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PREFACE

Welcome to thgoint meeting that combines t189™ annual Symposium of the Society for
Astronomical Sciencesand the2020 Spring Meeting of the American Association of
Variable Star ObserversT hi s year 6s agenda reflects the
SAS and AAVSO participants, with papers caweg photometry, spectroscopy,
interferometry and astrometry; instruments ranging from eyeballs to CCDs and
spectrographs; and projects ranging from education to citeemce to a variety of
astronomical researdctctivities

It takes many people to hava successful conferenceThe SAS Program Committee
members are:

Robert Gill Robert D. Stephens John C. Martin
Wayne Green Jerry Foote
Robert Buchheim  John Menke

The Leaders of the AAVSO are:
Dr. Stella Kafka (Executive Director) Gordon Myers (President)

SAS Membership dues and Registration fees do not fully cover the costs of the Society and
the annual Symposium. We owe a great debt of gratitude to our corporate sponsors: Sky and
Telescope, Woodland Hills Camera and TelescopdaneWave InstrumentsSoftware

Bisque andDC-3 Dreams. Thank you!

This yeards Symposium is an fAonline onlyo
consequent restrictions on travel and meetings. We are grateful to the presenters for
supporting thisnew adventure, the attendees who have embraced the concept of an online
Symposium, andhe community ofpractice in smaitelescope researdhat is the heart of

the SAS and the AAVSOWe thank all of you for making the SAS Symposium one of the
premiereevents for professionamateur collaboration in astronomy.

2020 May

\Y
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Symposium Sponsors

The Society for Astronomical Sciences thanks the following companies for their participation
and financial support. Without them, this conferenceldmot ke possible. We encourage
you to consider their fine products.

& Sky & Telescope Magazine
7 The Essential Magazine of Astronom

TELESCOPE http://www.skyandtelescope.com/

DC-3 D , A DC3 Dreams Software

reams Developers of ACP Observator
Control Software
http://wwwdc3com/

PlaneWave Instruments

Makers of the CDK line of telescopes al
Ascension mounts

http://www planewaveinstrumentsom/

INSTRUMENTS

vi
SAS/AAVSO 39™ Annual Symposium Proceedings


http://planewave.com/

Symposium Sponsors

The Society for Astronomical Sciences thanks the following companiésdiomparticipation

and financial support. Without them, this conference would epolsible. We encourage
you to consider their fine products.

Woodland Hills Camera & Telescopes

Providing the best prices in astronomic
tyWoodland Hills Camera & Telqﬁtﬂpti products for more than 5@ars

http://lwww telescopes.nkt

Software Bisque
Enriching your astronomy experience

SOFTWARE BISQUE SIHC.61983.
Superior imaging solutions for discriminating astronomers. http'/ Mww. blsq ue.com/sc/
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Symposium Schedule

2020 SASAAVSO Online Symposium

Daily schedule: 1800 UT to 2030 UT
(USA start time: 11AM PDT = 2PM EDT)

(minutes)
Session #1 30-May
Robert Buchheim Welcome - Introduction 20
Stella Kafka AAVSO Welcome 20
John Hoot GAIA Data Enables New Methods Of Analysis and Discovery 20
Break 5
John Martin Beyond the Milky Way: Comparison Stars for Photometry in M31 and 20
M33
Wayne Green Towards the Flux Calibration of Small Telescope Spectra 20
Tony Rodda Lessons and initial observations with 3-D Printed Spectrograph. 20
Session #2 13-Jun
Robert Buchheim Welcome - Introduction 20
Eric Dose Applying a Comprehensive, High-precision Catalog to Asteroid 20
Lightcurves
John Hoot Vetting The Motess GNAT Catalog 20
Break 5
Bob Denny DC3 Dreams Infomercial 10
Gary Cole An Array Photo-Polarimeter for Blazar Measurements 20
Bruce Howard Optical SETI Camera 20
Talia Green Cluster NGC 1662 5
Sebastian Dehnadi
Brandon Bonifacio Dim, high-delta-magnitude double stars 5
Calla Marchetti
Session #3 14-Jun
Bob or Stella Welcome & Reminders 5
Danial Parrott Tycho software for minor planets 20
Owen Dugan Astronomy Will Not Trail Off: Novel Methods for Removing Satellite Trails | 20
from Celestial Images
Break 5
Robert Zellem Exoplanet Watch: Utilizing Small Telescopes Operated by Citizen 20
Scientists for Transiting Exoplanet Follow-up
Joyce Guzik Data analysis of bright main-sequence A- and B-type stars observed 20
using the TESS and BRITE spacecraft
Sahana Datar and Comparing the Ages of NGC 1513 and NGC 2420 5
Cindy Wang
Brian Cudnik The Prairie View Observatory - First Light 5
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Session #4 20-Jun
Bob or Stella Welcome & Reminders 5
Gordon Myers and | AAVSO Update 60
Stella Kafka
Break 5
Steve Bisque Software Bisque Infomercial 20
Eric Hintz Confirming short period pulsating variable stars with an array of small 20
telescopes?
Sujay Nair and Analysis of HAT-P-23 b, Qatar-1 b, WASP-2 b, and WASP-33 b with an 5
Jonathan Varghese | Optimized EXOplanet Transit Interpretation Code
Elias Koubaa, KPS-1b, Qatar-8b, and a new habitability metric 5
Greta Olson, and
Lian E
Sujay Nair and Studies of Exoplanets with Candidate TOI 717.01 and Confirmed HAT-P- | 5
Krithi Koodli 3b
Quinn Perian and Searching for TTV's with TrES-1b 5
Paige Yeung
Rick Wasson Observation of Gaia (DR2) Red and White Dwarf Binary Stars in the 5
Solar Neighborhood
Session #5 21-Jun
Bob, Gordon or Welcome & Reminders 5
Stella
Arne Henden New Life for the Bright Star Monitors 20
Kristine Larsen Identification and Analysis of Pulsating Red Giants Misclassified by ASAS | 20
and ASAS-SN
Forest Sims The photometric and spectroscopic development of the 2019 eruption of 20
the Recurrent Nova V3890 Sgr followed with small telescopes.
Break 5
Tom Field R-Spec Infomercial 20
Tom Polakis Photometry of Betelgeuse Through Its Recent Faint Minimum 20
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Gali a Data Enabl es New Met hods

Di scovery

John E. Hoot
SSC observatories
1303 S. Ola Vista, San Clemente, CA 92672
jhoot@ssccorp.com

Abstract

The release of highly precise parallax astrometry, proper motion, photometry and spectral data from the
European Space Agencyo6s Gaia satellite makes possible
exploit small telescope spectroscopic and photometric observation. This paper explores employing data from

ESA6s Gl obal Astrometric Interferometer for Astrophysics

photometric and spectroscopic observations to develop several new and novel methods for exploring our galaxy,
classifying and modeling stars, modeling the evolution of star clusters and identifying candidate unique or
variable stars for observation.

1. Introduction With the advent of space base observatories, a
series of missions mounted by the European Space

Wi th Edwin Hu bl the enverse p PIBNEY [ESA] ﬁ‘aé’_e focus_,ed cmapping the stars in

was populated with many galaxies just under gOUr galaxy using high resolution parallax

century ago, he changed our perception of our placg€asurements, photometry and. spectroscopy. The

in the universe. For the next century we have mappefirst was the Hipparce$ycho satellite, now followed

our galaxy in relation to the universe. While at theby the Gaia mission.

same time, we have struggled to fiodr place in our )

own galaxy. Using the same coarse yardsticks ag. Gaia Instruments & Measurements

Hubble, along with radio astronomy, we have tried to

build an accurate picture of where our solar syste

resides within our galaxy and have to understand th

Mi |l k Wayds hi sdymamigs, st r

Pl i
YAR! [
s A
- T
T Figure 2. Gaia Spacecraft
ESA set forth the objectives of the Gaia Mission,
Gaia Collaboration (2016), as follows:
1) Measure the positions of about 1 billion stars
both in our Galaxy and other members of the Local
l Group, with an accuracy down to 24 micro arc
secofs.

ST ‘ i i 2) Perform spectral and photometric
“ measurements of all objects and derive space
velocities of the Galaxy's constituent stars using the
Figure 1. Hubbl ebds Andr omeda Steltah distancey and imotidns.
Discover Plate, Carnegie Inst. Hubble (1925)
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3) Create a thredimensional structural map of Figure 4 shows the photemetric filter passbands.

the Galaxy. Photometric measments are made in 3 passbands.
Gaia G band filter covers from 330nm to 1100nm and

To achieve these goalsSE developed a unique is used for most astrometry and fundemental
satellite. The satellite has two identical all reflectiveluminousity measurments. Color temperature
mirror telescopes with an effective focal length of 35measurements are made withp@nd Gp passbands
meters in an octagonal optical frame. Both telescop&hich split the G passband into a neg@issband and a
beams are directed onto a single focal plate array dflue passband at approximately 630nm. Finally, part
over 100 CCDsAIl mirrors are made of fused silica of the beam is directed to a Radial Velocity
so that the system has wide spectral coverage frorBpectrometer covering a range from 845nm to
330nm to 1100nm without any chromatic aberration872nm. This band encompasses the Ca Il triplet and
that could contaminate its astrometry measurements.is capable of deriving radial velocities forrdats
down to Magnitude 16, stellar paramterization down
to Magnitude 14.5, interstellar redding down to
Magnitude 12.5 and measurment of elemental
abundances of Fe, Ca, Mg, Ti and Si down to
Magnitude 11. This suite of detectors is optimized to
meet theabove requirements.

Figure 3. Gaia Optical Telescope Asse mbly

The optical frame and satellite rotates at near the
designed rate of 60 arc seconds per second. Focd
plane arrays operate in time delay integration [TDI]
mode, sometimes known as drift scanning. This
allows the integration time to be determined hg t & . .
number of columns integrated before they are readidure 5. Orbit Design

out. This allows precise photometry of targets from ) .
Magnitude 3 to 21. The satellite was launched in December of 2013

and by January 2014 had reached its target position at
Earthdés L2 postablelLaGrdnge poéink a s e mi
0.807 161.5 million kilometers fronthe Sun on a line from
py the Sun, through the Earth. This allows the skirt

0.704
0.651 around the base of the satellite to shield it from light

ggjg from both the Sun and Earth. It is spin stabilized and
@ 0501 can make parallax measurements with a baseline of
T ool 323 million km.
2 0.35- This orbit allows a phased array X Band radio
© 0301 link to relay observations back to Earth at 8 Mbps.
= 0.254 . K . )
0.204 Given the complexity of analyzing Gaia data, all
bl processing is done by the Gaia Data Processing and
0.05/ Analysis Consortium [DPAC], Gaia Collaboration
300 400 500 600 700 800 900 1,000 1,100 (2018). Unlikemost such science missions, there is
Wavelength [nm] NO DATA EMBARGO! All results and data are
Figure 4. Gaia photometric passbands immediately released to the scientific community at
large.
2
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Although the initial title of the mission was Table 1 shows the stagieg size of the effort.
GAIA, it was subsequently renamed Gaia when aThe data set contains billions of entries and covers
direct imaging measuremersystem was selected about 1 percent of the stars in our galaxy.
over an interferometetbased system. The direct
imaging method allows the satellite to be self 4, Accessing The Catalog
calibrating. Initial reference frames were calibrated
with HipparcosTycho sources. From then on, wide It is possible with enough disk space and
field multi-source fitting for paréax and proper pandwidth to own your own copy of DR2. The
motion from over 70 epochs of measurement at evergeparate tables can be downloaded directly from the
location in the sky have been used to establish a negsa athttps://gea.esac.esa.int/archiver from other

visually bandbasedGaia reference frame. mirror sites.But once you get the data, you need to
] be somewhat of a database expert to load all the
3. Gaia Data Release 2 tables into a relation database, generate the right

queries and cross link all these tables on the
To date DPAC has made two major catalogappropriate fields in order to tease insights out of this
releases. Each catalog is theui of efforts by more mountain & data. Fortunately, there are other
than 450 scientists and computer software expertoptions.
They take millions of raw images and calibrate,
correlate, process them, reducing them into a set &, The Art Of Queries
tabular catalogs that together constitute a data

release. DPAC is broken downtin 9 separate For the past two decades the astronomical data

Coordination Units  [CUs], each with specific centers around the world have been collecting,

responsibility. archiving and distributing catalogs. As a group, they
. have evolved common standards and acpes®cols

CULT Software Design And Strategy to allow researchers to search for and retreive data.

CU2i Data Simulation The acronyms and jargon can be intimidating, but

CU3i Deriving Astrometry and Poper Motion  \hen you work through them, the rewards are

CUST Photometry _ _ TAP stands for ATable Acces
CU6T Spectroscopy and Radial Velocity a nawork based communications standard used to

CU7i Variable Stars access records from catalogs at distributed locations.

CU81 Object Classification ADQL stands for f@AAstronomi

CU91 Validation and Releases Languageo. |t is a database ¢

] ) S extension of the common SQL relational base query
These working groups are sited at scientific centerfanguage. ltncludes syntax extensions for expressing
throughout Europe. geometrical  relation commonly needed for
astronomical searches. These extensions include
such notions as fAiwithin a c

Data product or source type Number of sources . ) . X X
Total (excluding Solar system) 1692919135 posi s t1on Xo. An introduction
Five-parameter astrometry (position, parallax, proper motion) 1331909727 qgueries can be found at:

Two-parameter astrometry (position only) 361009408 http://taDViZier. HStraqu .fr/adq |/he|p .html

ICRF3 prototype sources (link to radio reference frame) 2820

Gaia-CRF?2 extra-galactic sources (optical reference frame) 556869

G-band (330-1050 nm) 1692919135

Gyp-band (330-680 nm) 1381964755

Grp-band (630-1050 nm) 1383551713

Median radial velocity over 22 months 7224631

Classified as variable 550737

Variable type estimated 363969

Detailed characterisation of light curve 390529

Effective temperature Ty 161497 595

Extinction Ag 87733672

Colour excess E(Ggp — Ggp) 87733672

Radius 76956778

Luminosity 76956778

Solar system object epoch astrometry and photonetry 14099

Table 1: Gaia Data Relase 2 By The Numbers
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https://gea.esac.esa.int/archive/
http://tapvizier.u-strasbg.fr/adql/help.html

Show| 10 E| entries Search:

Catalogue “* Records Description Access
11324 o 12236+9  The Initial Gaia Source List (IGSL) (Smart, 2013) =l EA |—
VizieR TAP
11337 1147e+9  Gaia DR1 (Gaia Collaboration, 2016 -3 Ed
@ ( ’ ) TAP |—
11345 1719e+9  Gaia DR2 (Gaia Collaboration, 2018 3 Ed
a ( ’ ) TAP r
11347 | 1332e+9  Distances to 1.33 billion stars in Gaia DR? (Bailer-Jones+, 2018) :A; 2 (=]
V36 q 8253e+6  Gaia-IPHAS/KIS Value-Added Catalogues (Scaringi+, 2018) ?Aij o |—
IX/52 1433e+5  XXL Survey. DR2 (Chiappetti+, 2018, =3 Ed
a y. DR2 (Chiappetii+, 2018) e [=]
JIA+AI523IA48 2066e+4  Gaia photometry (Jordi+, 2010 -4 Eid
Q p! ry ( : ) AP |—
JIA+AI634/A133 8.130e+2 X-Shooter Spectral Library (XSL). DR2 (Gonneau+, 2020) ;AI: 2 %’dﬂ r
its
V149 6.745e+6  LAMOST DR2 catalogs (Luo+, 2016 €2 [
Q e+ catalogs (Luo+, ) v |—
VIM3T Q 2191e+9  GaiaSimu Universe Model Snapshot (Robin+, 2012) =l EA |—
VizieR TAP
Showing 1 to 10 of 11 entries Previous n 2 Next
Figure 6. Vizier Gaia Catalog List
VO stands for ﬁVirtua'mmm%h“ﬂf"ﬁ*"""“ Lt is
term used to deeribe a family of tools that can be o .
~ Keywords "Gaia, optical, Positional_Data, Photometry, .
Uuse d t (o] p er f orm n C one S € Planeis+Asteroids, Stars, Proper_Motions, Velocities, r | b u t e d

Stars'variable

astronomical datasets. T ———
Cone Search encapsulates the concept of startir =bie 1345geia2

RA_ICRS | e_RA_ICRS | DE_ICRS | e_DE_ICRS | Source | Pix | e_Plx | pmRA [ e_pmRA | pmDE [ e_pm

with sky aperture and gathering all the available dat:
Table : I/345/rvsidcat

on it and then selective WinnOWing wo the ID|RV | e_RV | eRV [ s_RV | Thase | JOm | N| VC | Source | Flag | RVS | e_RVS | o_RVS | 2MASS | Jm
collection by adding successive contraints until whai mote: isasmstames

ID | Instr | JD |RV | e RV | Mask | ldspec

remains is only the information that is germain to re- e
your investigation. Allwise | Source

Table - I/345/iers

To make constrained queries on Gaia data fron s/ souce
the web, the best place to start is with the Vizier T iescepned

LC | TBest | Source | Pf| P10 | P20 | P30 | EpG | EpBP | EpRP | Gmag | BPmag | RPmag | AmpG | Am|

catalog service: Table U45/myrae
http.//VIZIeru_Straqufr/ LC | TBest | Source | Pf| P10 | EpG | EpBP | EpRP | Gmag | BPmag | RPmag | AmpG | AmpBP | AmpR
. Table - I/345/pv
Mirrors: SollD | Source | MBOL | e_MBOL | Flag | BolCorr | e_BolCorr | Freq | e_Freq | RA_ICRS | DE_ICRS | _R
. 171 171 Table : /345/varres
http//VIZlerCfaharvardedU/VIZIer/ SolID | Source | Classifier | BClass | BClassScore | RA_ICRS | DE_ICRS | RA.icrs | DE.icrs
http://vizier.ast.cam.ac.ukhigr/index.gml Table * v345/shortts

SollD | Source | Amp | Nfov | abbe | Nvario | Tvario | Vvario | Freq

http://vizier.hia.nrc.calvizier/index.gml
Vizier support TAP, ADQL and VO queries in Figure 7. Gaia DR2 Subtables and Field
addition to an interactive web interface. From the o ]
main Vizier web page, typd Wiy shgws glrobige syablesdn the ¢
search box and press ENTER. You will be rewardedj_ata release and th_e fields that they cor_ltam. On the
with the screen displated in Figure 6. right are a collection of buttonsshowing you
different ways to access the data. The Vizier button is
The leftmost column contains the Vizier catalogfor interactive browser access. Click on the Vizier
identifier. Move your mouse over the magnifying Putton next to tabld/345. This gives you access to
glass next to tabld/345. You will see a popup the whole table collection for Gaia DR2.
window, a portion of Wich is displayed in Figure 7.
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http://vizier.ast.cam.ac.uk/vizier/index.gml
http://vizier.hia.nrc.ca/vizier/index.gml

Simple Constraint | List Of Constraints ‘
Query by Constraints 0 applied on Columns Qutput Order: ® + O _) Eile Views Graphics Joins Windows !O‘ Interop Help

® 1 O .
ST::f Sﬂi’gm Column Constraint = v Cone Search

O o DmNmel:l(m) Unique sourc = ::m % Simple Image Access (SIA) Query
RAJCRSI:' deg @ Barycentri % Simple Spectral Access (SSA) Query
e RA ICRS mas Standard errc Table Access Protocol (TAP) Query
DE_ICRS deg ) Barycentri : @ VizieR Catalogue Service
¢_DE_ICRS mas Standard errc [£] virgo-illennium Simulation Query
O SOHDI:I Solution Ider . BaSTI Data Loader
Source; © Unique sor o]
g Randoml @ Random it Trami
= Epoch |um [2015.5] Ref e — || s
Plxl:l mas @0 Absolut
e mm @0 susdar Figure 9. TOPCAT Main Menu

Figure 8. Table Query Form

Figure 9shows the options available when the
At this point you will see a long list of fields, one virtual observatory menu dregown is selected.
for each column in each sub table. On the left arddmong the choices are cone searches, an interactive
check boxes for the fields you wish to be returned ininterface to Vizier services, TAP queries with ADQL
your search. Additionally, you can sort the returnedand several otheretworkbasedaccess methods.

table on one of the colurarby clicking on the sort

button for that field. Next to each field name is a box
where you can type a constraint on the records
returned. By clicking on the highlighted
AConstraintso hyperlink
screen, a quick tutorial on the syntfmx constraints
can be viewed. The records returned must match
ALL of the constraints. On the far left a
APreferenceso box all ows
matching records you wished returned and in what
format you wish to receive your results. When you

pridec f rashr

ae ready, <click the ASub AL

will begin. Do not be surprised if it takes several R R

seconds to a minute to start returning results. R S R
This is the way you might want to search for all e o

pulsating variables with a period of 0.3 to 1.5 days afi9ure 10. M45 Proper Motion Scatter Plot

Declinations abové 10 degrees with an amplitude
greater than Magnitude 0.3 with an apparent
Magnitude between 5 and 12.5.

Should you want to merge data from Gaia with
other catalogs, visualize data graphically,
with complex proper motion relationstc., you are
going to need a more sophisticated search tool. My
recommendation is to start with TOPCAT (Tools For
Operating on Catalogues and Tables).

C Al

of t he

many

search

An example of the power of this kind of tool is
seen in the series of figures 10 through 14. Initially, a
thcone search for the Gaia DR2 catalog is made by
or workselecting all stars within @-degreeradius of the
center of M45 the Pleiades Cluster. Insg@ondsit
eturned a sub catalog of 446469 stars. From this sub
catalog, a scatter plot is made showing all stars by
their RA and Dec proper motions. The results are

TOPCAT is an interactive Java based programshown in Figure 10. Zoomingishows a cluster of

developed at Bristol University in the U.K. to extrac

; stars with a different motion than the mean general

data from various catalogs to build and download Motion that is likely caused by our Suns movement

linked subcatalogs for subsequent queries and'€lative to the Milky Way.

manipulations. Being Java based, it runs on virtually
any machine with a Java runtime interpreter.

5
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T g, f;escale plotto view all plotted data| R
Y .
= 26
£
24t mEaspe
L
-20 -1-U .E; 10 20 30 :1EI 50 22 " - '
prraf maskr . .
Figure 11. Selected Co -Moving Stars R -
i 20
TOPCAT allows this a subatalog to be reated 4h00 3h50 3h40 3h30

by .inte.:ractively drawing a boundary QfOUﬂd the Figure 13. M45 Candidate Stars Sky Chart
region interest on the plot. The next step is to plot the

distribution of the new subatalog of stars as a Figure 13 shows TOPCAT®O s

function of their parallax. candidate members as a finder chart. It shows the
Pleiades Cluster to have many more faint members

than we anticipated.
1. Cohovers
1: M45 Memhbers

160

250

140

120

140 = m

100

a0

a0 60

40

6 7 B 9
parallax/ mas 20

=

Figure 12. Selecting Member At A Similar Distance 0

6 8 10 12 14 16 18 20
phot_g_mean_mag/mag

N_e)_(t graphically create anOth?r _ soatalog  Figure 14. Distribution of M45 Magnitudes
containing only stars that have similar parallax
values. This should leave us with a sub catalog witha  Figure 14 shows TOPCATs plot of the

subcatalog with only members of the Pleiades. Thisgjstribution of apparent Gaia G magnitudes in M45

winnows the suizatalog down from gpoximately  candidates. Since, we have both total flux and

450000 stars to 1295 cluster members. parallax in our sub catalog i$ trivial to apply the
mass/luminosity laws and determine the exact
distribution of stellar masses in the relatively new
cluster. The magnitudes demonstrate that the
brightest members that we see visually in the night
sky are but a tiny fraction of thioyng cluster.

6
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6. A World Of New Projects Queries of Gaia will allow easy location of targets
suitable for your instrumentation that are positioned

Unless you can afford a satellite, Astronomy for observation. o .
remains an observational, not an experimental _4) Modglmg Eclipsing Star'Systemmthout
science. New discoveries are made by finding wheréadial velocity. The mass of eclipsing systems can
conditions in the universe tesyour particular NOw be solved based on photometry and parallax
parameters for over 2 billion stars in our own galaxy,temperatures from the photometry, Then, using
searching where in universe to find the conditionsParallax working backwards to compute absolute

you need to test new theory and ideas just got a Idminosities ad solve for the component masses.
easier. 5) Understanding Cluster formation and

evolution becomes easier. With Gaia data, cluster
members can now be quickly separated from random
field stars. Generating an HR diagram and precisely
measuring member stars, theimaequence turnoff
and age of the cluster can be easily found. The mass
of each cluster member can be from parallax and flux
data. Summing the mass weighted proper motion for
all cluster members creates a vector back along its
line of travel in the galaxyThis in turn can be run
backwards for age of the cluster and the location
where it formed can be found.

