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I. INTRODUCTION

During the past fourteen years, the M.LT. X-ray Astronomy sounding rocket group has
designed, fabricated, and flown five different scientific sounding rocket payloads. These
experiment payloads were launched on a total of twelve sounding rocket flights of which only one
failed because of rocket problems. Eight of these flights yielded astronomical data that resulted in a
total of twelve publications. The bulk of this research was supported by NASA Grant NGR
22-009-730 "X-Ray Astronomy Experiments From Sounding Rockets". The fifth and final
experiment payload that was conceived and built under this Grant (the Wide Field Soft X-ray
Camera: WESXC) served as the prototype for the British Wide Field Camera (WFC) experiment to
be launched on the ROSAT mission. The five experiment payloads and the results obtained from
these experiments are briefly described in the following sections. In the case of the WFSXC, which
served principally as an engineering prototype for a major space mission, we present a number of
papers witten by our British collaborators which describe the ROSAT Wide Field Camera.

II. LARGE AREA TIMING PAYLOAD

The payload instrumentation consisted of a bank of beryllium window proportional counters,
sensitive in the energy range 1.5-10 keV, placed behind 16° X 16° FWHM collimators. The
effective area of these detectors ranged between ~ 600 cm'2 and ~ 900 cm2, depending on the
particular flight. The temporal resolution of this system was 1 ms. Additionally, for one of the
flights, the instrumentation also contained a rotating modulation collimator system for precise
source location measurements. The rotating modulation collimator had a characteristic angular
resolution of 2.1' FWHM, and an overall field of view of 16° X 16° FWHM.

The Large Area Timing Payload was flown twice with the following results:

Al. Aerobee 170 (13.039 UG)
Launched on September 16, 1972 from the White Sands Missile Range.
A2, Publication resulting from this experiment:
"X-ray Pulse Profile and Celestial Position of Her X-1"
R. Doxsey, H. Bradt, A. Levine, G.T. Murthy, S. Rappaport, and G. Spada
Ap. J. (Letters), 182, 1.25 (1973)

B1. Aerobee 170 (13.105 UG)



Launched on November 9, 1973 from Woomera, Australia.
B2. Publications resulting from this experiment:

1. "Limits on Rapid X-ray Pulsing in X-ray Binaries"
G. Spada, H. Bradt, R. Doxsey, A. Levine, and S. Rappaport
Ap.J. (Letters), 190, L113 (1974)

2. "Search for Pulsed X-rays from 3U 0833-45 (Vela Pulsar)"
S. Rappaport, H. Bradt, R. Doxsey, A. Levine, and G. Spada
Nature, 251, 471 (1974)

1. BAEZ CONCENTRATOR PAYLOAD

This payload comprised a one-dimensional X-ray concentrator and thin-window proportional
counters in the focal plane. The concentrator consisted of 22 nested aluminum plates each coated
with Kanigen, a nickel alloy, and highly polished. The reflecting plates were bent in one dimension
into parabolic segments all with a common focus and a focal length of 75 cm. The mean reflection
angle was 2.5°. Reflectivities, measured at angles from 1° to 7° and at energies between 0.28 keV,
and 1.04 keV, were generally within 10% of the theoretical values except near 0.5 keV, where they
were lower, probably due to an oxide coating. The angular response of the assembled concentrator
was measured optically and was well represented by a triangular function of 0.4° FWHM. The
response of the instrument in the nonfocused direction fell to 50% at 5° and 0 at 14° from the
optical axis. The two detectors in the focal plane had thin windows of stretched polypropylene, 100
* 10 pg cm2 thick, coated with 45 * 10 g cm™ of carbon. Each counter had four signal
chambers, 4.7 mm in width, which were separated by ground wires. Pure propane at a pressure of
15.8 psia and a total thickness of 0.86 atm-cm was used. Geometrical anticoincidence was
provided by a second chamber below the signal chambers.

