LSRR —::p;’b'u'uf
BRIkX < o ER

2021

No.19

EI R N S AT R



Contents

L i
IEarth and Planetard ............................
lPolarimetric observations of asteroids of different taxonomic cla,ssesj

|from Lulin Observatory in TaiwarJ .............

ITime—series and Phase-curve Photometry of the Episodically Active
Asteroid (6478) Gault in a Quiescent State Using APO
GROWTH, P200, and ZTH . . . . .. ... ........
|Solar and Stellar Astrophysicsl .......................

|A Carbon/Oxygen-dominated Atmosphere Days after Explosiod
|for the “Super-Chandrasekhar” Type Ia SN 2020esm| S

|AT 2019qyl in NGC 300: Internal Collisions in the Early Outﬂovd
|fr0m a Very Fast Nova in a Symbiotic Binaryl .......

|HO Puppis: Not a Be Star, but a Newly Confirmed IW And—typel
tarl ..............................
IMillimeter—sized Dust Grains Surviving the Water-sublimating Tem-l
berature in the Inner 10 au of the FU Ori Diskl ......

IHigh Energy Astrophysical Phenomenal ..................

lFinal Moments. 1. Precursor Emission, Envelope Inflation, and

Enhanced Mass Loss Preceding the Luminous Type II Su-
ernova 2020t . . ...
Revealing a New Black Widow Binary 4FGL J0336.04+7509 . . . .
The dual nature of blazar fast variability: Space and ground ob-l
|Servations of Sb O716—|—714| ..................

he complex variability of blazars: time-scales and periodicityl
Ianalysis in S4 0954—1-651 ....................

T 1 redp2
BB P szt (2003-2021) . . oo
LOT ipld= 254 52 (2021) . o o o

[1 fedp 4 (2021)

ERBTH .
LOT A48k (2020) . . o oo oo
LOT e dh?d B . . .
LOT Operation Cheat-Sheet (by Hauyu Baobab Liu)l .......




Tripol-Il i ®aamde 2 . ... ... 40
Tripol Jhdk @2 a2 . . . 44
FHEL TIFE] 45
DWT b & el . 51
............................... 54
FEE SR 57
Scientific Papersl ........................... 57
Progress Reportsl ........................... 58
The Astronomer’s Telegraﬂ ..................... 62
Bulletin of the American Astronomical Societyl ........... 67
EPSC2021 . . . . o o 67
Transient Name Server AstroNotel .................. 67
GRB Coordinates Networkl ...................... 67
2 N 67
BN Z e 3] . . 67
............................. 69
CEEES T 5 -5 [P 69
TR EE] L L e e 70

ITT  A7F 47 & 71

1



Part 1

SR



Earth and Planetary

Planetary and Space Science 212 (2022) 105412

Planetary and Space Science

journal homepage: www.elsevier.com/locate/pss

Contents lists available at ScienceDirect

Polarimetric observations of asteroids of different taxonomic classes from R

Lulin Observatory in Taiwan
Kang-Shian Pan®", Wing-Huen Ip "

? Graduate Institute of Astronomy, National Central University, Taoyuan City, 32001, Taiwan

Y Graduate Institute of Space Sciences, National Central University, Taoyuan City, 32001, Taiwan

Check for
updates

ARTICLE INFO ABSTRACT

Keywords:
Asteroid
Polarimetry
Taxonomy

Polarimetric measurements are a powerful tool in studying compositions and structures of dust layers of asteroids
and other solar system objects. A pilot project was carried out using the Triple Range Imager and Polarimeter
(TRIPOL) on Lulin 1-m (LOT) telescope at Lulin Observatory to obtain instrument characteristics essential to
polarimetric diagnostics of asteroids. A comparison of the TRIPOL results with previous work from the mea-

surements of a number of standard unpolarized, polarized stars, and 29 main-belt asteroids with known taxo-
nomic types (B-, C-, S-, and M-type) shows that a long-term program of polarimetric observations of asteroids has
a promising prospect at Lulin Observatory.

1. Introduction

Polarimetric observations can produce unique information on the
surface properties of asteroids and other atmosphereless bodies in the
solar system. This was known since the asteroid polarimetry work of
Dollfus (1971), Zellner et al. (1974), and Dollfus and Zellner (1979) that
linear polarization of the reflected light from the asteroidal surfaces
would vary as a function of the phase angle (a) between the directions to
the Sun and to the observer as viewed from the observation target itself.
The opposition effect at small phase angle and negative linear polariza-
tions of asteroids from photometric and polarimetric observations can be
explained in terms of the light scattering processes in the surface regolith
layers of porous structure - according to theoretical modelling and lab-
oratory simulations as reviewed by Muinonen et al. (2002) and Shkur-
atov et al. (2002). In general terms, the scattered light fluxes can be
separated in the perpendicular direction (I;) and the parallel direction
(I)) with respect to the scattering plane. Therefore, in asteroidal polar-
imetry, the observational results are described in terms of the polariza-
tion degree o (I.-I|)/(I.+I) parameter corresponding to the portion of
the electromagnetic wave which is polarized. Within a certain range of
phase angle from zero to o, called the branch of negative polarization, P,
< 0. For a > ap, P, > 0. Different taxonomic types of asteroids have
distinct phase-polarization curves that are beneficial for geometrical al-
bedo determination (Belskaya et al., 2005, 2015; Cellino et al., 2015a).

On the basis of the asteroidal polarimetric survey at CASLEO,

Argentina, Gil-Hutton (2007), Gil-Hutton and Canada-Assandri (2011),
Gil-Hutton and Canada-Assandri (2012) published their observational
results of various types of asteroids ranging from the M-, S-, to C-types.
Another important concerted effort has come from the Calern asteroid
polarimetric survey as reported in Devogele et al. (2017). It is noteworthy
that polarimetric measurements were recently applied to two Near Earth
Objects (NEOs): (101 955) Bennu (Cellino et al., 2018) and (3200)
Phaethon (Devogele et al., 2018) to provide key mission-critical infor-
mation on their physical properties in preparation for their respective
space exploration missions (i.e., NASA's OSIRIS-REx and JAXA's
DESTINY-Plus).

In spite of its usefulness and versatility, the progress in asteroidal
polarimetry has been slow, as mentioned by Devogele et al. (2017),
because of the lack of dedicated instruments and survey programs. In this
paper, we report on a new initiative to establish a long-term program in
asteroidal polarimetry to contribute to this critical task at Lulin Obser-
vatory. The instrument used is called Triple Range Imager and Polarim-
eter (Sato et al., 2019) or TRIPOL that will be introduced in Section 2. In
Section 3, we will describe the practical steps in determining instrument
polarization and stability. Our first results will be presented in Section 4
to be followed by a summary.

2. Instrument description

TRIPOL is a compact instrument capable of simultaneous optical

* Corresponding author. Graduate Institute of Astronomy, National Central University, Taoyuan City, 32001, Taiwan.

E-mail address: sherrykspan@astro.ncu.edu.tw (K.-S. Pan).

https://doi.org/10.1016/j.pss.2021.105412

Received 11 May 2021; Received in revised form 19 December 2021; Accepted 23 December 2021

Available online 1 January 2022
0032-0633/© 2022 Elsevier Ltd. All rights reserved.



THE ASTROPHYSICAL JOURNAL LETTERS, 911:L35 (16pp), 2021 April 20

© 2021. The American Astronomical Society. All rights reserved.

https://doi.org/10.3847/2041-8213 /abf2ca

CrossMark

Time-series and Phase-curve Photometry of the Episodically Active Asteroid (6478) Gault
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Abstract

We observed the episodically active asteroid (6478) Gault in 2020 with multiple telescopes in Asia and North America
and found that it is no longer active after its recent outbursts at the end of 2018 and the start of 2019. The inactivity
during this apparition allowed us to measure the absolute magnitude of Gault of H, = 14.63 +-0.02, G, =0.21 £0.02
from our secular phase-curve observations. In addition, we were able to constrain Gault’s rotation period using time-
series photometric lightcurves taken over 17 hr on multiple days in 2020 August, September, and October. The
photometric lightcurves have a repeating <0.05 mag feature suggesting that (6478) Gault has a rotation period of
~2.5 hr and may have a semispherical or top-like shape, much like the near-Earth asteroids Ryugu and Bennu. The
rotation period of ~2.5 hr is near the expected critical rotation period for an asteroid with the physical properties of
(6478) Gault, suggesting that its activity observed over multiple epochs is due to surface mass shedding from its fast
rotation spin-up by the Yarkovsky—O’Keefe—Radzievskii—Paddack effect.

