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INTRODUCTION

The purpose of this program was to contimie the investigation of spec-
tra ard angular structure of soft x-ray sources which was begun under
Contracts NASw-1388 and NASw-2u14, The rocket payload flown on NASA-17,012

was refurbished, modified, and flown on 17.013 under this contract.

During the flight of &erobee 17.013 observations were made on a

. binavry x-ray source, an extended extragalactic x-ray source and several

nearby stars were surveyed for x-ray emission. These observations and their

objectives are discussed in the following paragraphs.

The energy spectrum and time structure of x~ray flux from the binary
source, Her X-lg was investigated in the range from 0.15 to 6 keV. This
source was observed at a binary phase of C.18 with thersystem nea:* 3longa-
tion normal to the line of sight. Intgnse pulsations have been observed in
optical emission lines near this binary phase. The iurpose of the rocket
cbservations s td confirm the soft x-ray flux reported by the Naval Research
Laboratory and investigate its inmtensity and pulsation phase relative to
flux at higher energies., These observatioﬁs were made at a different binary
phase than those of NRL, in particular, at a phase when line of sight x-ray

gbsorption is likely to bea miniﬁum.

The spectrum and angular distribution of x-ray emisgion from the x-ray

source in the Virgo Cluster of Galaxies, near M 87; was also observed. This

measurement was made with greatly improved sensitivity resulting from longer



observing time with a detector of lower background than that used for the
observation of this source during the flight of 17.08., The purpose of the
observation is to investigate the angular structure of this source, now

in dispwie,.ﬂnd study the relationship between-%hé'x-ray emisgion, the active -

galaxy M 87, and the cluster of galaxies. v

Several stars were observed for x-ray emission during a routine part
of the ACS program vhen a star tracker "locks on" these stars tqfcalibiate
the gyro-system. These stars are @ Leo, { Her, and ¢ Vir. A sean ﬁas also
- made over g Aur, vhose companion star may be a black hole, and a Aur. Evi-
dence for x-ray emission Prom ¢ Aur was obtained from previous obServations
.ywith this payloﬁd‘?n the.flight of 17.012, The ‘Purpose of tﬂese observations
iz to investigate nearby stellar objects for x-ray emission, since there 1is

inecreasing evidence that such objects may be transient sources of soft x-rays.

EXPERTIMENT PAYT,0AD

A major pait of the instrumenta%ion used for observatiﬁns under thia
contract has been flown previously'oﬁ NASA-Aercbees 17.08 ﬁnd 17.012; A
schemetic view of the payload for 17.013 is shown in Figure 1. The primary -
ingtrumentation gonsists of a pair of gas flov preportional countérs
vhich vgew space through a set of x-ray reflectors. These refleétors,are
pérabolic in-shape aloné_the lengths shown and are linear in a dimension
pormsd. to the plane of the figure. Theﬁsurface,of these mirrors is made
from.polished,Kanigen, a form of chemiéélly deposited nickel. In this

view, a plane wave of x—réys entering from the lefi undergoes =2 .single
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reflection.by the mirrérs and is focussed on ;n &perture:in the focal
plane, Three apertures are used in this gystem, one'whiéh iies on the
optical plane and two others which are slightly off this plane. The fields
¢ of view of these apertures{ when projectzd through the reflector system
onto the sky, are 0.1° by 8% for that on the optical plane and 0.25° by 8°
for those which are off the plane. Behind each aperture is a gas flow pro-
portidnal counter which detects the x-rays. The primary mode of acquiring
data with this system is Ey slowly scanning these fields of.view across
an x—réy souice:and registering the counting rates in the detectors as
the.imagE‘of the source swéeps across the apertures. By utilizing rate-
integrating gyros, the rocket attitudé control syéﬁém (Aés) Was%aﬁle td

et during data acquisition. The

provide a 'stable scan rate of .02O se
star tracker allows the ACS to position the start of a scan on the sky to
within a few tenths of a degree. A 35 mm camera photographs the star fleld

~every 1.5 sec to provide aspect data,

Since the x-ray efficlency of the reflector system decreases rapidly
at energies above 2 keV it was necessary to provide an auxiliary detector
for observing the gpectrum of Her X=1 at higher energies. For this purpose,

. a proporiional counter with all micron polypropylene window was added to
the payload as shown in Figure 1. - This detector has an area of approxi-
mately 100 cme and has its Tleld of view collimated to 2° FWHM in two
dimensions. A gas anticoineidence system reduced the background rate -

_in this proportional counter to 0.3 count sec'l in the range from 0.75

"to 6 keV as measured on the ground. Anticoincidence counters are indidatéd.

in Figure 1 by charbers with an X at their center,



In addition to the collimsted proportional counter the payload from

17.012 was modified in the following ways for the flight of 17.013.

