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Chapter 1

Overview of the XTE Technical Appendix

1.1 Purpose and Scope

This appendix provides proposers with detailed technical information about XTE and its scientific
instruments. The person who reads this appendix will be able to (i) determine when XTE can observe
a specific source; (i) determine whether the observation can be made as a TOO; (iii) identify the
capabilities of XTE for scientific studies; (iv) determine whether a proposed observation is feasible;
(v) determine how to best use XTE’s capabilities.

The first item is covered in Chapter 2 which discusses the constraints imposed upon a given observa-
tion. Chapter 3, which covers the second item, describes the data rights and TOOs.

The third item is covered in Chapters 4 (PCA), 5 (HEXTE), 6 (ASM), and 7 (EDS) which contain
descriptions of each of the scientific instruments and their operating modes.

The fourth and fifth items are covered in Chapters 8, 9, and 10 which contain, respectively, a com-
plete walk-through to determine an EDS configuration using software tools provided by the XTE

GOF and the HEASARC, feasibility examples for the PCA, and for HEXTE. The “feasibility” of the
EDS is covered in each of these chapters as needed. The complexity of the XTE’s data system
requires a proposer to demonstrate the feasibility of a particular observation and to specify the data
mode/configurations and telemetry rates of the proposed observation. The reader is urged to read very
carefully the EDS section (Chapter 7) to understand fully the capabilities of the EDS.

Additional information describing software, the XTE User’s committee, and related issues are pre-
sented in appendices to this appendix.
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1.2 A Quick Comparison of the XTE Instruments

A line drawing of XTE is visible in Figure 1 showing the location of XTE’s instruments. The user can
propose observations with two of XTE’s instruments: the PCA (Proportional Counter Array) and
HEXTE (High-Energy X-ray Timing Experiment). Data from the third instrument, the ASM (All-Sky
Monitor) are not proprietary. The two instruments are co-aligned but cover different energy ranges so
the two instruments complement each other. The following briefly describes the two instruments. Pro-
posers are urged to read the detailed properties of each instrument.

* Energy range: the PCA has Xenon (Xe) proportional counters covering the 2-60 keV range;
HEXTE uses Nal/Csl phoswich detectors covering the 15-250 keV range.

Energy resolution: the PCA resolution is 18% at 6 keV while the HEXTE resolution is 18% at 60
keV.

Effective area: the PCA has 3000%at 3 keV, 6000 cfat 10 keV, and 800 chat 50 keV.
HEXTE has 1200 cfat 50 keV, 1100 cfiat 100 keV, and 300 chat 200 keV.

field of view: the fields-of-view of both instruments afeg=WHM circular.

temporal resolution: the PCA has asdltime resolution while HEXTE has 18 time resolution.

Proposers will receive data from both instruments as a result of a successful proposal.

1.3 Update

The material in this technical appendix will be updated prior to each NRA.

Comments are welcome. E-mail commentstemra@athena.gsfc.nasa.gov
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Chapter 2

Observing Constraints

2.1 Scheduling

The list of successful proposals generated by the proposal review will be fed into the SPIKE sched-
uler (Scientific Planning Interactive Knowledge Expert system) to produce two mission time lines: a
long-term time line that will cover about six months of observations with a resolution of ~1 week; and
a short-term time line that will cover about a week of observations with a resolution of ~1 minute.
The short-term timeline will be updated every week. SPIKE automatically takes into account the var-
ious constraints on XTE observations and chooses the most efficient overall time line within these
constraints. The constraints are described below.

2.2 Constraints

The constraints on how and when XTE can observe a given target fall into four broad categories:

* viewing constraints, i.e., when during a year a source may be observed

» sampling constraints, i.e., when during a day a source may be observed

» operational constraints, i.e., how a source may be observed

* user-imposed constraints, i.e., how the source is to be observed

The issue of feasibility (i.e., whether the instruments can observe a given target) is considered sepa-

rately in Chapters 9 (for observations using PCA) and 10 (for observations using HEXTE). Each con-
straint category is covered in a separate section below.

2.3 Viewing Constraints

The only viewing constraint is the sun avoidance constraint. For XTE, the solar avoidance angle is
>30°. In other words, XTE will not point closer to the Sun thah 30solar avoidance angle of 30
leaves approximately 93% of the sky visible to XTE, permitting coordinated observations with
ground-based observers.
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2.4 Sampling Constraints

2.4.1 South Atlantic Anomaly

Satellites launched into low-Earth equatorial orbits pass through the South Atlantic Anomaly (SAA).
SAA passages occur consecutively on about 6 of the 14-15 satellite orbits per day. During passage
through the SAA, the high particle flux renders the instruments unusable. Even after emerging from
the SAA, the level of induced radiation, which will be seen as a background component, may be
enhanced.

2.4.2 Earth occultation

Sources not near the orbit poles will suffer Earth occultation. Typically, Earth occultations last about
30 minutes and occur every satellite orbital period (100 minutes).

2.4.3 Regions of low geomagnetic rigidity

In the six orbits per day which do not pass through the SAA, there are still regions of high particle
background where the geomagnetic rigidity is low. Regions of low geomagnetic rigidity produce
intervals with enhanced backgrounds. It is not completely clear how the instruments will be affected
by these regions prior to launch. The usual practical effect is to reduce the amount of “good” observ-
ing time per day for weak sources. Proposers should not expect continuous data streams even for
sources not affected by Earth occultation.

2.5 Operational Constraints

2.5.1 Direct contact

Communications with the spacecraft are through the Tracking Data Relay Satellite System (TDRSS).
TDRSS contact can be maintained during approximately 70-80% of each orbit, but there may be addi-
tional limitations, for example, when the space shuttle is in orbit. Contact will occur through the MA
(Multiple Access) and SA (Single Access) telemetry links. There will be a 10-minute command con-
tact every orbit. The data that are used in monitoring observations and in determining the presence of
TOOs will be delivered each orbit. The details of TDRSS scheduling should not constrain most XTE
users. This section is largely included to remind users that telemetry, and hence telemetry contacts,
will be a limitation.
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2.5.2 Maneuvering and attitude determination

XTE is a three-axis stabilized spacecraft in which the instruments can be pointed anywhere in the sky
but at least 3away from the Sun. The roll axis of the spacecraft is defined to be along the pointing
vector of the PCA and HEXTE optical axes. The pitch axis is parallel to the axis of rotation of the
solar panels, while the yaw axis is aligned with the ASM boom. Rotation around the roll axis is
restricted to keep the Sun off the spacecraft’s thermal radiators (The Sun will never be mdte than 5
from the X-Z plane during an observation.). Pitch is restricted to an interval betvared 056,

where @ is defined as the roll axis points directly away from the Suhis9@efined as the yaw axis
pointing directly at the Sun. Rotation around the yaw axis is unrestricted.

The spacecraft attitude control system (ACS) contains optical star trackers, gyroscopes, digitial fine
Sun sensors, coarse Sun sensors, magnetometers, reaction wheels, and torquer bars to determine an
to control attitude during any conditions. The star trackers are CCDs capable of tracking about 5 stars
as faint as 6 magnitude in a field of approximatelx8°. Two trackers, each offset by a few degrees

from the PCA and HEXTE boresights, have fields-of-view overlapping the target direction. The gyros
are capable of holding attitude to within 10” over half an orbit without star tracker information. Their
accuracy is not expected to be affected appreciably by spacecraft maneuvers. The fine Sun sensors ar:
positioned such that they provide information at all legitimate attitudes during orbit day with an accu-
racy of about 1'. Attitude solutions will be in the telemetry stream. Other data will also be available

so attitude may be recomputed at a later date.

2.5.3 Minimum viewing time

Maneuvers will likely be scheduled during SAA passages or earth occultations. XTE can maneuver at
~6° per minute; approximately 500 sec of overhead occurs per maneuver. Approximately 20 maneu-
vers per day are anticipated.

Therefore, the minimum on-target time will be 256 sec. This choice is a multiple of the basic HEXTE
observing cycle length (the on-source/off-source nodding of the HEXTE clusters). A time of this
length minimizes the impact of short points on the overall efficiency.

2.5.4 Multiple pointings and raster scans at large extended objects

Multiple pointings are defined as offsets occuring witlfis ®f a particular direction (i.e, a move fol-

lowed by a dwell) and will be considered multiple targets for the proposal process. Raster scans (slow
drifts across the target followed by a small maneuver to set up for the next drift) are permissible pro-
vided the minimum viewing time (defined above) is not violated for the entire raster scan. The user
who wishes a raster scan of a target will be expected to provide the RA and Dec of the end points of
each scan line of the raster as well as the limits on the slew (drift) rate. The size of the raster box may
be alternatively specified. Users should note that a specific orientation of the raster may not be achiev-
able within the orientation limits of the spacecraft (Section 2.5.2 above).
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2.5.5 Spacecratt jitter

As the XTE spacecraft orbits the Earth, it is buffeted by high-altitude atmospheric turbulence causing
the instantaneous attitude to jitter. Tleerate of fluctuation is expected to be 0.1-0.2 arcmin per X

sec. This jitter can not be corrected for and limits the precision to which one can constrain source
variability.

2.5.6 Telemetry rates and on-board storage capacity

The spacecraft and ground systems can support scheduled access to the satellite for tens of minutes
per orbit at rates of 48-1024 Kbps. Command telemetry can be accommodated at 1kbps. The on-
board storage capacity is ~906 Mbits. The average telemetry rate for the PCA/EDS is ~18 Kbps
(which includes the Standard Modes rates of ~3.3 Kbps) while the HEXTE limit is ~5 Kbps. Users
must justify telemetry rates that are greater than the Standard Mode values.

2.6 User-imposed Constraints

2.6.1 Coordinated Observations

Coordinated observations occur when the user desires multiple bandpass coverage of a target. The
multiple bandpasses can be XTE/ground-based (i.e., optical or infrared) or XTE/other satellite-based.
The constraint must be specified as a particular time to start and to stop the observation (specified in
absolute time: Year, Month, Day, Hour, Minute). The user must supply as much information as possi-
ble about the non-XTE bandpasses to be included. ‘Special handling’ may be indicated; approxi-
mately four such targets will be handled per month. ‘Special handling’ emphasizes the importance of
matching the absolute coordinated schedule and permits the investigator to change the schedule up to
60 days prior to the start of the observation. The ‘special handling’ flag will be reviewed for its appro-
priateness by the peer evaluation panel.

2.6.2 Phase-dependent Observations

A phase-dependent observation is one in which XTE must observe the target at a particular point in
the target’s orbit. The user must specify the Epoch and Phase of the observation as well as the phase
window in which the observation is to be done.

2.6.3 Contiguous Observations

This constraint is used to eliminate interruptions to the data stream in an observation of a target.
Please note that XTE will be operated in a “contiguous” mode as the default. The average target will
thus obtain quasi-contiguous data by default, with interruptions resulting from SAA, earth occulta-
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tion, and other standard orbital constraints. If an observation is desired to be done without interrup-
tions (say from Earth occultation or SAA passage), the observation will require a contiguous
constraint. Such a constraint must be justified in the proposal.

2.6.4 Time-of-Day Observations

This constraint is most clearly applicable to ground-based observers who want XTE observations at
the same time as their optical observations, but for which a “coordinated observation” is overly
restrictive. For example, if an object is to be studied every night for 4 nights, there is little use in spec-
ifying a coordinated observation of length 4 days. The user must specify the UT times to start and to
end the observation.

2.6.5 Monitoring Observation

The monitoring constraint is used to check the target’s flux or state over a long interval of time in a
repetitive manner.

2.6.6 Alternate Targets

Alternate targets will be permitted at a limited level. The criteria for a target to be accepted as an
alternate are given below. Basically, alternate targets provide the GO with an option to not waste
observing time if a particular source appears “uninterestihgill be the proposer’s responsibility to
provide the alternate target at the time the proposal is submiktegltarget and the alternate will be
judged by the review committee. Read the criteeiy carefully.

» the alternate target observation must be at least 4 orbits in duration and have approximately the
same earth occultation schedule as the original target (an efficiency constraint);

» the user must be present during the observation or an iron-clad conditional must be specified;

» the review committee must approve the target, the alternate, and the conditional,

» only one alternate per target will be permitted

 the instrument configuration must be identical for target and alternate

» the alternate must produce the same or a lower telemetry rate;

» alimit of 1 alternate target per month will be permitted during the Cycle-1 period (as a test of the
procedure).

Note that the proposer doest receive additional time for the alternate. The time awarded to the pro-
posal is awarded to the target plus the alternate. Time expended in slewing to the target and checking
the conditional is charged against the total time awarded to the proposal. Necessarily, the alternate
will receive less exposure time. In addition, the alternate target tarried over to a subsequent
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observing cycle. In other words, if the primary target is observed, separate observations will not be
scheduled for the alternate nor will the alternate become a target on the next cycle’s observing list.




Chapter 3

Data Rights and Targets of Opportunity (TOO)

This chapter will discuss the data rights from all possible observations including targets of opportu-
nity (henceforth, TOOs). The procedures the nsastuse to submit a TOO proposal will also be
described.

3.1 Data Rights

An XTE investigator will have a proprietary period of 1 year for any data obtained by observations
from a successful proposal in response to an XTE NRA. The proprietary period will apply regardless
of the type of constraint placed on the observation. For example, one exception usually cited is the
case of a proposal to monitor an AGN for one year in, say, 12 equally-spaced observations. If such a
proposal is accepted, then the investigator will have a 1-year proprietary period on each installment of
the full data set.

The proprietary period applies to any data obtained from any instrument available to the proposal pro-
cess (in other words, proposals to use the PCA or HEXTE). Note that a Pl can not submit a proposal
for ASM observations, so no proprietary period applies to any ASM data. Funding-only proposals are
permissible, but an accepted proposal to analyze ASM data does not earn proprietary data rights for
the data used in the investigation. Furthermore, no proposals may be submitted for slew data nor data
obtained during the check-out phase of the mission (IOC period). Proprietary data rights do not
accrue for these data. Proprietary rights for TOO data are described under the Targets of Opportunity
section. The data obtained during the IOC phase will be made public on a time scale faster than the Pl
data are made public. At the time this section was written, that time scale was planned to be about 3-4
months. Slew data accumulated near a user’s target will be given to that user, but will not be consid-
ered proprietary. The slew data will enter the public archive at a rate faster than the proprietary data
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enter the archive. Initially, that rate will be very slow to prevent a heavy load on the XTE SOC and
GOF during the early phases of the mission.

3.2 Targets of Opportunity (TOOS)

One of the primary design criteria for XTE is the rapid response to TOOs. The design calls for a 7-
hour response to an ASM-triggered event. Such a fast response will require a careful interaction of the
XTE timeline planning team with the GOF and potential users. Some users will, of course, be inter-
ested in interrupting any scheduled observation to examine the current transient while the Pl whose
observation faces interruption will want no interruption. Every observation, even a time-critical one,
faces a potential interruption as a result of a transient. On the other hand, a TOO may not be immedi-
ately acted upon because a time-critical observation must first be completed. Only a limited number
of TOOs will be done on a monthly basis. At the time this text was written, approximately 10% of the
available time will be allocated to TOOs.