6) Where are the Sunds sibl
know our place in the galaxy, the approximate
Figure 15. Our Warped Galaxy trajectory of the sun relative to the galaxy, its age and

metallicity, can we find near stars strung out along

Figure 15illustrates this potential. It was made our path with similar ages amdetallicity that would
by merging Gaia data with radio data to synthesize @ oi nt t owards our solar syste
new view of our galaxy. It shows that the galactic ~ 7) Stellar Seismology in the instability strip of
disk is not flat as has been modeled years butis  the HR diagram. Gaia DPAC groups are working
warped. This was likely caused by past closehard to findall the pulsating variables they can to
encounters ¥h the Large and Small Magellanic improve their use as standard candles. With a large
clouds. catalog of pulsating stars, it should be possible to

For the small telescope scientist, Gaia is a boorselect a population with identical initial masses and
to campaign design and seeking answers to somgetallicity that are in different phases of their
larger questions. Below are some examples ogvolution. These can then be studied to better
guestions and techniques that have occurredtomeimnder st and the popul ationés
contemplating th@ossibilities. as its members move back and forth across this

1) Identifying new spectroscopic binaries. Theregion.

RVS instrument can identify multiple lines in the 8) Looking for cooling white dwarfs. The galaxy
near IR. Follow on observation will be needed toshould be littered with these worn out embers.
confirm and measure the period, stellar types andrinding them wih Gaia and then measurirtbeir

masses of the components. effective temperatures combined with parallax

2) Check the WDS t¢alog against Gaia parallax information will allow us to measure their surface
data. It will quickly determine which doubles stars area and mass. That information should help build an
are likely binary systems. Additionallyhe parallax estimate of their ages. Based how many are found
data will provide precise distances and hence allovand estimates of the eatof star formation in the
the orbit diameter to be directly determined. Finally,gal axy 6s past, we should be
if enough of tle orbital period is covered during the many more exist but have cooled below our detection
Gaia mission, the inclination of the orbit can bethresholds.
determined from the Radial Velocity Spectrograph ~ 9) Where are the missing brown dwarfs? The
data. distribution of stellar masses created in a star forming

3) Selecting classes of stellar objects for a studytegion shows that every young cluster should also
Many studies need specific classes of stars. Foproduce a large number of brown dwarfs. Do they
example the study young stellar objects, Ae and Bebecome unbound and float randomly through the
stars will help unlock the physics of star formation.galaxy or do they remain gravitationally bound to
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some member of the protduster? Gaia is throwing 8. References

away anomalous flux amplitle transients in their

processing pipeline. Does anyone one wanttostare@a i a Col | aborati on, @AGaia Dat a
some of the stars with gtheggeseeginddtys faR8 tsiumeey P

events. It may take sontéme but catching brown Astronomy and Astrophysié46,A1, 1-22.
dwarf transits would be a big deal.

) Gaia Collaboration, AiThe Gai a
7. Conclusions Astronomy and Astrophysics95 A1,1-36
Gaialike terabyte data sets are the future with Hu b b | e, E. P., 0Cephieds in Sp

more surveys comingnline in the coming decade. The Observatory8,139142.

Historically, astronomical research has been asking

insightful questions and devising an observationOr t i z , . Et al., o0l VOA Astrono
program to gather the data to answer them. Gaiaander si o n [terfationa? \drtud Qbservatory

surveys to follow arestill going to require the Alliance, 136.

construction of imaginative hypothesis, but the first

order test of those theories will be vetted by queryingT ay | or , M. AExpl oring Gaia dat
a vast storehouse of survey data, followed by focuse8T | L T S0 Sta?ifk T@origls5, 1-10/

observational foll ow up . Donét mot hball your

instruments and bug big computer quite yet. Tayl or , M. | Tool TTdd ®erafions on

Catalogues And Tables Version 4.7 (201Sbarlink
User Note253,1-556.
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Beyond the Mil ky Way: Compari sor
I n M3:hd M33

John C. Martin

Henry R Barber Observatory, University of Illinois Springfield
Springfield, IL
Jmart5@uis.edu

Abstract

At the start of the 20" century, professional astronomers had not imaged individual stars in the great spiral
nebulae of Andromeda (M31) and Triangulum (M33). Present day, non-professional astronomers have the
capability to regularly image individual luminous stars in both galaxies, attempting science that Edwin Hubble
himself would have only dreamed of a century earlier. But obtaining calibrated photometry from images of M31
and M33 is significantly hindered by having too few reliable faint photometric comparison stars. We present an
updated list of comparison stars fainter than 12" magnitude that the University of Illinois Springfield Luminous
Stars Survey uses to measure photometry for luminous stars in M31 and M33. The list is derived from the
AAVSO Photometric All Sky Survey (data release 10) and checked for accuracy and stability over the eight years
of imaging in our survey. The list reliably yields ensemble photometry with better than 0.1 magnitude error for 20
x 20 arcminute fields covering the spiral arms of both galaxies.

1. Introduction professionals to observergets is by providing charts
with comparison stars which can be used to reliably
At the start of the 2Dcentury astronomers raced Mmeasure brightness of targets. For a history of
to define the nature of and identify stars in the spiraPAVSO chart making see Malatesta & Scovil
nebulae. Searches for novae and variables in the2006), Malatesta et al. (2007) and Crawford (2019).
Triangulum spiral (M33) using plates made atG0o0d charts include stars obroparable brightness
Yerkes, Lick, Lowell, and Heidelberg had limited with accurate photometry in close proximity to the
success (Duncan, 1922; Wolf923). Then at the target. .
339 Meeting of the American Astronomical Society, Since 2007 the AAVSO has generated charts via
Edwin Hubble reported using the $0@h telescope @an automated process (Crawford, 2019). While the
at Mount Wilson to resolve Cepheid variables in M31Variable Star Index (VSX)htps:/www.aavso.org/vsk/
(Andromeda) and M33 (Triangulum) (Hubble, lists dozens_, of variables ranging from 14 22
1925a). This and the publications thiflowed  Magnitude in both M31 and M33, the AAVSO
(Hubble, 1925b; Hubble, 1926) were the first automated chart making tool (Variable Star Plotter,
confirmation of variable stars in those galaxies. Thetps:/www.aavso.org/apps/vji@ften desnotproduce
work by Hubble and his team was a marvel ofgood charts for those targets. There are no
technology and patience; accomplished with longtomparison stars in the AAVSO Comparison Star
photographic exposures over many nights using th&atabase (CompDB) for M33. Ten targets in M31
largest aperture telescopes. Over the past century tf8ve comparison stars: AF And, AE And, PT And,
tools available to Hubble have been improved,M31 V1, plus six recent novae and transients. But
supplanted and made commercially available. Todaj@9e swaths of the spiral arms of M31 have no
anyone can invest in equipment to reproducecomparison stars nea_rby. Without easily available
Hubbl eds seminal wor k i nchaftsh @nd, coppagsery starg Moste pbservers o n |

etal. 201} understandably move on to projects that require less
While nonprofessionals focus a majority of their groundwork to get started.
effort on stars brighter than #5magnitude, most The chart making tool SegPlot (Beck020)

possess the capability and motivation to push théeveals a large number of possible comparison stars
envelope and go fainter. The nearby galaxies M31n the fields around targets in M31 and M33. It is
and M33 present inviting targets for northern certain the AAVSO Sequence team would, if asked,
hemigphere observers to discover novae and/or stud@iligently produce charts for every target requested as
luminous stars (the progenitors of stellar eruptiondhey have since 2009 (Crawford, 2020But charts
supernovae and other exciting behavior). for targets this faint normally require additional
One way that the American Association of observations and follow up to ensure accuracy,
Variable Star Observers (AAVSO) encourages-non€sPecially when they are being constructed for CCD
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photometry (Price et al., 2004). Templeton et al.University of lllinois Springfield Henry R. Barber
(2011) establish a list of fainter compansstars to Observatory located at a modestly dark site near
measure the brightness of M31 V1 (M31 V0619) butPleasant Plains, IL. Imaging is done through
that list took special effort and covers only 1756f  Astrodon Johnson B, V, and Cousins R and | filters
the angular area of M31. with a back illuminated E2v CCD420 chip which
The AAVSO Photometric AlSky Survey captures a square area about 19.4 arcminutes on a
(APASS) (Henden, et al., 2016) includes photometryside with a pixel scale of 0.57 arcseconds per pixel.
for stars 10- 16.5 magrtiudes. Its photometric It takes 11- 15 pointings to cover the targets in M31
accuracy is an improvement over other all skyand 4- 6 pointings to cover the targets in M33. The
catalogs of similar density, making it an ideal catalogimages are 600 second exposures typically reaching a
for the selection of comparison stars. But it is a rawSNR of 20 at 19.5 magnitude in B and V and 19.0
list which needs thoughtful curation to be usedmagnitude in R and I, depending on atmospheric
effectively for CCD photoretry. Combining this seeing which vaes between 1.6 4.0 arcseconds.
input catalog with the photometry from imaging of The survey targets include many classifications
the fields around fainter targets, can identify the besbof luminous stars (e.g. LBV, B[e]sg, Of/WN, yellow
comparisons in each field. supergiants, and warm hypergiants). The target list
At past Society for Astronomical Sciences has grown over time. An djp-date list of targets
symposia there was interest in tools and guidance toan be found in #online catalog:
obseve targets in M31 and M33. Previous work http:/go.uis.edu/m31m33photcat
(Martin 2018, Martin 2019) presented targets ranging  Each target is imaged in BVRI a minimum of
from 14- 20 magnitudes in both galaxies. This work once a year. Fields are imaged in Johnson V and at
describes the development of an improved list ofleast one other filter each visit. Therefore, to get the
comparison stars for CCD photometry that is used byequred coverage in all four filters, at least two
the Lumnous Stars Survey at the University of epochs will be imaged for each target over the course
Illinois Springfield (Martin & Humphreys, 2017; of the year. Targets that attract attention by notably
Martin, 2018). Comparison and check stars in the listhanging in brightness are imaged more often as time
are selected from the 1@ata release (DR10) of the allows. The survey also serendipitously cagsu
AAVSO Photometric AHSky Survey (APASS) thousands of additional stars. Their photometry is
(Henden, et al.,, 28) and vetted for quality using archived, and the data can be mined on request.
more than 750 BVRI images of M31 and M33 from M31 and M33 contain many crowded fields
the Luminous Stars Survey. where the star PSFs overlap so that normal aperture
This is a work in progress. Further data releasephotometry is not adequate for measuring the
of APASS will be made and fields continue to bebrightness ofstars on the image. The survey
imaged for the M31 and M33 Luminous Stars measures instrumental magnitudes from images using
Survey. That work will continue to refine and the DAOphot PSF fitting package in IRAF (Stetson,
improve the list provided here. 1987) and a customized input catalog based on
The next section is an overview of the LuminousMassey et al. (2016). Details of the process are
Stars Survey. Section 3 outlines the selection of thelescribed in Martin & Humpieys (2017). This
comparison stars. Section 4 discusses the quality afpproach yields results consistent with aperture
the photometry obtainednithe survey using the photometry for unblended stars (Martin, 2018).

comparison stars. The cadence of this survey requires comparison
stars that remain constant in all four bands over long
2. The Luminous Stars Survey time scales. The survey was desifjrte produce

photometry with a precision of 0.1 magnitude

The Luminous Stars Survey at the University of (Sufficient to detect S Doradus eruptions or other
llinois Springfield is the longest running continuous Significant evolutionary changes). As discussed in
photometric survey of M31 and M33 (Martin & Sections 3 and 4, the survey has exceeded those
Humphreys, 2017). Initiated with Nationgkience €Xpectations. _
Foundation Grant AST108890 in September 2012, _ The Survey photometry for targetsth AAVSO
its goal is to catalog the lofigrm photometric UIDs is submitted to the AAVSO International
behavior of the most luminous stars in the twoVariable Star Database.  Nmmofessionals can
galaxies to better understand their evolutionary stategontribute by observing targets more frequently than
and observe the lead up to dramatic evolutipnar the cadence of the Survey and submitting their own
changes (e.g. S Doradus eruptions, Supemo\,ahotomet.ry. More frequent observation of these
impostors, or supernovae). The survey is conducteéfrgets will complement the work of the Survey and
with the F/13 2@nch (0.51 m) telescope at the May reveal additional information about the targets.
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2017 list failed to make the cut when they were
3. Selection of Comparison Stars checked for accuracy in the Luminous Star Survey
images.

The inaugural five years of the survey (Martin & _ The new list of comparison stamsas further
Humphreys, 2017) used AAVSO Seqplot (Beck, refined by using it to perform photometric solutions
2020) to identify comparisostars from the AAVSO for each image. Those comparison stars that were
Comparison Star Database around each targ@pnsistently more than 2.5 standard deviations from
following the prescription of Toone (2005). Since the photometric zerpoint were rejected. Almost all
comparison star list heavily favored photometry fromV > 16.0. _

APASS DR9 (Henden, et al. 2016) Every A list of check stars fainter than V > 15.0 was
comparison star had a Johnson V magnitude and &S0 developed. The check stars meet all the same
least one BRI magnitude. The list of comparisonsCriteria but were rejected as comparisons because
was further refined by rejecting stars which werethey did not have magnitudes in all four bands and/or
consistently 2.5 standard deviations or more offsetheir average brighess derived from the Luminous
from the derived photometric zero points. Star Survey images significantly differed from the

Theinaugural list of 256 comparison stars (TableAPASS DR10 magnitude while still having a small
3in Martin & Humphreys, 2017) yielded photometric Sigma in the Luminous Star Survey images (< 0.05
errors of 0.05 0.08 magnitude for targets brighter mag). The check stars were run with the improved
than 18, with somewhat higher errors, not exceedingomparison list to ensurédt they did not exhibit
0.15 mag, for fainter targets. This surpassed th¥ariability above 0.05 mag over the epochs covered
original goal and also raised hope that even bettepy the survey. _
could be achieved. A list of the 317 comparison stars and 66 check

Data Release 10 (DR10) of APASS (Henden efStars appear in Tables the end of this publication
al., 2018) provided an opportunity to further refine (M31: Tables 2 & 4; M33: Tables 3 & spr- can be
the comparison star list. Three more years ofound in eleatonic form at:
imaging (2017- 2019) in the Luminous Sta@urvey  http://go.uis.edu/m31m33photcat/compsnchecks. html
also more than doubled the number of images that The identification ~numbers (ID) for the
could be used to select the most accurate comparisgi®mparisons and checks are generated from the V
stars. magnitude (V) and right ascensi¢RA) in decimal

Stars with magnitudes in all four bands (BVRI) degrees using the following formula:
were selected from APASS DR10 following Toone ’ L
(2005): V > 12.0 and 0.0 < (B) < 08. The OO ) . 4w pm pm ™ ). 4Y0
photometry of the stars selected from APASSDR1o m p I IT® fp MM T
was measured from the Luminous Stars Survey
images (using the old comparisons for theA star with a V magnitude of 17.238 and RA of
photometric solutions). The average and standard0.0836 degrees has an ID number of 72.008.
deviation of those magnitudes were computed, and
stars were kept in thiest if their average magnitudes 4 Quality Checks
were within tsigma of the APASS DR 10 magnitude
-and if the stand_ard deviation of their photom_etry Figure 1 and Table 1 show the quality of the
was < 0.05 mag in three bands but not > 0.07 in thehtometric  solutions computed with the new
fourth band. ~ (The fourth band with the larger .o mnarison list for 769 images in the Luminous Stars

standard deviation wasimost always B or I.) Pricé g,ey  Zerepoint errors are calculated from the
et al. (2011) recommend that CCD comparison star§iandard deviation of the zepmints for the

have accuracies better than 0.02 mag. Comparisofjividual compaison stars in the ensemble
stars with smaller standard deviations were favore(ﬂ)hotometric solution. Almost all the photometric
but following a stricter guideline would have left too
few stars in thisist.

Fifty-eight (58) stars in the 2017 comparison list
d?d not make it ir_1to the new comparison list. Th_irty On average the precision of thehotometry is
nine (39) were either not in APASS DR10, t00 bright, gjgificantly worse than the errors in other bands.
too red, or lacked a B and/or | magnitude. Eight (8)rhere are two factors that contribute to this:
from the inaugural list were too faroin the center of generally higher errors for | magnitudes in APASS

M33 to be useful and did not appear on any of thgy,y fringing in the survey images. A back thinned
survey images. The remaining eleven (11) from the
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solutions for the BVR images have a precision better
than 80 millimagnitudes with more than half having
precision better than 50 millimagnitudes.


http://go.uis.edu/m31m33photcat/compsnchecks.html

CCD is vulnerable to wave interferenavhen the

on the CCD images taken thighu the | filte

Luminous Star have

unsuccessful.

Survey images

consistent photometric solutions across all the fields
thickness of the absorption depth is comparable to than both galaxies. However, when using the new
wavelength of light (> 700 nm). Sharp lined naturalcomparison list there are fewer of the highest
night sky emission in theband combined with this precision
effect causes a shifting interference pattern to appeanillimagnitudes).
r. DR10O
Attempts to model and remove the pattern fromwor se i n

solutions  (zerpoint error < 30
The relse notes for APASS
war n, AThe
DR10 than in

beenthat there is room to improve APASS in crowded

fields.

This indicates that there is potential for

The new comparison list is not significantly further improvement with future dataleases of

better than the 2017 list for V and B.

modest improvement of the average for R andhe
new list hasfewer outliers and provides more
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Figure 1. Histograms of the zero -point errors from the
Luminous Stars Survey images. The zero -point errors
with the old comparisons are plotted in gray and those
computed with the new comparisons are black.
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Figure 2. The computed error in magnitude as a

function of magnitude in each filter for the Luminous
Stars Survey. The magnitudes computed with the old
comparisons are plotted as gray points and the
magnitudes computed with the  new comparisons are
plotted in black.

It shows APASS.

Figure 2 and Table 1 show the errors for 18,087
photometric measurements of targets and check stars
in the Luminous Stars Survey using the new

comparison stars.

The photometric errors plotted
combine the influence of the zepwint errorin the

photometric solution and the error in the instrumental
magnitude from the image. The average error for the
photometry of both brighter (m < 18.0) and fainter (m

> 18.0) targets and checks is marginally better with

the new comparison stars. The noygement is more

significant for RI than for the VB.

For fainter targets (m > 18), the quality of their
photometry is limited by the quality of the images.
When the SNR of the flux in a target is high, the

zeropoint uncertainty is the most

significant
contributorto the photometricerror. But the fainter

the target gets, the larger the instrumental magnitude

error becomesuntil it is comparableto and then

Vv B R I
Average Error in Photometric Zero Point

N Images 301 186 164 118
New Comps  0.042 0.046 0.045 0.059
(0.012) (0.015) (0.011) (0.016)

Old Comps 0.043 0.049 0.053 0.070
(0.014) (0.019) (0.018) (0.026)

Average Photometric Error for Stars m < 18

N Stars 5208 2894 3464 2209
New Comps  0.048 0.055 0.054 0.071
(0.013) (0.017) (0.019) (0.022)

Old Comps 0.048 0.060 0.060 0.078
(0.019) (0.025) (0.023) (0.036)

Average Photometric Error for Stars m > 18

N Stars 1815 1558 625 314
New Comps 0.077 0077 0081 0137
Old Comps  0.080 \ 0.085 \ 0.088 \ 0.143

Table 1. Statistics comparing the  photometric solutions
with the new comparison stars to those computed with
the old comparison stars. Standard deviations are given
in parentheses.
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Figure 3. Histograms for each filter of the difference
between the magnitude for a check star and its average
value across all epochs of observation. The narrow
gray bars are photometry done with the old
comparisons and the wider black bars are the
photometry done with the new comparisons.

surpasses the size of the zgaint error. As a result,
the photaonetric errors of fainter targets (m > 18) are

dominated by the SNR of individual images. Figure
2 clearly shows this effect as an upward curve in the
envelope of the photometric errors at fainter
magnitudes. Higher errors that sometimes occur irkevin Cranford
the 1717 18 magnitude range are caused by lower,

quality images with brighter limiting magnitudes.
Figure 3 shows that the new list of check star
performs well with both the old and new
comparisons. The check stars have magnitudes 15
V > 18 and the variancen itheir derived photometry
is consistent with the zeqmoint errors and the
photometric errors for brighter targets (m < 18).

5. Conclusion

A list of comparison stars ranging from 12 <V <

17 magnitude covering the star forming regions of
M31 and M33 has been derived from the APASS

DR10 catalog. For images in the University of
lllinois Luminous Stars Survey the list is able to
produce BVR photometric solutions with a precision
of between 8 i 80 millimagnitudes over multiple

year baselines. The errors are slightly higher in | due
to both the accuracy of APASS and the quality of theH
Survey images. These comparison stars are a modes

improvement over the list published by Martin &
Humphreyg2017). Most of the improvement comes
from the removal of outliers producing a more
uniform photometric solution across all fields. The

photometry errors of fainter targets (m > 18.0) in the

100 millimagnitude precision goal for the survey.
We anticipate that future data releases of APASS will
improve the photometric solutions derived with these
comparison stars.
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36.087| 10.8683 41.8450| 14.346] 0.029] 13,557 0.039 | 13.129] 0.062| 12,728 0.091

37.054| 10.5371 40.9258| 14.544| 0.020| 13.748 0.036 | 13.278| 0.065| 12.839| 0.096

