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Abstract—L XeGRIT is a balloon-borne Compton telescope for and from the known drift velocity of~2 mmjus. The TPC is
MeV ~-ray astrophysics, based on a liquid xenon time projection enclosed in a cylindrical vessel and is thermally insulated by
chamber (LXeTPC) with charge and light readout. The first bal- a vacuum cryostat, which also encompasses the PMTs. In the

loon flights in 1997 revealed limitations of the trigger electronics - .
and the data-acquisition (DAQ) system, leading to their upgrade. 1999 flight, the chamber was surrounded by an actiwey

New electronics was developed to handle the xenon scintillation &nticoincidence shield. A thin plastic scintillator on top of the
light trigger. The original processor module was replaced by a chamber provided veto signals for charged particles.

commercial VME processor. The telemetry rate was doubled The advantages of a large homogeneous detector as a
to 2x 500 kbps and onboard data storage on hard disks was cqmnion telescope for astrophysics justify the complex readout

implemented. Relying on a robust real-time operating system, the t ded t ire th let tial t | d
new DAQ software adopts an object-oriented design to implement System needed 1o acquire the compiete spatial, temporal, an

the diverse tasks of trigger handling, data selection, transmission, €nergy information of any ionizing event. Compared with other
and storage, as well as DAQ control and monitor functions. The balloon-borne scientific instruments, the TPC generates an

ne\(/jv fsmStzeorgz IOIEthOhf m;?)o\geflll' dhutfirtlﬁ t\g% (glightst in spring ;|99? enormous data rate, which after acquisition has to be processed
an a . In e | e system was abnle 10 H H H H H i
handle 300-350 triggers/s out %f étotal of abon)J/t 650 Hz, including for background re!ectlon, partlal analysis as high-level trlgger.,
charged particles. as well as packaging for either on-board stor_age or trqqsfer via
telemetry to ground. The front-end electronics, acquiring the
data, was custom built, as was the original readout processor.
The data-acquisition system showed some severe shortcomings
during the first engineering flights in 1997. The analog and
|. INTRODUCTION digital front-end electronics were designed to fit the exact

XeGRIT is the first liquid xenon time projection Chambeits.pecifications and particular requirements of both the detector

(LXeTPC) used outside a laboratory, on a balloon-borfd'd the application. MOS'F limitations were in.trpduced by the
platform. For details, we refer the reader to [1] and [2]. Her }Jstom-bunt (.jata.l processing system. Recognizing the a_dvances
we summarize its main features. Fig. 1 shows a schematic:[ﬂ‘d. the availability of ppwerful gomputer systemg, I was
the LXeTPC. It consists of a 2020 x 7 cm? sensitive volume eu_d_ed to replace the, existing unit with a commercial dgwce.
filled with high-purity liquified xenon, which is an efficient Additionally, a new unit was introduced to handle the trigger

scintillation and ionization medium. The fast scintillation Iigh?'gnals’ since the or.|g.|nal circuit did not allow S”ff'c'e”t control
is viewed by four ultraviolet (UV)-sensitive photomuliplierover the trigger decisions, and also did not provide all the rates

tubes (PMTs) from below and defines the interaction tim@.e_ltfﬁssa;y to derive f][u>;]values. d _— DA
Electrons are drifted in a 1-kV/cm field, applied between a solid e advantages of the new data-acquisition (DAQ) system

ceramics cathode, and a wire mesh is used as a Frisch grid. by especially obvious during the development phase. The ar-
electrical field is doubled in the collection region below thé& '|tecture of the data paths on the computer boards is opti-

grid to focus the drifting charge clouds through the mesh anﬂZEd for efficient information transfer between the processor

structure of 2« 62 X- andY -wires, which sense the induction@nd the various communication interfaces. The computer archi-

signals. Each charge cloud is collected on one of four separ%gture is backed by a powerful operating system. The system is
t

anodes, made of wire meshes, which distinguish the ene ?0 e?]wptp?dkv?th afatst—IEthzrr:jettpcirtkvvhl_ch &m\;'d;s ath|gh
deposits of individualy-ray interactions. TheZ-coordinate ourg]]' Eu n dORrscigéo a.nl a? aking tmt cla '?rda ?ry.
is derived from the drift time with respect to the light trigge;rWO Igh-spee ) serial ports serve o transmit data on
fast telemetry channels, whereas a small computer system inter-
face (SCSI) allows connection of hard disks for onboard storage
Manuscript received November 27, 2000; revised February 22, 2001 a@p|arge amounts of data. Most importantly, a VME port makes
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Fig. 1. Schematic of the LXeTPC.