.a) The proportional counter system at the reflector focus was re-
designed to increase thé'angular interval cver which x-rays were detected
and to improve the anticoineidence efficiency for reducing background count-
ing rates, The detector system on 17,012 had two proportional counters
using diffeﬁent'gases which ﬁere isolated by a ﬁressure tight wall. Thesé
detéctors had apertures which were'O.l0 and 0.3° wide, In the new design
.the wall, its pressure seal, and the detecto: with a_0.30 aperture were
replaced by two detectors, each having g 0.25O aperture, The time available
“for ebservimg~a~saarée~aa it seans acress the: foecal plane waa—thereby increased -
by -~ 50%. Background rejection efficiency was increased by su:rounding the

x-ray detectors as completely as possible with gas antiéoincidence counters.,

b) Previously, the pro?ortional counters at the reflector focus

opésatg¢ aﬁ LOO Torr, requiring complicated gas Tlow systems because of the
sdb-atmogggeric ﬁressﬁre. Also, becauée the detectors used differént gases,
two of these flow systems were reguired. ©Since religbility of gas flow

systems and thin polypropylene wiﬁdows operating at sl}g}@ly above atmospheric -
ﬁressure have greatly improved, this redundancy wns n6 L§£ger required.

The system was redesigned for‘17.013 s0 that the defectors used a common

-gas and operated at 760 Torr. Gas was flowed through the detectors until

Just before launch when they were sealed-off. During flight g demand-type
regulator supplied gas to compensate for any pressure drop. This greatly

simplified the gas system at a considerable saving in weight,
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e) A 32-channel pulge height analyzer (FHA) %«as used to digitize

the pulse emplitudes from the detactdrs.at the reflector focus. Outputs

from the three detectors were fed through a comgon amplifier into the PHA.

Each x-reay pulse generated an eight bit Wbrd,wheré the first five bits

- were the digitized pulse amplitude and the remsining three bits identified

the detector in which the event had occurraed. PFor each evernt, this eight

bit word was shifted to a register which was sampled approximstely every

50 microseconde by a FOM encoder. Output of the encoder was transmitbed
© to the ground for later de-coding. On 17.012 the data were transmitbed
in an analog mamer, This system was retained on 17.013 for monitoring the

detector gperation in routine checks and for redundancy.

d) Fiducial markers placed on the camera photographs for cslibration

-purposes vere improved by replacing cross-shaped aperiurves in front of light

@mrtting diodes with precise circular apertures .006" in diamcter.

e} Detector energy calibration with a radicactive source was initiated
juet before each slow data taking scan in addition to the begimning and end

of the flight.

f) The Bragg crystal spectrometer and a photoelectric aspect sensor

flown on 17.012 were not flown on 17.013. -




PRELTMINARY RESULTS FROM 17.013

Aercbee 17.013CG was successfully launched from White Sands Missile
Range on 3 February 1975 at C2:16 MST. The payload reached a peak altitude
of 253 ki and ﬁrovided a time above 120 km of.342 see. All of the instru-
ments in the experiment payload performed properly and acquired useful

data.

Preliminary dats from the three detectors at the focus of the x-ray
mirror ind from the collimated proportional cOuﬁter are shown for the entire
. flight in Figure 2 on the following page. Detector 1 is behind the O.lo
éﬁért;;é ﬁﬁii; Aétéctofé.é;;ﬁd,3.afé ééﬁina O;Eﬁouaééftﬁféé;..fhe qoﬁnﬁiﬁg.¥afes
~in each of the detectors have been summed for 3 sec intervals and élotted

.as histograms. The mirror detector data refer to the energy range from .5

to 2 keV, while those from the collimated detector range from .75 to 6 keV.

