Potential Primary and Secondary Calibrators for BLAST

This document details findings and research concerning the calibration of the BLAST instrument.  Available PDF files for papers referenced here can be downloaded from the main Calibration page.
Primary Calibrators

The starting point for research on primary calibrators was Müller and Lagerros 2002 (http://www.edpsciences-usa.org/articles/aa/full/2002/01/aa1543/aa1543.html).
· Asteroids

Ideal as calibrators, they are small, bright, close-by objects whose flux density can be predicted with good accuracy.  Such precise predictions are possible through the thermophysical model (TPM) of Lagerros.  Details of the model are contained in four papers (Lagerros 1996a, http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1996A%26A...310.1011L&data_type=PDF_HIGH&type=PRINTER&ext=.pdf; Lagerros 1996b, http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1996A%26A...315..625L&data_type=PDF_HIGH&type=PRINTER&ext=.pdf ;Lagerros 1997, http://link.springer-ny.com/link/service/journals/00230/bibs/7325003/2301226/small.htm; Lagerros 1998, http://link.springer-ny.com/link/service/journals/00230/bibs/8332003/2301123/small.htm); a brief summary is provided in Müller and Lagerros 1998 (http://link.springer-ny.com/link/service/journals/00230/bibs/8338001/2300340/small.htm) pages 341-342.  The authors, in their 2002 paper, have offered to provide SED’s and light curve predictions at any thermal wavelength for certain asteroids (upon email request); an example of such a light curve can be found in Müller and Lagerros 1998 page 350.  
An advantage of asteroids as sub-millimeter calibrators for the BLAST mission is that previous missions have used them as calibrators, if only as secondary ones.  An extensive discussion on the use of asteroids as secondary calibrators for the ISO ISOPHOT instrument is provided in http://link.springer-ny.com/link/service/journals/00230/bibs/8338001/2300340/small.htm and http://www.edpsciences-usa.org/articles/aa/full/2002/01/aa1543/aa1543.html.  This has not only allowed the accuracy of the TPM to be assessed, but also provides some indication as to the practical fitness of individual asteroids as potential calibrators.  It appears as though, for the purposes of the mission, that 1 Ceres, 2 Pallas, and 4 Vesta are good potential primary calibrators.  The agreement between the TPM model and observations of these asteroids shows the accuracy of the model to within 10%.  An idea of the range of brightness to be expected when observing these objects is found in Müller and Lagerros 1998 page 341.  Photometry of two of the three asteroids, 1 Ceres and 4 Vesta, can be found in Redman, Feldman, and Matthews 1998 (http://www.journals.uchicago.edu/AJ/journal/issues/v116n3/980091/980091.html).
A good knowledge of the position of each asteroid for each day of observation is needed; to that end, an ephemeris can be used to find the RA and Dec at a particular time, as well as the rate of change of RA and Dec (per hour).  The ephemeris used for this research can be found at http://ssd.jpl.nasa.gov/cgi-bin/eph.

However, there is one severe problem with using asteroids as calibrators for the BLAST mission.  At the time of this writing, for the flight parameters, times, and locations as they stand, no asteroids will be visible for the Antarctic and Karlsborg flights.  Thus the use of other calibrators is a vital necessity for these flights.

Secondary Calibrators

A list of secondary calibrators used by JCMT and brief discussions thereof is provided by Sandell 1994 (http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1994MNRAS.271...75S&data_type=PDF_HIGH&type=PRINTER&ext=.pdf).  This served as the starting point for research on secondary calibrators.

· AGB/Protoplanetary Stars
Due to their stage of evolution and comparatively cool surface temperatures, these are fairly bright, small IR sources.  However, many of these stars lie of the long period variability (LPV) strip of the HR diagram and hence are subject to changes in brightness.  LPV stars generally have periods between 100-700 days; provided a fairly well-sampled light curve, the period of such a star can be found to good accuracy.  Unfortunately, these stars are also known to have irregular light curves.  An example of such a well sampled light curve for the LPV Mira can be found in Carroll and Ostlie, An Introduction to Modern Astrophysics, page 542.

