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A wide~field X-rav detector for observations of cosmic
gamma—ray bursts has been prepared and launched on a balloon
plat+orm +from the base of Trapani-Milo (Sicily) in July of
1982, The detector 18 an imaging tvype, a 40 cm diameter
gamma camera, paired with a 1.8 m diameter pseudorandom, SO%
operi mask, to make up the telescope. The detector worke in
the enefgy range between 30 and 400 keV with imaging
capabilities up to 300 keV. A description is given of the
detector characteristics, main payload electronics and also

the supporting pachkages and subovstems.
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1. Imtroduction

The astronomy of Y ray buw-sts has been developing ra-
pidly in the past few years. Detectors on a large scale

network of satellites and interplanetary probes [11 have led,
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for the more intense bursts (more than 10 erg/cm ), Lo more
and more precise localizations of the sources. Even with
the precision obtained, however, few possible identifications
have emerged [1,2,.31].

The uwse of a number of larger area detectors placed on
the Venera 11 and 12 probes (4], repeated later on Venera 13
and 14, reveal the presence of a large number of less intense
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burste ( 210 ?erg/ cm 5 ). These observations indicate that
the sources are more or less isotropically distributed in the
sky {one probe gives 1-3 deg souwce localization ) and
moreover reveal the presence of repeating souwces and of
interesting features L35,6,7]1. The spectral analysis shows a
possible broad cyclotron absorption o- emission line and a
feature near 420 keV in emission which can be interpreted as
a gravitationally shifted positron electron annihilation
line. There has been some discuseion on the reality of  the
cyclatron line L8,91. In any case the spectral +orm has been
observed as being rapidly variable and episodic in nature
with the annihilation line or the cyclotron feature
appearing, disappearing and reappearing during the event on a
time scale of o (.1s L1013, There 18 also the X3 msec
quasi-perindic variation observed in the spike of the March

55,1979 burst L[11). In the same burst the long term hastory can



aletsr be extremely interesting: the initial, intensé, 0.1 sec

spike was followed by an 8 sec oscillation for minvtes after=
wards [12]. As will be seen below, we have tried to cover as

well as possible with the data handling on—board the various

time intervals involved +rom 0.5 ms to minutes.

The use D; a gammns camera and a coded mask for burst
obeervation and localization was first proposed at the
Irnnsbruck Cospar meeting [13) in connection with & then possible
spinning Jtalian satellite. We have since developed a design
for balloarn use which attempts to permit observation of the
spectral features mentioned above on relatively fast time
scales allowing simultaneously observationse of bursts to lower
fluences and spatial localizations to 3 to 10 minutes of arc.

In what follows, we will describe briefly the operat-
ions of the gamma camera and, 1n more detail, the payload
electronics, the buwst memory, the telemetry and trigger CFU

and the aspect sensors.
2. Payload configuration

The system flight configuration 1s shown in fig. 1.The gondols
structure 15 a pris=m with a dodecagon cross section mounted on
top of a cube which holds the telemetry and the ballast pachkages.
The gondola has a diameter of 1.9 m and a height of 1.5 m; its
weight is 800 kg when ballast 1s included.

The detector 15 essentially cylindrical and 1ts axis 15 aligned
with the geometrical ans of the structure together with the

fii1gh voltage unit which 1s placed under the detector. The masi



is 40 ¢m above the detector.

The azimuth control system used a horizontal magnetometer to
position the gondola with respect to the magnetic field. Six
stainless =teel cables connected the corners of the structure
to the attachment points of the azimuth drive motor.

The sun follower (SF) was placed on the south side of the
gondola protruding ¢.9 m from the structure. The star sensor
or CCD camera {(85) was fised inside the gondola at 29 deg
from the horizontal and about 90 deg East. Alignment tests were
pertormed on the ground to calibrate more precisely the positio=
ning of the aspect sensors.

Electronic packages and battery bones were positioned inside

the gondola to distribute the weights and balance the payload.

