Background and Motivation:

There is now considerable interest in the overall topic of the demography of galaxies that host Supernova (SN), particularly those that host SN Ia events.   This surge in interest is motivated by at least three developments:  a) the detection of distant SN and their potential use as cosmological probes serves as a catalyst for better understanding the environments in which produce locally observed SN in order to properly check for possible systematic errors and calibration bias (refs); b)

the Earth observing community is now detecting an order of magnitude more supernova per year than it could just 10 years ago so that there is now a very large number of host galaxies available for study.  This ties into the first point as its now possible to investigate in detail and with a large and varied sample any possible luminosity dependence of SN Ia events on the properties of the host galaxies; c) the important role of energy feedback to the ISM played by SN and its subsequent effect on galaxy evolution can now be investigated with more detailed hydro dynamical code see Mordeci-Maclow ).   Observationally, direct evidence for these feedback events in terms of morphological features like bubbles (e.g. NGC 4449 – see Bothun 1986), or apparently evacuated areas can now be investigated using the superior angular resolution of the images of host galaxies in the HST archive.

In view of the large sample now available, we are undertaking a rigorous statistical analysis of all Supernova host galaxies that have redshifts less than 0.1.     This is a very large scale effort (whose components we describe below)

that will conclude with a Monte Carlo simulation of the observational selection function that Planet Earth is using to populate its supernova catalogs.   From that Monte Carlo simulation we hope to effectively measured the SN detection efficiency so as to get a more robust estimate of the actually SN rate in galaxies as a function of their stellar content or luminosity.  A robust measure of the selection function used to detect the 3000 historical SN in our data base will then serve as a guide to possible biases associated with selected SN at intermediate and high redshift.

SN demography has been studied by other groups.  Historically, the Sternberg Astronomical Institute Supernova Catalogue compiles SN photometric data in order to study SN frequency in galaxies as well as the radial distribution of SN within galaxies (see xxx).   Recently, Farrah etal (2004) used HST archival images at R and I to study a sample of 22 host galaxies at z~0.6 to study the range in color of the host galaxies, morphologies and radial distance of the SN event.  Garnavich and Gallagher (2004) have used integrated spectra of 57 host galaxies to study the dependence of SN Ia light curve shapes on global metallicty or star formation rate.  In addition, there is a recent HST GO proposal (PI: Filipenko)  to do a snapshot survey of galaxies that have recently hosted a SN in order to study the local SN producing environment.    

We therefore wish to add to this effort.  Cross checking our  historical SNdatabase with the HST image archive reveals that approximately 400 SN host galaxieshave useable images taken through at least one filter (multicolor images are better).    This is a relatively large sample for which we can obtain finer resolution data on SN environment than is possible using ground based images.

The science goals and objectives of our study of SN demography are many and varied and are meant to provide as complete of picture as possible of the environment in which SN preferentially occur and the extent to which our view of SN may be biased by our selection function.    Clearly, any attempt to use the properties of nearby SN as a calibration template for the properties of distant SN require some kind of test or certification that the physics of SN formation has not evolved over cosmic time and that the galactic environment which produce SN has also not evolved.   An objective view suggests that both of these are open questions.   Of direct relevance to the application of SN as cosmological probes is the amount of internal extinction that is typical for the SN environment.  Of course, the largerthe galactocentric radius of the SN event, the smaller this reddening is likely to be.  However, for most distant SN its not possible to cleanly determine if the SN has occurred in the inner or outer parts of the host galaxy.  This is why a measurement of the broadband color of the local SN environment (i.e. the color of the underlying population) in comparison with the color of the SN in its evolving light curve is so important.  If it can be shown that the typical SN I environment is one of low reddening then we can gain confidence that extinction effects are not biasing the distant sample.  In particular, SN that occur preferentially in spiral arms are likely to be in a more dusty environment than SN that occur in the interarm region or above the plane of the disk. Remember, larger than assumed extinction would dim the SN from its expected brightness whch would therefore produce a larger distance modulus.   Studies of distant SN generally assume relatively low amounts of reddening (refs) which is certainly wishful thinking rather than a likely physical situation.   Indeed, the study of z=0.6 galaxies by Farrah etal  finds that a) projected distances from galaxy centers range from 3-30 kpc and b) the variation in the broad band colors is large suggesting that variable extinction is important.  Furthermore, they find no evidence that SN Ia events preferentially occur at radii larger than 10 kpc, where extinction might be expected to be low.

As mentioned, this study will be very comprehensive and it forms the basis for a significant Ph.D. effort at the University of Oregon.   The main components of our study of the properties and demographics of SN host galaxies center around the following six questions:

1. Do SN occur where the stars are in a galaxy and where the galaxies are in the Universe?

For individual galaxies we will study the radial distribution function of SN, particular SN Ia to determine if these SN are preferentially occurring in the outer regions of galaxies.  Currently, there is plenty of anecdotal evidence that many

recently detected SN are at relatively large radial distances, where there are rather few stars.  The 2002 SN that occurred in the normal disk galaxy NGC 628 (M74) is a striking case in point.  The basic question to address is whether nor there are more detected SN that occur outside the ½ light radius of the galaxy or inside it. Note that with digital detectors, SN have sufficient contrast to be detected in most galaxies to within approximately 1-2 kpc from the center.
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The  study of the Sternberg catalog shows that the distribution of SNe is continuing beyond the optical radius of galaxies although they present no real quantitative comparison with galaxy scale lengths or ½ light radii.  That study also shows that SN Ia tend to have a significant concentration in spiral arms, but not necessarily in H II regions where SN Ib/c or SN II are often found.    We certainly plan to improve upon these results and clearly the higher angular resolution data of the HST image archive will more properly define the galactic envionrment in which the SN occurred compared to ground based images.