The Baez Concentrator Payload was flown twice under NASA contract NGR 22-009-730 with
the following results:

Al. Aerobee 170 (13.040 UG)
Launched on March 30, 1973 from the White Sands Missile Range.
A2. Publications resulting from this experiment:
1. "Discovery of a Central X-Ray Object in the Cygnus Loop"
S. Rappaport, W. Cash, R. Doxsey, G. Moore, and R. Borken
Ap.J. (Letters), 186, L115 (1973)



2. "Possible Detection of Very Soft X-Rays from SS Cygni"
S. Rappaport, W. Cash, R. Doxsey, J. McClintock, and G. Moore
Ap.J. (Letters), 187,L5 (1974)
3. "X-Ray Structure of the Cygnus Loop"
S. Rappaport, R. Doxsey, A. Solinger, and R. Borken
Ap.J ., 194, 329 (1974)
4. "Isothermal Blast Wave Model of Supernova Remnants"
A. Solinger, S. Rappaport, and J. Buff
Ap.J., 201, 381 (1975)

B1. Aerobee 170 (13.104 UG)
Launched on November 6, 1973 from Woomera, Australia.
B2. Publication resulting from this experiment:
1. "Soft X-Ray Survey of the Large Magellanic Cloud"
S. Rappaport, A. Levine, R. Doxsey, and H.V. Bradt
Ap.J., 196, L15 (1975)

IV. ULTRASOFT X-RAY BACKGROUND PAYLOAD

The detection system in this experiment was designed to have significant effective area at very
low X-ray energies (90-280 eV), with little sensitivity to higher energy X-rays, charged particles,
or geocoronal ultraviolet. The instrument comprised two concentric paraboloidal X-ray
concentrators, and two proportional counters with 1/2 um polypropylene windows. The X-ray
concentrators were constructed by spinning ~ 0.15 inch aluminum around male mandrels. The
inside reflecting surfaces were coated with Kanigen, polished and "superpolished". The grazing

angles for on-axis rays ranged from 4° to 8°, thus eliminating much of the radiation above 1/4 keV.

A series of baffles in the concentrator system eliminated all "straight-though" paths to the
proportional counters. At the focal plane of the X-ray concentrators were two identical proportional
counters, each with its own propane gas flow system, high-voltage supply, and geometrical
anticoincidence anodes, as well as a separated calibration chamber. Each calibration chamber had a
small-diameter Be window above which an Al K fluorescent radioactive source was mounted. The
gas flow system maintained the counter pressure at 3.5 X 105 dynes cm™2 with respect to ambient.
Each proportional counter was monitored by pressure transducers in addition to the calibration
sources. The window of one counter was coated with a thin carbon layer to provide conductivity



and reduce the sensitivity to ultraviolet light. The other window had a thin boron coating to provide
a varied spectral response. The field of view was ~ 6° circular with a corresponding solid angle of
0.011 steradians which was nearly independent of X-ray energy.

The Ultrasoft Background Payload was flown three times with the following results:

Al. Aerobee 170 (13.034 UG)
Launched on November 16, 1974 from the White Sands Missile Range.
A2. Publication resulting from this experiment:
"On the Ultrasoft X-ray Background”
A. Levine, S. Rappaport, R. Doxsey, and G. Jernigan
Ap. J., 208, 226 (1976)

B1. Aerobee 170 (13.108 UG)
Launched on October 17, 1975 from the White Sands Missile Range.
B2. Publication resulting from this experiment:
"Ultrasoft X-rays From the Southern Galactic Hemisphere"
A. Levine, S. Rappaport, J. Halpern, and F. Walter
Ap.J., 211,215 (1977)

C1. Aerobee 170 (13.050 UG)

Launched on August 16, 1975 from the White Sands Missile Range.
The scientific objectives of this flight were the same as those ultimately achieved on Aerobee
13.108 (see above). The rocket nosecone failed to eject until severance, when the payload was
coming back down into the atmosphere. As a result, no data were obtained and the same payload
was flown again two months later.

