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1. Project Description

a. Goals

Recent research on star formation in molecular cloud complexes, such as the Cepheus Flare (Kun 1995), Orion, and Taurus molecular clouds, have included studies of a number of Lynds dark nebulae (LDN).  Less attention has been given to isolated Lynds clouds, such as LDN 1616 (Cooksey 2001). Located in Cygnus, LDN 981 is another example of an isolated cloud that may contain YSOs. This cloud has a linear structure, with filaments radiating out from a central core. Quantz, et. al. (2008), studied the region around V1331 Cyg, a known YSO. Located near the end of one of the filaments branching away from LDN 981, V1331 Cyg may be the member of a group of YSOs that has recently emerged from the main body of this dark nebula.

Scattered supernova remnants can be found at various locations within Cygnus. These include the Cygnus Loop (Veil nebula) and one discovered in 2000 - SNR G069.0+02.7 (Mavromatakis 2002).  Cygnus OB associations are members of a group of massive stars – some of which have produced supernovae with resultant shock waves and cavities in the ISM (Plüschke 2002). Could a slightly earlier episode of this have resulted in star formation in LDN 981 that remains as of now undetected?
COMMENT: TIM - In the goals section here we mention LDN 981, since we have two targets we should probably also discuss LDN 425.
b. Data Analysis Methods

Once the data has been collected, the team plans to visit the Spitzer Science Center (SSC) to work with Dr. Rebull in the reduction of the data. The team will use MOPEX to create a mosaic and a list of band-merged sources. The source list data table will include 2MASS (J, H, and K band), IRAC (3.6, 4.5, 5.8, 8 μm), and MIPS (24 and possibly 70 μm) fluxes in both magnitudes and Janskys.

The reduced data will be accessible by programs available on our home institutions’ computers. We plan to use software such as Hands-On Universe Image Processing (HOU-IP), MaxIm DL, and MOPEX to view the fits files and generate color-composite images.  HOU-IP is a user-friendly data analysis tool that runs in both Windows and Mac operating systems, and is currently used by many high school astronomy students.  MaxIm DL is a bit more sophisticated image analysis package that has been tested in the Spitzer IC2118 project, and a method has been developed to acquire fairly accurate fluxes using this software tool.  Although it may not be possible to extract extremely accurate flux values using HOU-IP and MaxIM DL, these tools can be effectively used for basic flux studies, visual observation, and spatial analysis within the images. 
Data sets from MOPEX will also be imported into spreadsheet programs such as Excel and students can generate color-color plots, and spectral energy distributions with the data to test hypotheses related to how infrared wavelengths can be used to classify young stars. I think we should include a statement about utilizing and exposing students / teachers to the IR part of the spectrum in general.
In reaching the stated goals, the mosaics, data tables, and fits images will be shared with our students, as well as other teachers. It is hoped that all participants will assist in the data analysis process.  
c. Target Selection

Dust is found everywhere in the universe--in our houses to large areas of our galaxy dating all the way back to the beginning of the universe.  This dust was formed initially from massive short-lived stars (Rho 2008), such as Cassiopeia A.  The Spitzer Infrared Spectrograph mapping observation showed distinct dust production from Cassiopeia A. Currently in the universe a great deal of dust is formed from old, dying stars, much like our sun.  Dust is (utilized) used by Young Stellar Objects (YSOs) to (after ) cool(ing ) down, (later collapsing by various processes ) [by  enough to collapse  and] to start fusion.  So the dust associated with the YSOs can (result in planet formation) [be used to make planets, ] and possibly provide the (chemistry) foundation for life itself. living creatures as well. 

COMMENT: TIM – In the above paragraph in the second to last sentence, it sounds like you need to cool stuff down in order to start fusion.  But you need to heat the core up to about 10,000,000 K to begin fusion. I think the sentence just needs reworded.
This dust collects in large areas all over our galaxy.  In 1962, Beverly Lynds (Lynds 1962) undertook a general survey of dark nebulae based on Palomar Schmidt photographs. Lynds determine the RA and DEC to the center of the cloud and made visual estimates of the opacity of each cloud (scale of 1 to 6 was used, the higher the number the greater the opacity). For our project, we have picked two (LDN 425 and LDN 981) of these nebulae from Lynd’s catalog. 

