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I. INTRODUCTION

The launch in 1978 of the HEAO-B X-ray Observatory will provide astronomers
with a substantial facility capable of carrying out detailed studies with a sensitivity
some 103 times greater than that currently achieved.

The Observatory incorporates a high resolution X-ray telescope and a focal
plane assembly capable of positioning at the focus one of four instruments: a high
resolution imaging detector (HRI), a broader field imaging proportional counter (IPC),

a solid state spectrometer (SSS), and a Bragg crystal spectrometer (FPCS), It also
includes a monitor proportioﬁal counter (MPC) aligned with the telescope, broadband
filter (BBFS) and objective grating (OGS) spectrometers to be used with the imaging
detectors, and an active attitude system capable of arc minute pointing and arc
second attitude determination.

The Observatory is under the scientific direction of the HEAO-B Consortium
Institutions: Harvard-Smithsonian Center for Astrophysics, Center for Space Research/
Massachusetts Institute of Technology, Columbia Astrophysical Laboratory/Columbia
University, and Laboratory for High Energy Astrophysics/Goddard Space Flight Center,
The Principal Scientists are E. Boldt (GSFC), G. Clark (MIT), R, Giacconi (SAO),

H. Gursky (SAO), and R, Novick (CAL). The Principal Investigator, R. Giacconi of
the Smithsonian Astrophysical Observatory, will act as the Director of the Observa-
tory. The project is under the management of NASA's Marshall Space Flight Center,

with major hardware support from American Science & Engineering and from TRW.



The utilization of rthis facility by a broad segment of the astronomical scientific
community is an essential element in obtaining a full scientific return commensurate
with its capabilities. For this reason a Guest Observer Program has been started and
20% of the total effective observing time will be made available to this program during

t he first year of the mission. 20% of the first year's observing time is about 3 x 10%s,
I the average observational time for a given program is ~ 1043, 300 different
observing programs can be carried out by Guest Observers during the first year. It

is anticipated that 50% of the time will be available to Guest Observers should the
mission continue past the first year.

In addition to these independent observations, the entire data set will be open for
collaborative study.' We are making available the planned Consortium Observing
Program (Appendix D); prospective Guest Observers may thus determine whether
independent observations or collaborations are appropriate.

We recognize that the size of the Consortium program may at first glance pro-
duce a discouraging effect on potential Guest Observers. The instruments are quite
sensitive and it does not take much time to examine a particular object. The program
was set up to cover basic measurements of interest to most X-ray astronomers and
thus samples a wide variety of astronomical phenomena. It is extremely broad in
its objectives, but only thorough in a few selected areas of research, such as the
deep survey. This will explore for the first time a new sensitivity range, and likely
find many new faint sources important to extragalactic studies and cosmology.

The fact that observations of a particular object or class of objects appears

in our observational program, should not at all be considered a deterrent for either

cooperative, independent, or complementary research efforts by potential Guest



Observers. It has been our experience when discussing the observational program
with colleagues that extensions and deepening of the research program immediately come
to mind in a natural manner, We are hopeful that creative and fruitful collaborations can
be established with a large number of astronomers on this basis.

vGiven the nature of the program and the need to coordinate the activity of
individuals at several NASA centers and research institutions, a certain bureaucratic
procedure appears inevitable, We will make every effort on our part to simplify this
process and make this program as close to a scientist-to-scientist collaborative effort

as feasible,
IO. POLICIES AND PROCEDURES

These are given in the NASA Space Science Notice dated June 7, 1978. In brief:

Proposals for Guest Observer status should be submitted to NASA Headquarters
for review and approval. A technical Observing Proposal should be included, specifying
the target or targets to be observed, the appropriate instrument configuration, the total
required observing time and/or observing window, a short discussion of the feasibility
of the observation, and a scientific justification of the request.

Prospective Guest Observers may find it convenient (but are not requiréd) to send
a copy of the technical Observing Proposal directly to the HEAO-B Mission Operations
Office at the Harvard-Smithsonian Center for Astrophysics; this will facilitate the
evaluation of technical feasibility and scheduling of observing time, The desired for-
mat for observing proposals, and a list of scientific categories, is included in Appendix

A,



Proposals are expected to fall into three categories of participation:

A) Correlative Studies -~ Astrophysical data obtained independently by a Guest

Observer from objects or phenomena also observed by HEAO-B would be used in collabora-

tion with data from one or more HEAO investigators to provide a more complete data
base from which interpretations could be derived. These data may be from radio, .

infrared or optical ground-based observations, from rocket or balloon observations,

'y

or from pre-existing data.

B) Research Using Consortium Data - A Guest Observer would utilize data

from existing Consortium observations, probably in direct collaboration with a Con-
sortium Scientist. For example, deep surveys containing several hundred sources

may be of interest to several investigators from different points of view. There are also
probably many areas in which scientific objectives of Guest Observers are the same as
those of Consortium members who have acquired the data, and cooperative investiga-
tions may be mutually beneficial.

C) Guest Observations - A Guest Observer would propose observations of

a specific object or region with one or more HEAO-B instruments. The resulting data

would be made available to him. Immediately after initial check-out and in-flight

calibration of the observatory, approximately 20 percent of the total observing time

will be made available to Guest Observers in this category. *

It is expected that no extensive surveys will be proposed by a Guest Observer.

Not only are such surveys already planned by the Consortium, but they would unfairly
limit the time available for other Observers,

NASA will form a Review Committee to evaluate the proposals for HEAO-B

Guest Observations. This committee, with technical input from the Consortium,



will judge proposals for scientific merit, feasibility of the intended research, and conflict
with observations planned by both the Consortium and other Guest Observers. Cornflicts
will be resolved as follows:

1) ¥ an.observation of a requested target is already planned by a Consortium
member, or by another Guest Observer, then:

a) For the same scientific objective, the desirability of a scientific
collaboration will be left to the appropriate Consortium members, or to
the two Guest Observers (earlier request having priority).

b) For different scientific objectives, the data relevant to these objectives
will be made available to the Guest Observer.

2) If the observing time window required is allocated to a different observation
planned by a Consortium member (within Consortium allocation), if neither observation
can be rescheduled, and if both are of equal scientific merit, the proposal will be
rejected. The rationale for the decision will be transmitted to the Guest Observer
along with suggestions for modifications of the observing program to resolve the con-
flict,

3) If the observing time window has also been requested by another Guest
Observer for a different target, then the proposals will be judged on scientific merit.

Guest Observer proposals will be sent to the HEAO Project Office at the
Marshall Space Flight Center, and to the HEAO-B Mission Operations Office at
the Harvard~Smithsonian Center for Astrophysics for review of technical feasibility

and for determination of conflicts with already planned observations.



To the maximum extent possible, all reasonable proposals will be accepted,
subject to observing time and funding constraints, It is hoped that most conflicts can
be settled by the pa.rties involved. I this is impossible, external referees will be used
according to estaBlished scientific practice. |

Approved proposals will be integrated into the overall observing plan for the
Observatory which will be prepared by the HEAO-B Mission Operations office at the
SAO,

The first six months of observations will be planned 3 months before launch, the
second six months, 3 months after launch, etc. A detailed plan for any given time will
be ready several weeks m advance of the actual observations. Guest observations are
most easily incorporated at the start of this process, 3 to 9 months before the obser-
vation, It will be difficult to include new observations at a later time so early

communication of proposed observations is encouraged.

Data obtained from the Observatory for the Guest Observer Program
will be received by the HEAO-B Data Processing Facility at SAO. Limited computer
time, programming assistance, and scientific liaison will be available at SAO for Guest

Observers.

Some funds will be available from NASA for travel to and from SAO or for data analy-

sis at the Guest Observers' home institution. The NASA Space Science Notice dated June 7, 1978

gives details for submitting proposals. Applications for support should be directed to NASA
Headguarters, simultaneously with the submission of the technical observing proposal.

During Observatory operations, a Users Committee will be established, consis-

ting of Consortium members and representatives of the Guest Observers to help

resolve any problems incurred in the course of the program. Final responsibility

"



for the resolution of conflicts, as well as for other aspects of Observatory operations,

rests with NASA and the Director of the Observatory.
Requests for further technical information should be directed to:
Dr. Frederick D. Seward
Harvard-Smithsonian Center for Astrophysics
60 Garden Street
Cambridge, Massachusetts 02138

Telephone: (617) 495-7282, FTS 830-7282



III. EXPERIMENT DESCRIPTION AND SENSITIVITIES

The HEAO-B X-ray telescope consists of a high resolution mirror assembly, a
focal plare transport assembly capable of positioning one of four X-ray instruments at
the telescope focus, a monitor proportional counter aligned with the telescope, broad
band filter and objective grating spectrometers which can be used in conjunction with
focal plane instruments and an aspect system. Each of the focal plane instruments
operating along with auxiliary systems stress one or more of the measurement capa-
bilities of the Observatory: precise location, angular size and structure, energy
spectra, and time variability, Figure 1 shows the configuration of the HEAO-B
Observatory, and Table 1 summarizes the capabilities of the Observatory.

The approximate sensitivity of the imaging instruments for detection of sources
is summarized in Figure 2, The smallest indicated source sizes, 3' x 3' (IPC) and

121 x 12" (HRI) are the optimum cell sizes for the detection of faint point sources.

The source strength is given in UHURU counts. Since the HEAO-B imaging
detectors are sensitive to soft X-rays (0.2 to 2 keV) and UHURU was not, the
relative sensitivity depends strongly on the low energy cut-off parameter, Ea. To

generate Figure 2 the conversion factors used were:

1 IPC ct/sec = 1 UHURU ct/sec
1 HRI ct/sec = 10 UHURU ct/sec
These correspond to a E, = 0.3 or NH = 5 x 1029,

7a
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TABLE 1

HEAO-B INSTRUMENT PARAMETERS SUMMARY

Energy
Spatial Effective Resolution (E/AE) Time
Instrument Field of View Resolution Area (Range) Resolution Background
1
High 2" within 5' of axis |~ 20 cmg at T keV| 3 color w/BBFS* 5 % 10-3 ot
Resolution 25' Diam, (determined by ~ 16 cm,_at1keVl 50-10 w/OGS** 8 usec X 9 s/
Imager mirror response) ~ §cm® at 2 keV| (0.15-3.0 keV) arcmimn-sec
. 1

Ima, 0.7 at o keV -

ging ‘ ' ' 9 Tatg 3 x 1073 cts/
Proportional 75'x 75 1 ~ 100 cm 3~-4 at 1.5-4 keV 63 usec arominZ-se
Counter (0.15-4.0 keV) sec
Solid

. 3-25 2 usec - -2
State 6' Diam. 200 cm? 10" “cts/sec
Spectrometer (0.4-4.0 keV) 5 msec
Focal Plane 6' Diam. 1 cm?at 50-100,
Crystal 1' x 20! E < .28 keV E < 0.4 keV g 5x 1073
Spectrometer 2' x 20! 0.1-1 cm? at 100-1000, psec cts/sec
3' x 307 E > .28 keV E>0.4 keV
Monitor 1 psec for
Proportional 1.5° x 1.5° FWFM Collimated 600 cm? (sla;legel:fe - At < 64 psec | 10 cts/sec
Counter ' At/100 for
At > 64 psec

*  BBFS = Broad-Band Filter Spectrometer

** OGS

= Objective Grating Spectrometer
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A. High Resolution Mirror

The telescope design chosen for HEAO-B is the Wolter type I geometry shown in
Figure 3 in which the first element is a paraboloid and the second element is a confocal,
coaxial hyperboloid. Axial rays are reflected towards the common focus by the paraboloid
and 1;hen reflected by the hyperboloid towards its other focus.

The grazing angle required for efficient X-ray reflection is about one degree, and
the optical elements have the appearance of shallow cones with relatively small ratios of
collecting to polished area. The area cannot be increased indefinitely by increasing the
length without a loss of resolution for off-axis rays, since the size of the image is approx-
imately proportional to the length of the telescope. The area can be increased by nesting
surfaces which have the same focal plane; this results in increased area and acceptable
resolution since the individual mirror lengths do not become excessive.

The HEAO-B mirror design consists of four nested surfaces with optical diameters
varying between 12.8 and 22 inches. The separation between the paraboloid-hyperboloid

intersection plane and the focal plane is 135 inches, which results in a focal plane scale

of 1 mm/arcminute, or 16.6 p/arcsecond. The 21-inch segment lengths theoretically result

in one arcsecond blur circle radii for sources within three arcminutes of the telescope axis.

The accuracies achieved during the mirror fabrication degraded this to about 2 arcseconds

rms radius, although the central peak of the response function is sufficiently narrow for arc

second studies of high contrast features. Some calibration data and the theoretical rms

blur circle radius are shown in Figure 4, Data points are the measured half width at half
maximum (HWHM) at 44A and the radius containing 1/2 the X-ray flux incident at the focal
plane, This "half-power' radius has been used to calculate the detectability of faint sources.
The HWHM radius is the size of the high resolution core of the image and indicates the

resolution that can be obtained for typical sources.
11
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The theoretical effective mirror area of the final design ranges from about 400 cm?
at 0.25 keV down to about 30 cm? at 4 keV, The effective area includes the effects of the
telescope geometry, and apertures which have been added to exclude unwanted rays from
the portion of the focal plane within 20 arcminutes of the optical axis. Unwanted rays
frorﬁ off-axis sources could strike the focal plane without having reflected from both the
paraboloid and the hyperboloid if the aperture stops were not present. The scattering loss
due to surface roughness from a pixel 12 arcsec in diameter is 0.4 for energies of less
than 1 keV, and rises to 0.7 at 4 keV. The effective mirror area folded with the detector

responses will be shown in the following sections.

14



B. Aspect System

The experiment aspect system consists of three image dissector star trackers
with sunshades, two protective bright object detectors, and a calibration light assembly. The
system is uséd to update an onboard gyro reference for active spacecraft pointing (see
Section IVb) and allows post-facto definitive aspect determination to about 1",

Each star tracker has a 2° x 2° square field of view; one is coaligned with the
experiment pointing axis, the other two are offset about 2° in opposite directions. They
are sensitive to stars brighter than 9th magnitude, with commandable magnitude thresholds.
The intensity and rectangular coordinates of stars tracked by the three sensors are inserted
in the telemetry each‘minor frame (0.320 sec).

There is also a calibration light system for in-flight referencing of the active
focal plane instrument position to the aspect system. Three fiducial lights are mounted
on each instrument except the SSS; suitable optics project the fiducial light images onto
the three star trackers. Fiducial calibrations will be performed routinely as part of
the planned observing sequences.

Aspect data will be reduced at SAO for the Consortium and Guest Observers. The
fiducial calibration results will be included in the resulting aspect solution which will

include pointing direction and roll angle as a function of time.

15



C. High Resolution Imager (HRI)

The HRI is a digital X-ray camera which provides high spatial and temporal
resolution over fche central 25 arcmin of the HEAO-B focal plane. The instrument has no
inherent spectral resolution, but spectral studies can be performed using interchangeable
broad i_)and filters and the objective grating.

The HRI is composed of two microchannel plates (MCPs) operating in cascade, a
crossed-grid charge detector (CGCD) and a set of electronics. An X-ray photon incident
on the MgF2 coating on the front of the first MCP produces an electron which is amplified
in the first and second MCPs with a result that a burst of about 5 x 107 electrons is ejected
from the back of the second MCP. Due to the nature of the MCPs this burst of electrons
occurs at the same location and time (to within a few nanoseconds) as that of the X-ray
photon. The burst of electrons. is collected by the CGCD which is made of two orthogonal
planes of wires. The position and time of the event is determined by the processing elec-
troniés and inserted into the telemetry stream with a limit of 100 cts/s.