events. The present system, besides providing valuable sciaoeess memory (DRAM). The depth of this buffer is 256 sam-
tific data for~-ray astrophysics, also shows the way for the dgles, corresponding to 51;&, which covers the maximum drift
velopment of future more complex systems. time in the TPC of about 4f3s for a drift velocity of~2 mmjus.
The charge-collection signals from the four anode channels are
digitized at the same rate with 10-bit precision, for better energy
Il. SYSTEM HARDWARE determination with a large dynamic range.
A. Front-End Electronics and Flash-ADC (FADC) System For each channel, the digital signal is passed through a
comparator to record the sample number when a software-set
The front-end and FADC system of the LXeGRIT instrumerthreshold is exceeded. The recording of the threshold crossing
is described in [3]. Here we recall its main features before fpoint facilitates locating useful information and can be used
cusing on the system upgrades. The front-end electronics cemreduce the data amount and to accelerate the data readout
verts the charge signals from the 124 induction wires {62 process. Each GRISP board with at least one channel above
and 62Y -wires) and the four anodes into voltage pulses. Eattreshold issues a signal that sets a flag in a 16-bit register,
channel has a charge-sensitive preamplifier, which drives tivaich was located on the microprocessor board in the original
twisted pair line to the digitizer system. The digitizers convedesign and is now located on a separate board (“latch card”)
the analog signals into a digital history of the ionizing eventvithin the crate.
The FADC system consists of 17 printed circuit boards housedThe GRASP board can send three different interrupt requests
in a standard VME-crate: 1¢-ray (X—Y") induction signal pro- to the processoISTARTADC and SAVEDATA signal the start and
cessor (GRISP) boards with eight channels each to handle the completion of event digitizing, whileLESHDATA signals
124 wire signals and ongray anode signal processor (GRASP)hat the process was interrupted by a second trigger, the system
board to handle the four anode signals. aborted the data recording, and is ready to accept a new event.
The X-Y wire signals are digitized with 8-bit precision at dn the new design, these interrupts are registered on the “latch
rate of 5 MHz. The information is stored in a dual-port randontard” mentioned above and read out by the external processor.
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The GRASP board can also start an event digitizing processdata-taking parameters, a subset of the acquired events is trans-
command from the readout processor, independent of an &red to the two fast serial ports. After level conversion, the
ternal trigger. These test triggers are used to determine baselid@s are sent by two transmitters to ground, with a throughput
and noise conditions on anodes and wires. of 2 x 500 khits/s. The rate could be increased by about a factor
The front-end and FADC system of the LXeGRIT instrumerdf two, but the analog tape drives of the National Scientific Bal-
has remained unchanged from the original design, with the dgen Facility (NSBF), providing a backup copy of the science
ception of the trigger electronics. The circuitry amplifying andata, are not designed for such high rates.
discriminating the signals from the four UV-sensitive photomul- Other connections to the processors are the magnetometer
tiplier tubes, originally on the GRASP board, has been replacaedd tiltmeter, which provide directional information of the
by new electronics. Event recording is now triggered by a fasKeGRIT instrument via a slow serial port; a terminal and
TTL pulse signaling the start of the event. The recording is pran Ethernet connection used for operation support while the
triggered but will be stopped if a second trigger pulse signals thayload is in the laboratory. During the flight, the processor
occurrence of a second event within 4€), while the charges of is controlled by 16-bit command words received via the con-
the first event are still drifting in the sensitive volume of theolidated instrumentation package (CIP), the standard NSBF
TPC. In this case, both events are rejected. package to control instruments during balloon flights. The
commands are provided to the parallel port of the processor
via the command multiplexer, which formats the 16-bit word
into 2 bytes to be read consecutively. The interconnections of