There are three categories of TOOs to be discussed:
» an NRA-approved proposal TOO;

» aformal, one-page Request for Observations (RFO) in response to a real-time transient (e.g., a
ground-based observer may submit an RFO based upon an observed optical target);

 internal SOC TOOs (i.e., targets for which no approved proposal or request exists).

Note that a formal procedure will be instituted for responding to real-time T&sprocedure will
be adhered to, by all, regardless of the nature of the transient (even a Galactic supeiiasaijo-
cedure will be described below.

3.2.1 NRA-approved TOO

TOOs generated by an NRA-approved proposal will be similar in spirit totégrmational Ultravio-

let Explorermodel. Users may submit a proposal that contains a TOO observation. Proposals will not
be permitted that mix TOO and non-TOO targets. Proposal TOOs will be graded by targets (as has
been done with ROSAT and ASCA targets). The highest-priority TOO targets stand the best chance of
observation; the lowest-priority targets have no guarantee of observations. Hence, a grade C TOO tar-
get stands a good chance of being over-ridden by a higher-priority TOO or time-critical observation.

If the proposal is approved, depending upon the TOO's target grade, time may be allocated to the
proposal, but that time will remain unscheduled. Two types of NRA-approved TOOs may then exist:
“external”, which will require activation by the Pl because the trigger will be, for example, a change
in the optical flux of the target, and “internal”, which will have a trigger based upon an increased flux
in the ASM. The second type can be completely handled by the SOC, provided the trigger is well-
defined. It will be the user’s responsibility to see that the activation criterion is clear.
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The first type, the “external” NRA-approved TOO, will require activation by the proposer. It will be
the responsibility of the user to notify the SOC that the proposal TOO is to be activated. The proce-
dure for activating such a TOO will be identical to the “formal, one-page” observation request
(described below). In other words, phoning to activate a proposal T ssifficientA formal,

one-page request (RFO) will be required. This formality may be observed by extracting the appropri-
ate sections from the original proposal along with the proposal title. The one-page request, in this
case, should contain the following information:

 a brief review of the activation criteria and how they have been met
» a brief review of the observation to be done

While this formality may seem unnecessary, the intent is to track and to document the time-line in
detail, as well as to serve as a reminder of the observing program for the duty scientist. The original
proposal shouldot be re-submitted to request activation.

TOOs generated from an NRA-approved proposal will fundamentally disrupt the scheduled timeline.
There is no guarantee an NRA-approved proposal will be done if a higher-priority, time-critical
observation is on the schedule, or if another, higher-priority TOO appears. In addition, the total num-
ber of TOOs performed per month will be limited by operational or man-power constraints.

Data rights from an NRA-approved TOO will be identical to any other NRA-approved proposal.
Funding rights will also be identical to any other NRA-approved proposal.

3.2.2 Formal, one-page Request for Observation (RFO)

This section describes the procedure that a user will use for generating a TOO outside of the formal
NRA proposal period. The “formal, one-page” adjective describes what the requesteveid

submit to the SOC for approval by the Project Scientist (or an appointed deputy). Only after approval
is given will the SOC begin preparations to interrupt the schedule and to re-orient XTE to the TOO
target. The RFO is intended to be formal, yet brief.

This procedure will lead to a managed database of what sources have been studied by which users.
Such a database will be used during the next proposal process in judging which proposals could
achieve their scientific aims using data already available in the archive.

The procedure will be as follows.

» The potential RFO-TOO proposer will determine whether the target falls within the portion of the
sky visible to XTE. This is a relatively weak constraint given the sky coverage available to XTE.

» The potential RFO-TOO proposer will determine whether the target can be detected by XTE (sen-
sitivity and background issues are pertinent here).

» The potential RFO-TOO proposer will prepare a one-page request formally asking for an observa-
tion of a TOO. The one-page RFAustaddress the following issues.
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» the science to be obtained from the observation
» why the science can not be obtained from an NRA-approved pointing or ...
* ... why the science can only be obtained during this TOO

* the likelihood of additional transient behaviors (i.e., does this source recur? if it does,
what happens 1fio data are obtained during the current transient behavior?)

« if data already exist in the archive, why will that data not yield the same science?

* how urgent is the TOO (i.e., can the scientific aims be achieved with an observation
done 2 days from now, or must it be done immediately)?

* a calculation of the expected count rate, source confusion limit, spectrum, and other fea-
sibility questions

* instrument configurations and an observing plan

The formal, one-page request should then be submitted to the XTE SOC electronically (e-mail
address xtetoo@athena.gsfc.nasa.gov ).

If the proposed observation is accepted, the timeline re-scheduling will begin as soon as possible.
Please note that the minimum response time for a TOO scheduled in this manner may be longer than
the ~7 hours for NRA-approved proposals. Note alsonbatoprietary data rights nor funding

accrue to the proposer of a TOO obtained in this manner.

Some negotiation between the TOO proposer and the XTE SOC and between the XTE SOC and the
scheduled investigator may be necessary to achieve the optimum blend of TOO response time and
minimizing disruptions of the existing timeline.

3.2.3 Internal SOC TOOs

This category describes those transients for which no NRA-approved TOO proposal or Project Scien-
tist-approved RFO-TOO exists. For example, the ASM may be expected to see approximately 1 tran-
sient per day (assuming transient rates similar to that observed with BATSE). Some of these ASM-
discovered sources are unlikely to have an approved proposal or RFO awaiting the outburst. Opera-
tionally, internal SOC TOOs will be handled exactly as described in Section 3.2.2 above.




Chapter 4

PCA Instrument Description

The PCA and EDS should be considered as a single experiment by proposers but since they are built
by different institutions their technical descriptions are presented here in separate chapters. The inter-
face between the two subsystems is also covered within this chapter. It is important to note that NO
event selection occurs within the PCA electronics. Every detected event is passed to the EDS where a
vast range of options exist for event rejection, selection and processing. The EDS also provides the
us time stamp for every photon detected by the PCA.

The PCA is co-aligned with the High Energy X-ray Timing Experiment (HEXTE) on XTE and both
experiments have the same field of view. Together the two experiments provide simultaneous spectro-
scopic coverage from 2 - 200 keV with an overlap from about 20 keV to 60 keV.

4.1 General Principles

The PCA experiment on XTE consists of 5 identical sealed and collintited (  FWHM), xenon/meth-
ane multi-anode proportional counters sensitive to x-rays in the energy range 2 - 60 keV. The total
effective area at the peak of the efficiency curve is approximately 7,000 bmdata system can tag

the relative time of arrival of each event with an accuracyof 1 s. The overall absolute time accuracy
is maintained by the spacecraft to better than 1 ms. Following the design principles of the HEAO-1

A2 HED detectors, the PCA adopts the interleaved anode connection scheme with an active propane
anti-coincidence layer in the front and an anti-coincidence xenon/methane layer on the three other
sides of the detector. The interleaved anode connection scheme and the anti-coincidence layers allows
rejection of background events caused by charged particles with high efficiency which significantly
reduces the residual background event rate at lower energies.
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In general terms the EDS provides many commandable observing modes for the proposer to select
from whereas the PCA provides almost none (only the HRM level). The PCA commandable parame-
ters will normally be entirely under the control of the PCA PI team who will maintain the detectors in
the optimum state for all observers. A good understanding of the design and operation of the PCA
experiment is essential when selecting appropriate EDS modes for any particular observation and
these combined characteristics are covered in the feasibility chapter.

4.2 The PCU Detectors

Since the 5 Proportional Counter Units (PCU'’s) are essentially identical and operate independently
much of this chapter will refer to only a single detector module. Each PCU has an effective area of
approximately 1,400 cfrand its internal construction and general design are based very closely on
the HEAO-1 A2 detectors. In the following numerical values should be taken as approximate.

4.2.1 Physical Description

Figure 4.1 shows a cross section view of a single PCU and the following describes the components
from the top down, adhering to the non-metric engineering terminology of 0.001 in = 1 mil = 25.4
microns.

» Each PCU is covered by a thermal shield consisting of aluminized 1/3 mil Kapton. The thermal
shield is part of the passive thermal design of the PCA and each detector is thermally connected to
the XTE spacecraft. The thermal shield will not be illuminated by direct sunlight except for obser-
vations which are < 45 degrees away from the sun. (The baffles which accomplish this are part of
the spacecratft.)

» Each PCU contains 5 collimator modules. Each module is formed from 3 mil beryllium-copper
sheets which are tin-coated, stamped into half-hexagonal form, stacked, and then heated which
causes the tin coating to solder the sheets together. Each module is a cube about 8 inches on a side
and each hexagonal cell is about 1/8 inch across the flats. The bottom surface is polished and
coated with a small amount of uralane to protect the mylar window. Each of the 5 modules also has
a 1 square cm mirror bonded to the front surface. These were used to align the modules within their
surrounding frame before they were fixed in position with epoxy.

* Immediately behind the collimator is a 20 mil beryllium-copper shoe which duplicates the foot-
print of the first interior grid. A one mil mylar window with 700 angstroms of sputter-deposited
aluminum on each side is held in place between the shoe and the first grid. A second window is
held between the first and second grids. The two windows and the first grid form the boundaries of
a 1.3 cm deep volume which is filled with propane.
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» The propane volume serves primarily as an electron veto region and front charged particle anti-
coincidence shield. The propane detector has twenty anodes across its width on 1.3 cm centers,
each being separated by thin solid aluminum walls that support the second window. The propane
nominal pressure is 1.05 atmospheres. The double gas volume design requires that this pressure be
less than or equal to the pressure behind the second window at all times during the filling and oper-
ation of the detector.

» Below the second window is the xenon volume. This consists of four more wire grids, each with
twenty anodes at approximately the same spacing as for the propane volume. These anodes are
separated by wire wall cathodes (5 across a cell side) and this volume is normally filled with xenon
plus 10% methane mixture at a total pressure of 1.10 atmospheres. All anode and cathode wires are
made from gold coated, 2 mil diameter, stainless steel wire. The wires are installed under tension
(~110 gram) sufficient to stay taut at the lower survival temperaturZEB%f - C but low enough not
to yield at the highest temperatures considered for baking out the detélors ( C).Wire tension is
checked after installation by measuring the fundamental acoustic frequency of each wire. The
upper 3 of the 4 xenon grid layers are used for x-ray detection.

* The bottom of the 4 xenon anode layers plus the xenon layer anodes nearest the sides form a veto
detector for charged particles. The lower surface ground plane of the bottom layer is defined by a
beryllium-copper back plate. This also provides some shielding from events which are created in
the dead (i.e. non-instrumented) xenon volume at the rear of the counter. Mounted on this plate is
an Americium-241 source which provides a continuous, low-level energy calibration signal of
tagged events.

» A detector housing (the outer box) and a rear cover complete the detector structure. Mounted on
the rear cover is a pressure transducer (for the xenon volume) and a getter pump which is filled
with a zirconium/vanadium/iron alloy that is activated by external heating just before the detector
is filled. There is also a second pressure transducer for the propane volume mounted on the side of
the detector.

» Each PCU is covered by a graded shield of tantalum (60 mil) over tin (20 mil) to reduce the cosmic
X-ray background flux and absorb the hard X-ray and gamma ray events generated in the space-
craft by cosmic ray impacts. The tin thickness is chosen to absorb escape photons generated from
interactions in the outer tantalum layer.

4.2.2 PCU Anode Signals

Each PCU contains a stack of electronics boxes that ultimately produce signals from 9 independent
anode chains. The internal anode connections that produce these 9 signals are shown in Figure 4.2.
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Fig. 4.1 Cross section view of a PCU. The function of the various components is
discussed in the text.

Fig. 4.2 The anode and signal connections for the 9 independent channels of analog
electronics. The interleaved anodes provide rejection of charged particle background.
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The PCU signals are also summarized in Table 4.1:

TABLE 4.1. The 9 PCU Signal Chains

Signal Description

VP All propane anodes connected together

L1&R1 1st xenon layer has 2 interleaved sets of anodes
L2 & R2 2nd xenon layer has 2 interleaved sets of anodes
L3 & R3 3rd xenon layer has 2 interleaved sets of anodes
VX xenon veto layer

ALPHA event from calibration source alpha detector

Note that the symbols L & R do not refer to Left or Right in the sense that the width of the detector is
divided in half, but in the sense of the odd- and even-numbered anodes, looking down the detector
from the HV distribution box end.

4.2.3 Electronics Description

The electronics for the PCA has been designed in a very modular style and a discussion of the unit
boxes introduces many of the commandable features.

4.2.3.1 Electronics Boxes

Each PCU contains the following electronics boxes which are mostly mounted on the back of the
detector:

* Charge Sensitive Amps (CSA)

Each anode chain has a low noise amp inside the CSA box mounted on the end of the detector.
» Shaping Amp (SA)

Eight of the anode chains (not ALPHA) have a Lower Level Discriminator (LLD) that can be com-

manded to 4 states - 1 keV, 1.5 keV, 2 keV, & off. In the off state, all events from that anode chain

are inhibited. The ALPHA signal has a Lower Level Discriminator (LLD) that can be commanded

to 4 states - high, medium, low, & off. A total of 9 LLD flags are available from the 9 anode chains
to indicate in which anode chain the analyzed pulse was detected. If two or more LLD flags are set
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the origin of the 8 bit pulse height is ambiguous. Saturating pulses, termed Very Large Events
(VLE’s), in any of the 6 main xenon or propane anode chains (not VX or ALPHA) also set a single
VLE flag bit.

» Test Pulse Generator (TPG)

The TPG box contains a pulse generator that can be operated in two modes and directed to any of
the possible 9 anode chains. In the RAMP mode, the generator produces analog pulses which cycle
through all the ADC PHA channels. In the MONO mode, up to 16 discrete lines are generated; 14
within the PHA energy range, one above the maximum channel and one at the level of VLE trig-
gers. The TPG pulses on the ALPHA chain test the discriminator level only.

* Analog Digital Converter (ADC)

Each PCU contains a single ADC that provides a 256-channel pulse height analysis for the propane
and 6 xenon signals. The differential non-linearity of the 12-bit ADC is minimized by using a

dither circuit and by ignoring the 4 least significant bits. The dither process allows the ADC to per-
form the conversion in different ADC channels, thus distributing the error over several channels.
As a consequence of dithering, the upper six channels of PHA data contain erroneous data and
must not be used.

* Remote Interface (RIF)

The RIF box acts as the interface point between the PCU and the spacecraft for commanding and
the construction of the housekeeping data. The housekeeping data packets are actually constructed
by the spacecraft as the PCA contains no processors. The housekeeping parameters are described
in more detail in a following section.

* Low \oltage Power Supply (LVPS)

Each PCU has one LVPS which can be turned on / off through relay commands. This unit supplies
the other electronics boxes with line voltages.

» High \Voltage Power Supply (HVPS)

Each PCU contains two separate HV power supplies. All the xenon anodes (L1, R1, L2, R2, L3,
R3 & VX) are connected to one supply and the propane layer (VP) to the other. The nominal oper-
ating voltage for xenon is 2050 V and for propane 2800 V. Both supplies are commandable
through fifteen 20-volt steps with the lowest setting being reserved for a special voltage some 1000
volts below the nominal operating position. This “low” command level is used for passage through
the South Atlantic Anomaly (SAA) since gas multiplication no longer occurs at such low voltages.
The HV units both have additional commands to reduce their outputs to 0 V (off) and to switch on
or off the relays providing the units with power.