A UV calibration system is provided for the determination of spatial resolu-
tion, spatial scale, and detector gain, This calibration lasts about 5 minutes and
will be performed as part of planned observations as often as necessary -- possibly
once per day when the HRI is in use, There is also an o« -particle flouresced
X-ray source providing X-rays at 1.5 keV which will be used for relative efficiency
calibration on the ground and (rarely) in flight, The HEAO-B Observatory is
equipped with three HRI detectors which are identical except for the material used

for the UV opaque shields (cf, Table 2),

16



HRI performance and sensitivity factors are given in Tables 2 and 3. The effective
area of the HRI-mirror combination is shown in Figure 5.

Shown in Appendix B Table la are total counting rates (counts/sec, 0.1-6.0 keV)
expected from the HRI for various source spectra with unit normalization. Thus, for an HRI

observation of the Crab (with no filter), with assumed spectrum of

8/3
dn. _2 0. 5
aE = 10E ~ exp { -( E ) }photons/keV—sec

Table 1a of Appendix B indicates a predicted counting rate of 10 x 13.1= 131counts/sec.



TABLE 2
HRI Performance Parameters

(a) Spatial resolution* 1 arcsecond (10, assumed Gaussian point
(detector only) spread) at all energies over central 25 arc-
' min diameter FOV. Twelve bits per coordinate.

(b) Energy resolution None
(c) Temporal resolution 7.8125 ps
(d) Count rate capacity Limited by telemetry to 100 per second,

Additional events counted but not analyzed

for position and time.

*The overall system performance is limited by the mirror resolution discussed in Section A,
and shown in Figure 4.

TABLE 3
HRI Sensitivity Parameters

(a) UV shield material 1,00 pm Parylene N + ,046 _m Al
(Detector #2)

0.72 pm Parylene N + ,054 jmAl
(Detector i#3)

Detector #1 - to be determined ~ probably close

to Detector #2

(b) Photocathode material MgF 9

(c) Non-X-ray background 5x 10-'3 counts (arcmin)—zs"1 expected

in-orbit rate.

(d) Sensitivity 1 count s"1 per 7 UFU or

10 2 -1

1 count s~1 per 3x10 " ergcm ‘s

(0,1 - 4 keV, Crab spectrum),

18
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D. Broad Band Filter Spectrometer (BBFS)

The filter spectrometer will be used with the high resolution imager (and possibly
the imaging proportional counter) to extend the spectral resolution. This will be particu-
larly useful for sf.udying detailed features, high source density regions, extended sources,
and soui'ces too weak to be studied with the high spectral resolution instruments. The
;'.nstrument consists of two filters, either or both of which can be placed on command into
the converging X-ray beam from the telescope. The mechanism is located near the mirror
to avoid a correlation between filter transmission and focal plane position.

The filters which have been selected are 1 mg/cm2 of aluminum and 2 mg/ cm2 of
beryllium. Each has been coated with~ 5 of parylene.The transmission of these filters
folded with the mirror effective area and the HRI efficiency is shown in Figure 5. The
filters enable the incident Spectz;um to be divided roughly into the bands E < 1.25,

0.8 < E<1,5 and E > 1,5keV. Total counting rates expected for various source

spectra with unit normalization are included in Appendix B, Tables 1b and lc.

20



E. Objective Grating Spectrometer (OGS)

The OGS consists of two transmission gratings, either of which may be placed into
the X-ray optical path at the exit from the High Resolution Mirror. The High Resolution
Imager usually Wﬂl be used to detect the diffracted images. The gratings used in HEAO-B
were prepared by Dr. Jan Dijkstra and his colleagues at Utrecht. These gratings consist of
gold lines about 0.2 y thick and 0.5 ; wide separated by open spaces of the same width. The
fine lines are supported by a random pattern of larger gold lines. Grating spacings of 500
and 1000 /p/mm have been selected, resulting in the following characteristics:

500 fp/mm 1000 {p/mm

Dispersion (A/arcsec on HRI) 0.129 0.063
Range, HRI center on axis, lst order 0 - 101 A 0-49 A
Range, HRI edge on aﬁs, 1st order 0-202 A 0-99 A

The grating resolution is limited by telescope resolution at shorter wavelengths,

The resolution at wavelengths longer than 12 & (23 g) is limited by aberrations using the
500 fp/mm (1000 fp/mm) grating, For these longer wavelengths, the resolution is about
\ /50.

The area of the gratings, using the HRI detector, are shown in Figures 6 and 7; total
counting rates expected for various source spectra with normalization are included in
Appendix B, Table 1d and 1le. The sensitivity for a narrow line emission feature can be
calculated using the efficiencies in Figures 6 and 7 and the HRI detector background data.

The 1000 line grating has been strengthened by coating with 2.5 wm parylene,

Also, below the carbon K edge, the dispersion is large and one first order falls outside

the HRI sensitive area. The calculated curve of Figure 7 includes this effect.

21
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F. Imaging Proportional Counter (IPC)

The IPC is a position sensitive proportional counter which provides the HEAO-B
Observatory with good efficiency and full focal plane coverage, together with moderate spatial
and spectral resolution. Included in the HEAO-B Observatory are two such assemblies,
identicél except for the material used for the entrance window (see Table 4).

An in—-flight calibration system produces o-particle fluoresced X-rays at 0.28, 1.5
and 4.6 keV for determining relative detector gain. The system will be commanded on for

periods of up to 5 minutes during IPC operation as necessary.

The counter body houses the electrodes in a density-regulated gas mixture (see
Table 4). The composition of the gas is passively maintained by the use of a controlled
leak located in the vacuum box. .

The IPC electrodes consist of an anode centered between two cathodes which
receive induced signals from the avalanches occurring at the anode. Pulse rise time
processing of the induced signals permits the determination of the Y-Z coordinates of
events to a precision of 1 mm, which corresponds to 1 arcmin over a field of view of 60 x
60 arcmin. The centroid of the signal from a point source can be determined to better
than 1 arc min, A gas gain of ~10° is required to achieve this resolution and is ob-
tained by operating the anode and cathodes (which are separated by 3 mm) at potentials
of 3600 and 900 volts, respectively. Processing of anode signals (event timing and
pulse height analysis) provides 63 . sec time resolution and 32 energy channels in the
range from 0.1 to 4.5 keV,

Located within the same counter body below the IPC electrodes and covering the

same area is a background counter, the signals from which are used in anticoincidence to

24



provide background rejection for the IPC.

IPC performance and efficiency factors are given in Tables 4 and 5, The effec-
tive area of the IPC-mirror combination (for both detectors) is shown in Figures 8 and 9.
Appendix B, Tables 2a-f show counting rates (count/sec, 0.1 - 6 keV) for the two IPC
detectprs, (and with BBF'S filters) for trial source spectra with unit normalization. Thus,
for the Crab, the IPC would observe a total counting rate of 1162 or 763 cts/s (limited to

125 cts/s by the telemetry), depending on the detector used (see Appendix B,

Tables 2a and 2d).

25



TABLE 4

IPC Efficiency Parameters

(a) Entrance window

(b) Absorbing gas

(c) Active area

(d) Sensitivity

(e) Non-X-ray background

26

77% transmissive mesh

0.2 ym carbon dag

2 pm polypropylene, det. A
0.4 um lexan, det. A

3 pm mylar, det. B

800 torr, STP

4 cm deep

Composition
Argon 84 %
Xenon 6%
co,, 10%

7.62 x7.62 cm, total window

3.8 x 3.8 cm, unobstructed area

1 count sec™! per UFU or

-1 -11 - -1
1 count sec per 4x10 ergcm sec
(0.1 - 4 keV, Crab spectrum)
see Appendix B2

- -2 -1
1.5x 10 3 counts mm sec , 0,1-15keV

- - -1
1.5x10 3 counts mm 2sec s 1.5-4 keV



TABLE 5

IPC Performance Parameters

(a) Spatial resolution*: 1 arcmin, 1.5 keV and above
2 arcmin, 0.28 keV

10 bits per coordinate

(b) Energy resolution < 50% FWHM, 1.5 keV and above
(32 channel PHA) 140% FWHM, 0.28 keV
(c) Temporal resolution 63 . seconds
(d) Count rate capacity 125 per second, telemetry limit
(e) Background rejection background counter provides anticoincidence
veto signal

*20' of an assumed Gaussian point-spread function.

The resolution becomes limited by the mirror performance at the edges of the
field of view, see Figure 4.
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G. Focal Plane Crystal Spectrometer (FPCS)

The FPCS is a curved crystal Bragg spectrometer. The X-rays from a celestial
source are focused by the HEAO-B telescope and pass through an aperture/filter wheel
assembly locgted at the focal plane. They diverge in an annular cone with half angles of
2°5 :to 5° and strike a curved diffractor. X-rays of appropriate wavelength to satisfy the
Bragg condition are reflected and detected with an imaging proportional counter. There are

six diffractors available.

The FPCS can be operated as a conventional curved crystal spectrometer or used
in a modified fashion to achieve higher resolution. In both cases the curvature of the dif-
fractors serves the primary purpose of intercepting the incident X-rays at nearly constant
Bragg angle despite the large angular divergence of the beam. In order to achieve this
benefit, the relative positions. of the dif'fractor and the point in the focal plane from which
the X-ray beam diverges must be maintained so that each lies on the circumference of a
circle (the Rowland circle) with a diameter equal to the radius of curvature of the diffractor
lattice. As the Bragg angle is changed, the relative positions of the diffractor and focal

plane must also be changed.

When operated as a conventional curved crystal spectrometer, the detector is
positioned so that it also lies on the Rowland circle. The diffracted X-ray beam is re-

focused at this location to form an astigmatic image of the X-ray distribution in the tele-

scope focal plane. A source, such as an X-ray star, which appears as a point in the focal
plane is imaged at the FPCS detector as a slightly curved line perpendicular to the plane of
the spectrometer and to the anodes of the imaging proportional counter. Thus, the effective

detector area, defined ex post facto on the ground, is typically less than 1 cm2, so the non-
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X~ray background is small.

A particular spectral feature is studied by scanning a narrow range of crystal
angle (and therefore of wavelength) with all other elements held fixed -~ the deviation from
ideal Rowland qircle geometry during such a scan is small. In flight the uncertainty in the
HEAQ—B spacecraft attitude (+1 arcmin) introduces an uncertainty of ~10 to 20 arcminutes
in the Bragg angle predicted at a particular crystal setting. The crystal scan is sufficient
to allow for this uncertainty, which is then removed during analysis by using the star camera
aspect data which are accurate to ~1 arcsecond.

The imaging property of the spectrometer and detector allows study of extended
sources such as supernova remnants. These can be observed through one of four (3 x 30,

2 x 20, 1 x 20 arcmin and 6 arcmin diameter) apertures. The position of arrival of an X-
ray at the detector is a fu.nctio.n of both wavelength and position in the source. This function
can be partially deconvoluted to yield both spectral and spatial information.

When operated in the conventional manner, the FPCS will achieve its highest
sensitivity, but will generally be limited in resolution by the geometric effects of the dif-
fractor curvature. These typically give a Bragg angle spread of 2 to 20 arcminutes depend-
ing on the angle. For extended sources the resolution is further limited by the imaging

capabilities of the detector.

For the study of point sources it is possible to improve the spectral resolution by
departing from the conventional Rowland circle configuration. In this mode the detector is
located closer to the diffractor so that the reflected X-rays are intercepted before they con-
verge to the usual line image. The position of arrival of each X-ray photon at the detector

is then related by geometry to the point on the diffractor at which it was reflected and,
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therefore, to its angle of incidence and its wavelength. In effect, the dispersion of the
curved diffractor is utilized to improve the spectrometer resolution at the expense of a
larger effective area at the detector and thus a higher non-X-ray background. With the
spectrometer operated in this defocused mode, the geometrical contribution to the angular
resolﬁtion is still a function of Bragg angle but is always € 5 arcminutes. For many settings,
the inherent resolution of the diffractor will dominate.

The motions for both conventional and defocused spectrometer operation are per-
formed with a mechanical assembly driven by stepping motors. Four motors are used to
adjust independently the diffractors and detector angles and the linear positions of diffrac-
tor and detector. A fifth motor is used to select any one of six diffractors mounted on a
turret assembly, and a sixth controls the aperture/filter wheel. The positions of all the
moving elements are monitore;d with potentiometer readouts.

The stearate and laurate multilayers are toroidal, and the rest are composed of
cylindrical facets mounted in a quasi-toroidal configuration.

The detector is a multi-anode, position-sensitive proportional counter. In order
to allow operation of the FPCS in the "unfocussed mode' and to permit the study of extended
sources, the detector uses resistive anodes. It has ~ 1 mm resolution along a direction
parallel to the plane of the spectrometer and 1 cm (wire to wire) resolution along the ortho-
gonal direction. Anticoincidence anodes are located on three sides of the active volume and

are used to reject non-X-ray events.
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The counter window is stretched polypropylene film dipped in a Formvar solution
to reduce the leak rate of the counter gas. The gas is a mixture of argon, xenon and carbon
dioxide (84:6:10). Sufficient gas is carried on board to permit operation of the detector as
a flow counter, thus avoiding problems due to changes in gas composition due to differential
leakage througH the window. Two identical counters provide redundancy. An on-board
Fe55 éalibration source can be made to illuminate a narrow strip on the detector. The
counter high voltage is adjusted to obtain appropriate gain for the energy region of interest.

Ground calibration of the spectrometer throughput has been made at several discrete
wavelengths. In-flight calibration consists of two fluorescent X-ray line sources which
can illuminate the crystals with Na K, and C K X-rays, and a filter which can introduce
an Al K, CulL, Cr L 6r Zr L edge into a bright continuum. Ih-flight throughput will be
determined from bright continuum sources (e.g., Sco X-1).

The FPCS sensitivity is a complicated function of energy, continuum source
strength, integration time and background. In Appendix C we list various parameters as

functions of energy for 1000s and 10000s observations assuming nominal operating modes
of the spectrometer. The minimum detectable line fluxes shown in the last four columns
are for a known line detected with a confidence level corresponding to four signﬁa. The
equivalent width in keV can be obtained by dividing such values by the continuum flux noted
at the head of the corresponding column,

The resolution attainable is also a complicated function of spectrometer setting and
operating mode. Appendix C lists under RES the approximate resolution E/AE obtained at
the Rowland circle focus and is applicable to weak point sources. The improvement in
resolution achieved forward of the Rowland circle for paint sources is shown in Figure 10,

For extended sources the maximum resolution is ~350,
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Figure 10. Estimated limiting FPCS resolution for normal operation (solid curves)
and out-of-focus operation (dashed curves).
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H. Solid State Spectrometer (SSS)

The Solid State Spectrometer (SSS) uses a Si(Li) crystal for the simultaneous
observation of X-rays over the energy range 0.4 - 4.0 keV., This non-dispersive device
oﬁ‘eré a distinct improvement in resolving power over equivalent proportional counter
techniques, The limiting FWHM resolution is =~ 140 €V. The combination of the solid-
state detector with the large collecting area of the Wolter Type I glancing incidence
telescope, therefore, offers a powerful instrument for the observation of both spectral

and temporal X-ray phenomena.

i, __Experiment Description

The detector consists of a 9 mm diameter, 3 mm thick Si (Li) chip,
which has two concentric grooves machined on the n-side or reverse of the crystal.
The front faceor the p-side of the crystal is deposited with a < 100 X thick gold con-
tact. This contact is used to bias the central detector volume inside the innermost

groove. It is observed that this gold layer is clumped and irregularly

distributed on a scale of microns. The average transmission for soft X-rays of the
detector front face is, therefore, smoothed by mounting the detector slightly out of the
telescope focal plane to produce a resultant defocussing to a size of < 1 mmz. The other
factors affecting the low energy performance of the instrument are the transmission of an
aluminized parylene filter and the non-depleted region at the crystal p-side forward face.
This region is arranged to be ~0, 1 microns in thickness over the approximately 6 mm
diameter "entrance window' of the central portion of the detector. The resultant calcu-
lated detector efficiency is shown in Figure 11 and the convolution of this efficiency with
the calculated telescope effective area as a function of energy is shown in Figure 12.
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The observed high energy cut-off is determined by the critical angle for glancing incidence
X-ray reflection. A detector background of 10“2 counts/sec is expected,

Inclusion of the innermost groove provides a sharper edge to the central detector.
A further Ge (HP) crystal is mounted behind this detector, and when operated in its nor-
mal anticoincidence mode with the central volume, acts as a '""backstop' for the removal
of events due to charged particles.