Since the connections to the GRISP/GRASP boards followéte LXeGRIT readout electronics are shown schematically in
the VME standard to a large extent, it was natural to choosd=gy. 2.
VME processor board. The final choice was a Motorola MVME
2700 coupled to a communication interface MVME761 trans'&
tion module. Not all connections in a standard VME bus are used
by the GRISP/GRASP FADC system, and some bus lines wereas a pretriggered digitizer system, the GRISP/GRASP boards
assigned a different meaning. The processor could therefore fgjuire a fast signal to start recording an event. This signal is
be housed in the same crate. It is located instead in a sepaggifved from the fast xenon scintillation light detected by four
box, together with the communication board. UV-sensitive PMTs, which view the sensitive volume of the
An interface board was developed to buffer the data and aPC through quartz windows. Originally, the system was trig-
dress lines and also to emulate the correct timing of the hanféred on a logicabr of the four PMT signals, above a given
shake signals for data transfer. This is necessary to adapt tieshold. The trigger was then vetoed with the signal from
synchronous read and write cycles of the FADC memories jtastic counter(s) above and from the Nal(Tl) shield sections
the inherent asynchronous operation of a standard VME biagound and below the LXeTPC. Timed gates removed double
During data acquisition, most of the operations on the bus argjgers. This system was insufficient, mainly because no record
read cycles from the FADC memories. These cycles were thevgas kept of the various signal rates; only the four single PMT
fore kept as short as possible (250 ns) to obtain the required dafies were stored together with other housekeeping informa-
transmission rate. tion. Since events can produce a signal on more than one PMT,
Most of the data words to be read from the GRISP/GRASkhd triggers can be vetoed or rejected as double events, the
boards are digitized waveforms, which are stored in consecutiwéormation was not sufficient for a rate calculation. A sepa-
locations in memory. Block transfers are thus a natural choicertate trigger electronics was therefore custom built, providing the
increase data throughput compared to single reads. Initial tes&DC system with a TTL pulse to start the readout.
with block transfers, however, revealed that the processor boarghfter amplification, the signals from the four PMTs are
does not keep the address lines stable during the full transferpassed through four window discriminators. The lower
this is not required by the VME standard. The address lines hgigleshold of the window rejects noise pulses and can also be
therefore to be latched with each address strobe to achieveiBed to introduce an energy bias by requiring a minimum en-
higher transfer rate. ergy deposited in the TPC. The reason for the upper threshold,
The FADC system interface board is connected to the VMKEhich is optional, was to discriminate against charged particle
port of the processor via the VME junction. This circuit buffersracks. A charged particle deposits about 3.9 MeV/cm in liquid
the lines and allows for the connection of additional instrumentgnon, i.e., a total energy well in excess of the typigahy
to the VME bus. Presently there is one such instrument, tbaergies of interest for observations of cosmic sources during
trigger logic system. the flights. Theor of the PMT signals still generates the trigger
After processing the data, the processor can send the evdotsthe FADC system, unless it is vetoed or is preceded by
either via two fast serial ports to the science data transmitterd®MT signal above the lower discriminator threshold in the
or via the SCSI port to two 36-GB hard disks for storage omprevious 40us (double or multiple events). A veto signal is
board (two 9-GB disks in the 1999 flight). Although the datgenerated by ther of plastic and Nal(TI) scintillators, used to
can be stored on disk much faster than transmitted to groumgjlect cosmic rays ang-rays entering the TPC from the side
via telemetry, the data might be lost in case of a bad landing. ®o from below. For the 2000 flight, all shields were removed:;
guarantee a good sample of science data even in this case aridus no PMT signals were vetoed. In case of multiple events,
allow online control of the data acquisition and thus the tuning ah abort signal is issued to stop the FADC recording of the first

