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We report laboratory imaging results of a balloon-borne gamma-ray imaging telescopearkla
Codificada (Portuguese for “coded mask,”designed to obtain high angular resolutior14

arcmin) images of the sky in the 50 keV—1.8 MeV energy range. The instrument incorporates a
coded mask with an aperture pattern based ormal®element modified uniformly redundant array
(MURA). This pattern belongs to a subclass of MURASs that are almost completely antisymmetrical
for 90° rotations with respect to the lower-right corner of the central element, which allows the
implementation of an antimask by a single rotation of the whole mask by 90°. The symmetry
properties of the MURAs are discussed. The algorithm for determining the position of the
gamma-ray interactions on the instrument’s main detector is described and the results of laboratory
tests of the imaging system are presented. The mask—antimask subtraction, applied after a
flat-fielding procedure, produced a 60% increase in the signal-to-noise ratio of a &tr0gv)

point source(662 keV photons coming from &#'Cs radioactive sour¢emage by eliminating
systematic distortions in the instrumental background measured over the detector pla2@02 ©
American Institute of Physics[DOI: 10.1063/1.1505841

I. INTRODUCTION distribution on the PSD, which is governed by the detector
spatial resolution.
The coded-aperture imaging concephas been used The detector count distribution can be mathematically

with great success over the last decade to produce images @éscribed as a cross correlation between the source map in
the sky at hard x-ray and low-energy gamma-ray energieshe sky and the pattern of openings in the mask. The image is
The space instruments Spacelab-2/XRBRANAT/ART-P#  then reconstructed essentially by a correlation between the
BeppoSAX/WFC, and RXTE/ASM® as well as balloon- count distribution in the PSD and a suitably chosen decoding
borne telescopes GRiRnd EXITE®® have all successfully function G, which in general mimics the mask pattern. A
employed coded-aperture techniques above a few keV. In tH&a/or brgakthrough n cod_ed—aperture Imaging occurred
low-energy gamma-ray range, the SIGHMAL? telescope when Fenimore and Canntrintroduced a family of arrays
aboard the GRANAT spacecraft was particularly successfufth® uniformly redundant arrays - URAwhich, when used

and obtained remarkable gamma-ray images of several r%?t:lhrelopiit;irrr;r?tf:(ggglg?ij I%sx?rﬁgfndsrgﬁziﬁi’v?tgogvi :;n:gmg
glons Sf_léhe sky, especially the central region of Ourmask, approximately half of the area is opefince the au-

gala_i%. basic id f th ded ' : ing techni tocorrelation of a URA is a delta function, ti@&function for
€ basic dea ot Ine coded-aperture Imaging techiniqug, . pAs is a unimodular representation of the mask pattern.

W_ith stationary mask_s is to spatially encode the inComir_}gl_ater, Gottesman and Fenimédtaoticed that a slight modi-
high-energy photons in such a way that each sky resolutiofeatio in the G function permits the use of a new class

element(a “sky bin") in the telescope’s field of vieFOV) o arrays the “modified uniformly redundant arrays”
produces a unique pattern of counts over a position-sensitivWURAs), which are built using the same algorithm and
detector(PSD). This is achieved by placing an opaque plategye the same imaging properties of the URAs, with the
with an especially designed pattern of openiritjee coded  additional advantage of being squasee Sec. ). The use
masK in the FOV at a suitable distance from the detector saf the MURASs increased the number of available square or
as to achieve the desired combination of angular resolutionearly square mask patterfwith unimodularG functions
and FOV. The sensitivity of such an instrument depends noand ~50% throughputby a factor of~3, thus providing a
only on the effective area of the detector and on the instruwider selection of mask patterns to suit particular experimen-
mental background, as is usual for conventiorand y-ray  tal constraints.
telescopes, but also on properties of the maglen fraction In this article we report laboratory imaging results pro-
and intrinsic noispand on the degree of blurring of the count duced by the Mscara CodificaddMASCO) y-ray telescope,
which utilizes a coded mask based on ax19 MURA pat-
tern. In Sec. Il the experiment is briefly described, with em-
?Electronic mail: braga@das.inpe.br phasis on the imaging system. In Sec. Il we point out im-
portant symmetry properties of a subclass of MURA patterns

0034-6748/2002/73(10)/3619/10/$19.00 3619 © 2002 American Institute of Physics
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FIG. 1. A general view of the imaging system of the MASCO experiment
with the distance to the mask not to scale. The detector system is placec
inside a pressure vessel and the distance from the mask to the detectc
surface is 3.05 m.