V. WOLTER IMAGING X-RAY TELESCOPE PAYLOAD

The X-ray detection system comprised an imaging proportional counter at the focal plane of an
imaging X-ray telescope. The X-ray telescope, in turn, consisted of two nested paraboloidal
-hyperboloidal mirrors of the Wolter I type with outer dimensions 40 cm (diameter) X 80 ¢cm
(length). The focal length of 114 cm corresponded to a focal-plane scale of 3.0 arc min mm1. Each
mirror was constructed of two segments (~ 40 c¢m in length) which were machined from solid
ingots of forged aluminum on a conventional numerically controlled lathe. The reflecting surfaces
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were coated with electroless nickel and then polished with no figuring beyond that of the original
machining. X-rays reflected from the mirror were focused on the thin (1 m polypropylene)
window of the imaging detector. Below this window is an electron drift region and a multiwire
proportional chamber array; beneath this was an anticoincidence counter. The complete detector
was filled with 75% methane amd 25% argon at atmospheric pressure. The multiwire chamber
comprised an anode with a 2 mm wire pitch and two cathodes, one 4 mm above the anode, the
other 4 mm below. Both cathodes had 1 mm wire pitch; the wires on the lower one running
perpendicular to those on the upper. Each wire on the cathode was separated from the adjacent
wires by a fixed resistance, so that a complete cathode formed an RC transmission line.

The Wolter Imaging X-ray Telescope Payload was flown twice and (i) yielded the first true
X-ray images of supernova remnants and (ii) represented the first use of a Wolter X-ray telescope
in non-solar astronomy. Specifically, the following results were obtained with this payload:

Al. Astrobee (25.021 UG)
Launched on July 26, 1977 from the White Sands Missile Range.
A2, Publication resulting from this experiment:
"X-ray Image of the Cygnus Loop"
S. Rappaport, R. Petre, M. Kayat, K. Evans, G. Smith, and A. Levine
Ap.J., 227,285 (1979)

B1. Astrobee (25.023 UG)
Launched on March 8, 1978 from the White Sands Missile Range.
B2. Publication resulting from this experiment:
"X-ray Images of Puppis A and IC 443"
A. Levine, R. Petre, S. Rappaport, G. Smith, K. Evans, and D. Rolf
Ap. J. (Letters), 228, .99 (1979)

V1. WIDE FIELD SOFT X-RAY CAMERA PAYLOAD

A. Payload Description

The X-ray camera consisted of wide-field (6°) imaging X-ray optics with a microchannel plate
detector at the focal plane. The telescope optics comprised three nested mirrors that were basically
of the Wolter I type. The image was recorded with a 50 mm diameter microchannel plate detector
with 25um channel-pore size. The energy bandpass (50A-250A) was determined by two fixed
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filters in the focal plane, each of which covered one half of the imaging detector. The image
readout was accomplished via a resistive sheet, on which the charge, generated when an X-ray
entered the detector, was deposited, and four amplifiers. Aspect was provided by a 16 mm star
camera to ~ 1'accuracy. A schematic of the payload is shown in Figure 1 and a photograph of the
Black Brant 21.069 payload is shown in Figure 1a.

B. Flights of the WFSXC

The first flight of the Wide Field Soft X-Ray Camera (Astrobee 25.040) took place on
October 16, 1981, from the White Sands Missile Range. The Astrobee F rocket vehicle and all
support equipment (€.g., attitude control system and telemetry) functioned normally. Based on the
"quick-look" data, it appeared that useful astronomical data had been collected. More detailed
analysis of the flight data, and laboratory tests indicated that, in fact, coronal discharge had
occurred within the detector vacuum housing throughout the flight. Apparently, the lid to the
vacuum housing leaked on launch, which resulted in sufficiently high pressure to initiate corona
when the high voltage was turned on. This corona effectively shut the experiment down. In
response to this problem we made several modifications to the payload to prevent coronal
discharge in future flights. These included: (i) a rebuilt vacuum housing with welded stainless steel
construction to allow it to better withstand launch vibration, and (ii) switches, for use in sending
real-time commands from the ground, to turn the detector high voltage on and off.