Unified Astronomy Thesaurus concepts: Asteroids (72); Asteroid dynamics (2210); Main belt asteroids (2036)

Supporting material: machine-readable tables

1. Introduction

Active asteroids produce comet-like tails and comae that can
be driven by many different types of forces different from the
comets themselves (Jewitt et al. 2015). While sublimation of
water ice is a primary driver for activity in “typical” comets, the
~20 known (so far) active asteroids in the main belt seem to

24 LSSTC Data Science Fellow.
%5 These authors contributed equally to this work.

lose mass via a wider array of physical effects such as
collisions (e.g., Snodgrass et al. 2010), rotational instabilities
(e.g., Jewitt et al. 2013), and thermal fracture (e.g., Jewitt et al.
2019a). We can assess the physics of a particular active
asteroid’s activity via observations over long time baselines
that assess the object’s photometric and morphological
development. As more and more active asteroids are
discovered, it is vital to continuously monitor these objects
and determine the frequency of the various phenomena in the
main belt.



Solar and Stellar Astrophysics

THE ASTROPHYSICAL JOURNAL, 927:78 (16pp), 2022 March 1
© 2022. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS

https://doi.org/10.3847 /1538-4357 /ac4780

CrossMark

A Carbon/Oxygen-dominated Atmosphere Days after Explosion for the ‘“Super-
Chandrasekhar” Type Ia SN 2020esm

, Ryan J. Foleyl
, Luca Izz0° , David O. Jones!
, Christa Gall>®, Jens Hjorth® @,

. e e 1. 12
Georgios Dimitriadis™

Matthew R. Siebert'

Katie Auchett'>7*8

13, 14

, Nikki Arendse’
, Charles D Kilpatrick
Damel Kasen™

, David A. Coulter1 , Wynn V. Jacob%on Galan*> s
, Yen- Chen Pan®®, Kirsty nggart' s

Anthony L Piro'®®, Sandra 1. Raimundo™'""'?@®,

Enrico Ramirez-Ruiz' , Armin Rest , Jonathan J. Swift'® , and Stan E. Woosley1
Department of Astronomy and Astrophysics, University of California, Santa Cruz, California, 95064, USA; dimitrig@tcd.ie
2 School of Physics, Trinity College Dublin, The University of Dublin, Dublin 2, Ireland
DARK Niels Bohr Institute, University of Copenhagen, Jagtvej 128, DK-2200 Copenhagen, Denmark

60208, USA
Depanmenl of Astronomy and Astrophysics, University of California, Berkeley, CA 94720, USA
* Institute of Astronomy, National Central University, 300 Jhongda Road, 32001 Jhongli, Taiwan
School of Physics, The University of Melbourne, VIC 3010, Australia
8 ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia
Nuclear Science Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA, 94720, USA
The Observatories of the Carnegie Institution for Science, 813 Santa Barbara Street, Pasadena, CA 91101, USA
Depa{tment of Physics and Astronomy, University of Southampton, Highfield, Southampton SO17 1BJ, UK
“ Department of Physics and Astronomy, University of California, Los Angeles, CA 90095, USA
Depdnmem of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
14 Space Te}gscope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
” The Thacher School, 5025 Thacher Road, Ojai, CA 93023, USA
Received 2021 October 5; revised 2021 December 18; accepted 2021 December 20; published 2022 March 7

Abstract

Seeing pristine material from the donor star in a type la supernova (SN Ia) explosion can reveal the nature of the
binary system. In this paper, we present photometric and spectroscopic observations of SN 2020esm, one of the
best-studied SNe of the class of “super-Chandrasekhar” SNe Ia (SC SNe Ia), with data obtained —12 to +360 days
relative to peak brightness, obtained from a variety of ground- and space-based telescopes. Initially misclassified as
a type II supernova, SN 2020esm peaked at Mp = —19.9 mag, declined slowly (Am,;s5(B) =0.92 mag), and had
particularly blue UV and optical colors at early times. Photometrically and spectroscopically, SN 2020esm evolved
similarly to other SC SNe Ia, showing the usual low ejecta velocities, weak intermediate-mass elements, and the
enhanced fading at late times, but its early spectra are unique. Our first few spectra (corresponding to a phase of
2>10 days before peak) reveal a nearly pure carbon/oxygen atmosphere during the first days after explosion. This
composition can only be produced by pristine material, relatively unaffected by nuclear burning. The lack of H and
He may further indicate that SN 2020esm is the outcome of the merger of two carbon/oxygen white dwarfs.
Modeling its bolometric light curve, we find an *°Ni mass of 1.237014 M, and an ejecta mass of 1.75793% M, in
excess of the Chandrasekhar mass. Finally, we discuss possible progenitor systems and explosion mechanisms of

4 Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA) and Department of Physics and Astronomy, Northwestern University, Evanston, IL

SN 2020esm and, in general, the SC SNe Ia class.

Unified Astronomy Thesaurus concepts: Supernovae (1668); White dwarf stars (1799)

Supporting material: data behind figure, machine-readable tables

1. Introduction

Observations of type Ia supernovae (SNe la) first showed
that the expansion of the universe is accelerating (Riess et al.
1998; Perlmutter et al. 1999). SNe Ia are also key to measuring
the local expansion rate (Riess et al. 2016; Freedman et al.
2019), and those measurements differ from inferences from
early universe probes that may indicate unaccounted physics in
the current cosmological model (Freedman 2021). While there
is strong observational evidence that SNela result from the
thermonuclear explosion of a degenerate carbon/oxygen white
dwarf (WD) star in a binary system (Bloom et al. 2012), details

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOL

of the progenitor system and explosion are poorly constrained
(Maoz et al. 2014).

The peak luminosity of most SNe Ia correlates strongly with
their decline rate (or light-curve width, parameterized with their
magnitude decline from peak to 15 days after, Amys;
Phillips 1993) and color (Riess et al. 1996). By observing the
brightness, decline rate, and color of an SN Ia, one can infer its
relative distance, which in turn, can be used to constrain
cosmological parameters (e.g., Scolnic et al. 2018; Jones et al.
2019). The width—-luminosity relation (WLR) can be explained
as all SNe Ia having a similar ejecta mass with varying amounts
of radioactive *°Ni (Kasen & Woosley 2007), which sets the
peak luminosity. Alternatively, the total ejecta mass may be the
primary factor that causes differences in *°Ni and luminosity
(Goldstein & Kasen 2018). Moreover, SNe Ia are characterized
by maximum-light spectra that lack hydrogen and helium
emission features, but have prominent absorption features from
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Abstract

Nova eruptions, thermonuclear explosions on the surfaces of white dwarfs (WDs), are now recognized to be among
the most common shock-powered astrophysical transients. We present the early discovery and rapid ultraviolet
(UV), optical, and infrared (IR) temporal development of AT 2019qyl, a recent nova in the nearby Sculptor Group
galaxy NGC 300. The light curve shows a rapid rise lasting <1 day, reaching a peak absolute magnitude of
My = —9.2 mag and a very fast decline, fading by 2 mag over 3.5 days. A steep dropoff in the light curves after
71 days and the rapid decline timescale suggest a low-mass ejection from a massive WD with Mwp = 1.2 M. We
present an unprecedented view of the early spectroscopic evolution of such an event. Three spectra prior to the
peak reveal a complex, multicomponent outflow giving rise to internal collisions and shocks in the ejecta of an He/
N-class nova. We identify a coincident IR-variable counterpart in the extensive preeruption coverage of the
transient location and infer the presence of a symbiotic progenitor system with an O-rich asymptotic-giant-branch
donor star, as well as evidence for an earlier UV-bright outburst in 2014. We suggest that AT 2019qyl is analogous
to the subset of Galactic recurrent novae with red-giant companions such as RS Oph and other embedded nova
systems like V407 Cyg. Our observations provide new evidence that internal shocks between multiple, distinct
outflow components likely contribute to the generation of the shock-powered emission from such systems.