4.2.3.2 \ery Large Events (VLE)

VLE's are events which deposit more than 75 keV of energy in any one of the six active xenon layers
or the propane layer. The detector gains will always be adjusted so that the upper limit of the ADC
corresponds to about 60 keV so there is a small energy gap before a VLE flag is generated. Hence, no
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distinction is made between “small” VLE’s that do not cause longer term effects or “giant” events that
cause saturation in various parts of the analog electronics chain and affect the final stage output for
100’s of microseconds.

In the lab small events are relatively common, say 10 per PCU per second, and giant events are rare,
say < 1 a second. The distribution will differ in orbit. The period of time for which disturbances exist
can be measured in the lab and a duration vs. frequency analysis made. Unfortunately this precise
study cannot be repeated in orbit; a limited analysis will be made using the adjustable VLE window
feature and by observation of the effects on the time difference between events.

Each of the 6 xenon and propane signal chains have 4 possible VLE window settings as shown in
Table 4.2. Only approximate values are given as the precise values, which have all been measured,
depend on individual component tolerances. The residual positive overshoot from an unsuppressed
VLE pulse causes a long string of rapidly recurring very low energy trigger pulses. The duration of
the pulse train depends on the initial pulse size. The repetition interval for the triggers is gbout 10 s
which is the shortest period in which a PCU analysis can be performed. These low-energy triggers
occur below the typical lower level discriminator setting at 1 keV (ADC channel 4-5). Virtually all
on-board modes in the EDS will reject these unwanted pulses but they can be studied on an individual
basis using the EDS Transparent Mode. The trade-off with VLE window selection is made between
dead time and distortion of the spectrum. For the best spectral measurements of weak sources, a long
window is best. For timing measurements with minimum dead time the short window is preferable.
The optimum choices will be determined during the in-orbit checkout period.

TABLE 4.2. Typical VLE Window Durations

Cmd Duration MS Effect
0 12 Minimum dead time, ringing occurs & following events
have a slightly higher energy
60 Effects from smaller more frequent VLE's suppressed
150 (default) Effects due to all but largest events suppressed
550 Relatively large dead time, minimum ringing & minimum

distortion of energy spectrum

4.2.3.3 Pulse Timing

Every event detected by the PCA istimedto 1 s in the EDS. The front-end discriminator pulse width
of each layer depends on the pulse height, with typical values of less than 10 s for pulse height
below 10 keV up to 1B s for pulse heights of 23 keV. The detector dead time caused by each event
depends on its pulse height and, to a lesser extent, on what combination of possible simultaneous
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events occur within the same short time interval. To a first-order approximation, all the events will
cause the same amount of dead time which is equal to the ADC busy time of about 8.5 s. In addition,
occasional, single VLE events having a similar ADC busy time will be passed to the EDS and any fol-
lowing events will be inhibited for the VLE window duration.

The period of time that elapses between the initial triggering of an event in the PCU analog electron-
ics and its subsequent time stamp in the EDS has been measured in the lab. This time is fixed and is
18.2u s for all PCU'’s.

4.2.3.4 SAA Definition

The XTE orbit will pass through the South Atlantic Anomaly (SAA) high particle flux areas up to 6
times a day with data losses of up to 10 - 20 minutes for each pass. The times of entry and exit for the
SAA are computed by the Scheduling Program SPIKE as part of the command scheduling operations.
All detector HV units will be commanded to the “low” position at the specified entry time by the
spacecraft on-board program timer and restored to their prior HV settings at the following exit time.
The “low” voltage is some 1000 volts below the nominal operating voltage in the realm where charge
multiplication does not occur. This procedure avoids stressing the HV systems by completely turning
them off.

The definition of the SAA shape that SPIKE uses to compute the times of SAA passages is provided
to the SOF by the Pl team who will continually refine the SAA boundary as flight data is obtained.
This task is part of the ongoing PI support activities and is a by product of the PCA background mod-
elling activities. Before launch, a SAA definition with “generous” safety margins will be used; these
margins will probably be reduced as operating experience is acquired. SPIKE can also be instructed
to add a safety buffer to its computed times.

4.2.3.5 HV Safety & HRM Rates

Each PCU has a separate, hardware back-up to the primary SAA entry commands. This feature also
protects the detector in the event of unexpected, sudden, HV breakdown-induced events. A High Rate
Monitor (HRM) level can be specified in each PCU. Eight of the 14 rates (8-second integrations) pro-
duced for the housekeeping telemetry are checked against this HRM threshold and can set a flag if
any one exceeds the setting. If a check in the subsequent 8 seconds produces another excess above the
HRM threshold, another flag is set in the housekeeping that indicates that two consecutive flags have
occurred. Finally, if a third consecutive excess occurs the HV units in that PCU are switched OFF
(not to the low setting) and another flag bit set. That PCU will now stay off until a recovery is specif-
ically commanded. All PCU’s therefore need at least 24 seconds (3 x 8) above the HRM rates before
tripping off. Each PCU will only trip the off command after 3 consecutive eight second accumula-
tions exceeding the HRM threshold. The detectors could be on for as long as 24 seconds in the SAA if
the voltage is not reduced at the right time. This would reduce to ~16 seconds for very high rates.
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The HV veto triggers in the 5 PCU’s are not inter-linked and the HRM rates can be set differently in
each unit. The HRM setting for L1, R1, L2, R2, L3, R3, VX, & VP will normally be left at the default
level of about 8192 counts/sec by the PCA team. Since in general the front xenon layers (L1 & R1)
and the propane layer (VP) will see the most counts when a PCU is looking at an x-ray source, GO’s
must determine if their target source is likely to exceed this rate at any time for a 24-second period. If
so, the GO must propose to raise the HRM settings on all PCU’s to a higher level.

The default HRM rate should be suitable for the majority of possible x-ray targets but “bright”

sources will require it to be set several times higher than the maximum expected anode rates (see sec
tion 4.4). If an HRM veto trigger occurs data will be lost from that PCU and, depending on the opera-
tional circumstances, it may be some time before the unit can be turned back on.

4.2.4 Detector Thermal Control

The temperatures of all 5 PCU'’s are sent to the ground in spacecraft housekeeping telemetry. Heaters
are switched on if the detectors fall below their nominal operating limit. The PCA survival tempera-
ture range is -15 to + 35 degrees C and the nominal operating range is -10 to +25 degree C. Heaters
are set to come on at -14 +-2 degrees C. The detectors should not get this cold except in a powered
down situation. The PCA ground software running in the Science Operation Facility (SOF) accesses
and displays the PCU temperatures. These temperatures are returned in spacecraft data packets and
not in the PCA housekeeping telemetry.

4.2.5 Alpha Calibration Source

Each PCU’s gain and resolution is monitored using several atomic and nuclear x-ray lines accompa-
nying alpha decays of an At source. This source is located inside a parasitic small proportional
counter, referred to as the alpha counter, located at the bottom of the main counter (see Fig. 4.2).
When a disintegration occurs, the alpha particle is detected by the alpha counter while the x-rays are
detected as if they were normal x-rays coming in through the collimator. The coincidence between the
alpha detection and the x-ray detection serves as a flag to indicate that this particular event is a cali-
bration event. During all observations, pulse height spectra of these flagged events are accumulated in
a partition of the EDS Standard Mode | every 128 seconds.

The Am?*!source has an activity of 5 nCi which produces an event rate of 0.5 counts/sec in each of
the main six xenon signal chains. This count rate ensures that a statistically significant data set is
accumulated for each layer every day. Since not all the alpha particles can get out of the source
holder, as most of the x-rays do, a small fraction of the x-rays associated with 4fbsanrce do

not get flagged and thus become part of the background. These events therefore create some low leve
line features in the “source” spectrum that are identical to the calibration spectrum. This rate can be
measured accurately and can be subtracted out from the real observational data. The typical alpha tag
ging efficiency is about 80%.
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4.2.6 Housekeeping Data

Every 8 seconds the spacecraft builds a “Housekeeping” packet of data for each of the 5 PCU’s. The
samples returned in each packet are “frozen” at the same moment in time and are thus directly compa-
rable. They are also synchronized to the 16-second basic rocking period of HEXTE and the 16-second
sampling of the EDS in Standard Mode 2 i.e. two 8-second sets fall exactly within the 16-second
period. The housekeeping packet for each PCU contains:

» 14 rate summations for the preceding 8-second interval
* 44 command & status monitor items

» 7 electronics temperatures

» 7 analog & digital voltages

e Xxenon & propane volume pressures

» xenon & propane direct HV readings

» 18 items for diagnostic testing

The PCA housekeeping produces no spectral data. This type of “calibration data” is provided within
the partitions of the EDS Standard Modes 1 & 2.

The spacecraft always produces housekeeping packets for each PCU every 8 seconds, even through
the SAA and Earth occultation, unless a PCU is completely turned off and its RIF box cannot
respond. With all PCU'’s active, the PCA produces 89 bytes a second of housekeeping telemetry.

4.2.7 EDS Interface
The EDS is described in detail in another chapter but it is important to summarize the data exchange
from the PCU’s to the Event Analyzers (EAS) in the EDS:

* Every event detected in a PCU is transferred to the EDS - NO rejection or selection occurs in the
PCA

» All time tagging (to 1 s) is added in the EDS

» All 6 EAs used in the EDS by the PCA see ALL events from ALL detectors

Events detected in a PCU are passed to the EDS as a 19-bit serial data stream (+ a start & stop bit) at
a rate of 4 MHz. Each of the EAs in the EDS has a serial multiplexer that can receive data asynchro-

nously from all PCU’s. The complete set of information transferred for every event is given in Table
4.3.
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TABLE 4.3. PCU - EDS Event Data Serial Bit Package

Bits Description Bits Description
0 VX PHA Isb 13 Xe L2 LLD flag
1 VX PHA msb 14 Xe R2 LLD fag
2 VLE flag 15 Xe L3 LLD flag
3-10 8 bit PHA (Isb - msb) * 16 Xe R3 LLD flag
11 Xe L1 LLD flag 17 VP LLD flag
12 Xe R1 LLD flag 18 ALPHA LLD flag

* Xe or VP event bit order

If two or more LLD flags are set, the origin of the 8-bit pulse height is ambiguous. The moment an
EA completely receives a 19-bit data packet, a 15-bit “time stamp” with 1 s resolution is latched and
appended to it. A further 3 bits are also added giving the address of the PCU the data came from. As
previously mentioned the period of time that elapses between an event triggering the PCU analog
electronics and its subsequent EDS time stamp ig8.2 s for all PCU’s.

In principle, any combination of the 19 bits may be set but some are exceedingly unlikely and many
would represent events that will normally be rejected by the EDS. The EDS however can be pro-
grammed to process these bits in many ways; normally it will process the data with a suitable set of
configurations as part of its many modes of operation.

A complete description of every event requires 37 bits (19 + 15 + 3); all this information can be
returned to the ground by running three EAs in parallel in Transparent Mode. This EDS mode will
normally only be used by the PCA PI team for special calibration purposes as it uses a large amount
of telemetry capacity. Since the overall background activity rate in each PCU may be ~400 counts/
sec, and 48 bits (3 x 16) must be used to send all of the information, the required telemetry for a com-
plete description of the background is ~100 kbps. For most EDS modes, the 37 bits are mapped to
only 15 bits for entry to a 16-bit wide FIFO within the EA. All EAs reserve the msb of their 16 bit

word size for “tick” marks (see chapter on EDS).
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4.3 Detector Performance

A very large amount of ground calibration data has been obtained and archived for future use. This
data has been analyzed to provide the usual measures of performance for proportional counters but
naturally this applies to ground-based measurements and many of these parameters will be re-deter-
mined during the in-orbit checkout period. The current or estimated performance of each PCU is pre-
sented in the following sections.

4.3.1 Collimator Response

All the individual collimator blocks for the PCA have been tested in a parallel light beam to obtain the
direction of peak transmission. The lower face (next to the window) of the modules were then
machined normal to this axis and a 1 square cm mirror bonded to the front surface, again normal to
the established optical axis. Groups of 5 modules were then epoxied into the collimator housing using
the small reference mirrors to establish relative alignment. They are typically within 30 arc-seconds
of each other. The net detector optical axis, calculated by averaging the axes of the 5 mirrors and ver-
ified via measurement in the parallel light beam, is < 1 arc minute off from the normal to the mount-
ing surface for 4 of the 5 detectors and < 2 arc minute off for the 5th detector. A larger primary
reference mirror is also attached to the frame which is co-aligned to the mean axis of the 5 small mir-
rors. This serves as the primary reference surface for adjusting the PCU’s on the mounting cradles on
the spacecratft.

The collimator response to x-rays has been measured at a beam facility at Goddard. This beam,
because of its 8-arc minute divergence, can only serve to qualitatively characterize the collimator
response. Figure 4.3 shows the transmission efficiency as a function of the angle. The plateau around
the maximum is mostly caused by the divergence of the beam. The collimators exhibit a true “flat

top” response of about 2 arc minute and the X ray and optical axes have been found to coincide. Addi-
tional measurements have been made at higher energies to examine collimator “leakage” and at low
energies to examine reflection effects.

The collimator response will be re-measured in orbit by performing multiple scans across a suitable
bright and constant point source.
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Fig. 4.3 Collimator relative transmission as a function of off axis angle in arc minutes.

This is a fit to ground test data obtained in a long beam facility The beam divergence
dominates effects due to collimator irregularities, reflection effects and various other
residual misalignments.

4.3.2 Boresite Determination

Each PCU will be bolted to the spacecraft and shimmed to co-align the 5 fields of view within about
1-2 arc minute but launch vibration or thermal distortion after launch may increase the dispersion of
the 5 viewing axes. In any case, the same procedure used to map the collimator response will provide
the relative pointing axes. These offsets can be extracted from the 5 overlapping, though not quite
coincident, approximately circular fields of view. The optimum position that maximizes the effective
area for all 5 PCU’s will be defined and five X - Y offsets from this boresite determined. These offset
values will be redetermined at intervals throughout the mission by the PCA PI team. In the GOF soft-
ware, the offsets will be used to calculate the PCA effective areas and the boresite will become the
PCA on-target pointing vector.
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4.3.3 Energy Resolution

The energy resolution has been extensively mapped in the lab using a variety of radioactive sources.
The resolution over the whole area of each PCU is exceedingly uniform and has a typical value for
the xenon layers of 18% at 6 keV and 9% at 22 keV. The propane layer has a resolution of 18% at 5.9
keV just after filling but the resolution of each PCU will degrade at different rates. Figure 4.4 shows a
plot of xenon energy resolution against incident x-ray energy. Some very slow degradation with time
can be expected.
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Fig. 4.4 Xenon L1 layer energy resolution vs. energy for a single PCU.

