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GRIDLET TEST UPDATE

This writeup documents some of the parameters and design issues associated with the updated gridlet test.

In the current configuration of the gridlet test,  two identical detectors are simultaneously illuminated by a source located behind the “gridlet” (actually a spare grid) located 1.55 m above the top imager grid.  By exploiting the  2nd harmonic response of the top grid, count rates are modulated as the gridlet is moved perpendicular to the slits.  Alignment of the imager grids is indicated by in-phase modulation from the two detectors.  To exploit the 2nd harmonic and to maximize sensitivity to twist, the area and the angle of illumination of the grids must be controlled.   This can be done by inserting a mask (sketched at the end of this document) just above the detectors and below the rear grid.  (The alternate location, just above the front grid, is less desirable since the resulting illumination pattern would have fuzzy edges.)    A single mask should be sufficient for normal testing of any grid with a 1 degree FOV (i.e., grids 1C, 2B, and 3 through 6).   Alignment of grids 7 through 9 will be confirmed by direct optical viewing through the grids themselves, as was done for HEIDI.

RATIONALE FOR SELECTION OF  MASK PARAMETERS

This section discusses the design of the detector mask for the gridlet test.

To exploit the 2nd harmonic, the effective slit/pitch ratio of the grids must be in the range 0.1 to 0.4.

For nominal grids with a 1 degree FOV and an actual slit/pitch value of 0.6, this implies that incident angles should be limited to the range 0.16 to 0.82 degrees.   Allowing for a 1 cm range of source motion, a 3.2 m source-detector separation, 5 mm source diameter and tolerances, this implies that the displacement (perpendicular to the slits) between the center of the source and the illuminated area of the detector should be in the range, 3.2+-1.2 cm.   This can be achieved by displacing the source 3.2 cm from the center of  the subcollimator and by centering a 2.4 cm aperture (perpendicular to the slits) over the detector, as shown in the diagram.

There are five factors to consider in choosing the illumination pattern parallel to the slits.

1. The sensitivity to twist for the gridlet test is proportional to the separation of the centroid of illumination of the two detectors, parallel to the slits.  

2.  Illuminating a larger area of the detector improves counting statistics for a given source.

3.  In-phase modulation of the two detectors does not necessarily indicate that the phase difference along the slits is zero.  If the phase difference between the two detectors were 360 degrees (or multiples thereof) the two detectors would also modulate in phase even though the grids were grossly out of alignment. Therefore the illumination pattern must provide a mechanism for eliminating this ambiguity.

4.  The absence of sensitivity between the round detectors must be respected.

5.  To minimize systematic errors, the illuminated area of each detector should be similar.

The asymmetrical mask pattern parallel to the slits in the sketch satisfies these requirements.  Each grid has a similar (6.24 cm2) illuminated area, consistent with closely spaced detectors,  with a centroid separation of 4.8 cm.   If this separation were to correspond to a 360 degree phase shift (or multiple thereof), then the patterns shown would automatically eliminate the modulation within one or both of the detectors.  (eg If 4.8 cm corresponded to 360degrees, then the 2.4 cm separation between the 2 areas of illumination of the left-hand detector would correspond to 180 degrees, and the left-hand detector would see no modulation.)  Therefore with this pattern,  an unambiguous signature of aligned grids is provided by in-phase modulation with comparable amplitudes in the two detectors.

The mask itself can be fabricated of any material sufficiently thick to stop 22 kev x-rays (eg 1 mm steel or copper).  Stopping the 88 kev x-rays from the Cd109 source would be desirable, since it would slightly improve the background, but would require  excessive thickness of any material except tungsten.

A set of three additional masks besides that shown below would be useful in confirming a twist misalignment should one be detected.  Each mask in such a set could have two identical apertures, each 2.4 cm high by 1.2 cm wide (similar to the smaller to the smaller ones in the primary mask below), except these would be located symmetrically with aperture-centers separated by 2.4, 4.8 and 7.2 cm.  These would confirm abnormally large twist by showing a phase difference that was directly proportional to the aperture separation.
Twist sensitivity and modulation Efficiency 

For an effective separation of  s (=4.8 cm), and a relative grid twist of t (radians) for grids with pitch, p,

the two detectors will see a phase shift between their modulation patterns of ( = s * t / P radians.

For the relative twist error budgets of  grids 1 through 6 (which range from 0.33 to 2.5 arcminutes)  this corresponds to phase shifts ranging from 24 to 12 degrees respectively.  Note that the tighter requirement on measuring phase shift with the gridlet test corresponds to the coarser grids !

The expected modulation efficiency for the gridlet test is the product of several factors tabulated below for the finest and coarsest grids:









GRID 1

GRID 6


Imager modulation efficiency (excluding aspect)

86%

97%


Stability of test frame 
(5 (m rms)


65%

98%


Gridlet twist 

(6 arcminutes)


90%

99%


Gridlet height setting 
(0.3 mm)


90%

99%


Gridlet slit width





90%

90%


Use of 2nd harmonic




40%

40%


EXPECTED MODULATION EFFICIENCY

16%

33%

Since the trend in modulation efficiency is the inverse to the trend in required signal-to-noise in measuring phase shifts corresponding to the twist error budget, comparable integration times would be appropriate for all grids.

SOURCE STRENGTH REQUIREMENTS

The average count rate, C, for a source strength of S (millicuries) located a distance, R from a detector of effective area, A,  where the x-rays must pass through 3 grids of average transmission, T, and through an air path of transmission, L, is given by:






C = 3.7*107 * S * A * L * T3 / (4 ( R2)

In this case A= 6.24 cm2, L=0.79, T=0.25 and R=320 cm, and we have that a 1 millicurie source provides a count rate in each detector of about  2 /second.  This is significantly less than the previous incarnation of the gridlet test, primarily because of the reduced values of A (6.24 cm2 vs 81 cm2) and T (0.25 vs 0.6) and the larger value of R (320 cm vs 232 cm).

To estimate the required source strength, we note that a set of 4 integrations (at ¼ pitch spacing), each of which provides an average of N counts in each detector, would permit measurement of the phase difference to an rms accuracy of (1/ ( sqrt(N)) radians,  where ( is the modulation efficiency.  We adopt a goal of no more that 1 hour of total integration for each of the 6 grid pairs (excluding setup time),  and a goal of measuring the phase difference to 4 times the accuracy of the alignment requirement.  Then for subcollimator 1, we want a phase difference measurement of 6 degrees rms.  Since the modulation efficiency is 16%, this implies an average of N= 3600 counts in each detector for each of the 4 integrations.  Allowing for some redundancy, we allow for 10 integrations in the hour, which implies count rates of  10 /second, or a source strength of 5 millicuries.   To err on the conservative side, we should have a minimum source strength of  10 millicuries,   A somewhat stronger source would provide additional flexibility in repeating measurements, etc.  Thus a 40 millicurie source, which  would provide about 80 counts/second) would be desirable.
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Indicates mid point between detectors.  Dimensions are relative to this point.



Dashed circles indicate outline of 2-inch scintillators.

Maximum 1 mm separation between detector outer casings. 



Larger outer dimension would be ok for either 2 or 3 inch scintillators.







