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Background & Motivation
Many of the most fascinating inquiries within modern astrophysics currently require the
creation of new, more advanced data collection techniques that are capable of
resolving issues produced by extreme contrast ratios (ECRs). ECRs characterize
situations where there is a tremendous discrepancy in the relative brightness of two
astrophysical objects. In order to observe the fainter of the objects, the effect of a point
spread function (PSF) must be suppressed. PSF suppression can be achieved through
“classical” methods, but these often lead to significant costs and complications. As a result,
there exist two much simpler techniques for high-contrast ratio imaging: space-based roll
subtraction and ground-based angular differential imaging (ADI).
Roll subtraction generates a difference image from collected data at two different
spacecraft roll angles (Figure 1). The major disadvantage of roll subtraction is that
substantial residual signal remains in the final image.
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Figures 2-4: Raw data at approximate roll angles of -23º (2), +153º (3), and -77º (4) East of North

RDI was applied to produce a median-combined image (Figure 5) and a summed image
(Figure 6). Due to the time scale of ~ 2 years, Sirius B will have progressed along it’s orbit.
This explains why Sirius B is visible in only the summed image.
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Figures 5-6: Median combine (5) and sum (6) RDI results with Sirius system

The raw and resultant images were sampled at “flat”, 10,000-pixel portions to quantify the
relative residual background (RRB) in each (Figure 7).
Figure 1: Example of space-based roll subtraction of TWA 7 from Lawrence et al. (2005)

ADI utilizes an ALT-AZ telescope configuration with a disabled rotator plate, allowing the
rotation of the sky to produce multiple field orientations. The raw images are median
combined to create a model PSF, which can then be removed from the individual images
before derotating and combining again.
We present a novel data analysis technique called roll differential imaging which makes use
of both ground-based and space-based methods. Roll differential imaging (RDI)

combines the pre-established roll subtraction and ADI techniques to provide a
new, simple, and effective approach to dealing with ECRs.
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Figure 7: RRBs for RDI analysis of Sirius system

Roll Differential Imaging (RDI)

Conclusions & Future Work

RDI was created and developed by Dr. Daniel Batcheldor of Florida Institute of Technology.
The technique builds upon preexisting high-contrast ratio imaging methods and may
potentially improve the level of precision obtainable for ECRs. The most promising
observatory for the application of this technique is the Hubble Space Telescope (HST).
Three images at different roll angles are shifted to align the primary object within the
images. The images are then median combined and normalized. This produces a model of
the PSF, which is removed from each of the raw images. The images are then derotated to
be commonly aligned. A final summed image is produced to visualize objects which have
moved between the raw images, while a final median-combined image is created to observe
stationary signal within the raw images.

• The results (Figures 5-6) demonstrate significant PSF suppression in the Sirius
system using RDI.

I applied this new technique to Sirius, a well-known system containing a stellar
primary (Sirius A) and a faint white dwarf companion (Sirius B), to investigate the
capabilities of RDI. Three images over two years at different roll angles (Figures 2-4) were
obtained from HST from the Mikulski Archive for Space Telescopes (MAST).

• The current RDI technique increases the background in the images. This limits the ability to
see faint companions, because the RRB is increased. A more refined RDI method would
help to minimize this increase in the background.
• Residual structures within the combined images may be a result of substantial PSF
changes (i.e. temperature variations) due to the large timescale of the data.
• The differences between the standard and Poissonian RRBs are most likely due to the
selected “flat” region not being perfectly devoid of residual structures.
Building upon this success, RDI should be applied to different systems to search for
different types of structures (e.g. debris disks, quasar host galaxies). Additionally, increasing
the number of initial images may provide insight into the limit at which the RRBs degrade as
a result of significant residual structures. Lastly, obtaining time on HST to properly construct a
data set would dramatically improve the achievable RRBs.