The PCA Pl team has determined a series of “standard” response matrices from the ground test data
and these have been delivered to the GOF in a form that complies with the OGIP / HEASARC stan-
dards. The number of response matrices is quite large as shown in Table 4.4. In addition to these fre-
guently required anode combinations, the GOF has a tool for combining the response matrices from
individual anode chains into any new combination.
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TABLE 4.4. Response Matrices

Type Of Signal Anode Combinations Number of
Matrices
Basic xenon signals L1, R1, L2, R2, L3, R3 - for each PCU 30
Basic propane signals VP - for each PCU 5
Front xenon layer L1 + R1 - for each PCU 5
Rear xenon layers L2 + R2 + L3 + R3 - for each PCU 5
PCU - xenon Sum of all 6 xenon signals - each PCU 5
Whole PCA - propane Sum of all PCU propane layers 1
Whole PCA - xenon Sum of all xenon layers, all PCU’s 1

The internal Am*! calibration source provides the ability to continuously monitor the PCU’s perfor-
mance and the Pl team will revise the response matrices after launch and at regular intervals through-
out the mission. A typical calibration spectrum is shown in Figure 4.5.
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Fig. 4.5 Typical AL calibration spectrum from the L1 xenon layer for a single
PCU. Each pulse height channel has a width of about 0.25 keV.
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If two or more LLD flags are set, the origin of the 8-bit pulse height is ambiguous. Such events are,
however, primarily due to particles that leave tracks in the detector (and which we desire to reject)
and secondarily to events that are split between two anodes due to the initial photo-electric absorption
occurring near an anode boundary or to the re-absorption of a xenon K-escape photon. While these
effects will cause us to reject some bona fide X-ray events the detector response function does take
that loss into account.

In addition to the typical response complications, such as absorptions of photoelectrons by the win-
dow and K- and L-escapes that are associated with a proportional counter of this type, the multi-layer
structure of the XTE/PCA counters necessitate some unique corrections. As a price for efficient back-
ground rejection, some of the bona fide x-rays are rejected as background events if their photoelectron
clouds drift into and trigger two adjacent layers. The probability that an x-ray is rejected by this

effect, referred to as charge division, is dependent upon the energy of the x-ray, ranging from a frac-
tion of a percent for x-rays with energy below the xenon L-edge, to as much as 15 percent for those
photons with energies above the xenon K-edge. This effect has been measured with precision with a
monochromatic x-ray beam at different energies.

4.3.4 Deadtime Corrections

A primary goal of XTE is to detect source variations on sub-millisecond or microsecond time scales.
To do this effectively requires a very detailed knowledge of the PCA deadtime. For lower energy x-
rays, the dead time is about|10 s for each event. The effective dead time of each PCU is a weighted
combination of the individual dead times resulting from the many possible event / flag combinations
that can occur within the xenon and propane volumes. These effects can be measured and character-
ized by exhaustive testing of a single detector in the laboratory but the space environment will result
in a different distribution of background event types. It will be possible to repeat this work in orbit
during the check-out phase using Transparent Mode on the EDS and offsetting by known amounts
from a bright and constant x-ray source.

TABLE 4.5. Typical Dead Time Effects

X-ray X-ray Total Output % x 100 Output

Source Rate Interaction Interaction X-ray Effective X-ray
Source (c/s)/PCU Rate/PCU Rate/PCU eventrate Deadtime Event Rate

(Cx) (Cr) (Cgo) (1 - c\go/ Cx) (Cgo - bgo)

Background 0 100,§b 1,500 (b 98.5 (go) 15 0.0
1 mCrab AGN 15 115 1,515 113.3 15 14.8
Crab 3,000 3,100 4,500 2,963.6 4.4 2,865.1
10 Crab 30,000 30,100 31,500 21,966.6 27.0 21,868.1

20 Crab (Sco X-1) 60,000 60,100 61,500 32,492.5 42.6 32,394.0
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notes to the table:
1. Col. 2 Estimated source rate in one PCU
2. Col. 3 X-ray interaction rate due to source plus background single xenon anode interactions

3. Col. 4 Total raw event rate (X-ray + particle). Almost simultaneous events on different anodes are called 1 event with
several flags with a deadtime about that of an event on one anode

4. Col.5 The good event rate output to the EDS
5. Col. 6 Deadtime fraction in percent x 100

6. Col. 7 X-ray events due to the source sent to the EDS. The source rate is

t

S = go€T! - her!  where g=¢e%", hy=helt and t = deadtime

but the implicit calculation will only be necessary for the brightest sources.

Approximate dead times for typical x-ray sources are given in Table 4.5. Note that the raw back-
ground, although it is mostly rejected in the EDS, always contributes to dead time (usually a small
amount). The count rate seen for Sco X-1 in each detector is approaching the maximum that each
PCU can output for a “random” input flux.

4.3.5 Background Subtraction

The overall background event rate in a PCU in the laboratory is about 160 counts/sec. This rate is
dominated by cosmic rays traversing the detector. Of the 160 events, 125 are rejected by the anti-
coincidence logic. The other 35 events, with 25 in the propane layer and 10 in the xenon layers, con-
stitute the raw background. Figure 4.6a shows the pulse height spectra of these remaining events for
the propane layer and Figure 4.6b for the xenon L1 layer. The lines near 13, 16, and 26 keV are a mix-
ture of x-rays associated with the Athsource and from some other element, probably Thorium
present as a contaminant in the detector materials.

From the experience gained with other missions, the orbital background rate is typically two to three
times as high as in the laboratory. By multiplying the above rate by a factor of three, we find that the
background rates of the XTE PCA are comparable to those of HEAO-1 A2 on a per square cm per sec
basis. The charged particle rejection efficiency of a typical PCU has been measured to be 98% per
layer. Thus the probability of a minimum ionizing or through-going particle not being rejected is ~
10°°. The residual background is due largely to Compton scattering of x-rays generated from interac-
tions in the spacecratft.




40

Chapter 4. PCA Instrument Description

1
—~ L
N
T
N— L
O -1
5 10
O C
o L
o ,
X
S L
@) L
© 2
(0] L
- 10:
O C
O_ L
) L
(- L
[al

103 Lo b b b b b b b b b

0 25 50 75 100 125 150 175 200 225 250
PHA Channel

Fig. 4.6a Background spectrum from the propane layer of a single PCU (0 - 60 keV).
Probably electrons of low energy generated in collimator and detector materials.
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Fig. 4.6b Background spectra from the L1 xenon layer of a single PCU (0 - 60 keV).
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4.3.5.1 GOF Background Model

XTE will be in a low Earth orbit at a planned height of 600 km and since the 5 PCU’s are fixed rigidly
to the spacecraft, the background determination problem is similar to that of HEAO-1 and GINGA
rather than EXOSAT. The XTE detectors are very similar in design and concept to the HEAO-1 A2
units but are physically much larger and heavier. Although HEAO-1 was in a lower orbit, it has been
assumed as a starting point that the PCA performance can be scaled from the HEAO-1 experience.
Old data have therefore been extensively analyzed to re-explore the in-orbit background, rejection
efficiencies, and veto rate correlations seen by that mission.

This study has enabled a set of techniques to be devised that are expected to prove effective for the
real PCA data. The work has been performed in such a way that once real data become available, the
analysis can be repeated in an on-going fashion to replace the initial model as rapidly as possible. The
PCA PI team will refine and improve the background model throughout the mission. GO’s with
observations scheduled early in the mission must appreciate that problems may exist for fainter
sources during those early phases.

4.3.6 Sensitivity

The estimated sensitivity based on extrapolations from laboratory measurements and old HEAO-1 A2
data suggest a performance in orbit as shown in Table 4.6. Users should not base their proposals on
these values which are given for comparative purposes only. They should use the GOF supplied tools
for all proposal preparation calculations.

TABLE 4.6. PCA Count Rates

c/sec c/sec c/sec
Signal 2-10 keV 10 - 30 keV 30-60 keV
particle background 14 34 36
collimated diffuse background 9.1 3.3 0.2
diffuse leakage in E range 0 0 1
1 milli Crab AGN 12 3.5 0.2
Crab 12,000 2,550 94

The xenon and propane energy response curves for the entire PCA are given in Figure 4.7.
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Fig. 4.7 Energy response and effective area of the complete PCA experiment (all 5
PCU's) for the propane and xenon sections.

The propane layer is principally intended to act as a veto layer to reduce the background rate but
could be used as a lower energy detector for brighter sources. The propane gas only provides useful
detection efficiency in the range 1.8 - 3.5 keV with a peak sensitivity near 2.5 keV.

4.3.7 PCA/EDS Gain & Offset Adjustment

As previously explained, the xenon PHA signals pouring into each EA in the EDS come from 30
anode chains (5 detectors each having 6 layers). It is not possible to match exactly the gains of all
these signals by varying the HV supply voltages as these have limited adjustment and also power
multiple anode chains. In actual fact the L1, R1, L2, R2, L3 & R3 gains within each detector are very
similar so normally all gain corrections are made just by detector ID. Should any individual anode
chain drift this will be identified by the PCA team and the EDS allows some more specific correction
strategies to be applied. In any case all such activities will be completely transparent to the user. It is
possible that the “raw” PHA channel numbers corresponding to a specific energy may differ between
detectors by up to +/-10%.
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The gain and offset parameters applied will be determined by the PCA team as part of their ongoing
calibration activities. These values are sent to the EDS, not the PCA, and the PCA team calculates
them from the tagged calibration data that are continuously accumulated in EDS standard mode 2.
The propane signals can also be matched using gain and offset adjustments. As detector gains drift
with time, for whatever reason, new gain and offset values will be determined and supplied to the
SOC. At the same time revised response matrices will also be delivered to the GOF.

All EDS modes except the following ones have the gain & offset corrections applied:

» Standard Mode 1

» Standard Mode 2

» Transparent Modes (multiple EAS)

* GoodXenon Modes (2 EAS)

The arithmetic operations performed within the EDS to match the PCU gains are simple in form due

to processing speed constraints in the real time environment. Further details on the gain & offset fea-
ture can be found in the EDS technical chapter.

4.3.8 Relative Timing Accuracy

The timing system on XTE comprises three key pieces:
» Hardware clock - master oscillator

» Software Clock

* Universal Time Correction Factor (UTCF)

The master hardware clock on XTE is a dual oven, highly stable, crystal oscillator. This oscillator has
an accuracy of one part in?Lﬁer day but its frequency can also be adjusted in small amounts to track
the nominal frequency with the desired degree of accuracy. The hasic 1 s clock in the EDS used for
x-ray timing is synchronized to the 1 Hz distributed spacecraft clock which is derived from the master
oscillator. Relative timing accuracy is therefore limited only by the stability of the spacecraft clock.

All time tagging or binning of x-rays from the PCA (EDS & housekeeping) and HEXTE are derived
from the same 1 Hz spacecraft clock pulses, so difficulties in merging the data in a temporal sense are
minimized.

Corrections to an absolute time (UTC) will be determined by the spacecraft at regular intervals as
described elsewhere in this document. The current determined correction factor or UTCF is returned
in the spacecraft telemetry every 8 seconds.
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4.4 PCA Commands Requiring GO Consideration

The PCA team will control all aspects of the PCA operation and commanding. GO’s should note that
their flexibility in commanding the PCA/EDS experiment in fact lies in the EDS section with its mul-
tiple Event Analyzers’s and diverse choice of operating modes. Guest observers do not need to make
any NRA input concerning PCA commanding except for the following special case:

» The choice of HRM settings (0O 2b default of 8192 c/s)

Since the default applies to any single PCU anode and the front layers L1 & R1 will see the greatest
source flux this threshold rate corresponds to a source with a strength of approximate 5 Crabs.

IMPORTANT

If GO’s expect their proposed source to exceed 2-3 Crabs equivalent for any continuous period
exceeding 24 seconds, perhaps during a flare, then they should request that the HRM rate be increased
for the observation. The NRA form does not provide a special box for this input. Requests, with justi-
fication, for raising the HRM value should be made in the space available for remarks.

The PCA team will, in exceptional circumstances and on a case-by-case basis, consider any unusual
requests by GO's to depart from normal operating procedure but only when both appropriate and safe
for the instrument.
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The High Energy X-Ray Timing Experiment
(HEXTE)

P. R. Blanco, R. E. Rothschild & the HEXTE team.

Center for Astrophysics & Space Sciences,
University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0424, U.S.A.

email: pblanco@ucsd.edu

5.1 General Principles

The HEXTE consists of two independent clusters each containing four Nal(TI)/CsI(Na) phoswich
scintillation detectors passively collimated to®&WHM field-of-view and co-aligned with the PCA
(Figure 5.1). Each detector has a net open area of about 22&amincovers the energy range 15-250

keV, with an intrinsic spectral resolution better than 9 keV at 60 keV. The phoswich detector architec-
ture employed ensures a low background through the efficient shielding of the primary Nal detector
crystal by the Csl shield/light guide crystal. The two clusters contain mutually orthogonal “rocking”
mechanisms, which can be moved independently to provide near-simultaneous measurements of the
internal and cosmic x-ray backgrounds aP b5 on either side of the source. The HEXTE’s

increase in sensitivity over its predecessor (HEAO-1 A4) is attained by virtue of its larger collecting
area (~8 times the HEAO-1 A4 area) and improved suppression of systematic effects compared to
previous satellite-borne instruments in this energy range. The actively shielded cluster organization
for the HEXTE reduces systematic background variations, while further systematic effects have been
eliminated by the use of continuodatomatic Gain Contro]AGC). The entire system requires

about 45 W, exclusive of heater power, weighs about 400 kg, and is allotted 5 kbit/s of telemetry on
average. The HEXTE was designed and built at the Center for Astrophysics & Space Sciences, the
University of California, San Diegdable 5.1summarizes the HEXTE instrument’s characteristics.

The HEXTE instrument detects each incident x-ray photon individually, and outputs data from these
events in flexible formats to provide spectroscopy and timing fropsupwards, limited primarily
by photon statistics (for faint sources) and the restrictions on the telemetry rate (for bright sources).
An x-ray photon interacting with sufficient energy deposition will generate an event which has
arrival-time and energy-related parameters associated with it. (However, note that like the PCA, the
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HEXTE is a spectro-photometer, not an imaging instrument, and no position information is obtained
from the detectors). For brighter sources, the high event rates will allow only a fraction of this infor-
mation to be telemetered at the allocated 5 kbit/s. The HEXTE on-board data processor therefore per-
mits the selection of any desired subset of the event data to be transmitted, consistent with this
telemetry rate. In addition to two Standard Modes, three Science Modes (described later) are avail-
able to users, providing the necessary flexibility in data formatting and compression, in order to
achieve the timing and energy resolution requirements required for their scientific objectives.

