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AN APPROACH TO CALIBRATED HESSI IMAGING

This write-up summarizes one possible approach to the application of calibration data and other 

corrections to HESSI data used in imaging.  It is intended to provide the basis for discussion of  a conceptual framework for the development of  data analysis imaging software.

THE PROBLEM

The basic task is to combine the following inputs so to construct the best estimate of the source image:

· Time- and energy-tagged photons

· Grid characterization data

· Detector response data

· Attenuator transmission as a function of setting and energy

· Aspect solution in pitch, yaw and roll.

· Live time data.

User inputs include:

· Energy- and time-range of interest.

· Detector segments to use.

· Approximate source location (to a few arcminutes - can be derived from a quick low resolution map.)

 The following factors are especially relevant to HESSI.

· To do imaging spectroscopy we must pay particular attention to the photometric accuracy of the reconstructed image.

· In many cases the number of photons per modulation cycle will be small (if not zero), so that Poisson statistics, not Gaussian statistics are relevant. 

· During the interval over which the image is to be formed,  we can NOT expect that the pitch/yaw aspect solution will be stable compared to the imaging resolution.

· Because the grids have significant thickness, the grid response will be a function of the approximate source location.  

· Because of the mission duration and demands of imaging spectroscopy, computational efficiency is a relevant consideration.

To simplify the task, we make the following assumptions:

· Response matrices are assumed to be diagonal so that in making an image for the energy range, dE, we only consider events that exhibited appropriate total energy loss in the top and/or bottom segments.

· We neglect the effects scattering in the top grid.

· Response matrices are interpolated in such a way that all events within the selected energy range, dE, are considered equivalent.

· For a given energy range and approximate source location [“map-center”], the grid calibration data are expressed as an overall throughput (diffuse source approximation), and a relative

amplitude and phase for each harmonic.

· Any deviation from uniform grid response are stochastic.

THE APPROACH

The approach is based on the concept of a “basic time bin” which has the following properties:

· Bin size is 2N binary microseconds.

· Bin size can be different for different subcollimators, but all bins are synchronous in that at least once per binary second, all bins begin together.

· Bin timing is synchronous with live time measurements 

· There are at least 4 bins per modulation cycle for the relevant harmonic/subcollimator. 

(For the subcollimator 1,  a bin size of 512 (sec would be ok for the fundamental modulation period, 

with a total of about 5000 bins/sec summing over all subcollimators.)

· Since the bin selection can parameterize an obvious tradeoff between image quality and computational effort,  the selection of bin sizes should be directly and/or indirectly under user control (with appropriate defaulting).

· All photons detected within a bin are considered equivalent.

· Single values of the aspect solution, live-time measurement and grid calibration apply to all photons in the same bin.

· For each subcollimator / harmonic combination, the back-projected response of each bin has a sinusoidal probability distribution in one dimension at an angle determined by the roll angle. 

· Effect of calibrations (subcollimator response matrix) is primarily to adjust the amplitude and phase of this distribution. 

· Bins provide a framework for straightforward implementation of  imaging for the case of the fast rate mode.

A CONCEPTUAL ALGORITHM

For simplicity, the following refers to a single subcollimator / harmonic combination and a single energy range, dE.   We define the “phase” of the time-bin in terms of the displacement of the line of the peak response relative to the map center.

· Assign each energy-qualifying event to its basic time bin.

· Interpolate RAS output to find roll angle for each bin.

· Shift the phase for each bin according to the projected pitch/yaw aspect solution.

· Shift the phase for each bin according to the subcollimator response matrix.

· Adjust the overall throughput and amplitude for each bin according to the subcollimator response matrix.

· Adjust the overall throughput for each bin according to the detector response matrix.

· Correct the overall throughput, amplitude and phase for each bin according to the live time (algorithm TBD).

 Note that getting to this point did not involve any iterations.  The result, for each bin, is the number of counts that were observed with a collimator whose response is expressed in terms of  three calibrated parameters: throughput, amplitude and phase. The resulting information for each bin is basically equivalent to that obtained from a single of  HXT subcollimator.  One option for imaging is therefore to proceed using adapted HXT algorithms

COMBINING PHASE BINS

Significant gains in computational efficiency can be made, particularly for larger flares, by combining the data from calibrated basic time bins.  Consider a set of M time bins for the same subcollimator / harmonic for which the roll angle is essentially the same.   (For a given harmonic, the corresponding range of roll angles scales inversely with the ratio of the imaging field of view to subcollimator resolution.)   

Specifically,  a weighted average of the data from the M bins can be combined to form the best estimate

of the measurement (total signal, and complex relative visibility) of a the single Fourier component measured by the subcollimator / harmonic combination at the specific roll angle.  Note that the generation

of the weighted average is NOT an iterative task and can combine data over many rotations.  The result will be ~103  relative visibilities which can be used as the basis for conventional MEM, back-projection, or Fourier image reconstruction.