ID_RAdeg Decdeg Bmag Berr Vmag Ver Rmag Rer Imag |Er 37.076| 10.7568 41.1813| 14.416) 0.019| 13.713 0.047 | 13.287| 0.071| 12.888| 0.095
25.125| 11.2506| 41.8252 13.087, 0.031| 12.470| 0.044 | 12.096/ 0.067 | 11.745| 0.093 37.079| 10.7871 41.0939| 14.179] 0.022| 13.682 0.034 | 13.319| 0.061| 12.978| 0.084
26.058 10.5842] 41.1296| 13.363| 0.019| 12.635| 0.035 | 12.201] 0.039| 11.795| 0.064 37.081] 10.8057| 41.2372| 14.341 0.017, 13.650 0.043 | 13.221 0.054 12.819| 0.067
27.077| 10.7670| 41.4075 13.435 0.019| 12.670| 0.039 | 12.224 0.065| 11.807| 0.094 37.968| 9.6800) 40.4051| 14.385| 0.025| 13.828] 0.030 | 13.475| 0.050| 13.143| 0.074
27.117| 11.1694| 41.4608 13.283] 0.018| 12.731] 0.028 | 12.382 0.046| 12.054, 0.062 38.009] 10.0932| 40.3275| 14.495 0.017 13.841 0.033 | 13.467 0.052 13.116| 0.070
27.166| 11.6570| 42.0379 13.158 0.035| 12.710| 0.060 | 12.431 0.089| 12.167| 0.125 38.042| 10.4216| 40.9837| 14.426] 0.031| 13.835 0.039 | 13.468| 0.056 13.123| 0.076
28.993| 9.9313] 40.6618| 13.630| 0.024| 12.892| 0.020 | 12.455| 0.039| 12.046/ 0.054 38.047| 10.4695  40.9288| 14.441 0.034 13.837, 0.035 | 13.472| 0.061| 13.129| 0.096
29.024| 10.2396| 40.8248 13.659  0.035| 12.935| 0.035 | 12.526) 0.057 | 12.143| 0.079 38.059| 105910/ 40.9479| 14.365| 0.026| 13.811 0.035 | 13.445| 0.060| 13.101| 0.085
29.057| 10.5736| 41.6579 13.544| 0.032| 12.869| 0.027 | 12.482 0.048| 12.119| 0.069 38.077| 10.7667| 41.4441] 14.489) 0.032| 13.775 0.046 | 13.341 0.063| 12.935 0.083
29.058| 10.5818| 41.5670 13.568| 0.033 12.917| 0.033 | 12.531 0.051| 12.169| 0.068 38.083 10.8308| 41.6662| 14.356| 0.027| 13.760] 0.036 | 13.359| 0.052| 12.983| 0.070
29.065| 10.64565| 41.3454| 13.467| 0.021 12.908| 0.033 | 12.551] 0.045| 12.215| 0.055 38.089| 10.8856 41.6954| 14.512| 0.039| 13.769) 0.038 | 13.352 0.061| 12.961| 0.088
29.123| 11.2263| 41.5481 13.249 0.023| 12.879| 0.032 | 12.630, 0.048 12.393 0.064 38.108| 11.0813| 41.5425 14.304| 0.024 13.789| 0.038 | 13.436 0.056| 13.104 0.072
30.060| 10.6029] 40.7900| 13.483| 0.017| 13.025| 0.032 | 12.717| 0.057| 12.426 0.080 38.117| 11.1744 41.1948| 14.345| 0.026| 13.827| 0.030 | 13.459 0.046 13.113| 0.062
30.066| 10.6629| 41.0945 13.585 0.019| 13.010| 0.032 | 12.657| 0.051| 12.325| 0.077 38.125| 11.2465| 41.5273| 14.334 0.025 13.845| 0.033 | 13.523 0.048| 13.219| 0.064
30.085| 10.8527| 41.4085| 13.627| 0.023 12.985| 0.030 | 12.575| 0.048| 12.191| 0.065 38.12A| 11.2514| 41.7985| 14.350| 0.030 13.799 0.046 | 13.458  0.066| 13.137| 0.086
30.086| 10.8623| 42.0181 13.653 0.041] 12.989| 0.042 | 12.600| 0.068 12.235| 0.100 39.021] 10.2114| 40.4226 14.449) 0.029| 13.893] 0.032 | 13.540| 0.056| 13.208| 0.086
30.091| 10.9090| 41.7824 13.454| 0.035] 12.954/ 0.040 | 12.617 0.061| 12.300, 0.082 39.051| 105140 41.2456| 14.551| 0.032| 13.902| 0.034 | 13.527 0.052 13.175| 0.073
30.104| 11.0387| 41.9241| 13.653| 0.037| 13.048| 0.045 | 12.683| 0.067  12.340 0.091 39.054] 10.5407| 41.3797 14.492 0.040 13.870| 0.028 | 13.505 0.053| 13.162 0.080
30.120| 11.2042| 41.8208 13.463| 0.029| 13.012| 0.044 | 12.736| 0.062| 12.475 0.083 39.074| 10.7377 40.8970| 14.538| 0.031 13.874| 0.038 | 13.463 0.068 13.078| 0.103
30.132| 11.3192| 41.7394) 13.637 0.025| 13.009| 0.037 | 12.629) 0.059| 12.272 0.081 39.084] 10.8387| 41.2685 14.341 0.024 13.856| 0.047 | 13.526 0.054| 13.215| 0.066
31.000] 9.9961| 40.3682 13.612 0.017| 13.096| 0.026 | 12.755| 0.038 12.434  0.049 30.087| 10.8672 41.2391| 14.600| 0.023| 13.878| 0.044 | 13.392 0.064| 12.938| 0.090
31.015| 10.1459] 40.5211| 13.723| 0.028| 13.069| 0.033 | 12.691| 0.058 | 12.336| 0.084 39.097| 10.9721] 41.9171 14.578| 0.042 13.915| 0.036 | 13.502 0.055| 13.115| 0.081
31.046] 10.4579| 41.1826 13.899| 0.019| 13.088| 0.010 | 12.638| 0.051| 12.217, 0.075 30.103| 11.0298 41.9762| 14.442| 0.042| 13.867| 0.047 | 13.501 0.069| 13.157| 0.099
31.056 10.5629] 40.9877| 13.687| 0.022 13.079| 0.040 | 12.722| 0.064 12.386 0.091 40.000| 10.0021] 40.7503| 14.600| 0.052| 14.048] 0.026 | 13.709| 0.040| 13.390| 0.060
31.076| 10.7610| 41.7843 13.786) 0.032 13.078| 0.042 | 12.667 0.060 12.282 0.087 40.027| 10.2657| 405370, 14.536) 0.027 14.023 0.039 | 13.681] 0.069| 13.359| 0.110
31.123| 11.2303| 41.6253| 13.739 0.015| 13.124| 0.032 | 12.756 0.055| 12.410| 0.078 40.078] 10.7796| 41.8835| 14.201) 0.040 13.997| 0.032 | 13.873| 0.060| 13.751| 0.094
31.968| 9.6793| 40.6893 13.852 0.036] 13.226| 0.025 | 12.834| 0.048 12.466  0.066 40.133| 11.3258| 41.9282 14.536) 0.032| 14.001  0.046 | 13.619) 0.068| 13.260| 0.102
31.970| 9.6972| 40.6185| 13.522| 0.037| 13.202| 0.028 | 12.996| 0.046 12.799 0.064 40.13A[ 11.3328| 41.4786| 14.650| 0.032| 13.956/ 0.020 | 13.507| 0.035| 13.087| 0.068
31.971| 9.7077| 40.5395 13.757| 0.022| 13.245| 0.023 | 12.885| 0.040| 12.547| 0.061 40.963| 9.6326| 40.6330, 14.756) 0.033| 14.080  0.024 | 13.634| 0.052| 13.217| 0.076
32.049| 10.4906| 41.3197| 13.728| 0.022| 13.238| 0.024 | 12.919| 0.043| 12.618 0.063 40.969| 9.6928| 40.3978| 14.718| 0.028| 14.103 0.032 | 13.735| 0.055| 13.389 0.084
32.139] 11.3901| 41.4444  13.727| 0.020| 13.237| 0.031 | 12.922| 0.047| 12.625| 0.063 40.989| 9.8910 40.3312| 14.621| 0.026| 14.136| 0.029 | 13.817| 0.049] 13.516| 0.073
32.966| 9.6568| 40.4690| 13.811| 0.032| 13.326/ 0.028 | 13.002| 0.055 12.697 0.074 41.025| 10.2476 40.8186| 14.530| 0.041| 14.066| 0.032 | 13.781] 0.059| 13.511| 0.083
33.004| 10.0423| 40.6806 14.008| 0.031| 13.295| 0.015 | 12.860| 0.037| 12.453 0.051 41,048 10.4815| 40.7153 14.714) 0.049| 14.073| 0.039 | 13.699) 0.064| 13.348| 0.095
33.050| 10.4993| 40.7552| 13.995| 0.038| 13.322| 0.030 | 12.915/ 0.060 12,533 0.089 41.060| 10.6030, 41.1051| 14.779] 0.021| 14.139 0.031 | 13.709| 0.055| 13.306| 0.087
33.055| 10.5527| 41.0994  13.779| 0.018| 13.292| 0.031 | 12.975| 0.049| 12.676| 0.065 41.093| 10.9295| 41.4091 14.743 0.032| 14.125| 0.018 | 13.728 0.050| 13.356| 0.081
33.056| 10.5632| 40.8603| 14.021 0.025| 13.333| 0.036 | 12.934 0.065| 12.560| 0.088 41.108| 11.0777, 42.1129| 14.646| 0.046| 14.056 0.049 | 13.696/ 0.086 13.358 0.131
33.086| 10.8627| 41.9687 14.058| 0.041 13.324| 0.046 | 12.878| 0.068| 12.461 0.093 41.118] 11.1760| 41.9656 14.616) 0.035| 14.114| 0.046 | 13.784| 0.072| 13.473| 0.109
33.140| 11.3950| 41.6454  13.887, 0.021] 13.329| 0.032 | 12.981 0.050 12.654| 0.071 41.177| 11.7703 42.1366| 14.754| 0.053 14.101 0.066 | 13.720| 0.103| 13.362 0.152
34.118| 11.1828| 41.4501| 13.963| 0.020| 13.378| 0.033 | 12.988| 0.050| 12.622| 0.068 41971 9.7091| 40.6541 14.779) 0.034| 14.192| 0.027 | 13.847 0.042| 13.522| 0.067
34.125| 11.2469| 41.3724) 13.955 0.017| 13.376| 0.031 | 13.023| 0.047 12.691| 0.063 42.007| 10.0718 40.9919| 14.842| 0.031| 14.226 0.028 | 13.814| 0.050| 13.428| 0.081
34.140| 11.3993| 41.9840| 14.000| 0.028| 13.361| 0.061 | 13.000| 0.088| 12.661| 0.120 42.023] 10.2275| 40.5251 14.664| 0.029| 14.192| 0.021 | 13.847 0.058| 13.522| 0.093
34.172| 11.7188| 42.0748| 14.121 0.034| 13.370| 0.060 | 12.961 0.094| 12.578| 0.134 42,071 10.7141 41.1773| 14.885| 0.024| 14.189| 0.035 | 13.776| 0.046| 13.389 0.061
35.095| 10.9546/ 41.8681| 14.190| 0.033| 13.495| 0.043 | 13.097| 0.063| 12.724| 0.090 42,088 10.8756| 41.6041 14.771 0.035| 14.211/ 0.035 | 13.862| 0.061| 13.534| 0.087
35.124] 11.2418| 41.3164| 14.043 0.015| 13.549| 0.020 | 13.210) 0.033| 12.891| 0.056 42,103 11.0291 41.1787| 14.756] 0.030| 14.161| 0.026 | 13.771] 0.044| 13.405| 0.073
35.988| 9.8797| 40.2566| 14.257| 0.019| 13.636| 0.032 | 13.243| 0.051 12.874| 0.072 42.111] 11.1059| 41.9106 14.810| 0.035| 14.207| 0.042 | 13.866/ 0.062| 13.545| 0.092
36.003| 10.0340| 40.5282 14.244 0.025| 13.639| 0.022 | 13.287| 0.042| 12.956| 0.064 42,121 11.2148 41.7723| 14.919] 0.029| 14.222 0.047 | 13.822| 0.064| 13.447| 0.086
36.008| 10.0799] 41.1300| 14.094| 0.034| 13.606| 0.019 | 13.280| 0.042| 12.973| 0.063 42.128] 11.2837| 41.5509) 14.850, 0.027| 14.231/ 0.031 | 13.843| 0.047| 13.479| 0.070
36.027| 10.2732| 41.1085 14.184 0.021] 13.590| 0.024 | 13.234 0.043| 12.899| 0.064 42.143| 11.4262 41.5135| 14.830[ 0.030| 14.164 0.029 | 13.779| 0.045| 13.418| 0.072
36.037| 10.3672| 41.4297| 14.284| 0.033| 13.644| 0.032 | 13.268| 0.047| 12,915 0.066 42.181| 11.8107| 42.0521 14.843 0.044| 14.213| 0.073 | 13.844| 0.107| 13.497| 0.156
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42.994] 9.9351] 40.7567] 14.960] 0.031] 14.298] 0.030 | 13.895] 0.055] 13,517 0.079 60.073] 10.7338] 41.6923| 16.535] 0.078] 15.954) 0.089 | 15.541] 0,111 15.154] 0.155
43.000] 9.9968| 40.2488| 14.952 0.044| 14324 0.026 | 13.944 0.045 13.587| 0.074 60.093| 10.9348| 41.1167| 16.576| 0.114| 16.018 0.111 | 15.595| 0.147| 15.199| 0.246
43.010] 10.1007| 40.7582| 14.788| 0.047 14.252| 0.016 | 13.909| 0.037| 13.586| 0.059 61.000 10.0024 40.3952| 16.876| 0.117 16.108 0.056 | 15.599 0.096| 15.124| 0.146
43.011) 10.1099| 41.0419] 14.831 0.032 14.258| 0.028 | 13.881 0.042 13.527 0.080 61.013| 10.1278| 40.3270| 16.755| 0.127| 16.117 0.091 | 15.743| 0.128| 15.392| 0.169
43.054] 10.5420| 40.6691| 15.034 0.018| 14.274| 0.045 | 13.850  0.058| 13.453 0.077 61.119  11.1850 41.2515| 16.822| 0,069 16.097 0.079 | 15.612 0.102| 15.159| 0.193
43.055, 10,5521 40.9105| 14.770 0.028| 14.309| 0.033 | 14.001 0.053 13.710 0.073 62.014| 10,1427 41.1399| 16.991] 0.067| 16.204 0.057 | 15.738| 0.105 15.302| 0.177
43.066] 10.6620| 41.6324| 14.799] 0.023| 14.272| 0.037 | 13.912 0.056| 13.574| 0.075 62.036 10.3617 40.7811 16.675| 0.057 16.162 0.053 | 15.805 0.139 15.469| 0.212
43.073| 10.7341] 40.9872| 14.927 0.021 14.253  0.043 | 13.811 0.071 13.397| 0.109 62.090| 10.9006| 41.2962| 16.809| 0.136| 16.205 -0.005| 15.677| 0.126| 15.184| 0.177
43.085| 10.8464| 41.1652| 14.970 0.028| 14.321| 0.045 | 13.888| 0.066| 13.483 0.098 62.118  11.1849 41.8023| 16.886| 0.103 16.235 0.077 | 15.834 0.122| 15.458| 0.218
43.130| 11.2972| 41.7508| 15.099 0.049 14.334  0.041 | 13.900 0.058 13.494| 0.083 62.180| 11.8041| 42.3521] 16.855| 0.215| 16.156 0.073 | 15.754| 0.159 15.377| 0.312
43.143| 11.4300| 42.3323| 14.975 0.136| 14.339| 0.089 | 13.942 0.124| 13.570| 0.176 62.987 9.8676 40.3649| 16.984| 0.139 16.320 0.068 | 15.862 0.103| 15.434| 0.173
43.150] 11.5048| 42.0347 14.776 0.025| 14.311 0.064 | 13.968  0.093 13.645 0.125 63.128| 11.2763| 41.4939| 17.114| 0.094| 16.296 0.070 | 15.689 0.113| 15.124| 0.163
43.153| 11,5331 42.2077| 14.878| 0.127| 14.251 0.073 | 13.847| 0.119) 13.468| 0.169 65.121 11.2065 41.5175| 17.163| 0.080 16.486 0.095 | 15.978 0.187| 15.504| 0.290
43.155) 11.5473| 42.0227 14.807 0.041| 14.267 0.064 | 13.921 0.099 13.595 0.136 66.041 10.4125 41.1814| 17.205| 0.063| 16.630 0.029 | 16.220| 0.163 15.836| 0.21.1
43.970| 9.7015 40.4705| 15.166| 0.045| 14.398 0.030 | 13.976| 0.050| 13.581| 0.082 67.181  11.8060 42.2468| 17.378| 0.190 16.707 0.170 | 16.137 0.209 15.606| 0.321
24.031] 10,3086/ 41.0302) 15.035 0.034| 14.446  0.035 | 14.057 0.063 13.692 0.083 69.136| 11.3646] 41.9251| 17.638| 0.125| 16.882 0.068 | 16.425| 0.127| 15.998| 0.236
44.055| 10,5512 41.4463| 15.143| 0.031| 14.449 0.036 | 14.048| 0.061| 13.672| 0.103 ) .

24,081 10.8105| 41.5693 14.886/ 0.034 14.352 0.037 | 13.984 0.064 13.638  0.093 Table 2. The list of comparison stars for M31 generated
44.150| 11.4979] 41.7980| 15.005| 0.026| 14.404 0.043 | 14.049| 0.071| 13.715| 0.104 as described in this work. Right ascension, declination
24.996] 9.9606] 40.5858| 15.165 0.035| 14.479 0.029 | 14.044 0.042 13.637 0.056 - .

45.037| 10,3671 41.2854 15.155| 0.035 14.489| 0.030 | 14.088| 0.054| 13.712| 0.083 and magnitudes and errors listed are taken APASS
45.040 10,3972 41.3538) 15.039 0.038 14.485 0.028 | 14.098| 0.047 13.735 0.078 DR10.

45.051| 10.5126/| 40.6619 15.217| 0.022| 14.458| 0.026 | 14.018| 0.060| 13.606| 0.095

45.059| 10.5884| 41.0026/ 14.927| 0.027| 14.516/ 0.033 | 14.284| 0.058 14.063| 0.105