Opto-electronic feedback is used for the Si(Li) detector charge amplifier, since
this completely removes the noise contribution from a feedback resistance. This is espe-
cially important using the proposed time constants for this detector. The FET and LED
for this feedback arrangement are mounted below and in the immediate proximity of the
Si(Li) detector. The major contributions to the noise of this device result from the thermal
noise generated in the FET coﬁducting channel and to the inherent properties of the detector
itself. The former noise source is inversely proportional to the square root of the filter
time constant of the system. It is therefore necessary to use a time constant of > 10 psec
to obtain a resolution approaching the limiting value of 140 eV for spectral analysis and
values of 5.7, 17.1, 28.5 and 40 pseconds are available on command. The actual value
selected for an observation is determined by the expected counting rate, since pileup effects
make the long time constants inappropriate at high count rates. A shorter time constant
( ~1 psec) is required for absolute timing and for the anticoincidence logic, but the larger
noise contribution to this channel demands a somewhat higher low-level discriminator.

Electronic processing of the opto-electronic charge amplifier output is, therefore, made
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coné:urrently through a fast amplifier and a longer time-constant system for spectral
analysis in parallel, A similar arrangement is not required for the Ge '"backstop," and
therefore conventional resistive feedback charge amplifiers are employed with time
constants of +1.usec on this system.

| Two of the above detector assemblies are mounted in the common detector con-
tainer of a solid Ammonia/Methane cryostat, which maintains the operating temperature
of the solid state devices at approximately 100°K. Redundancy is provided since either
of these detectors may be positioned in line with the telescope axis by command. The
entrance apertures of the detectors are collimated mechanically by a parylene-coated
aluminum baffle at 160°K to remove low energy X-rays generated by fluorescence in the
cryostat, and this device also provides an effective cold trap for the detectors. Immedi-
ately above this collimator a thin window of aluminized parylene is employed to remove UV
and optical radiation focussed by the telescope.

ii. Data Handling Modes

Three internal experiment operating modes are available; these are PHA, At
and multiscaler (MS). In a standard observing sequence for a source all three modes would
be used. In the PHA mode, pulse height analyzed data are stored in a 128-channel memory,
which is read out every 1.28 seconds. In addition, data from the central detector are pro~
cessed by the 1 psec fast amplifier, discriminated and accumulated in an 8-bit counter,
which is read out every 2.5 msecs. The At mode provides the highest resolution for the
integrated time intervals between successive X-ray events. These intervals are measured
with an accuracy of ':(1) psec for events that are discriminated (i.e., > 2 psec apart) and the
values are stored in the 128-bar quasi-logarithmic histogram. The histogram is read out

every 1.28 seconds. The remainder of the experiment data output is used to record the
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central detector X-ray rates and PHA channel for the first event detected, each obtained
in a 5 msec sample time.

The relative arrival times for the first (at most) 128 X-ray pulses, that are
recorded by the Si central detector in each successive 640 msec time interval, are record-
ed in i_VIS mode to an accuracy of :5) psec for the initial 640 psec of an interpulse interval

and reducing to 4_-_40 psec for the remainder of the interval. In addition, the Si central rates

0
and PHA data are recorded as in the At mode, with sampling times of 10 msec and 5 msec,
respectively. Six additional summary rates are recorded in all three operating modes.

The total Si(Li) detector (before anticoincid;ance) counting rate is output twice per 1.28 secs.
The remaining three rates are output once per 1.28 secs; these are the total Ge backstop
counting rates, the number of times the opto-electronic LED feedback was activated and

the system dead-time recorded as a multiple of 5 psecs.

iii. Operation

Commands are provided for optimizing several experiment parameters. These
include the voltage bias on the Si(Li) front face gold contact and Ge(HP) 'backstop, ' the
time constant adopted for the Si(Li) detector volume and the values of the low level discrim-
inators (LLD) for the Si and Ge detectors, In addition, a very low level discriminator
(VLLD) setting is used to extend the instrument energy range to its lowest limit. However,
events which are recorded at these energies are not included in the experiment summary
rates.

The instrument can be calibrated directly in orbit with the use of ]5‘955 k-capture
X-ray sources, These sources are mounted on the underside of the cryostat vacuum
cover, which may b.e rotated into position by command, In addition, a Test Pulse

Generator (TPG) may be used to check out a variety of analog and digital electronic
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functions. It is expected that these calibrations will be performed with each observation.
The most general observational sequence commences by testing the integrity of the
aluminized parylene window against penetration by UV radiation, before performing an
instrument calibration using the internal F355 source. An observation of the X-ray
sourcé of interest is made using one or more of the three experiment modes and then
finally a comprehensive check-out of the instrument electronics is made with the TPG.
It is not necessary for the SSS to be positioned at the focus of the telescope during the
calibration and check-out phases of the above sequence, but there is a requirement for the
SSS scientific telemetry format throughout. It is expected that a source observation will

typically total 20-50 minutes duration.
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I. Monitor Proportional Counter (MPC)

The Monitor Proportional Counter consists of a proportional counter viewing space
through a collimator co-aligned to the high resolution telescope. The counter has a 1.5 mil

o gas volumes. The active area is 667 cmz. The system

has an X-ray collimator, 2 thermal impedance covering the spacecraft viewing aperture,

beryllium window and two Ar-CO

and an in-flight calibration system. The counter has four anodes, each with a dedicated
preamp and dedicated discriminators. A veto signal is generated if events are detected
simultaneously on adjacent anodes. The preamp outputs are summed and pulse height
analysis (8-channel) is performed to obtain energy data. A pulse shape discriminator (PSD)
generates a veto signal if the event rise time exceeds a preset value indicating that the
event originated from gamma rays or from charged particles. A veto signal from either
the PSD or anticoincidence circuitry inhibits further processing of the event. Both types of
veto pulses are scaled, accumulated, and periodically read out every 2,56 sec via the
telemetry, In addition, there is circuitry to measure the time between events with
an accuracy of less than 1.6% or lus, whichever is greater.

Table 6 summarizes MPC specifications. Appendix B, Table 3 gives total MPC
counting rates (counts/sec, 1 - 10 keV) for sample source spectra, with unit normali-

zation. The Crab would produce a counting rate of 10 x 220 = 2,200 counts/sec.
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@)

(b)

(c)

(d)

(e)

@)

Spatial resolution

Temporal resolution

Energy resolution

Sensitivity

Active area

Background rejection

TABLE 6

43

1.5° x 1.5° FWFM

PHA: 2,56 seconds * Photon timing: =< 1,6%
of measured intervals for intervals exceeding
64 ps; 1 ps for intervals less than 64 us

0.4 keV at 1,25 keV

1.2 keV at 5,9 kev

1 count st per 0.6 UFU (2-6 keV) or
1 count sl per 1.5 x 10-11 erg cm"z-s“1

(0.1 - 6 keV Crab spectrum)

667 cm™ 2

Anticoincidence on any two anodes and PSD,

efficiency TBD



IV. OBSERVATORY OPERATION

A. Observing Program

The HEAO-B Observatory will be operated for one year starting in November
1978. Extended operation beyond one year may be possible. All use of the Observatory
will be coordinated under the cognizance of the Director of the Observatory through the
Mission Operations Office at Smithsonian Astrophysical Observatory. The operations
of the Observatory will be directly controlled by the HEAO-B Operational Control
Center (OCC) located at Goddard Space Flight Center. The full-time OCC staff will
include MSFC and GSFC personnel, TRW subsystem engineers and ACDS monitors, and
experiment representatives for instrument monitoring and observation scheduling functions.

The nature of the Observatory is such that any one of four separate instru ments
may be placed at the focus of the telescope; . in addition, auxiliary filters and gratings
may be used. The choice of focal plane instrument, Observatory pointing direction, the
use of filters or gratings, and the detailed configuration of each instrument is controlled
from GSFC, either by real time ground command or by loading of the on-board stored
command programmer (SCP). The complexity of the control function is such that all nor-
M operations, including maneuvers, reconfigurations, ahd calibration sequences, will be
carried out via the SCP. The 256-command SCP capacity, along with the capability for re-
using certain command sequences will allow a nominal 12 to 18 hour loading cycle. The
SCP loads will be prepared by the OCC staff several days in advance.

The Mission Operations Office at SAO will be responsible for collecting

desired observations from the consortium members and from guest observers, and
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integrating them into 6 month target lists, These inputs will be used to generate
Master Observing Programs (MOP), SAO's controlling input to OCC during routine
operations as shown in Figure 12, .

The MOP entries will be of two types. The "general'" or guideline entry will be
an in&mction to look at a given target (R.A. and Dec.) in a given instrument mode, for
a given amount of time, during a certain time interval (typically several days). The
"specific" entry will be similar, but may specify exact times (GMT) to start and/or
stop the observation based on scientific constraints, e.g., coverage of some phase of a
binary source or other time dependent phenomena. The MOP will be as realistic as
possible in terms of available time, viewing constraints, reconfiguration optimization
and momentum management, and will normally be sent to the OCC with at least a
two-week lead time,

The MOP will be used by the OCC to generate a Detailed Observing Program
(DOP), The DOP will schedule detailed start and stop time for a given observation,
select guide stars, and specify all necessary instrument and spacecraft commands,
DOP generation involves target sequencing to minimize gas consumption and reconfigura-
tion times, and checking of restrictions due to sun angle, earth blocking, radiation
background, moonlight, thermal power, maneuvering time, acquisition and/or settling
time, and other constraints,

The DOP will be the prime data for the commands to be loaded in the SCP, as
well as for scheduling any Real-Time Commands. In addition, the DOP will generate
a permanent record of the planned observations, It should be noted that in general
the exact target viewing times will not be known until the DOP is produced, approxi-

mately one or two weeks prior to the observation,
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B. Pointing and Visibility

The HEAO-B viewing axis (+X vehicle axis) may be directed within 1 arcmin
of any selected point on the celestial sphere. The normal pointing directions must main-
tain the +Z vehicle axis within a 15° half-cone angle centered about the solar vector.
Thus, rough visibilities may be obtained by considering the 30° x 360° band normal to
the solar vector at any given date; this viewing swath covers the sky each six months.
As a result, a typical source may only be observed twice a year for periods of duration

of 1 month.

The Observatory has an active attitude control system, utilizing during normal
operations gyros, reaction wheels, gas jets, three experiment star trackers, and an on-
board computer. The gyros maintain an inertial reference; any torques (primarily gravity
gradient) are compensated for by a change in the stored momentum of the reaction wheels.
Reaction wheel momentum is automatically (or manually) unloaded as necessary by firing
of gas jets. The gyro reference is continually updated when the star sensors are tracking
the correct guide stars. Manual updates of the attitude reference and of gyro bias can be
performed from the ground.

The target acquisition capability of the Observatory is limited by gas supply and
power considerations and by the spacecraft's capability for stored commands. The ACDS
memory is limited to 14 .targets per load (nominally 12-18 hours).

Maneuvering times, attitude control capabilities, focal plane reconfiguration times,
and operating requirements lead to the baseline that not more than two observations will
normally be scheduled per orbit. This in turn implies a minimum useful observing interval

of 1000 to 2000 seconds. Longer observations may be broken up into segments of this length,
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The pointing of the +X axis is controlled and maintained as follows:

1. Accuracy of +X axis —- 1 arcminute half-cone angle (1¢).

2. Stability of +X axis -~ 30 arcseconds in 1 hour (10).

3. Jitter of +X axis -- 1 arcsecond in 1 second (1¢).

4, Jitter about +X axis (roll) -~ 20 arcseconds in 1 second (lo).

Final attitude determination is performed at SAO. The star tracker data (along
with gyro data as necessary) are compared with the known positions of the guide stars to
obtain aspect to arcsecond precision. (The aspect solution and fiducial calibration data

can then be used to superimpose image data.)

C. Conservation of Attitude Control Gas

The lifetime of HEAO-B is limited by the finite amount of gas carried. When this
is gone, attitude control is lost. We expect that most of the gas will be used overcoming
gravity gradient torques, These torques are minimum when pointing in or perpendicular to
the plane of the §rbit. Gravity gradient torque is maximum when pointed at an angle of
45° to the orbit plane.

Thus pointing direction affects mission life, Sint;e the orbit plane precesses
(period ~ 53 days), one can minimize the torque by scheduling targets at an opportune time
within the 30 day visibility window, However, this constrains target scheduling to an
approximate 7 day window. and interferes with observations of a target over an extended
baseline, or with several instruments ~ in particular when results of one observation are
necessary for scheduling a second, Assuming optimum scheduling, the relative depen-

dence of gas usage on target declination has been calculated and is shown in Figure 13.
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Targets at || ~ 45° use gas at a rate 5 times faster than targets at | 5| < 30°,

Clearly, optimization of a single observation is not important since the savings of
gas in absolute terms is not large. If, however, the entire observing plan is optimized,
the HEAO-B hfétime can be increased. The consortium observing program has already
been 1;evised to minimize gas usage; we encourage guest observers to keep these considera-
tions in mind.

When planning observations, targets with ‘6' < 30° or 60° < | 6 l < 75° should be chosen

if other considerations are equal. If selecting 10 objects to be observed from a list of 50,
choose targets at low-gas-use declinations. If the program of the observation is to look at
a specific astronomical object, there may be no choice but to operate at a rate of rapid
gas usage.

D. Data Processing

The SAO facility will be based on Data General Eclipse minicomputers, with 800 and
1600 BPI tape drives, 90 megabyte disks, electrostatic printer/plotters, and graphics display
facilities. Data will be reduced to either pictures, hard copy graphics, printout, or magnetic
tape. Further analysis of data may be arranged with the Guest Observer Coordinator at SAO
as appropriate. One computer will be dedicated largely to the Guest Observer program.

As a matter of routine, software will be available to do basic data processing. This will
include producing HRI pictures (X-ray maps); IPC pictures in different energy bands; searching
for sources in these fields, listing source locations, listing extended sources; obtaining pulse
height spectra for IPC sourcés. OGS, SSS, and FPCS spéctra will be available for visual
inspection and the response of the instrument can be partially removed. Counting rate as

a function of time will be obtained.
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It will be possible for Guest Observers to use a computer graphics display to
inspect imaged X-ray fields and to select sources and background regions for addi-
tional processing.
We expect that Guest Observers will plan to spend ~ a week at SAO. Computer time
and user assistance will be available. Data from an observation can be inspected and generally

can be processed to the observer's specifications to the point where hard copy can then be -

sent back to the home institutions for more analysis or publication. Permanent records

can be made as photographs, printout, or magnetic tape.
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APPENDIX A

Qbserving Proposal Format

Title of Observation/Target Name:

Categbry:

Observational Objectives:

Instrument:

Target Position(s) - R. A.

