
Introduction:
    Binary star systems containing high-mass O and B stars paired 
with compact companions (neutron stars and black holes) pro-
vide ideal laboratories for studying many areas of astronomy, from 
stellar evolution and structure to general relativity and large-scale 
galactic structure (Coleiro, 2013). These High-Mass X-ray Binaries 
(HMXBs) are young (typically only tens of millions of years old) 
and are often found closely associated in open clusters that are just 
beginning to scatter. The evolution and dynamics of such systems 
are complex and the number of variables involved make detecting 
patterns difficult. Just some of 
these variables include the mass 
and age of the luminous star, the 
mass and age of the compact com-
panion, the orbital period, angle, 
and eccentricity, the system’s 
center of mass, the presence of jets 
emanating from the compact ob-
ject’s poles, and the amount of gas 
and dust left in the system from 
its original formation or stream-
ing between the two objects. Any 
patterns in the data are often 
obscured by noise and are blended 
together so thoroughly as to seem 
chaotic. A previous study by Souza, et. al. (2012) of two stars in 
NGC 659 and eight stars in NGC 663 over a two-year period sug-
gest some nascent periodicity, but many of the patterns, if present, 
could take several years of observations to become apparent.

Research Question: 
    I propose to observe the same stars in NGC 659 and 663 as 
observed by the Souza team to add to the baseline of observa-
tions already reported, in the hope that more definite patterns 
will emerge. I will also observe 
additional binary pairs in both 
clusters and neighboring clusters 
such as NGC 7419, M 103, and 
NGC 654 that are all part of the 
greater Cassiopeia association. 
I propose to use either the 20 
inch or the 36 inch telescope at 
West Mountain on at least three 
nights, with several observations/
images each night in 60 minute 
intervals in order to determine if 
short-period cycles exist in these 
target star systems, as well as 
adding a longer baseline to the 
Souza observations. These ob-
servations would best occur during lunar dark periods during June 
23-30 and July 22-26. Images will be taken using 645 nm (blue) 
and 656 nm (red) filters to correspond with the Souza study, as well 
as both narrow and broad filters at 656 nm (H a). I also want to 
look at the targets at other wavelengths in order to build up spectral 

energy distributions, and include IR wavelengths using archival data 
at IPAC from 2MASS and WISE missions. I also hope to use the 
Orson Pratt telescope on June 19 or 20 to observe the same area and 
practice the data reduction process.
    Once the data has been processed and reduced, I will analyze 
each target star for its photometery at each specified wavelength. I 
will use this data to create SEDs of each star and plot magnitude 
versus time to add to the charts already created by Sousa et. al. and 
Malchenko and Tarasov.

Timeline:
    This project will progress 
through the following stages:
    Week 1 (June 9-13): Back-
ground research on HMXBs and 
NGC 659 and 663, download 
and begin practicing software 
(AstroImageJ, IRAF, and DS9) 
and writing prospectus.
    Week 2 (June 16-20): Detailed 
practice with IRAF, DAO Phot, 
and others. Work through Dr. 
Hintz’s exercises from the Obser-
vational Astronomy Class (Physics 
329). Identify specific stars. Learn 

to use the Pratt scope. Friday night: Collect three images each of 
NGC 659 and 663.
    Week 3 (June 23 - 27: Practice and perfect data reduction for ob-
servations from the previous week. Travel to West Mountain for two 
nights to observe. Gather 5-6 observations on each cluster per night.
    Week 4 (June 30-July 3): Reduce and prepare data using IRAF, 
DAOphot, AstroImageJ, DS9, and others.
    Week 5 (July 7 – 11): Analyze data for previous observations. 
Create charts, add to Souza data, and look for patterns. Make 

predictions for next data run. 
Create and give interim presen-
tation.
    Week 6 (July 14-18): Data 
analysis, continued. Use Pratt 
scope for further practice obser-
vations.
    Week 7 (July 21-25): Second 
set of observations at West 
Mountain and data preparation.
    Week 8 (July 28 – Aug. 1): 
At Caltech for NITARP project 
(using archived IR data) includ-
ing analysis of taget stars in 
NGC 659 and 663. Create final 
SEDs.

    Week 9 (Aug 4 – 8): Final data analysis and poster/paper write 
up.
    Week 10 (Aug. 11 – 15): Presentation of results (I can only be at 
BYU part time this week).
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Secondary Objectives: 
    Since I am here as a high school physics and astronomy teacher, 
one of my primary goals is to translate this experience back into my 
classroom and teach students how to use telescopes to make obser-
vations and do real science. In order to do this, I have the following 
secondary goals beyond my basic HMXB research project:

1. After learning IRAF, Pyraf, DS9, and AstroImageJ, I will 
create a series of tutorials (perhaps video tutorials?) and 
exercises geared for beginning high school astronomy 
students to teach them basic image import, reduction, 
calibration, and analysis skills.

2. Teach them how to correctly set up, orient, and use an 
az-alt telescope system and how to use CCD cameras to do 
astrophotography with various filters.

3. Research and prepare to purchase a good quality telescope 
at about $1200 price range, along with a CCD camera.

4. Arrange for times for my astronomy students to visit the 
planetarium this summer and fall and use the Orson Pratt 
telescope.

5. Develop ties with the astronomy faculty at BYU so that 
my students can propose and conduct original astronomic 
research for science fair projects.

6. Provide my NITARP students with additional background 
information and experience as they prepare for their visit 
to Caltech July 28-Aug. 2. 

7. Add this experience to what I have done with NITARP 
and SOFIA to “flesh out” how astronomers make observa-
tions, reduce the data, and analyze the results to contribute 
to the final SOFIA video and future books on astronomi-
cal observation.

8. Keeping a continuing record of my project on my Spaced-
OutClass blog at least once per week.
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