Our selection process, motivated by our support scientist, Dr. Rebull, was most convoluted. We started with small list of possible candidates. As we explored different ways of looking for other candidates, our list of possible targets soon grew.  But in general, we began with the list of Lynds objects and focused on objects with opacities of 4, 5, and 6. class 4, 5, and 6 objects.  After determining which objects had been covered in the GLIMPSE and MIPSGAL surveys, we selected candidates with dense optical cores as noted in “A Catalog of Optically Selected Cores” (Lee & Myers 1999).  We checked to see if there were Spitzer data available and published results.  This (resulted in a list of ) [left ] 23 candidate objects from a list of over 1700 objects.

When our group first met, we noticed the variety of morphology of the Lynds clouds.  Therefore, as we were sorting the Lynds cloud list, it was decided to try to examine clouds of different morphology.  Voting on the short list of objects, LDNs 951, 425, 981, 1142, 1598, and 1685 , resulted in our decision to use LDN 425 and LDN 981 as our two (best ) candidates (to focus on)--where LDN 425 has a somewhat globular appearance, and LDN 981 has what appears to be a very linear appearance. 
2. Target(s)
a. LDN 425 (Pete – description)

(Lynds 1962 - galactic coordinates L(II)-21.6, B(II)-12.30

RA 17:44.2, DEC -4:40 Area 0.017 squared degrees, Opacity class 5)

LDN 425 is an irregularly shaped Class 5 Dark Cloud.  The possibility of a YSO near the region was speculated by Carballo in 1992 and later confirmed in papers by Connelley (2007) as well as Lee and Myers (1999).  Connelley (IRAS source 17441-0433) observed a spatially resolved near-infrared source that suggests a YSO due to its K-band morphology.  

This area fits the basic criteria for selection of a second LDN target (darkness, possible YSO and non-linear structure). Additionally, the target is viewable from Spitzer from April 12- May 23.   Should data appear promising the target could be viewed later at 70µm from September 21 through November 2. {(How sure of these dates?)}
b. LDN 981 (Cris  - description)

(Lynds, 1962 – galactic coordinates L(II)-89.92, B(II)-2.87

RA 20:58.0, DEC +50:0, Area 0.033 squared degrees, Opacity class 6) 

{ Has anyone found more info on 981?}

3. Scientific Merit

4. Educational/ Public Outreach Merit 
Through these observations, students (and other teachers) will learn about the physical properties of light, such as wavelength and flux. In addition, students will learn about emission and absorption. They will gain experience in measuring size and distance, calculating velocity, and determining redshift QUESTION - WILL THEY BE DOING THIS? (How will they do this?)Students will be able to compare the images obtained by IRAC, MIPS and IRAS to learn about spatial resolution. Evidence will be presented to help students understand how the universe is changing, how stars and planets are forming and how stars evolve from birth to eventual death. Combining images at different wavelengths, students will be able to produce false-color images that enhance the features of young stellar objects and the ISM (composition and structures)interstellar cloud.

In addition to the image data sets, students will also have the extracted data tables of sources and fluxes at each wavelength. Using spreadsheet and graphing programs, students will be able to generate color-color plots with these authentic data. They will be able to access the data sets already available in the Spitzer archive to compare the plots of this cluster with other clusters. Students will also be able to test their own ideas for color-color plots that could be useful in determining stellar age. {How do they determine ages from these plots?} (All activities will be adapted to be age appropriate.)
Using Spitzer data is a prime example of authentic research and the process of scientific inquiry. Students will assume an active role in the process of (; ) project development, teamwork, data collection and analysis, interpretation of results, and formal scientific presentations. They will learn about the instrumentation used in infrared astronomy and the necessity of space-based telescope(s). These experiences will help teachers and students meet the goals outlined in state/national science and technology standards. The national science standards addressed in this project are(; ) (astronomical observations, small bodies, interplanetary dust, electromagnetic spectrum , temperatures, ) the structure and properties of matter, interactions of energy and matter, the origin (and), evolution of the Earth/Planet/Solar system(s), (data analysis) and the abilities and (utilization) of technological design. 

The false-color images that this group will produce will be useful in public presentations. Dramatic illustrations of YSOs and star-forming regions will be shared with other teachers via workshops (, publication of developed articles, adapted educational lessons and released images in various magazines like NSTA, local papers) and presentations. Lessons that address STEM skills and concepts will be developed by this Spitzer teacher group and disseminated to teachers nationwide. These workshops and lessons will promote inquiry-based learning and disseminate interest in science, technology, and space research.  (we should put something in here about the  possible discovery of unknown source of structures or something completely unexpected.)
COMMENT: TIM – In the above section, we probably want to discuss how the Wiki will be used as an educational tool throughout this process. 
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