(br, min, sec); Dec. (deg, min, sec) [1950 coordinates ]

Program (time required, sequence, etc.):

Overlapping Program (observations with other instruments, observations at other

wavelengths, other HEAO-B observations):

Feasibility (will proposed observation fulfill objectives, signal and noise

expected, total counts expected, etc.):

Scientific Objectives:



L

II.

IV.

Observational Groups

Deep Surveys - Cosmology

[This category is devoted to the Consortium program of obtaining deep pictures of
blank fields, for the purposes of studying the background and surveying the (extra-
galactic) sky.]

Extragalactic Astronomy

A. Clusters of Galaxies

B. Active Galaxies and Abnormal Galaxies (Radio galaxies, Seyferts, etc.)
C. Quasars

D. Normal Galaxies

Galactic and Stellar Astronomy

A. Neutron Stars, Black Holes and Binary X-ray Sources

B. Globular Clusters & X-ray Bursters

C. Miscellaneous Strong Galactic X-ray Sources

D. Pulsars, Supernovae and Supernova Remnants

E. Interstellar Medium

F. Stellar Coronas, Flare Stars, White Dwarfs, Dwarf Novae
G. Galactic Nucleus

H. Novae and Nova-like Sources

Other Aspects of the X-Ray Sky

A. Surveys

B. Locations

C. Catalogs

D. Time Variability

E. Spectra

F. Structure H. Solar System
G. Miscellaneous Galactic Objects I. Other Targets



3.

4.

8.

Sample Observing Proposal

Title of Observation/Target Name: Perseus Cluster

Category: II A.6

Observational Objectives:

X-ray image of the central region of the Perseus cluster with 1.5' resolution,
and study of time variability.

Instrument:

IPC

Target Positions:

a =030 16™ 30°%, & =41° 20" 00"
Program:
Total exposure of 3 x 1043 divided in segments of ~ 104s each, separated by

2 weeks and 6 months.

Overlapping Program:

III A.4.b (HRI), and CAL observations of entire cluster.

Feasibility:

The UHURU counting rate is 47 cts s_l. Spectrum is thermal with kT = 7 keV,
E, = 0.5 keV. Predicted IPC rate is 47/1.7 =28 cts s~ Assuming a uniform
emission region of 30' diameter yields a surface brightness of 4 x 1072 cts
(1')"2 s~1. A 3x10%s exposure gives

SOURCE = 2,700 cts (L!5)"2

BKGD = 202 cts (1.5)2

So a feature of 2% contrast gives a 4¢ effect. The limiting sensitivity for point
sources in 10%s is 2 x1074 Lpeyr = 2.0 x 104 erg s"'1 so normal galaxies will
not be detected.

Scientific Objectives:

To investigate the emission of the Perseus cluster. To try to discriminate be-
tween various models of the state of the intercluster gas, e.g. isothermal or
adiabatic. Correlate the extended X~ray emission with radio and optical maps.
To determine how much of the emission is in small diameter sources.

A-3



Table

la
1b
1c
id
le

2a
2b
2c
2d
2e
2f

APPENDIX B

PREDICTED COUNTING RATES
FOR

NORMALIZED SOURCE SPECTRA

HRI
HRI with BBFS: Be

HRI with BBFS: Al
HRI with OGS, 500 lines/mm
HRI with OGS, 1,000 lines/mm

IPC-A
IPC-A with BBFS: Be
IPC-A with BBFS: Al
IPC-B
IPC-B with BBFS: Be
IPC-B with BBFS: Al

MPC

UHURU

B-1



Appendix B. 1a. HRI,12 arc sec pixel, no filter

8/3
E -(Ea
kT E
e

dN 1
Exponential Spectrum: dE (1.0) E ©
kT(eV) Fa=0.0 0.5 L0 L5 2.0
0500  1,010E+401  1,899E+00  3,750E-01  §,444E-02 2,340E-02
1,000 1,527E401  4,349E400 1,223E+0U  4,023E.01 1,541E.01
1,500 1,805t401 5¢935E4+00 1,910E+400  7,196E-01 3,090E-01
2,000 1,979E401 7,003E4+00 20422E400 9,776E=01 44,449E-01
2,500 2,097F+01  7,765E+00 2,807E+00 1,182E+00 5,570E.01
3,000 2,184E+401  8,333E400  3,104E4+00  1.,344E400 6,487E=01
4,000 2,301E+01 9,123E+00 3,531E+00 1,585E+00 7,875E-01
5,000 2,377E401  9,645E400 3,821E+00 1,752E4+00 8,861E-01
6,000  2,430E401 1,002E401  4,031E+00 1,875E+00 9,594E-01
6,000 2,500E4+01 1,051E+01 4¢313E+00  2,042E400 1,060E4+00
10,000  2,544E401 1,081E+01  4,493E+00 2,150E+00 1,127E+00
15,000 2,604E401 1,125€+01  4,749E+00  2,305E+00 1,222E4+00
20,000 2,635E401 1,147E401  4,883E+00  2,387E+00 1,273E+00
Ch
Power Law: N = (1.0) EP e \E
dE
i) Ea =0.0 0.5 1.0 1.5 2.0
-1,000. 2,733E+01 1,218E+01  54,314E+00  2,655E+00 1,44lE+00
~1,500 4,136E401 .1,226E401  4,377E+00 1,907E4+00 9,468E-01
«2,000 7,288E+01 1,308E401  3,777E+00  1,414E400 6,372E-01
=2,500 1,441E402  1,465E401  3,404E+00 1,08lE+00  4,391E-01
-3,000 3,087E4+02 1,710E+01 3,192E+00 = 8,515E-01  3,095E-01
=3,500  6,990E+02 2,065E+401  3,102E+00 6,892E-01 2,231E-0l
4,000 1,647E403 2,570E4+01 3,113E+00 5,723E.01 1,642E-01

2.5
7.188E=03
6,361E-02
l.412E-01
2,140E-01
2.764E01
3.,286Ex01
4,092E-01
4,676E=01
5.115E=01
5727E=01
6.131E-01
6.,719E=01
7.035E=01

2.5

8,084E=01
4,973E=-01
3,117E-01
1,990E-01
1.294E-01
8.568E-02
5,770E-02

3.0

20377E-03
24747E=02
6+682E<02
1,060E=-01
1,407E=01
1,704E=01
20172E-01
24516E=01
2,777E=01
3¢145E=01
3+390E-0]
34748E=-01
3¢943E-01

3.0

44592E~01
24683E=01
1,592E-01
9.586E=~02
5¢860E=-02
34635E~02
2,288E-02



kT (keV) Ea =0.0
.500  1,181E-01
1,000 5,281FE.01
1,500  9,215E-01
2,000 1,236F+00
2,500  1,451E+00
3,000 1,676E+00
4,000  1,962E+00
5,000 2,160F+00
6,000  2,304E+00
8,000 2,501E4+00
10,000  2,623E+00
15,000 2,809E+00
20,000 2,905E+00
P Ea =0,0
-1,000 3,217E+00
-1,500  2,365E400
-2,000 - 1,797E400
-2,500  1,4095400
«3,000 1,138E4+00
=3,500  9,449E-01
«4,000  8,047E-01

Appendix B, 1b. HRI, 12 arc sec pixel, fliter: 2 mg/cm2 Be + 54 parylene N

Exponential Spectrum:

0.5 Lo
1,061E-01 7.121E~02
44939E-01 3,602E.01
8e686E-01 6,571E=-01
1o169E400 9,014E.0!
1.,405E4+00 1,096E400
1,593E+00 1,251E400
1.868E400 1,482E+00
2.059E4+G0 1,643E4+00
2.199E+00 1,761E+00
2+389E4+00 1,923E+00
2.512E400 2.028E+0C
2.68TE+00 2o178E+0O0
2.780E4+00 2¢258E+00

dN
Power;aw. a5

0.5 1.0
3,082E+00 2,517E+00
24250E400 1,780E+00
1.,6497E400 1,296E400
1,320E400 Ye715F-01
1,057E+00 7.481F.0l
8.692E-01 5 e909EC1

4,780E.01

74332E-01

= (L.0)

(3] Lol

1.5

3.,387E-02
2,057E.01
4,006E-01
5.681lE=01
7,047E<01
8,158E=01
9,825E=01
1,100E+0C
1,188E+00
1,308E400
19386E¢00
1,499E4+GO
1.559E+00

1.0) EP e

L5

1,756E+00
1,179E4GO
84124E-01
5,736E-C1
44149E-01
3,070E.01
2.321E.01

1,345€-02
1,028E.01
20169E—01
3,203E-01
4,072E=01
4,7T91E~01
50.889E<01
60,67T7TE=01
T,266E=01
8,083E~01
8,620E-01
9,397E-01

T 9.814FE=01

E, 8/3
E

2.0

1,119E+00
7.109E-01
4,612E-01
3,054E-01
2,064E-01
1,423E-01
9,992E-02

2.5

5,023E~03
4,886E-02
1.120E-01
1,725E-01
2,248E-01
2.690E-01
3,377E-01
3,877E-01
4.254E-01
4,782E-01
5,131E-01
5.641E-01
5,915E~01

2.5

6-829E-01
4,124E-01
2.534E-01
1.584E-01
1,007E-01
6.507E-02
4,273E-0c

3.0

1,853E=-03
2,283E-02
5.676E=02
9,105E-02
1,216E=01
1,479E-01
1,895E~01
20202E~01
20436E=01
2,765E=01
2,985E~01
3,308E-01
3,483E-01

3.0
4,069E=01
24352E-01
1,379E-01
8¢198E-02
4¢945E=02
3,025E-02
1,876E-02



kT (keV) Ea =0.0
.500 5,987E-02
1,000 3,244E.01
1,500 5,192E.01
2,000 6,662E-01
2,500 7,783E.01
3,000 8,659E.01
4,000 9,929E.01
5,000 1,080E4+00
6,000 1,144E4+00
8,000 1,230E+00
10,000 1,286E+00
15,000 1.,365E4+00
20,000 1,407F+00
P Ea =0.0
-1,000 1,542E400
-1,500 1,221E400
‘20000 I.OOBE+OO
=2,500 8,608E-01.
-3,000 7.552E.01
=3,500 6.773E-01
-4,000 6.186E-01

Exponential Spectrum:

0.5

8,034E.02
2.951E-01
4,759E.01
60134E-01
7.188E01
8.013E-01
96215601
1.004E+00
loOOSE#OO
10147E+00
1.200E400
10275E+00
1.315E+00

1.0

4,687E-02
1,873E-01
3,1642E-01
4,147E-01
4,935E.01
5 e563E-01
6e49VUE-O1
7.137E-01
7.613E=01
8.264E=01
8,688E-01
9,295E-01
9,618E-01

dN
Power Law; —
v AT

0.5

1,445E+00
1,132E400
9.253E-01
7.828E-01
6.808E.01
6e055E-01
5¢485E-01

1.0

1,067E+00
74944E-01
6o186E-01
5,003E-01
4,175E-01
3,571E-01
3,117E-01

1
(1.0) 5 e
1.5 2.0
1,705E-02 4,480E-03
8,181E02 3,075E-02
1,505E-01 6,639E.02
2,096E=01 1,006E-01
2,583E.01 1,304E.01
2.,983E-01 1,558E-01
3,591E-01 1,955E-01
4,026E=01 20,246E-01
44,351E-01 2,467E-01
4,801E-01 2, 7T78E=01
5.,527E=01 3,287E-01
5.757E-01 3,451E-01
- (Ea) 8/3
1.0) EP e \E
1.5 2.0

6.519E-01 3,999E-01
4,401E.0] 2.,422E.01
3,110E-01 1,516E-01
2,296E-01 9,840E-.02
1,761E.01 6,628E.02
1,396E-01 4,636E-02
1,138E-01 3,360E.02

2.5

l1.195E-03

- 12370E-02

3.468E-02
5,649E-02
7.627E=02
9.348E-02
1.210E-01
l.415€~01
1,572E-01
1,795E~01
1.945E=01
2,165E=01
2,285E-01

2.5

2.688E-01

1,522E-01
8.772E=02
5.153E-02
3.092E-02
1.,899E~02
1.,196E-02

Appendix B, lc. HRI, 12 arc sec pixel, filter: 1 mg/sz Al + 5 parylene N

8/3
-E ~(E‘_a)
kT E
e

3.0

40520E=04
7¢457E=03
2,069E=-02
3,508E-02
4,846E-02
6,026E=-02
T937E-02
9¢379E=~02
14049E-01
1,207E=01
1¢314E~01
1,472E=-01
1559E=01

3.0

1,851E=-01

1,013E-01
5%9612E=02
3.146E-02
1,785E-02
1,026E=-02
5980E-03
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Appendix B. 1d. HRI, 500 line grating, 60 arc sec pixel, no filter, dispersed counts in first order

kT (keV) Eq =0.0
,500  1,371E+00
1,000 1,835E+00
1,500 2,052E+200
2,000 2,178E+00
2,500 2,260E+00
3,000 2,318E+00
4,000 20394E+00
5,000 2,442E+00
6,000 2,475E+00
8,000 2,517E+00
10,000 2.543E+00
15,000 2,579E+00
20,000 2,597E+00
P Ea =0.0
-1.,000 24653E+00
-1,500 5,071E+00
-2,000 1,081E+Ol
-2,500 2,488E+01
«3,000 6,032E4+01
-3,500 1,518E+02
-4,000 3,927E+02

Exponential Spectrum:

0.5 1.0
1,326E=01 20063E-02
2,800E-01 5,767E=02
3,657E-01 80371E<02
4,198E=01 1,016E=01
4,568E=01 1,145E.01
44837E-01 1,242E-01
5,200E.01 1,377E-01
5¢434E=01 1e466E=01
5¢597E=01 10529E=01
5¢810E=01 1,613E-01
5e942E«01 1.666E=01
6,124E=01 1.,739E-01
6,218E=01 le778E=01

Power Law: Eﬂ

0.5 1.0
6,510E.01 1,899E=01
7.233E.01 1,752E-01
8,322E.01 1,673E-01
9.,868E-01 1.,649E.01
1,202E400 1,669E=01
1,501E400 1,731E=01
1,920E+00 1,834E-01

dN

dE

= Lo+

1.5

3,190E~03
1,263E-02
2,096E~02
2,725E.02
3,203E.02
3,575E-02
4,110E=02
44675E=02
4,738Ex02
5,094E-02
5,321E=02
5.643E=02
5,813E=02

(1.0) EP e

L5

6.358E-02
4,976E=02
4,012E-02
3,323E.02
2,822E-02
2,450E.02
2.171E-02

kT
e

-E

2.0

3,539€=03
6,606E-03
9,157E~03
1,120E.02
1,284E-02
1,527E=02
1,698E<02
1,823E~02
1,995E-02
2,107E-02
2,267E=02
24351E=02

E, 8/3
E

2.0

2.628E-02
1,829E-02
1,306E-02
9.,561E-03
T.158E-03
5¢473E-03
4,266E~03

~(Ea) 8/3
E
e

2.5

1.512E=~04
1.148E-03
2,416E=03
3,564E.03
4,528E.03
5.326E-03
6¢544E=03
T.417E<03
8.070E-03
8,975E~03
9.570E-03
1.043E-02
1.089E=-02

2.5

l.242E-02
70899E-u3
5.131E-03
3.,404E-03
2,303€E-03
1.589E-03
1.117E=03

3.0

4¢076E~05
44246E=04
9+984E=04
1,558E-03
2,047E-03
20462E-03
3,111E-03
3.586E-03
30946E-03
44449E=03
4¢T784E~03
5¢273E~03
5¢537E~03