3. Flight ainstrumentation

Fig. < shows the functional block diagram ot the payload. In
the gondola system, the following blocks can be identified:
(1} +the telescope and associated electronics;
(11) azimuth control system (ACS):
{ii11)aspect sensors (SF and 58);
(1v) service electronics (BE):
(v) data handling system (DHE) with
burst trigger and memory CPUs.

These will bg described 1 some detail below.

3.1 The telescope and associated electronics

Coded masls, consisting in part of X-ray absorbing elements



and in part of openinags, have been used some times in the past
irm combination with position sensitive detectors to allow the
reconstruction of skv imaoes. The problems pertinent to balloon
flights have‘re:ently been discussed by Cardini et al. [141.

In our imstrument the deszign of the mask was conditioned and
simplified by other considerations (see table 1 for details).
A large field of view was desired, and a guarter of the sky is
given by a half-opening angle ot 60 degrees. Up to this angle
a full shadow of the mask was desired on the gamma camera. It
is, however. to be considered that hard X-rays can have several
millimeters of average stopping length in the Nal crystal. and
therefore are detected with a position error when coming in
at large angles. The thickness of the lead elements in the mask
was then chosen as Smm, a choice which allows good shadows ué
te 200 keV and a partial transmission at 300 keV, the upper
limit for X,Y position data. At 60 decrees the shadow for a
Smm thickness is 1 cm 1in the case of completely absorbed events.
This suggested a size of the basic element of 1.5 cm, & bit
longer than the shadow mentioned above. In this way it is
possible to distinguish two lead elements separated by one unit
hole, even for 60 degree incident radiation.

Setting the diameter of the mask to 1.80 m, the size of an
avtomatic proaorammable drilling machine, the distance of 40 cm
frrom the mask to the detector is +ixed.

More complete details on the mask and the detector plane will
be given elsewhere {papers to he submitted for publication).

Main detector characteristics are shown 1n table 2. As depi=



cted in fig 3., the detector is seen by 19 photomultipliers
through a lightpipe. The photomultipliers are supplied with
individual high voltage deo—doc converters which are enclosed in
a separate presswrized container to protect the crystal from
overheating. This facilitates single tube gain adjustments as
the detector container remains always closed and light tight.
The PMT anodes were connected to ground and the analog circuits
were all direct coupled allowing high counting rates to be
followed with precision.

The 19 outputs VvV  from the preamplifiers are +ed to the EXY
electronics box, w;ich grves three data for the energy,
the X~ and Y-position of each detected photon within a fixed
energy window (J0-300 keV). The functional block diaogram of the
EilY electronics is shown in Fig. 4.

The photon energy E is given by the sum o+ the 19 signals,

and the Y-position is calculated as the geometric means:

Y r= ;S. y ooV {1)

where the weights y are the same for all the phototubes 1n the
same row (see fig. ;). The division in (2) 15 performed in two
different ways giving analog and digital outputs. The analog
diviceion is performed with an analog divider. <Y» signal, together
wilh the corresponding <X» signal and a "pulse presence" signal,

can be sent to an oscilloscope to form a quick-look image of the

gamma camera . fhe X-position was derived from the following



relation:
X = < A+ B » / 2 E cos 30 (3)

where A and B are calculated with the same algorithm as <Y
along the svmmetry asxes (@ and B shown 1n Fig. 3.

It would have been possible to send all the 19 signals to
separate ADC s and transmit the converted signals. This leads,
however., to a weighting and a division of the signals after the
+light whose accuwracy would depend on the pulse height and hence
ori the energy of detected X-ray. It leads as well to an excessive
riumber of bits to be transmitted and to & large dead time. On
the other hand, it is rather difficult to implement analogue
divigions with accuracy and independently of the pulse-height.
The digitized information of the signal (2} and (3), i.e. the
division of the unnormalized position signals <Y » and <A+H-
with the energy signal E, is accomplished in QDC; whose "voltage
reference" inputs are fed by the stretched signal E . In
this way the accuracy of the on-board division depends
onlv on the statistical fluctuations of the signals and on the
success in eliminating DC otfsets at the input of the ADCs.
B8-bit surcessive approsimation ADCs were used with the sliding
scale correction method [15]1. Ground tests of the divider
showed a differential non-linearity of about + 0.4%. For
each event, digitized data h*.X*,Y* and the time t* (wrth &
Eu/usea resplution), are telemetered in the form ot four-
8-b1t words. The bin size is about 1.5:01.8 mm.