As of the time of writing, given the flight locations and times as they stand, the only calibrator visible over Antarctica is OH 231.8+4.2.  This source will be discussed in greater detail below.  Several other AGBs are potential calibrators for the Karlsborg flights.

· OH 231.8+4.2
This star is in the late AGB phase, evolving toward the planetary nebula stage.  Like many AGB stars, it is variable with a period between 650 and 700 days (Knapp, Sandell, and Robson 1993, http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1993ApJS...88..173K&data_type=PDF_HIGH&type=PRINTER&ext=.pdf, pages185-186 ; Kastner et. al. 1992, http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1992ApJ...398..552K&data_type=PDF_HIGH&type=PRINTER&ext=.pdf).  The radiation peak is at 42 μm, an effective temperature of approximately 87K.  The mass of the progenitor star is approximately 3 solar masses.
· VY Canis Majoris
This is a supergiant star of late spectral type (M5Ia) and relatively cool effective surface temperature (2700K).  It is surrounded by a thick dust shell and OH, H20, and SiO maser emission.  The optical light curve is irregularly variable on short timescales; however, this may be due to holes in the circumstellar material rather than the central star itself (Knapp, Sandell, and Robson 1993 and references therein).  Intercomparison of master emission data show strong evidence for a period of 870 days (Knapp, Sandell, and Robson 1993, pages 183-185).  It is a massive star of about 50 solar masses.
· CRL 2688

A type F5Ia star, it appears to be evolving toward the planetary nebula phase.  Most IR emission comes from a small source, with an effective temperature of 150K, located within the nebula (Knapp, Sandell, and Robson 1993, page 187).

· Ultracompact HII regions
These sources are most commonly associated with OB associations and quite difficult to find isolated.  Usually there is a good bit of extended emission around these sources, sometimes contributing significantly to the potential calibrator.  Also the regions themselves tend to be fairly large in comparison to the beam size, sometimes extending up to 20 arcseconds.  Caution and care is advised if using these sources as calibrators.  

· NGC 7538 IRS1
This source is listed in Sandell 1994 as a secondary calibrator; however, there are significant drawbacks to the use of this source as the same for the BLAST mission.  Three IRS sources, NGC 7539 IRS1-3, are located within ~ 10 arcsec of each other, and the extended emission from the nebula extends out nearly 20 arcsec.  This emission appears to be not inconsequential throughout sub-millimeter wavelengths and would likely contaminate the source.  An image of the source in near-IR, for comparison, can be found in Bloomer et. al. 1998 (http://www.journals.uchicago.edu/ApJ/journal/issues/ApJ/v506n2/37693/37693.html).

· W75N

Described as deeply obscured but highly luminous by Moore, Mountain, and Yamashita 1991 (http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1991MNRAS.248...79M&data_type=PDF_HIGH&type=PRINTER&ext=.pdf), this source is associated with a star formation region in Cygnus.  Ultracompact HII region HII(B) appears to be the source used as a secondary calibrator by Sandell 1994; at 350 μm, this source appears to extend out 20 arcsec from the approximate center of the source (Moore, Mountain, and Yamashita 1991 page 82).  The approximate effective temperature of the dust at this wavelength is ~ 30K.  Millimeter maps of this source can be found in Shepherd 2001 (http://www.journals.uchicago.edu/ApJ/journal/issues/ApJ/v546n1/51853/51853.html).
· G34.3+0.2

The HII complex here has been resolved into three components, one “compact” and two “ultracompact.”  Millimeter maps show this source to be very extended, spanning almost 30 arcsec in declination.  However, the SO emission seems more compact.  Maps can be found in Carral and Welch 1992 (http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1992ApJ...385..244C&data_type=PDF_HIGH&type=PRINTER&ext=.pdf).
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