45.071 10.7130] 41.1324 15.375) 0.029| 14.490| 0.037 | 13.945| 0.067  13.437 0.102 D  RAdeg Decdeg Bmag Ber Vmag Ver Rmag Rer Imag |Em
45.079| 10.7910 41,5286/ 15.017| 0.031 14.472 0.038 | 14.100| 0.055 13.751 0.088 24 345] 23,4756 30,8115 12,062 0.126] 12,266 0.009] 11,707 0.135( 11350 0.176
45.080| 10.7999| 40.9409 14.996| 0.031| 14.511) 0.051 | 14.199) 0.069, 13.905) 0.100 26.319| 23.1907 30.7910) 13.026/ 0.156 12.521/ 0.099| 12.165| 0.136| 11.830 0.178
45.143| 11.4265 41.9548| 15,221 0,037, 14.538 0.065 | 14.156| 0.096 13.797 0.138 57.350] 23,5860/ 30,7995 13,154/ 0.121] 12,605/ 0.101] 12.225/ 0.136| 11.868/ 0.176
46.004| 10.0400  40.2453) 15.162| 0.038| 14.622 0.032 | 14.261 0.053 13.922| 0.091 27.367| 23.6688) 30.6652| 13.005/ 0.103 12.587| 0.098| 12.284| 0.125| 11.998| 0.156
46,011/ 10.1059 40.7154 15,261  0.038| 14.648 0.015 | 14.239| 0.020 13.856 0.061 50.308| 232834 30.7702] 13,357/ 0.117| 12,848/ 0.095| 12.497] 0.133| 12.167/ 0.175
46.012| 10.1160| 40.4785| 15.324) 0.039) 14.649 0.028 | 14.226 0.048) 13.830 0.075 30.355 23.5457| 30.4152 13.466 0.093| 12.897| 0.083| 12.541| 0.111| 12.206  0.145
46.065| 10.6520) 41,4471 15.057| 0.042 14.591 0.059 | 14.265 0.082 13.958 0.116 30.382| 23,8155 30.5350] 13.550/ 0,098/ 12,945/ 0.102] 12,560/ 0.128] 12.199/ 0.162
46.067| 10.6710| 41.5485| 15.184 0.043| 14.646 0.033 | 14.254 0.070) 13.886 0.108 31.346/ 23.4566| 30.6109) 13.638 0.106| 13.028| 0.101| 12.655 0.135, 12.305 0.170
46.091] 10.9119 41.7882| 15.159| 0.034| 14.607 0.043 | 14.235) 0.063 13.886 0.092 32.331] 23.3120/ 30.9336] 13,815/ 0,048/ 13,141/ 0.059] 12.664] 0.101] 12.218/ 0.151
46.160| 11.5098| 42.1452| 15.271 0.061| 14.636 0.056 | 14.272 0.093 13.930 0.134 33.343) 23.4330| 30.5859) 13.648) 0.108| 13.202| 0.112 12.847| 0.146| 12.513 0.182
46.968| 9.6782 40.6299 15.311 0.040, 14.657 0.038 | 14.233 0.059 13.836 0.083 34.364] 23,6379/ 30,9650/ 14,000/ 0.164] 132571 0.002] 12.703/ 0.121] 12.332/ 0.156
46.989| 9.8869 40.7710| 15.414| 0.063 14.668 0.030 | 14.194] 0.052| 13.751| 0.072 34.372| 23.7197| 30.4700| 13.708| 0.090| 13.283| 0.086| 12.969| 0.110| 12.673 0.139
46.991 9.9103 40.4043 15.387 0.050, 14.700, 0.026 | 14.286| 0.043 13.898 0.064 SR T3] 2 G 2o SAITE) TR ) el 15 JGET dn |51 SRl GG
46.994| 9.9450, 40.6833) 15.333) 0.033 14.710 0.027 | 14.309] 0.048) 13.933) 0.068 36.307 23.0678| 30.5925) 14.116) 0.054| 13.452| 0.046 13.072| 0.057| 12.715 0.065
47.007| 10.0719) 40.6855| 15.430  0.059| 14.717 0.028 | 14.295) 0.059  13.900 0.080 36,336/ 23.3580| 30,9517 14,177/ 0.135 13.467 0.098| 13.036] 0.133| 12.632| 0.170
47.031] 10.3141 40.4612| 15.442 0,048 14.677 0.028 | 14.208| 0.060 13.770| 0.106 36.338| 23.3781] 30.8455) 14.058| 0.129| 13.457| 0.103 13.014| 0.142| 12.599] 0.186
47.038| 10.3759) 41.0185| 15.318| 0.042| 14.700 0.070 | 14.258| 0.085 13.844 0.107 36,345 23,4457/ 30,7715 14,057/ 0.126/ 13526 0.098 13.150| 0.132| 12.797| 0.171
47.040| 10.3985 41.1278| 15.434| 0.025) 14.707 0.032 | 14.258| 0.057| 13.838 0.091 37.375| 23.7521] 30,7518 14.019] 0.116| 13.583| 0.099| 13.282| 0.132| 12.998] 0.162
47.041] 10.4130 40.8481  15.387 0.052 14.733 0.028 | 14.327| 0.040 13.946 0.064 38,3421 23 41911 30.3202] 14320/ 0.0971 13.742/0.077| 13.307/ 0.106/ 12,900/ 0.144
47.042] 10.4222) 40.9219) 15.412 0.049| 14.720) 0.035 | 14.314| 0.066| 13.933/ 0.096 38.363| 23.6330| 30.6420| 14.197| 0.102| 13.693| 0.099| 13.350| 0.127| 13.027| 0.158
47.128| 11.2837) 41.8100| 15.245| 0.048| 14.706, 0.045 | 14.345 0.069  14.006 0.103 38.365/ 23,6513 30,3572 14.198] 0,004/ 13.706 0.085| 13.328| 0.110| 12.973| 0.140
47.177| 11.7703 42.0935| 15.484| 0.054 14.691 0.085 | 14.242| 0.123| 13.822| 0.174 38.365| 23.6535| 30.8826| 14.293| 0.154| 13.722| 0.097| 13.315| 0.132| 12.933| 0.171
47.994 9.9399) 40.4414  15.487 0.061) 14.804 0.032 | 14.370| 0.064 13.964 0.091 30.347] 23.4743 30,5725 14,416/ 0.108| 13.758 0.089| 13.378| 0.124| 13,021/ 0.165
48.035) 10.3534| 41.3527 15.515 0.057| 14.805| 0.041 | 14.356| 0.062, 13.936/ 0.083 40.371| 23 7081| 30.4892| 14.422| 0.093| 13.935| 0.093| 13553 0.119| 13.194| 0.144
48.050| 10.4952 41.0642| 15,394 0,026 14.791 0.033 | 14.417| 0.055 14.066 0.088 71371237149 30,3747 14,656/ 0.162] 13.9531 0,088/ 13,513/ 0.121] 13.1011 0.156
48.056| 10.5616| 41.6080 15.556 0.040| 14.825| 0.030 | 14.416| 0.045 14.033 0.081 42.326| 23 2629| 30.5748| 14.710| 0.117| 14.139] 0.085| 13.770| 0.123| 13.423| 0.170
48.079| 10.7930 41.1539 15,382  0.035 14.758 0.049 | 14.364 0.066 13.994 0.093 73352/ 23,5001 30,9533/ 14 744/ 0.116| 14.132/ 0.060] 13734 0.114 13.361] 0.075
48.092| 10.9176| 41.7453 15.359 0.045| 14.792| 0.036 | 14.443| 0.079  14.115 0.125 42.369| 23.6895| 30.9153| 14.750| 0.158| 14.063| 0.091| 13.604| 0.122| 13.175| 0.161
48.139| 11.3871 42,3153 15,540  0.141 14.769 0.094 | 14.294 0.134 13.850 0.183 72373/ 23 7344 30.4975] 14.844] 0,115 14,052/ 0,052/ 13,540/ 0,116/ 13.062 0.147
48.977| 9.7678| 40.6358 15.435 0.046| 14.903| 0.034 | 14.525| 0.053 14.170| 0.096 42.379| 23.7864] 30.6111| 14.355| 0.101| 14.128| 0.098| 13.971| 0.123| 13.819 0.148
49.074| 10.7387 41.6433| 15.474 0,050, 14.850 0.035 | 14.471 0.057 14.115 0.094 23,310/ 23,1022/ 30,6355/ 14,932/ 00341 14.241] 0,056/ 13.798] 0.072| 13.3830.089
49.128| 11.2758| 41.5531| 15.501 0.047| 14.891 0.034 | 14.503 0.053| 14.139| 0.089 43.324| 23.2392| 30.3331| 14.668| 0.119| 14.203| 0.089| 13.857| 0.119| 13.531| 0.155
49.136| 11.3613 41.8267| 15,595 0.035 14.910, 0.047 | 14.508| 0.082 14.131 0.115 43,340 23.4028] 30.8521] 14.6821 0.140 14 2441 0.100] 13.893/ 0.138| 13.5630.190
49.990]_9.8960| 40.5209| 15.616) 0.045| 14.957] 0.027 | 14.548| 0.043 | 14.165| 0.089 44.332| 23.3169)| 30.4681| 14.987| 0.124| 14.287| 0.081| 13.830| 0.116| 13.403 0.156
49.992| 9.9245) 40.6936| 15.662| 0.038| 14.969 0.020 | 14.546| 0.042 14.150 0.080 44,3741 23,7438 30.7300] 14.876/ 0.105| 14.290/ 0.067] 13.901 0.126| 13.536/ 0.157
50.034| 10.3430  41.0734| 15.543| 0.056| 14.958) 0.034 | 14.592) 0.062, 14.248 0.094 45.355| 23.5500| 30.4686| 14.928| 0.107| 14.365| 0.094| 13.952| 0.123| 13.565) 0.162
50.044| 10.4373| 41.2016 15.748 0.075| 15.010| 0.039 | 14.605| 0.046 14.225 0.068 25,360/ 23.5067] 30.0213/ 15.001 0.1511 14 431 0.100] 14.001/ 0.137| 13.593/0.166
50.056| 10.5566 41.6093) 15.750| 0.073| 15.015) 0.038 | 14.558) 0.052 14.131 0.075 45.362| 23.6240| 30.4813 15.166| 0.093| 14.376/ 0.111| 13.850| 0.138| 13.359| 0.167
50.063 10.6299| 41.6354 15.796 0.039| 15.021| 0.038 | 14.549| 0.063 14.108 0.101 46,3141 23,1433 30,6765/ 15.000/ 0.035| 14452/ 0.047] 14,128/ 0.057| 13.623/0.074
50.065| 10.6519 41.1460) 15.661| 0.045| 14.974] 0.043 | 14.581) 0.083 14.212 0.119 46.332| 23.3192| 30.7361| 15.038| 0.115| 14.499| 0.113| 14.082| 0.148| 13.691 0.181
50.082| 10.8235| 40.9602 15.685 0.050| 15.014| 0.048 | 14.555| 0.073 14.126 0.103 16,344 23.4366| 30.9360/ 15,3021 0.113/ 14 5141 0.084] 14.022/ 0.127| 13.562/0.183
50.118| 11.1833 42.1165| 15.458| 0.058| 14.950] 0.018 | 14.605) 0.114) 14.280) 0.158 46.352| 23.5169| 30.4130 15.059| 0.123| 14.498| 0.076| 14.056| 0.107| 13.642) 0.153
51.013 10.1341] 40.9660 15.633 0.079| 15.050| 0.032 | 14.678| 0.060  14.329 0.120 26,3601 23.6868] 30.8290/ 15,149/ 0.105| 14 470/ 0.085| 14.008| 0.116| 13.576/0.149
51.025| 10.2525| 40.9326 15.699 0.060| 15.088| 0.031 | 14.655) 0.056| 14.250 0.098 47.325| 23.2527 30.7093| 15.177| 0.126| 14.614| 0.093| 14.246| 0.143| 13.900/ 0.180
51.061| 10.6146| 41.6167 15.783 0.041| 15.136| 0.028 | 14.730| 0.043| 14.349 0.080 47,3401 23.3957 30.7650/ 15.1581 0.126 14,560/ 0.101] 14.110/ 0.142| 13,689/ 0.189
51.118| 11.1817) 41.7480 15.696 0.047  15.069| 0.045 | 14.660| 0.069| 14.277| 0.115 48.324] 23.2424) 30.4012) 15.475/ 0.111 14.703| 0.077| 14.224| 0.113| 13.776/ 0.154
51.123| 11.2276| 41.9768 15.699 0.053| 15.089| 0.047 | 14.695| 0.077 14.325 0.127 46,3321 23.3167 30,9203/ 15,396/ 0.149| 14,662/ 0.100] 14.180/ 0.140/ 13.730/ 0.180
52.034] 10.3354) 40.7283) 15.894| 0.048) 15.186| 0.031 | 14.744| 0.072) 14.330| 0.099 48.332| 23.3158 30.6767| 15.218| 0.121 14.707| 0.091| 14.324| 0.134| 13.964/ 0.180
52.067| 10.6686| 41.1370 15.754  0.065| 15.229| 0.059 | 14.789| 0.098 14.377 0.145 46,3331 23,3301 30.5633/ 15,2331 0.112] 14 739/ 0.087] 14.400/ 0.122| 14,081 0.169
52.111) 11.1083 42.0471) 15.815| 0.069, 15.238| 0.049 | 14.893| 0.114) 14.568| 0.173 48.340| 23.3987 30.9650 15.321/ 0.233 14.737| 0.117| 14.246 0.160| 13.787| 0.249
52.978| 9.7837| 40.5803 15.966 0.064| 15.257| 0.046 | 14.795  0.078 14.363 0.117 46,374 23.7395| 308093/ 15.060] 0.118 14,6941 0.004] 14.402| 0.122| 14.126/ 0.164
53.086 10.8596| 41.7094) 16.026 0.080| 15.319| 0.043 | 14.940| 0.072| 14.584) 0.120 48.376| 23.7618| 30.5360 15.476| 0.123| 14.687| 0.107| 14.174| 0.131| 13.695| 0.158
53.088| 10.8833| 41.5622 15.968 0.075| 15.327| 0.070 | 14.929| 0.096 14.556 0.154 49,343 23.4306| 30.8860| 15.187 0.097 14.836/ 0.091| 14.567| 0.137| 14.312/ 0.183
53.113 11.1326| 41.1638 15.924) 0.065| 15.264| 0.054 | 14.846| 0.072| 14.454| 0.098 49.363| 23.6843| 30.4955) 15.294| 0.094| 14.761| 0.076| 14.386| 0.109| 14.034] 0.149
53.129| 11.2873| 41.8816 15.801 0.060| 15.292| 0.049 | 14.972| 0.089 14.670 0.143 51.358] 23.5792| 30,3438 15.613/ 0.162| 14.994 0.087| 14.583| 0.125| 14.198| 0.185
53.148 11.4776| 41.7751 15.932 0.085| 15.257| 0.047 | 14.786| 0.087| 14.346  0.136 51.364| 23.6413| 30,3731 15.539] 0.116| 15.032| 0.100| 14.589| 0.129| 14.174] 0.167
54.064| 10.6413| 41.1060 16.144 0.143| 15.404| 0.072 | 15.017| 0.088  14.654 0.157 51.378] 23.7796| 30,7034 15.567/ 0.120/ 14.996 0.101| 14.640| 0.127| 14.305| 0.156
54.999| 9.9868| 40.3845 16.017 0.049| 15.489| 0.033 | 15.204| 0.052 14.934 0.108 52.360| 23.5960| 30.6957| 15.641| 0.092| 15.058| 0.074| 14.661| 0.121| 14.289] 0.166
55.037| 10.3700] 40.6010 16.232 0.087| 15.468| 0.041 | 15.027| 0.065 14.614 0.114 =5 3730123 7345/ 30,5002/ 15,602/ 0,240/ 15,142 0,095 147531 0,129 12 388/ 0,173
55.041] 10.4118) 41.1030) 16.066| 0.049, 15.522| 0.029 | 15.123| 0.052) 14.749| 0.119 53.359] 23.5880 30.5904| 15.931/ 0.144  15.244| 0.095| 14.822| 0.136| 14.427| 0.181
55.071 10.7136| 41.1028 16.054 0.080| 15.457| 0.068 | 15.071  0.114 14.709 0.186 =2 3920723 2185/ 30,4008/ 15,645/ 0.1341 15,265/ 0,092/ 12,8401 0,128 12 4591 0,168
55.0751 10.7542) 41.1084) 16.104] 0.090) 15.474] 0.070 | 15.119| 0.084) 14.785) 0.128 54.341] 23.4125 31.0017 15.845 0.205 15.348| 0.104| 14.926| 0.149| 14.531 0.205
55.076| 10.7627| 41.1260 16.059 0.072| 15.524| 0.057 | 15.122| 0.085 14.745 0.141 =2 365023 65452] 30,8066/ 15,6731 0,166/ 15,265/ 0. 162/ 12,8581 0.165 12 4761 0,241
55.093] 10.9336) 41.7045) 16.145] 0.032) 15.507| 0.037 | 15.188| 0.109) 14.887| 0.181 56.328| 23.2791 30.4366| 16.059| 0.182 15.512| 0.092| 15.099| 0.134| 14.712| 0.200
56.025 10.2487| 41.1185 16.106 0.054| 15.599| 0.035 | 15.178| 0.098 14.784 0.145 =6.3471723 4700/ 31.0027/716.225/10.135/ 15,469/ 0,095 15,0291 0. 150 12 6171 0,212
56.0421 10.4232) 40.7569) 16.277] 0.070) 15.570| 0.043 | 15.190| 0.060) 14.833| 0.144 56.350] 23.5005 30.4904] 16.005/ 0.136 15.508| 0.130| 15.121| 0.176| 14.758| 0.290
56.044] 10.4354] 41.1433 16.339 0.074| 15.618| 0.011 | 15.302| 0.160  15.004 0.217 =6.350]123 5882] 30,6124/ 16.075/10.2751 15 485/ 0. 116 145,051 0. 157 12 7201 0,297
56.0751 10.7508 41.1455) 16.069] 0.072) 15.565| 0.110 | 15.164] 0.132) 14.788| 0.187 56.360| 23.6019) 30.4224| 16.130| 0.154, 15.527| 0.073| 15.099| 0.121| 14.698 0.179
56.095 10.9549| 41.3693 16.370, 0.060| 15.647| 0.034 | 15.168| 0.063 14.720 0.129 =6.362]123 5165/ 30,6426/716.012/10.116| 35 468/ 0,082/ 15,0790/ 115 12 7140172
58.012 10.1241  40.2843) 16.410| 0.080 15.788) 0.059 | 15.378) 0.107, 14.994| 0.178 56.362| 23.6238| 30.9202| 16.019| 0.108| 15.503] 0.096| 15.090| 0.135| 14.703| 0.197
58.112| 11.1246| 41.7609 16.529 0.083| 15.815| 0.046 | 15.404| 0.082 15.019 0.146 6.364] 23,6386/ 30.7123] 15.999] 0.116] 15.476/ 0.085| 15,1001 0.124| 14.764] 0.170
58.119| 11.1874) 41.2203) 16.438| 0.107] 15.799] 0.071 | 15.463) 0.113  15.147] 0.150 56.377| 23.7722| 30.5742| 16.144] 0.155| 15.512] 0.116| 14.984| 0.154] 14.491 0.198
59.039) 10.3928| 41.1566 16.357 0.070| 15.902| 0.031 | 15.557| 0.130  15.232 0.183 573341 23.3384 30,4400 16.270] 0.138] 15.5741 0.115| 15162/ 0.156 14.776/ 0.204
59.088 10.8816 41.4061| 16.482| 0.129| 15.942] -0.004] 15.492) 0.110 15.071 0.160 57.337| 23.3749] 30.9598] 16.135| 0.169| 15.562| 0.086| 15.083| 0.149| 14.635| 0.207
59.997| 9.9686| 40.7524 16.717 0.100| 16.049| 0.039 | 15.652| 0.085 15.280 0.186 57 356] 23.5641] 30,9805 16.295] 0.1241 15.575 0.163] 15,1001 0.206| 14.673] 0.247
60.034| 10.3356| 41.0720) 16.567| 0.072| 15.981] 0.075 | 15.589] 0.120| 15.221| 0.227 57.369] 23.6935| 30.8781| 16.200| 0.177| 15.551] 0.098 15.147| 0.147| 14.768| 0.211
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57.380 23.7954| 30.6355\ 16.297\ 0.139] 15.555 0.066\ 15.096| 0.112 14.667| 0.181 72.058 | 10.5808 41.6623| 17.373| 0.018| 4 | 17.420/ 0.036| 8 | 17.387| 0.041 3 | 17.381 -- 1
58.337| 23.3744, 30.3603| 16.093 0.141| 15.706| 0.156| 15.301 0.188| 14.921 0.237 73.097  10.9670 41.8836 17.792 0.040 8 | 17.200 0.031 14 '16.831/0.039 9 | 16.644 0432 4
58.363| 23.6259| 30.5678 16.154 0.165| 15.726 0.086 15.387| 0.138| 15.068 0.207 74.055 | 10.5451| 40.9215| 18.565] 0.051] 13 | 17.841| 0.031| 19 | 17.406 0.039| 11 | 17.019| 0.026] 7
58.363| 23.6341 30.9724  16.499 0.192| 15.732| 0.093  15.177 0.155| 14.660 0.220 74.069 | 10.6866 41.7421] 18.163 0.027| 13 | 17.522 0.033| 23 | 17.088| 0.030/ 9 | 16.645 0.030 10
: 5 i i 5 : ; ; : i i 74.120 | 11.2030| 41.4495) 18.098| 0.043| 13 | 17.505 0.025| 24 | 17.141] 0.027| 13 | 16.783| 0.062 10
59.340| 23.4030 30.9556  16.240 0.137| 15.754| 0.095 15.409 0.147| 15.084  0.233
=5.956| 23 5633' 304062‘ 6 512‘0218 15832 0104‘15 3611 0.163] 14.921/ 0219 76.010 | 10.0995 41.1347| 18.229| 0.056| 7 | 17.652| 0.033| 12 | 17.298) 0.044| 7 | 16.959  0.021 4
59.359| 23.5893 30.5383| 16.386/ 0.169| 15.834| 0.155/ 15.409| 0.207| 15.011| 0.285 Table 4. The list of check stars for M31 generated as
60.321| 23.2128| 30.4280| 16.390 0.189| 15.928| 0.103| 15.412| 0.144| 14.930| 0.239 d b d . h k R h . d I .
60.366] 23.6590| 30.6471 16.522 0.210| 15.901 0.094 15.468| 0.134| 15.063| 0.193 escribed in this work. ight ascension, declination
61.353| 23.5258 30.8277| 16.694| 0.178| 15.984| 0.113| 15.492| 0.162| 15.032| 0.243 and magnitudes and errors listed are the Luminous
61.356 23.5636| 30.9119\ 16.755\ 0.210| 15.964 0.115\ 15.537| 0.173] 15.137| 0.241 Stars Surve
61.369| 23.6893| 30.4700| 16.335 0.214| 15.998| 0.129| 15.613| 0.174| 15.252| 0.264 y
62.336] 23.3619| 30.9901 16.815 0.228| 16.148| 0.127 15.782) 0.211] 15.438| 0.362
62.370| 23.6952| 30.4391| 16.734) 0.161| 16.080| 0.109| 15.537| 0.155| 15.031| 0.223
d d
63.321| 23.2131 30.7456 16.846 0.191| 16.249| 0.129 15.730 0.175| 15.246| 0.236 T T e L A L "1;"2; = ‘g'
63.326] 23.2610| 30.7793 17.008 0.161 16.243 0.153  15.779) 0.234) 15.345| 0.331 58.313 | 23.1262| 30.7072) 16.286 | 0.020 | 9 | 15724 | 0.014 | 13 | 15331 | 0,027 |5 | 14.945| 0.031 | 4
63.369 23.6893 30.4896  16.835| 0.127| 16.209| 0.090| 15.604 0.168| 15.041| 0.245 58.367 | 23.6687 | 30.5505 16.241 | 0.029 | 19 | 15.720 | 0.021 | 27 | 15.351 | 0.023 | 18 | 14.973[0.040 | 9
63.371| 23.7141) 30.5430 16.882 0.227| 16.195| 0.134| 15.745| 0.193 15.324| 0.277 59.370 | 23.7007 | 30.6240 52 | 0.034 | 17 15.792 | 0.024 | 25 15.400 | 0.022 | 17 14.990 | 0.026 | 9
60.334 | 23.3377 | 30.4525 16.654 0.028 13 15936 | 0.020 21 | 15.465 0.026 | 17 ‘15.042 0.021 8
D 233579' 30'4440‘ 17'037‘0'242 s 2y 0'138‘15'810 0142k 245 512 (0 22 60.339 | 23.3859 | 30.3204| 16.511 | 0.028 | 8 16.064 | 0.018 | 14 15.686 | 0.021 | 9 15.329 | 0.018 | 5
65.362] 23.6235| 30.3752 16.988 0.145 16.391) 0.143  15.925  0.182) 15.489 0.256 60.372 | 23.7166 | 30.5807 | 16.678  0.029 17 16.043 | 0.020 | 25 | 15.627 | 0.022 | 16 | 15.219 | 0.030 9
66.306| 23.0624) 30.7033 17.081| 0.416| 16.527| 0.050| 16.077 0.191| 15.656| 0.261 61.344 | 23.4404 30.3783] 16.786 | 0.019 | 10 | 16.094 | 0.016 | 16 | 15.600 | 0.026 | 11 | 15.155| 0.012 | 5
66.345| 23.4531 30.3120| 17.226/ 0.278| 16.542| 0.125| 16.006| 0.221| 15.506| 0.332 61.372 | 23.7158| 30.6639 16.474 | 0.037 | 18 | 15.954 | 0.027 | 26 | 15.580 | 0.028 | 18 | 15.286 | 0.313 | 12
66.365| 23 6469' 30. 8839‘ 16. 980‘0078 16.484 0064‘16 115/ 0.192| 15.768| 0.402 62.328 | 23.2773| 30.7742| 16.748 | 0.024 | 14 16.125| 0.024 | 18 | 15.703 | 0.017 | 7 15.302 | 0.011 | 5
. . - 3 . . . . S : S 62.360 | 23.5982| 30.9384| 17.116 | 0.027 | 13 | 16.360 | 0.030 | 18 | 15.873 | 0.030 |9  15.446 | 0.026 | 5
69.320| 23.2012| 30.4026| 17.427| 0.240| 16.772| 0.180| 16.246| 0.247| 15.755| 0.311 63.313 | 23.1314 | 30.6688| 16.867 | 0.019 | 7 16.170 | 0.022 | 10 | 15.719 | 0.027 | 7 15.271|0.023 | 8
71.360| 23.6042| 30.4577  17.510 0.126] 16.958] 0.066 16.299| 0.123] 15.686] 0.208 63.325 | 23.2510| 30.3902 16.840 | 0.024 | 11 | 16.228 | 0.022 | 16 | 15.822 | 0.029 |8 | 15.420 | 0.033 | 5
. . 62.32A | 23.2812| 30.8120| 16.564 | 0.018 | 6 16.495 | 0.022 | 14 16.364 | 0.022 | 10 16.212 | 0.033 | 4
Table 3. The list of comparison stars for M33 generated 64.338 | 23.3768 | 30.3540| 16.965 | 0.023 | 10 | 16.252 | 0.016 | 16 | 15.730 | 0.017 | 11 | 15252 | 0.014 | &
. . . . . - - 64.357 | 23.5710| 30.8934| 16.980 | 0.012 | 9 16.418 | 0.030 | 13 16.019 | 0.024 | 10 15.636 | 0.047 | 8
as described in this work. nght ascension, declination 65.354 | 23.5360 | 30.7029 | 17.095 | 0.049 | 21 | 16.420 | 0.036 | 28 | 15.974 | 0.025 | 20 | 15.576 | 0.037 | 15
R H 66.335 | 23.3461 | 30.8573| 17.219 | 0.028 | 7 16.558 | 0.021 | 12 | 16.120 | 0.025 | 8 15.686 | 0.036 | 6
and magnItUdes and errors IISted are taken APASS 67.352 | 23.5234 | 30.5542 17.294 0.025 20 16.484 0.027 30 | 15.956  0.027 | 20 ‘15.461 0.025 12
DRlO 67.382 | 23.8208 | 30.6213| 17.137 | 0.029 | 8 16.591 | 0.021 | 11 16.193 | 0.024 | 9 15.845 | 0.035 | 3
. 68.332 | 23.3184 30.3850 18.458 0.029 7 16.988 0.025 12 | 15.852  0.026 | 8 ‘14.547 0.012 \3
68.334 | 23.3356 | 30.8171| 17.336 | 0.035 | 11 16.709 | 0.027 | 17 16.269 | 0.033 | 11 15.843 | 0.029 | 6
68.348 | 23.4809| 31.0025| 17.042| 0.025 |3 | 16.730 | 0029 | 6 | 16474 | 0.013 |5 | 16.202 | 0.009 |4
1D RAdeg Decdeg Bmag Berr NB Vmag Ver NV Rmag Rer NR Imag |Emr NI 68.349 | 23.4863 | 30.8912| 17.814 | 0.033 | 8 16.699 | 0.032 | 12 15.939 | 0.031 | 7 15.306 | 0.031 | 8
68.361 | 23.6131| 30.4583| 17.412 | 0.038 | 14 | 16.758 | 0.038 | 22 | 16.304 | 0.030 [ 13 | 15,870 | 0.049 | 9
giigé ﬂgégg ﬁgggg‘ iggg ggil«l;‘:lli ‘izgg;l ggg;‘gg ]1'22% ggﬁa ]1'2 1‘233; ggzg .1’0 69.349 | 23.4860| 31.0040| 16.793 | 0.022 | 3 16.725 | 0.023 | 6 16.553 | 0.019 | 5 16.343 | 0.015 | 4
= = 9L = - - - = 041 - - 69.360 | 23.5952 | 30.6776 17.417 0.041 18 16.813 | 0.030 26 | 16.411 0.033 | 18 ‘16.005 0.039 ‘12
61.110 11.1020| 41.8576 16.552| 0.011 16 | 15.992| 0.022| 29 | 15.620| 0.018] 14 | 15.232/ 0.026| 10 70.332 | 23.3206| 30.8242| 17.528 | 0.027 | 11 | 16.921 | 0.033 | 17 | 16.486 | 0.040 | 11 | 16.083 | 0.028 | 6
61.121| 11.2137| 41.5140| 16.997| 0.036| 13 | 16.428| 0.023| 24 | 16.067 0.019| 13 | 15.707| 0.030| 10 70.366 | 23.6588 30.4996 17423 0039 | 16 | 16790 0021 23 | 16.363 0028 | 14 | 15939 0059 7
62.142| 11.4237| 41.7910 16.979] 0.017 2 | 16,519 0.024| 3 | 16.195| -- 1 [ - 0 71.310 | 23.0953| 30,5227 17.978 | 0.045 |8 | 16.885 | 0.031 | 14 | 16.151 | 0.020 | 7 | 15.582 | 0.028 | 6
64.101 | 11.0092| 41.7610| 17.164| 0.013 11 | 16.535| 0.020| 20 | 16.153 0.014| 10 | 15.785| 0.020| 6 71.373 | 23.7264| 30.4542| 17.665 0038 |5 | 16945 0029 |6 | 16462 0053 |4 | 16.068 | 0.096 3
65.087 | 10.8719) 41,4467  17.268| 0.031 14 16.555  0.038 24 | 16.100 0.043| 9 | 15.647| 0.024| 7 72.359 | 23.5867| 30.9525 17.728 | 0.023 | 6 | 17.037 | 0.024 | 8 | 16.567 | 0.030 | 7 | 16.104| 0.035 | 6
66.077| 10.7728| 41.6076| 17.464| 0.040 12 | 16.847 0.030| 22 | 16.441] 0.036| 9 | 16.062| 0.047| 10 ;gg‘e‘; ggggg zgvgﬁg igvggg ggz: g gi‘gg gvggg ig i;-gg 3‘32“1’ g \igzgg g-gig g
Z;ﬂ'g ﬁ;gié ﬁ'gg‘ii‘ ig'gag g'ggj‘g ‘ig'ggél g'gga‘gé J{gégg g'gg :Il.g J{ZE? g'ggg :Il.g 74.340 | 23.3991 | 30.3500| 17.830 | 0.026 | 10 | 17.170 | 0,015 | 16 | 16:672 | 0.023 | 11 \16:230W
. - - . . . . - . - . 75.340 | 23.3958 | 30.4275| 17.929 | 0.042 | 12 17.258 | 0.026 | 18 16.791 | 0.037 | 14 16.323 | 0.038 | 7
68.126 | 11.2564 41'8459‘ 17.214 0‘030‘18 ‘16‘594| 0'021‘31 16.108/0.023 15 | 15.809 0.035| 11 77.344 | 234380 30.8522 17.932 0.033 14 | 17.169 0.026 19 | 16.620 0.033 | 13 ‘16.100 0.037 ‘10
68.140 | 11.3969| 41.5440| 17.412| 0.020| 12 | 16.827| 0.014| 21 | 16.441 0.014| 11 | 16.055| 0.031| 8
68.141 11.4061| 41.7794 17.694| 0.022| 5 | 16.899) 0.026/ 9 | 16.409/ 0.030 4 | 15.999| 0.069| 2 Table 5. The list of check stars for M33 generated as
68.179 | 11.7939| 42.2669 17.641] 0.043| 6 | 16.909 0.029| 7 | 16.441]0.029/ 5 | 16.030| 0.007| 2 . . X h X . X
69.051 | 10.5122| 40.7390| 17.746| 0.021 5 | 16.688| 0.036 6 | 16.056/ 0.037 4 | 15,539 0.034| 3 described in this work. Right ascension, declination
69.063 | 10.6292 41.7577) 17.701] 0.014 6 | 17.024| 0.020| 12 | 16.594 0.004| 4 | 16.210| 0.033| 6 i i i
70.086 | 10.8630| 41.8820| 18.302| 0.031 11 | 17.397| 0.026| 19 | 16.819) 0.029 11 | 16.291] 0.032| 6 and magthdeS and errors listed are from the Luminous
70.091 | 10.9141| 41.8602 17.927| 0.035| 11 | 17.338 0.028| 20 | 16.972| 0.032| 11 | 16.598 0.041| 7 Stars Survey.
70.09A| 10.9131| 41.7664| 17.824] 0.018| 14 | 17.066| 0.025 22 | 16.619] 0.022| 13 | 16.215| 0.027| 9
70.109 | 11.0875| 42.0178 17.645| 0.037| 17 | 17.018 0.030 27 | 16.620| 0.029| 15 | 16.225| 0.037| 9
70.984]9.8434 | 40,5151 17.879 0.027 10 | 17.200/ 0.029| 15 | 16.794) 0.022| 9 |16.392 0.042| 6
70.992 | 9.9218 | 40.5566  17.690| 0.029| 15 | 17.102 0.032| 21 | 16.710| 0.028| 15 | 16.345| 0.035| 9
72.008| 10.0836| 40.5224  18.070| 0.035 23 | 17.483] 0.042| 32 | 17.106] 0.040| 19 | 16.745| 0.038| 16

16

SAS/AAVSO 39™ Annual Symposium Proceeding



Towards the Flux Calibration of :

Wayne Greeh Anthony Rodda& Clarke Yeagér

1. Boulder Astronomy and Space Society, Boulder, CO 80503
2. British Astronomical Societipondon, England

Abstract

We present a set of reference resources and machine-ready spectral data covering optical bands from UVA
through 8000+ Angstroms, based on our literature/informatics search of bright spectro-photometric calibration
sources sui t abl e for smal | tel escope investigations. These d
whitespace/column data with absolute units of ergs st cm? A. These catalogs have been translated and
augmented for small telescope spectroscopy using additional data from SIMBAD, GAIA and other references to
produce a PostgreSQL database. We include a generic telluric line table and files suited to popular
planning/operational planetarium programs. We discuss the salient aspects of each library reviewed. We include
methodology to acquire spectral measurements of filters and lamp sources common with photometry and
spectroscopy. These data and scripts are available through an MIT open source license via GitHUB/Docker and,
to the extent possible, are platform agnostic.

