 0.3 ± 0.1 0.0 ± 0.1 0.0 ± 0.1
GM Aur 59559.91 T 36.4 ± 0.5 2.4 ± 0.9 L L L L −0.1 ± 0.2 −0.1 ± 0.2 0.2 ± 0.1 0.0 ± 0.1 0.0 ± 0.1
GM Aur 59559.95 T 35.9 ± 0.5 2.5 ± 1.0 L L L L −0.1 ± 0.2 −0.1 ± 0.2 0.2 ± 0.1 0.0 ± 0.1 0.0 ± 0.1
GM Aur 59910.17 E 71.6 ± 0.5 7.6 ± 1.0 4.7 ± 1.1 2.3 ± 0.8 −0.4 ± 0.3 0.4 ± 0.3 0.0 ± 0.2 −0.1 ± 0.2 0.5 ± 0.1 0.1 ± 0.1 0.2 ± 0.1
GM Aur 59910.21 C 75.5 ± 0.2 8.3 ± 0.9 2.9 ± 0.4 1.0 ± 0.2 −0.5 ± 0.1 0.6 ± 0.1 0.1 ± 0.1 −0.2 ± 0.1 0.6 ± 0.1 0.1 ± 0.0 0.1 ± 0.0
GM Aur 59911.19 C 67.1 ± 0.2 5.5 ± 0.7 2.0 ± 0.4 0.6 ± 0.2 −0.5 ± 0.1 0.5 ± 0.1 0.2 ± 0.1 −0.2 ± 0.1 0.4 ± 0.1 −0.0 ± 0.0 0.1 ± 0.0
GM Aur 59912.20 C 71.1 ± 0.2 7.1 ± 0.8 2.6 ± 0.4 0.8 ± 0.2 −0.5 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 −0.2 ± 0.1 0.5 ± 0.1 −0.1 ± 0.0 0.1 ± 0.0
GM Aur 59913.18 C 93.9 ± 0.3 9.2 ± 1.0 2.4 ± 0.5 0.5 ± 0.3 −0.5 ± 0.1 0.7 ± 0.1 0.3 ± 0.1 −0.2 ± 0.1 0.7 ± 0.1 0.0 ± 0.0 0.1 ± 0.1
GM Aur 59914.19 C 77.2 ± 0.2 7.1 ± 0.8 0.8 ± 0.4 0.3 ± 0.3 −0.4 ± 0.1 0.5 ± 0.1 0.3 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 −0.1 ± 0.0 0.1 ± 0.0
GM Aur 59915.13 E 68.3 ± 1.2 6.9 ± 2.3 4.4 ± 3.0 2.5 ± 2.1 −0.3 ± 0.9 0.4 ± 0.9 0.1 ± 0.6 −0.1 ± 0.5 0.5 ± 0.3 0.0 ± 0.2 0.2 ± 0.2
GM Aur 59915.20 C 69.9 ± 0.3 7.5 ± 0.9 2.0 ± 0.5 0.6 ± 0.3 1.0 ± 0.2 0.0 ± 0.1 −0.1 ± 0.1 −0.2 ± 0.1 0.7 ± 0.1 0.2 ± 0.0 0.1 ± 0.0
GM Aur 59916.16 E 65.2 ± 0.9 7.3 ± 1.8 4.7 ± 2.4 2.4 ± 1.6 −0.3 ± 0.7 0.4 ± 0.6 0.1 ± 0.5 −0.1 ± 0.4 0.5 ± 0.2 −0.0 ± 0.2 0.2 ± 0.2
GM Aur 59916.21 C 70.3 ± 0.3 8.0 ± 0.9 3.0 ± 0.5 0.3 ± 0.2 −0.2 ± 0.1 0.1 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 0.0 ± 0.0 0.1 ± 0.1
GM Aur 59917.19 C 76.1 ± 0.2 8.8 ± 1.0 3.3 ± 0.5 0.8 ± 0.3 −0.3 ± 0.1 0.1 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 −0.0 ± 0.0 0.1 ± 0.1
GM Aur 59918.19 C 70.8 ± 0.2 7.4 ± 0.8 2.9 ± 0.5 0.7 ± 0.3 −0.2 ± 0.1 0.0 ± 0.1 −0.1 ± 0.1 −0.1 ± 0.1 0.7 ± 0.1 0.0 ± 0.0 0.1 ± 0.0
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Table 12
(Continued)