TABLE 5.1. High Energy X-ray Timing Experiment Characteristics

Characteristic Value

Detectors 2X4 Nal(TI)/Csl(Na) phoswich scintillators
Field of view 2.2 FW2zI, 1° FWHM (Section 5.3.1)
Energy range 12-250 keV in 256 channels (Section 5.3.2)
Energy resolution AE/EOE?S, 15% at 60 keV (Section 5.3.4)
Time sampling 7.61s (maximum), 0.98 ms (bright sources)
Net open detector area 890 %:per cluster (Section 5.3.3)
Live-time fraction on-source 60% (Section 5.3.9)

Count rate from Crab Nebula (12-250 keV) 250 count/s per cluster

Count rate from internal background (12-250 keVV) 90 count/s per cluster (Section 5.3.7)
Source/background dwell cycle 16 to 128 s, 2 s motion (Section 5.2.3)
Gain Calibration source 241am (lines at 17 and 60 keV)

Gain variation <1% (Section 5.3.6)

Allocated telemetry rate 5 kbit/s (orbital average)

5.2 Physical Description

Each HEXTE cluster consists of a mounting structure that attaches to the RXTE spacecraft and an
array of 4 detector modules, each containing a phoswich detector, photomultiplier tube (PMT), colli-
mator, gain control detector and associated electronics. These detector units are mounted on a shaft
which can rotate to eithetl.5 or +3.0 about the nominal source-pointing direction of RXTE

(Figure 5.1). The two clusters are oriented such that the axes of their rocking motions are mutually
orthogonal, while the on-source look directions are closely co-aligned. This enables the sampling of
four background positions about the source pointiguie 5.3).

Each detector unit utilizes two types of detectors. The primary function of the instrument (to measure
high energy cosmic x-rays) is accomplished via thallium-doped sodium iodide (Nal(TI)) scintillation
crystals viewed by photomultiplier tubes. In addition, particle detectors are used to reject contaminat-
ing events from cosmic ray interactions, and to provide a signal from the calibration source which is
used for automatic gain control.
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phoswich detector/photomultiplier tube assemblies. The RXTE spacecrafi(x,y,2z) axes are shown in each vie
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5.2.1 Phoswich X-ray Detector Assemblies

Detection of x-rays from astronomical sources is accomplished by a 4 phoswich scintillator/photo-
multiplier tube assemblies in each HEXTE cluster. The field of view of each detector is defined by a
Pb collimator which also houses the gain control source and coincidence detector. Magnetic shielding
in 3 connected sections surrounds the photomultiplier tube, the detector crystal housing and the colli-
mator (sed-igure 5.2). In this way each phoswich photomultiplier tube is embedded within a mag-
netic shield environment to reduce the effects of orbital variations of the external magnetic field.

5.2.1.1 Phoswich Detector/Photomultiplier Tube Modules

The primary HEXTE detectors consist of Nal(TI) scintillation crystals of diameter 7.2 in and thick-
ness 0.125 in, each optically coupled to a single 5-in photomultiplier tube (PMT) through an interven-
ing 2.25-in thick Csl(Na) shield crystal and 0.25-in thick quartz window, as shown in Figure 5.2. The
Csl(Na) crystal tapers down to the quartz window diameter, which matches the photomultiplier pho-
tocathode diameter (4.5 in typically). The Csl crystal provides uniform viewing of the primary Nal
crystal by the photomultiplier and active anticoincidence shielding against x-ray events not originat-
ing in the forward direction, and events with only partial energy loss in the Nal. This configuration is
known as ghoswich.

NGB‘EEE(LUUM WINDOW

241 AM SOURCE GAIN CONTROL DETECTOR
s COLLIMATOR

/

Csl(Na)

POTTING COMPOUND
5" PHOTOMULTIPLIER TUBE \

BLEEDER STR\N67

\\Jj‘%

MAGNETIC SHIELD

MAGNETIC SHIELD

18.4427 in.

FIGURE 5.2. Side (cutaway) and top views of a HEXTE phoswich detector assembly, showing the
photomultiplier tube, phoswich detector, collimator and gain control detector with part of the external
magnetic shield. The top view shows the position of the gain calibration source and detector in the field of vi
together with an expanded view of a single hexagonal collimator cell shown in the same orientation.

When an x-ray in the HEXTE energy range enters a phoswich detector, it will generally interact with
an lodine atom in the Nal crystal. This interaction occurs at a single point in the crystal and causes an
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electron to be ejected from the atom. This electron then excites the light-generating modes of the
crystal to create a “scintillation” (pulse of light), whose intensity is proportional to the energy of the
original x-ray. This light is viewed through a Csl light guide by a photomultiplier tube. This tube con-
verts the pulse of light into an amplified electrical charge pulse. Thus, the HEXTE amplifiers and sub-
sequent electronics deal with a peak voltage of the pulse that is, again, proportional to the x-ray’s
initial energy. By calibrating the exact relation between incident x-ray energy loss and the digitized
value of the voltage pulse height, the inferred incident energy of the x-ray is revealed.

Charged particles, such as are found in orbit, also cause the detectors to emit light that is picked up by
the photomultiplier tubes, and such events must be identified so they can be ignored electronically
(they outnumber x-rays by about 100 to 1). Those particles entering from the sides are detected by the
plastic anti-coincidence shield detectors which surround each HEXTE clssttioh 5.2.2.), while

cosmic rays entering the face of the detector will generally interact in both the Nal and Csl crystals.

The scintillation pulses generated within the two crystals exhibit different characteristic rise times:
roughly 0.25us in Nal(TI) and 0.63is in Csl(Na). Each signal from the photomultiplier tube is
pulse-shape analyzed to distinguish pure Nal(Tl) energy loss (i.e. a good event) from events contain-
ing some proportion of the slower component, indicating an energy loss in the Csl(Na) shield crystal
(i.e. an event to be rejected). Rejected events can be either charged particles that stimulate both crys-
tals, or incompletely absorbed Compton-scattered x-rays that deposit only partial energy in the Nal
crystal.

The crystals are contained in an opaque, hermetically sealed housing to prevent degradation of the
Nal by water vapor and to shield the photomultiplier from stray light. The housing incorporates a
0.020-in thick beryllium x-ray entrance window to provide a light seal and a minimum of low energy
photoelectric absorption of incident x-rays. The crystals are wrapped in teflon sheet, 0.010 in thick,
and are highly polished to provide the maximum uniform light collection by the photomultiplier tube,
and, therefore, maximize energy resolution. The photomultiplier tube and its attendant high voltage
divider network (bleeder string), coupling elements, and connectors are surrounded by potting mate-
rial to meet vibration and thermal requirements, as well as to prevent electrical discharges at all ambi-
ent pressures. Ribbing moulded into the potting material provides a light seal and the compression
properties to absorb thermal expansion and contraction without stressing the photomultiplier tube.
The entire potted assembly is contained within a metallic housing that also acts as a magnetic shield.

5.2.1.2 Collimators

The field-of-view of the HEXTE phoswich detectors is defined through the passive collimation of
incident x-rays by a honeycomb structure of hollow hexagonal tubes, which are constructed from a
composite of 94% lead and 6% antimony (for strength). The structure is epoxied within a magnetic
shield housing (see Figure 5.2). Due to the manufacturing process the walls of each hexagonal tube
are 0.004 in thick on four of the six edges, and twice that on the other two. Thus, the mean wall thick-
ness is 0.005 in. The collimator tubes are 7.14 in long and 0.125 in across as measured from flat-to-
flat of the hexagons. This gives a Full Width at Half Maximum (FWHM) response of atand &
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Full Width at Zero Intensity (FWZI) response of about 2iameter; the response as a function of
off-axis angle is shown iRigure 5.4. The open fraction of the collimator assembly is approximately
85%, such that each detector has roughly 225afrface-on open area to the sky when viewed
through its collimator.

The detector crystal housing also contains a 0.2-in thick ring of lead that suppresses high energy x-
rays incident on the crystals from the side. Similarly, the collimator housing incorporates a lead ring
to block radiation entering obliquely close to its base.

5.2.2 Particle Background Detectors

Since the HEXTE’s phoswich x-ray detectors are also sensitive to cosmic ray particles, each HEXTE
instrument cluster includes a set of particle anticoincidence shield detectors. Each cluster also con-
tains a single trapped-radiation particle detector which monitors the particle environment and pro-
vides control signals for the raising and lowering of all detector high voltages in the event of
increased particle fluxes, primarily in tBeuth Atlantic Anomal{SAA). In addition, each phoswich
assembly is equipped with anparticle coincidence detector associated with3tam calibration

source used for gain control.

5.2.2.1 Shield Anticoincidence Detectors

The anticoincidence shield system consists of four flat scintillation detector modules configured in a
four-sided box around the x-ray detectors (Sgere 5.1). These shields provide a prompt indication

of a phoswich event which may have been generated by an energetic particle interaction in the pas-
sive mass elements of the instrument. A particle intersecting the detector volume also intersects a
shield with 85% probability. The 0.25-in thick plastic scintillator sheets (Bicron 440) are viewed by
two 0.5-in photomultiplier tubes via two wavelength-shifting light guides positioned along two sides

of each sheet. The anticoincidence detectors are used to reduce spurious background from effects
such as Cerenkov radiation in the photomultiplier glass and secondary particles generated in the colli-
mators.

5.2.2.2 Particle Monitors (SAA detection)

Each instrument cluster includes a single particle monitor detector for measurement of the ambient
particle flux of the detector systems as they pass through the trapped radiation belts of the South
Atlantic Anomaly (SAA). Each particle monitor consists of a simple hemispherical shaped plastic
scintillator (Bicron 440) of about 0.4 in diameter coupled to a 0.5-in photomultiplier tube and sur-
rounded by a thin absorber to define the low energy cutoff to which the unit will respond (~0.2 MeV).
These detectors provide a signal to the control system to reduce the photomultiplier high voltages
during times of high particle flux. This protects the phoswich and shield PMTs from high anode cur-
rents which would cause long-term gain changes due to aging effects.




5.2 Physical Description 7

A+ 0 >

\J

B on-source FTTTTTt Ty \ e

2 degrees

FIGURE 5.3. (a) Source and background fields of view. Circles denote the FWHM response, and hexagons
field-of-view boundaries. (b) Timing pattern for synchronized two-cluster source/background beamswitching
note that the resulting on-source coverage is continuous ( 1.5 degr ee beamswitching and 16s on-source d\
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5.2.2.3 Gain Control Detectors and Calibration Source

Each phoswich detector module has a calibration x-ray source mounted in the collimator immediately
above its entrance window, in the detector’s field-of-view (Figure 5.2). The calibration source con-
sists of a small quantity (activity level about 18 nCi) of the radionuéfitlem suspended within a

solid cylindrical pellet of scintillation plastic (Bicron 440). The scintillation plastic is optically cou-

pled to a 0.5-in photomultiplier tub&1Am is chosen as the dopant in the scintillator since its pri-

mary decay scheme yields a 59.6 keV x-ray in coincidence with an ~&Maafticle. The 59.6 keV

photon exits the plastic and serves as a calibration reference line for the phoswich detector while the
a-particle, which is stopped within the plastic, generates a coincidence signal to indicate that the
event originated in the calibration sourBection 5.3.&details how these AGC events are used in a
feedback loop and for continuous gain monitoring.

5.2.3 Source/Background Beamswitching Mechanism

A simple rocking mechanism is used to move each cluster’s detectors between alternate on- and off-
source fields-of-view. The rocking axes are fixed relative to the spacecraft (Figure 5.1), and the off-
source positions can be selected to be eithent 3.0 from the source, with the option of one- or
two-sided rocking. A beamswitch cycle consistslwtlling (i.e. accumulating data) at the on-source
position, moving to an off-source position, dwelling there, rapidly moving back to the on-source posi-
tion, dwelling there, moving to the other off-source position, dwelling there, and finally rapidly mov-
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ing back to the on-source position. This cycle is then repeated continuously throughout any given
observation. The on-source dwell time can be selected to be 16, 32, 64 s or 128 s. These motions are
phased with respect to the data taking intervals such that a cluster spends the full dwell time when on-
source, but uses 2s of the dwell time allotted to off-source observing for the motion from and to the
on-source position. Data acquisition is inhibited for 2 s during these transitions off- and onto source;
consequently, 4 s less is available for the off-source dwell time each cycle. Movement of the two clus-
ters is synchronized such that at least one cluster is taking data on-source at any time; the nominal
timing pattern is shown iRigure 5.3b. Since the rocking axes of the two clusters are orthogonal to
each other, four background regions are usually sampled around a given source position by HEXTE,
as shown irFigure 5.3a Thus, the presence of a contaminating in a single background region can be
identified, and one other background field will still be available for the cluster in question. The

HEXTE clusters can be configured individually to avoid contaminating sources in advance through
use of 3.0 and/or one-sided rocking (two-sided rocking is recommended, if possible).

The rocking mechanism may also be commanded to dwell indefinitelgtére. at any of the on- or
off-source positions in order to satisfy scientific objectives such as fast timing on bright sources
where background subtraction is not important. The cluster mechanism’s position during any data
taking interval is indicated in telemetry by one of six indications:-135, O (two settings), +1.5 or

+3. A secondary position readout comes from a 10-bit shaft encoder that provides a continuous mea-
sure of the mechanism cam angle, and is used as a diagnostic in case of a failure in the system.

5.3 Performance

Performance estimates for the HEXTE instrument have been derived from a combination of pre-
launch calibration results, dedicated calibration observations made during In-Orbit Checkout, and
continuing calibration observations performed during the RXTE mission.

5.3.1 Field-of-View (Beam Profile)

The HEXTE detectors’ field-of-view is defined passively by the honeycomb of hexagonal tubes that
make up the collimators. As for the PCA, each HEXTE detector/collimator assembly has been
aligned such that its peak response direction is close to the nominal look-direction (x-axis) of RXTE.
For sources off-axis, the detector open area visible through the collimators is decreased geometri-
cally; the collimator response as a function of off-axis afigéetherefore the convolution of a hexag-
onal aperture with itself. For the collimator tube dimensions given earlier, 50% of on-axis response is
reached at aboét= 0.5, while zero response defines a roughly circular boundd@yat.1. A

model collimator response is showrFiigure 5.4, normalized to unity on-axi® & 0'). The cross-
sections are consistent with laboratory measurements using a real collimator. In practice, the sharp
peak of the collimator response is smoothed out somewhat by the deviations in the alignment of the
detectors within each HEXTE cluster (~1 arcmin, as measured during in-orbit checkout), and by the
slow residual motion (<0.1 arcmin) of the spacecraft’s pointing axis. ldeally the collimator response
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FIGURE 5.4. Model collimator response (“beam profile”) of the HEXTE field-of-view, normalized to the peak
(on-axis) value. (a) Two-dimensional response, with the hexagonal cells oriented horizontally (point-to-point
contour levels are at 0 (dashed line), 10, 20...100% of peak. (b) Cross sections of the collimator response a
the point-to-point (solid line) and flat-to-flat (dotted line) diameters across the hexagonal cells.

will be independent of energy, but in practice a small fraction (~1%) of the incident source flux may
be Compton-scattered off the interior of the collimator walls. The resulting detected spectrum would
then be a function of the source spectral shape, but for most sources this would be a negligible addi-
tion to the background.