B. Readout Processor

Trigger Logic
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Fig. 2. Diagram of the interconnections of the LXeGRIT readout electronics.

trigger. Since the FADC system does not have a separate infio&t altitude, the low pressure reduces the convection cooling
for the abort signal, event recording can only be stopped byog roughly a factor 20. High-power circuits might overheat, if
second trigger-like signal. If, however, a first PMR signal the produced heat is not efficiently transferred to the aluminum
did not result in a trigger signal, either because it was vetoedsiructure of the payload. In addition, white panels shield the
because the signal surpassed the upper discriminator threshgtshdola and its electronics from solar irradiation. During the
the occurrence of a subsequent abort signal would in fact trigdight, the temperature of many critical parts is monitored by
the digitizer system. An abort gate was therefore introduced16 temperature sensors.
filter out all abort signals not preceded by a trigger. The readout processor together with its communication
A set of 16 counters, automatically reset once every secomapdule incorporate high-power integrated circuits (ICs).
registers all signals at various locations of the trigger logi€roviding an individual heat path for each IC would have been
providing the means to calculate the flux of events and theo difficult; therefore the processor box is hermetically sealed
rejection rates. The rates from the counters are also a varyd kept under pressure. The CPU and one other circuit are
good monitor of the trigger system. The trigger electroniagsponsible for most of the generated heat. They are, therefore,
unit is connected to the VME bus of the readout processthirermally grounded to the aluminum container. A miniature
via an interface. Thus, the processor can read the 16 countén,circulates the gas in the closed box, resulting in better heat
set the window discriminator thresholds, and set the operatitvansfer from the circuits on the board to the outside walls of
mode. Different operation modes can be enabled: the vdhe container. Hermetic connectors bring all the ports from
signals can be switched on and off, the upper level of tlibe processor to the outside. A large aluminum heat sink on
window discriminators can be turned off, and the veto can llee outside of the container serves to increase the convection
replaced by a coincidence, effectively triggering on chargewmoling in the thin atmosphere.
particle tracks for debugging purposes or to study the spatialDuring the first flight of the new processor in 1999, the tem-
resolution of the detector in the laboratory. perature in the container stabilized at about°?s Although
the processor was working well under these conditions, it was
desirable to lower the operating temperature. For the October
2000 flight of LXeGRIT, the container was therefore filled with
Most of the LXeGRIT electronics is exposed to the enviene atmosphere of helium. Due to the higher speed of the He
ronmental conditions during the flight. The ambient pressumolecules, the heat transport to the outside walls is more effi-
at float altitude is around 2 Torr, and the temperature varie®nt. This resulted in a reduction of the operating temperature
typically between-20 °C during daytime and-40 °C during by almost 10.
night time, when the payload drops to lower altitudes. During The data storage disks also have to be mounted in a hermetic
the ascent, the payload passes through even colder regi@ositainer, filled with air under normal atmospheric pressure.
below—60°C. The heat produced by the circuits protects theffhis is not only for thermal considerations but also because
from getting too cold during this half-hour period. Once ahey require an air cushion to separate the writing heads from

D. Mechanical Design
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Fig.3. Class diagram of the data-acquisition software in flight 2000 configuration, adopting the Unified Modeling Language notation [4]. Bxsesd oigsses,

with three compartments where appropriate: class name, attributes, and methods. Parallelograms represent root classes, i.e., objeciseitidb aeparape
threads. Solid lines without an arrow (bidirectional) or with an open arrow (unidirectional) indicate that one class uses another classnafsdaisgiEs);

lines with filled diamonds indicate that one class contains another class (aggregation of classes); and filled arrows indicate that onetslasstinbiedass
(specialization). Numbers indicate the number of related objects, whémnéans unknown at compile time and the asterisk means zero or more. Cmsg is an
associative class, defining the structure of the messages sent via the FIFOs.