1. Introduction these tests. This paper is an announcement and first
report on the project. The UV coverage and more
The Next Generation Spectral Library (NGSL) €xact representation of the flux from these targets are
Version 1 (Heap and Lindler, 2007), and NGSL suited to direct ob_servation and use e tSmall
Version 2 (Heap and Lindler, 2010) are publishedT€léscope community.
collections of 377 spectra of sources taken with the ~ Ineéxpensive spectrographs such as the LowSpec
Hubble SpaceT el escopeds (HST) 2 Bpddaces al.y 2020y and J-pwseec(Gerlach,
Imaging Spectrograph (STIS). The reported vacuun£019) provide an excellent response over a 3600
wavelengths span O2. 0 &m at arf800eA mavelength, gange. The newer UVEX
resolution R~1000. These spectra represent thdD/Mechanical spectrograph (Buil et al2019)
energy distribution as Puskes e lquerdimit below3gop &.oThe UYEXy i t |
without any Earttbased telluric contamination, | nstrument shows promise for
corrections for radial velocity, linef-sight extinction ~ Physical and aerosol atmospheric characteristics
or any modelingpased adjustments. Wavelength USing —ground based astrophysical techniques
calibrations were done wWRPagWtt,208Q. st aro6s features an
in the staros rest fr ame We hayealso irclyded anrAZ¢ll dahtaolg p pr o
maxi mi zed t homghmieandenedatesttted&RA rd¢hos tel luric -Moletas tak
Earthoés and satelliteds 2019) 1§ capsist with the identification of these
We converted the FITS tables to ASCII tabularfeatures in small telescope data. The strength of these
A.dato files suitabl e fVaryovehigterypls of jushfewmingtes ang gannat ma | |
tel escope scTo egsistiwiht pldningt 8er¢lied upon for energy. They are ieth obser ver os
and ancillary reduction techniques, we addew!  rest frame and make for higbliability wavelength
integrated SIMBAD information to the fullest extent ' €f er ences where they occur.
possible. We present a technique to develop th@bservations by small Littrow and echelle
spectral profiles of common photometric and otherinStruments in the R~100€2D000 range. _
filters that may be used by the community when  Publication consists of extended electronic
applying  photometric ~ observation  technique @Ppendices aGitHub’. The documentation is at
described by(Bessell, 1983) to estimating overall ReadTheDocs.id” The appendix consists of the raw
absolute flux of spectra. files, a Dockerfile and other resources needed to

Preliminary tests of this new reference materialféproduce a working copy of the database. The
consist of observing sets of stars and comparingl@tabase has been augmented with current SIMBAD

fi o fagainsttheot her o . We p | a n Inferpatiop o prpvide gonsigtenhqyerview of each
catalogs popular in the community as lwePoor target for planning of observations and reduction of
weather and other conditions prevented completinéjata-
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This collection is part of a continuing effort to PostgreSQL iMaterialized Vi e
provide complete lower resolution references forstored procedures are used to isolate complicated
faintmagnitude work with SNe and classical novael ogi ¢ and fAjoin expressionso toc
and higher resoluth work with bright emission stars Both the name of a star and its position are not
as well as planetary nebulee work by (Le DG etal,suf fi ci ent to find a stardés da
2018). Target synonyms, misspellings, abbreviations,

Accurate spectrphotometric references are truncatbns of star names, different epochs and small
critical when producing an instrumental correctionerrors in reporting complicate tying a spectrum to an
curve. Small telescope spectroscopy takes place a&xact star.
lower altitudes han professional observations under These data represent a broad survey of stars of
more polluted skies. Since these observations armterest to the modeling community and do not serve
attracting attention from the Earth aeronomy andas great photometric reference stars. ingortant to
atmospheric scientists, extended records of theemove stars that have their own issues. We have
meteorological information in FITS headers isfound double stars may not be a problem provided
recommended. the offending companion can be kept away from the

slit to prevent significant signal contamination.
Variabl e stars ar e identifie
fial ltypes 0 t abl e group i n roughly

“1 =gl tars ways. SIMBADOGs spectral types

= e poor quality but sufficient to

. = Double starso6, such as emission stars

suited for use as reference stars.

A Currently, the Washigton Double Star Catalog

% 20 (Mason et al., 2001), as retained by VizieR and
ém, therefore directly accessible via TOPCAT by the
2 broad community, is downloaded and maintained in

] its own PostgreSQL schema.

51 A double star example: SIMBAD has a synonym

0l for WDS J040763804AB, where the WDS catalog

S e itself omits both the AWDSO, t
The WDS to SIMBAD name translation is achieved
Figure 1:  Magnitude Distribution out of 377 total stars through SQL by:
of questionable NGSL Reference Candidates. Created concat (6WDS J6,wds.coord, wds. com
with  complex logic within PostgreSQL  and |t i s of t en t he case with Fl T
Python/Matplotlib. One T -Tauri star omitted. names that the approach tbbreviations differ
within the same collection of files. Since the number
of FITS files are small, manual editing is acceptable
2. Methods in order to make a consistent database. This paper
presents tricks for manual editing in the electronic

Currently we are only working with the NGSL appendix.
catalog. Othecatalog are in progress and their issues  Discordance between FEITS headers and
inform our general approach. PostgreSQL treatseac§ | MBADS®s col |l ection includes co
database as an isolated entity. ltatabase
communications are  complicated.  However, Correct Names (we prefer

PostgreSQL schema partition a single database into

well managed subatases. Each catalog

maintained in its own schema. The FITS spectra
archives are located, downloaded and the FITS file
nt o
Python3/Astropy

headers are captured
table using the provided
Afits2psqglrawo
Collaboration et al.,, 2013, 2018).

based

HDU headers are preserved verbatim as a single
PostgreSQL JSONB field type and basic additional
preser

data is and

switches.

gl eamed

main_id name).

On average, 30 synonyms as popular name

are often more widely used by the
communit

7 R sid

overall blackbod and for firsprder flux
o b

captu
Multiple FITS Lafbratioh.” Mis

gaﬂm(es adtor Fntro QY

confidences.

18
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magnitude
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1 Spectral classification helps to match of all separations in the hierarchical structure of the
reference star to target stars target star is reessary.

f Combining an i nstr ume Exagpe fiora ous BastgreSQle datalase is in
and spectral classification together with Table 1 below.
fluxes helps to predict overall exposure 8.1 Risk of contamination by a close

times to match SNR requirements. companion
1 Reference stars with companions or
background contamination unknovat the HD 25893 has two components with small

time the FITS files were produced. The separation and relatively the same brightness. This
WDS catalog (separation, pa, etc.) With star js not suited for spectrographic comparison.
release will include background stars from contamination requires a bit of logic. Here HD 25893

GAIA data:. _ _ A component is the one studied, with close proximity

- resolved wide pairs are f'f]e ] to the B component. The AC separation is large, and

- unresolved - close pairs with close hjle the CD separation is close that problem is
magnitues are anissue well away fiom the main star and_capable of being

- the Vizier | D for WDnghér@@_/str/h\@dsféaH for t his

_ separation and comparable brightness.
1 The SIMBAD nomenclature for variability

has numerous types that require a comple> m —mg = —2.5 x logio(A flux)

test. _ 7.32 — 9.69
T Hotter stars with small features are preferred ~ — 5 -

for reference stars. ] A fluz) — 0.948
1 Other peculiar aspects of the star. emission ‘°910(Afluz) =0
nebula lines, peculiarebula, etc. Afluz = 10°9%8 = 8 87 times fainter.

1 . . .
—— = 11% noise contribution.

R.87
@ ().
Find FITS Archive

woet TOPCAT ! 8.2 Other methods

..........

= logio(Aflux)

Docker Container TOPCAT will return data with the occasional

0x00 byt es. Whi | e designated
ASCII table,PostgreSQL will fail during a TOPCAT

upload operation. The TOPCAT data is repaired by

saving to a local CSV file, running a Unix command,

FITS2psqlraw

e PostgreSQL

@ . . fix bad.csv sed -e 6%d000/ NULL/ g6 >
—— @? good.csv 0 | 0 a dgood.gpv filé and resuming
Ident the upload attempt.

alltypes

Materialized
allfluxes

FITSfles®nsi st of one or mor e

Views

iiiiiiiiiiiiiiiiiiiiii Unitso (HDU). Each HDU <consi
Figure 2: NGSL Basic Workflow: 1) Get the WDS catalog (KEYWORD, VALUE.’ [optional Com.menﬂ)' The
once; 2) Find and download the FITS archive; 3) Export new standard provides for continuation cards.
6rawdé file with single/ mult iHistogically,bDCGMMENT and HIST@RY eaxds may
schema; 4) Use TOPCAT to create raw tables of with be used. The Pyt ham/sAs trraomoy p

SIMBAD/Other data; 5) Materialized Views and external. is given a set of FITS files and produces a textual file

. suitable for directly loading into PostgreSQL. There
The 150,803 stars of the Washington Double, e times where the older HDUs may be written
Star Catalog was acquired via a TOPCAT query of - g hsi s y with Astropyo:

- - ~ L N tent | N
VizieRos fAB/wds/ wdso. I pépte? 1999,N fb?ogs wmié %&rﬁﬂpis
indicated fAbado.. A 0 U &drardiQoking, thBrE is NERasy vay B Srheforatd )
shows a close companion to the main star and a clogge problems
companion of a widely eparated star. The AB ,

companion case rejects this star as a decent referengce, . g | usersé needs Teols 1k

star-- but the CD companion case, while close, is N0ty 4 et al,, 2020) are interoperable with TOPCAT
related to the A component. Complete con5|derat|0rt-|-ay|or 2020) and SAOImage/ds9 of@ and
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Mandel, 2005) to assist with the program wishes to use this approach may consider measuring
development, planning, reduction and publication.  their exact filters.
Yeager undertook examining filters with the
3. Usable stars LowSpee2 spectrograph with an eye towards
0 s c i-iethece t Thi® was extended to include
The disambiguation of usable stars using2dditional photometric filters. The data were taken in

SIMBAD data has complicating issues. Testing the@ closed room using a ZWO 1600rumoled camera
database against other resources, like Aladin, tha@nd filter wheel pointed at a tungsten light source.
WDS catalog, etc. shows care must be exercised withhe exposure times were varied, and levels of noise

each star. were determined fahe detector. The exposures were
For example, HD 280978 calbratgd indhe ysyah manrep usingpaeNe/gr Relco
of - X |* UV IR - a spectral classification of Pulb. Results were published in a presentation made

A21V with a confidence [0@lpclastronemygrets.. The otypes of
NGSL database lists 57-Ray sources (otype of X).

While SIMBAD offers an XMM observation number

of 0143630901, casual L S of
XMM images show no strong evidence ofrays

from this stards hptarget: i

Mrk 1506, a Seyfert 1 Galaxy that is quite bright.
Additional follow up is required. !

LED bulbs

(b)

Summary: A deeper investigation of the-bay
reference attached to this star, contained in th [
a s s 0 C o tayt peefiormn SIMBAD is in order. '

A second example is a dedjve into the double (2 ' @
star HD 25893, from the database (Tablelbw).

HD 25893 ShO.WS the need for a Contam(.ar.lzeoga) shows how visual filters are not  suited to science
database,' accessible .from a more traditionabpservations; (b) measured narrow band filters suited
programming language like Python 3 or S®fblog.  for science work; (c) spectrum of a LED house lamp
This permits complex logic to be applied using an if bulb brighter in the blue; (d) alignment of narrow
thenelse structure or the judicious use of triggering aP2ssbands with the pollution lines.
greencut operator when the target is too close to a

contaminating source.

igure 3: Example of some common filters measured.

The spectrum for an EL panel is in Figure 4
bdow.
The critical issues for flux calibration include: 1)

for raw information related to targets or referencethe stateof-af fairs of the o b.s erveros
nd current sol ar activityds n

sources. The container offers ease of access withoGt" ¢ ) . . .
Iyrig Jings; 2) ,epgineering aspects including the

: : A tel
urrnecessary impact on the angsi st 6 s 6 . A .
system resources. tepl escope/ spectr ogmtspeddd s combi

functions, deflection and thermal expansion; 3)
operational aspects including planning and
scheduling reference star observations and applying
parallactic angle for observations; 4) reduction of the

data under necessary attendant subjectivésioes;

Flux data was added to the NGSL database 1 5) the need to provide a meaningful audit trail of

assist with rough estimates of exposure times, SNRgqction steps. Many of the pressing issues for large
and for firstorder absolute flux calibration. Bessel professional telescopes are lost in the noise for

(Bessell, 1983) describes a techniquesing pg_1000 |owresolution smaltelescope  (ST)

photometric observations of spectrographic target%ommunity but remain for the R~10000/20000
for a firstorder absolute flux calibration fit. In order spectrographs.

to use this technique for small telescope work, it is"  Tha small telescope community works closely

necessary to have a good understanding of the filtefii, projects and individual researchers to collect and
being used. Modern birefringerittérs have different pjish spectra. Each project has its area of emphasis,
response curves. The small telescope scientist th%erspectives and priorities. Every reduced spectrum

carries inherent noise. This mak#smandatory to
20
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retain all images related to spectra that we publishAstro-surf.com.
Todaybds routine smal | thtepV/vewsv.astrgs @ f.com/buil/ UMEX_projech aig. e i s
tomorrows prediscovery image.
Gerlach, P. (2019). Spectrograph /esoscope
5. Conclusion (lowspec).
WEB/URL.https://www.thingiverse.com/thing:24553
The need for fluscalibrated bright stars to 90
support small telescope spectroscopy is needéd. A ]
white dwarfs are too faint for practical use. A follow Heap, S. R. ~and Lindler, D.
up program of monitoring the handful of NGSL starsgeneration spectral library. In Vazdekis, A. and
that meet the selection criteria under differentPeletier, R., edl_tors, Stellar Populations as Bwldlng
conditions and over a given period can be achieve®locks of Galaxies, volume4 of IAU Symposium,
by simply collecting all attempts together andPages 9b96.
performing the necessary statistical analysis. We

photometric observations be made concurrent witfJeneration spectral library version 2 based on ar
the spectral imaging. This will provide a wealth of 11755, 9o 11652. WEB/URL.

photons of these bright stars and fews of millimaghttps://archive.stsci.edu/prepds/stisngsl/index.html.
photometry wii be possible. Future work will include

refining this technique and applying it to severalJoye, W. A. and Mandel, E. (2005). The
other catalogs we uncovered during the research fdPevebpment of SAOImage DS9: Lessons Learned

this work. from a Small but Successful
Software Project. In Shopbell, P., Britton, M., and
6. Acknowledgements Ebert, R., editors, Astronomical Data Analysis

Software and Systems XIV, volume 347 of
Astronomical Society of the Pacific Conference
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where we get ideas, broach issues, angeldg

friendships and new collaborations. Le DO, P., Parker, Q. A., Garde, O., Demange, T.,

ABASS, VSpec, ISIS, Demetra, RSpec, Audine, SpectroCalc etcfalll_i R., Fl)_e“:\’/lTl" Calfs’é' P., Chsre)ge’ S Fderr_?ro’
§ https:/github.com/Th&MTSCI/NGSL_SAS - Huet, L., Mulato, L., Outters, N., Prestgard, T.,
§ {https:/ingsl.readthedocs.io/en/latest/ Sun, G., Tan, H., Vanhuysse, M., and ZoI_I, S. (2018).
Planetary nebulae disvered and confirmed by

amateur astronomers. In SF2R18: Proceedings of

7. References the Annual meeting of the French Society of
Astronomy and Astrophysics, page Di.
Astropy Collaboration, Pricgvh e | a n , A. M. | Si B Rcz,
B. M., Gunther, H. M., Lim, P. L., Crawford, S. M., Mason, B. D.,"Wycoff, G. L., Hartkopf, W. I,

Conseil, S., Shupe, D. L., Craig, M. W., Deauh, Douglass, G. G., and Worley, C. E. (2001). The 2001
N., Ginsburg, A., etal; and Astropy Contributors YS Naval Observatory Double Star GXDM. I. The
(2018). The Astropy Project: Building an Open Washington Double Star Catalog. The Astronomical
science Project and Status of the v2.0 Core Packageourmal, 122(6):34668471.

The Astronomical Journal, 156(3):123. .
Nebot GomezMoran, A., Fernique, P., and CDS

Astropy Collaboration, Robitaille, T. P., Tollerud, E. 1€am (2020). Aladin Desktop v10: a New Interface
J., Grenfield, P., Droettboom, M., Bray, E., for a Better Usage. In Ballester, Fbsen, J., Solar,

Aldcroft,T., Davis, M., Ginsburg, etal. 2013). M., and Shortridge, K., editors, Astronomical Data
Astropy’: ‘A com’muni'ty Python, package for Analysis Software and Systems XXVII, volume 522

astronomy. Astronomy & Astrophysics, 558:A33. of Astronomical Society of the Pacific Conference
’ Series, page 77. (citations therein).

Bessell, M. S. (1983). VRIphotometry: an i _
addendum. Publ. Astron. Soc. Pac., 95i483. Pagnutti, M. (2020). Terra vega: Technology to
improve the accuracy and use of nighttime imagery.

Buil, C., Dubreuil, P., Ubaud, S., Martin,-l., !N NOAA Innovators Series.
Lopez, A., and Pierre, T. (2019). The uvex project.

21
SAS/AAVSO 39™ Annual Symposium Proceeding


https://github.com/The-SMTSci/NGSL_SAS
https://ngsl.readthedocs.io/en/latest/

https://federallabs.org/events/terragatechnology of
to-improvethe-accuracyanduseof-nighttime
imagery .

the Society for Astronomical Sciences

Symposium.

Taylor, M. B. (2020). TOPCAT: Working with Data
Pence, W. (1999). CFITSIO, v2.0: A New Full and Working with Users. In Ballester, P., Ibsen, J.,
Featured Data Interface. Mehringer, D. M., Plante,

Solar, M., and Shortridge, K., editors, Astronomical
R. L., and Roberts, D. A., editors, Astronomical DataData Analysis Software and Systems XXVII, volume
Analysis Software and Systems VIII, volume 172 of522 of Astronomical Society of the Pacific
Astronomical Society of the Pacific Conference Conference Series, page 67. (citations therein).
Series, page 487. 10Pence, W. (2020). Cfitsidfits
file subroutine libray. WEB/URL.
https://heasarc.gsfc.nasa.gov/fitsio/. Ulmer-Moll, S., Figueira, P., Neal, J. J., Santos, N.
C., and Bonnefoy, M. (2019). Telluric correction in
Rodda, A., Foote, J. L., Sims, F., Gerlach, P., Smiththe neafinfrared: Standard star or synthetic
T., Yeager, C., and Green, W. (2020). Refinements irtransmission? Astronomy & Astrophysics, 621:A79.
3-d printing in small telescope science. Proceedings

From WDS
SIMBAD Name
First Lasl Primary Secondary
Separation Separation Magnitude Magnitude
WDS J04076+3804AB 3.4 3.4 3.4 3.4
WDS J04076+3804AC 239.8 239.8 239.8 239.8
WDS J04076+3804AE 746.1 746.1 746.1 746.1
WDS J04076+3804CD 1 1 1 1

Table 1:

Local PostgreSQL database results show the tight separation between C and D components are not an
issue, as C is well away from the primary. However, the separation between A and B is an

issue.

Type SIMBAD Abbreviation Count

ALgol Stars | Al* 2
EB stars EB* 2
SB stars SB* 57
Double SB ** not V* or SB* 123
Variable

Stars V* 117
Total: 301

Table 2: Combi nat i o nabbreviationS thatididgEst badcangigats
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Figure 3: Example of some common filters measured. (a) shows how visual filters are not suited to science

observations; (b) measured narrow band filters suited for science work; (c) spectrum of a LED house
brighter in the blue; (d) alignment of narrow passbands with the pollution lines.
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Figure 4 : Electroluminescent flat -panel for spectral flats.
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Abstract

Anthony Rodda, following Paul Gerlach's LowSpec design, introduced this team to the power of 3D printing for
astronomical purposes at the AAVSO Fall Conference in 2018. This was reinforced at the Sacramento Mountain
Spectroscopy Workshop (SMSW-2) in Las Cruces, NM in February 2019. We have created a shared repository
which contains results, videos and other resources in support of 3D spectroscopy located on GitHub. This paper
offers considerations about calibration lamps, thermal expansion issues related to ABS, PETG and other 3D
media, optics, automation, telemetry, communications and adapting to other focal-lengths.

1. Overview Figure 1 shows the original LowSp&dayout. This

is the spectrograph that started our investigation. The

During the SAS 2019 Symposium, Fogfoote Igyout of the latest version, LowSp8¢is shown in

et al., 2019)presented the results of an internationalfigure 2. LowSped upgraded the camera lens to a
collaboration of small telescope scientists working to100 mm lens and providedramovable mechanically
replicate, explore and adapt the LowSgeproject improved turntable/grating holder.
(Gerlach, 2020) for 3D printing an R~1000
spectrograph. This pape =N -
efforts with the LowSpee3, leading to a new and fg},‘ﬁ;;@mp°”e”‘s
improved LowSpedlAl device that incorporates dis. 254mn
remote robotics and ancillary devices. The LowSpec pctvomat O e
design is in its third iteration and we use that A
platform as the basis for our developments.

Thorlal
Achramat
1
FEHEE dia. 25.4mm

Alpy photometric sfit 23/200
SHELYAK INSTRUMENTS.

The aim of this initiativeremains to provide a low st miror | or P setecne grasne
cost reliable and stable spectrograph capable ¢ T .} OVID INSTUMENTS e
performing a wide variety of observations under o
remote control, covering low to medium resolutions. @ g 175

This will provide an instrument for astronomers et

wishing to produce professionalragle science
contributions.

Whilst it is likely that the LowSpec and other 3D &

printed spectrographs will undergo further Figure 1 - The LowSpec 2 optical layout.  (Credit: Paul
development elsewhere, the authors have identified &erlach -- LowSpec-2 Manual)

rich list of enhancements which now form the

specifications for the LowSpedAl described

below.
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Figure 3 - Relco Neon/Argon emission.

Figure 2- LowSpec3 (Credit: Paul Gerlach -- LowSpec-3
Manual)

Other general issues under consideration ]
development include the orientation of the .
spectrograph to correct for parallactic ang|e,Figure 4. Modified calibration lamp circuit using either
improved guiding, an inbuilt calibration unit, using e American or European transformers as a build = -
more than two cameras at the same time with one

computer, the cabling associated with theyhg providesrepeatable calibration spectra.  The

instruments, lengt of the cables required for larger gmai size of the power unit developed by the authors
diameter OTAs, and several aspects of focusing thgowed it to be easily hidden behind the SCT
instrument. The ultimate aim is to achieve full secondary mirror.

robotic automation. Walker (Trypsteen and Walker, 201 published
a 555 timer/transformer circuit (see Figure 4) using a
2. Areas Addressed German transformer made by Block. Green and
Yeager located a transformer more readily available
2.1 Calibration Lamp in the US and Yeager adapted the circuit and

produced a preliminary Printed Circuit Board (PCB).
The LowSpee3 design does not, at present, The design runs the transformer backwards by
include an inbuilt calbiration unit. applying 612 swiched DC to the secondary, causing
The group experimented with local Ne/Ar ballast @ 250 VAC output on the primary. This circuit seems
lamps from fluorescent lights which provided usableto provide the best energizing of the Relco lamp
blue as well asred calibration lines. This expanded When operating at about 500Hz.
the useful range of calibration lines across the whole  Experiments were done with respect to the shape
visual spectrum from 380nm to 8&®. of the input beam into the slit of the esprograph.
After experimenting, our group decided to utilize The premise assumed a converging beam that more
the Relco bulb, commonly available in UK/Europe, closely matched the converging beam of the
which contains both the Argon and Neon gases tdelescope would be best. Foote and Smith devised a
accomplish spectral calibration within thabove motorized device to lower a mirror into place and
mentionedrange. If this bulb is energized correctly i allow the selection of Ne/Ar or flat tungsten lamp
glows with emission lines of the two gases. (Sedight input. The device uses a small stepper motor
Figure 3 for a plot of Relco Ar/Ne emission lines.) It driving a threaded rod with a mirror on the end. This
is designed to operate on 50Hz 240VAC. rod can be advanced into the incoming light path
Rodda placed the bulb directly adjacent to thefrom the telescope just in front of the slit. The lamps
Schmidt Cassegrain Telescopes' (SCT) secondargre positioned onthe opposite side of the.owSpec
This moves the weight from the payload to the OTA

26
SAS/AAVSO 39™ Annual Symposium Proceeding

option derived from Walkerds circuit.