5.3.2 Energy Range

Scintillation pulses are analyzed by the event selection logic and assiBots® dleight Analyzer

(PHA) channel number from 0 to 255 which is a measure of incident photon energy (in fact, the PHA
channel numbet peak energy in keV). At normal gain, these channels are roughly 1 keV wide and
arranged such that the PHA channel number corresponds to the peak photon energy in keV. The min-
imum acceptable energy is defined byltbaver Level Discriminato(LLD ) which may be set to any

value from 5-50 keV, though values in the range 10-30 keV prove the most usefubérel_evel
Discriminator (ULD) level defines the upper bound of the instrument, which corresponds to about

250 keV at nominal gain

5.3.3 Effective Area

Theon-axis effective areaf a HEXTE detector is defined as its efficiency in producing an a detected
scintillation pulse event for each incident x-ray photon, multiplied by its open area to the sky in the
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HEXTE Cluster Effective Area
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FIGURE 5.5. On-axis effective area of the four HEXTE phoswich+collimator assemblies which comprise

HEXTE Cluster A, assuming a net open area of 890.342 émper detector. The lodine K-edge is at 33.17 keV.

Note that this curve must be scaled by the live-time fraction (Section 5.3.8) before calculating count rates.
on-axis look directionNon-detected photon interactions include absorption in the detector window,
those partial energy loss events in the Nal (Compton scattering) which are captured and rejected by
the Csl layer, and photons which pass through the Nal undetected.

Extensive Monte-Carlo simulations of the phoswich detectors have been perfbrguee.5.5

shows the effective area as a function of energy for “photopeak” interactions, i.e. complete x-ray
energy loss in the Nal, which is the significant contributor to the HEXTE’s sensitivity (these events
appear as diagonal elements in the response matrix); this curve has been scaled to Cluster A's net
open area of 890 cmThe sharp edge at 33.17 keV is the K-escape energy of lodine. Note that in
order to estimate thmeasureaount rate for a given source, this effective area must be multiplied by
the detectolive-time fraction(Section 5.3.9

5.3.4 Spectral Resolution

X-ray photons of a given energy will produce a spread in detected pulse height due to the Poisson

fluctuations in the number of photo-electrons produced per event. The intrinsic energy resolution of
the phoswich detectors can be described roughly by a gaussian function with FWHM increasing as
~JEnergy, to which must be added a small term proportional to energy due to the gain variations
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across the face of each detector. For an average phoswich detector, the resolution FWHM (in channels
or keV) at PHA channal =E keV) is given approximately by

FWHM = ./ex ./0.005% + 1.09

Summing data from the detectors in a HEXTE cluster degrades this resolution somewhat due to this
lightly different PHA channel centroids of the line-spread function in each detector at a given energy.

Nevertheless, the 256 PHA channels (numbered 0-255) still over-sample the HEXTE resolution by at
least a factor of 2. The user may select contiguous sub-ranges of PHA channels and/or group them

on-board into larger spectral bins, according to the Science Mode telemetry format in use.

5.3.5 The HEXTE Response Matrix

All of the effects described above - detection efficiency, detector gain and spectral resolution -can be
embodied in the HEXTE response matrix, which describes the transformation from an input photon
spectrum to a PHA count rate spectrum (to which one must add the internal background). An example
of such a matrix is shown Figure 5.6, which shows the (almost linear) energy/PHA channel con-
version gain, and the increase in resolution-broadening with energy. The photopeak response,

HEXTE cluster response matrix
250 T T

N
O
O
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O
O

@)
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Incident photon enerqgy (keV)
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O

FIGURE 5.6. Model HEXTE detector response matr%é, showing the PHA channel spectra produced by photc
from 10 to 250 keV in units of counts per (photon cnt”) on a logarithmic scale covering 3 orders of magnitudt
The dominant terms are the resolution-broadened photopeak (diagonal) and K-escape interaction peaks (of
diagonal). At a much lower level, Compton scattering and partial energy loss events in the Csl also contribt
The vertical feature is due to K-shell x-rays from the “dead layer” in the detector.
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described earlier provides the dominant, diagonal term in this matrix. However, there are significant
off-diagonal terms, which are also broadened by the pulse-height resolution. For instance, the K-
escape interaction with lodine reduces an incoming x-ray’s apparent energy by 33 keV, giving rise to
a secondary peak in the response for a given input energy above this threshold. Other terms in the
matrix arise from interactions such as Compton-scattering in the Nal, Compton back-scattering of x-
rays from the Csl, and the detection of lodine K-shell x-rays ejected from a “dead layer” which
absorbs incoming x-rays without producing a primary scintillation. The HEXTE team are continually
improving the accuracy of the response matrix through Monte-Carlo modelling of the detector mate-
rials and geometry, and by comparison with model fits to in-orbit data on bright sources.

5.3.6 Automatic Gain Control and Calibration Spectrum

Even with the magnetic shielding around each detector, the gain (or pulse-height/energy relation) is
affected by the magnetic fields encountered throughout an orbit. Secular changes in the gain also
occur due to aging of the phototubes. To counteract these effects, the AGC system is designed to sta-
bilize each phoswich detector’s gain, such that photon events of a given energy will always produce
counts in the same PHA channels. X-rays of 59.6 keV energy frofft source interact in the

Nal in coincidence with the associated alpha particle interaction in the gain control detectors

. “'Am calibration spectrum
T T T ‘ T T T ‘ T T T

counts
N
o
X
@)
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\

20 40 60
PHA channel

O
00
O

FIGURE 5.7. HEXTE PHA histogram spectrum of the?*’Am gain control and calibration source.
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(described above). These Nal events are used to provide the gain control feedback signal that adjusts
the PHA conversion gain to preserve the energy/PHA channel relation. Coarse gain settings are
accomplished by selecting one of 256 high voltage steps (5% gain change per step) and fine steps can
be commanded by the AGC system within the range 0.2% to 0.0125%. The AGC updates the gain
every 0.5 s. In this manner short-term gain variations are kept to <1%.

All events detected in the phoswiches in coincidence witlxtparticle events in the gain control
detectors are separately accumulated into a calibration spectrum which is acquired over 32 Instrument
Data Frames (8.5 minutes). The result is a very d&5%m spectrum with a line at 59.6 keV, a blend
around 25 to 30 keV, and the L-shell blend around 17 kéyu(e 5.7). These spectral features will
provide constant monitoring of the gain and resolution for each phoswich detector throughout the
mission. With this system, meaningful comparisons and co-additions of datasets may be made
between spectral observations taken many months apart.

5.3.7 Background Spectrum and Background Subtraction

The anti-coincidence shielding around each HEXTE cluster vetoes almost all particle scintillations in
the detectors. The remaining background spectrum is intrinsic to the HEXTE and is dominated by x-
rays emitted in the decay of radioactive products, which are produced by high energy patrticles inter-
acting with the detector materials (principally lead in the collimators and iodine in the phoswiches
themselves). During an orbit of the RXTE this background will vary by a factor of 1.5 to 2. To a first
approximation the HEXTE background rate outside the SAA region is proportional to the cosmic ray
particle flux, which varies from point-to-point due to geomagnetic cutoff. There are delayed compo-
nents after passage through the SAA, however, from the activation of radioactive daughters in the
detector material itself, as well as in surrounding matter, by SAA protons.

A typical HEXTE cluster background spectrum from RXTE Cycle 1 is showigure 5.6. The

large spectral feature at 30 keV is a blend of x-ray lines from de-excitation of spallation-created
daughters of lodine in the detector (which decay promptly by K-capture). The next-largest feature at
73-87 keV are K x-rays from the Pb collimators. The total background in the 15-250 keV range is 90-
100 count/s per HEXTE cluster.

Background estimation is provided to a very good first order by the source/background beamswitch-
ing. The currenbEFAULT on-source dwell time for the HEXTE is 16 s, which is the least efficient;
however the effectiveness of removing systematic background variations using longer dwells is still
under investigation. Estimates of secular variations in the HEXTE background have been made based
on HEAO-A4 data, and predict that systematic errors in background subtraction can be kept below
the Poisson noise level over &1%5° s observation of a faint source; early results from RXTE Cycle 1
appear to confirm this. However, longer exposure times will not be able to elicit a fainter detection
since they will be compromised by cosmic x-ray background fluctuations and other systematics.

For a given 16 s on-source data accumulation, the background rate estimate will be the average of the
last 6 s of the previous off-source accumulation plus the first 6 s of the following off-source accumu-




14 Chapter 5. The High Energy X-Ray Timing Experiment (HEXTE)

HEXTE Cluster background spectrum
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FIGURE 5.8. Measured in-orbit background spectrum for HEXTE cluster A (sum of 4 detectors); the PHA

channel number roughly corresponds to energy in keV. Spectral features are due to x-rays from the radioact

decays products induced in the detector materials by energetic particles.
lation. (Remember that 2 s is lost at each end of the off-source observation while the rocking mecha-
nism is in motion). For a typical background rate of 90 count/s per HEXTE cluster, the resulting
interpolated background rate is limited by Poisson statistics to about 3% accuracy per cycle.

The observer will typically co-add the two off-source datasets for each cluster, after testing for the
presence of a contaminating source. Users may also wish to make an empirical fit to the off-source
data versus time for estimating the on-source background contribution. For those observations where
off-source observations are not made (e.g. dwelling on-source for temporal investigations of bright
sources), the HEXTE background may be modelled using orbital parameters and particle veto rates,
but not to the precision available when beamswitching. If background estimates are important in this
case, users are encouraged to contact the HEXTE team for advice.

5.3.8 Time Sampling

The HEXTE is capable of time-tagging events tops@vhen used in Event List mode. For high

count rate sources, which would saturate the telemetry in this mode, users may still perform fast tim-
ing in Temporal Bin Mode, which can produce light curves with time bins as small as 1 ms

(Section 5.9. Calibration of the absolute timing accuracy is performed via the spacecraft clock, while
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relative timing tests between the HEXTE and the PCA have verified the coincidence to within the 7.6
us precision of the HEXTE measurements.

5.3.9 Dead-time and “Lost Events” Data

Dead-time in the HEXTE originates in the detector electronics, which tak&9 16 to process a

typical scintillation pulse (but much longer for MeV patrticles, see below). This dead-time is mea-
sured for each HEXTE detector assembly by a gated counter which increments for each 1/2 space-
craft clock cycle (1.94us) for which the detector electronics is busy. The dead-time counter is also
incremented during the on- (off)-source motion of the HEXTE cluster which lasts for 2 s, and is
included in the dead-time count for the preceding (following) off-source dwell.

The dead-time counter’s value is normally telemetered every 16 s (but as fast as every 1 s in Spectral
Bin and Burst List modes). For dead time estimates on shorter timescales, modelling of the source
behavior becomes necessary. While an accepted event is being pulse-height analyzed after passing the
event-selection criteria, the HEXTE processor can also register the detection ofLlgstd8ents

which are those accepted events which were received while the analyzer electronics were still busy
(and the dead time counter was incrementing). Although no energy information is available for these
events, they can be used to model bright, rapid (<1s) changes in source flux, and as an aid to absolute
flux determination.

During RXTE’s Cycle 1 it was discovered that the dead-time counter value alone underestimates the
time for which the event selection logic is unavailable for event processing, due to the long periods of
dead-time following impacts by high energy particles (known as XULD events). A typical charged
particle rate is 150 count/s per phoswich, with each event causing about 2.5 ms of deadtime. This
results in a dead-time fraction ~40%, which is equivalent to a reduction in the HEXTE's effective

area by the same amount. While the dead-time counter does not account adequately for such events,
accurate dead-time estimates can be recovered in the data analysis by a simple combination of dead-
time counter values and HEXTE Housekeeping monitor rates (specifically, the ULD and XULD

rates), all of which are telemetered every 16 s. On shorter time scales the particle rates are roughly
constant, but for a particle rate of 150 count/s, the Poisson uncertainty in the dead-time is 8% on 1s
timescales.

The HEXTE proposal preparation materials, including the PIMMSHB{TEmporizesoftware, as

well as the response matrices and background spectra used in XSPEC simulations, include the effects
of this additional dead-time at the orbital average level (40%). Therefore, users do not need to make
explicit corrections for dead-time when planning HEXTE observations.
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5.3.10 Performance changes since launch

5.3.10.1 Changes in spectral resolution

As the photomultiplier tubes age, their efficiency at converting scintillations into an electrical signal

is reduced. The Automatic Gain Control system adjusts the detector high voltages to compensate for
this effect, such that the energy/channel relation for each detector will remain constant throughout the
mission. However, the reduced efficiency is accompanied by a decrease in spectral resolution which
cannot be corrected by the AGC system. In the first 15 months of launch, this has caused the FWHM
response of an individual detector, expressetEdR, to increase by 2% (eg. from 15.5% to 15.7% at
60keV). Despite this small increase, acceptable spectral fits may still be obtained to all data through-
out RXTE Cycles 1 to 3 using a single set of response matrices.

5.3.10.2 Loss of spectral information from phoswich detector PWB2

On 1996 March 6 at 11:27:12 UT, detector 2 in clustefiBuie 5.1) lost its ability to provide spec-

tral information; all accepted photon events between the lower and upper energy discriminators pro-
duce counts in PHA channels 1 and 2 only, regardless of their incident energy in this range. However,
data from this detector may still be used to provide a broad-band flux as a function of time. The only
drawback is that without a gain calibration spectrum, automatic gain control is no longer possible for
this detector, resulting in a drift of the high voltage as the spacecraft passes through the changing
magnetic field in its orbit. This translates into gain variations (or variations in the effective upper and
lower energy bounds) of around 2% per orbit, with a secular gain decrease of the same order over a
month. Bright, soft-spectrum sources will therefore produce count rate variations in this detector due
to the changing effective lower energy bound. However, for most faint source observations this effect
should be negligible and this detector operates effectively as a 12-250 keV photometer. Note that
since the PHA channels 1 and 2 lie outside the pre-defined PHA channel ranges of Archive Temporal
Bin mode (qg.v.), counts from PWB2 will not appear in this mode’s telemetry.

5.4 Data System
The HEXTE data system is based on a Harris MD-80C286/883 microprocessor running at 4.915
MHz which controls data collection, processing and output to the telemetry stream. Available mem-

ory includes 128 kilobytes of Read-Only Memory (ROM) and 512 kbyte of Random Access Memory
(RAM).

5.4.1 HEXTE Timing Signals and the Instrument Data Frame (IDF)

Data input, data processing, data output, and various functions within HEXTE utilize the following
telemetry timing signals as a reference:
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* Engineering Major Frame: 64.0 second period

» Science Major Frame: 1.0 second period (64 per Engineering Major Frame)
» Science Minor Frame: 0.03125 second period (32 per Science Major frame)
» Spacecraft clock: 1.048576 MHz frequency.

Since the shortest on-source/off-source beamswitching cycle period is one Engineering Major Frame,
consisting of four on- and off-source phases of roughly equal length, it is convenient to define a time
unit consisting of 16 Science Major Frames:

e Instrument Data Fram@DF): 16.0 s period.

The source/background beamswitching cycle is defined in multiples of this 16 s IDF. All data accu-
mulation and output intervals in the Science Modes described later are multiples or sub-multiples of
the IDF.

The HEXTE electronics also contain two crystal-controlled oscillators for precision timing: a 9.830
MHz oscillator provides a timing reference for the microprocessor, and an 8.000 MHz oscillator pro-
vides a reference frequency for the electronics’ pulse height and pulse shape time-to-digital convert-
ers.