the magnetic surface during operation. Heat conduction througtcess [DMA] transfers). Mission-critical robustness require-
the mounting of the disks to their container ensured temperatunents included that the operating system and the DAQ software
conditions well within specifications. can be burnt on the local EE-PROM (electrically erasable
programmable read-only memory), allowing the system to boot
and run even in case of disk failure. In addition, the operating
system also provided an efficient interface during ground
The implementation of a new readout processor required ttesting and software development.
development of new DAQ software that would be able to take An object-oriented software design kept strict independence
full advantage of the speed of the processor and its various #@ong the subsytems, which are connected to each other only
interfaces. The software had to ensure stable DAQ operatitmough the sharing of message queues and through well-de-
even under adverse conditions while aiming at maximum ddtaed interface routines (object methods). This resulted in an
throughput from the digitizing hardware. Beyond efficiencygasily reconfigurable system even at runtime, where individual
the design was further required to be sufficiently flexible t®AQ objects can be instantiated or deleted to adapt the system to
adapt to the diverse conditions during laboratory and fligliifferent conditions during the flight (e.g., turning disk writing
operation, as well as to allow the addition of new functionalitiesn/off) or during ground data taking (e.g., system control via
and upgrades, such as the magnetometer readout, addedei@metry, serial console, or network).
the 2000 flight. Fig. 3 depicts the class diagram of the DAQ software and
A key design choice was to rely on an embedded, mulfig. 4 shows the data flows involved. The main subsystems are
tasking, real-time operating system (VxWorks from Wind Rivegput into individual threads (i.e., independent subprocesses of the
Systems): this provided a complete, high-level framework ofiain program), a design that allows one to optimize CPU usage
data structures and communication mechanisms to accompbsiu to balance the various tasks of the readout processor. Such
task synchronization and 1/0 control while fulfilling the softtasks include science data acquisition, event selection, collec-
real-time requirements needed to saturate hardware throughrn of housekeeping data (see below), data transmission via the
(mostly quick reaction on the completion of direct memorgerial links, disk writing, and providing a command interface to

I1l. D ATA-ACQUISITION SOFTWARE
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A: Main thread (DAQ Manager)

B: Event Builder thread

C: Serial Writer thread (transmitter)

D: Disk Writer thread

E: Periodic Housekeeping thread

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 48, NO. 4, AUGUST 2001

E2: Get Hkp Data
<+—

—>
E4: Done

Magnetometer

E3: Fill Mag. Data in Hkp

DAQ Manager

E1: Start Housekeeping (Hkp) Cycle

Magnetometer
Data

A3: Set Conf
E5: Get Hkp Data

/ A7: Push Conf Msg
E16: Push Hkp M
A: Done p M9

AB: Push Ack Msg

B8: Push Msg [fifo.not.full]

E10: Get Hkp Data

C1: Wait & Pull Msg

At1: Wait Next Cmd
—>
4— Cmd Handler
A2: Return Cmd A5: Set Conf
E13: Get Hkp Data
_1 —>
4—
£15: Done
JE— —
Ad: Set Conf E12: Done

Event Builder —_ o Queus — Serial Writer
B7: Format Data on Msg C2: Avail. Msg E11: Fill Status in Hkp
—> <
B9: Push Msg C5: Push Msg
B1: Ask Next Event . C3: Send Msg ¢ ? C5: Done
A8: Set Conf B6: Build Event ]
E6: Get Hkp Data E8: Done Fifo Queue HDLC Link
Digital Front-End (FE) C4: Move Data on Link
B Selct o Reject Event DI Wait & Pull Mg Transmifer
E7: Fill Hkp Data 4 Disk Writer
> D3: Store Data in File
B4: Start transfer from FE memories D2: Avail. Msg E14: Fill Status in Hkp
e e
VME dma Event Data

+—
B8: Done

Fig. 4. Diagram of the DAQ software, describing the interactions among objects and the data flow (collaboration diagram). Data are transfetredugbstl

the FIFO queues, via messages (Msg) consisting of a header, specifying its length and type, and a body, containing the data. For exchange ofssofall amoun
information between separate tasks, public interface routines of the various classes are called to receive data (e.g., “housekeepingénataprtonands, or

to change configuration settings. Thick gray arrows indicate the data generated in the front-end electronics and in the magnetometer, whictilaEaesed

on to the local disks or to the transmitters. A third FIFO, neglected in the figure for simplicity, is shared among the Event Builder task and tlask&/ated t
provides the Memory Manager with the message pointers for memory deallocation.