The CXY electronics is frequency limited to about 80 keps.
while i1nformation on the integral counting rates up to 0.5 Mops

is available.



Z.Z Azimuth control svstem (ACS)

The ACS works with the signal from a horizontal magnetometer
to position the gondola with respect to the local magnetic
field within zx 0.5 deg. The magnetometer was aligned before
launch with the M-S direction. The gondola is below the driving

molor which is attached to the parachute shrouds.

oes Bun follower (SF) and star sensor (85)

For the localization of & burst, the knowledge of the posi=
tion ot the detector with a higher precision than that fur=
nished by the ACS is needed. For this purpose a sun follower (SF)
and a CCD camera {(55) were constructed and included in the
pavlioad, for day and night operation respectively.

The sensor of the sun tollower was a four quadrant diode placed
in a tube to shield it from stray reflections. It was mounted on
arn equatorial mount with the latitude set arbitrarially at 40
deg and placed on the southern side of the structure. Two
motors, which could be used either in manual or automatic mode.
gave the drive in hour anale and irm declination.

Initzally the manual mode was used to point the sun with the
help of the househeeping telemetered data which gave sun
1llumination. Once this signal was peaked up, one changed

from the manual mode to the authomatic modi. Each shaft of the
SF was mechamically coupled through a doubling device to a 12
bit shaft encoder. During the flight the position of the sun
relative to the gondola was then given with a precision of &

arcmin in both how angle and declaination.



_.1(:]._

For night operation a CCD based star sensor was employed.
The position of the 885 in the gondola was chosen so as not to
have the moon in the field of view at the launch date. We

essentially had a camera with a NIEON S0 mm /1.2 lens and a
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field of view of about 7»%9 deg at the position of the CCD.
The sensor- was cowoled by a Feltier device to abouvt 30 deg

below the ambient temperature; the CCD pixels were 1.35x1.8

iz

arcmin and, with the movement of the gondola, a star in the
sensor field would produce a short horizontal tracii. The
device gave the position ot the maximum intensity pixel for
two stars in its field of view together with star magnitudes.
Once a star is detected, the device is able to track it
avtomatically. Fosition and magnitude data are renewed every
70 msec and transmitted. The sensor was expected to reveal
starg down to the S--th magnitude. The night data have not yet

been fully analyzed.

3.4 Service electronics (8&)

As is shown in fig. 2, the tasks to be performed by

the 58 are the following:

1) low voltage power distribution;

2) subsystem analog and digital housekesping data
coliection, pre-processing and organization;

3 discrete telecommand !atching and activation;
parallel T.C. word handling for the DHS;

4) pulse height analysic of the swn pulse E incoming
from the EXY box +or energies between 280 and

600 keV (Extended Energy Range).
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5.5 Data handling system (DHS)

The desiaon of the DHS was strongly conditioned by the
maximum allowable bit rate at Trapani (34 kbit /=), which is
already insufticient for transmission of the espected back-
ground data in real time. The DHS was implemented around two
CPU=s: the Buwrst Trigger OFU and the Burst Memory-Telemetry CFPU
(Master Frocessor).