The sequence events which occurred during the flight are ind;cated aloﬁg
the top of the figure. Tabels such as "to Her X-1" indicate a sequence of
attitude control systeﬁi(ACS) maneuvers required to position the paylosd
axis for data teking scans and "Cal' indicates the duration of a period
of energy calibration of the detectors with a radiocactive source. Data
‘have not been included for the "Cal" periods. A peried of "noisy data”
1is indicated in the plot for mirror detector 2 when the anaiOg data oufput
' malfunctionéd briefly., The PCM data appears to be clean and does'ﬁot“have

this ddffienlty.
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A l.O0 sean over Her X-1 was performed at a rate of 0.020 sec-l.

The ACS positioned the payload axis too closé-to the source at the beginning
of this scan so the source was already in.the-field of view of detector 3,

as indicsted by the high counting rate at about 175 sec. As the scan p;q-
ceeds, the image of Her X-1 moves successlively into detectors 2 and 1 as
indic%%éd.by the sequentisl inerease in count:ng rates registered by these
detectéfs. Data in detector 2 is particularly noisy bhetween ~ 200 and 250 sec,
however POM data confirms the increased counting rate in detector 2 near

190 sec as heing a real signal from Her X-1. The counting rate in the colli-
mated detector is modulated very little throughout this period because of
Cits rglat;ve;y brogd fieldrof viggI(EO FWHM) compared to the épﬁarent motion
of the source during iGe sean from -0.5° o + 0.5° relative to the payload
axis. Also, because of the broad collimation, Her X-1 remains in the field

of view of this detector during a roll maneuver at the end of this slow scan.

A sean of 1.6° was performéd over thé’Virgo x-ray source, again at a

" rate of 0.02° sec"l, but in the opposite serse to that over Her X;i. Con-
sequently, this source appears in the three mirror detectors in the oﬁposite
gense, with the counting rates peaking at times of approximately 270, 280

and 295 sec in detectors 1, 2 and 3 respeciively. Detaile of the source

extent and its anguiar structure must awalt further analysis. A substan-

tiél decrease iﬁ counting fate oceurs ih +the cdllimated detector throughout this
scan since the appafent source motion prééeeds from approximately 0° to 1.6°

relative to the payload axis,

REPRODUCIBILITY OF THT
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During the maneuver to ¢ and @ Aur the payloaéﬁaxis passed sufficiently
near the crab nebuiﬁ'to be observed by the collimated detector but appears
in the mirror detectors only as a slight increase in counting rate by way
of scattering off the reflectors. Two gcans in opposite sense, 6° in length
and at a rate of ~ .15 sec™t were made over ¢ and o Aur, Wo signal is appar-
ent from these abjects in the preliminary a&fa of Figure 2, The sgtars ¢ Leo,
£ Her and g Vir were in the field of view of detector 1 near times of 125; 158,
and 245 sec. 'Again, no signal is apparent at these times in this preliminary
reduction of data., TFinal analysis will decrease fthe noise level somewhat:
gnd if no signal is detecfed; allow at least upper limits to be placed on
. xeray éﬁiéSioh'from these objeets,

P?eliminary reduction of data frém the collimated detector has been
completed for the observation of Her X-1, Figure 3 shows a preliminary
light curve for this source in two energy intervals where the data have been
folded with the period 1.24 sec., Modulation of the x-ray emission at this

- pulsation period 1s apparent and appears to diminish somewhat at low energy.

Tilm from the 35 mm camera, which photographed the star field, has
been developed and is of high quality. Reduction of these photographs
will provide the necessary aspect information Ffor analysls of the flight

data,
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CONCLUSIONS AND RECCHMENDATTONS

f} X~-1gy reflectors that are built in the future chould focus in both
dimengions to produce an imsge of an x-ray source, While singly focussing
optics have some advantage over collimated pro?ortional counters, they
suffer from the fart that in acquiring data their field of view must be
seanned over z source. This is very inefficient for measurements with
good anguiar resolution since only a small fraction of the observation
time is spent collecting data from a given part of the source. Fven the
modest improvement in observing time obiained on this flight by increasing
the angular aperture of the detectors at the reflector forus has proven
to be very beneflcial. - Imaglng coptics, however, ¢an acquive data with
high resolution from each part of an extended source region for the full

observing time.

B) Reliability of gas flow systems and thin polypropylene detector windows
operating at atmospheric p?ecsureé have been established on this {1ight

and on other solar rocket flights, The simplicity and low cost of these
systems are of distinct advantage and their use is recommended, Also,

there is no danger of applying high voltage destructively to the detector
while i is acelidentally evacuated, as there is in the case of sub-atmosgheric

T
]

- counters utilizing flow into a vacuum system. e