The second flight of the Wide Field Soft X-Ray Camera took place on November 1, 1982,
from the White Sands Missile Range. Aside from the changes in the vacuum housing discussed
above, the most important modification to the payload was the use of a Csl photocathode surface
for the microchannel plate detector. The Black Brant rocket (21.069) and most of the support
systems functioned normally. The attitude control system, however, was not programmed
properly and four of our six celestial targets were missed. There was another problem with the
experiment, however, which was of a more profound nature. The background counting rate was
sufficiently high that our telemetered X-ray position channels were nearly saturated. From this we
inferred that the microchannel plate was detecting ~ 10° events sec’!. Careful analysis of the
flight data and extensive post-flight laboratory tests indicated that the high count rate may have been
caused by a high residual presure within the payload at altitude. The payload was then modified by
adding (i) two ejectable doors in the payload cylinder to ensure proper evacuation of the payload at
altitude, and (ii) a motorized lid to the vacuum housing to provide a more secure vacuum seal on
launch and to allow the lid to be closed at the end of the flight so that the detector and filter could be
recovered in good working order.

The third, and most recent flight of the WFSXC occurred on March 18, 1985, at the White



Sands Missile Range (Black Brant 21.070). The payload achieved a good altitude of 213 km,
and the attitude control, telemetry, and recovery systems all functioned nominally. The rocket
payload was preprogrammed to scan slowly across five selected soft X-ray sources: HZ 43 and EG
187 (hot white dwarfs), Mkn 421 ( a BL Lac object), H1504+65 (a HEAO A2 soft X-ray source),
and o Cor Bor (an RS CVn star). The flight scan paths are shown in Figures 2a, 2b, and 2c. The
total area of the sky scanned was ~ 300 square degrees with a potential exposure of ~ 10-15 sec
on each source. The total background counting rate from the microchannel plate detector was ~ 50
sec’! - as small a value as could be expected with a large 40-mm diameter MCP detector, a 6°
diameter field of view, and ultra-thin filters. The only obvious malfunction involved the aspect
camera which was defocused on launch and yielded only very limited aspect information.

The flight data were subjected to a thorough search for any evidence of X-rays from celestial
point sources. No such evidence was found in either the overall count rate data or in sky images
produced from the data recorded during slow scans across the candidate sources. The sky images
(Figures 3a -3d) were made by projecting each detected event onto the sky according to its location
in the detector while compensating for the motion of the X-ray camera under the assumption that its
optical axis correctly followed the preprogrammed sequence of manuevers.

The hot white dwarf source HZ 43 was included as a calibration target. We estimated that ~ 70
events should have been detected from HZ 43 if the telescope axis had scanned directly across the
source. However, fewer than 10 X-ray events were actually detected from this source. The
intensities and spectra of the other four targets were not known sufficiently well to permit an
accurate estimate of their expected count rates.

Two factors may have contributed to the failure to detect any sources. First, the mirror
reflectivity may have been less than that used in our estimates of the expected count rates. The
inherent difficulty in making measurements in the 100 - 200 A band made the reflectivities in this
waveband difficult to calibrate properly. Secondly, the sources may have passed through the field
of view of the detector at angles up to 2-3 ° from the optical axis. Such an occurence is within the
range of expected performance of the rocket attitude control system. For an off-axis angle of 2.5°,
the count rate from a source is reduced by nearly a factor of three from the on-axis intensity.