3.0
6¢418E»03
3,819E=~03
2¢310E-03
1,421E=-03
8+4879E=04
5¢640E=04
34639E-04



Appendix B. le. HRI, 1,000 line grating, 60 arc sec pixel, no filter, dispersed counts in first order

8/3
= (1.0)% ekT e E

Exponential Spectrum: %%

kT (keV) Ea =0.0 0.5 Lo 1.5 2.0 2.5 3.0
0500  1,446E+00 2,807E=01 5.,400E-02 1,047E=02 2,360E~03 5,771E=04 1,573E~04
1,000 2,188E¢00  6,273E=0l  1,623E=0l  4,366E=02 1,325E=02 4,419E=03 14647E-03
1,500 2,573E+00 8,399E=01 2,424E.0l  7,336E.02 2,491E=02 9,331E.03 3,889E03
2,000 2,808E+00 9,780E.01 2,988E~01 9,618E~02 3,466E=02 1,380E-02 6,084E~03
2,500 2,966E+00 1,074E400  3,399E.01 1,136E=0] 4,249E~02 1,755E=02 8,009E.03
3,000 3,079E+00 1,1644E+00  3,710E<01l 1,273E=01  4,879E~02 2,067E=02 9,647E=03
4,000 3,231E+00 1,24lE+00 4,147E=0l 1,469E=01 5,81T7E=02 2,544E.02 1,221E=02
5,000 3,328E+00 1,303Ee00 4,438E=01l 1,604E=01 6,475E=02 2,886E~02 1,410E=02
6,000  3,396E+00  1,347E+00  4,645E=01 1,702E~01 6,960E=02 3,142E=02 14552E~02
8,000 3,483E+00 1,404E+00 4,921E~01 1,834E=01l 7,623E=~02 3,497E=02 1,4752E~02
10,000 3,538E+00  1,440E+00 5,095E-01 1,918E=01  8,055E=02 3,732E=02 1,885E~02
15,000 3,612E+00 1,490E+00 5,340E=01l 2,038E=01 8,674E=~02 4,071E~02 2,080E~02
20,000 3,650E+00 1,516E¢00 54467E=01 2,101E=01 9,004E=02 4,253E~02 2,185E-~02

- .]_33'_ ) 8/3
Power Law: N - (1.0) EP e \E
dE

L Ea=0.0 0.5 L0 15 2.0 2.5 3.0
«1,000 3,769E+00 1,596E+00 5,872E~0l 2,305E~0]1 1,008E~01 4,854E=-02 2¢536E~02
1,500 5,8l1E+00 1,685E4+00 5,200E=01l 1,773E=01 6,968E=02 3,075E=02 1,503E~02
2,000 1,020E¢01 1,854E400 4,771E=~0l 1,404E~01 4,944E=02 1,990E-.02 9,056E~03
2,500 1,983E+01 2,115E400 4,520E=01 1,141E~01 3,593E~02 1,316E~02 5,551E=03
«3,000  4,149E+01  2,490E4+00 4,410E-01 9,496E~02 2,670E~02 8,877E-03 3,460E~03
«3,500 9,136E+01 3,017E+00 4,418E~01 B8,077E~02 2,026E«02 6,106E~03 2,192E~03
=4,000 2,087E+02 3,753E+00  4,535E-01  7,008E~-02 1,566E~02 4,278E-03 1,412E=03



kT (keV) Ea =0.0
« 500 4,695E401
1,000 g§,466E401
1,500  1,13CF4+02
2,000 1,339F402
Z,500 1,498E402
3,000 1,622E402
4,000 1,800E402
5,000 1,922E402
6,060 2,011F4C2
6,000 2,131F.02
16,060 2,2085%402
15,000 2,317F402
Zu00C 2,3715C402

P Ea = 0,0
-I.OGU 2.5615+02
1,500  2,744E4.02
=24,000 3,789E4+02
=2,500 6.488F 402
=3,000 1,273F4+03
=3,50C 2.693E403
-4,000  5,942E.03

Appendix B. 2a.

Exponential Spectrum:

0.5

1.,0¢2E401

3,626E4C1
5¢9ClE+0O1
Te679E401
9.059t+01
1,015E4G2
1,174E4+02
1,284E402
10364£+02
le473E402
1,543E4C2
10043E+02
1,696E402

1.0

44535E4CO
26068E401
34657E4+01
5.036E401
601025*01
6956FE+01
84223E+01
Yo108E+0U1
Ye759E+C1
1,065E4+02
1,123E402
1,205E402
1,24GE+02

IPC A, no filter

-E

= oL
L5 2.0

1,774E4+00 6,902E-01
1,082E401 . 5,460E4+00
2,124E401 1.168E401
3,028E401 1,737E401
3,770E401  2,218E401
44,374E401 2,617E401
502656401 3.228E401
5.931E4+01 3,668E401
6,410E401 3,996E401
7.070E401 4,452E4+01
7.501E401  4,753E+01
8.122E401  5.188E401
8.454E401  5.422E401

Power Law: g% = (1.0) EP e

0.5

10868E+02
10451£+02
1.195E+02
1,047E402
9.759E401
7¢665E4+01
1,016E402

Lo

1,393E402
9.942E+01
Te375E401
5e63VUE+01
4e56TE4VL
34812E401
34305E4+01

L5

9.5“2E#01
64355E401
44347E401
3,053E4,01
2,202E,01
1,631E401
1.239E40C1

(

E
E

_§)8/3

2.0

6.193E401
3,902E401
2.5U8E4+01
1,645E,01
1,101E401
Te519E400
5.234E400

2.5

2.656E=01
2.,680E400
60215E+00
9.624E4+00
1.258E+01
1.508E401
1.898E+01
2.182E+01
2.396E401
20696E+01
2.894E401
3.184E+01
3.340E+01

2.5

3.660E4+01
2.320E401
14417E4+01
8.797E+00
5.550E4,00
3.556E400
2.317E*00

3.0

1,017k-01
1.289E¢00
3,228E+400
5¢194E+00
6e948E400
84457E+00
1,084E401
1,261E+01
1,395E+01
10584E+01
1,710£401
1,895E+01
1.996E*01

3.0

2¢332E+01
1,345€£401
Te868E+00
4,663E+00
208015+00
1,705E+00
1,052E+400



kT (keV) Ea =0.0
o500 2,300,400
1,000 1,323E401
1,500 2,544E401
2,000  3,589F4+01
2,500 4,440FE4+01
3,000 5,130F4+01
4,000 6,165E+01
5,000 CoBI6ELTL
6,000 T.437E+01
8,000V HelB1F401
10,000 Ce666E+01
15,000 9363+l
20,000 9, 735F+01
P Ea =0.0
~-1,0CC 1,0957402
1,500  7,429740]
=2,000 5el54F 401
-2 ¢50C 3,6070401
-3,00C 2,7115401
«3,5G0 < ,t69E 401
-4 ,000 1,5390401

Appendix B. 2b., IPC A, filter: 2 mg/cm2 Be + 5 parylene N

Exponential Spectrum:

0.5

2o1eabt 400
l1,267F+01
244500401
30466E¢01
4,235£401
4e968L+01
56979E+01
o694t +0]
7.222E401
769500401}
&.425t+01
9.,106E+01
YetT2L+01

Power Law:

0.5

12676402
7.1a35L+01
4449150 +0]
3,540E401
20585E+01
1.9"3E’4‘Ol
1,496t 401

L0

1,611E+00
1,025E4G1
2,037F+01
24922FE 401
3.6‘095"-01
Q0244E#01
Sela2F 401
5¢7T79E4+U1L
6.252E+‘:‘l
6e¢904E+01
Te331F+01
7e946E+01
el275E+C1

dN

dE

L0

9.354E+01
6o 1B8LlE4C1
44a188E401
ZeGl10F+U1
Z.U?ZE+UI
1,512E401
1,130E401

dE

= L0 &

L5

9,288E-01
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4,005E400
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1,351E4+01
1, 745E401
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2.,583E4+01
2,951E4+01
3,228E401
3,613F+01
3,867TE4+01
4,237E+01
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2.0

5.095E+01
3.136E4+01
1.,966E4+01
1,255E401
8,150E+00
5,388E 400
3,624E400

2.5

1.969E=01
2.148E+00
5.115E+00
8.023E+OU
1,057£+401
1.274E+01
l.613E+01
1.861E+01
2,049E+01
2,312E+01
2.487E+01
20743£+01
2.861E+01

2.5

34342E+01
1.980E+01
1.191E#01
7.277E+00
4,512E+00
2.,840E+00
1,613E400

3.0

84159E-02
1.093E+00
2¢790E+00
44530E+00
6.094E+00
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1.239E+01
10410E+01
1.524E+01
1,692E4+01
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3.0

2.089E+01
1,194E+01
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kT (keV) Fa =0.0
«50C 1,302E400
1,000 5,767E+00
1,500 1,031E401
2,000 1,416E401
2,500 1,730F+01
3,000 1,967E+401
4,000 2,374E401
5.000 2,651E+01
6,000 2,856E401
5,000 3.140E401
10,000 3.327E4+01
15,000 3,597E401
20,000 3,742E+01
P Ea =0.0
-1,000 44,219F+01
-1,500  2,91%E+0l
=2,000 7,115F401
-2,500 1,609L401
-3,000 1,276E401
3,500 1,048E401
-44,000 B 666FE+00

Appendix B. 2c. IPC A, filter: 1 mg/c
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m“ Al + 5, parylene N
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KT (keV) Ea =0.0
500 1,0705401
1,000 ° Zz,951E401
1,500 4,724E401
2,000 6,153E,01
2,500  7,283E+C1
3,000 §,153F4C1
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5,000 1,044E402
6,000 1,112E402
8.000 1.235E+02
10,000 1,265E40C2
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-2,500 1,372E402
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-4,000 6.,617E4+02

Appendix B. 2d. IPC B, no filter

Exponential Spectrum:
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kT (keV) Ea =0.0
500  1,690E.00
1,000 1,063E401
1,500 2,105E401
2,000 3,013E401
2,500  3_,759F.01
3,000 4,368E401
4,000 5,287E401
5,000 5,939E401
6,000  6,423E401
8,000 7,090E+01
10,000 7,526E401
15,000 g,154E4+01
20,000  8,490E4+01

b Ea=9.0
1,000 9,591E,01
-1,500 6,355E401
2,000  4,319E401
-2,500 3,010E401
-3,000 2,152E.01
3,500 1,576E+01
4,000  1,182E4+01

Appendix B, 2e. IPC B, filter: 2 mg/cm2 Be + 5, parylene N
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kT (keV) Ea =0.0
500 8,313E-01
1,000 4,101E4+00
1,500  7,716E4+00
2,000 1,089E4+01
2,500 1,354E401
3,0C0 1,573E401
4,000 1,908F,401
5,000 2,149E,01
6,000 2,329E,01
8,000 2,580E401
10,000 2,745F401
15,0C0 2,985E+01
20,000 3,114E401
P Ea = 0.0
=1,000  3,542E40]
" =1,500 2.343E401
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Appendix B, 2f, IPC B, filter: 1 mg/cm2 Al + 5p parylene N
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kT (keV) Ea =0.0
o500  3,731F400
1,000 3,109E4+01
1,500 7,4605401
2,000 1,225F402
2,500 1,701E402
3,000  2,144E462
4,000 2,914FE402
5,000 3,542E402
6,000 4,055E402
8,000 4,830E4+02
10,000 5,382E+02
15,0600  6,244E4+02
20,000 6,737E+02
P Ea = 0,0
«1,000  §,528F+02
-1,500 4,227E402
2,000 2,230E402
c=2,500  1,254F4C2
-3,000  7,489E401
-3,500  4,730E,C1
-4,000  3,133Ea401

Appendix B. 3. Monitor Counter, 1 - 10 keV
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kT (keV) Eg =0.0
«500 4,020E-01
1,000 9,169F+00
1,500 2.959F+01
2,000  5,528E401
24500 8.165E4+0C1
3,000 1,066E402
4,000 1,500E402
6,000  2,132E4+02
65,000 2.550E4+02
10,000 2.843E+02
15,000  3,292t402
20,000 3.544E402
P Ea =0.0
-1,000  4,434E4+02
-1,500 2,148E402
-2,000 1,062E402
=2,500  5,360F401
-3,000 2,759E4+01
<3,506  1,4648F.01
-4,000 7,740,400

Appendix B. 4.

Exponential Spectrum:
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UHURU Counter, '2-6 keV" (Side 1, 2.4-6.9 keV)
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APPENDIX C

HEAO-B FOCAL PIANE CRYSTAL SPECTROMETER
SENSITIVITY TO A KNOWN LINE

"E"is energy in keV.
"™\ '""is wavelength in A.

"AEFF" is the effective area in cm? for line detection assuming nominal
rocking operation.

"RES'" is nominal in-focus resolution E/A E.

Counts are per unit photon/(cm2 s keV) for continuum and photon/(cm2 s) for line.

Minimum line flux is in photon/ (cm2 s) for several values of continuum flux at
confidence level 0.9997.

Table Time Crystal Energy Range
la 1,000 sec PET 1.9 - 3.4
1b 1,000 sec ADP 1.2-2.1
1lc 1,000 sec TAP 0.7-1.2
1d 1,000 sec RAP 0.5-0.8
le 1,000 sec PBL 0.26 - 0.45
1f 1,000 sec PBS 0.18 - 0.32
2a 10, 000 sec PET 1.9 - 3.4
2b 10, 000 sec ADP 1.2-2.1
2c 10,000 sec TAP 0.7-1.2
2d 10,000 sec RAP 0.5-0.8
2e 10, 000 sec PBL 0.26 - 0.45
2f 10, 000 sec PBS 0.18 - 0.32



Appendix C. 1a. 1,000 sec, PET Crystal, 1.900 to 3.353 keV

Non  Counts Per ' Min Line Flux

' X-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont Line 10, 1.0 0.1 0.01 0.001
1.SCC 6.53 0.69 361 3.C 8o 4 €5Ce CalCl Co026 G014 0.012 0,012
1.55C €36 (.66 326 3.0 8.7 661. Ca1ll C.C26 C.C15 0.014 0,014
2000 0420 G863 29¢. 3.C 9.0 632. 0.119 0.030 0.01¢ 0.Cl4 C.014
2.050 6.05 0.60 271 3.0 Ge3 6C4e Cel26 0.031 G017 0.015 0.01%
ce1CC 5.5C C.29 249. 3.0 97 289, C.167 C.(52 C.C31 0.C28 0.028
C¢elS0 CT.77 C(C.2&8 23(a 3. C 1C.3 285+ Ue207 0.C5¢ (.C22 CoC2€ C.C28