5.4.2 Event Selection

The event selection logic provides the criteria used to accept or reject an event. In addition to anti-
coincidence shield rejection, the input pulse is compared against lower and upper levels by discrimi-
nators, andPulse Shape Discriminato(®SDs) define an acceptable range in pulse rise-time. These

will normally be used to provide clean Nal-only pulses with total energy loss measured and maxi-
mum background rejection. These good events are passed to the pulse height analyzers which convert
the energy-related pulse height into an 8-bit channel nufmbkse Shape AnalyzefBSAs) convert

the rise-time-related pulse shape into a 6-bit number.

5.4.3 Event Definition

For each phoswich event that passes the event selection logic, data from the various detectors and
other subsystems are combined to form the 7-&ygat codéhat contains all the possible informa-

tion about the event. The event code byte map is summariZatim5.2 This event code is the

basis for all scientific processing; if the event selection logic does not pass an event, it cannot be
included in the HEXTE telemetry. Lost Events (defined earlier) are counted and this number is
included as a 2-bits in the event code of the event being analyzed when they arrived.

From Table 5.2 it can be seen that event code bytes 5 and 6 are unnecessary for most user observa-
tions, since these contain either redundant time counters, or flags which are zero under normal opera-
tion. Byte 4 contains diagnostic pulse shape information, which may be used for subsequent event
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selection but can be omitted for bright sources, and for observations with a high setting for the Lower
Energy Bound. The event information of interest to most users is therefore contained in bytes 0-3,
which are available directly in Event List Science Mode, or can be reformatted into one of the binned
Science Modes to keep within telemetry constraints when the count rates are high.

5.5 Standard Telemetry Formats and Data Products

The HEXTE flight software has three basic types of telemetry data products: Housekeeping, Standard
Modes, and Science Mode. Housekeeping and data from the Standard Modes are produced in fixed

format for every HEXTE pointing to provide basic spacecraft diagnostic information, and basic spec-

tral and timing information for the source under study. The Science Mode is selected and configured

by the user to meet the scientific needs of their observing program, and is described along with other
Guest Observer configurations in the following section. Housekeeping and Standard Modes run con-
tinuously and produce roughly 1 kbit/s of telemetry data, leaving 4 kbit/s (on average) for the selected

Science Mode.

5.5.1 Housekeeping

Housekeeping contains (1) the analog-to-digital conversions of various temperatures, voltages, and
currents, which are available on 64 and 128 s timescales, (2) the instrument configuration (i.e. digital
status) which is available on 16, 64 and 128 s timescales depending upon the parameters, and (3) the
rates accumulators for all discriminator and coincidence functions, which are available every 16 s.
Phoswich-related rate accumulators, which record particle events responsible for dead time, collect
data for 4 s sequentially at each of the 4 phoswiches.

5.5.2 Standard (Archive) Modes

The purpose of the HEXTE Standard Modes (also known as Archive Modes) is to provide a basic
temporal and spectral record of every source observed, independent of the Science Mode chosen by
the user. Two Standard Mode data products are generated within HEXTE every 16 s in a fixed format.
The dead time for each phoswich detector is included with the Standard Modes data each IDF (16 s),
and the data products themselves are described below:

5.5.2.1 Archive Spectral Bin Mode (Energy Spectra)

This mode produces a compressed pulse height histogram (energy spectrum) for each phoswich
detector every 16 s. The first 64 PHA channels are combined two-at-a-time into the first 32 archive
spectrum bins with 16-bit depth per bin; the second 64 phoswich PHA channels are combined four-at-
a-time into the next 16 archive histogram bins with 8-bit depth per bin; and the final 128 phoswich
PHA channels are combined eight-at-a-time into the last 16 archive histogram bins with 8-bit depth
per bin. This compression causes only a small loss of information; virtually all cosmic x-ray sources
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TABLE 5.2. Contents of the seven HEXTE event code bytes generated for each processed event.

Byte Bit | Description® Byte Bit | Description®
0: 0 PHA Bit 0 &1 keV) 4; 0 Science Major Frame Counter Bit 3 (8 5)
Pulse 1 PHA Bit 1 &2 keV) Pulse 1 AGC Flag
Height | 5> | pHA Bit 2 =4 keV) Shape |2 | PSABItO
channel . channel .
3 PHA Bit 3 <8 keV) 3 PSA Bit 1
4 PHA Bit 4 <16 keV) 4 PSA Bit 2
5 | PHA Bit5 (=32 keV) 5 | PSABIt3
6 PHA Bit 6 <64 keV) 6 PSA Bit 4
7 PHA Bit 7 <128 keV) 7 PSA Bit5
1 0 | Event Time Bit 0 (7.62939453%s) || 5: 0 | Shield 1 Flag
7.63us | 1 Event Time Bit 1 (15.258789Q%) || Shield 1 Shield 2 Flag
timing 2 Event Time Bit 2 (30.5757813 |3) Event 2 Shield 3 Flag
3 | Event Time Bit 3 (61.0351563%) || 729 |3 | Shield 4 Flag
4 Event Time Bit 4 (122.0703123%5) 4 Shield 5 Flag (not used)
5 Event Time Bit 5 (244.14062%s) 5 Csl (PSULD) Flag
6 Event Time Bit 6 (488.2812%s) 6 XULD Flag
7 Event Time Bit 7 (976.562fs) 7 Test Pulse Generator (TPG) Flag
2: 0 Event Time Bit 8 (1.953125 ms) 6: 0 Science Major Frame Counter Bit 0 (1 5)
2ms 1 Event Time Bit 9 (3.90625 ms) Frame 1 Science Major Frame Counter Bit 1 (2 5)
timing 2 Event Time Bit 10 (7.8125 ms) counters | 2 Science Major Frame Counter Bit 2 (4 5)
3 Event Time Bit 11 (15.625 ms) 3 Science Major Frame Counter Bit 3 (8 5)
4 Event Time Bit 12 (31.250 ms) 4 Science Major Frame Cntr Bit 4 (16 s)
5 Event Time Bit 13 (62.500 ms) 5 Science Major Frame Cntr Bit 5 (32 s)
6 Event Time Bit 14 (125.00 ms) 6 Science Major Frame Cntr Bit 6 (64 s)
7 Event Time Bit 15 (250.00 ms) 7 Science Major Frame Cntr Bit 7 (128 s
3: 0 Event Time Bit 16 (500.00 ms)
Detector | 1 Lost Events Counter Bit O
Identity, | 2 Lost Events Counter Bit 1
Lost 3 Detector ID Bit O
Events, | 4 Detector ID Bit 1
1ls 5 Science Major Frame Cntr Bit O (1 §)
timing 6 Science Major Frame Cntr Bit 1 (2 8)
7 Science Major Frame Cntr Bit 2 (4 8)

1. The time or spectral sampling precision corresponding to each event bit is shown in parentheses.
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in the 10-250 keV range decrease in intensity with energy, while the HEXTE’s FWHM spectral reso-
lution (measured in PHA channels) also broadens with energy.

5.5.2.2 Archive Temporal Bin Mode (Light Curves)

This mode produces four light-curves with 16-bit bins from the sum of all 4 phoswich detectors in a
cluster, with 1 s temporal sampling every 16 s. The four light curves represent the PHA channel (and,
therefore, approximate energy in keV) ranges of 15-29, 30-61, 62-125, and 126-250.

5.6 Guest Observer Configurations

The HEXTE observing configuration is based upon a dictionary of 23 different commands, each with
an associated set of parameters. Most of these commands are outside the domain of users, including
the event selection logic, the AGC configuration, and the heater settings. Those settings which must
be defined for each HEXTE cluster by the user are listed below:

» Configure the source/background beamswitching mechanism
» Select the Lower Energy Bound
» Select the Science Mode telemetry format, and its parameters
» Configure the Burst Trigger (if selected)
The HEXTE clusters may be configured together, or separately (e.g. with one cluster staring on-

source and the other performing source/background switching). If a user wishes a configuration other
than that available to users in general, the HEXTE team must be contacted in advance.

5.6.1 Beamswitching (Rocking) Mechanism

The rocking mechanism is configured by selecting:
1. On-source dwell time: 0 (continuous stare), 16, 32, 64, 128 HBFAULT (currently 16 s).

If “ DEFAULT” is selected, the HEXTE team will set the dwell time to provide the best background
subtraction, as determined from in-orbit calibrations. Note that 4 s is always lost from the off-source
dwell to allow for motion off- and then back on-source during the time the other cluster is dwelling
on-source (Figure 5.3). The selectable beamswitch (rocking) angles for each cluster are either:

2. continuous stare (dwell = 0s): 0 (i.e. on-source), +1.5, -1.5, +3.0, -3.0 degree positions, or
two-sided source/background switching: +1.5 or+3.0 degree beamswitching, or
one-sided source/background switching: +1.5, -1.5, +3.0, -3.0 beamswitching
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Users may also request thEFAULT pointing directions, which will be on-source for stare (0 s dwell
time) observations, arl.5 source/background switching otherwise. Users should research and spec-
ify the sky positions of any possible contaminating sources within' az@ifiis of their source of

interest, so that contaminating sources in the background fields can be avoided by arsore3

sided rocking once their observation is scheduled. In such cases-8ided rocking is normally
preferred, since users will still have two independent measurements of the background. The HEXTE
team have provided a software progr&t&XTErock which calculates the sky coordinates of the var-
ious off-source cluster positions for a given observing configuration. Using a graphical interface,
HEXTErockmay also be accessed on the World Wide Web via the RXTE Guest Observer Facility
web site.

5.6.2 Lower Energy Bound

The lower energy bound of the science processing from the phoswich detectors (which includes both
Standard and Science Mode data) can be selected in the range 5 keV to 30 keV, to the nearest 0.2 keV
Values between 10 and 30 keV prove the most useful, amkEtae)LT value of 12 keV will be the

most commonly scheduled.

For a medium-bright steep spectrum source, however, a user may be able to keep within telemetry
limits and still use Event List mode (see below) by increasing the lower energy threshold and thereby
sacrificing the lowest energy PHA channels. For very bright sources, or high background conditions,
increasing the lower energy bound will also decrease the overall detector dead time, and the conse-
guent need for Lost Events data Note though that increasing the lower energy bound will also prevent
events below the new threshold from appearing in the Standard Modes data products.

Setting a lower energy boubelowthe default value of 12 keV does increase the overlap in spectral
coverage with the PCA instrument, but the HEXTE's decreased effective area and higher background
rate at low energies makes such settings of dubious practical use, except for spectral features in the
PCA/HEXTE overlap range, and for burst-triggering. Therefore, if a lower energy bound below the
DEFAULT value of 12 keV is desired, users should contact the HEXTE team for advice.

5.6.3 Science Modes

In addition to the Standard Modes provided for all observations, each HEXTE cluster provides a Sci-
ence Mode which can be specified by the user. There are three basic Science Modes. Event List mode
transmits information about each incoming event, and therefore the telemetry rate depends on source
strength. Spectral Bin mode produces binned PHA spectral data with up to 256 spectral bins at 1 to 16
s intervals, while Temporal Bin mode produces light-curves with sub-second time bins covering up to

8 contiguous spectral bands. Both of the binned modes have a fixed telemetry rate for the user’s
selected spectral and temporal sampling. A fourth mode (Burst List) can be enabled to run in parallel
with any of these three basic Science Modes to capture photon events from rapid outbursts. Finally, if
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the Standard Mode data products prove sufficient for a user’s scientific goals, then “IDLE” Science
Mode may be selected for one or both of the HEXTE clusters.

All Science Mode packet data headers (sent every 16 s) contain the dead time average per detector,
the rocking mechanism position, and the parameters of the particular Science Mode. The HEXTE
Science Mode is normally implemented by uplinking a table of parameters and then selecting them. It
is not necessary for both clusters to use the same Science Mode, but this is usually desirable, espe-
cially if source/background beamswitching is selected for both.

The HEXTE Science modes, and their relevant parameters, are described below. The HEXTE Feasi-
bility Chapter gives more information on their uses, with specific examples. The HEXTE team have
also provided a software totdlEXTEmporizeto assist users in selecting the appropriate parameters
for their observations, consistent with their source count rates and the HEXTE'’s telemetry con-
straints.

5.6.3.1 Event List Mode (Event-by-Event)

The Event List mode is an event-by-event list of a user-selected subset of the 7-byte event code for
each photon detected. This list is stored in a variable length buffer, since the number of events are
dependent on the source intensity, up to the maximum buffer size which corresponds to a telemetry
rate of 23 kbit/s per HEXTE cluster. Any combination of the 7 bytes comprising the event code may

be selected for inclusion in telemetry, but only the first 5 bytes provide useful information to observ-
ers. Subsequent data analysis will be able to generate light curves and/or spectra, depending upon the
event code bytes selected. The user must therefore make the following selections:

1. Include byte #0? : Yes or No...
2. Include byte #17?: Yes or No...
3. Include byte #27: Yes or No...

...and so on for all 7 bytes. ReferTable 5.2for the contents of each byte in the 56-bit event code.
This mode will be appropriate for the majority of sources observed by the HEXTE; faint sources may
be observed using bytes 0-4 for maximum spectral and temporal sampling.

5.6.3.2 Spectral (Histogram) Bin Mode: Energy Spectra at 1 s to 16 s intervals

The Spectral Bin mode produces a pulse height histogram (energy spectrum) at time intervals from 1s
to 16 s, either for each detector, or, alternatively for the sum of all 4 detectors in a cluster. This mode
is appropriate for producing spectra of bright sources which cannot be accommodated by Event List
mode. The histograms can be tailored to each observation and telemetry rate by choosing the fre-
guency at which spectra are generated, the grouping of PHA channels into spectral bins, and highest
PHA channel (or highest energy) of interest. The count capacity of each bin must be chosen to be ade-
guate for the expected count rates in each bin. The selectable parameters of this mode are:
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1. Number of histogram spectra per detector per IDF (16s interval): 2,4, 8 or 16 (cor-
responding to one histogram spectrum every 8, 4, 2 or 1 s).

Note that the dead time counter will be transmitted with each histogram spectrum, i.e. as fast as
every 1 s if 16 spectra per IDF is selected. This is the shortest timescale on which the dead time
counter can be sampled in any Science Mode.

2. Number of distinct detector IDs per cluster: 4 (separate detector spectra) or 1 (= sum of
4 detectors). Separate detector spectra are always recommended.

These first two parameters determine the total number of spectra produced per IDF. The energy cov-
erage and spectral binning of these spectra are set by specifying:

3. Highest PHA channel # required (roughly, the highest energy in the spectrum in keV): 127, or
255 (remember that HEXTE PHA channels are numbered starting from 0).

4. Number of spectral bins: 64, 128, or 256 (but never more than the highest PHA channel
#+1).

Each spectral bin will then bin together a number of PHA channels given by (highest PHA chan-
nel+1)+ (number of spectral bins per histogram). Since the PHA channels over-sample the HEXTE'’s
energy resolution by at least a factor of 4, this rebinning causes minimal loss of spectral information.

