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Outline of Talk

e Kirksville and Truman State University

e Astronomy & Astrophysics Research at Truman State

e \ariable stars and eclipsing binary stars

e Differential Photometry

e Light Curve analysis and the O’Connell effect

e Opportunities presented by survey missions like Kepler
e DSLR Photometry

e How you can contribute
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Tigfm Truman State University
Kirksville, Missouri: “Missouri’s North Star”
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Image Credit: David Lorens (University of Wisconsin-Madison) http://www.cleardarksky.com/
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| Truman State University
e Publicliberal arts and science institution
e Undergraduate student population of about 6000
e Physics department has 7 permanent faculty members
e Around 10-15 physics graduates every year
e QOur program offers BS and BA in physics and a physics

minor.

e Astronomy minor introduced last year (9 minors in two
years + 6 enrolled)

e Astrobiology minor to be introduced in Fall 2017




The Truman Observatory m%m\n

e Three CCD cameras
e Several smaller 6 and 8 inch scopes

e Upgrade to 17-inch Planewave and
Paramount (Summer 2016)

e NURO -31inch scope @ Lowell

14-inch Meade LX200GPS
telescope

ST-8300 SBIG CCD camera
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TRUMAN Astronomy & Astrophysics
Research @ Truman State
Undergraduate Students

* Tyler Gardner, Gage Hahs (Phys): Eclipsing Binary Stars

* Charlyn Ortmann (Phys): Astrobiology, EB stars
* Nathan Scott, Nicole Fiore (Bio): Astrobiology

* Ingrid Roettgen (Comm), Steve Pankey (Phys), Eric Hilker
(Bio): Light Pollution

e Kaila Lorenzen (MACC): Light Pollution

Funding: Missouri Space Grant Consortium (MOSGC), Missouri EPSCoR
Office of Student Research (OSR), Truman State University
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Outreach

* ‘Stargazers’ student astronomy club
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Binary Stars: Why study them

* Around 50% of stars in the Galaxy |

are thought to be part of a binary =S H,otspot‘
system. O
: / ol .A»c'cretic.m.\.,.
* Determine masses of components 3; e T
. Vwted A Compamon
— Radii can be determined for stars in = RO e S
EC“pSing binaries Picture Credit: Rob Hynes

e Test the theory of stellar structure
and stellar evolution

e Mass Transfer and accretion disks
e Study of compact objects

* Star spots

Picture Credit: Gavin

Ramsay
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" Binary Stars: Why study te

* Relatively easy way to
introduce undergraduate
majors and motivated high-

school students to Y o Accrétio N
Accretion stream .. - W
astronomy research. P B T It T

- star
2 K, Dhanes 2000

Picture Credit: Rob Hynes

* Relatively easy for amateur
astronomers to meaningfully
contribute to our collective
scientific knowledge base.

Picture Credit: Gavin Ramsay




Variable Stars
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Variable Stars: Types

* There are different ways to classify variable stars.

 One way is to classify them based on the reason for
variability:
— geometric variables,
— pulsating variables and,
— eruptive variables
* For our purposes the ‘geometric variables’ are Eclipsing

Binary (EB) systems, though exoplanets and systems
containing a disk or dust would also fall under this

category.

http://astro.unl.edu/naap/ebs/animations/ebs.htmi



Eclipsing Binary Stars: What are they?

Eclipsing Binary Stars

o

Brightness

Primary
Eclipse

U

Secondary
Eclipse

Primary
Eclipse

http://kepler.nasa.gov/
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Types of EBs

* EA: Algol type variables
* Clearly defined eclipses with a definite
start and end point

* EB: [3-Lyrae type variables
* Clearly defined eclipses, but may show
variations outside eclipse; mainly due to
non-spherical nature of components
e Depth of minima are significantly
different

e EW: WUMa type variables
* A continuously varying light curve with
unclear ‘start’ and ‘end’ point for
eclipses.
* Both components are severely distorted
from spherical shape.
* Depth of minima are comparable