2.2CC 5.64 0.28 214, 3.C 1C. 8 2€l. Ce221 C.C57 C.022 0.C25 C.C2S
2.25C S.51 (C.28 199. 3.0 11.3 27€. Ca232 CoCSE CeC33 CeC29 G029
2¢30C 5429 Q.27 1l¢té. 3.C 11.7 272. 0.243 0.0€62 C.C23 C.(C2¢ C.(29
2.350 5.28 0.27 175. 3.C 12.2 267« 04255 0.064 0.034 G.C30 C.030
244CC Hel7 0.26 164 29 12.6 2€2« C.267 C.C65 G.034 0.031 0.031
2.450 £.0€6 (0.2¢ 155, 2.9 13.1 257. U.280 0.06€ C.035 C.C31 C.C31
. 2500 4496 025 l4¢€a 25 123  249. C.293 0.072 0.036 0.022 0.C32
«S5C 4.86 GC.24 139, 249 12.2 227. C.3CS C.C7€ C.C38 0.034 0.034
246CC 4,77 Ca2z 113le 2.8 13.2 25+ G454 C.CCGE (oC4S C.C4C C.C4C
2.65C 4.68 0.21 1é5. 2.8 13.1 213. Ce473 C.103 C.052 C.C4z C.C42
Z.1CC 4.55 (C.20 11lve. <8 13.0 202, Ce4SS Cel(S Ce(C54 0044 C044
24750 4.351 C.lS 1ll3. 2.7 12.9 192. 0521 0.115 Ce0352 CoC47 C.047
2.80C 4.43 0.18 1l08. 2e1 12.8 l82. 0.544 0.121 0.055 0.049 0.049
2.85C 4.35 0.17 103, 2 et 12.6 172. C.569 0.128 C.058 0,052 0.052
2.900 4.28 C.lé¢ SSe 2.6 12 4 162. 0.589 0.12S (.C61 C.C55 C.(C55
2950 420 O0el5 Cle 25 1262 ~ 154e 0616 0.126 0.0€65 C.CS€ C.CSE
3.CCC 4.13 Q.15 91. 2.5 1z.C 14€é. C.€27 C.144 C.CH69 C.C62 G.055
3.C5C 4.C7 Col4 €Ela 24 118 138, 0.€€7 C.152 C.C72 C.C€5 C.CSE



Appendix C. 1b. 1,000 sec, ADP Crystal, 1.211 to 2,133 keV

Non Counts Per _ Min Line Flux
X~-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont '~ Line 10. 1.0 0.1 0.01 0.001
1.210 1C.25 C.36S 2352. . 0.9 392. 0.032 0.C18 C.C18 C.Cl18 C.C18
1235 1004 G4l 1€27. - . 41C. 0.034 0.019 0.017 C.C17 C.C17
l.26C G.84 C.43 1267. . - 42%. C.C45 C.C21 C.C19 0.016 0.016
1.265 G.65 C.47 1C37. . o 429, 0.047 CoC21 C.C1S C.Cl€ C.Cl6
1.310 9.46 0(G.42 816. . 433, 0.051 0.021 0.018 0.C1¢ C.Cl6

1.335 9.29 0.44 763,
1.360 9.12 GC.44 673.
1.385 8.95 0.44 602
1.41C 8.79 0.44 S5S44.
1.435 8.64 C.45 49¢.
1,460 €449 C.45 4SS
1.465 €.35 C.45 42C.
1.51C €421 C.4€ 35(.
1.535 8.08 0.4€¢ 367,
1.560 7.95 0.47 340,

CEES  T7.82 C.48 317.
1.610 7.70 GC.4t 3Cl.
1.635 7.58 0.49 284.
1.€6C 7.47 C.24 269.
1,685 7+35 Ce24 255
1.71C 7.25 G0.25 24:z.
1.725 7.15 (.25 23l.
1.76C 7.04 0.25 22C
1.785 6.95 0.25 210
1.€1C €.85. C.24 2Cl.
1.835  €.7¢ C.24 1S3.
1.860 6.67 0.22 1£5.
1.685 €.58 0.23 177.
1.910 649 0.22 1il.
1.935 6441 (.22 lé€4.
1.56C 6.33 G.21 1Su.
L.SES 6.25 0.21 153.
2.C1C 6417 0.2C 147.
2.C35 6.09 C.2C 142.
2.C€C €.C2 C.2C 138,
2.085 5.95 C.19 133.
2.11C S.8& C.15 12%.

[}
.

436 Ca(53 Ce023 0.018 0.016°0.016
439, 0.073 0.027 0.C21 C.021 0.021
441. 0077 0.027 0.020 C.020 0O.C2C
444, C.(C21 C.C29 C.C20 0,020 0.020
44€. C.CES (.C2% C.C2C C.C2C C.C20
448, 0.089 0.C29 Co.C2C C.C2C C.C2C
4%C. CeCSl C.C31 C.C22 0.020 C.020
456. 0.CSC C.C21 C.C22 C.C2C C.020
463. 0.093 0.030 C.022 0.ClS C.Cl9
469« CeC96 C.030 0.021 0.019 0.019
476. 0.101 0.C32 C.C21 C.Cl9 0.019
482, 0.104 0.021 0.021 C.C1S C.C1lS
4t8., C.1C6 C,C33 C.020 0.018 D..C18
242 Calds Ca(C4S (€29 CeC2S5 CoC29
245+ 0167 0.C52 C.C232 C.C232 C.C23
24€. Cal174 C.052 0.032 0.032 0.032
248. 0.181 C.C52 C.C32 0.032 0.032
250. 0.184 0.056 0.032 C0.032 (.032
248 0189 0.056 0.032 0.03¢ 0.032
é42. C4167 C.(C58 C.C33 0.033 0.033
228. 04201 0.C56 C.C38 CeC24 C.C34
233, C.21C C.C6C C.039 C.C34 C.C34
é28e. 04216 C.C€1l Ce(C3G CeC35 D035
224, 0.224 0.063 C.C4C C.C2¢ C.C36
219. 0.229 0.C€4 C.C41 C.C27 C.C37
214, C.238 C.C65 C.042 0.037 0.037
éC% 0244 (C-(C72 (043 0.038 0.038
2CSe Ce254 CuC73 C.C44 0.039 0.039
200¢ 0.26C C.C75 C.045 0.040 0.040
16€. C.2€€ (C.(S2 CeC51 CeC4€ CoC46
194. 0.377 C.098 C.052 C.047 0.047
192. C<2€5 C.CSS C.C52 C.C47 C.Ca?
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C.€5C
C.710
€.730
C.75C
C.71C
C.76C
0.810
C.850
0.870
0.890
0.910
0.930
0.950
C.970
0.990
1.C1C
1.030
1.050
1.G7v
1.C90
1.110
1.13C
14150
1.17C
l.1¢C
1.21C

17.617
17.46
16.98
1653
16.10
15.63
15.21
14 .9 4
14597
14.2¢
13.92
12.6¢
13.33
13.05
12.78
12.52
12.28
12<04
11.81
11.59
1127
11.17
1C.97
10.78
1C.6C
1C.42
1C.25

Appendix C. 1c. 1,000 sec, TAP Crystal, 0.693 to 1.216 keV

AEFF RES

Ce5C 140.
G52 120.
0.56 121
0.56 112,
0.60 106
C.28 10C.
C.2¢ G4.
0.23 €S
0.2C 84.
C.16S 8C.
C.lS T€e
C.2C 13.
0.21 €S.
O.z1 €€,
De22 t4e
0.22 61a
0.23 5d
C.22 S5¢e
Ca24 54.
C.24 L2
0.25 5Ca
0.26 48.
C.26 41,
C.27 45.
C.21 44.
0.28 42.
C.29 41.

Non Counts Per Min Line Flux

X-ray Unit Flux For Cont Flux as Shown

Counts Cont Line 10, 1.0 0.1  0.01 0,001
1.9 54 562. 0.CSG C.(C2¢ (C.Cl6 0.016 C.O1l6
2eC 6e3 535¢ GelC3 0.028 0.017 0.015 0.015
2.C a1 €E5€. CelC9 0.029 0.016 0C14 0.014
240 7«5 57S%. Cell4 C.C29 0.016 0.014 0.C14
2.1 8.7 567 0el21 («(C30 04015 Ce013 0013
2.1 £.8 284. ClE7 (CaC4S C.C28 Ce025 0.025
Z.1 €.5 256. 0.199 0.C55 0.021 C.C27 C.C2T7
Zel E.C 227« Ce216 0.062 0.035 0.C21 C.C31
22 7. 2 155« Ce235 0.067 0.041 0.036 0.03¢
2.2 7.4 187« 0424€ 0.07C CoC43 C.C37 C.037

2.3 8.1 193, 04253 C.072 C.041 C.C2¢ C.C3¢
2«3 £.8 200. 04265 0.070 0.C4C CoC35 (C.C35
2.3 Seb 206+ 0,271 0.073 0.039 C.C24 C.034
2.3 1C.3 212. 0.279 0.071 0.038 0.C23 (C.C33
2+4 l1l.1 217. 0.290 0.074 0.037 C.C22 C.C32
2.4 11.9 222e (298 0.072 0.036 0.032 0.022
2.4 12.7 22€s Co31C CoaC75 (€035 0.021 C.0131
2e & 13.6 222. 0.319 C.C78 C.039 C.C23C C.C3C
2+ 5 l14.6 239. 04327 0.075 0.C28 CoC2S C.C29
2.5 15.7 245, 0.339 0,078 C.037 0.,C29 C.(C26
25 16«7 25le Ce347 0.076 C.03¢ C.C2€ C.C28
2+5 17.8 256+ 0e359 0.078 0.035 0.027 U027
2.6 19.0 2€Z2¢ 0523 C.1C3 C.C42 (C.C34 0.C34
2e6 20.1 267. 0.539 0.105 C.C4l C.C34 0.034
2.6 21 .3 272¢ 04555 C.1C7 (.C4C C.C22 (C.C33
2e0 2245 c78e Ce5¢CS (o1(C8 0043 D0.032 0.032

- | 4.2 28G. C.582 C.C42 C.C31 C.0131

C.1C7



Appendix C, 1d. 1,000 sec, RAP Crystal, 0.492 to 0. 831 keV

Non Counts Per ~ Min Line Flux
_ - -X=-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont Line 10.° 1.0 0.1 0.01 0.001

C.490 25.30 0.10 937. 1.5 0.2 G5« (0«C84 0.063 0.003 0.063 0.063
C.5CC 24.8C C.l1C 689. le¢ C.3 1C4, Q.CE7 C.C58 C.C58 0.C58 0.058
C.51C 24.31 0.ll 558. l.5 0.3 112. C.C8C C.053 0.053 0.053 0.053
C.52C 23.84 C.123 474a l.6 129, CaC78 CaCS54 C.C47 CoC47 Ca047
0.530 23.39 Q.13 4l4a 134, 0.C82 0.052 0.C45 0.045 0.045
C.54C 22.36 C.lC 37C. ¢6. C.132 C.CE1 C.C71 0.071 C.C71
0.550 22.54 0.11 334. 1C7¢ Cel31l 0.075 0.006 0066 0066
C.5€C 22.14 C.l1 3C6. 114, C.122 CaC7C C.C61 C.061 0.061
C.57C 21.75 0.l12 282 122, C.123 C.066 0.057 0.057 0.057
Ce580 2128 (012 z€Ze 130. 0.123 C.062 C.C54 C.(C54 C.CS54
0.590 21.01 0.14 244. 137. 0.124 0.066 0.051 0.051 C.051
Ce6CC 2C.66 O0.1l4 225 144, C.125 C.C62 0.049 0.C4S C.C49
C.610 20.33 0.15 215« 151e 0el26 0059 0.046 0.046 0.046
C.62C 2C.0C Q.16 204. 158. Ce133 C.C57 C.051 0.044 0.044
C.e€3C 16.68 0.17 193, 1€€e Cel32 («(54 (o048 04042 0.042
C.€4C 19.37 (.17 183. 174. C.132 C.C57 C.046 0.04C 0.040
0650 19.07 C.l1l& 174. l182. 0.132 0.C55 C.044 C.C3S (C.C39
0.660 18.79 0.19 1617. 189. 0el32 0.053 0.042 0.042 0.037
C.67C 18.51 0.20 156. 1G6€. C.138 C.C51 0,041 0.041 C.C4l
C.680 1l€.23 0.20 152 203« 0.138 0049 0.039 0.039 0.039
C.€5C 17.97 0.21 146. 2CG. C.138 C.C53 C.038 0.038 0.038
0.700 17.71 0.22 1l4l. 217. 0.143 0.051 0.037 C.C37 C.037
0710 17«46 C.2z 12%. 223. 04144 0.049 C.036 C.C32€ C.C3¢
C.72C 17.22 0.23 130. 228. 04145 C.C48 C.035 0.035 0.035
C.73C 1€.S8 (.23 12¢. 223. 0.15C C.(52 (.C34 CeC34 CeC34
0a740 1675 0.24 121, 237. 0.152 0.051 0.034 0.034 0.034
Ce?5C 16453 0.24 117, 241. Q0.153 C.C5C C.033 0.033 C.C23
. 0760 16+21 0.25 112 245. N0.155 C.C49 C.033 C.C22 (.C33
Ce77C 1610 0425 11C. 249. 0.161 C.C48 C.032 0.032 0.032
0<«780- 1590 025 1C¢€s - 247 0162 0.052 0.032 0.C22 C.C32
0.790 15.69 0.24 103. 237. 0.169 0.055 0.034 0.034 0.034
C.8CC 15.50 0C.23 10C. 22%. 0.177 C.053 C.035 0.035 0.C3E
C.E1C 15.31 0.1l 97. 107« Ce2 €l Ce(CS4 Ce066 0.066 0.066
C.€2C 15.12 GC.1l¢C 94 o 1Cl. 0.2€8 (C.(SS C.069 0.069 0.067
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Appendix C. le. 1,000 sec, PBL Crystal, 0.263 to 0.453 keV

Non Counts Per Min Line Flux
v X-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont Line 10. 1.0 0.1 0.01 0.001

C.26C 47.69 0.83 17. t.2 6.8 82%. G.C71 C.Cl8 G.CO8 0.007 0.007
0.2¢5 4€.7S (.84 4. C.9 ‘ 844. C.0732 0.01¢ C.CC8B C.CC? C.CO7
Ce270 45492 0 eEE 1. 86l. 0.C77 0.019 0.008 0.CC7 C.CO7
C.275 45.C9 C.48 68 €1R. C.CEC C.C18 C£.CC8 0.CCG7 Q007
0.28C 44.28 C(C.ES ESe 893, 0.CE2 (.C1S C.CCE CuaCC? CaCO7
0.285 43.50 C.0C D 2¢ 2746 2746 2.74€ 2.74€ 2.74€
C.26C 42.75 0.00 6l. 2e 24447 24098 2.098 2.098 2.098

0.295 42.03 C.CC 57 4. 14907 14635 14635 1635 1.635
0300 41.33 Q.00 57« Se lea513 14297 14297 1.297 1.2617
C.3C5 40.65 0.01 55 . €. 1.22C 1.046 1,046 1.0406 1.046
C.21C 4C.CC C(C.C1 53. 7« 1.141 C.ES€ C.E56 C.856 .C. 856
Ce215 29.3€& 0.Cl e 8, C.947 0.71C C.710 0.71C C.71C
C.32C 38.7% C(C.Cl 50 1C. Coe765 CeSG€ (o536 0596 0.596
C.225 26.15 C.C(Cl 4G 12. 04759 C.SC& C.50¢ CeS5C6 €506
0.330 137.57 0.01 41. l4. 0.708 0.499% 0.425 0.42¢ C.42°¢
C.335 37.01 0.02 46. 17 0596 06417 0358 0358 0.358
0.340 3¢&.47 C.Q2 45. 20. 0.557 0.356 C.3C5 C.305 0.305
0.345 35.24 0.02 44. 23. U525 04206 04262 0.2€3 (o263
C.35C 3%.42 0.02 4dea 2€6. C.498 (0.268 €230 04230 0.23C
C.255 34,93 (.C3 4l . 3C. 0.436 (.22€ C.203 C.203 C.203
0260 24.44 C(C.02 4Ce 33. Ce420 C.21C C.18C C.18C C.l8C
C.365 33.27 J.04 Ja 37. Ce4C2 C.214 0.161 0.161 0.161
0.37C 33.51 C.C4 3. 42. 0,322 C.191 C.l43 C.l43 0.143
0.375 33.06 (.05 37. 47. 0.385 0.171 0.150 0.128 C.128
C.380 32.63 0.05 37 92« 0367 0e15% 04135 Os1llo O.116
C.385 32.2C C.C& 36. £7. 0251 C.14C C.123 C.105 0.105
0«.39C 21.75 C.C¢ 33. 63¢ 04351 Ga144 Cal12 Co€S€ (.C96
C.395 31.39 0.01 4. €S. C.335 0.131 C.102 0.CE€7 C.C87
C.4CC 21,CC cC.cC® 33. 75 €+233 (C.12C (.C93 C«CS3 C.C80
0405 20.61 CoCE aa, 82. 0.502 C.159 C.11C C.11C C.llC
O0.410 30.24 0.09 32. t€. Ce498 0.158 0.102 0.102z 0.102
0.415 23.88 0.10 3l 95+ 0463 Col47 C.C94 0.094 0,094
0.420 27.52 0.1¢ Jl. 103. U.+495 0.146 0.087 0.C87 C.C87
Ce425 29.17 0.11 K 111 0e496 0Q.144 0.090 0.081 0.081
C.43C 28.83 0C.12 3C. 116. G.457 C.125 C.C84 0.076 0.076
0.435 284,50 C.l3 2Ge 127+ ¢ 4497 Col24 CoC76 CoeC?1 CoCT1
C.44C 26.18 0.13 z€e 135. C.5C4 C.123 0.074 0.0€7 C.Cé€7
C.445 27.8€6 Cal4 28 « 144, C.5C1 Cel25 Ce(C7C CeO03 00063
06450 21455 0.15 2l 153. 0.51C 0.124 C.CéS 0.C56 C.(59