            Analogous to this apparent tendency for SN to occur in the outer edges of galaxies              is the dilemmathat SN are not really occurring where there are high concentrations of galaxies.  That is, our preliminary results show that SN are rather poor tracers of large scale structure.  The best anecdotal point is that the Coma cluster, home of some 10^14 stars has not had a supernova event observed since 1937 and yet the galaxy NGC 5253, having a mere 10^10 stars, has had 3 SN occur in the last xx years.   We plan to do full investigate this issue of large scale structure and the detection of SN as certainly a sensible strategy for SN detection would be to point the telescope to where the galaxies are.    Any noticeable discrepancy between the spatial distribution of SN host galaxies and observed large scale structure, out to z = 0.1, might be an important manifestion of our selection function and this will be folded into the Monte Carlo Analysis.  The figure below compares the distribution of historical SN and large scale structure from which it is fairly evident that SN are do not have the same density population structure as the galaxies.

2. What is the distribution of host galaxy types and how many are disturbed or are in interacting systems?

Since galaxy evolve morphologically with redshift this is a relevant question.   Within specific surveys, like the CTIO SN survey, the fraction of SN Ia hosts that are spiral is about 70% while 30% are elliptical.   Similar results were seen in the z = 0.6 sample of Farrah etal who also noted that some hosts showed disturbed morphology.  If the SN Ia formation mechanism is related to binary mergers and if the binary population depends upon host galaxy type (a plausible scenario), then there may well be important evolutionary corrections to SN Ia luminosity, of the kind modeled by von Hippel etal 1997, that needed to be accounted for in properly calibrating the SN Ia luminosity scale.

3. Is there a correlation between SN Ia luminosity and color at time of maximum and position in the galaxy?

    While this question has been addressed before (refs) the analysis is yet to be applied to the full sample of SN.   Obviously galactic position traces to some extent the underlying metallicity of the stellar population.  Hence, this is a test of whether or not progenitor metallicity has an impact on the optical luminosity of SN Ia.  At the moment, the most definitive study is that of Garnavich and Gallagher which suggests there is no significant dependence on metallicty.

4. Is there a correlation or relation between SN Ia luminosity as well as rate and the global properties of the host galaxies?

We will test for this correlation against all the available global properties including host galaxy luminsoty, circular velocity, mean surface brightness, bulge-to-disk ratio, and mean color.   While previous work has failed to find any strong correlation between SN luminosity and host galaxy luminosity (there is no physical basis for such a correlation) but a check against the entire integrated properties of galaxies has not been done.  Again,

 If the dominant mechanism  for SN Ia formation does involve merging binary systems then that population may well be dependent upon the integrated properties of the galaxies.  Thus, certain galaxies may have properties that are more conducive for SN Ia formation and hence would have a higher rate.  In this case, the SN rate would be depending on more than just the number of stars in the galaxy.

5. What is the mean surface brightness and mean color of the underlying stellar population on  thelocal (scale size .5 – 1 kpc) environment of the SN?

This question has not yet been satisfactorily addressed by any investigation, primarly due to the lack of quality imaging of the host galaxies.  For galaxies of large angular size, we can quickly acquire multicolor CCD data to make this determination but this restricts that sample to generally having velocities less than 3000 km/s.  The relatively large archive of SN hosts obtained to date by HST will significantly enlarge the sample of galaxies for which this study can be done.   This component of our analysis is likely the most important one as it directly bears on the issue of local reddening in the SN environment.   For instance, is there a typical local galactic environment that produces a SN Ia event?   If, as seems likely, there is a large variation then this must be mapped out properly in order to build some kind of probability density function on the expected level of internal reddening in host galaxies.  Presumably this will be a function of both host galaxy type and position in which the SN even occurs.   A thorough understanding of the local SN environment in nearby host galaxies seems crucial if we are to better map this local population on to the population of distant detected SN.  Are they really occurring in the same environments?

6. Is there morphological evidence for substantial kinematic feedback to the ISM from the SN event.

        This is an indirect product of our analysis as the high angular resolution scale of the HST images potentially allows for the detection of morphological features, on the scale of 100 parsecs or so that may be a signature of energy feedback from the SN event.  More than likely, this signature will only be seen in low mass host galaxies.

Plan of Attack:

The main focus of our study will be devoted to point 5 above for which the HST archive is uniquely poised to address.

For each SN host galaxy in the HST archive we will locate the position of the SN and measure the mean surface brightness and mean color of the local environment from scales of 10 pc to 500 pc depending upon the distance of the host galaxy.   This will produce several hundred examples of a local environment.  The full range of properties of this local environment will then be analyzed and correlated with the global properties of the galaxies as well as the form of the SN light curve.   To get a handle on the possible role of extinction, we will measure the local colors in the general area of the SN event via the method of grid photometry as outline in Bothun  1986.   Our goal here is to fully explore the stellar populations and local morphology in the host galaxy that produced the SN event in order to estasblish norms and the range of deviations from those norms.  For instance, if it can be established that indeed there is a typical or common local galactic environment which produces a SN Ia event, then we might gain confidence on the use of these events as cosmological probes.  Conversely, if it can be shown that SN Ia occur in a very wide range of local galaxy environments which carries with it very large ranges in local dust contents, then its clear that serious doubt should be cast on the realiability of the measurements of distant SN where it is observationally impossible to determine the local environment which produced that SN or really even where it occurred in the host galaxy with any level of precision.   Currently there is much debate on this basic issue and without a thorough investigation of the properties of the local SN producing environment in host galaxies we can study, this debate will continue without much direct evidence either way.  Hence our proposed study is quite timely and relevant and will certainly lead to a better physical understanding of the environments that are conducive for the production of SN, particularly SN Ia.