the user, for DAQ control. Further optimization involved heavig. Event Builder

use of the DMA engines hosted on the processor board for allrhg Eyent Builder thread aggregates all objects that interact
significant /0 operations, namely, readout of event data, dafa, the data-acquisition hardware and specifies the sequence
transfer on the serial links, and disk writing. This freed the CP{4 operations following an event trigger or a configuration

for event-selection tasks and allowed the various 1/0 operatiolpéssage_ It configures the hardware according to default or

to happen in parallel. user-supplied values, readies the waveform digitizers for event
collection, selects or rejects events after event triggers, and
reads out signal waveforms from the front-end memory banks.
This thread is therefore the main producer of data in the soft-
The main thread is the DAQ manager. It configures thgare system. The event selection criteria are user-configurable
whole system and spawns all subprocesses. It receives cordirad aim at rejecting unwanted event topologies or empty/noisy
messages from the user via one of the commanding objeet&nts, merely relying on a subset of the entire event informa-
and dispatches them to the appropriate system component. fibi, such as the number of wire hits or the energy deposited on
DAQ manager also spawns a housekeeping task every 2 sheanodes. Accepted events are delivered to the serial writers
task that polls all active objects to receive their status, collecs messages through a shared FIFO queue, and, if this queue is
rates from the counters in the trigger electronics, and collediited, through a second FIFO directly to the disk writer. If the
instrument attitude data from the combined magnetometcond FIFO is also filled, events are dispatched to a third FIFO
tiltmeter. After receiving a user command, the DAQ managegueue, which has been omitted in Fig. 4 for simplicity. This
spawns a thread to build a command acknowledge packgteue is shared among the Event Builder task and the Writer
and in case of changes in the DAQ mode or on receiving tafsks, and provides the Memory Manager with the message
a status inquiry, it also spawns a thread to build a detectwinters for memory deallocation. If even the third queue is
configuration packet. Those packets are inserted as messdijesl, the Event Builder suspends execution and waits until a
in the FIFO queue for subsequent forwarding both to tHmuffer in this queue becomes available. This frees the CPU for
downlink and to local hard disk storage. the writer threads and ensures, together with a higher priority

A. DAQ Manager



APRILE et al. DATA-ACQUISITION SYSTEM FOR LXeGRIT 1305

given to the writer tasks, that the Event Builder thread cannamounting to about 30 kB per event. Standard data-taking mode
stall the system, even if the trigger rate becomes very large. transfers only waveforms that crossed preset thresholds, plus the

four anode waveforms, and only for those events that fulfill a
C. Data Writers potential Compton scattering topology, i.e., where the number
ﬁ)é wire hits and therefore the number gfray interactions is

messages from the FIFO, either sending them via one of the twghln a presetrange. In this mode, the event build rate increases

serial links or saving them on one of the local hard disks. Tf?% %00_400 Hzt. L :?jctuatlhvall_uitsttr_ongly de]Eendst_on thﬁ. Sﬁ'
messages can be of four different types: a science event, hou gHon parameters and on the light tnigger configuration, whic

keeping data, a command acknowledgment, or a detector cBko determine the average event size. For typical settings, the

i i ket Thi hitecture i flexible si ayerage event size_is 4.5_—6_3.5 kB. _ _
'guration packe IS archriecire Is very 1iexib’e since sever 4 he throughput is sufficient to fill the two 500-kb/s serial

objects (and corresponding threads) can be working together
) ( ponding ) working tog gownlinks, corresponding to about two full-image events/s per

the same FIFO, each dealing with sending data to a particu . .
output. For instance, the number of serial links can be redu %wnllnk, or abqut 107.15 sl gtandard mode. Th? large
andwidth of disk writing, however, is frequently not filled

from two to one during runtime if one of the transmitters fails: tandard mod  select gi q ted
The serial writers transmit data in pieces of up to 2 kB, using dhs 6:” 1ar (TO te, as even Stf] ec; I?nls IS(E)ar T?r}y unW?hn te
onboard chip that supplies high-level data link control framin vents in order 1o maximize the total number ot trggers tha

including a 32-bit cyclic redundancy check word. This allow an be served by the system. During the October 2000 flight,

the receiver on ground to check incoming data for complet e system was able to handle about 300-350 triggers/s out

ness and accuracy. The disk writer object not only stores dg{aa. tngggr rate of ab.out 650 Hz, which included charged
rticles since no plastic veto counters were used. About 20%

to disk but also takes care of the disk management, switchin ) X .