Unified Astronomy Thesaurus concepts: Novae (1127); Symbiotic binary stars (1674); Recurrent novae (1366);
White dwarf stars (1799); Asymptotic giant branch stars (2100); Spectroscopy (1558)

Supporting material: data behind figure, machine-readable tables

1. Introduction

Novae are a class of cataclysmic variables (CVs) whose

* This paper includes data gathered with the 6.5 m Magellan Telescopes eruptions are the result of a thermonuclear runaway (TNR) on
located at Las Campanas Observatory, Chile. the surface of a white dwarf (WD) accreting hydrogen-rich
 Based on observations made with the NASA /ESA Hubble Space Telescope, material from a nondegenerate companion (Gallagher &

obtained from the data archive at the Space Telescope Science Institute. STScl .
is operated by the Association of Universities for Research in Astronomy, Inc., Starrfield 1978). Novae are among the most common explosive

under NASA contract NAS 5-26555. thermonuclear transients (e.g., Darnley et al. 2006; Shafter 2017;
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Abstract

HO Puppis (HO Pup) was considered as a Be-star candidate based on its  Cassiopeiae-type light curve, but lacked
spectroscopic confirmation. Using distance measured from Gaia Data Release 2 and the spectral-energy-
distribution fit on broadband photometry, the Be-star nature of HO Pup is ruled out. Furthermore, based on the
28,700 photometric data points collected from various time-domain surveys and dedicated intensive-monitoring
observations, the light curves of HO Pup closely resemble those of IW And-type stars (as pointed out by Kimura
et al.), exhibiting characteristics such as a quasi-standstill phase, brightening, and dips. The light curve of HO Pup
displays various variability timescales, including brightening cycles ranging from 23 to 61 days, variations with
periods between 3.9 days and 50 minutes during the quasi-standstill phase, and a semiregular ~14 day period for
the dip events. We have also collected time-series spectra (with various spectral resolutions), in which Balmer
emission lines and other spectral lines expected for an IW And-type star were detected (even though some of these
lines were also expected to be present for Be stars). We detect Bowen fluorescence near the brightening phase, and
that can be used to discriminate between IW And-type stars and Be stars. Finally, despite only observing for four
nights, the polarization variation was detected, indicating that HO Pup has significant intrinsic polarization.

Unified Astronomy Thesaurus concepts: Dwarf novae (418); Be stars (142); Sky surveys (1464); Time series

6 Korea Astronomy and7 Space Science Institute (KASI), Bohyunsan Optical Astronomy Observatory (BOAO), Youngcheon, Gyungbuk 38812, Republic of Korea

analysis (1916)

Supporting material: machine-readable table

1. Introduction

Be phenomena are the photometric and spectroscopic
variability seen in the main-sequence luminous rapid rotators,
known as Be stars, with a luminosity class III-V. In recent
years, we have studied the evolutionary effect on the formation
of Be stars in open clusters (Yu et al. 2015, 2016, 2018) using
the Palomar Transient Factory (Law et al. 2009) and the
intermediate Palomar Transient Factory (iPTF; Kulkarni 2013).
The Zwicky Transient Facility (ZTF; Bellm et al. 2019;
Graham et al. 2019; Masci et al. 2019) came after iPTF, and its
improved data can extend our investigation on the variability of
Be stars (Ngeow et al. 2019), especially for the Be stars and
Be-star candidates at the faint end (m > 13 mag), which were
largely excluded from previous works (e.g., in Labadie-Bartz
et al. 2017). Together with accompanying time-series spectro-
scopic data, we have a new opportunity to explore the
fundamental time-domain nature of Be stars.

Here we report the photometric characteristics of HO Puppis
(HO Pup, arjan00 = 7"33™54318, 81a000 = —15°45/38728) as a
result of our investigations of the variability of Be stars with
ZTF. HO Pup is listed as a Be star in the SIMBAD database
(Manek 1997) and hence is included in our list of Be-star
candidates, in which the classification is based on its ~y

Cassiopeiae (GCAS) type variability recorded by Samus et al.
(2017)—a class of variable stars that exhibit eruptive irregular
variability that is not easily classified further. Some early
literature even suggested that HO Pup was a possible type la
supernova with V-band photometry varying between 12.7 mag
and 14.2 mag (Kukarkin et al. 1971). As presented in Figure 1,
two highly unusual ~2.5 mag dips of HO Pup were observed
by ZTF in 2017 November. In the r band, the ZTF data cover
the full brightness minimum of the two dips at 16 mag from
near the minimum to maximum brightness within two days
because of the high-cadence sampling. These two events were
also witnessed by the All-Sky Automated Survey for Super-
novae (ASAS-SN, Shappee et al. 2014; Kochanek et al. 2017).
In addition to these two events recorded by ZTF and ASAS-
SN, we have found more dips based on the literature and
archival data since 2009 (see Section 2). It is very unusual to
observe these dips with amplitudes of ~2.5 mag in typical Be
stars, and hence HO Pup caught our attention and merits further
investigation.

The variability behavior of HO Pup was also considered as a
special type of cataclysmic variable (CV). The ASAS-SN light
curve of HO Pup was discussed in a recent work by Kimura
et al. (2020a). In their study, HO Pup was classified as a dwarf
nova (DN) with a unique heartbeat-like oscillation in its
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Abstract

Previous observations have shown that the <10 au, =400 K hot inner disk of the archetypal accretion outburst
young stellar object, FU Ori, is dominated by viscous heating. To constrain dust properties in this region, we have
performed radio observations toward this disk using the Karl G. Jansky Very Large Array in 2020 June—July,
September, and November. We also performed complementary optical photometric monitoring observations. We
found that the dust thermal emission from the hot inner disk mid-plane of FU Ori has been approximately
stationary and the maximum dust grain size is 1.6 mm in this region. If the hot inner disk of FU Ori, which is
inward of the 150-170 K water snowline, is turbulent (e.g., corresponding to a Sunyaev & Shakura viscous
o, 2,0.1), or if the actual maximum grain size is still larger than the lower limit we presently constrain, then as
suggested by the recent analytical calculations and the laboratory measurements, water-ice-free dust grains may be
stickier than water-ice-coated dust grains in protoplanetary disks. Additionally, we find that the free—free emission
and the Johnson B- and V-band magnitudes of these binary stars were brightening in 2016-2020. The optical and
radio variability might be related to the dynamically evolving protostellar- or disk-accretion activities. Our results
highlight that the hot inner disks of outbursting objects are important laboratories for testing models of dust grain
growth. Given the active nature of such systems, to robustly diagnose the maximum dust grain sizes, it is important
to carry out coordinated multiwavelength radio observations.

Unified Astronomy Thesaurus concepts: Interstellar dust processes (838); Dust continuum emission (412)

1. Introduction These assumptions used to be supported by the results of earlier
laboratory experiments (e.g., Gundlach et al. 2011; Gundlach &
Blum 2015 and references therein). However, they are inconsistent
with analytical calculations (e.g., Kimura et al. 2015). An open
issue related to this is how to form rocky planets or asteroids that
are deficient in water.

Growing modern laboratory experimental results conversely

In theoretical studies about interstellar dust-grain growth (e.g.,
Ossenkopf 1993; Ormel et al. 2009; Wada et al. 2009; Okuzumi
et al. 2012; Banzatti et al. 2015; Pinilla et al. 2017; Vorobyov et al.
2018, 2020; Molyarova et al. 2021) and the interpretation of the
observations of (sub)millimeter dust spectral indices (e.g., Zhang

et al. 2015), it has been conventional to assume or to conjecture that
water-ice-coated dust grains are stickier than water-ice-free grains.
It has been generally believed that grown dust with maximum grain
sizes (amax) greater than 1 mm (e.g., chondrules, pebbles) tend to
form outside of the water snowline (7 ~ 150-170 K; e.g., Pollack
et al. 1994). It has also been considered that in the inner, higher
temperature regions of protoplanetary disks, grown dust will likely
fragment back down to smaller sizes when water ice is sublimated
(e.g., Banzatti et al. 2015; Cieza et al. 2016; Pinilla et al. 2017).