Finally the capacity of the spectral bins (maximum number of counts they can hold) must be speci-
fied:

5. Depth of the spectral bins: 4, 8 or 16 bits (0-15, 0-255 or 0-65535 counts).

5.6.3.3 Temporal (Multiscalar) Bin Mode: Light Curves in 1 to 8 Spectral Bands

This telemetry mode provides light curves with time bins from 0.98 msto 1 s, with 2, 4, 6 or 8 spec-
tral energy ranges (hence the “Multi-"scalar name). These data may be provided for each detector in a
cluster, or the sum of all 4 detectors. This mode is only applicable to observers of very bright sources
and should only be selected in consultation with the HEXTE team.

One of the (up to) 8 light curves may be assigned to accumulate the Lost Events data on the same time
scale as the other light curves. This enables the proper intensity to be calculated for each time bin for
a very bright source. Note that as for Event List mode, the dead time is reported only as a 16-s aver-
age at the end of each IDF. The user-selectable parameters for this mode are:

1. Total number of light curve spectral bands: 1to 8
2. Include a Lost Events light curve in one of these bands?: Yes or No
3. Number of distinct light curve detector IDs per cluster: 4 detectors, or 1 = sum of 4

These determine the total number of light curves telemetered in this mode. The spectral bands cov-
ered by each light curve are then set by specifying:
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4. Lowest PHA channel # for 1st light curve spectral band: Oto 254

5. PHA upper channel # for 1st spectral band’s light curve: 1to 255
PHA upper channel # for 2nd spectral band’s light curve: 2 to 255
PHA upper channel # for 3rd spectral band’s light curve: 3to 255...

...and so on for the number of spectral bands selected. Note the important restriction that the channel
ranges so specifiedust be contiguous and in ascending ordibe HEXTE Feasibility Chapter pro-
vides recommended values for the PHA channel boundaries.

Finally, the time sampling and time bin depth for all the light curves must be selected:

6. Number of time bins per IDF (16s interval): 128, 256, 512, 1024, 2048, 4096, 8192, or
16384. (These correspond to time bin sizes of 125, 62.5, 31.25, 15.625, 7.8125, 3.09625,
1.953125, or 0.9765625 ms).

7. Time bin depth: 4, 8 or 16 bits (0-15, 0-255 or 0-65535 counts/bin).

5.6.3.4 Burst Trigger/Burst List Mode

This is a specialist mode used to capture a “snapshot” of full temporal/spectral resolution event data
in cases when the source is too bright for Event List mode. If this mode is desired, users must first
contact the HEXTE team for advice on the settings described below.

When enabled, the Burst List mode runs in parallel with one of the three primary Science Modes,
accumulating an Event List (event code bytes 0-3) in a circular buffer containing 25560 events per
cluster. Upon satisfaction of a burst trigger, the buffer accumulates a software commandable number
of post trigger events, then freezes its contents, and awaits the command to download its contents in
place of the normal science data. In addition, since this mode is expected to be used for high and vari-
able count rates, dead time counter values are stored at 1 s sampling for the 12 IDFs after the trigger.

After downloading the contents of the Burst List buffer in about 2.5 minutes, the data processor
awaits a ground command to reset the buffer and re-enable the trigger, and then automatically returns
telemetry to the selected Science Mode. Dead time counter values will also be available at 1 s sam-
pling for the 12 IDFs after the trigger.

A burst trigger can be generated by any of four sources: a digital ground command, a trigger received
from the EDS electronics, a trigger received from the other HEXTE cluster, or an internally calcu-
lated burst trigger. Ground commands can disable the response from internal or external sources of
triggers. The ground command trigger can also be used to take a “snapshot” of a bright source will
full spectral and temporal resolution.

A local burst-trigger can be issued on the detection of an increase in the recent average event rate
exceeding a threshold, which is user-selectable. However, this internal trigger mode will only be use-
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ful for observations with no source/background switching, i.e. staring on-source, since a spurious
trigger would be generated each time a cluster moved on- or off-source.

The complete list of user parameters for this mode is:

1. Set burst trigger: NO (i.e. off), EXTERNAL (from the EDS, or other cluster), STERNAL.

Then if theINTERNAL burst trigger is set:
2. Integration interval: 3.9, 7.8, 15.6, 31.3, 62.5, 125, 250,500 ms, 1, 2, 4, 8, 0or 16 s,
(corresponding to 4096, 2048, 1024, 512, 256, 128, 64, 32, 16, 8, 4 or 1 intervals per IDF)
3. No.of integration intervals ( m)for running average: 4,8, 16, 32,64 or 128
4. Trigger X2 threshold: 1 to 100 (for internal trigger only)
5. Percentage of events to be stored before/after trigger: set in 0.5% steps from O-
100%
Thex? threshold statistic is calculated from the number of cauis the most recent integration
interval, and the total number of couhts = Z n; summed ovem intervals:
2 (nl—Nm/m)2
(n,+N_/m?)

Therefore, triggers will occur both for an increase or drop in count rate. For this reason, the internal
burst trigger is normally activated only when the cluster is staring on-source, since source/back-
ground beamswitching would otherwise cause false triggers which do not relate to the source.

Once the trigger is satisfied, the Burst List is frozen in the HEXTE data buffer until it is downloaded
to ground and Burst List processing is commanded to resume. However, subsequent triggers are still
counted by the on-board processor, and this number is telemetered to ground (the counter is reset
upon dumping the contents of the Burst List buffer).




Chapter 6

The XTE All-Sky Monitor

6.1 Introduction

6.1.1 ASM Scientific Objectives

The purpose of the XTE All-Sky Monitor (ASM) is at least threefold. First, the ASM monitors ~80%

of the sky every ~90 minutes and can be used to alert observers to the appearance of transients or to
other time-variable phenomena, such as high-low state changes in Cygnus X-1 or turn-ons of Her-
cules X-1. The acquisition of the active celestial source by the PCA and HEXTE will then be possible
within a few hours. The ASM will provide accurate positions (~3’ by 15’ error boxes) for bright tran-
sients. This positional accuracy is adequate to acquire the source with the PCA, which then can be
used to further reduce the size of the error box while performing detailed studies. These capabilities
of the ASM will also enable fruitful observations of time-variable X-ray sources to be conducted in
other regions of the spectrum, e. g., at optical and radio wavelengths.

Second, the ASM will yield long-term intensity histories of ~50 bright X-ray sources with a time res-
olution of ~1.5 hours, and an additional ~25 X-ray sources will be monitored with a sampling times-
cale ~1 day. The intensities derived from the analysis of ASM data will be available in a public
archive. These intensity histories will facilitate many scientific investigations, such as searches for
eclipses or other periodic behavior, and determination of the frequency of transient-like outbursts.

Third, cumulative count rate data from each X-ray detector, telemetered in ~0.1 s bins, will be used to
study short-term intensity variations from particularly intense sources. X-ray bursts and periodic pul-
sations are typical of the phenomena that can be investigated using this data. For example, the pulse
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arrival time for a 200 mCrab pulsar away from the galactic bulge, such as Cen X-3, can be measured
to a precision of ~ 10% of the pulse period once every satellite orbit.

6.1.2 ASM Observations and Data Policy

All ASM observations will be planned at the GSFC Science Operations Facility using software devel-
oped at MIT. In general, the ASM will be fully dedicated to the performance of its sky monitoring
function. There may be exceptional circumstances, however, in which the ASM is used to observe
specific X-ray sources for more time than the exposure in the usual sky-survey mode. No formal pro-
posals to conduct specific observations will be considered; informal suggestions of such observations
may be taken under consideration but the number of such observations will be highly limited.

The basic results of monitoring the sky with the ASM and, indeed, all of the telemetered data will be
publically available in the short-term. This includes data obtained from somewhat extended observa-
tions of sources of exceptional interest.

Since the results of the near-real time analysis will be publically available within hours after the data
are telemetered from the spacecraft, Guest observers may plan to utilize ASM data in defining ‘Tar-
gets of Opportunity’ proposals for XTE observations using the PCA and HEXTE. Guest observers
may also wish to use the ASM public archive to verify during the days or weeks preceding PCA
observations that their selected EDS configurations are consistent with the actual intensities of their
bright X-ray targets.

6.2 ASM Instrumentation

6.2.1 A Summary of the Design of the XTE All-Sky Monitor

The ASM consists of three basically identical Scanning Shadow Cameras (SSCs) mounted on an
assembly that can be rotated by a motor drive (see Figure 1, next page). An SSC consists mainly of a
position-sensitive proportional counter, electronics, low- and high-voltage power converters, a coarse
collimator, a slit mask, a thermal shield, and a weak X-ray emitting calibration source. Each position-
sensitive proportional counter (PSPC) views the sky through a coded mask. The mask is a flat screen
perforated with 6 different sets of parallel slits, and is held above the PSPC window by a coarse colli-
mator.

The mask casts an X-ray shadow of every X-ray source in the SSC field of view (FOV) upon the
PSPC. The PSPC, in turn, is used to measure the displacements and strengths of the shadow patterns,
and to thereby infer the celestial locations and intensities of the X-ray sources. To perform this task,
the PSPC (and electronics) obtains X-ray photon energies and positions (one coordinate only) by the
charge division technique applied to each of 8 resistive anodes.
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The ASM will be operated so that data is accumulated in a series of exposures, or “dwells”. During
each dwell, the rotation drive will not be active, so that the orientation of the SSCs will be fixed in
relation to the sky. The data obtained during each dwell will be accumulated by the EDS into histo-
grams of counts binned as function of position for each of the PSPC anodes. These “position histo-
grams” contain, in principle, the superposition of the mask shadows from each X-ray source in the
FOV.

The position histograms are analyzed in near-real time in the Science Operations Facility at GSFC.
The goal of the analysis is to extract estimates of source intensities and, when appropriate, source
celestial locations. This is accomplished by fitting the actual data with model responses of each SSC
to the known bright X-ray sources within the field of view. The fit residuals are then examined for evi-
dence of previously unknown sources. Alarms for targets of opportunity are reported to XTE duty sci-
entists if any new X-ray source is detected with the ASM, or if the measured intensity or spectral
shape exceeds an alarm threshold that is pre-defined for each known X-ray source.

Each of the three SSC’s has a net active area for detecting X-rays of 2-mDom? active area
without the slit mask). The nominal sensitive range of the ASM is 2 to 10 keV. Position histograms
are separately recorded for several energy bands (e.g., 3 or 4) within this range of sensitivity.

6.2.2 Scanning Shadow Camera

6.2.2.1 Position Sensitive Proportional Counter & Electronics

Each SSC utilizes a sealed multi-wire proportional counter for the detection and measurement of the
position of each X-ray event in the coordinate perpendicular to the slits in the mask plate. A sche-
matic diagram of an SSC is shown in Figure 2 (next page). Each PSPC is constructed with 8 resistive
anodes (carbon-coated quartz fibers of 0.018 mm diameter), which are mounted to run along the
desired direction of position sensing. Cathode (“ground”) wires, which are electrically connected to
the detector body, are placed so as to electrically define 8 separate rectangular volumes, each contain-
ing a resistive anode along its centerline. These cells are each 14.2 mm deep, with a 15.2 mm separa-
tion between anode wires. Cells with metal wire anodes are located below and to the sides of the
position-sensing layer to provide anticoincidence signals to reduce the non-X-ray background rate.

Each PSPC is operated with the anodes at ground potential and the detector body and cathode wires at
a negative potential of approximately -1800 V. This eliminates the requirement for high-voltage-rated
bypass capacitors at every preamp input. The detectors have a gain of ~15000, so that a 6 keV photon
yields a total of ~0.5 pC of charge to the preamplifier inputs.

Each end of each resistive anode wire is connected to a charge-sensitivepreamplifier. These preamps
force the anodes to appear, in a small signal sense, to be grounded at both ends, so that when a cloud
of electrons is collected on the uniformly resistive anode the charge is divided and current passes

toward both anode ends in inverse proportion to the total resistance along the path to each preampli-
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fier. The ratio of the amount of charge collected at one anode end to the total charge collected at both
ends therefore provides a measure of the position of the electron cloud along the anode wire. As with
any proportional counter, the total charge collected from the event is roughly proportional to the
energy of the incident photon.

The charge collected at each anode end is impressed across a small capacitor (typically 2 pF) in the
preamplifier feedback loop. The resulting voltage signals from the two preamps are conventionally
amplified and filtered, and then summed to generate a trigger signal. Whenever the trigger signal
exceeds a threshold, the pair of amplified and filtered signals are peak- stretched and held while
downstream logic processes the event. Assuming that a simultaneous event has not occurred on one
of the anticoincidence anodes, a 12 bit A/D converter processes the voltage from one end of the signal
anode and then the voltage from the other end. The digitized pulse heights (denoted as pulse heights
A and B) are transmitted to the Experiment Data System (EDS). The electronics for each shadow
camera is capable of processing one event every ~80 microseconds.

Anticoincidence anodes are terminated only at one end since positional information from them is not
of interest. In fact, all of the anticoincidence anodes are tied together to feed a single preamp. All of
the analog electronics are identical to those used for each end of the resistive anodes.

The X-ray entrance window consists of a0 thick beryllium foil which is glued on the interior
surface of a strongback plate with 28 (2 rows of 14) rectangular openings. The counters are filled with
a 95% xenon and 5% C@as mixture at a total absolute pressure of 1.2 atm.

A latch within the SSC turns off the high voltage if the count rate of the detector exceeds a preset
threshold (~4000 count]$ such as may happen if the high voltage is inadvertently left on during a
South Atlantic Anomaly crossing. This latch must be reset by a serial command or power reset.

6.2.2.2 PSPC Energy Resolution

Laboratory pulse height spectra of several X-ray emission lines indicate the spectral resolution of
each PSPC at various photon energies. The average results are as follows (expressed as a fractional
FWHM, i.e.dE / E, at the specified E(keV)).

0.21 @ 8.0 keV
0.21 @ 6.4 keV
0.23 @ 4.5 keV
0.27 @ 2.3 keV
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6.2.2.3 PSPC Position Resolution

The position resolution of the PSPC (detector and electronics) has been measured in the laboratory at
several photon energies. When the PSPC is illuminated at normal incidence through a very narrow
slit, the typical measured position resolution (FWHM) is as follows:

0.30 mm (3.6’) at 2.3 keV,
0.25 mm (3.0’) at 4.5 keV,
0.22 mm (2.6’) at 6.4 keV,
0.20 mm (2.4’) at 8.0 keV.

6.2.2.4 PSPC In-flight Spectral Calibration

During flight the active volume of each PSPC will be illuminated with the 5.9 keV X-ray emission
line from a calibration source containing a radioactive isotope of?ﬁﬁex. The source is mounted
inside the coarse collimator and does not illuminate the entire detector uniformly. The andEat of
(=50 nCi per detector) was chosen to produce a count rate of approximately I-coutitesdetec-

tor. This intensity is weak compared to the predicted count rate due to the diffuse X-ray background,
~40 counts s, yet is strong enough to enable the detector gain to be measured in ~5000 seconds.

6.2.2.5 SSC Coarse Collimator

The coarse collimator holds the slit mask in the desired position with respect to the PSPC, shields the
PSPC from X-rays coming from undesired directions, and partially defines the overall field of view.
The collimator co