Flux
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(b)Synthetic “*/# Lyrae” type light cure (V band).
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(c) Synthetic W UMa" type light cure (V band).
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== Eclipsing Binary Stars: Resources

Search (P8 Useriogin )

e AAVSO (aavs0.0rg) S %f""&“" :
— VSP [Star Charts] R . i RAVSY

American’Association of Variable Star Observers

L »

— V P H OT [ P h OtO m et ry to O I ] Ho1 ContactUs FAQ AAVSOStore  CCD School Videos  Amazon [ HHE E
_ VSTA R [ Li g ht C u rve p I Ots] APASS: The AAVSO Photometric All-SKy Survey

| ' AAVSO Website Being Upgraded on Tuesday, 31 May. More details here! AAVSOnet Links

? AAVSOnet home

—_ A PASS [Sta N d a rd Sta rs] Data Release 9 is now available. " B saons

. . Write a proposal
Through a grant from the Robert Martin Ayers Sciences Fund, the AAVSO is performing an all-sky .

photometric survey. This survey is conducted in five filters: Johnson B and V, plus Sloan g, r', i". It is valid (Rt

from about 7th magnitude to about 17th magnitude. Precise, reliable standardized photometry in this ¢ APASS
magnitude range is in high demand, both from our observers and from the professional community. Such a “ VPhot

catalog will allow many research programs to quickly establish transformation between systems and
efficiently achieve conversion of photometry to more fundamental physical properties. It will bridge the gap
between Tycho2 and SDSS, plus cover the entire sky at the same depth as UCAC. The survey will take

Mt Suhora Astnonomlcal Observatory
= Cracow Pedagog|cal University

‘e : .

-

0-C) Atlas

UP TO DATE LINEAR ELEMENTS OF ECLIPSING BINARIES

prepared by J.M. Kreiner. sfkreine@cyf-kr.edu.pl

CMi | Cap | Car | C

yr | Men | M
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Figure 2.2 — Sample AAVSO star chart

star name right ascension (RA)
magnitude J, epoch chart title defllnatmn (DEC)
range Leo \ L R L / AAVSO
: Magn. 44-113V 20 Chart
period—| _Prerlgd d1a [2000] 09:47:3350 +11:25:44.0
type -~ slgc Me-IWallle-I19. 5 & 1432mex &= chart D
7
spectral .
classificatjon
L
“re
"o ‘a5
*ag . ’
T' 7 .
comparison stars -
with magnitudes \ s
- variable star
west =3 vi \ & _& : F
y [
0
El .65
‘s
- .B‘g
. a4 oy
RlE]
. ‘ﬁlr
. FOWF =30
Hlzas2 use the photometry tabletor 2D obs2vations. .
field of view (FOV)
hifip e B8V D arglobsaringich arsheg! N Copyght © 2008 AAVS0
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The Image taking process

* Telescope
- Point to object
- Track object with minimal drift
- Focus object on focal plane
- Collect photons
e CCD
* Convert light into electric signal by releasing electrons
* Proportionality between amount of current generated
and incident light
* Option for using different filters
* CCD cooled to minimize thermal noise
 Computer/Software
* Control telescope and CCD
* Store images in an automated fashion
* Image calibration and data analysis

IROMAN
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Differential Photometry

Steps involved in Differential Photometry:

Check your images

Calibrate images (dark subtraction & flat fielding)
|dentify the stars

Set the aperture

Choose check and comparison stars

Measure the magnitudes

Determine the uncertainty

Run photometry on time-series images

Generate Light Curves

OO NOULAEWDNRE
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Image Processing

Master_Dark_15s_20120305 fit

Flat Frame: Uniform illumination

Master_Flat_V_5s_20120305.fit [ ®][x]

Dark Frame: Same exposure time as image




Dark Subtraction & Flat Fielding

CoRot-1b_V_15s_1-001 fit

processed
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ldentifying Target

Comparison

processed
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e Target Stars (Gardner, Hahs, Gokhale, 2015)

Table 2. Target, comparison. and check star coordinates and comparison star
B and V magnitudes.