FIG. 2. Geometrical arrangement of the 19 PMTs optically coupled to the
that allow the implementation of an antimask by a simplemain NalTl) detector. The dashed circle indicates the edge of the actual
90° rotation of the mask structure. In Sec. IV we describe thérystal. The axis provides the reference system for the position determina-

- . ’ e . tion algorithm.
algorithm used to determine the positions and energies of " &germ
y-ray interactions in the PSD. In Sec. V, the results of labo- )
ratory tests of the imaging system of the telescope are dif & 1919 MURA pattern made of 1.25-cm-side, 2-cm-
cussed. Finally, in Sec. VI we discuss the sensitivity of thethick square lead elements. The mask structure is allowed to

experiment and show a simulated image of the Galactic Cerfotate in order to change the configuration from “mask” to
ter (GO) region. “antimask” and vice versa. Furthermore, a continuous rota-

tion of the maskat about 1 rpmprovides a time modulation
of the signal that enables the determination of unambiguous

IIl. DESCRIPTION OF THE INSTRUMENT source locationé® Due to the rotation of the mask and the

The MASCO experimen?'?’is a balloon-borne imaging Sky rotation caused by the diurnal motion during exposures,
gamma-ray telescope designed to operate in the 50 keV—1®Ir data reduction procedure includes the acquisition of
MeV energy range with a~14 arcmin angular resolution. short-exposure images for which neither the mask rotation
The telescope has a circular 13.6°-diam fully coded field oftor the sky rotation produces significant differences in the
view (FCFOV) surrounded by a partially coded field of view orientation and displacement of the shadowgram cast in the
(PCFOV) up to 23.5°. A sketch of the imaging system of the detector (the position displacements are small fractions of
telescope is shown in Fig. 1. The detector system is kept dhe detector spatial resolutiprirhe photon interaction posi-
~1 atm pressure inside a vessel to avoid corona dischargdi®ns in each short integration are then corrected for the com-
within the high voltage power supplies and also to provide &ination of the two effects and then the raw reoriented im-
thermally controlled, electrically shielded environment for ages are added.
the enclosed instrumentation at balloon altitudes. The main  The experiment is placed in a stabilized balloon platform
detector is a 40.6-cm-diam, 5.08-cm-thick Ki&) scintilla-  in an alt-azimuthal configuration and the telescope is able to
tor (with a 0.76-mm-thick Al entrance windowoptically ~ carry out pointed observations with at least 6 arcmin accu-
coupled to 19 7.62-cm-diam photomultiplier tub@MmT) in racy. The instrument employs two charge coupled device star
an Anger Camera configuration. Figure 2 shows the positiongameras for field recognition and guidance. During daytime
of the 19 PMTs with respect to the detector. The detector i®bservations, a sun sensor and a sun tracker are used. The
surrounded by an active shield of large-volume plastic scinpayload also employs gyroscopes and magnetometers and is
tillators at the sides and by an identical K&) detector at automatically guided. For a description of the gondola and
the botton?! A cylindrical top plate of 3-mm-thick plastic its guiding algorithms and strategies, see Refs. 23, 24, and
scintillator is placed in front of the detector for charged par-25. In Table I, an outline of the experiment is shown.
ticle veto. The three PMTs of the top plate are placed on its
side (on special mounisspaced by 120°. The MASCO de- |, "oy \METRY PROPERTIES OF THE MURAS
tector system is similar to the one in Caltech’s GRIP
experiment? The MURA patterns are built using essentially the same

The coded mask, placed at a distance of 3.05 m from thalgorithm of the rectangular URAs, with the exception that
detector surface, is a 1-m-diam disk with a cyclic repetitionthey are square arrays and can be built from any prime num-
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TABLE |. An overview of the MASCO balloon-borne coded-aperture
gamma-ray telescope.

The MASCO telescope

Energy range 50-1800 keV

Mounting Alt azimuthal

Detector 40.6-cm-diam, 5.08-cm-thick Nal)
Anger Camera typ¢l9 7.62-cm-diam PMTs
Position-sensitive diameter:27 cm FIG. 3. (8 The pattern of coded-mask of the MASCO experiment. The
Spatial resolution>~10 mm FWHM @662 keV  hasic pattern is a 2019 MURA. (b) The same mask rotated by 90° to show

Shielding Bottom: 40.6-cm-diam, 5.08-cm-thick NH) the antisymmetrical propertc) The black elements are the ones that do not
Sides: 12 organic scintillator®7 dn? each get interchanged by the 90° rotation; all the white elements changed from
Front: 0.3-cm-thick organic scintillator closed to open or vice versa.