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOL

suggested that water-ice-free dust grains are stickier or at least
as sticky as the water-ice-coated ones (Gundlach et al. 2018;
Musiolik & Wurm 2019; Steinpilz et al. 2019; Pillich et al.
2021). Gundlach et al. (2018) pointed out that the inconsistency
between the modern and the earlier experimental results (e.g.,
Gundlach et al. 2011) may be because the ice-coated dust
samples in the earlier experiments were thermally processed
due to the imperfect low-temperature operational techniques.
If this is indeed the case, then grown dust may be prone to
form inward rather than outward of the water snowline
in protoplanetary disks (for some related discussion see
Molyarova et al. 2021; Musiolik 2021; Pinilla et al. 2021 and
references therein). Since the laboratory dust samples do
not necessarily have the same composition and morphology
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Abstract

We present panchromatic observations and modeling of supernova (SN) 2020tlf, the first normal Type II-P/L SN
with confirmed precursor emission, as detected by the Young Supernova Experiment transient survey. Pre-SN
activity was detected in riz-bands at —130 days and persisted at relatively constant flux until first light. Soon after
discovery, “flash” spectroscopy of SN 2020tlf revealed narrow, symmetric emission lines that resulted from the
photoionization of circumstellar material (CSM) shed in progenitor mass-loss episodes before explosion.
Surprisingly, this novel display of pre-SN emission and associated mass loss occurred in a red supergiant (RSG)
progenitor with zero-age main-sequence mass of only 10-12 M., as inferred from nebular spectra. Modeling of the
light curve and multi-epoch spectra with the non-LTE radiative-transfer code CMFGEN and radiation-
hydrodynamical code HERACLES suggests a dense CSM limited to r~ 10" cm, and mass-loss rate of 1072 M.,
yr~'. The luminous light-curve plateau and persistent blue excess indicates an extended progenitor, compatible
with an RSG model with R, = 1100 R,. Limits on the shock-powered X-ray and radio luminosity are consistent
with model conclusions and suggest a CSM density of p < 2 x 107" g cm™ for distances from the progenitor star
of ra~ 5 x 10" cm, as well as a mass-loss rate of M < 1.3 x 10~ Mg, yr~' at larger distances. A promising power
source for the observed precursor emission is the ejection of stellar material following energy disposition into the
stellar envelope as a result of gravity waves emitted during either neon/oxygen burning or a nuclear flash from
silicon combustion.

Unified Astronomy Thesaurus concepts: Core-collapse supernovae (304); Type II supernovae (1731); Supernovae
(1668); Massive stars (732); Stellar mass loss (1613)

Supporting material: data behind figure, machine-readable table

1. Introduction

The behavior of massive stars in their final years of evolution
is almost entirely unconstrained. However, we can probe these
terminal phases of stellar evolution prior to the core-collapse of

Original content from this work may be used under the terms . . ..
of the Creative Commons Attribution 4.0 licence. Any further massive stars >8 M, by understanding the composition and

distribution of this work must maintain attribution to the author(s) and the title origin of the high'denSity’ circumstellar material (CSM)
of the work, journal citation and DOL surrounding these stars at the time of explosion (Smith 2014).
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Abstract

We report on the discovery of a promising candidate for a black widow (BW) millisecond pulsar binary,
4FGL J0336.04-7502, which shows many pulsar-like properties in the 4FGL-DR2 catalog. Within the 95% error
region of the LAT source, we identified an optical counterpart with a clear periodicity at Py, = 3.718178(9) hr
using the Bohyunsan 1.8 m Telescope, the Lulin One-meter Telescope, the Canada—France—Hawaii Telescope, and
Gemini-North. At the optical position, an X-ray source was marginally detected in the Swift/X-Ray Telescope
archival data, and the detection was confirmed by our Chandra/ACIS DDT observation. The spectrum of the X-ray
source can be described by a power-law model of I', = 1.6 £ 0.7 and Fy3_7ev = 3,5f]1;(2) x 10~ erg cm s
The X-ray photon index and the low X-ray-to-y-ray flux ratio (i.e., <1%) are both consistent with that of many
known BW pulsars. There is also a hint of an X-ray orbital modulation in the Chandra data, although the
significance is very low (1.30). If the pulsar identity and the X-ray modulation are confirmed, it would be the fifth
BW millisecond pulsar binary that showed an orbitally modulated emission in X-rays.

Unified Astronomy Thesaurus concepts: High energy astrophysics (739); Gamma-ray sources (633); Compact

https://doi.org/10.3847/1538-4357 /abeb76

CrossMark

binary stars (283); Millisecond pulsars (1062); X-ray sources (1822)

Supporting material: data behind figure

1. Introduction

The Fermi Large Area Telescope (LAT) has been observing
the MeV /GeV ~-ray sky since 2008 June. With the 10 years of
data taken between 2008 and 2018, 5064 sources are detected
in the Fermi-LAT 10-Year Point Source Catalog (4FGL-DR2;
Abdollahi et al. 2020; Ballet et al. 2020). While a major portion
of the cataloged sources are known systems (e.g., active
galaxies, pulsars, etc.), about one-fourth of them are uni-
dentified at other wavelengths. Other than active galaxies,
many of these unidentified v-ray sources are believed to be
pulsar systems.

There have been multiwavelength searching campaigns
conducted for new candidates of ~-ray pulsars from the list
of the unidentified Fermi-LAT sources (e.g., Hui et al. 2015;
Braglia et al. 2020). Machine-learning techniques were also
applied on the classification for pulsars based on only the y-ray
properties recently (e.g., Saz Parkinson et al. 2016; Luo et al.
2020; Hui et al. 2020). These efforts have led to at least a dozen
candidates for further radio/~-ray pulsation searches. Many of
these candidates could be associated with two special pulsar
classes, black widow (BW) and redback (RB), which are
millisecond pulsars in compact binaries (the orbital periods are
often less than a day). Besides the compact orbits, the two
classes are characterized by the very low-mass companions
(i.e., 0.1-0.4 M., for RBs and <0.1M, for BWs; Chen et al.
2013; Roberts 2013) ablated by the strong radiations that
originate from the primary pulsars. The radiation would also
heat up the tidally locked companion one-sided, and this
so-called pulsar heating effect can result in orbital modulations
in the optical bands (see, e.g., Romani & Sanchez 2016; Yap
et al. 2019 for the details), although exceptions exist (e.g.,
3FGL J0212.145320 that does not show any observable pulsar
heating effect; Li et al. 2016). Some recently discovered BW/
RB candidates include 3FGL J0954.8—3948 (Li et al. 2018),

4FGL J2333.1—-5527 (Swihart et al. 2020), 4FGL J0935.3
40901 (Wang et al. 2020), 4FGLJ0407.7—5702 (Miller
et al. 2020), and 4FGL J0940.3—7610 (Swihart et al. 2021;
see the Table 3 of Hui & Li 2019 and the references therein for
more candidates).

In this paper, we present a multiwavelength study for
4FGL J0336.0+7502, which is a new BW MSP candidate
identified by our unidentified Fermi-LAT sources observing
campaign. The study includes (i) the Fermi-LAT ~-ray
properties of 4FGL J0336.047502 (Section 2); (ii) optical
photometric observations taken by the Bohyunsan 1.8 m
Telescope, the Lulin One-meter Telescope (LOT), the Canada—
France-Hawaii  Telescope (CFHT), and Gemini-North
(Section 3); (iii) Swift/X-Ray Telescope (XRT) and Chan-
dra/ACIS-S X-ray observations (Section 4); and (iv) a
discussion for 4FGL J0336.0+7502 based on its multiwave-
length properties (Section 5).

2. Gamma-Ray Properties

4FGL J0336.0+7502 is a bright ~-ray source (detection
significance of 31.1¢) located at a Galactic latitude of b = 15.5°
(Ballet et al. 2020). It was first discovered in 7-rays by Fermi-
LAT as 1FGL J0334.2+7501 in the 1FGL catalog (Abdo et al.
2010), and was subsequently cataloged in 2FGL, 3FGL, and
4FGL(-DR2) (Nolan et al. 2012; Acero et al. 2015; Abdollahi
et al. 2020; Ballet et al. 2020). In 4FGL-DR?2 (using data taken
from 2008 August to 2018 August), 4FGL J0336.0+7502 was
classified as a steady source on a yearly timescale with a
variability index* of 9.8. The average ~-ray flux in 100 MeV—
100GeV is F,=(7.4%£0.5) x 107 ergem™2s™! that is
among the top 30% of all 4FGL-DR2 sources. According to

4 A source with a variability index greater than 18.48 has a less than 1%

chance to be stable.
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ABSTRACT

Blazar S5 0716+714 is well-known for its short-term variability, down to intraday time-scales. We here present the 2-min
cadence optical light curve obtained by the TESS space telescope in 2019 December—2020 January and analyse the object fast
variability with unprecedented sampling. Supporting observations by the Whole Earth Blazar Telescope Collaboration in B, V,
R, and [ bands allow us to investigate the spectral variability during the TESS pointing. The spectral analysis is further extended
in frequency to the UV and X-ray bands with data from the Neil Gehrels Swift Observatory. We develop a new method to
unveil the shortest optical variability time-scales. This is based on progressive de-trending of the TESS light curve by means of
cubic spline interpolations through the binned fluxes, with decreasing time bins. The de-trended light curves are then analysed
with classical tools for time-series analysis (periodogram, autocorrelation, and structure functions). The results show that below
3d there are significant characteristic variability time-scales of about 1.7, 0.5, and 0.2 d. Variability on time-scales < 0.2d is
strongly chromatic and must be ascribed to intrinsic energetic processes involving emitting regions, likely jet substructures, with
dimension less than about 1073 pc. In contrast, flux changes on time-scales > 0.5 d are quasi-achromatic and are probably due
to Doppler factor changes of geometric origin.

