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VISITS

Vigit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run O'Ft)hc\l/J'”'?’r)]t

Wi iSit?

01 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:10.0 yes
CCDFLAT STISNUV-MAMA

02 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:12.0 yes
CCDFLAT STISNUV-MAMA

07 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:13.0 yes
CCDFLAT STISNUV-MAMA

03 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:15.0 yes
CCDFLAT STISNUV-MAMA

04 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:16.0 yes
CCDFLAT STISNUV-MAMA

05 |(1) GM-AUR STIS/CCD 1 04-Dec-2019 16:01:17.0 yes
CCDFLAT STISNUV-MAMA
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Visit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run OP Current
with Visit?
06 |(1) GM-AUR STIS/ICCD 1 04-Dec-2019 16:01:19.0 yes
CCDFLAT STISINUV-MAMA

7 Total Orbits Used

ABSTRACT

Pre-main sequence low-mass accreting stars known as classical T Tauri Stars (CTTS) have been observed to be highly variable. Short cadence light
curves from limited K2 and ground-based studies show variability on timescales down to afew minutes that remains relatively uncharacterized. To
study this short-timescale variability, we propose to obtain 6 near-ultraviolet (NUV) to near-infrared (NIR) STIS spectra of GM Aur during
simultaneous approved high-cadence TESS observations. Using HST to benchmark TESS, these observations will have a lasting significant impact
on accretion variability studies of young stars. Additional approved ground-based observations with ALMA (mm), CHIRON (medium-resolution
optical spectra), Very Large Array (VLA, cm), and the Discovery Channel Telescope (DCT, optical photometry) are scheduled to overlap with this
visibility window. Adding HST will strengthen this multi-wavel ength multi-epoch campaign, the first such study of aCTTS.

OBSERVING DESCRIPTION

We will obtain 6 consecutive daily STIS spectraof GM Aur, an accreting young star with adisk in the Taurus star forming region. These
observations will be taken simultaneously with approved 2-minute cadence broadband photometric observations from TESS. Because the science
goals of this proposal rely on simultaneity with TESS observations, this does introduce some scheduling constraints on the particular days during
which these observations must be made, described in more detail below.

These observations will follow a similar pattern to the previous 8 successful STIS observations of GM Aur. The observations consist of low-

resol ution spectra with continuous wavel ength coverage from the NUV to the NIR. We need STISNUV-MAMA spectrataken with the G230L
grating to break the degeneracy between accretion column density and surface coverage. STIS/CCD observations with the G430L and G750L
gratings are necessary for accurate estimates of the contribution to the total emission from the undisturbed photosphere and aid in the process of
fitting the accretion shock models to the observations and are relatively quick to obtain compared to the G230L observations. We require
contemporaneous fringe-flats to correct the G750L spectra beyond 7000 where severe fringing occurs. We will employ the TIME-TAG mode in the
STIS'/NUV-MAMA observations because it contains information on shorter timescales than the full integration length which are of particular interest
because of the 2-minute cadence TESS data.

The only overlap between the TESS observations and the HST visibility window for thistarget is between Dec 3rd, 2019 and Dec 10th, 2019. As
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such, our observations must occur between these dates. Each visit has atiming requirement such that it must occur between 0.75 and 1.25 days after
the previous visit to give us aroughly daily cadence. Each daily visit to GM Aur can be completed within a single orbit.

We have obtained SNR estimates of these objects using the previous STIS observations of GM Aur as the expected emission. These simulated
observations show that we can expect to obtain an SNR of at least 15 over most of the NUV continuum, and an SNR > 15 per spectral element in the
optical/NIR continuum. Thisis more than sufficient to accomplish the scientific goals presented in this proposal, even with the possibility of catching
GM Aur in alow accretion state. When using the TIME-TAG data to explore variability on minute-long timescales, we plan to bin multiple spectral
channelsto increase the SNR, as the lower resolution is still sufficient to characterize the accretion behavior.