Energy resolution ~10%@662 keV

E'ff”;itir\‘fj‘zfégn gg;scﬁ@ 50 KoV pointed out by Byard?® if the correlation of the subtracted
366 cnf@300 keV array(mask—antimaskis performed with &G function that
207 cnf@1 MeV has a value of 0 in thél,1) position, instead of the usual

Mask Extended 1819 MURA (circulan “—1,” the reconstructed image is still perfe@io intrinsic
Basic mask cell: square, 1.25 cm side noise.
E:g::r;essso inc]mpb) In Fig. 4a we show a coded mask based on a7
Distance from detector: 305 cm MURA pattern. Takin'g the same procedure as in Fig. 3, we

Imaging Circular, 13.6°-diam, fully coded FOV see that a 90° rotation of the mask produces an identical
Circular, 23.5°-diam, total FOV pattern, except for the first line and first column of the basic
Angular resolution: 14 arc min array, that get swapped, as shown in Fig&) 4nd 4c).
Positioning power: 4.5 arc min for asSsource

Pointing Approximately 6 arc min precision

Sensitivity 2,55 10 @50 keV IV. POSITION DETERMINATION ON THE DETECTOR

(photons cm?s tkeV 1) 8.56x 10 @300 keV

760X L0-5@1 MoV In order to determine thex(y) position of the y-ray

events in the detector, we utilize a method based on an algo-
rithm developed for a tomography scintillation cam&rsve
first define a Cartesian coordinate system on the surface of

which differ by two. Gottesman and Fenimdferealized the det_ector based on the spatial orientation of the 19 PMTs
y wo (see Fig. 2 When an event occurs, each PMT signal, after

that the modification of one particular element in the patterrbemg preamplified, is fed into four resistors. The values of

leads to a decoding function that provides “perfect” imaging : .

properties to the MURAS, in the sense that there is no intrin:[he resistances are selecte_d in such a way as to compensate

sic noise inherent in the decoding procedure. This means th 'y the different PMT locations and for the distances from

if M is the MURA pattern ands is the decoding function, t e PMTs to the qenter of the dgtec(me values are roughly
inversely proportional to the distance of the PMT to e

M=*G (where=* is the correlation operatpis a é function. . . .
An additional feature is the fact that a subset of the MURAsand Y axis and depend on which quadrant the PMT is lo-

shows 90° antisymmetriexcept for one elementa fact that cate_d. I_n this way, each event _in t_he detector generates elec-
was first reported in the literature by Byfcand was dis- "ONIC Signals in four “electronic fines” { X, =X, +Y, and
covered independently by @5 This makes this subclass of — Y) which connect the resistors together in a network. The
MURAs suitable for the implementation of antimasks in gain of each PMT-preamplifier pair has to be adjusted "
gamma-ray telescopes by performing a single 90° rotation o?Ld?r to E.rtct).dUthth((aj starr:e pulsetlhe!gh:hfor motnoer;ergetrl]c
the mask supporting structufa similar—albeit a little more photons hiting the detector exactly in he center of eac
complicated—way of obtaining an antimask from the origi- PMT (this is achieved by collimating radioactive sources in

nal mask for the case of URA masks had been already di§—he Iaborator)(. .
covered and implemented by our group in the TIMAX The position can then be obtained by
experiment®=2}. Moreover, we noticed that all the remain- (+X)—(—X) (+Y)—(-Y)
ing MURAs show 90° partial symmetry: all the elements, Xele:mv Yelezm- @
except the elements of the opaque first line and the open first
column, remain the same under 90° rotations.