The Burst Triager CFU has to recognize i+ a burst has
otcurred, 1.e. if the cwrent counting rates are higher than
the actual trigger settings. Furthermore, to detect different
time evolutions of bursts and, 1in particular, different burst
rise times. the comparision of counting rates are performed on
the three time scales 4, 33X and 256 msec. The Buwrst Trigger
CFU logical operation is shown schematically in fig. S and
its implementation in fig. 6. Incoming pulses from the EXY
bou. Emin<E<Emax, are averaged on the three selected time scales
to give the actual M4, M3I2, and M256 counting rates. The
corresponding @ values are calculated using a lock-up table
written in an EFROM which uses the counts N4, NJIZ, N2S6
accumil ated 1n 256 msec., 32 sec beftore the present time.

The algorithm i1s shown in fig. 3. When the present count
exceeds the old value by a given number of @ , the

trigger fires and a flag code is sent to the Master Processor.
The number of O  for each time base can be set by parallel
telecommands. Two types of T.C. could be sent: orders, such as

systen reset/set and mode cantrols, and data, such as a new sigma



value. In each case when a T.C. is sent, the interrupt line of
the burst CFU 1= activated and the telecommand data is processed.
To avoid ambiguity and increase noise immunity., an 8-bit T.LC.
was broken into two—-4-bit words which were handled as shown in
fig. S. A single 8-bit command was used to send DFdEF% to the
DHS while twp successive bytes were needed to change a sigma
value. In the last case, the first command says which level is
to be changed, while the second sels the new value in the
selected range. T.C. actuwal status 15 always echoed through the
telemetry 1link. The Burst Trigager & T.C. processor was built
around a Z80 CFU and features a 2 kbyte RAM, a 2 kbyte EFROM,
a FIO +or the T.C. input, a FI0O for the output data to the
master CFU and & CTC for the timing control. The priority
interrupt assignment for the 4 msec timer and the i1mput port
is indicated in fig. &.
The Master Processor can work in three modes: for each of
them a particular telemetry format is generated:
a) Normal mode (NM) in which the cowunting rates do not exceed
the burst thresholds; about 75% of the format is reserved
to X-ray absorption data, i.e. X*,Y TE *and event time t*,
with a dead time of about 304 for an expected bachkground

of 1500 cps. Transmitted event data will be indicated from
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here on as a vector data © =(X ,Y ,E .t ).
Integral counting rates with & 4.23 msec time resolution,
EER spectra. aspect sensors and househkeeping data are
also telemetered. BHurst counters and sigma levels are
transmitted as househkeeping data as well as frame counter
and on—board time with a EUIJSEC resolution.
Hurst mode (BM) in which at least one of the trigger levels
has been exceeded and burst code has been activated by the
burst trigger CPLL. 6) data are not telemetered but stored
in the burst memory. S04 of the format is reserved to
integral counts at high time resclation (™ .5 msec) and to
EER data at a time resclution of 0.353 sec for a 206 channel
spectirum. Other housekeeping data are transmitted as in NM.
The time neesded to completely fill the 1.9 Mbyte burst memory

obviously depends on the burst counting rate. This memory
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size permits storage of 3.2:10 events/burst. About 4410
events relative to the pre-burst history are stored in a 254
kbyte memory to overcome NM dead time limitations. Once the
burst memory is filled, the DHS 1s ready to transmit the storec
burst and pre-bwst data. Even aflier the burst memory has been
filled, the DHS goes on for several minutes in BM to aobserve
possible burst teils [12].

Memory transmission (MT) 15 i1dentical to NM except for the
fact that the (; vectors are not the actual data relative

to X=ray absorption i1n the crystal, but those stored in the
burst memory during burst ccocwrence. AL the 34 kbat/s bit

rate the time needed to transmit the whole memory conteni
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is about 10 min. During this time. incoming data from the
detector are lost except for the integral counts.
Some characteristic of main telemetered data are summarized
in table 3.

To Ffacilitate quick look and data analysis, the main
frrame was organized as 32 8-bit words for the three modes
while sub—commutated formats could be changed as needed. As
depicted in fig. &, the master processor is a ZBO0 family
based system bundled with Zkx8 RAM, Zkx& EPROM, several FI0,
CTC, DMA controller with logic and a 1.5 Mbyte burst data
memory.