-~
o o

CErANLOOVINCOAAD WO PR OUNN - e~ O0OCOH~nG D

@ 0 o 4 8 0 ¢ b e g 0 e 4 st g 0 0 5 4 0,
s & 0 o s 06 ¢ 0 * 0 9 0 4 o

L)

P et ot P s ot S el ey Pt et g e P g P et s et et g P 1S g O oy et PP gl P (e gt s P DD ()

® 5 o % 4, ¢ ° 0o o ¢ 4

DD AWM N MWW AN AONNNN ™ i O CA 00O wn
S AP LUIWMBNN NN e =~ GCONCCACOCAOcnCCcCOCAdm



Appendix C. 1f. 1,000 sec, PBS Crystal, 0.184 to 0.317 keV

Non Counts Per - Min Line Flux
X-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts ° Cont Line 10. 1.0 0.1 0.01 0.001

7.0 927. 0.C46 C.Cl3 0.006 0.006 0.006
7.8 974. 0.048 0.012 C.CG6 C.CC6 C.CO6
€«7 1Cl8. Co.C70 0.016 0.007 0.CCE C.CCE
9.6 1C€l. C.C73 C.C1l€ C.CC7 C.CO6 0.00¢€
1C.6 1105. 0.075 C.C1€ C.CCe C.CC5 C.CC5
11.6 1147. C.078 0.017 0.C07 0.C0% C.CCS5
12.6 118¢€« C.C€l C.Cl7 0.007 0.005 04005
13.7 1222. 0.085 C.017 C.C07 C.C05 0.005
14.8 1256. 0.088 0.018 0.006 0.005 0.005
16.0 1286. C.(CS2 C.Cl8 0.006 0.005 0.005
17.1 1219. 0.CS5 (C.C18 C.CC7 C.CC5 C.COS5
183 1347. 0.C98 0.019 C.007 C.CC4 C.CC4
19.6 127€. C.1C1 C.C1l9 C.CC7 0.004 0.004
20.9 1407. 0.105 C.C1S C.CCé C.CC4 C.CO4
22.2 1435, 0.108 0.020 0.006 0.CC4 C.CO4
23¢6 1463« 0112 0.020 0.007 0.004 0.004
25.0 148B. 0.11€ 0.02C C.CC7 C.004 0.004
. Cel G4 16922 1.648 1.€48 1.€4E 1.€48
S¢ 1e468 14259 14259 1.259 1.256
€. 1.3C€ C.G€81 C.581 C.S81 0.S8l
8e 1.037 0.778 C.778 0.77¢ C.778
L1Ce CeS41l Ceb627 0,627 0.627 0.627
12. 0.856 Ce51l4 Ce514 Co514 0.514

C.2CC 61.93 (.93 82.
0.205 €C.48 C.S1 17
04210 59.04 107 13
Ce2l5 57.67 1.06 T0a
0.c2C 5€.3€6 1a.11 6le
0.225 55.10 1.1°% €4.
C.23C 53.91 1.19 6le
06235 52.7¢ 1l.22 54.
0.240 51.66 1.26 S5€a
Ce245 50.61 1.29 54 .
C.25C 49.59 l1l.32 52.
Ce255 4E.62 1.35 2Ce
C.2€C 47.69 1.38 48 .
0.2€5 4€.7S le4l 46
0.270 45.92 1.44 e
Ce275 45.09 1.46 43
0.280 44.28 1.49 42,
0.285 43.50 0.00 4C.
C.29C 42.75 (.00 9.
C.265 42.C3 C.Cl 38.
043CC 41422 (.01 2%.
C.3C5 4C.65 0.01 36.
0.21C 4C.CC CoCl 35,

¢ s & e ¢ 0 4 o o g » o

[}

OO C AN OOV ANLYVIITO mMmaEem=N=

s et ol s ot e D OO OAODDDOC OO OO
*

C
0
C
C
0

N NN



E

1.900
1 950
2.CCC
2.C5C
2.100
2.15C
2.200
2.250
2. 3CC
c+35¢C
24400
2+45C
Z2.5CC
2.550
2.6C0
2.€5C
2.706
2.75C
ZOECC
2+85C
2.5CC
"2+ 95C
3.000
3.050

Y

€.53
6 «2¢
6.2C
€.C5
5 '90
5.77
5«64
5.51
5.39
5.2¢
S5.17
5.06
4.6G6
4.86
477
4.68
4.59
4.51
4.43
435
4.28
4.2C
4,13
4.07

Appendix C. 2a. 10,000 sec, PET Crystal, 1.900 to 3.353 keV

AEFF RES
C.¢9 361l.
OD«6€ 32é€o
C.63 296,
Us.€C 271
0.2 248,
0.28 230
0.28 214.
0«28 1973
D.27 180 «
C.27 1175,
Ce2€ 1€4a
C.2¢6 159
0.25 1l4o.
0.24 126
0.22 131.
C.21 125.
0.2C 11¢.
.17 112,
C.18 1C8.
0.17 1C2.
0106 933 .
C.15 95.
0.15 Yle
0.14 87«

Non Counts Per Min Line Flux

X-ray Unit Flux For Cont Flux as Shown

Counts Cont Line 10. 1.0 0.1 0.01 0.001
30.3 B4 .0 6899. 0,076 0.C12 C.CC6 C.CC5 CaCO5
3Ce13 €75 €6C6a 0.CEZ2 C.014 0.00€ C.CCS C.CCE
30.12 9C.S €215. C.C88 (.Cl5 C.C06 C.C05 0.005
3Ce3 93,1 6041, 0.CG5 C.Cl€é CCCT7T CoCC& CuCCO
3C. 2 G7.4 289l. 0.l43 0.024 0.011 C,.CCS C,.CCS
30.2 10206 2849« CelbHl Cs02%5 0.011 04009 0.009
30.1 107.7 2806. 0.160 0.026 0.011 C.CC9 Q.0CH
3Ce( 1126 276)le 0.1069 0.028 0.012 0.009 0.CGCS
29‘6 117-3 27150 00179 C.C29 000[2 00010 00010
29.6 121.9 c€ét. 0.18€ (C.C2C C.Cl2 C.C1C C.CO9
2G4 12€e4 2619. Ca198 0.C31 C.C12 C.C1C C.C1C
R Y iC. 257C, Q0.2C8 (C.(C32 CoCl2 0.C1C C.C10
23.7 133.1 2490. 0.21€ (C.C24 C.C13 C.ClC C.010
28s.6 132.8 2366. 0,229 0.035 C.014 C.C1l1 C.011
2803 132e3 2248e 0349 Ce053 0.018 Ce01ly 0.014
28.0 131.5 2124. 0.2¢€ 0.(55 C.C19 C.C1l5 0.015
216 13C.4 2024, 0383 0.057 0.02C CaCle CaCl6
21ec 12642 1S1S. C.4CC C.C60 C.021 0.017 0.ClE
268 127.8 1819. 0.41€E C.(€2 (C.C23 CeCl€ CeCl7
2€o4 12641 1723. 0.436 C.CE6 C.023 C.C1S C.C18
25.9 124.2 16€31. Ce454 C.068 0.025 0.C19 U.C1lE
25.4 1224 1542, 0.472 C.C71 CaC25 0.020 0.019
24.9 120.3 1459. 0.493 0,074 0.027 0.021 C.021
24e4 138Cs 0e512 0.078 0.028 0.022 0.021

11€e1



Appendix C. 2b. 10,000 sec, ADP Crystal, 1.211 to 2,133 keV

Non Counts Per Min Line Flux
X-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont ILine  10. 1.0 0.1 0.01 0.001
1.21C 10.2% 0.3 232%z. 2¢€.¢€ 9¢1 2624, CoCl1l3 C.006 0.005 0005 G.OUS

1225 1CaC4 Co4l 1637. 20Cab 12.5 41C4., C.C15 C.CC6 CeCC5 0.005 0.005
1.260 9.84 (.43 1267. 27.1 1.6 4250, 0.022 0.C08 C.0C6 C.CC6 C.CO6
1.285  9.65 0.43 1037« <7a: 1€¢2 425Ce C.C24 CoCCB 0.006 0.006 0.00¢
1.31C S.46 C.43 879, 27.5 20 .8 422, C.C27 C.CCE C.CCH6 0.CC6 0.0C6
1.235 6.25 (.44 €3, Z1.17 2343 4357. 0.029 0.CCE (.CC€ C.CCe C.CCH
1360 9.12 (.44 ¢13. 21.6 257 43€7. C.C44 Q0.Cl]l C.008 0.CC? C.CO?
14385 €95 C(e44 6(C2. (<.l 28+2 4413, CeC47 CuaCll CaCC8 CaCC7 Co007
1.410 E€.79 0.44 S44. 2¥.3 30.6 4438. 0.05C C.Clc C.CC& C.CC7 Co.cCC?
1.435 8.04 0.45 496. 28.°% 33.1 446C. U.053 0.012 0.008 0.0C7 C.CO7
1le460 8649 Ue4H 4dLe 280 35.5 4481. C.056 C.Cl2 C.CQU8 0.007 0.007
1.485 8.3%5 G.4% 42L. <Z9.8 38.0 4500. 04059 0.C12 0.00€ C.CC7 C.CO7
1.510 8421 04t 390 £2SeC 4C.9 4>5¢4. C.062 0.013 0.0C8 0.007 0.CCT
1.535 €.C8 Q.46 363. 29.1 43.9 4€zG. C.C€4 C.C13 C.CC8 C.CC7 0.007
1.5€C 7.9% Ca47 34(. 29.2 47.C 4694, 0.C€7 C.C12 C.CCE C.CC7 C.CCT
1.585 7.82 (.48 316. 29.4 5Ce2 47¢C. C.C7C C.014 0.C08 CoCC?7 C.COQ7
1. 61C 7.7C Co.48 30l 29.5 534 4823, 0+C73 CeCl4 CeC0B 04007 0.CO7
leb25 T.498 Ce.45 284. 29.56 56«7 4884. 0.076 C.C14 C.CC8 C.CCT7 C.007
1.66C 7.47 0.24 267%. 27.1 6C.1 2423. U.087 0.017 0.010 0.009 0.009
1.685 7.36 (.24 255. 27.8 63.5 24:0. 0.116 C.C22 C.012 0.011 0.011
1710 7425 C.25 242. 29.9 67T.0 2476« 0.120 0.023 C.Cl2 C.C1C C.ClC
le735 TelS D25 Z21e 2CeC 1CaC 2482. 0.124 0.022 0.012 C.C1C C.CIC
1.7€6C 1.04 €25 2204 20.C 73.5 2¢C2. C.128 C.C23 C.Q012 C.010 0010
l.78E 6495 (e29 Z1Ce 3Cal 15.8 2484, 0.123 C.C24 C.C1l2 C.ClC C.ClC
1.810 6.85 0.24 2Cle 320ecz 17.1 2433, 0.138 0.025 6.012 C.C1l1 C.Cl1
l. €35 6476 0.24 193. 30,2 18e¢4 2283¢ (el43 Ce020 0.013 04011 0.011
1.860 6.67 (C.23 185. 30.c 793.6 2333. 0.148 0.02¢ 0.013 0.0l1 0.011
1.885 658 U.23 111 3C.3 €C.7 2284. (.153 0.027 0.013 0.011 0.Cl1
1.51C 6e49 G222 171« 202 El.7 -2235. C.158 (.C28 C.Cl3 0.01lé 0.012
1.635% €.41 ULe22 164 30.3 82.7 2¢187. 0.1€3 (.C25 C.C14 C.C12 C.O012
1e36U 622 (.21 158e 3Ce3 £3.6 214C. 0.168 0.029 C.Cl4 C.ClZ C.Cl2
1.585 6.25 C.21 152. 3§G.2 E4.5 2(S3. C.174 C.(31 C.Cl4 0.012 0.012
2+.C10 €411 Co?2C 147. 30.3 893 2047. 0.176 C.C231 C.C15 C.Cl3 C.O13
2.035 6.09 0.20 l142. 3C.3 86.0 2001l. 0O.184 0.032 0.015 0.C12 C.C13
2.060 6.02 0.20 138« 303 86e7 19560 (o275 0a046 0020 0.017 CL.O017
2.0€5 35.95 C.l37 133. 3C.3 8.3 1935. 0.203 0.C47 C.C21 C.Cl8 C.018
2110 S.8u CalS 1e2S. 3C.3 GCe3 1922. 0290 0.048 0.021 C.C1lE C.C18



E

C.69C
0.710
Ce730
C.75¢C
C.77C
0.790
C. 81C
0.830
0.850
C.&7C
C.86C
C.910
C.S3C
C.S5¢C
0.970
€. 990
1.C1C
1 .03C
1.C50
1.C7C
1.09C
1.l1c
1. 13C
1.150
1.170
1.15C
1.210

-

Y

17.97
17.4¢€
16 .98
16.53
16.1C
15.31
14.94
14.59
14.25
12.93
12.02
13.33
13.C5
12.78
12.52
12.28
12.04
11.81
11.59
1137
11.17
1C.971
10.7¢
10.60
1C.42
10.25