In Fig. 3(@ we show the pattern of the coded-mask used
by the MASCO telescope, which is a cyclic repetition of a
19x 19-element MURA. The center of rotation of the mask
is the lower-right corner of the central element of the central
MURA pattern. In Fig. 8b) we show the mask rotated by 90°
and in Fig. 3c) we show the elements that changed from (@ (b) (o)
open to closed or vice versa by performing this rotation. Thq:IG. 4. Same as in Fig. 3, except that now the basic pattern isxa 17
black elements are the only ones that did not change; thesgra. one can see that this patternrist antisymmetrical, being actually
elements correspond t8l(1,1) in the aperture pattern. As partially symmetrical with respect to the 90° rotation.

ber (the URAs can only be built with two prime numbers
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FIG. 5. Uncorrected lab background count distribution over the detector. The two-dimensional histogram samples the surface at 1/4 the mask cell size

To transform from these electronic coordinates to realow quantum efficiency of one particular PMT would de-
geometric coordinates, we simply calculate grade both the energy resolution and the position resolution
@) of the detector as a whole. However, differences in quantum

efficiency among the PMTs will not affect the centroid of the
wherek is a calibration constant. measured position distribution of events corresponding to

To obtain the energy of the detected photon, we perforngamma rays hitting the detector surface at a given position,
a sum of the 19 PMT signals, since the energy is proportionadince the output signals of all PMTs go through preamplifiers
to the amount of photoelectrons generated in all PMTs. Arwhich have their gains adjusted so as to produce pulses with
alternative way to calculate the energy of an event is to adéxactly the same height for monoenergetic gamma rays hit-
up the signals from the four electronic lines. Energy spectraing a position on the detector corresponding to the center of
of a collimated'®’Cs (662 keV line radioactive source taken each PMT.
in the laboratory have shown virtually no variation with po- The background correction procedure is carried out in
sition and an energy resolution 6f10%. two steps: first, a standard multiplicative flat-fielding proce-
dure corrects for the apparent quantum efficiency variation
across the detector; then the subtractive mask—antimask
technique is applied to eliminate the systematic position-

In order to test the performance of the imaging system oflependent background variations across the detector
the MASCO telescope, we have carried out calibration prosurface?®-3033
cedures and produced images of radioactive sources in the The images presented here were obtained using a 320
laboratory. mCi 1*'Cs radioactive source placddligned with a laser

In Fig. 5 we show a two-dimensional position histogrambean) in the center of the FOV, 68 m away from the PSD.
of a long (~6 h) integration of the background at the labo- This distance is long enough so as to make the magnification
ratory, sampled with a linear scale of 1/4 the size of oneof the mask shadow negligibléhe detector scale adjustment
mask element. We can clearly see a relative increase in ththat would be needed, of 0.3 mm, is much less than the
recorded counts towards the edge of the detector. This can lgetector spatial resolution ef1 cm). The mask was placed
attributed both to position-dependent background systemaB.05 m away from the PSD, as it is in the final telescope
ics and degradation of the detector ability to measure correaonfiguration, and its rotation center was aligned with the
positions at large radii. When gamma rays hit the detector ajeometrical center of the PSD. The image used for the flat-
radii greater tharr~13 cm, the positions cannot be deter- fielding procedure was taken with thA&Cs source placed at
mined unambiguously. The recorded positions cluster around-20 m from the PSD without the magia order to obtain a
r~13 cm, with an additional tendency to concentrate aroundiniform exposurgand for a long integration timéel6é h).
the sites of the external PMTs. This leads to the wrong num-  In Fig. 6 we show a flat-fielded shadowgram cast on the
ber of events being attributed to positions at increasing radiigetector surface by th€’Cs sourcdplus backgrounyin a 2
providing an apparent variation in quantum efficiency acros$ integration in the above configuratidwe selected the
the detector. Even though the sensitivity of the detector doesvents inside the 662 keV photopg¢akhe area shown cor-
not vary significantly across its surfa¢te light flash pro- responds to the complete central MURA pattern of the mask
duced by a gamma-ray anywhere in the crystal is detected b§23.75 cnx23.75 cm. One can clearly see the spatial distri-
the PMTs every timg the backgroundccount distribution  bution of the events according to the mask pattern as well as
over the detector surface has an additional dependency dhe progressive radial degradation of the spatial resolution
guantum efficiency variations among the 19 PMTSs, since d@owards the corners of the distribution.

Xgeo: K Xeles Ygeo: KY eles

V. LABORATORY IMAGES
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mask shadowgram on the MASCO detector - central region

Y value (unit: 1/4 mask cell size)
Intensity (counts)

10.00 20.00 30.00 40.00 50.00 60.00 70.00
X value (unit: 1/4 mask cell size)

FIG. 6. Flat-fielded count distribution of 662 keV photons coming frofi’&s source.