Since data loss in the transmission bit-stream generation
was thought to be undesirable, the highest interrupt prioritly
was reserved to the programmable timer CTC 4 which produces the
telemetry waveforms, i.e. bit and word rate. Lower priority
levels { IF 2 through IF 10 shown in fig. &6 )} were assigned
to the other I/0 ports. When operating in BM, the master
processor has to handle a large amount of high freguency,
rardom data and store them into the 1.3 Mbyte memory, which
is organized in 32 kbyte segments. The data direct flow
supervision into memory was assigned to the DMA conteoller
and to the DMA logic, while other data are continuously
formatted and transmitted by the master CFU. While f; data
are beeing stored i1nto the burst memory, the burst time evo=
lution is followed by inserting timing information into the
memory. For this reason, every S msec a vectar T=(i~5,Tm5,Ts,Tm)

substitutes a E) vector. Instead of removing periodically the



svstem from the DMA contreol, which would have produced a loss
of data, it was decided to purely "decoy" the DMA chip with
the help of the DMA arbitratien logic depicted schematically
in fig. 7. The DMA is programmed to transfer data blocks of
I2 kbytes; during a single auvtorepeat block storage, every

Y% msec the time vecltor T, furnished by CTC 3, is stored

in memory as if 1t were & f) vector date coming from the
relative PI0, simply swapping the hardware address selection
of these ports. bhen a 32 kbyte block is completed, the DMA
sends an interrupt to the CPU which updates the new segment

memory address and gives again the bus control to DMA.
4. Ground support equipment (GSE)

A Cromemco computer was used for laboratory testing
and calibration of the instument as well as for data
real time guick-look during the flight. Hased on a Dual
Frocessing Unit and with a 256 kByte memory capacity,
the computer is equipped with standard peripheral devices:
dual floppy disk., printer, video display and 1/0 homemade
intertaces.

In both the main tracking ground stations, Milo and
Falma de Mallorca. a Cromemco computer was used in
conjunction with & Conic D-PAD III bit synchronizer,
which gave scientific format data as parallel 9-bit
worrds: the "quick-look" computers were also connected
to the ground Telecommand Encoder Units.

FProcessed incoming telemetry data were then display-
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ed and printed to give a quasi-real time control of
onboard system operations while, at the same time, it
was possible to send parallel, software-programmed
telecommands through the operator keyboard.

Scientific data from the bit synchronizer were al;m
continuously recorded in digital form at Milo, using a
HF-21MX computer, while only analog recording of the
data bit—~stream was possible at FPalma and downstream
at Arencsillo.

In all cases IRIG-BE time standard code generators

were employed to get precise time data phasing.
5. Pre-flight calibration

After the principal compenents of the package were
mouwnited at Milo, the gondola was carried out into the

open field and its north-south axis was aligned to the

geographic north-south line. At this point the telemetry

and the SF were turned on and data was taken near
local solar noon from the two shaft encoders of the
sun sensor. From this data it will be possible to
calculate rather precisely the relative positions of
the 8F and the gondola structure. The zeroes of the
shaft encoders will alsp be found in this set of
data ¢ mechanically they were set to zero at zero
hour angle and declination).

The gondola was then rotated about 120 deg clock-

wise to bring Jupiter into the field of view of the



SS at about Z3.00 local time on the 16th of july. 17835,
The SF was then turned on in the automatic mode again.
The recorded data from the SF in this period can be used
to determine the new position of the gondola. The position
of the B85 relative to the gondeola is then determined from
the night run on Jupiter.

More precicse relative peositions of the SF, 85 and
the mask can be determined using these ground cali-
rations and the sky positions cbserved during the
flight for the stronger sources such as the Crab

and Cyg X-1.

6. Conclusions

The experiment was launched from the balloon base of
Trapani=Milo (Sicily) on the Z26th of July and recovered
in Spain after a 20 how flight.