Key words: galaxies: active— BL Lacertae objects: general — BL Lacertae objects: individual: S5 07164714 — galaxies: jets.

1 INTRODUCTION

Blazars, including BL Lac objects (BL Lacs) and flat-spectrum radio
quasars (FSRQ) form a class of active galactic nuclei characterized
by extreme and unpredictable emission variability at all frequencies
on a wide range of time-scales. In the optical band, small (up to
tenths of mag) intraday flux variations usually overlap on larger (up
to several mag) brightness changes on weeks-years scales, likely
revealing different physical mechanisms at work. The distinctive
feature of blazars is that most of the radiation we observe is
produced in a relativistic plasma jet pointing towards us. This causes
blueshift of the observed radiation with respect to the emitted one,
contraction of the variability time-scales, and flux enhancement by
some power of the Doppler factor § = [['(1 — Bcos@)]~!, which

* E-mail: claudia.raiteri @inaf.it
1 Recently moved to Instituto de Astrofisica de Andalucia (CSIC), Apartado
3004, E-18080 Granada, Spain

depends on both the bulk Lorentz factor I' = (1 — %)~ (i.e.
on the bulk velocity 8 = v/c of the emitting plasma) and the
viewing angle 6 (i.e. the angle between the velocity vector and
the line of sight). Even small changes of 6 can produce large flux
variations, and at least part of the blazar variability can likely be
due to geometric effects, as in the twisting inhomogeneous jet model
proposed by Raiteri et al. (2017) to explain the multifrequency long-
term behaviour of the FSRQ CTA 102. In the model by Camenzind
& Krockenberger (1992) instead, rotating plasma bubbles in the
jet can produce lighthouse effect and consequently quasi-periodic
oscillations (QPOs). Other variability mechanisms involve intrinsic
energetic processes, like particle injection or acceleration due to
shock waves (e.g. Blandford & Konigl 1979; Marscher & Gear
1985; Sikora et al. 2001), turbulence (Marscher 2014; Pollack, Pauls
& Wiita 2016), or instabilities that occur in the accretion disc and
propagate into the jet, giving rise to QPOs (e.g. King et al. 2013).
Search for periodicities in blazar (and AGN) light curves at all
wavelengths have led to a variety of results (e.g. Lainela et al. 1999;
Raiteri et al. 2001; Gierlinski et al. 2008; Ackermann et al. 2015;

© 2020 The Author(s)
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ABSTRACT

Among active galactic nuclei, blazars show extreme variability properties. We here investigate the case of the BL Lac object
S4 0954465 with data acquired in 2019-2020 by the Transiting Exoplanet Survey Satellite (TESS) and by the Whole Earth
Blazar Telescope (WEBT) Collaboration. The 2-min cadence optical light curves provided by TESS during three observing
sectors of nearly 1 month each allow us to study the fast variability in great detail. We identify several characteristic short-term
time-scales, ranging from a few hours to a few days. However, these are not persistent, as they differ in the various TESS
sectors. The long-term photometric and polarimetric optical and radio monitoring undertaken by the WEBT brings significant
additional information, revealing that (i) in the optical, long-term flux changes are almost achromatic, while the short-term
ones are strongly chromatic; (ii) the radio flux variations at 37 GHz follow those in the optical with a delay of about 3 weeks;
(iii) the range of variation of the polarization degree and angle is much larger in the optical than in the radio band, but the
mean polarization angles are similar; (iv) the optical long-term variability is characterized by a quasi-periodicity of about
1 month. We explain the source behaviour in terms of a rotating inhomogeneous helical jet, whose pitch angle can change
in time.

Key words: galaxies: active — BL Lacertae objects: general — BL Lacertae objects: individual: S4 0954465 — galaxies: jets.

scales range from years down to hours, likely implying that different

1 INTRODUCTION mechanisms are at work, both of intrinsic (i.e. energetic) and extrinsic

Blazars are active galactic nuclei that show extreme variability prop-
erties. They include flat-spectrum radio quasars, generally showing
broad emission lines in their spectra, and (almost) featureless BL Lac
objects. Blazar emission mostly comes from a relativistic plasma
jet that is oriented closely to the line of sight. As a consequence,
the flux is Doppler beamed and boosted, and time-scales are
shortened. Blazar variability is unpredictable. Some objects show
almost continuous activity, while others undergo extreme outburst
events after periods of almost constant emission. Variability time-

* E-mail: claudia.raiteri @inaf.it

© 2021 The Author(s)
Published by Oxford University Press on behalf of Royal Astronomical Society
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(i.e. geometric) nature.

The Transiting Exoplanet Survey Satellite (TESS; Ricker et al.
2015) that was launched in 2018, though dedicated to the discovery
of exoplanets, gives us the possibility to study the short-term blazar
variability with extremely dense sampling. Therefore, we proposed a
number of bright blazars for TESS observations in cycles 2, 3, and 4.
Some of these TESS blazar observations were supported by ground-
based monitoring by the Whole Earth Blazar Telescope' (WEBT)
Collaboration (e.g. Villata et al. 2002, 2004, 2006, 2008; Raiteri

Uhttp://www.oato.inaf.it/blazars/webt/
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LOT2021A Semester (01 January — 30 April, 2021)
Dear PI, your contact email is included in this announcement such that the PI for ToO programs can contact
you in case of ToO triggers. Please let me know if you want your email to be removed. Thanks!
(Programs with “ * ” denotes the program has international Col, this is used for statistics counting only.)

Education Program:

EO1 — Acquiring a Training Data Set for Course “Advanced Astronomical Observations”
P.I.: Daisuke Kinoshita (kinoshita@astro.ncu.edu.tw)

E02 — A Training Program for Undergraduate Students in NTNU
P.I.: Yu-Chi Cheng (ycc312@g.ncu.edu.tw)

Large Program:

EDEN - Exo-earth Discovery and Exploration Network
PI: W-P Chen (wchen@astro.ncu.edu.tw)

Research Program:

*R01 — Calibrating the griz-Band PLZ Relations using RR Lyrae in Globular Clusters
P.I.: Chow-Choong Ngeow (cngeow(@astro.ncu.edu.tw)

*R02 — Lulin Supernova Program

P.I.: Yen-Chen Pan (ycpan@astro.ncu.edu.tw)

RO3 — Test of Lucky-Imaging Technique on LOT with a Cooled-CMOS Camera
P.I.: Yang-Peng Hsieh (m1089002@gm.astro.ncu.edu.tw)

*R04 — Joint X-ray, Optical, and Radio Monitoring towards a Pre-main Sequence Star

P.I.: Hauyu Baobab Liu (hyliu@asiaa.sinica.edu.tw)

*R05 — Survey of the Synchronous Binary Asteroids in the Solar System
P.I.: Polinska Magdalena (polinska@amu.edu.pl)

RO6 — Detecting Polarization Associated with Stellar Flares

P.I.: Chen-Yen Hsu (pandaangela915@gmail.com)

*R07 — Hunting for Barbarians at Lulin
P.I.: Kang-Shian Pan (m989005@astro.ncu.edu.tw)

RO8 — The Study of the Dust to Gas Ratio in Long- and Short-Period Comets
P.I.: Zhong-Yi Lin (zylin@astro.ncu.edu.tw)

RO9 — Investigation of Surface Homogeneity of (596) Scheila
P.I.: Zhong-Yi Lin (zylin@astro.ncu.edu.tw)

R10 — The Spectral Variations in Superflare Phases of G- and M-type Stars
P.I.: Chia-Lung Lin (m1059006@gm.astro.ncu.edu.tw)

R11 — Taxonomical Classification of Dynamically Unstable Asteroids in the Outer Main Asteroid
Belt

P.I.: Yu-Chi Cheng (ycc312@g.ncu.edu.tw)
17



LOT2021B Semester (01 May — 31 August, 2021)

Dear PI, your contact email is included in this announcement such that the PI for ToO programs can contact
you in case of ToO triggers. Please let me know if you want your email to be removed. Thanks!
(Programs with “ * ” denotes the program has international Col, this is used for statistics counting only.)