The details for each of the observing modes are described as follows. For the NUV observations, we use the buffer time suggested by the ETC. For
the optical and NIR observations, we used the CR-SPLIT = 2 option to mitigate the effects of cosmic rays. We chose the 52x2 dlit width to maximize
the SNR observations because data quality is more important for our scientific objectives than resolution. The exception to thisisthe dlit used for the
fringe flats, which was chosen to be 0.3x0.9 based on the recommendation in the STIS user manual. Each of the visits has been optimized to
maximize SNR in the NUV observations and remove any unused orbital visibility. Other than the scheduling constraint of needing to occur after the
previous visit, each visit isidentical. The acquisition will be done with the standard F28X50L P aperture using the ACQ mode. The exposure time
was set to be 0.5s, which gives an expected SNR of 56, which iswell above the required SNR of 40. Because the expected time until the exposure
saturates is about 143 seconds, thereis no risk of overexposure. While the reduced gyro mode should not directly affect these observations, future
multi-observatory observations will become more difficult to schedule with reduced visibility window.



Proposal 16010 - Visit 01 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 01, completed

Wed Dec 04 21:01:19 GMT 2019|

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: BETWEEN 03-DEC-2019:00:00:00 AND 10-DEC-2019:00:00:00
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1




Proposal 16010 - Visit 01 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 02 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 02, scheduled

Wed Dec 04 21:01:19 GMT 2019|

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 01BY 0.75D TO 1.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1




Proposal 16010 - Visit 02 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 07 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 07

Wed Dec 04 21:01:19 GMT 2019|

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 03BY 0.75D TO 1.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1




Proposal 16010 - Visit 07 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 03 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 03, scheduled

Wed Dec 04 21:01:20 GMT 2019

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 06 BY 0.75D TO 1.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1

10




Proposal 16010 - Visit 03 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 04 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 04, scheduled

Wed Dec 04 21:01:20 GMT 2019

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 02BY 175D 7O 2.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1
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Proposal 16010 - Visit 04 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 05 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 05, scheduled

Wed Dec 04 21:01:20 GMT 2019

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 04BY 0.75D TO 1.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1
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Proposal 16010 - Visit 05 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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Proposal 16010 - Visit 06 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Proposal 16010, Visit 06, scheduled

Wed Dec 04 21:01:20 GMT 2019

[==>(Copy 2)]

5 Diagnostic Status: No Diagnostics
S |scientific Instruments: STISNUV-MAMA, STISICCD
Special Requirements: AFTER 05BY 0.75D TO 1.25D
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
% @ GM-AUR RA: 04 55 10.9845 (73.7957688d) Proper Motion RA: -6.925126300430802E-5  V=12.0083 Reference Frame: ICRS
o Dec: +30 21 59,64 (30.36657d) sec of time/yr
|c_5 Equinox: J2000 ;rg&e&)lxl otion Dec: -0.023876500000000023
3 Epoch of Position: 1996.79
f—: Comments: This object was generated by the targetselector and retrieved from the GSC 2.3 database.
Category=STAR
Description=[T TAURI STAR]
# I(_Ea_tl_)g Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 (1382670) (1) GM-AUR STIS/CCD, ACQ, F28X50LP MIRROR 0.5 Secs (0.5 Secs)
[==>] [1]
2 (1382666) (1) GM-AUR STISNUV-MAMA, TIME-TAG, G230L BUFFER-TIME=64 1213 Secs (1213 Secs)
@ 52X2 2376 A 0 [==>] 1
5|3 (1382658) (1) GM-AUR STIS/ICCD, ACCUM, 52X2 G430L CR-SPLIT=2 35 Secs (35 Secs)
g 4300 A [==>(Split 1)] 1]
& [==>(Solit 2)]
4 (1382660) (1) GM-AUR STIS/CCD, ACCUM, 52X2 G750L CR-SPLIT=2 12 Secs (12 Secs)
7751 A [==>(Split 1)] (1]
[==>(Solit 2)]
5 CCDFLAT STIS/CCD, ACCUM, 0.3X0.09 G750L [==>(Copy 1)]
7751 A (1
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Proposal 16010 - Visit 06 - A Comprehensive Multi-wavelength Study of the Accretion Variability of GM Aur

Orbit Structure
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