In Fig. 7 we present the reconstructed image correspondne would have to use a detector with perfect spatial resolu-
ing to the count distribution of Fig. 6. The image was built tion and perfect ability to determine positions. With a nomi-
using the cross-correlation method with tii@ decoding nal spatial resolution of about 1 cm full width at half maxi-
function replaced by an array that represents the convolutiomum (FWHM) at 662 keV (in the central 12 cm radius
of the extended originab MURA pattern with the detector portion of the detector surfagevhich corresponds to 80% of
point-spread functioiPSH at 662 ke\?? Due to the effects the mask cell size, a loss of 35% in SNR in comparison with
caused by the radial degradation of the detector ability tahe Poissonian value is expected based on empirical and
determine correct positior(particularly at the corners of the simulation result§**° This means that the expected SNR at
central detector region used which corresponds to a comple®62 keV would by 71.5 and that our current best value of
MURA pattern and background nonuniformity, the rms 23.7 is only 33% of what we expect to achieve. Since the
variation of the off-peak region of the image is a factor 7.5mask—antimask technique does not introduce any intrinsic
higher than the Poisson value for the total number of countsoise, as pointed out in Sec. lll, we hope to improve the SNR
which means that the noise in the image is highly dominate@f the images by reducing the noise of the data acquisition
by systematic effects rather than by statisti@disson fluc-  electronics, which in turn will improve the detector spatial
tuations. The signal-to-noise rati®NR) of this image is resolution. A new low-noise data acquisition system is now
14.8, whereas the purely Poissonian value would-i40. under development. A major limitation, however, is the loss

Finally, in Fig. 8 we present an image built using the of position sensitivity at large radii, as explained above. As
subtractive mask—antimask technique, which was producedne can clearly see in Fig. 6, the positions at the corners of
by correlating the PSF-convolve@ function of the mask the central MURA region on the detector surface, used in the
with the difference between the recorded PSD counts witltorrelation analysis, are severely degraded. We are presently
mask and antimask. The mask and the antimask recordeglorking on improvements of the position determination al-
PSD counts were obtained with an integration time of 1 hgorithm that hopefully are going to increase the maximum
each so that the statistics of this image are equivalent to thaadius at which the detector can measure positions with rea-
present in Fig. 7. The SNR of this image is of 23.7, a 60%sonable precision.
improvement over the image of Fig. 7. This shows clearly ) . -
the efficiency of the mask—antimask imaging technique'vIaSK rotation and source position ambiguity
when we have systematic variations in the background mea- We produced a set of images of-a100 mCi 23’Am
sured over the detector surface. radioactive source, located 31 m away from the PSD, to test

In order to get the purely Poissonian value for the SNRthe rotating mask approach that eliminates the ambiguity in-
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FIG. 7. Reconstructed image of#(Cs source placed in the center of the telescope'’s field of view. This image is not corrected for background nonuniformity.
The signal-to-noise ratio is 14.8.
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FIG. 8. Reconstructed image of‘#Cs source placed in the center of the telescope’s field of view. This image was obtained in the same laboratory setup as
the one in Fig. 7, except that during half the integration, the mask was rotated to the antimask position. The signal-to-noise ratio is 23.7.
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FIG. 9. Reconstructed image of tR€Am radioactive source placed in the
FCFQV, using the full extension of the mask. The SNR of all the nine peaks
is 12.1+1.0

troduced by the repetition of the basic MURA pattern. In this
case we performed a scale adjustment on the PSD to account
for the magnification of the shadowgram due to the finite
distance to the source, even though, at this distance, the cor-
rections in the event positions are still smaller than the de-
tector spatial resolution. The results are shown in Figs. 9-11.
In Fig. 9 we present a reconstructed image of the radioactive
source placed in the FCFOV. This image was obtained using
the mask—antimask technique and the complete extended
mask pattern was used in the reconstruction procedure. The
SNR of this image is of 12:41.0. The presence of the nine
possible positions of the source in the FOV, all of them pro-
ducing the same shadow on the detector, is evident. In Fig.
10, we show an image with the source in the same position
and using the same integration time, but in this case the mask
was continuously rotating. In this case, the true source POSkG, 11. (8 Shadowgram cast by the mask as registered by the detector

tion is evident and a set of rings around it is apparent. Those€ystem for a source located in the PCFOV, 8.3° away from the telescope
axis; (b) reconstructed image for the distribution(a. The SNR is 8.Z1.0.