Education Program:

EO1 — Astro Summer Camp 2021 Students Training with LOT
P.I.: Chow-Choong Ngeow (cngeow@astro.ncu.edu.tw)

E02 — Practical Class of ”Fundamentals of Observational Astronomy”
P.I.: Albert Kong (akong@phys.nthu.edu.tw)

EO03 — Hands-on Class of “Introduction to Astrophysics”
P.I.: Chin-Ping Hu (cphu0821@cc.ncue.edu.tw)

E04 — Acquiring a Training Data Set for Course “Advanced Astronomical Observations”

P.I.: Daisuke Kinoshita (kinoshita@astro.ncu.edu.tw)

Large Program:

EDEN - Exo-earth Discovery and Exploration Network
PI: W-P Chen (wchen@astro.ncu.edu.tw)

Research Program:

RO1 — Variable Stars in Globular Clusters: Complement to ZTF with LOT
P.I.: Chow-Choong Ngeow (cngeow@astro.ncu.edu.tw)

*R02 — Lulin Supernova Program
P.I.: Yen-Chen Pan (ycpan@astro.ncu.edu.tw)

R0O3 — Follow-up Observations of Low-Mass X-ray Transients in Outbursts
P.I.: Albert Kong (akong@phys.nthu.edu.tw)

R04 — Testing Lucky-Imaging Technique On the Core of Globular Cluster M3
P.I.: Yang-Peng Hsieh (m1089002@gm.astro.ncu.edu.tw)

RO5 — The Study of the Dust to Gas Ratio in Long- and Short-Period Comets
P.I.: Zhong-Yi Lin (zylin@astro.ncu.edu.tw)

RO6 — Taxonomical Classification of Dynamically Unstable Asteroids in the Outer Main Asteroid Belt

P.I.: Yu-Chi Cheng (vcc312@g.ncu.edu.tw)

R0O7 — Deep Ha Imaging of Planetary-mass Objects: Toward Accretion Rate Monitoring

P.I.: Ya-Lin Wu (yalinwu@ntnu.edu.tw)

*R08 — International Observing Campaign on Binary Main-Belt Comet 288P/2006 VW 139
P.I.: Yu-Chi Cheng (ycc312@g.ncu.edu.tw)

*R09 — Hunting for Barbarians at Lulin
P.I.: Kang-Shian Pan (m989005@astro.ncu.edu.tw)

R10 — The Spectral Variations in Superflare Phases of G- and M-type Stars
P.I.: Li-Ching Huang (Ichuang@astro.ncu.edu.tw)

18



LOT Semester 2021C
(01 September - 31 December, 2021)

Education Program:

EO1 - Practical Class of "Observational Astronomy”
PI: Albert Kong (akong@phys.nthu.edu.tw)

EO02 - Student Training for NTHU’s “Fundamentals of Observational Astronomy” Course
PI: Shih-Ping Lai (slai@phys.nthu.edu.tw)

EO03 - A Training Program for Undergraduate Astronomical Observation Course in NTNU
PI: Yueh-Ning Lee (ynlee@ntnu.edu.tw)

Large Program:

EDEN - Exo-earth Discovery and Exploration Network
PI: Wen-Ping Chen (wchen@astro.ncu.edu.tw)

Research Program:
(Programs which have international Cols are marked with *)

*RO1 - Lulin Supernova Program
PI: Yen-Chen Pan (ycpan@astro,ncu.edu.tw)

RO2 - Variable Stars in Globular Clusters: Complement to ZTF with LOT
PI: Chow-Choong Ngeow (cngeow@astro.ncu.edu.tw)

*R0O3 - Global Polarization Monitoring of Blazars
PI: Wen-Ping Chen (wchen@astro.ncu.edu.tw)

RO4 - Polarization during Magnetic Flares of Red Dwarfs
PI: Wen-Ping Chen (wchen@astro.ncu.edu.tw)

*R0OS5 - The Nature of Unidentified Fermi Objects
PI: Albert Kong (akong@phys.nthu.edu.tw)

RO6 - The study of the dust to gas ratio in long- and short-period comets
PI: Zhong-Yi Lin (zylin@astro.ncu.edu.tw)

RO7 - Testing Lucky-Imaging Technique On the Core of Globular Cluster M15
PI: Yang-Peng Hsieh (m1089002@gm.astro.ncu.edu.tw)

RO8 - The Spectral Variations in Superflare Phases of G- and M-type Stars
PI: Chia-Lung Lin (m1059006(@gm.astro.ncu.edu.tw)

RO9 - Return of the Near-Earth Asteroid (155140) 2005 UD
PI: Daisuke Kinoshita (kinoshita@astro.ncu.edu.tw)
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R10 - Monitoring Accretion onto a Planetary-mass Companion
PI: Ya-Lin Wu (yalinwu@ntnu.edu.tw)

R11 - Taxonomical Classification of Dynamically Unstable Asteroids in the Outer Main Asteroid
Belt
PI: Yu-Chi Cheng (ycc312@g.ncu.edu.tw)
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LOT Operation Cheat-Sheet (2021-Feb-15)
Hauyu Baobab Liu @{&5 (ASIAA), Natsuko Izumi JRZEE T (ASIAA)

HfrfeE: KT KE (NCU), &4 (Lulin Observatory)

Sofia camera: FOV-13".08x13".08; 0”.39/pixel; CCD counts: <50 k is usable (ideally <30 k)

Versions:
beta: 2021-Feb-15

Starting up (15 mins after sunset [exact sunset time can be checked with google])

Initiating the software environment (skip this step if the applications/software have been launched by the previous observer) The order is important. Please strictly follow it.

1.

Find "FocusMax” icon in the Windows XP toolbar (looks like a yellow coffee cup with something red inside). Click it.
In the FocusMax panel, click the ”system” tab in the bottom. Then find the ”Connect” button in the ”Focuser” section and then click it.

. In the Windows XP toolbar, find the MaxImDL icon (looks like a white telescope next to a moon). Launch it.

3. In the MaxImDL panel, click the ”View” tab, and then click ” Camera Control Window”.

In the Camera control window panel, click the ”Setup” tab, and then click ” Connect” on the upper right corner. In the ”Coolers” section, click ”on”.

. In the MaxImDL panel, click the ”View” tab, and then click ”Observatory control window”.

In the ”Observatory” panel, click the ”Setup” tab and then find the ”Dome” section, then click ”Connect”.

. After going through steps 1-4, the ” ACP Observatory Control Software” panel will be launched automatically.

Click the ”Camera” tab and then click ”Connect” if it is not yet connected.

Find the ”Script” Section. Click ”Select the Script” and choose ” Acquirelmages.js”. Click the other box in the ”Script” section and then click ” JSscript”.

6. In the Windows XP toolbar, find ”Lulin.sky” and launch it (looks like s dark blue ball with a ”S” on it).

7. In the FocusMax panel, click the ”System” tab, in the ”Camera” section, choose ”MaxImDL” to permit automatically focusing.

If the applications/software have been launched by the (previous) observer:

1.

Switch on all monitors (4 in total)

. Unlock the dome [twist the red button clockwise] (see Figure 1) and then push the "open” button.
. Unlock the telescope controller [twist the red button clockwise].

2
3
4.
5
6

After the dome is fully opened, on the autoslew panel (see Figure 1), click the ”Telescope” tab and open the cover of the telescope.