different disks as they fill up and switching power off and on fop the'har'1dled triggers were typlcally accepted as valid events,
idle and active disks. rgsultlng ina d_ata throughput in the_ range of 0.4-0.5 MB/_s_sent
via the transmitters and written to disk. In laboratory conditions
with calibration sources, where the ratio of accepted events is
higher, this rate can become up to three times larger.

This independent thread provides memory management for &rhe data-acquisition system has been optimized to the point
pool of buffers that are preallocated at system startup, in ordgiere the main bottleneck, the readout of the digital electronics
to avoid memory fragmentation. It collects all the messaggg the DAQ processor, cannot be further improved very Sig-
that went through the system before returning them to the fragicantly. Apart from the costly design of new digitizing elec-
buffer pool. Apart from computing statistics on data-acquisfronics with higher throughput and with improved hardware data
tion performance and event selections, which are subsequepgijuction, further improvements can be achieved with smarter
collected by the housekeeping task, this thread was also meggger and event selections. Improved trigger selections require
to provide on-board data analysis to reduce the amount of jfproved light collection efficiency, which implies more light
formation to be downlinked or stored. This feature, howevedollection area. Smarter online event selections might be based
is presently disabled since the throughput of the writing chagn an improved recognition of the number gfinteractions
nels in the current system is larger than the front-end electronjgshe sensitive volume, based solely on the threshold-crossing
throughput. times registered by the GRISP channels. These are 1 byte per

channel only and therefore require little readout time.

Two different classes of writer threads wait for and handle t

D. Memory Manager

IV. SYSTEM PERFORMANCE
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flights in 1999 and 2000. For the 2000 flight, the development [l E- Aprie. A fg{ioﬁgp\écﬁggg‘;‘; oL Gri':’ggir']gu-pgr-fo?r?gr']‘écek'o?”tﬂe
. . . ura, " y i i
of an interface that allows block transfers using the onboard  jiquid xenon gamma-ray imaging telescope (LXeGRIT),” Bioc.

DMA controller for reading of event data from the digitizer elec- SPIE vol. 4140, 2000, [Online]. Available: http://www.astro.co-

tronics, as well as optimization of event selection criteria, has __ lumbia.edu/~Ixe/lxegrit, pp. 333-343.
[2] E. Aprile, A. Curioni, V. Egorov, K.-L. Giboni, U. G. Oberlack, and

accelerateq the DAQ by a factor of a}bOUt 2.5 With re;pect to S. Ventura,et al, “Preliminary results from the 1999 balloon flight
the 1999 flight readout. The data flow is now mainly limited by of the liquid xenon gamma-ray imaging telescope (LXeGRIT),” in

the interfacing of the synchronous digitizer bus with the asyn- Proc._ SPIE vol. 4140,_2000, [Online]. Available: http://www.astro.co-
. . . lumbia.edu/~Ixe/Ixegrit, pp. 344-359.
chronous VME bus, which requiresl us per single byte ac- (3] E. Aprile, V. Egorov, K.-L. Giboni, T. Kozu, F. Xu, and T. Dokt al,

cess or~600 ns using block transfers. This sets a limit on the  “The electronics read out and data acquisition system for a liquid xenon

total throughput of about 1.6 MB/s, restricting the event building ~ time projection chamber as balloon-borne Compton telescayec!.
40-50 events/s in “full-image” mode, in which the com- Instrum. Meth, vol. A412, pp. 425436, 1998,

rate to g ’ [4] B. P. DouglassReal-Time UML: Developing Efficient Objects for Em-

plete digitized waveforms from all channels are to be read out,  bedded Systems Reading, MA: Addison-Wesley Longman, 1998.