Object MJD Inst. Hα Hβ Hγ Hδ He I4387 He I4471 He I4713 He I5015 He I5875 He I6678 He I7065

GM Aur 59919.18 C 69.8 ± 0.2 6.9 ± 0.8 2.2 ± 0.4 0.4 ± 0.2 −0.2 ± 0.1 0.2 ± 0.1 −0.0 ± 0.1 −0.1 ± 0.1 0.6 ± 0.1 0.1 ± 0.0 0.1 ± 0.0
GM Aur 59920.18 C 52.9 ± 0.2 5.2 ± 0.6 1.5 ± 0.4 0.4 ± 0.3 −0.4 ± 0.1 0.2 ± 0.1 −0.1 ± 0.1 −0.2 ± 0.1 0.5 ± 0.1 0.0 ± 0.0 0.1 ± 0.0
GM Aur 59922.18 C 41.3 ± 0.3 3.8 ± 0.6 0.0 ± 0.7 0.5 ± 0.5 −1.4 ± 0.3 0.7 ± 0.2 0.2 ± 0.1 −0.7 ± 0.1 0.4 ± 0.1 −0.2 ± 0.0 0.1 ± 0.0
GM Aur 59925.18 C 65.9 ± 0.3 6.4 ± 0.8 2.5 ± 0.5 0.6 ± 0.3 −0.7 ± 0.1 1.0 ± 0.2 0.3 ± 0.1 −0.2 ± 0.1 0.7 ± 0.1 0.1 ± 0.0 0.1 ± 0.1
GM Aur 59926.17 C 75.6 ± 0.3 7.0 ± 0.8 2.2 ± 0.6 0.7 ± 0.4 −0.5 ± 0.2 0.8 ± 0.2 0.2 ± 0.1 −0.2 ± 0.1 0.8 ± 0.1 0.1 ± 0.0 0.2 ± 0.1
GM Aur 59927.18 C 65.4 ± 0.2 5.5 ± 0.7 1.8 ± 0.4 0.4 ± 0.2 −0.5 ± 0.1 0.7 ± 0.1 0.1 ± 0.1 −0.2 ± 0.1 0.9 ± 0.1 0.0 ± 0.0 0.2 ± 0.1
GM Aur 59928.15 C 73.2 ± 0.3 6.3 ± 0.7 1.6 ± 0.5 0.2 ± 0.3 −0.5 ± 0.1 0.6 ± 0.2 0.4 ± 0.1 −0.3 ± 0.1 0.7 ± 0.1 0.1 ± 0.0 0.2 ± 0.1
GM Aur 59929.16 C 93.4 ± 0.3 10.1 ± 1.1 3.8 ± 0.5 1.2 ± 0.3 −0.6 ± 0.1 0.8 ± 0.1 0.3 ± 0.1 −0.1 ± 0.1 1.0 ± 0.1 0.1 ± 0.0 0.2 ± 0.1
GM Aur 59931.14 C 91.2 ± 0.3 9.6 ± 1.0 3.1 ± 0.5 1.5 ± 0.3 −0.6 ± 0.1 0.8 ± 0.2 0.3 ± 0.1 −0.1 ± 0.1 1.0 ± 0.1 0.1 ± 0.0 0.2 ± 0.1

Note. Fluxes are in units of 1013 erg s−1 cm−2. An additional 10% uncertainty due to continuum subtraction has been included in all uncertainties except Hα and Hβ. Instrument names are abbreviated as: C: CHIRON,
E: ESPRESSO, X: XSHOOTER, S: SOPHIE, U: UVES, T: TCES.
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Figure 9. Flux vs. time for the remaining 11 lines for TW Hya (left) and RU Lup (right). Marker shape denotes the instrument used, with CHIRON, ESPRESSO,
XSHOOTER, SOPHIE, and ́Coude as circles, squares, triangles, diamonds, and crosses, respectively. Line flux is in units of 10–12 erg s−1 cm−2. Dashed gray lines
are the times of the HST observations from Paper I.
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