Star Position V B
Designation R. A (2000) Dec. (2000)
h m s o o

Target Stars

ASAS J105855+1722.2 10585505 +172212.1 — —
NSVS 5066754 132057.77 +47 29293 — —
NSVS 9091101 00224344 +085005.9 — —

Comparison Stars

TYC 1429-165-1 1058 57953 +17253526 1247 12.30
— 13202077 +4733422 12.541 13.388
— 002216.12 +084706.7 13.084 14.179

Check Stars

— 1059 01 +17 18 39.97 — —
— 132051 +47 25 46 — —
— 0022459 +08 52 15.43 — —
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Binary Stars: Light Curves
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Figure 1. Light curve for ASAS J105855+1722.2, along with the B—V color

versus orbital phase. The two colors denote Bessell B and V filters. Note the
difference in depth of the two eclipses and the smoothly varying light curve. Also
note the difference in the primary and secondary maxima (O’Connell effect).
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Binary Stars: Light Curves
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Figure 2. Light curve for NSVS 5066754 in Baader Blue and Green filters and
the B—V color versus orbital phase. Note the difference in depth of the two
eclipses and the smoothly varying light curve. Also note the difference in the
primary and secondary maxima (O’Connell effect).
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Binary Stars: Light Curves
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Figure 4. Light curve for NSVS 9091011 in Bessell B and V filters and the B-V
color versus orbital phase. Note that the light curve varies smoothly. and only
one eclipse is observed. Note that for this set of observations we do not have
coverage over the entire phase.
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TRUMAN Binary Stars: New Light Curves
(Gokhale et al., 2016, in prep)

NSVS 7347726, V Filter
Phase
o 01 0.2 0.3 0.4 05 0.6 0.7 0.8 049 1
12.8
129 -
Froe 6 4 i e iy
£ %
H Mamsonm “&_
& 131 )
£ , H
- s £
2132 - ¥
£ 3
£ #
T 133 ;ﬁ: f
YA
k"
134 &Eﬁ
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Figure 5. Light curve for NSVS 7347726 in the V filter versus orbital phase
plotted from data obtained at the NURO telescope.
Note the difference in depth of the eclipses and the continuously varying light curve.
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TRUMAN Binary Stars: New Light Curves
(Gokhale et al., 2016, in prep)

NSVS 10384295, V filter
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Figure 6. Light curve for NSVS 10384295 in the V filter versus orbital phase
plotted from data obtained at the NURO telescope.
Note the similarity in the depth of the eclipses and the continuously varying light curve.
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(Gokhale et al., 2016, in prep)
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NSVS 13251721, V-filter
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Figure 7. Light curve for NSVS 13251721 in the V filter versus orbital phase
plotted from data obtained at the NURO telescope.
Note the similarity in the depth of the eclipses and the continuously varying light curve.



o

Light Curve Analysis
* Fourier analysis can be used to

a) Classify systems as either Algols, 3-lyrae or W UM a stars.
b) Quantify the O’Connell effect

 The Fourier fit is given by:

m(¢p) = Z a_cos(2nn(¢p —0)) + b_sin(2nn(¢ — 0))

n=0
where,
a, and b, are the Fourier coefficients,
@ is the phase and,
fis the phase offset.
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Light Curve Fourier Analysis

According to Rucinski (1997):

a, coefficient quantifies the tidal proximity effect in
detached systems,

a, accounts for the symmetrical deviations from the exact
double cosine term caused by the eclipses.

