How HESSI Images

As HESSI rotates at 15 rpm, each of the nine collimators modulates the incident X-ray flux in a way that is precisely dependent on the angular distribution of the photons. The arrival time and energy of each photon that makes it through the two grids of a collimator into the detector are recorded and included in the telemetry. The precise orientation of the grids in space is also recorded as a function of time – the Solar Aspect System measures the pitch and yaw using the sharp optical solar limb while the Roll Angle System measures the roll using the brightest stars within 15 degrees of spin plane. With all of this information together with the knowledge of the grids obtained from the characterization measurements made before launch, it is possible to determine the angular distribution of the incident photons and hence reconstruct images of the source as a function of time. This demonstration is an attempt to show how this is done.

First, we need to understand how one of the collimator pairs modulates the incident flux of photons. To make it simple, we will consider only the coarsest collimator pair (#9) and a steady point source on the Sun. X-rays from that source are emitted at a constant rate and travel in straight lines in all directions. We are only concerned with those that travel towards HESSI. It is important to note that all the photons that reach HESSI can be considered as traveling on parallel paths since the Sun is so far away (96 million miles or 1.7 x 1011 m) compared to the diameter of the HESSI grid tray (~1 m). The biggest angle between the directions of photons that could be detected with HESSI is thus

360/(2 pi 1.7 x 1011 degrees = 1.2 x 10-6 arcseconds

This is much less than the 2-arcsecond angular resolution that is achieved with HESSI’s finest grids and so we are justified in assuming that all of the photons from a point source on the Sun arrive at HESSI with parallel paths.

Next we consider how the grid-pair collimators modulate this parallel beam of X-ray photons. It is instructive to imagine yourself riding along on one of the photons in the beam, Jeddi style. The accompanying animation shows what you would see with your X-ray vision assuming you were traveling exactly along the HESSI spin axis. Only the slats of the grids would block your view of the detectors – the insulation blankets and the cryostat cover which lie between the photons and the detector are transparent to all but the lowest energy X-rays. From the viewpoint of you, the photon, everything would be rotating at 15 rpm. The two grids and the detector would all appear concentric except for the slight misalignment that had been precisely measured before launch. The area of each detector that you see through the two grids in front of it tells you how many of the photons riding along with you in the parallel beam from your common point source will be recorded by HESSI at any given time. The number of photons on your parallel beam that will be recorded by HESSI changes between 50% of the photons (when the slats of the front grid do not block any portion of the rear grid) and no photons (when the slats of the front grid completely cover the openings of the rear grid). 

As you the photon are traveling from the front grid to the back grid, HESSI is rotating at 15 rpm.  However, you don’t have to worry about the effects of rotation from the time you pass through the front grid to the time you pass through the rear grid and into the detector since distance between grids is only 1.55 m and you are traveling at the speed of light (186,000 miles per second or 3 x 1010 cm s‑1).  It only takes 5.2 x 10-8 s for light to travel 1.55 m.   


1.55 x 103/3 x 1010 s = 5.2 x 10-8 s


At the 15 rpm rotation rate, even the grids near the edge of the trays move a very small distance in this time (2 pi x 50 x 5.2 x 10‑8/4 cm = 0.04 microns) compared to the  finest slit width (20 microns).

The next step in HESSI imaging is determining where the source is located on the Sun.  To start, we will consider a special case of a point source exactly on the HESSI spin axis.  In the accompanying animation, we consider Grid #9, the coarsest of all HESSI’s grids.  The visible portion of Detector #9 seen through the coarsest grids stays constant as the spacecraft rotates.  In this case, the beam is not modulated as the spacecraft rotates and all the detectors record a steady rate of photons equal to a fraction of those that passed through the front grid. Assuming that the front and rear grids are concentric, the fraction of photons that do get through both grids from a point source on the spin-axis to the detector would be ½.  However, in reality, the front grid is slightly offset from the corresponding rear grid.  The exact offset of the front grid with respect to the rear grid is something that will be determined for each grid pair using data from the first flares detected.

But what happens in the more interesting and common case when the point source is offset from the HESSI axis? The accompanying animation shows what happens. Now the front and rear grids no longer appear concentric and the area of the detector that can be seen through both grids changes with time.