. On the autoslew panel (see Figure 2), click the button on the left of the ”Earth icon” to enable tracking stars.
. Create the directory ’LOTYYYYMMDD”, and then create a "flat” directory under LOTYYYYMMDD. May also create a ”PIname” directory (e.g., "hyliu”) to store the data taken on

the target source(s).
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Flat field [take sky flat as far as the weather allows]

Sky flat during sunset
Starting from the band with low quantum efficiency, and then gradually move to those which are more sensitive (e.g., U= >Ha— >B— >V— >R— >I). During the sunrise, the order opposite to
that for the sunset.

1 On the camera control panel, check ”continuous” to start testing the integration time (usually it is set to 5-10 seconds).

2 Once the count fall to the range of 10k—30k (for I band, slightly higher than 30k is acceptable), check ”autosave” and then set to take 5-10 flat field images for each band. Then click
?start”.

When each integration is finished, click the ”W” button on the autoslew panel to offset the telescope pointing a bit, to avoid having some stars always at the same locations in the flat field
images.

3 Remember to book-keep (on your own notebook) the integration time used for the flat field images. We need to take the corresponding dark images.
4 Move on to calibrate focus.

Sky flat during sunrise
Starting from the band with high quantum efficiency, and then gradually move to those which are less sensitive (I— >R— >V— >B— >Ha— >U). During the sunset, the order opposite to that
for the sunrise. We can start taking the flat field about 1 hour before sunrise (i.e. about 30 min after the twilight).

1 Make preparations
— Move the telescope to a little west from the zenith using the Lulin.sky (i.e. azimuth: ~70-80 deg, direction: west) because sunlight comes from the east.

— Set telescope-moving to a higher speed in the Move-Controles on the autoslew panel to allow shifting the telescope pointing with sufficient angular offset when the taking sky-flat
field (Usual: ~0.01°/s?, Sky flat: ~0.15°/s).

— Prepare Autosave Setup (it is recommended to prepare several slots with different exposure times (e.g. 5, 15, 60 seconds)).
2 On the camera control panel, check “Continuous” to start testing the integration time (e.g. 60 seconds).

3 Once the count becomes more than 1000 ADU, check autosave (use prepared autosave setup) and click start.

When each integration is finished, click the ”W” button on the autoslew panel to offset the telescope pointing a bit, to avoid having some stars always at the same locations in the flat field
images.

— It is recommended to start from long exposure time and then decrease the exposure time as the CCD counts increase.

— It is also recommended to take many data even if the CCD counts are low (~ 1k) or large (~ 40k), just in case. We can remove the data which has too low or too large CCD counts
during post-processing.

Autosave Setup We can save and load the Autosave Setup in the Camera Control. It is useful for taking flat field, dark, and bias.
1 Click “Autosave” on the Camera Control panel to set parameters (e.g. Autosave Filenames, Type, Filter, Suffix, Exposure time, Binning, Repeat).
— Can not use the same Suffix in the sequence.
— If check “Same Repeat Count for All” in the “option”, the number of repeats becomes the same for all slots.
— if check “Group by slot” in the “option”, move to the next slot after all observations of the previous slot are finished (i.e. finish all repeat).
2 Click “Apply” => “OK” on the Autosave Setup.

3 We can save the sequence using “Save Sequence As...” in the “option” (It is useful for taking the flat field, dark, and bias).

”

We can load the saved sequence file from “Load Sequences...” in the “option”.
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Dome flat with a illuminated screen
1) Use two small light sources (Source Al, Source A2; see Figure 3)

1

4
5
6

Walk up to the dome and switch on the Source Al and A2 (Figure 3).
— Source Al: We can adjust the light intensity (The intensity should be minimum (labeling, minimum: E, maximum: F) when the light is turned on and off).
— Source A2: on/off only.
— Shed light on the floor (Do not shed light on the screen for domeflat).

Walk back to the control room and slew the telescope to the domeflat position (the position of telescope faced the screen) manually, using Move-Controls on the autoslew panel (check by
our eyes in the sky monitor, e.g. Figure 4).

On the camera control panel, check “Single” to start testing the integration (exposure) time.

— Typical exposure time is 5 — 60 sec 77

— If we want to keep the error of about 1%, please keep the CCD counts of 10-30k.

— If it is difficult to adjust the time, go to the dome and adjust the light intensity of Source 1.
On the control panel, check “autosave”, set to take 5-10 flat field with the adjusted exposure time (do not forget to click “Apply” => “OK” after the setting), and then click “start”.
Remember to book-keep the exposure time used for the flat field images. We need to take the corresponding dark images.

Move on to calibrate focus.

2) Use one big light source (Source B)

1

2

3
4

5
6
7

Slew the telescope to the domeflat position (Az: 92.7, El: 21.0). First, use Lulin.sky to slew the telescope around the position roughly. Second, use Move-Controls to slew the telescope to
the position correctly. Finally, lock the telescope.

Walk up to the dome taking with the black remote controller (Figure 5) and prepare the Source B (Figures 3, 6).
2.1 Change the plug (white -> blue) of the socket of the Source B (Figure 6).
2.2 Turn on the compact monitor (plug in the socket-> press the Al button of the remote controller, Figure 5).
2.3 Hung a rope of the Source B down (Figure 6).
2.4 Turn on the switch (switch 1 and 2) and adjust the height of the Source B using the up-down switch (Figure 7).
* When adjusting the height, please check the compact monitor (adjust the height to the white circle be in the center of the compact monitor, Figure 5).
Walk back to the control room.
On the camera control panel, check “Single” to start testing the integration (exposure) time.
— Use the black remote controller to adjust the light intensity (e.g. Table 1)
— If we want to keep the error of about 1%, please keep the CCD counts of 10-30k.
On the control panel, check “autosave”, set to take 5-10 flat field with the adjusted exposure time (do not forget to click “Apply” => “OK” after the setting), and then click “start”.
Remember to book-keep the exposure time used for the flat field images. We need to take the corresponding dark images.

Move on to calibrate focus.
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Figure 4: Example of the sky monitor during the observation of the flat (dome) field.
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Figure 6: Source B configuration
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Table 1: Example of the combination of the button of the remote controller, filter, and exposure time.

Button | Filter | Exposure time | CCD counts
B 10 sec ~ 12-13 k
\% 5 sec ~ 25k
B1 R 5 sec ~ 35k
gp 5 sec ~ 21k
rp 5 sec ~ 20 k
B1+C1 zZp 90 sec ~ 14 k
C1 ip 2 sec ~ 30 k
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Figure 7: Controller of the Source B and example of the adjusted height of the Source B.



8¢

Observing target source with a script

On the ACP panel, click ”RUN” and choose the script for a certain project.
Remember to book-keep the integration time used for all bands for all target sources. We need to take the corresponding dark images.

We can in principle analyze the stars observed with less than 50k counts. But we should keep track of the counts on the major target source, and try to make it around or less than 30k.
Otherwise, it may saturates (>50k) once the seeing is improved. We need to abort the script and edit the integration time if the source is saturating.

The system can dynamically solve and calibrate the pointing, which however can cost very significant overhead. Given the large FOV of the Sofia camera, if the science case is only for one single
star, it might not be worthy of doing this. To disable this function, find the ACP panel and click the ”preference” tab. Then click ”disable autocenter”.
We can manually, roughly calibrate the pointing with the following steps:

1 On the camera control panel, set 1 second integration time with Binningx4.

2 On the Lulin.sky panel, click the location where we are going to correct to, and then click the ”green telescope” icon to slew to it. Iterate this a few times until the target source is very
close to the center of the field.

3 On the Lulin.sky panel, click again on the target source star. On the ”Object information” panel, click ”sync”.
4 On the autoslew panel, click the ”Mount” tab, and then click ”set new home position”.

We always need to make WCS correction in the post-processing.

Focus Do this before any target source observations
For observing target source with a scrip:

1 Start running the script first, wait for the system to slew the telescope to the target source and finish switching to the first filter.
2 7 Abort” the script.

3 On the Lulin.sky panel, look for a star which is in between 9 to 10 magnitudes (cannot use brighter stars to avoid saturation), and then click the ”green-telescope” icon to manually slew to
it.

4 Click the Windows XP toolbar, find and click the focus-icon, which looks like a coffee cup.
5 In the popped-up panel, click "focus” to allow calibrating focus automatically. Under typical observing condition, we may achieve a FWHM of 1”/-1.5".

For manually observing the target source:

1 On the Lulin.sky panel, click the ”orientation” tab, enter the coordinate of the target source and then click "slew” to slew to it.
2 On the camera control panel, pick a filter.