If,

a, = a, (0. 125 — ﬂg) B-lyrae system

a, <a, ((} 125 — E]?) Detached system or Algol
And if,

la,[ < 0.02 W UMa or RR-Lyrae

m(¢p) = Z a_cos(2nn(¢p —0)) + b sm(2nn(¢p - 0))
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Light Curve Fourier Analysis

%

STATE UNIVERSITY

Target Filter a, a, a,(0.125 - a,) Classification
ASAS J105855+1722.2 B —-0.15329 —0.03029 —0.04265907 B Lyr
Vv —0.15191 —0.03138 —0.04206368 P Lyr
R —-0.15199 —0.03246 —-0.04210057 B Lyr
NSVS 5066754 B —0.18786 —0.05218 —0.05877538 P Lyr
G —-0.19084 —0.05357 —-0.06027592 B Lyr
R —-0.19253 —0.05343 —0.06113507 B Lyr
NSVS 9091101 B —0.01819 0.006372 —0.0026043 P Lyr/RR Lyr
Vv —-0.0048 0.008484 —0.00062277 B Lyr/RR Lyr
R —0.01047 0.006927 —0.00141852 B Lyr/RR Lyr
NSVS 9091101 (TSO) B —0.038966 —0.005532 —0.0063891 B Lyr/RR Lyr
G —0.039086 —0.00707 —0.006413465 B Lyr/RR Lyr
R —-0.038606 —0.00587 —-0.006316173 B Lyr/RR Lyr

Classification of systems based on Fourier coefficients.
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The O’'Connell Effect

 The OC effect is the difference in the heights of the
maxima in light curves of eclipsing binary systems.

* One way to quantify this effect is to simply calculate the
difference in magnitudes at the primary and secondary
maxima:

Am=m —m
P 5

Target Filter 12D ] Am Am
(Fourier) (Average)

ASAS J105855+1722.2 B 0.047 0.037 0.036
Vv 0.034 0.030 0.026
R 0.026 0.027 0.026
NSVS 5066754 B 0.072 0.086 0.083
G 0.060 0.077 0.070
R 0.052 0.058 0.059
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The O’Connell Effect

* Following McCartney (1997, 1999), we define two other
qguantities, the O’Connell Effect Ratio (OCR) and the Light
Curve Asymmetry (LCA) as follows:

0.5
| (1(6) = 1(0.0))d6
- 00 A 05 (I(6) - I(1.0 — 0))°
OER =75 Hea ‘\/'[ 00 1(6)’ &
(L (1(8) — 1(0.0))d®

* Essentially, the LCA measures the deviance from symmetry
of the two halves of the light curve.

— If both halves are perfectly symmetric, then we would expect the
LCA to be zero
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e The O’Connell Effect

e The OER is the ratio of the area under the curves for
phases 6 =0.0to 6 =0.5 and phases 8 =0.5to0 6 =1.0.

* An OER =1 implies no OC effect, whilst for Aom >0, the
OER > 1; and for Am < 0 the OER is < 1. O

Tareget Filter OER LCA

1.08629 0.024018
1.06753 0.018802
1.05793 0.014743

1.14588 0.054379
1.12555 0.044532
1.11302 0.040538

ASAS J105855+1722.2

NSVS 5066754

WO W W<
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The OC Effect: Light Curves

STATE UNIVERSITY
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ASAS JI105855+1722.2 NSVS 5066754
Target Filter OER LCA
ASAS J105855+1722.2 B 1.08629 0.024018
V 1.06753 0.018802
R 1.05793 0.014743
NSVS 5066754 B 1.14588 0.054379
G 1.12555 0.044532
R 1.11302 0.040538
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| The O’Connell Effect: Models

e So-called ‘periastron effect’

— Suggested by Roberts (1906) that ‘this might be caused by tidal
effects and by an increase in mutual radiation at periastron
between stars moving in eccentric orbits’ [O’Connell, 1951].

e Star spots on either or both components
— Cool spots (star spots akin to sunspots)
— Hot spots (mass transfer?)

* Third object

— Gas stream around one of the stars
— Circumbinary material

INone of these explanations appear satisfactory!
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'he OC Effect: Unresolved Issues

O’Connell showed that this effect is not a ‘periastron’
effect

— Seen in binaries with circular orbits

— Am both positive and negative

Star spots have finite lifetimes.