INTENSITY

rings are produced by the smearing of the “ghost” peaks.
The SNR of this imag€14.3+1.0) is of the same order as
the previous value, which indicates that the mask rotation
does not introduce a loss in sensitivity. Finally, an image was
obtained with the radioactive source in the PCFOQOV, 8.3°
away from the axis of the telescope. In Fig(dlwe show

the shadow of the mask as registered by the detector system.
Since the signal from the source does not cast a complete
MURA shadow onto the detector, it introduces artifacts in
the image, further degrading the SN®hich is already
smaller than it should be in the case of the source in the
PCFOV due to the loss of photons in the shigldsy source

in the FCFOV also contributes to the background of the im-
age as a whole, since a fraction of the photons will hit the
detector surface without being coded by the mask. The frac-
tion of this contribution is dependent on the position of the

FIG. 10. An image with the source in the same position as in Fig. 9, for thefSOl’IrCe in the PCFOV. In the Fig. @ the reconstructed

same integration time, but in this case the mask is continuously rotating. Thimage of the source in th_e PCFV_ iS_Shown- In this case, a
SNR is 14.3-1.0. SNR of 8.7:1.0 was obtained. This is reasonable since, in
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FIG. 12. 3¢ sensitivity of the MASCO telescope for an integratidn6oh at aresidual atmosphere of 3.5 g/ém

this case, approximately half of the photons from the sourceige spectra of several Galactic Cent&iC) x-ray sources

were coded by the mask. (the GC region will be the main target of MASCO in its first
balloon flighy.
The background at balloon altitudes was estimated by
VI. SENSITIVITY AND SIMULATED IMAGES direct scaling with the background measured by the

Caltech’s GRIP telescope over Fort Summer, RMThe

The sensitivity of a conventional gamma-ray telescopecounting rates were corrected for the geomagnetic rigidity of
usually given in terms of the minimum detectable flux for athe Brazilian launching sitél1.7 GV). With the threshold of
given statistical significance, is inversely proportional to itsthe anticoincidence system at60 keV, the expected total
effective area and directly proportional to the square root otounting rate from 50 keV to 1.0 MeV is 0£230 counts/s.
both the instrumental background Counting rate and the time In order to demonstrate the poin[ source sensitivity of
spent on both source and background integration®n  the MASCO telescope, we performed a series of Monte
coded-aperture telescopes usiM)URA masks the sensitiv- Carlo simulations of the Galactic Center region. We have
|ty is essentia”y the same as if it were a conventional CO”i'used the average fluxes of the main GC sources as measured
mated instrument: whereas half the effective area is lost dUQy several instruments over the past few years. In this set of
to the mask, which would degrade the sensitivity #2,  simulations, we have considered the fully coded square field
source and background are measured simultaneously so thatview determined by the central projection of the MURA
the factor ofy2 is recovered. However, the detector spatialpattern over the detector surface and we did not include mar-
resolution plays an important role on these instruments, sincginal sources, since for this particular field we do not expect
the signal-to-noise ratio of the source detections on the rete presence of strong sources in the partially coded field of
constructed images depends on how sharp the mask shadowew. The simulated count distribution over the detector
gram is defined in the PS#:* For the MASCO telescope, plane was produced by adding the shadowgrams of each
we have chosen a mask cell size comparable to the detecteburce over the estimated background level. The source
spatial resolutiorfFWHM) so as to retain much of the angu- fluxes were calculated by integrating each spectrum over the
lar resolution without sacrificing too much of the sensitivity. image energy range and then correcting for MASCO’s effec-
Furthermore, the signal-to-noise ratio for a point source in aive area and the integration time of the simulated observa-
coded-mask reconstructed imagehen the aperture decod- tion. The positions of the detector hits, for each source, were
ing function is unimodularis given by the ratio of the net produced by taking into account the incidence direction of
source counts by the square root of the net source counts plésich source. The positions were also Gaussian shifted ac-
the total number of counts in the detectbihis should be  cording to the detector position resolution at each energy.
taken into account when calculating the fluxes of the sourceshis has the effect of smearing out the mask shadowgram
from coded-aperture reconstructed images. In Fig. 12 weast on the detector. The final count distributions were then
show the sensitivity of the telescope together with the avercross correlated with the mask pattern convolved with the
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