3 Following the steps [3]-[5] for the observations (on target sources) using scripts.

Finishing up (can take flat field before doing this)

1. On the autoslew panel, click the [1] and [=>] icons. *NEVER click the [2] and [home] icons.

2. On the autoslew panel, click the " Telescope” tab and close the telescope cover. Wait for 30 seconds (i.e., until the cover of the telescope is fully closed to avoid dust and water drops from
the dome).

3. Push the red buttons to lock the dome and telescope controls.

4. Move on the take "dark” images [Need to go through all the integration times which have been used for the flat and science observations].
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An example of target source script (a TXT file with arbitrary filename)

*lines start with ”;” are comment lines, which will be ignored by the interpreter.

This script will loop over the target source ”DM Tau”, a nearby reference position ”"ref”, and another reference position ” Terada” which cover some brighter comparison stars (saturate easily). It
is switching between the B, V, and I bands. The "ref” field is observed as often as the ”DM Tau” field using exactly the same integration time, while the ” Terada” field is observed less frequently
and with reduced integration time. The line "#SETS 1000” will make the loop repeated 1000 times.

In the lines specifying the observing fields, the source name, R.A., and Decl. needs to be separated by <tab> instead of <space>. Be careful with this!

#DIR D:L0Tdata\L0T20210209\hyliu
; interval used (book keep): 120, 60, 30, 20, 15, 10, 5

; times to repeat the loop (set to an arbitrary large number)
#SETS 1000

; Below is one full loop

#COUNT 1

#BINNING 1

#FILTER B_319144

#INTERVAL 120

dmtau  04:33:48.734 18:10:09.974
ref 04:34:12.0985  18:18:49.700

#INTERVAL 20
terada 04:33:19.12 18:10:43.9

#COUNT 1

#BINNING 1

#FILTER V_319142

#INTERVAL 30

dmtau  04:33:48.734 18:10:09.974
ref 04:34:12.0985 18:18:49.700

#INTERVAL 5
terada 04:33:19.12 18:10:43.9

#COUNT 1

#BINNING 1

#FILTER I_10349

#INTERVAL 10

dmtau  04:33:48.734 18:10:09.974
ref 04:34:12.0985  18:18:49.700

#INTERVAL 5
terada 04:33:19.12 18:10:43.9

#COUNT 1

#BINNING 1

#FILTER B_319144

#INTERVAL 120

dmtau  04:33:48.734 18:10:09.974
ref 04:34:12.0985 18:18:49.700

#COUNT 1

#BINNING 1

#FILTER V_319142

#INTERVAL 30

dmtau  04:33:48.734 18:10:09.974
ref 04:34:12.0985 18:18:49.700

#COUNT 1

#BINNING 1

#FILTER I_10349

#INTERVAL 10

dmtau 04:33:48.734 18:10:09.974
ref 04:34:12.0985 18:18:49.700
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Joint X-ray, Optical, and Radio Monitoring towards a Pre-main

Sequence Star

Liu, Hauyu Baobab!, Terada, Yuka!, Izumi, Natsuko!

Institute of Astronomy and Astrophysics, Academia Sinica, 11F of Astronomy-Mathematics Building, AS/NTU
No.1, Sec. 4, Roosevelt Rd, Taipei 10617, Taiwan (R.O.C.)

Abstract 1In 2019, we performed 3 epochs of Karl G. Jansky Very Large Array (JVLA) radio
observations towards the transition disk DM Tau at the best possible angular resolutions. We
found that the spatial distributions of the ionized gas appeared different from night to night.
Compared with the optical VRI bands monitoring observations, our tentative hypothesis is
that the ionizing photons may be emanated from the large cold spots around the magnetic
north and south poles of the host Class II/III protostar, which may be beamed. Due to the
spinning of the host protostar, the beams of ionizing photons are scanning through the disk like
a lighthouse. We had been awarded the dedicated, joint JVLA and XMM-Newton observations
for 8 consecutive dates in 2021 to monitor the spatial distribution of ionized gas and the high
energy activities of the spots over one full period of the stellar spin. To maximize the science
return of this joint JVLA and XMM-Newton campaign which were scheduled for February
08-15, 2021', we conducted the complementary optical monitoring observations from a few
ground-based observatories including the LOT 1-m telescope. Our aim was to improve our
understanding of disk mass dispersal and photo-chemistry.

Observaiton summary

® LCO-1Im
M1
M2
LOT

® | CO_z-1m

2021/2/30:00 2021/2/50:00 2021/2/70:00 2021/2/90:00 2021/2/110:00 2021/2/130:00 2021/2/150:00 2021/2/17 0:00 2021/2/190:00 2021/2/210:00 2021/2/230:00 2021/2/25 0:00

Figure 1: A summary of the OIR monitoring observations during the joint JVLA and XMM-
Newton radio+X-ray campaign.

1 The JVLA+XMM-Newton+OIR Campaign

We coordinated several ground-based optical telescopes including the LOT to minimize the
sampling gaps in the time domain that can be caused by the LST coverages of individual of
these telescopes and by weather/technical downtime. The LOT observations were operated

IThis occurred to be overlapping with the Chinese New Year Holidays. We deeply thank Prof. 7K—Fj($§,
Mr. #E A, and other Lulin staff who assisted our operation during this time period.
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Figure 2: A visualization (preliminary) of the model for the DM Tau host protostar which is
populated with cold spot(s).

by HBL and NI; YT was in charge of all the other optical observatories in this campaign.
Those other optical observations included (1) the Las Cumbres Observatory (LCO) One-meter
Telescopes that are located at four different sites in the world (URL) which took photometric
gp, 1, ip, and zs bands observations, (2) the OAO/MuSCAT1 1.88-m telescope in Okayama,
Japan which took g, 7, and z bands observations, and (3) the TCS/MuSCAT?2 1.52-m telescope
in Tenerife, Spain which took ¢, r, i, and z bands observations. These optical observations are
summarized in Figure 1. More about the LOT observations are given as follows.

We successfully carried out LOT photometric observations in the early half-night for six
nights. The LOT observations employed the Johnson VRI filters and used the SOPHIA 2048B
CCD which can simultaneously cover a large number of comparison stars in its wide field of view,
which is advantageous for our time-domain studies. We took sky flat whenever was possible.
As a byproduct of our operation, we produced an English version document for the operations
of the LOT photometric observations which can be shared to the other non-Chinese-speaking
colleagues.

2 Spot Modeling

We are in the progress of analyzing these optical observations. For a quantitative understand-
ing, YT has been constructing a model of the DM Tau host protostar that is populated with cold
spots. A visualization of the model is provided in Figure 2. The model self-consistently eval-
uated the limb darkening coefficients. We employed the Markov chain Monte Carlo (MCMC)
method to optimize the modeling parameters including the stellar and spot surface tempera-
tures, stellar rotational period, the radius, latitude, and inclination of the spot, etc.

Figure 3 shows an example of the comparison between our model and parts of our VRI
bands observations. The model satisfyingly reproduced the photometric fluctuations on 5-10
days timescales while the actual DM Tau observations present richer longer and shorter duration
flares. These flaring activities may be related to the magnetic activities around the spots.

Progress Report (2022 March 25) Page 2
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Figure 3: A comparison of the our spot model (black) with parts of the ground-based optical
monitoring observations on DM Tau (preliminary).

3 Upcoming Work

We expect the spot modeling to be accomplished by the summer of 2022. By the time this
report is submitted, we are also progressing on processing the JVLA data. We will soon move
on to work on the X-ray data. We anticipate that a preliminary summary of the observations
at the radio, optical, and X-ray bands can be accomplished before the end of 2022. These
observations will be a part of the Ph.D. thesis of YT at the Graduate Institute of Astrophysics
at the National Taiwan University.
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Bulletin of the American Astronomical Society

1. Establishing the population of asteroids located wholly inside the orbit of
Venus, Bolin B., Ip W.-H., Masci F., et al., AAS Division of Planetary
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EPSC2021
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al., 15th Europlanet Science Congress 2021, held virtually, 13-24 September
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W., Yang S., Pan Y. C., et al., Transient Name Server AstroNote 2021-92
(03/2021)

GRB Coordinates Network

1. GRB 210928A: Kinder SLT-40cm optical limits, Chen T.-W., Yang S., Evans
P., et al., GRB Coordinates Network, Circular Service, No. 30918 (10/2021)
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