— The OC effect persists over several cycles in some systems

— OC changes over several cycles in other systems

Hot spots are plausible only in mass transferring systems

— OC effect seen in detached, semi-detached, and overcontact
systems

Gas stream or circumbinary material will have to be
unevenly distributed, which seems implausible.
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The primary goal of the Kepler Mission is to survey our region of the
Milky Way galaxy to discover hundreds of Earth-size or larger
planets in or near the habitable zone of solar-like stars and

determine how many of the billions of stars in our galaxy have such
planets.

http://www.jpl.nasa.gov/
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Binary Stars: Kepler LCs
Kepler stared at the Cygnus field for almost 4 years, and there are

about 2878 EBs identified in this field; many of which show the OC
effect!

Barbara A.

MIKULSKI ARCHIVE § SPACE TELESCOPES

MAST STScl Tools - Mission Search - Search Website [ £l Follow Us = Register

Kepler Home

Mission |Getting Started |Data Search |TargetSearch |Ste|lar‘1? |CasJobs |FFI+Search |

Kepler Data Search

Kepler Eclipsing Binaries (Revision 3)
KeplerAbstractSeareh  (dlownloaded 28 Dec, 2015)

This page lists the third revision (Beta) of the Kepler Eclipsing Binary Catalog

FAQL as updated 26 Oct, 2015
Note a few targets with multiple periods and multiple ephemerides have multiple entries
Kepler Science Center For more information and updates, visit the Villanova Eclipsing Binary web site

The previous release is described in Matijevic et all 2012 AJ 143 123

Search & Retrieval 3
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Kepler LCs

* |tis easy to download Kepler EB data from the Villinova
(http://keplerebs.villanova.edu/) and MAST websites

(https://archive.stsci.edu/kepler/kepler fov/search.php).

* Hereis an example of one cycle of the EB KIC 11494583.

* The LC clearly shows the O’Connell effect.

KIC 11494583
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More Kepler LCs

KIC 11560447
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e Different cycles folded on top of each other.

— Note that the LCs do not overlap, implying activity on one or
both stars in the EB; starspots?

— The magnitude of the OC effect is changing from one cycle to
another.

— What is going on here!?
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‘Research Plan: Summer 2016/2017

* Obtain BVR photometry on as many Kepler EBs showing the OC
effect.
— 31-inch NURO telescope at Lowell Observatory (~ 10 nights)
— 14-inch Meade and/or 17-inch planewave at Truman
— 0.8m telescope at McDonald Observatory in Texas (~10 nights)
— Collaborate with amateur astronomers (ASKC!)

* Generate LCs, and determine the OC effect for each object.

* Look for correlations between binary type (detached, semi-
detached, over-contact etc) and magnitude/sign of OC effect.

* Look for correlations between Am, OER, and LCR.

* Generate Fourier fits, classify systems as Algols, B-lyrae, or WUMa
stars.

* Model systems, and test the cool star-spot model especially in the
context of time evolution of the OC effect.
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‘Research Plan: Summer 2016/2017

* DSLR photometry (https://www.aavso.org/dslr-observing-manual) ON
Kepler field
— Lower cost [S1000ish]
— Larger field of view (?)

— New, unique, and expanding field
— Potentially low hanging fruit for publication in JAAVSO

$500-$1000 S75 S300 [optional]


https://www.aavso.org/dslr-observing-manual
https://www.aavso.org/dslr-observing-manual
https://www.aavso.org/dslr-observing-manual
https://www.aavso.org/dslr-observing-manual
https://www.aavso.org/dslr-observing-manual
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EB Stars: How to contribute!

 We are looking for collaborators to collect photometric
data on Kepler EBs.
— Funding from Missouri NASA-EPSCoR for supplies/travel
— More grant opportunities in 2016-17 through MOSGC

 We are also looking for collaborators in our Light
Pollution study in Missouri
— Pilot project funded by MOSGC 2015-16
— Plan to apply for MOSGC grants in 2016-17