C. The British Wide Field Camera Experiment on ROSAT

Starting with our work on the Wolter Imaging X-ray telescope (Sect. V), we have had an
ongoing collaboration with the X-ray astronomy group at the University of Leicester. After two
successful flights of this payload, we decided that, because of the impending launch of the Einstein
satellite, we should develop a new sounding rocket payload with properties that would be
complementary to those of Einstein. Our sounding rocket proposal of May 1979 contained a




description of a new proposed payload centered around a wide field soft X-ray camera that would
operate in the wavelength range ~ 80 A 10250 A. The collaborative effort with the University of
Leicester is described therein. M.LT. was to develop the payload structure, the wide-field X-ray
mirror, and the processing electronics, while the University of Leicester was to prepare the
large-area microchannel plate detector with its preamplifier system. This is, in fact, how the
collaboration did proceed during the development, testing, and three subsequent flights of the
WFSXC payload (see Sect. VL.B).

Shortly thereafter, in December 1979, the German Ministry of Research and Technology sent a
letter to the ESA member states inviting participation in what was then known as the Robisat
mission. In response to this announcement of opportunity, the University of Leicester submitted a
proposal for an ancillary experiment on Robisat, which was essentially a scaled-up version of the
WESXC. Their original proposal of early 1980 is included as Appendix A. Note, in particular,
that the University of Leicester stated that that they were submitting the proposal "in collaboration
with the Center for Space Research, MIT" (see the cover page of their proposal). We recognized,
however, that this would carry no legal obligations for NASA. Only ESA member states were
eligible to submit proposals for the Robisat ancillary experiment.

The Leicester proposal was successful, and ultimately a consortium of British X-ray
astronomers (from the University of Leicester, Mullard Space Science Laboratory, University of
Birmingham, Imperial College of Science and Technology, and the Rutherford Appleton
Laboratory) received approval from the British Science Research Council to participate in the Wide
Field Camera experiment on what had become the ROSAT mission. ROSAT is now scheduled for
launch in ~ 1991. A photograph of ROSAT during a calibration run is shown in Figure 4. The
WEC instrument, which is a direct descendant of our WFSXC sounding rocket experiment is
described in the following paragraphs and in Appendices B through E.

D. Description of the Wide Field Camera

The ROSAT satellite will carry a large X-ray telescope and an XUV telescope - the Wide Field
Camera (hereafter WEC) - with a geometrical collecting area of 511 cm?. The primary scientific
objective of the WEC is to perform an all-sky survey in the XUV wavelength band 60 - 200 A. The
WEFC complements the main X-ray telescope by extending the wavelength range well into the XUV
band. The WFC will perform an all-sky survey in this band, to locate point sources to better than
one arc minute, map extended sources and the XUV background, and by use of selected filters,
perform broadband photometry.

The WFC detection system consists of three nested gold-coated aluminum mirrors with a
microchannel plate detector at their common focus. A schematic of the telescope is shown in Figure
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5. A focal-plane turntable is used to select one of two identical detector assemblies. Any one of 8
filters, mounted on an aperture wheel in front of the detectors, can be selected to define the
wavelength passbands and suppress geocoronal background radiation which would otherwise
saturate the detector count rate. A baffle assembly mounted in front of the mirrors excludes
scattered solar radiation from the mirror apertures and provides thermal decoupling between the
mirrors and space. A UV calibration system, mounted on the mirror support, permits in-flight
monitoring of detector gain drifts and thermally induced misalignment of the telescope axis. Two
particle detectors measure the background charged particle flux and provide a signal to switch off
the XUV detectors during ROSAT's passage through the high background regions of the South
Atlantic Anomaly and the North and South Auroral zones. Background electrons reflected by the
mirrors into the telescope volume are deflected away from the detector aperture by a magnetic
diverter system. A schematic of the overall WFC experiment is shown in Figure 6.

During the all-sky survey, two filters will be used, covering the waveband from ~ 60 A up to
200 A. For pointed observations, additional filters will be available to extend the spectral response
to longer wavelengths.
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