Appendix C. 2¢. 10,000 sec, TAP Crystal, 0.693 to 1.216 keV

Non Counts Per Min Line Flux

' X-ray Unit Flux For Cont Flux as Shown :
AEFF RES Counts Cont Line 10. 1.0 0.1 0.01 0.001
0.0 140C. 19.2 5442 5027. 0.C7C CeCl2 0.006 0.005 0.005
Ce53 13C. 19.% 62.6 5348. U074 0.013 C.CC6 C.C(C5 C.COS
0e5¢ 121« 15«6 TCe5 5583. 04079 C.012 0.00€ 0.CC5 C.CCS
Ca58 112. 20.72 T€.7 ©76C. C.(C84 C.C13 C.CC6 C.004 0.004
Cob( 1C8e 206  HT .0 5972. C.C8S C.Cl4 C.CCE C.CCH C.CC4
0.28 1C€CC. =zl.C £8.5 284l1l. Col32 0.021 0.00S C.CC7 CL.CO7
0.26 94. <cl.3 85.1 2t5¢€4. Gel&l (CeC23 0.010 0008 0,008
0.23 89 <clat 80.0 2267. 0.152 0.026 C.0l1 C.CO09 G.COC9
0.20 84. 21.6 73.1 1955. uUl.l62 0.028 0.013 0.011 C.011
0.19 BOa 2ce2 72.6 1€¢é7. Col7l C.(C29 C.C13 0.012 0.011
C.16 T1ée 22.6 80 .9 1924, 0.17¢ (.(3C C.C13 C.C1l1 C.O0O1l1
C.2C 12 22a6 €te3 2CCl. 0.187 0.021 C.C13 C.C11 C.C1l1
c.21 69. 23,1 G546 2Cét4. Cel195 C.C31 C.Cl3 0.011 0.C11
Ce21l e <344 103.4 2118. 0.2C3 CaCZ22 C.C13 CuaCll C.C10O
Ues22 €4e 237 1lll.l1 2169. 0.212 0.023 0.013 0.C11 C.ClC
0.22 6le 24.0 1190 2217« (Ge22]1 0e034 0013 0.010 0.010
.23 58 24.3 127.1 2261. $.23C 0.035 C.Cl13 C.Cl1C 0.010
g.213 S5Ce 2445 1364 2321. 0.238 0.026 0.013 0.C1C C.C1C
0.24 S4, 2Z4.F 14¢€.5 238€. Ce247 C.C37 C.013 0.010 0.01C
C.24 52« 25.0 156.8 2448, C.2%17 C.C38 (.C13 C.C1C C.CO9
Ce2¢ SCe 2943 1€T7.5 25(8. 0266 C.C329 C.C13 C.C1C C.CCO
0.26 486 . €t 178.,4 2%5¢€%. Ce276 CoC40 0.013 0.G09 €.009
C.206 47« 257 1895 2619, 0,417 CoCc8 C.Cl6 C.012 0.011
0.21 45. 25.9 200.9 2671. 0.431 0.059 0.016 C.Cl2 C.Cl2
0.27 44 e 2602 2125 2721e 04647 0.06]1 0.016 0.012 0.011
Ce28 42 26.4 2251 271€. Co4€)1 CoC62 CoCl6 C.Cl2 C.O11
Ca26¢ 4le 2€.6 242.6 2885+ U476 0,062 C.Cll C.Cl1

C.Clé6



v

0 +49C
C.5C0
C.51C
G.52C
0.530
C.54C
0.55C
0.560
C.57C
C.58C
C 590
C.eCC
C.E1C
0.620
C.630
0.¢€4G
0 .650
Ce €E6G
C.€7C
0.680
C.65C
0.7CC
C.710
C.720
C.73C
0.74C
C.750
C.7¢C
0.770
0.78C
Ce7SC
0 .800
C.clO
C.82C

N

25.3C
24 <80
24.31
c2.84
23.39
22.96
22.54
22 .14
2l 75
Zl.38
2101
2Ca66
¢C. 23
20 .00
19.68

19.37

19.017
18.79
1651
1822
17.97
17.171
17.46
17.22
16.G8
16.75
16 .53
16.31
lo«10
15.90
15.69
1£.50
1531
15.12

Appendix C. 2d. 10,000 sec, RAP Crystal, 0.492 to 0.831 keV

Non Counts Per ' Min Line Flux
' X-ray Unit Flux For Cont Flux as Shown
AEFF RES Counts Cont Line  10. 1.0 0.1 0.01

0.001

C.1C 937. 15.0 1.8 954. 0.028 0.C1¢ C.C18 C.C18
0«1C €ESe. Se2 25 1C39. C.C3C 0.018 0.01€ C.C1l¢
C.ll 55&. 15.% 2.3 1l124. C.C31 Cu.C17 C.C15 0.015
Celld 4740 157 4.4 1289, 0.032 C.Cl€¢ C.C14 C.Cl3
0.12 414. 15.9 5.2 1337. 0.031 0.016 0.013 0.C132
0.10 37v. 16.1 4.3 GETe CeC53 Ce026 0.023 0.022
C.ll 334. 16.3 5.1 1066. 0G.053 C.025 C.C22 C.C22
O.11 320€. 166 5.9 1l44. 0.055 0.024 0.020 0.020C
0012 282« 163 €.8 1221. C.C57 C.024 0.019 0.019
C.13 262. 17.C 7.8 12G€. Ca(56 (.C22 C.C1S C.C18
Celld 244« 17.2 tE.8 137C. C.060 0.C2z C.ClE CoC17
Q.14 229« 1744 SeG 1442, C.Cé€2 C.C21 C.Cl7 0.017
Cel5 215« 1746 11.0 1513. 0.0¢é2 C.C21 C.017 C.Cl6
O.1€& 2C4. 17.8 12.2 1582, 0.066 0.021 0.016 0.015
O«.17 193. 180 13¢5 1663 CeC68 0.021 0.015 0.014
C.l7 183. 18e2 14.9 1741. 0.070 0.C21 C.Cl4 C.Cl4
C.lt 174. 18B.4 6.4 1816. 0.072 0.020 0.014 C.C12
0.1 1€7. 18.¢ l17.8 1&€€S. C.C?74 C.C2C C.014 0.012
C.2C 159. 18.8 19.4 19¢éC. C.C7€¢ (.C2C C.C13 C.C13
Ce2C 15z« 19.C 2C.S 2028. 0.078 0.02C C.C13 C.Cl¢
021 1l46a 19.c 22.€ 2(S¢%. C.C€C C.020 0.013 0.012
Ce22 1l4l. 17.4 2443 2167, 0.082 C.ClS C.Cl2 0.012
0.22 13% 19.5 26.1 222¢. 0.085 0,019 0.012 C.0l1l
0.23 130« 1917 é7«7 2279% C.C88 0.C1l9 0.012 0.011
C.23 126 19a9 27 4 ¢22€. C.CSC C.ClS C.Cl2 C.O11
Ce24 121. 2Ce1 3l1el 2371. 04092 0.C1S CaCl2 C.C11
0.24 117. 2C.2 32.8 2412, C.(S5 C.C2C C.012 0.011
Ce25 113. 20.4 34.5 2452. C.CS7 (.C2C CeCl2 CeCll
0.25 11C. 2C.6 36.3 2489. 0.1CC 0.C20 C.C12 C.ClC
0.25 106. 20.8 37.3 2415. 0.103 0.021 0.012 0.011
C.24 103. 21.0 36.9 2367. 0.1C7 GC.C22 C.012 0.011
0«23 1CC. Zl.1 36.3 2255, 0.111 0.022 0.013 C.Ci2
D.11 Qile 2163 23«5 1€6S. 0.161 0.036 0.022 0.0¢0
GelC 94 . Z1.°% 24,5 10C€. Cel€7 C.C39 C.C23 0.021

C.Cl8
C.Cl1é
0.01%
c.Cl13
c.C13
0.022
0.022
0.C2C
0.019
c.Cl8
C.Cl7
0.016
c.016
C.C15
0.014
0.014
C.C13
0.C13
C.013
C.Cl2
C.012
0.012
C.011
0.011
0.011
C.Cl1
C.Cl1
0.011
C.Cl¢C
0.011
0.011"
C.Cl2
ND.C2C
G.021



E

C.26C
0.2¢5
0.270.
€C.2175
.0.28C
0.285
C.26C
0.295
0.300
C.3C5
C.215

«32C
0.225
0.330
C.335
0.34C
0 .345
C.35¢C
C.355
0.26C
C.365
C.37C
0.375
C.38U
C.385
0.290
C.395
C.4CC
0.405
C.41C
0.415
0 4420
C.425
Ce.43C
0.425
C.440
Ce 445
0.450

Y

47.69
4€.75
45 49 2
45.C
44.28
43.50
42.75
42.03
41.33
40.65
4C.CC
29.36
38475
38,15
37.57
37.01
16.47
35.94
35.42
34,53
14444
33.97
33,51
33.06
32.63
12.2¢C
11.75
31.39
3l.CC
10.61

30.24

29.88
27452
29.17

Z8.5L
28.18
21 8¢
Z21.55

Appendix C. 2e, 10,000 sec, PBL Crystal, 0.263 to 0.453 keV

AEFF

V.83
C.84
Oet¢
c.8¢8
C.86¢
0.CC
0.00
C.CC
0.06
0.01
c.ClL
G.Cl1
C.01
C.Cl
0.01
0.02
C.C2
Q.02
.02
C.C3
G.C2
0.04
C.Ca
V.05
0.05
C. C6
C.C¢
Cc.01
c.ce
C.CéE
0.09
G.1C
0.16G
0.11
‘Col2
C.l13
0.12
C.la
C.l18

Non Counts Per Min Line Flux
X-ray Unit Flux For Cont Flux as Shown

RES Counts Cont Line 10. 1.0 0.1 0.01L 0.001
7. 7.0 6bes B253. D.C51 C.CC8 0.C03 0,002 0.002
T4 9.2 73.8 8439. 0.054 0.008 (C.CC3 C.(C2 C.CO2
11 91 15«4 8613. C.056 0.008 0.003 0.CC2 C.CC2
63 . ) e E5.C E77¢. CoC5% Co(CC(CS C.CO03 Co0Cc 0.002
€S 9.5 GC.8 " B89Z8. 0.0€1 C.CCS C.CC3 (CoCC2 CoC02
€3, Sel C.2 22+ 0870 0.778 0,778 0,778 C.778
ole. J.3 0.2 29¢ 0eESS Ce994 0574 06594 0594
5%« 1G.2 0.4 37e 04572 0463 C.463 0463 0,463
57 10.2 Ce 6 460 0476 G389 0.367 04267 0.3617
5. 10.2 GCel E7¢ CatlE Ce31l4 04296 04296 0.296
53. 1G.4 G <9 Ve 04357 o257 Co243 Co243 Co243
Sce 1Cet le 2 8. 0219 0.212 Ce213 Co2Cl C.2C1
5C o 1C.7 1.4 I1Cle 2268 Col¥9 Cel79 0179 0179
4. 1Ca9 1.8 119, C27C Co1eC CulB2 Cel52 Cal52
4. 11.C 22 141, 04255 0.142 0,127 0.127 Col27
46« 11.1 27 168 (o233 0ell9 0.107 CalG7 0107
45, 11.3 3.3 197. 0.208 0.107 C.C31 C.C91 0.091
44. ll.4 3.9 228. 0,201 04096 0.083 p.C7S C.C79
424 11.%5 4.¢ 261, C.195 C.C84 0.073 0.069 0.069
4] . 11.7 54 266. C.18S (.C78 (.CH4 C.C€1 C.061
4Ce 11. & 63 334, 0.186 C.072 CaCS57 C.C57 C.C57
33. 11.5 1.3 272. C.185 (.C67 U.051 0,051 G.051
3 12.1 8 e 419, C.181 CeCE€2 C.C48 C.045 0,045
37. 12.2 9.7 46T+ 0.182 0.058 0.043 0.041 C.C4l
AT e 1243 11.1 517« Ce180 0054 0.039 0.037 0.037
3C. 12.4 12.6 €0« 0182 CoC53 C.C35 C.033 0.033
35 12.6 14.2 627« GalB82 G046 (eC34 C,C3C C.C3C
4, 12.1 1€.1 €€8., C.182 C.C48 C.031 0.C28 C.C28
33. 12.8 18.0 751« Cal82 CoC45 CoC28 Ce027 Co025
23, 12.¢ 2C.2 816, 0.238 C.C7C C.C40 C.C28 C.C37
3z 13.1 224 €£€3. Ce341 0.068 0.038 0,035 0,035
31e 13,2 24 .9 954, D346 C.C66 (o037 0.032 0.032
3i. 13.3 7.6 1030, 04350 G.065 0.034 0.C3C C.030
e 134 3Ce5 11C8e Ce355 0064 0.032 0.029 0.028
3Ce 12.6 33,5 1187« C.3¢€¢C CoC€3 C.C3C Ce027 0.026
29. ‘.3.7 36.7 1268. U0364 CQC62 CoCZg C.C25 CQCZS'
ZCa 13.¢€ 4C.1 125C. Ce37C Co062 0.028 0.C24 C.C24
23 13.9 43,7 142¢6. 0.37€¢ CeCEL CoC26 Co023 0.022
Z2le l4.1 417 .6 1528. J3.382 C.C6Z2 C.Cs& C.C22 CoC21

-



Appendix C. 2f. 10,000 sec, PBS Crystal, 0.184 to 0.317 keV

Non Counts Per ~ Min Line Flux
‘ X-ray Unit Flux For Cont Flux as Shown
E A AEFF RES Counts Cont Line 10. 1.0 0.1 0.01 0.001

C.2CC 61.399 0.93 852 7.2 67.6 92€6. C.C32 C.CCY% 0.002 0.001 0.001
C.205 €0.48 C.G7 17. T.4 78.0 9741. 0.024 0.005 (.CC2 C.CCL C.CO1
Ce21C 5904 102 {2 7.¢ Ece7? 1C1lele CeC52 0.007 0.002 0.CC1 C.CCL
C.215 57.67 1.C¢C 7C.
OecdC S€.3€6 1.11 Cle
0G.225 55.10 1.1% €4.
€C.23C %3.91 1.19 6la
0235 3¢al¢ la22 506
0.24G 51.66 1.26 5€e
Ce245 H5Cebl 1le29 54 .
Ce2SC 45.56 1.32 524
Ced55 48662 1.2% 5Ce
Ce2bC 47.€9 1.38 45
0.2€5 46.75 1l.41 40

-~
(-]

GS.8 1C€C€. CoCS4 C.CC8 C.CC2 C.C0Z 04001
1C5«7 11051. 0.057 C.CCE C.CC2 C.CC1 C.CCL
115.9 11467+ C.060 0.CC8 C.0C2 C.CC1 C.CCL
126 .4 11857 CeC€3 (CeCC? 0.0C2 0.001 0.001
137.2 12223. 0.066 C.0C3 C.002 C.COl 0.001
148.3 12565, 0.068 0.009 0.002 G.0C1 G.CCG1
155 .€6 12885, C.C72 CaCC9 CeCU2 0,001 0001
171.2 1218€. C.C75 C.C1C C.CC2 C.CCL C.COL
1€3+1 13468, C.C728 0.01C C.CCZ CaCC1l C.CCl
195.€¢ 127¢€€. C.C€1 C.ClC C.CC2 C.001 C.GO1
2C8.9 140¢5. 0.C84 C.C11 CoCC2°C.CCL CaCOL

T~
s & & 4 o
S IOUNOCOANDT U WMNONNT D e OM

WIS T
)

)

U270 45.92 1.44 4%. Ge 222.4 14355. 0.088 0.011 0.002 0.CC1 C.CCl
Ce275 45409 1la46 43, Va 2362 14€26s Ce(C91 C.012 0.002 0.001 0.001
0.28C 44.28 l.49 4o T 250.3 14880. 0.094 C.012 C.CC2 C.COl 0.001
0.285 42.50 0.30 4(. Ge Ue 6 360 0.604 0.467 0.4€7 044617 Ca467
C.23C 42.75 (.0C 3. 9. C.S 4E. Co5C3 Coa378 04357 0357 0.357
Ce265 42.C3 C.Cl 38+ _1C. 1.2 €l. 0.44]1 (C.254 C.278 C.278 0.278
0.300 41.22 C.Cl i« 1C. 1.5 77. £o389 C0ec22 Co2c0 Cec2C C.22C
C.3C5 4C.65 V.01 36. 10. 1.6 Gé. (o345 C.199 0.178 VU178 0.178
0.21C 4C.CC C.C1 35 1C. 2. 117 0,217 C.171 C.l54 C.1406 0.146