2.3 Thermal Shifts

Yaeger discovered calibration discrepancies with
the LowSpee under thermal loads encountered
during the winter conditions in CGamlado, USA. This
led to using an Arduino and Maxim/Dallas 18B20
temperature sensors to monitor differential
temperatures  while taking exposures. The
spectrograph was not moved between exposures to
rule out flexure and other aspects. The conclusion is
that a shift was observed in the position of the
calibration lines on the CCD sensor due to
temperature over a duration matching a nominal
exposure sequence.

The southern part of the United States
experiences large shifts in diurnal temperature. The
Figure 5. Calibration injector. expansioncoefficients of the printing plastics are on

the order of 50em per meter
such that their light hits the mirror and then isfor aluminum/brass and steel are on the order of 21
reflected into the slit. This injection screen providesand 9 em/ m/ K respectively. Th
good illumination without forcing a match of the LowSpee3 allows different areas to come to thermal
calibration light to tle fratio. This can be seen in eaquilibrium at different rates, introducing torque on
Figure 5. the optical axis. Other observers, located in Northern

Previously, injection of the calibration and flat Europe and the UK, for example, do not experience
bulbs directly into the incoming light cone was these fast/large temperature swings.
attempted using a reversed Off Axis Guider. Thiswas An analysis of the component layout of the
ultimately not successful because the direction of thé.owSpec designs wealed the source of the
light was not in the same plane as the incoming lightwavelength shift. Initially it was thought that the
cone, so as it exited the slit, it did not hit the mainangle between incoming collimated beam into the
objective mirror or the grating. This can be seen ingrating and the outgoing collimated beam into the

Figure 1. camera lens was the cause. A location diagram
followed by controlled thermal expaion testing
2.2 Mechanical and Optical Flexure revealed that the angle doesn
Calibration shifts It was found that thetemperaturenduced

wavelength change was due to the LowSpec

The authors also experimented witttroducing micrometer and arm which are part of the 3D printed
grating stage. As such, when the temperature

flexure into the instrument by propping up a corner. D .
This also demonstrated a shift in the position of thechanges, these dimeoss change thus altering the

calibration lines shift with respect to orientation is an9rating angle.
issue.
Most spectrographs are developed along the-4 Focus
optical axis. Thisplacesthe camera at a position
farther from the back of the OTA and poses a  Due to the thermal expansion of the-pbnted
clearance issue with fork mounted scopes. For th&owSpec body, focus drift over a night's run is a
LowSpee2 this is not an issue. problem. Additionally, due to the simple achromatic
Even though the 3D printing process (plasticcamera lens there is a curved focal plane at the
material) can print the T2 threads, the authors foungameraThis curved plane puts the red and blue ends
that thecoupling between the telescope and camer®f the spectra out of focus when the center of the

needed to be improved and decided upon standar@ispersion is in sharp focus. This effect is more
metal fittings. noticeable when operating at low R values. Part of

the automation effort involves being able to refocus
the spectrograph between runs. This involves both
mechanical drives as well as software capable of
rapidly determining FWHM of the calibration
emission lines.

27
SAS/AAVSO 39™ Annual Symposium Proceeding



2.7 The Slit and Slit Assembly
2.5 Guiding

The current spectrograph optics produce a less The slit assembly of the LowSp&cuses the
than optimal image with poor peripheral stawages Ovio slit which we have foundonvenient due to the
such that only the central third of the guide image iswvide selection of widths from 10um to 500um in 12
usable. It should be stated that this is common irsteps. We have investigated motorizing the slit width
mass produced spectrographdncreasing the selection so that this can be changed depending on
diameter of the guide camera lemsulted inbetter  the object or conditions.
star images.
A LED added inside the spectragh 2.8 Camera and Instrument Remote
momentarily illuminates the slit to establish its Control
orientation with respict to the guiderodés sensor. This
also helpful for positioning the target star on the slit.
The field of view of the guide camera has to be
large enough to allow guiding softwate function
and to allow use of an afflit star when the target star
is too dim to correctly center it on the slit and guide
with it.

A key desire bthe project is the need for remote
control and full automation. This involves mounting
small computers on the mount or optical tube and
using open interfaces.

John Hoot(Hoot, 2019)introduced the idea of
using an ODroid XU4 Single Board Computer (SBC)

. . . . with an eMMC flash drive and running a ARM
2.6 Gratings and Grating Orientation CortexA53 processor with Ubuntu 18.04 OS. The
heart of the main software suite includes KStars,

The working dispersion range is controlled by Ekos, and INDI capable of controling 2 USB
the focal | engt has wdl astthee cafietad. MEnE 9BC'is shal BriE light enough to be
number of lines per mm of the grating. Orientation of gttached to the OTAThe SBC requires only Power,
the grating is critical to avoid ordewerlap at low  Ground and an ethernet cable and is remotely
resolution. The current implementation allows forcontro”ed through XWindows protoc0|s_ The
gratings to be quickly changed without the need tosoftware suite has been augmented by compiling
dismount the entire spectrogragiurther enhancing sAOImage/ds9 (Joye and Mandel, 2003, 2005) from
the usefulness and ﬂelelllty of this system. source on the SBC, add|ng Sextractor (Beﬂnd

The authors have developed a motorizethote Arnouts, 1996; Bertin etal, 2015) and
controlled grating turntable that enables remote astrometry.net (Lang et al., 2010, 2012) with a
alignment and wavelength selection. As alluded to insupset of the index files as required for the field size.
the thermal analysis section, rather thasing a The ds9 program assists with focus.
micrometer pushing on an arm to adjust the grating  |mages are acquired and stored on the SBC and
angle, the grating holder was fitted with a gear. ThISn']ay be Simu|taneous|written via SMB or NES
gear was then driven by a higbsolution stepper protocols to a remote computer. The SBC also
motor with a spring bias to take up any gearing slacksypports a distributed MQTT broker service and

Positioning the grating by havinghe motor handles telemetry reports from various additional
approach from the same rotation direction, biases thgstruments discussed herein.
lash in a repeatable fashion, keeping the grating angle  See Figure 6 below for a hidavel logic
to within 1 minute of arc. Further, any thermal giagram.
expansion of the rotation system does not change the
gearing ratio and thus does notaoge the grating - g Telemery
rotation angle.

One might think that an accuracy of less than one

minute of arc would not b Hicientl rate for A major benefit of theeemotecontrol approach
ute of arc would not be sutficiently accurate 1orq o greatly simplified wiring connections needed

the _spectrogrgph, however, the purpose of changin r operation. It is envisaged that a single ethernet
gratlng angle is only used _to ce_nter the wavelength o able and one separate power lead will be required
interest on th camera. Calibration frames are alwaysfor all spectrograph and camera control ogerst

taker_1 for every spt_ectra group and the important . The he?rt of the communicatians is a djstributed .
criteria is that the ¢ aIlOle rbbfht mQitlarod ©s&ria" %«fmm&nﬁhaqi(fhsg e during

the run. protocol where several devices share a common
Rx/ Tx line with a fAmaster/ host
suite of peers- the peer recognizes its address and
28
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transnits the proper response. MQTT is implementedPython classes are available. See the electronic

as a TCP/ I P dApubl i sh/ s u laspendiced fordhis paper provideddrt publiceGitldub n di n g

Airdgalmeo -offadtfatieg so t e | e araltocuynentation repositbries. They may be found

net wor k. I n MQTT, a fisatbscri bero registers its
address ‘together wi t h- a fitps/fwithdecom/THEMETII/NGSE nsor / dat a

source prepas information to pass along as a

fragment of a larger topic. This concept can be used MQTT Banks et al.,, 2020; Light, 2017) is a
for automation of multiple instruments or, indeed, Publish/Subscribe protocol. Messages are simple but
observatories.Fo r examplcde: haisPi @ may éncledleembedded texbnly JSON structures.
that monitors the temperature of the back of a gratingeach sensor may publish its data and many
within its pay |l oad named i AT Msubdariberst ntay ceceive Aha messages. The sensor
example MQTT Topic might be: module may subscribe to a topic as well and receive
ASMTNet/ Str-ausbur g/ Pi er instructions. A norMQTT outof-band serial control

1/ ATM_Monitor/ Focuser / . .strudture has baer devpktd 1 alleve one or mocer

i nformation or c o mma n d dArduiaor devicef poutdiké Bessorerdadingsaperdorm
accepted, and respons e sbasie actons,letc. kne distrbged nfiapnerb | i shedod
responses/acknowledgements/datgy ine returned. Overall, the MQTT is well known and well

supported. Control can be by special code modules or
via the NodeRED ( Ob6Lear y -Joas d
it 2013) webbased mechanism and a simple browser.

‘ 3. New Directions

In keeping with the design philosophy of the
LowSpec, any new design must be easy to fabricate

iy - ﬁ and keep the cost low. Toward this end the 3D
printed spectrograph body is being replacethve
e . commercially available dieast aluminum box. This
requires some machining but delivers enhanced
Figure 6. Shows only two cables, power and LAN cable mechanical strength, light insulation and lower
connecting the mount to off  -site PC. thermal expansion. Clever hand tools and additional

printing can be employed. The optical layout is

) ] achievwed with printed parts to hold each of the

The serial port nature of singlardcomputers  components. In addition, a larger collimating lens
(SBC) makes it necessary to use a larger Raspberryeduces edge effects and improves focus along the
Pi/ODroid computer with Ethernet capability serve  dispersion axis. The camera lens was replaced with a
as one of possibly many chnBrerid Hliofodtaphichlens b 108 Yntnt f6cAl -

Broker polls each SBC, aggregates the responses afghgth. Thesdenses have been designed to maintain
Apublisheso the messagegceys olitho thele8ge bf Ik Gefd of viewdhich € M,
PostgreSQL database _ _ keeps the red and blue end of the spectra in sharp

is a subscriber- addi ng fiper si okt Ntchfight bet tought th&t using a commercial

Conwe

The

a

messages. Persistence\pdes a logging mechanism | e ns negates the flow costo

and provides machines that dropt and recover the  design, howevecommercial lenses on the secondary
chance to review the recent stafeaffairs of the  market are usually less than a new achromatic lens. A

system. _ _ ~ first pass layout of the LowSpé¢Al can be seen in
The Arduino Nano 33 BLE Sense is a singleFigyre 7 below.

board microcontroller with a number of sensors on
the card. The main sensoare a microphone, a&is 4 Results to Date
accelerometer, a -8is magnetometer, a-#kis ' '

gyroscope providinga 9-degreeof freedom (DOF) General results from the LowSpec spectrograph have

IMU, temperature sensors and light sensors. Th een verv encouraging. Fi@us shows a full optical
Arduino computers use a subset of C++ and classes y ging. " P

have been written to adapt eamsor to the smal Spectrum of a Miles catalogue standard star taken

telescope spectroscopy needs. Telemetry iéecently with a LowSpeg using a 300 lines/mm

“published” by theArduino and managed by a grating overlaid with the library reference plot.
MQTT broker running on the ODroid. C++ and
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https://github.com/The-SMTSci/NGSL
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Figure 9. A solar spe ctrum taken using a LowSpec -3.
Processed using BASS software.

Figure 7. Concept layout of LowSpec -NA1.
5. Conclusions

Comparison for Lowspecd F7V star.
T T

Initial findings and investigations gained from
the LowSpeeNAl spectrograph warrant further
T development for automation and mechanical and
control enhancements. The authors hamndertaken
several initiatives that, they believe, will render a
fully automated spectrograph capable of science
grade observations.

Exploring 3D printing capability led the authors
to collaborate biweekly via Zoom on an-fr®nth
project resulting in a Gitub repository for public
consumption:

‘ ‘ ‘ ‘ ‘ . ‘ . https://github.com/dxwayne/SAS_3D_202and
https://SAS_3D_2020.readthedocs.io

Uavelength CA)

Figure 8. HD142373 Miles Catalogue star comparison. .
Plot produced using ISIS (Buil, 2020) software. The authors continue tccollaborate on an

ongoing basis that has proven to be highly

HD142373 is an F9 main sequence star at 4.62 m\educational and fun.
As can be seen, this is a good representation and One issue that still needs to be resolved is the
achieves an R value of around 800. Thisguide image size and quality. As stated above the
performance is achieveasing low grade lenses and guide image needs to be large enough to show
the oO6restrictedd 80mm f cufigient stassnfgrtphate ehgn @nd ahave good .
loss of sensitivity in the blue region is due, in part, toenough star images quality to allow guiding on a star
the poor blueend performance of the science thatis in the field but not on the slit.
camerads sensor . We have shown that the LowSp8ds a capable

Figure 9 below shows bench results from thedesign that lends itself to improvements and
same LowSpe3 reduced using BASS software automation while still maintaining the originalgign
(Pareskeva, 2019) but this time using an 180@hilosophy.
lines/mm grating. This solar spectrum achieves an R A number of mechanical and control approaches
value well in excess of 8,000. This will improve with were developed in response to using 3D printed

the intended 100mm focal length camera lens. spectrographs for collection of scientific data in the
field. We added a LED using microcontroller control

behind the slit to visualize the slgmotely.

-

Relative
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8. Appendix
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: : Serial | Arduino 12C/SPI/
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]

Icase 1 1 Serial | Arduino 12C/SPI/

e e e e e e e == ! Analog

| Case 1+2

The science case calls for three basic payloaith Case 1, but may be used with the addition of a
scenarios and some additional instrumentation. ODroid for that case.

Case 1:the science goal calls for photometry With so manycomputers on the OTA a small
using a science cameraffiltetheel and a guide switch will be required. However, the number of
camera. This maxes out the general rule-ohfheras physical wires from the pier to the OTA is still at a
per CPU and will utilize all three USB ports for a minimum
ODroid XU4. This configuration does not have The additional case calls for placing small
sufficient USB pats to support a rotator or a focuser. Arduino PreMini or Nano 33 BLE elsewhere on the

Case2t he fspect +with@smipnged OFA Heminimize heat andbalance issues. The
camera (spectrograph) and a guide camera. IArduino Small Board Computers (SBC) utilize serial
addition to this case, a way to introduce high voltagecommunications.

/ high frequency power to a gas discharge lamp  Summary: The two ODroids have enough USB
(Relco)and abrighi f | at 6 | amp i s toesgpport foeat planeTfdciiser, goidey, spectroscopy
be utilized with a special power block and messagingscience camera, filter wheel, a high voltage power

Case 3 a compelling case, whereby photometry source for calibratiorand flat lamps, and a piggy
is acquired from the field of study during the requiredback photometry system.
long spectrographic  exposures to  provide Note: Some focal plane focusers share the USB
photometryband flux to assist with absolute flux to support a rotator.
calibration of images. Case 3 requires 2 ODroid
computers. The CMOS Finder, shown above is a
USB connection that cannot be used with one ODroid
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9. Addendum: Larger-size Figures

Optical components 2{:.‘32.?::5.?:’“"’” 2
3.2 mm thic
LOWSP E C Thorlabs Achromat
s dia. 25.4mm
f=125 mm
Thorlabs

first surface mirror |

dia. 12.7 mm
3.2 mim thick
Thorlabs

MEO5-GO1

Figure 1 - The LowSpec 2 optical layout.

Achromat .
Al S5 Ginen 4 AC254-125-A
it ;

Alpy photometric slit 23/200
SHELYAK INSTRUMENTS y

OR

Reflective grating

300 /mm
OVIO slit plate 25%25x6 mm
OVIO INSTUMENTS Thorlabs
GR25-0305
achromat
dia. 12.5 mm
f=35mm
Edmund optics
#45-210

(Credit: Paul Gerlach -- LowSpec -2 Manual)
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derived from Wal kerds circuit
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Figure 6. Shows only two cables, power and LAN cable connecting the mount to off -site PC.

Grating Holder
Guide camera

Grating rotation motor
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Abstract

The recently published ATLAS Reference Catalog 2 contains Gaia astrometry, including proper motions and
neighboring-star flags, as well as high-precision photometric data, cross-calibrated over the entire sky, on 105
million stars to 16th magnitude. In the present approach to asteroid lightcurve generation from raw images, we
gather all ATLAS comparison star candidates within
for: magnitude range, magnitude uncertainty, color range, and absence of neighboring stars. The implementing
software generates simple statistical plots to help the observer identify and optionally exclude: outlier comp stars,
outlier individual comp observations, image-to-image zero-point fluctuations, and comp stars suspected of

a

t el es

variability. This approach wuses every ful |l -ythesg typdallyf i ed <cor

number 30-80. The approach is rapid and so far has yielded lightcurves of high quality and has eliminated most
need to adjust nightly zero-points.

1. Introduction 19" magnitude and practically 100% complete t8' 16

magnitude.

Certain new star catalogs offer advanced amateur  1he author finds that the ATLAS catalog offers

astronomers new opportunities in both astrometryhe best of both the astrometric and photometric

and photometry. The present work develops one suctorlds. All-sky astroretry from GAIA includes

opportunity: applying the publicly available ATLAS Parallax, proper motions, and flags for nearby

may be applied to asteroid period determination andlags are especially .useful in retaining only isolated
shape estimation, and over time to estimation ofOmp stars for use in aperture photometry. The all

Yarkovsky and YORP effects. sky catalog magnitude benefit in reliability from

The ATLAS c atbasédoagtreetryGRYltiple scans of the sky by most contributing

helps identify comparison stars more accurately andatasets, and from cresalidation between the

with by toocl ose neighbor s tRARSIARRSIG, and pasghandy which are very
PanSTAARSgrounded photometry and its excellent Cl0Se to Sloan passbands oé tsame name and are

all-sky calibration help the observer build nightly designed to be interchangeable with them. ATLAS g,

asteroid lightcurves that can be joined into apparitio: I and z magnitudes have been tested against
lightcurves with little or no needo adjust nightly —Synthetic magnitudes from STScl and found to agree

zeropoint values. within 0.005 magnitude. Magnitudes in Gaia G and

photometric workflow and give lightcurve examples Perhaps of less direct interest to most asteroid

obtained from that workflow. photometry.

The completeness of the ATLAS catalog allows
2. The ATLAS Catalog the observer to begin with very many potential

comparison stars (fAcomp

The ATLAS All-Sky Stellar Reference Catalog unsuitable ones; this is by contrastthe traditional

(hereafter AATLASO) ver
combines astrometry from GAIA Data Release 2 with
photometry from the PaBTARRS sky survey as
supplemented by selections from the APASS, GAIA
DR2, SkyMapper, Tych@, and Yale Bright Star
datasets. The catalog appears to be 99% compete to
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both suitable and representative.
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guiding. All stars whose sky positions on the night of
imaging fall within he defined sky section are read
A bit of scripted automation simplifies and from a local copy of the ATLAS catalog, corrected in
makes almost instantaneouse tigathering of very ~Position for proper motion on the imaging night, and
many comp stars for each asteroid session. Thien required to pass several screening criteria before
current workflow makes maximum use of this by acceptance:
gathering and screening dozens to hundreds of comp 1 Magnitude appropriate to target
stars per photometry session (field of view), in an I &GS NR A RIghagnitidelJS O G S

3. The Current Workflow

attempt to minimize systematic and randerrors. 1 Color index @) appropriate to the
. . . . GFrNBSGO FAGSNRPARQA (y26Y
3.1 Planning the session and imaging color, and
For the example lightcurves in this work, 1 Absence of other catalog stars nearer

asteroids were chosen from target lists in the Minor than the photometric sky aperture.

Planet Bulletin. For each night, asteroid observationdNo limit whatever to the number of comp stars is
were scheduled to fill phase gaps in its lightcurve forapplied; all that pass the screem® automatically
the curent apparition, a process greatly aided byincluded; for asteroids in or near the Milky Way,
graphical scripts when the period is known. Exposurecomp stars often number in the hundreds.

times targeted asteroid apertymleotometry S/N of When an asteroid moves slowly enough and the
200 and so were typically 5800 seconds. Cadence field of view is large enough, the asteroid may be
(the interval between image miones) typically imaged at the same sky position for two (or more)
targetedl/60 of the period when the period known. If consecutive nights. The same comp stars would then
the estimated duty cycle (the sum of exposure plube retrieved from the ATLAS catalog, and in
image overhead, divided by the cadence) wagrinciple exactly the same comp star set could be
significantly below 100%, two or more asteroids used for the consecutive nights. However, to get the

were usually scheduled to image in alternation. desired suppression of stsglection error, the

Images forthiswde 6 s exampl e | iapdenvermust algosenswe thas the same comp stars

acquired at Deep Sky West Remote Observatorgre actually included for both nights.

(northern New Mexico, altitude 2210 m, IAU V28)
with a 0.35 meter SCT at /7.7, SBIG ST>XB03E
camera cooled te35C, and PlaneWave-R00 direct
drive mount, all automated by ACPfseare (DG3

3.3 Automated Aperture Photometry

Before aperture photometry, we exclude every

Dreams). Exposures longer than 120 seconds werenage that fails any one of several tests:

autoguided. Image series were often interleaved by

cycling between the positions of# asteroids, as
facilitated by the direetl r i ve mount 6s
settling rates. Time basis was cootwsly

standardized by Meinberg NTP service and monitor

(Meinberg, 2020) against-B remote NTP servers to
within about 10 milliseconds.

FITS images were platgolved by PinPoint (DC
3 Dreams) and calibrated by Maxim DL Pro
(Diffraction Limited) using medinaveraged dark
images and recent flat images using a-faustable
flat panel, with CCD temperature matching that of al
light images.

3.2 Gathering and Selecting Comp Star
Candidates

The photometry workflow described in this work
begins by defining a ($mrically) rectangular sky
section matching the im

gﬁ)@

1 Clouds, poor star profiles, stray light, or

; iotgerggifacts, b visgal inspection;
APILYENF'SRNBYOS sadK Fy Fadé
or sky annulus caused by a star,
satellite, or deep sky object, by visual
inspection; or
1 Plate solution outlier results, including
plate scale, position angle, etc.
From two retainedmages in which the asteroid
appears distinctly one early and one late in the
serie® the observer identifies the asteroid, verifies
its location with a MPES (MPC, 2020) ephemeris,
and records the asteroidds pi x
Using plate solutions a&n exposure midimes, a
python script interpol ates the

for each image and badonverts to asteroid pixel
locations in each image. This seemingly circuitous
roach religbly identifies the target asteroid in each

R Seechivhleh PheVi M¥gd 88 E&ftler s

asteroid, extended by 3% to cover star proper motiorgky position, as is often the case when interleaving

and any errors in mount pointing, tracking, and

3
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Using python scripts amhgep and dt thbisr acecounts Hoe medest pseudd s
ongoing variablestar photometry program (Dose, random imagédo-image variations in model zero
2019), sourceminussky aperture photometry is point. In the end, photometric results are numerically
performed upon the target asteroid and every comghe same as those from differential photometry, but
star, on every retained image. with the advantageous plotting of zerentered zero

The next, distinctive step in the workflow is to poi nt adjustments vs i mage JD
keep only comp stars represented in every image | ot , 0 a valuabl e di agnhostic
This step discards fewer comp stars than one mightaditional differential photometry. Asteroidi icolor
expect, and it removes error in final asteroid may be measured from Sloan or (with transforms)
lightcurve magnitudes caused simply by differing JohnsorCousins photometry, or may simply be

comp star sets between images. estimatedj deal |l y while accounting
composition or class when known.
3.4 Mixed-Model Regression Also resulting from the regression results are

numerous diagnostic plots, as described in section
The curated comptar observation data are then 3.5. These plots guide the refinement of image
fit by mixedmodel regression (Gelman and Hill, selection, comstar selection, ahmodel settings.
2006) as mplemented in the python package
statsmodels. The | i near 3hieraiveRefinenedteip BiagnhestictPlotsar i abl e
is simply raw instrumental magnitude computed from
the log of asteroid aperture flux, net of scaled sky = While the preceding steps have been strictly
annulus flux. sequential, the remaining steps described in this
Fixed dependent variables in the mixed modelsection form one iteration of a convergent cycle.
(for which the fitted parameter value is fixed acrossEach cycle offers plots to guide the observer in
all comp star observations) always include: nightlyremoving images, comp stars, or individual comp star
zero point magnitude, catalog r magnitude, andobservationd first categorically with applied limits
catalog #i color index. Optional fixed variables are:  on magnitude, color, catalog mag error, etc., then on
f Airmass, to fit nightly extinction inr as a outlier individual data points as the observer sees fit.
fixed pasmeter (if omitted, the Probably because the.ATLAS patalog stare so
observer may specify an extinction numerous and of such high quality, the_a'uthor has
. . . repeatedly found that even when committing small
value suitable to the observing site, jhconsistencies in setting limits on magnitudes,
season, anq Weather); colors, and errors, in judging comp stars and points to
f axA3ySiasSe ol y | He)SuMidrsdzNdSiatjustingi réytessiditiRgs, the
distance squared from image center in final photometric results vary remarkably little. The
pixel§), accounting for  residual next steps ou_tlmed for each ref_lnemen_t iteration may
vignettin from imperfect flat appear dayntmg, put: (1)_ the dlagnostlc plots usually
g. . g P make obvious which refinement is needed next, (2)
calibration; 5 ~refipements can be reversed pljby undoing the
T a-€¢ YR a, €& ORAaA&aULl Mi&tShangdsdhabe térke Yamt®l ekt Mey andi(3 ib
x and y CCD direction), to account forgeneral guidance offered herein is followed, specific

small, uncorrected linear gradients, inconsistencies in discretionary culling of input data
rarely needed, and will probably matter very little to the final results.