Owing to the fairlure of the detector window during the
ascent of the balloon., most of the observation time was
lost.. This was due to Lhe fact that the external thermal
protection of the pavyload was nat light tight and the sun
light illuminated the detector, completely masking X-ray
signals. In the last part of the flight, after sunset, the
system was again able to detect X-ray events and to trans=
mit main information to the ground stations.

All the subsystems (electronics., aspect sensors. azimuth
control system etc.) worked as expected during the whole

flight.
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Data relative to the final part of the transmediterranean
flight are at present being processed so experimental results
are not yet available.

Since from a preliminary look at night data, which gave a

—_ |
background count rate of about 1.24 count s 1 Cm B at an alti=
tude corresponding to 9 mbar, it is to be presumed that the
count rate at the desired flpat altitude was less than the
expected. This rather low altitude was in part due to a leaky
balloon and in part to the beginning of the night.

After the repair of the detector and a few changes in
the subsystems, we plan-tm.{ly the detector again in the
suwnmer of 1984 with the same scientific objectives of
the 1983 flight.
In the future the same experiment could also be rearranged

to perform measurements of hard X-ray sowces in the energy

range J0-300 keV.
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1/2 cone eopening angle 6O degrees

Ma=hk Random with 10340 elem.
% open, 1.8 m diam.

P

Unit mask element Fb 1.9x1.3%0.5 em
Detector plamne {(Nal Crystal) 4% cm diam, 12 mm thick
Mashk detector distance 40 cm

RBasic angular resolution 2nz deg;

Number of pixels in a sky image 64669

Energy range (with imaging) S0 = 300 keV
3 " {without imaging) A00 - 600 keV
Energy resclution ( %, FWHM] 20,0, @ 60 keV, AmZ41

n u v 12.0, @ 279 keV, Hg20T
" " o 15.5, 9 S1i keV, Na22



MNal{Tl)

‘2 lead glass {(light pipe)

FMTs

Al- window

Position resclution of detector
Detector weight including housing

High voltage supply unit weight

4% ocm diam., 1.2 cm thick.
2
1200 cm area
94 cm diam., 3.0 cm thick.
9761 EMI, 9.2 cm (3.9") diam.

45 em diam., 0.5 mm thick.

~ 10 mm {fwhm) at 60 keV



Table 3

Telemetered Time resclution{l) Max Allowable(2} Dead time(3)
data (Q} { msec ) Intensity (cps) %)

N EM NM BM NM Ef
Single events . 32 — FOo = So 5
Integral 4,23 0.53 HQO0O0 480000 ~0 ~(
counts{(4)
EER spectra(d) 2.17 s 0.53 s JO000 120000 ~0 ~q
SF encoders(4) 33 T3 = = - -
SEI 70 70 = - — -
(0 ® 34 kbit/s bit rate; word size is 8 bit + 1 parity bit
(1) data relative to NM & BM Formats. See also in the text
{2} max intensity at the 8-bit word capacity
(3) corresponding to a 1300 cps background
(4) flat spectra is assumed to be eqgually distributed in the

30300 keV range

{(5) 2546 channel spectrum; 280 hkeVCECSOSOD keV
(6) two—12 bit data words
{7) twp stars coordinates and magnitudes
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Captions

1. Fayload pre—flight configuration.

2. Functional block diagram of the payload with
main electrical connections in evidence.

. Photomultipliers as seen looking from
bottom of the detector with Y, X, O and B

symmetry ares. The numbers on the left are

the weights vy assigned to the FMs.
i

4, Rlock diagram of the detector electronics.
Signals V ¢ome from the detector; data on
the r1nht1hand are fed to the Master CFU.

5. Flowchart of the Burst Trigger CPU. The
logical operation is based on the interrupt
request coming automatically from a timer
ar upon a telecommand reception.

4. Data Handling System electrical block
diagram. The system is built around two
280 CPU: one handles the burst trigger,

-_ihe ﬁther controls the datas addressing,

the memory management and the analog

housekerping data together with the
telemetry +format generation.

7. Direct Memory Access arbitration logic

electrical schematic with waveforms involved.
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