. < , = or each jteratin _of mo refinement, the
T aWSYFNI Oie O0FNIOUA f%ll}{\fviné- 'at&gjdrieaggogoploé %Lu% %e Me@,l' y
Date), to account for drift in zero point ideally in the order of the following subsections:
during the imaging se&m.
For all examples in this work, the dependent fixed3.5.1. Comp Star Variability Plot
variables were: zerpoint, catalog r magnitude,
catalog fi magnitude, vignette, and JD_fract. For each comp star retained in the regression
The model 6s sol e depe nnodeh fts fir rasidunloven JDvis plottesl ljekaeplas sn a
distinct feature of mixednodel regression. This Figure 1). These are in fact jackknife residuals,
variabke is noanumeric and categorical, that is, an calculated against a regression that includesthbr
arbitrary tag that is uniform for all observations from comp stars. Any strong trend in residuals suggests
one image but distinct between images. The resultinghat that comp star is variable or that its color index is
fitted parameter value is not fixed across thean outlier; large and consistent residuals indicate that
regression but is specific to observations of a single
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Comp Variability plot

Model residual vs Color Index (cat)
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Figure 1. Examples of comp star variability plots,
October 28 _2019_se55|_on observing asteroid (1130) Model residual vs JD
Skuld. mMag is millimagnitudes. .
] ™ L o ® ®e 0
A - 8 o g o 383 e 80 e 8®
the comp stards flux diff o8y E_!ig l!i Bl!'.égmgh
the catalog, possibly because of a neighboring star. | 297 i I i i ! !; quql ii
. [=J]
either case, that comp star probably should bez o4 § ° g i !‘li : g .i;! . i-.s' o
excluded. E T m! e Oii:' : : i! i
The example plots of Figure 1 represent 12 of the 2°1 & & § ﬂ!. "§ lglg I L R 't
36 comp stars included in the photometeduction —a0] 3 % ee® ometcecfoge T3E3 ;.930 o00°
of October 28 2019 observations of asteroid (1130 . _ID(mid)- 2458?85 it
Skuld. In this example, no comp star shows evidence 0.72 0.80 0.88

of significant variability, but comp star 207 is
SUﬁ'_C|em|y erratic that an observer might remove itrigure 2. Example of comp star residual pl  ots, October
at his discretion. 28, 2019 session observing asteroid (1130) Skuld.

3.5.2. Comp Star ResidualPlots catalog r mag, raw instrumental mag, catalbgalor
index, airmass, sky flux (aperture background), and
The workflowds nine r @:Diharizoatdl or yerticaltdisplacenefit from lseinterh
Figure 2 shows three) help the observer check for In the example plots of Figure 2, the color
systematic errors in the regression fit, as well as téndex range has already been restricted to match and
screen comptars bytheirrangesf any or all of: bracket the estimated color of the target asteroid (red
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Figure 3. Example of catalog and time plots, October 28
2019 session observing asteroid (1130) S  kuld.

point). There is no trend with airmass, so extinction
effects appear to be canceled already. There is also f§109:
trend of residual with comp star distance from the
CCD center, which confirms that vignetting has beer"
accurately flatcalibrated. The lastplot confirms

absence of trend in congtar residuals with time.

3.5.3. Catalog and Time Plots

These nine plots (of which Figure 3 shows four)
help the observer to check for additional systematic
errors and then to restrict the set of comp stars if
needed.

Catalog plots help the observer limit comp stars
to ranges of catalog magnitude uncertainty and color
i ndex. ACirrus
JD) and sky flux (background brightness) plots can
signal passing weather or even equipment intyabi
Plots of signal FWHM and instrument magnitude
uncertainty plots (vs JD) can signal problems with
focus, weather, or tracking.

In the example plots of Figure 3, the instrument
magnitude shows the usual trend with catalog
magnitude, and the cirrus plsuggest cirrus clouds
early in the session. The sky flux plot shows the usual
trend as the target crosses the meridian, and the one
night lightcurve is already taking shape.

Residuals for the target asteroid are plotted in a
contrasting color. Restrictinthe comp star set to
colors near to and centered on the asteroid color
serves to cancel, to a first order, any inaccuracies in
extinction coefficient or color transform.

3.5.4.Comp Star Q-Q Plot

This statistical plot (example in Figure 4) gives
the shape ofesiduals of all retained comp stars, with
each point an average for one comp star over all
retained images. @ plots help the observer evaluate
how random (normal, or Gaussian distribution) are
the residuals in question, as well as to identify
individual deviants from a normal distribution. That
is, outliers are indicated as a deviation from a
distribution, in context, rather than simply as an
excessive deviation from the mean valueQ@Ilots
are constructed by sorting the residuals in ascending
order, omputing the 4values for an equally spaced
normal probability curve with n as the number of
residuals, and then plotting thesealues on the x
axis and the residual values themselves on the y axis.
Bona fide outliers should of course be removed,
especidy when there the observer has external
evidence for the cause. But in practice the author
finds that careful use of the variability, residual,
and time plots mentioned above typically
leaves very few or no remaining outliers. That is, the
ean omp star residuals usually fall very nearly
over on the reference line of slope one, which inra Q
Q plot indicates that the residuals are normally
distributed and that no outlier comp stars remain.
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T TE residuals slopes decrease, indicating negative kurtosis
401 rather than individual outliers; this is more common
than might be expected, especially when outliers
have been removed either impligit(e.g., through
restricting magnitude or color ranges) or explicitly
(by removing comp stars or observations directly).

mMag residual
o

3.6 Convergence and Final Session Results

Along with the diagnostic plots, predicted

-0 asteroid magnitudes and their uncertainties are also

| |t (sigma :1.9'5 mMag) | [
2 0 2 instrument magnitudes and color index values for the
asteroid. Asteroid magnitudes and uncertainties are in
fact the goal of the entire workflow, but in all
iterations but the last they are discarded.

Only when the observer judges that all
regression parameter values and diagnostic plots
appear satisfactory do the iterations stop; the latest

40 " ' predicted asteroid magnitudes and uncertainties are
accepted as the workfl owds
asteroidmagnitudes and uncertainties represent the

0 input to highedlevel asteroid studies, especially for
lightcurve analysis usually to determine rotation
period and possibly to estimate asteroid shape.

Figure 4. Example of Comp Star Q -Q Plot, October 28
2019 session observing asteroid (1130) Skuld.

mMag residual

-40

o~ 4. Example Lightcurves from the

t (sigma = 21.1 mMag) Workflow
-2 0 2

We present two recertghtcurves determined
Figure 5. Example of Comp Star Observations Q  -Q Plot, via the workflow described above. Canopus version
October 28 2019 session observing asteroid (1130) 10 software was used to make distance adjustments
Skuld. to the magnitudes resulting from the present

. workflow to yield #Areducedo
In the examp'e plot of F|gqre 4, no comp StarsIight-travel adjustments to the obseiivas times to

appear aslouthers., and the re5|d.ua|s fall closthdo lace times on an asteraidflection basis to estimate
referenpg line, which always hag intercept of zero an e synodic rotation period, and to generate the phase
slope giving the standard deviation. and splitperiod plots for asteroids (1130) Skuld and

39197) 2000 XA.
3.5.5. Observations QQ Plot ( )

This plot is similar to the € comp star plot 4.1 (1130) Skuld
(Figure 4) except much denser, as it generally
includes a thousand or more comp star olzd@ns.

Again, typical such plots are usually very nearlydear_ filtler _during five OctobeNo_vember 2019
. X sessions. The present photometric workflow and
linear. Outliers are rare but are labeled when the

exist to aid in their accurate removal. Standar(}()erIOOI estimation from Canopus 10 yielded the

PR : hased lightcurve of Figure 6.
deviation in observation @ plot are often 20% P . ) . .
. . i Of the five nights, zerpoint adjustment was
higher than in comp star-Q plots, because rethe needed for only the second night, who&servations

g\t/):(ra;\ézgons of each comp star are no IOr‘ge\r/vere brighter by 50 millimagnitudes than expected

In the example plot of Figure 5, a clear majority from H-G adjustments (Harris, 1989) using any

of the observation residuals fall within perhaps 5r€asona ble val ue eabtero@. That

- ! Lo R observer phase angle was an extraordinarily low
millimagnitudes of the reference line, indicating that0 17°, s0 close to zero that one might| wepect
they appear to be normal in distribarti and are ~7 9

absent outliers. Indeed, at the high and low ends the
42
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Phased Plot: 1130_Skuld Phased Plot: 39197_2000 XA
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Figure 6. Phase Lightcurve for asteroid (1130) Skuld. 1agsl |® 17 1031
|— 6th Order

1470}
measurable deviations from traditionaltGd phase g rerst
angle formulas that were designed for higher phas %
angles, just as earlier applied to this same asterois asf
(Buchheim, 2010). gress

The excess astid brightness observed very 3o
near zero phase angle may be caused b&isif
retroreflection from asteroid surface crystals having
right angles, and at slightly wider phase angles ma: =
be enhanced by spheroid gldik® beads from 1530/
impact melt.

Period: 2.6107 £ 0.0015 h Amp: 0.66
000 010 020 030 040 050 060 070 080 080 100

4.2 (39197) 2000 XA Figure 7. Phase Lightcurve s for asteroid (39197) 2000

XA.
Fairter asteroid (39197) 2000 XA, observed in
clear filter for five nights in OctobeNovember |ess of the asteroid bimodal period, the ability to
2019, yielded the phased lightcurves of Figure 7. interpret splithalves phase plots is greatly enhanced
The example plots of Figure 7 were assemblechy the availability of numerous accurate comp stars
without nightly zerepoint adjustments. as in the present wor kfl ow,
Though (3919 7)ionkgbtcue isX Aligticurve®rhag be joined as in Figures 7 and 8
thought to be bimodal, in Figure 7 there is little to without the need to judge and apply zeaint
help decide between the unimodal and bimodakdjustments.

possibilities. No synodic periods have been reported

from densecadence lightcurves for this asteroid 5 Conclusions

(Warner, 2020) in the Lightcurve Détase LCDB

(Warner et al, 2009). A sole lightcurve from Sparse i, appropriate software and a comprehensive,

obs;_erdvatlops (V\gszczra]lk etal, 2015)| replortsba_\ Sygof'ﬁighprecision, easily accessible star catalog such as

period of 5.221  hours, a clearly bimodal \1) Ag refcat2, starting an asteroid photorgetr

Interpretation and in close agreement with the presenf oo with all possible comparison stars within

res“"r:fb'ml‘?dﬁ'-l e coden of i f he imageso6o field of view
. The sp It halves phasedap o F_lgure 8 avors straightforward and arguably less arbitrary than is the

neither a bimodal nor unimodal interpretation, topopular practice of manually selecting a few comp

within the low RMS uncertainty of the individual stars

pomtEs. allv in th h Beginning with dozens to hundreds of comp star
specially in the very common case Where a.,.qigates allows the opserver to restrict th adopted

single nightos images ¢CagfnpCslytto dhiY Ehéfse BompP Yikrs E%&n bly © '
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Split Halves Phased Plot: 39197_2000 XA 2018) for their generous description of details of the
0.00 0.10 0.20 0.30 0.40 0.50 . . .
‘ ‘ ‘ ‘ ' ‘ ATLAS refcat2 release catalog and joins them in

14.50- Year: 2019

1ass| |0 00-05 ] acknowledging the many contributors and supporters
¥ 05-10 op 9.0%8 . .
14.60( | H1: Orders w o i B g, ] of that catalog effort as listed near the end of their
1465 |- H2: Order 6 . e x g i
1a.70} cu&‘ * ’Sﬁ* 1 paper. . . . .
14750 g Y ] Software for this project was written in python
g : i s provided wi
§ a0 pae ‘& 1 language, whose interpreter is provided withoost
::: f” 5‘% ] by the Python Foundation. This project also made
3 1005 / ¥ extensive use of several supporting packages also
Fosoob %, £ provided without cost, notably the pandas, ephem,
::‘1’3 o ] matplotlib, requests, and statsmodels packages; the
O I %° ] author thanks the package authors as well for thei
1520 ﬁ%ﬁ* significant effort and offerings.
15.25 ™ i
1o Period: 5.2231 + 0.0058 h | 7 References
0 ‘50 D.‘GO 0,‘70 o.éo 0.;)0 1.2]0 '
Figure 8. Split Halves Phased Plot for asteroid (39197) Buc h h el m, R., fi Me t h ods and L e
2000 XA. Determining the HG Parameters of Asteroid Phase

Cur v es 0,Socitg forl ABtjonomical Sciences

matching the asteroid in brightness and color indexAnnual Symposiun29, 101:-115.
A broad variety of diagwstic plots aids in comp star
selection, including recognition and removal of Dose, E., codéexoepbagtary. dpiac
variable or outlier candidates. Indeed, the authohttps:/github.com/edose/photrix
finds that mapping the comp star set and regression
model through the set of more than 20 diagnostd?ose, E., code repository fAmpcoc
plots eases rather than roplicates the model https:/github.com/edose/mpc
refinement process, and final convergence can be
declared with confidence. When carried out carefully,Ge | man, A. and Hill, J, iDat ¢
the workflow has produced nightly lightcurves thatRegr essi on and Mul tilevel/ Heir
can be assembled into a muitght appariton (2006), Cambridge Press
lightcurve needing few or no disti@nary zerepoint
adjustments. Harri s, A -GWAsteradid TMagnitudé Mean

Fully automatic aperture photometry is aided byS| o p e Par a me tAlestrast®of Sygteimd 8 9 ) in
the catalogds offering phedwarandPlamaarysSciengeyConteeeR0e375 ons and
proper motions, so that stars can be identified
automatically with very high confidence. If the Meinberg NTP and monitor software, (2020) from
i magesd pl at® contain wtciraten Bttps:/Avyw.meinbergglobal.com/english/sw/ntp.htm
distortion parameters in an open standard format such
as SIP, then the catal od@y Jplacetadl.|"Bhg AELAS ABky fSigllar each st a

could be used as wel | . Refeignce Catalaga(R0dHnd $67:308 ®1ib.al f | u x
values should be used as well, to exclude candidate .
comp stars at high riskf overlapping apertures. War ner , B. D. et al, NfThe ast

Finally, the author notes that recent advanced! a t a b a s elcarus 20210184196,
star catalogs, including the ATLAS refcat2,
increasingly adopt the Sloan passband standards ovéyarner, B.D., MPO Canopus Software, version
legacy Johnso€ousins and related passbands; thel0.7.12.9, (2018), BDW Plibhing.

aut hor6s asteroi dill belhasadomet ry program
upon Sloan passbands from the outset. Warner, B.D., LCDB database, accessed 2020,

http://www.minorplanet.info/lightcurvedatabase.html
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Abstract

This paper presents a summary of the results of a five years study by SSC Observatories [SSCQ] of short period

variable star candidates in the MOTESS-GNAT 1 Catalog. It presents confirmation, light curves and classification

of 73 previously wunconfirmed variable stars. Additionall vy,
confirmations to develop statistics on the predictive quality of MGL1. It also presents a revised version of the

catalog that includes updated periods, confirmation and classification information from SSCO and other

published sources designated as the Vetted-MOTESS-GNAT Candidate Variables Catalog [VMGC 2020].

1. Introduction The campaign commenced with observations
beginning in November of 2015 and ntmues

In September 2015, with completion and first through the present. _
light for the latest of Besuls opthesinitial joyrtagdrhalfeygags ofthis s c 0]
robotic telescope, a program was initiated to followCampaign are summarized in this paper.
up on candidate short period variable stars in the ]

MOTESSGNAT 1 catalog [MG1], Kraus, et al 2. Instrumentation

(2007). The MG catalog was created by -re

analyzing observations made by the MOTESS The bul k of the program ut.
Survey, Tucker (2007). MOTESS consisted of 3Schmidt Cassegrain telescope at the Center For Solar
fixed telescopes that, using time delay integration, oSystems Studies [C§3The telescope operates at 6.3
drift scanning, monitor a 48 arc minute high strip ofand currently is equipped with a ZWO ASI 1600m
sky at a fixed declination. Thdesign was optimized CMOS camera with photometric filters. For the first
for the discovery, monitoring and tracking of three years of the campaign, the scope used SBIG
asteroids, comets and other moving transients. B CD cameras with photometric filters. The telescope
staggering the three scopes in right ascension at system operates fulllautonomously. It opens the
common declination, moving objects could be easilyroof, monitors weather, focuses, points, plate solves,
found via automated data analysis guides, images, parks and shuts down autonomously.

It was apparent to MOTIgEAEY $ lingarseoa bre rorstwa thrgets a might, e
rigorous automated processing could also detecilternating V and Rc band exposures while the
transients and variability in the luminosity dimension. targets remain above Zrmasses. At the end of each
To this end, several years of observational data fronsession calibration images are taken and all data is

the MOTESS program were processed to generateap | oaded to SSCO6s office for
catalog of probable variable stellar sources. The During the course of the ca
resulting catalog contains 26,402 candidate variable cope at CcCS3, SSCO6s 0.3m te
stars. Each candidate is listed with position,Ca mpanas Remot e Obeseoper at or y o

instrumental V magnitude a computed period,have been employed to fill in during maintenance on
instrumental amplitude of variation and a probabilitythe 0.25m telescope and to break aliasing of periods
that the source is indeed variable. near multiples of 8 and 12 hours.
The authors of the catalog verified that a high
percentage of know variables were identified by their3, Data Reduction and Analysis
processing pipeline. They did not however follow up
on any significant number of their candidate stars. Depending on the targetds b

When searching for avorthy project for the typjcally range between 1 and Binutes. With
SSCO0s automated t esdmpledc ohRofometric Hiters, talgdtsdat HaBritRIE 16.0 can be
candidate short period variable stars in the MGlmeasured to 0.015 magnitude precision. That was
catalog was selected for one of the initial campaigns.near the practical limit for most targets selected. For

the past three years the entire data reduction pipeline
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has been implemented on aUREA Virtual candidates, but somand most notably CSS, were
Machine, Hoot (2018a). The virtual machine can beproviding period and complete period coverage.
hosted by almost any x86 based computer. The To prevent duplication of effort, in addition to
virtual machine is a Linux Ubuntu system usingthe above selection steps, each target was also
UREKA, Hist et al (2014), scripts to calibrate a checked with SIMBAD and VIZIER of CDS to be
session. It takes about five to ten minutes to catédh sure the candidate had not been workesfore

a typical ni ght 6s dat a sthédaling it forsphotpometric dbsewation.50 t o 400
images. Photometric measurements are then made

with SSCO6s Large Ensemble Photometry package
[LePhot], Hoot (2018b). The entire process typically5., Results

takes under 30 minutes.

The LePhot package is also useddo period  gjnce its inceptions, SSCO campaign has
solving, plotting and exporting observing sessions ingpserved on 722 nights in 785 target sessions. A total
CSV, Tab Delimited, or AAVSO report formats. number of images reduced now exceed 53,00 images.

From the campaignos ipay@&d foroal sedsrs AsUse or? BVDS and
data from the calibration pipeline was analyzed usingyortable hard disk drives for archival purposes.
the MPO Canopus software package, Warner (R016

4. Candidate Target Selection MG1 Vetting Statistics
Methodology
Photometric Measurements =53000
Over the course of the campaign, the targei| Observng Sessions 185
selection process evolved as the idiosyncrasies of tt Observing Nights 122
MG1 catalog became better understood. Initially, | 298t . 110
. Confirmed Variables T3
targets were selected if . )
~ . MNewly Confirmed Variables 35
1) The staro6s Ri ght 1As " :
L2 Reclassified Variables 7
hour of the LST at local midnight at the Confirmed Mon Variable Candidates 16

observatory site. Incomplete or Inconclusive Candidates 20
2) The catalog period was below several days.

3) The AProbability of rawggr e vEdhd Cathphign sHtfiis

near 0.

. L Over the course of the campaign 110 candidate
This methodology led to monitoring many vari v . paig !

. N L able stars have been observed. Of those targets,
candidates that showed no variability. Examination of. 9

h fields led di h 73 variable stars have been confirmed. Of the
t e_target lelds led to IScovery that many non confirmed variables, 35 are new confirmations. All
variable stars were flagged if they were part of

doubl ltile st Th babl for th but 19 new confirmations have complete light curves.
) Ollj € ormu 'E]e Sl\a/IrCS;i etplro aole ct;lutse Or eI pservations of 22 candidate variables confirmed by
inclusion n the catalog 1S that SeeINg o, gpservers have been made and light curves
modulation during the survey, combined with drift

. .~ created. Alternate periods are proposed for 2 of these
scanning oma l-day cadence, causes the measurin

i . reviowsly confirmed targets. Additionally, based on
aperture to capture difference portions of theEb y g y

. z SSCO6 s. | i ht curves,, t he can
companion staro6s PSF. T éclgssifglir{g' tHe9 \?aﬁaslg tyEJea Ef Sge pré{/iSUtsl)‘? ctions
by the MG1 catalog generator software. reported variables

As a regult, an add|t|qr)al step was added to Sixteen candidate stars have been observed and
target selection. After the itral §electlon ProCess  have been determined not to be variable stars. The
?‘bo"e’ e?ch ta%eh_fleldeggs first g)g"énsmedb l:csmgremaining 20 targets do not have sufficient period
Images ~from  Aladin, , Of » Delore coverage to yet make a determination of whether or
scheduling sessions on a candidate star. not they are variable

After about a year of the program, it was realized This breaks down to an average of 181 nights of
that SSCO was not alone in the vetting of MGlobservation per year over the last 4.25 years. .

cadi dates. While | ogging n,&bﬁer?on £ i Saﬁe? lednGits’ mplet Was
found that the Catalina Sky Survey[CSS] Drake et'summarizing the results of measurements of all 110
Al. (2014) and subsequently other surveys Weretargeted stars

confirming sources in the MG1 catalog. Many
surveys simply noted the variability of MGL1
46
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Appendix B of this paper contains light curves
for all newly confirmed, or reclassified variable stars
measured to date.

variations will be recorded in contaminated stars
as brightness variations.

1 Moon light scattering during transits of the
6. Release of the Vetted MOTESS Moon that vary during the lunar otbtycle
GNAT Candidate Variable Star modulate sky background with a period of the
Catalog lunar _cycle and can trigger fa_lse variable
detections of stars near saturation, or stars
. . operating in _nonlinear ranges of the detectors.
As sSCos observations afil s ihiiy Velthg crfidated trighid

other sources have become more numerous, SSCO
has created a new reversion of the MG1 catalog. It
contains all of the original MG1 candidate stars an
merges SSCO6s results w
VSX, Panstarrs and GAIA. The new catalog,

than 14' magnituwle

M Ry o P 0 5 SRR <

. o his yet another reasan, angidates brighter
designated ivetted MOTES F\I‘H@ . i fFang
Variable Star Catalogo [V ya <’:lfgr]mdlgish e[{eua%ol'dlgdi;hed
SSCOo6s website at: 1 As noted earlier, close multiple stars combined

http://www.ssccorp.com/Observatory/VMED2Q

7. Analysis

Over the course of the vetting campaign several
sources of systematic error in the MG1 survey have

with night to night variations in seeing can
contaminate the photometric apertures. Nearby
sources such a faint companion stars or
background galaxies led to false candidates
being included in the catalog.

come to be recognized:

Catalog Period(d)

Ratio of Catalog Period To Confirmed Period

10000

01

o001

1.0000 10.0000 100.0000 1000,0000

Confirmed Period(d)

Figure 2: Ratio Catalog Periods to Confirmed
Periods

by

Figure2 shows a quirk of synodic sampling. It aliases
variable stars with periods that are near integral
multiples of 3 and 4 hours leading to imputed periods
many multiples of the actual period.

igure : Exaple of MOTESS Iomingi,
Tucker(2007)

CCD blooming as shown in Figure 1, in both the
horizontal rows and vedal columns by bright
sources near the target corrupted photometry
measurements. The horizontal blooming being
due to the nature of the saturated source during
drift based integration. Stars in the boxed areas
are examples of targets that are contaminaked
the amount of blooming will vary with the bright
sources PSF and sky background level, these

47
SAS/AAVSO 39™ Annual Symposium Proceeding


http://www.ssccorp.com/Observatories/VMG-2020

Distribution Of Confirmed Variable Stars Measured Periods Of Varl abl | Ity' Cl ear|y1 Stars Wlth ass I g ned

probabilies of variabilty betterh thsn 96%, of
prove to be truly variabe. The scattering of
detections at probabilites below 50% is puzzling.
More data is needed to understand what is

happening thereThe problem being that in
general spending observering resources on these
candidates is not a profitable use to time.

Star Count
]

SSCO6s most | ikely guess is t
5 are eclipsing systems that simply dance between
O e the synodic sampling period. They areugh

Patodty detected as transient events, and hence included

in the catalog, but since no period could be
confidently measured by the MG1 catalog
generator, they were assigned a low probability.

Distribution of Confirmed Variable Stars Catalog Periods

1 Apparently the MG1 source filter misidentified a
number of small gaikies and Quasars. These
have found their way into the MG1 catalog. This
is yet another reason to check DSS and other
sources before starting a session on a candidate.

8. Conclusions

0 12 24 3 48 B0 72 B4 9 108 120 132 144 155 165 160 192 204 216 229 240 252 264 276 268 300 312 324 3% 34 0
Period(h)

Figure 3: Catlog Periods vs. Confirmed Periods This campaign has been a foretaste of what we
can expect as many larger eeys come online in the
1 Figure 3 highlghts another impact of the MG1 coming decade. We can expect many detections of
surveyos synodi c p er i vadationo &nd toahstemts whodei tuen periodshamd
synodic period leads to undsampled data for natures can only be resolved by continuous long time
periods shorter than several days. For confirmederies observation; these are the type of activities
short period variables, the MG1 catalog showswhere small telescope sciereecels.
no period of less than 24 hours. Whilenfirmed Further, these results emphasize the importance
periods are dominated by RR Lyrae type of surveys randomizing the period between revisiting
variables with a smattering of eclipsing the same fields. It is key to allow data analysis
variables. pipelines to more accurately estimate and classify
variable sources.
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MG1 Observed Targets Report

Results For 110 Candidate Variable Stars

ign

Campa

Appendix A

MG
Target New Catalog Measured  Period
Index Scope Targets Alt ID Conf RA {2000) _ DEC (2000_ Periodih) Periodih) __ Err.
1 C53-0.254m MG 1-15438 UCACA-468-000048 Y 0D 40282 +0332 20 52 508 12,1800 00100
2 CS3-0.254m MG1-25281 ASASSN-V JO10641.20+0256821.6 " 0106413 +02 56 22 80.022 10.6070 0.0100
3 C53-0.254m MG 1-83437 UCAC4-468-003783 Y 0247088 +03 26 02 28 656 32 0000 00200
4 CS3-0.254m MG1-63973 UCAC4-468-003788 Y 0z 48411 +0307 10 52.265 21.0060 0.0010
5 CS3-0.254m MG1-78357 UCACA-458-004644 Y 0326 00.3 +03 10 22 43874 79.5000 0.1000
8 CS3-0.254m MG1-02684 UCACA4-458-005028 Y 04 05 35.3 +03 31 40 26.225 6.0540 0.0030
7 CS3-0.254m MG1-94731 UCACA4-467-005082 Y 04 10 51.7 +03 10 08 30.018 7.6830 0.0020
8 CS53-0.254m MG 1-105008 UCACA4-467-006701 Y 04 30 54.3 +03 1503 177.097 177.0070 5.0000
@ CS3-0.254m MG 1-142402 UCAC4-458-000610 Y 0512538 +03 28 48 40100 17.8628 0.0003
10 CS3-0.254m MG1-2156228 UCACA4-460-014245 Y 06 00 20.3 +0338 M 3s.e 20.5810 0.0010
11 CS3-0.254m MG1-281508 UCACA4-468-018377 Y 06 26 47.5 +0327 43 26.408 835.0500 441000
12 CS3-0.254m MG1-472014 UCACA4-467-031845 Y 07 28 07.0 +02 54 00 25422 6.7000 0.0100
13 C53-0.254m  MG1-472508  UCAC4-486-032440 ¥ 0728432 +031021 47.688 44.7240 0.0100
14 CS3-0.254m MG1-508301 UCACA-467-034435 Y 07 44024 +03 12 00 43873 43.872 0.0010
15 C53-0.254m  MG1-518187  UCAC4-488-035457 ¥  O747557 +033482 28037 20.2830 0.1480
18 ©53-0.254m  MG1-520700  UCAC4-488-035802 ¥ 0750154 +032828 31.081 7.6000 0.0020
17 ©53-0.254m  MGI-577868  UCAC4-485-041030 ¥ 0832520 +025331 70018 70.1850 0.0030
18 ©53-0.254m  MG1-588367  UCAC4-486-041250 ¥ 0842472 +0305%58 44808 £6.0234 0.0005
18 ©53-0.254m  MG1-618436  UCAC4-460-041726 Y 0831244 +033638 318382 25.5150 0.0080
20 ©53-0.254m  MG1-851056  UCAC4-488-044076 ¥ 1042338 +033533 54352 7.200 0.001
21 CS53-D.254m MG 1-853231 UCACA-467-044542 Y 10 47 586 +03 23 48 37863 83150 00300
22 CS53-D.254m MG 1-870508 CS5 J113248 7+033002 Al 1132488 +03 30 02 30705 215810 00015
23 CS53-D.254m MG 1-873488 UCACA4-467-0456870 Al 1141452 +03 14 44 32826 356 6700 2 oooo
24 CS53-D.254m MG 1-809271 UCAC4-465-048661 Y 1251223 +02 54 50 34452 14 0820 0.0030
25 CS3-0.254m MG 1-705484 UCACA4-467-047528 A 1307 354 +03 10 40 17700.7 329.0115 0.0005
28 CS53-D.254m MG 1-753840 CS5_J145013.0+032812 Al 14 50 130 +03 20 12 100742 4 56805 00010
27 CS3-0.254m MG1-756775 UCACA- 465-051030 Y 1455423 +02 54 18 95.766 37.6400 0.0500
28 CS53-D.254m MG1-857120 UCAC4-468-057332 Y 1642270 +03 30 04 24 001 78140 00010
20 CS3-0.254m MG1-880510 UCAC4-458-050103 Y 17 00 35.1 +03 26 18 26.255 5368 0.1000
30 CS3-0.254m MG 1-026482 UCACA4-468-061712 Y 1718 27.7 +03 11 17 31403 38.7450 0.0010
21 CS3-0.254m MG1-1304335 UCACA-458-0017432 Y 1207 19.2 +0333 52 86.407 74.8560 0.0048
32 CS3-0.254m MG1-1462000 UCACA-468-006000 Y 12 16 57.4 +03 01 58 44170 32.8870 0.0010
23 CS3-0.254m UCACA 470-115708 Y 12 65 00.3 +03 57 21 11.5730 0.0010
24 CS3-0.4m MG1-1785344 UCACA4-468-120520 Y 2004 389 +03 11 58 42870 66.4000 0.0010
25 CS3-0.254m MG1-1828701 UCAC4-487-120221 Y 2013 401 +03 10 38 35.336 140.8700 0.0010
38 ©53-0.254m  MG1-1950848  UCAC4-486-131033 ¥ 2110302 +030512 28577 72.1000 1.0000
37 LCO-0.3m MG1-2003078 UCAC4-466-133586 Y 2147 16.0 +03 04 20 6505 2.4000 0.0020
38 LCO-0.3m MG1-2003313  CSS_J214732.2+031027 ¥* 2147323 +031028  153.183 34073 0.0001
30 ©53-0.254m  MG1-2020331  CSS_J222128 8+030857 ¥ 2221287 +030957 52386 168.4440 0.0320
40 ©53-0.254m  MG1-2032814  UCAC4-465-134418 ¥ 2227103 +0259 41 32826 37.8082 0.0800
41 ©53-0.254m  MG1-2081835  UCAC4-486-137375 ¥ 2327388 +020917 43078 8.4240 0.0020
42 CS53-D.254m MG 1-2061750 UCAC4-468-140803 Y 2327504 +03 24 58 24 001 24 2600 00200
43 ©53-0.254m  MG1-1340 UCAC4-482-000108 N 0004378 +033300 ag213 8.2780 o.0010
44 CS53-0.254m MG1-7442 CS5_J001847 6+033347 N 0018477 +03 33 48 3045 13.3030 00200
45 CS53-D.254m MG 1-29260 CS5 J011738.0+031858 N 0117381 +03 18 58 413325 13.3580 0 0080
48 CS53-D.254m MG 1-42006 CS5_J015350 8+030827 N 0153508 +03 06 28 31403 272060 0.0030
47 CS53-D.254m MG 1-48005 CS5_J020650 8+030848 N 0z 06 509 +03 08 47 28788 20.5300 00300
48 CS53-D.254m MG 1-55503 UCACA4-467-003214 N 0226488 +03 14 17 81406 14 8460 00070
48 CS53-D.254m MG 1-56024 NSVS 12068710 N 0Dz23088 +0327 53 81406 148710 0.0050
50 CS3-0.254m MG1-84683 CSS5_J034220.2+032421 N 0342202 +0324 21 30.705 2.1780 0.0050
51 LCO-0.3m MG 1-168868 ASASSN-V J052048 30+025447T 5 N 0520484 +02 54 47 34 851 incom plete
52 CS3-0.254m MG1-433775 ASASSN-V JOT1556.17+030327.9 N 07 156 56.2 +03 03 28 56.402 85.2528
53 CS3-0.254m MG1-553523 TSVSCT THN-N221213303-84-67-2 N 0210400 +03 34 12 30.354 10.8320 0.0050
54 CS3-0.254m MG 1-584532 CS5_J084033.4+030845 N 08 40 334 +03 08 45 27.556 22.4060 0.0060
55 CS3-0.254m MG1-586268 CSS_J084238.3+025537 N 0242384 +02 55 38 87.045 7.32685 0.0050
58 CS3-0.254m MG1-862352 UCAC4-468-045634 N 1111012 #0331 34.204 42.3500 0.0080
67 CS53-0.254m MG1-866422 CSS_J112147.6+032827 N 1121477 +03 28 27 41707 15.1408 0.0010
£8 CS3-0.254m MG1-660408 UCACA4-460-044050 N 1120503 +03 36 58 36.242 7.5540 0.0010
50 ©53-0.254m  MG1-875386  UCACH- 4808-048414 N 1147 141 +0332 14 23350 12.8070 0.0040
60 CS3-0.254m MG1-600131 UCAC4-468-047308 N 1227 448 +03 26 08 84.152 14.72300 0.0100
81 ©53-0.254m  MG1-783708 V0GOS Vir N 1508 17.3  +030343 6702105 14.0038 o0.0002
82 ©53-0.254m  MGI-780788  NSVS 12438381 N 1531504 +030502 6733.041 19.1601 0.0001
53 ©53-0.254m  MG1-783341  ASAS J153455+0300.3 N 1534554 +0208 15 35745 14.3130 0.0030
84 ©53-0.254m  MG1-813207 VD456 Ser N 1612 144  +D301 0B 57.044 56.8540 0.0450
65 CS53-0.254m MG 1-1190666 V3550 Oph N 1818517 +0317 23 35336 11.0420 00010
88 ©53-0.254m  MG1-1353876  ASASSN-V J184551.27+033519.0 N 1845513  +0335 18 20.8 7.7200 o.0010
67 CS53-0.254m MG1-1800142 VOT85 Agl N 2007 375 +02 53 31 35663 10.2870 00020
88 ©53-0.254m  MG1-1291381  CSS_J213536.0:032435 N 2013401 +0319 38 a5.336 149.8700 o.0010
68 CS53-0.254m MG 1-1860881 UCACA-4608-124842 N 2023311 +03 05 37 28 263 7.7880 0.0050
70 CS53-D.254m MG1-1878463 ASASSN-V J202835 35+0310380 N 2028353 +03 10 38 52 870 16.4460 0.0002
71 CS53-0.254m MG1-2012643 CS5_J215810 7+025445 N 2153108 +02 54 45 30374 14 8607 0.0001
72 CS53-D.254m MG 1-2023879 ASASSN-V J221313.56+0302102 N 2213136 +03 02 10 138 424 incomplete
73 CS3-0.254m MG1-20500132 Lonsos-RR 740 N 2302159 +03 06 10 57.572 15.1280 0.0070
74 C53-D.254m MG1-3740 UCACA4-465-000202 - 0009 256 +02 52 38 40571 Incomplate
75 CS3-0.254m MG1-13823 UCAC4-465-000810 - 00 36 07.8 +02 56 53 24.843 Incomplate
78 CS3-0.254m MG1-19108 UCAC4-460-001158 - 0050314 +03 36 28 136.220 Incomplate
77 CS3-0.254m MG1-61844 UCACA4-458-003706 - 0242523 +03 32 48 83.126 Incomplate
78 CS3-0.254m MG1-62800 UCAC4-468-003824 - 0248 104 +03294 1156.136 Incomplete
78 CS3-0.254m MG1-00343 UCAC4-465-006324 - 04 20 25.1 +02 57 50 58.230 Incomplete
80 CS3-0.254m MG1-330347 UCAC4-465-021050 - 06 46 43.5 +02 56 12 30.705 Incomplete

Measured
Epoch (JD} VAmp. RAmp.  VMag. R Mag.  Type Comment
Z458702 771574 0.270 0200 14700 14300 EA Tonfirms Panstar Transient
2458401.708843  0.1400 13.780 ¥s0 Caleulated Dominate Freq @ Epoch
2458076.728525  0.3000 0450 18700  15.800 EW? Foor 5/N - Ambiguous Period, Acretion?
2458703.808056  0.6740 0.842  15.862  15.505 EA
2458811.850806  0.4000 3500 15280  14.550 EA Incomplete Coverage
2457722.656321  0.2000 0,180 14.800  14.200 RRe Dual Mode Pulsator
2457741.881285  0.2400 0.230  15.000  14.000 EW
2458420783148 0.210 0,180 14500 13.750 77 Sparse covarags consistent with catalog period
2458137.840008 0.500 0.450 13770 13.570 EW Unequal Peaks
2457384836126 0.1500 0160 14.800  14.800 EW
2458852.712372  0.3200 15.100 77 P ge, pericd 24 hour alias
2457420678758 0.5400 0500 18300 16.300 EW
2457435.862033  0.3000 0.300 15850  15.200 EW Incomplete Coverage - Revisit
2458522 646366 0.4500 0400 13500 13.330 EA Incomplete possible 87.346 period
2457782.760070  0.4800 0500  16.000  15.850 EA Fartial Coverage
2457770.681300 0.1700 0160 14800  14.150 EW
2458885.957130  0.7800 0.B00 14700  14.100 EAEW  MG1-577968/ Collected V4E7 Hya from sessions
2458880.725012  0.7800 0700 15080  14.800 EA
2457828.673865  0.5000 0.450 16200  15.400 EA Incomplete Coverage
2458913719841 0.22 021 15.850 15.5 RRe
2458557 858565  0.1800 0,170 14170 13.870 DSCT isey data, low amp. mulimode pulsator
2457483 807576  0.7500 14.850 EA i
2457874 853605 >0.0 =00 15200  14.700 EW EW not ROT,Incomplete Coverage
24572847 874826  0.6200 0500 14192 13.030 RRAB
2458242.885682  0.2000 0.230 14280  13.000 EA Mew Feriod
2457508 863834  0.3400 13.000  13.320 EW Reclassification
2457533.682105  0.0800 0110 15.000  14.450 EW Mot quite full coverage. [EB?]
2457076 8008TT  0.2400 13.720 RRc
2458862.743125  0.1750 0,125 13470 12.070 EW
2458201.846771  0.2030 0.358 14811 14.152 EA
2457586.000000 0.740 0.880 14500  14.200 EA
2458321711820 0.303 0.320 13051  13.400 EA
2457621.604282  0.4300 0045 15100 14700 EW Serundipidous Discovery
2458715.885463 0.710 0.B50  15.020  14.840 EA Confirms Panstars Transient Detection
2458324 806880 0.800 0720 15120 14.840 EA Incomplete Coverage, but good enough
2453720.823842  0.0800 0100 14400  14.070 CEP incomplete coverage
2458353860815 0.1000 0120 14160 13.750 DSCT  Reclassification. Dual mod 1 octave overtone
2458354 700405  0.1000 0100 13.800  13.550 DSCT  Misclasified in CSS Citation
2457630663320  0.7000 0.B00 14850  14.350 RRAE  RR Lyrae type pulsator
2457655.644538  0.1400 0.140 15.850 EW
2458065.533010  0.2500 0.230 15800  15.300 EW
2458755.016310  0.2000 0.200 14800 14250 RRAB? Incomplete coverage - Revisit
2458376.735046 0.467 0.538  14.847  14.578 EW
2458761.681238  1.0000 0800 15700  15.500 RRAB?
2457882 850438 0.2000 15.350 EW *Needs Madel
2547336.014003  0.8500 13.050  14.700 EA Detached EB System
2457700.650851  0.1700 0.220 15250  14.800 EA
2457710.620878  0.5000 0.280 14888 14418 RRAE  RRAB Modeled
2458005 627674  0.8000 0830 13200  13.150 RRab good SN
2457340.750070  0.4000 0.450 15150  14.850 EW
13.450 ¥SO Variabillity Confirmed
0.310 14.530 EA Incomplete Coverage
2458117.836042  1.3800 1.080  13.850  13.850 RRab
2457440.787103  1.2000 15750  15.750 EA
2458880.725012  0.5000 0.000 15880  15.560 EW
2458566.622465  0.2300 0.300 14800 14.250 EW
2458107.562017  0.4000 14.810 RRab
2458210.704128  0.3000 0200 14700 14100 EW
2457855711576  0.8300 0.480 15400  15.200 RRAB
2457262.718017  0.8700 0700 14043  14.875 RRAB
2458256.711806  0.BBOD 14250  14.140 RRab
2458262.751981  0.4780 0.405 13326  13.055 RRab Incomplete Coverage
2457800684870  0.8800 0.550 12750  12.470 RRAB
2457906.778807  1.2000 1.350 12850 12500 EA
2458667 683056 0.700 0800 15000  14.350 EW in VX
2458670.640444 0.700 0.B00  14.100 “3.8 EW
2457062 070508 1.500 1300 13500  13.500 RRAB
2458324 806887  0.8000 0.720 15120  14.840 EA Incomplete Coverage. but good enough
2457075 BT5704 0.800 0500 14520  14.050 EW
2457070718208 0.008 0802 14827  14.528 RRab
2457608 778008  0.6300 0510 15420  15.100 RRAB
0.3000 0400 15170  14.480 YSO
2458015.806882  0.5700 0.460  14.050  14.730 RRAE 344 data points
Foor SIN
14350  13.800 Incomplete coverage
15040 14.830
13.370
12410 13.080
16520  16.570 Paor SNR
14.850 Double
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C53-0.254m
©53-0.254m
C53-0.254m
LCO-0.3m

©53-0.254m
C53-0.254m
©53-0.254m
C53-0.254m
C©53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
C53-0.254m
LCO-0.3m

C53-0.254m
C53-0.254m
C©53-0.254m
C53-0.254m
©53-0.254m
C©53-0.254m
©53-0.254m
C©53-0.254m
©53-0.254m
C©53-0.254m

MG1-543153
MG1-877478
MG1-777858
MG 1-B08375
MG1-818287
MG1-867718
MG 1-p05088
MG 1-1380470
MG1-1726738
MG 1-1982675
MG1-2013174
MG 1-2038482
MG 1-2044537
MG 1-38824
MG 1-47887
MG 1-50080
MG1-83320
MG1-83323
MG1-84300
MG 1-670508
MG1-877170
MG 1-704462
MG 1-705482
MG1-705022
MG1-743705
MG1-752138
MG1-753535
MG1-853521
MG1-897154
MG1-2032648

UCAC4-486-037002
UCAC4-488-046085
UCAC4-485-053110
UCACA4-485-054724
UCAC4-485-055351
UCAC4-468-058205
UCAC4-488-080167
UCACA4-463-081232
UCAC4-488-116805
UCAC4-467-120041
UCAC4-469-132554
UCACA4-463-130280
UCAC4-466-136234
UCAC4-488-002358
UCAC4-486-D02778
UCAC4-485-002803
UCAC4-487-005026
UCAC4-467-005027
UCAC4-487-005106
UCAC4-480-045032
UCAC4-488-046518
UCAC4-480-047048
UCAC4-487-047527
UCACA4-485-040081
UCAC4-487-048621
UCAC4-488-051076
UCAC4-488-051076
UCAC4-488-057126
UCAC4-488-050836
UCAC4-488-135422

0203204
1153273
1528 08.0
16010092
1610283
1648 54 2
1708 08.0
1906 548
1953 51.7
2137516
2158483
2213136
2240045
0143054
0206 30.7
0212026
02384286
03238435
0241387
1132482
116237.0
1204485
1307 35.2
1208360
143055.5
1447 00.9
14403387
1640026
1704 20.8
222655.8

+0307 18
+03 02 4%
+02 58 42
+0254 23
+02 55 33
+03 01 06
+0324 37
+0328 27
+0305 13
+03 16 15
+03 38 58
+0302 10
+03 01 08
+0324 43
+0303 52
+02 56 21
+03 12 38
+03 21 08
+03 1254
+03 37 62
+03 20 47
+03 40 35
+032237
+02 58 07
+0323 42
+02 54 16
+03 32 36
+03 31 58
+0303 24
+03 03 26

03.586
33.879
13.75
20.323
18544.33
6764 118
53.852
33 668
24672
25 364
54 @81
138424
48.880
30374
27.366
242770
0.05
o.e8
33.206
32.226
26.835
05.766
50.142
32.078

Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplate
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable
Mot Variable

0.0200
0.0300

0.2200

0.1000

0.0500

0.0500

0.1000

0.0300

0.0500

0.0200
0.01v

0.030
14.180

15.700

13.820
14.850
13.200

15.520
17.000

14100
15750
15.100

15.750

13.050
16.200
13.480

13.050
13.800

14.400
15.510
15.860
12.780

13.840

14870

14.300

13.40
13.62
13.670

13.170

12.650

13.230
0.020

Sparse Coverage
Noisy/CV?

Full coverate of cataloa period

Mo Var At Catalog Period. Panstar Shows Tranients
Mo Viable Aliased Shart Period

Mo variation or transients

Near B hrs incomplete coveratage. rev
SIN ~2 R Mag 17 too faint triple star

Likely false positive from nearby star blcom

Pnastars sees transient

Nearby Blooming Star
Mot Variable At Period

Double Not Variable

Mear Birght Star Bloomimg

Mear Birght Star Bloomimg

Close Double

Mear Bright Star Bloom

Mo Variation At The Catalag Period

Saturated Double Star

No Variability At Catalog Period

Mo siginificant vation at catalog period. Full Coverage
No Variability At Catalog Period

Dbl Star. Not Variable at catloa period

Double Star

Close Doubles

Close Double - False detection

MG!-2032856 Not Var. At Motess Saturation
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Re Magnitude
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MG1-25261 Multi-Session Photometry
152 Observations

2018.10:03 Re £

20181015 Re
20181015 Rc W|

0.0 0.5 10

Phased at period 10.60000 Hours
JDO = 2458402.781840278

MG1-15436 Multi-Session Photometry

194 Observations

53

0.0 05 10
Phased at periad 19.19000 Hours.
100 = 2458766, 775212963

V Magnitude

152

0.0

0s
Phased at period 19.23000 Hours
JDD = 2458764.771574074

SAS/AAVSO 39™ Annual Symposium Proceeding



V Magnitude

V Magnitude

MG1-63437 Multi-Session Photometry
129 Observations

MG1-63973 Multi-Session Photometry
188 Observations

20191029 e
20191030 A
2019-10-31 Re
20191101 e
20191102 e
2019-11-03 Re
20191104 A
20191105 Re
20191106 e

15.4
162 [ zorrtiasv]
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¥ 20071109 v
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i 20071121V
15.6
1641
158
16.6
3
1
2
£
5
2
=
&
16.8] 16.0
170 16.2
17.2
0.0 0.5 10 16.4
Phased at period 32.09000 Hours
JD0 = 2458076.7353125
MG1-25261 Multi-Session Photometry
281 Observations
13.8 = — ———
¥ 2018-10-09 v
& 20181009VE
¥ 20181009 vw
i 20181010
§ 20181001v
% 20081001vE
s zo1B1011vwW
20181015V E
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0.0 0.2 0.4 0.6 08
Phased at period 7.315 Hours
JDO = 2458406.75787037

10

Re Magnitude

-
w
@

=
o
=

0.5
Phased at period 31.00600 Hours
D0 = 2458789.937708333

MG1-63437-Rc Multi-Session Photometry
131 Observations

20171116 Ac
20171137 Re
20171118 Ae
20171120 Re
2017-11-21 Re

0.0 0.5
Phased at period 32.09000 Hours
JDO = 2458076.7295949073
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V Magnitude

V Magnitude

MG1-78357 Multi-Session Phatometry

Phased Plot: MG1-92684

Year: 2016
H 672-11130
¥ 675-12/03
— 6th Order
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Phased at period 79.5 Hours
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MG1-105008-Rc Multi-Session Photometry
449 Observations
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