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A power spectrum derived from 8 hrs of high time resolution ME
data from the bright galactic bulge source GX 5-1. The detection
of a broad peak between 15 and 40 Hz led to the discovery of
intensity dependent quasi-periodic millisecond oscillations from
GX 5-1. These oscillations are a new phenomenon in the field of

X-ray binaries and have subsequently been observed from Sco X-1
and Cyg X-2.

Courtesy: M. van der Klis.



FOREWORD

‘With the passing of the nominal two-year wmission Tlifetime
milestone, it is a pleasure to note a major scientific discovery
of EXOSAT, viz: quasi-periodic oscillations from some binary
X-ray sources as illustrated. on this issue's front cover and
caption. Appropriately, at this time, articles on the scientific
h1gh11ghts and a broad discussion of the programmatic aspects of
“the mission are published.

Attention is drawn to the ?ig% of data currently available in the
EXOSAT data archive, given on pp.73-87. This list, derived from
the observation log and ordered .in RA, comprises observations
carried out prior to 30.6.84. Future issues of the EXPRESS will
contain RA-ordered 1ists of data released during the previous two
month period. Computer listings of the complete archive or the
observation log are available on reguest (piea%e specify chrono-
1og1cai or RA-ordered).

An erratum to the artwc!e on ME cailbratsaﬂ (Express No. 10,
p.40) is published on p.70 and researchers actively involved in
ME data analysis are reqaested to take note.

An announcement is given on p.89, at the request of ﬁhe @rganés—
~ing Committee, of IAU Symp@szum No. 125 on the 'Origin and
Evolution of Neutron Stars’ to be held from 26- 30 May 1986 in
Nanjing, PeOp?e s Republic of China. '

Because of an error in the ‘production of computer-addressed
labels, not discovered until mid-way through mailing, several
readers received two copies of EXPRESS No. 10. To these readers,
our apologies and assurance that the ‘'practice’ will not
continue! :

EXOSAT EXPRESS
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Editor: David Andrewsl
Published by:  EXOSAT Observatory Tel: 06151-886-705
’ £S0C, Telex: 419453/49441
ﬁ@bert Bosch Str. 5, Telefax: 886/622/611

6100 Darmstadt,
W. Germany.



OBSERVATORY STATUS AS OF 30.6.85

Significant re-scheduling of the A0-3 programme for the July-
October period and deletion of some observations {eg. Error Box
searches) has occurred in order to carry out observations of
sources in the galactic centre region as priority targets, given
the uncertainty regarding rémaining attitude/manceuvre gas {ref.
- Express No.10 p.2). The Observatory Team regret any inconvenience
caused to EXOSAT PI's, particularly in regard to rearrangement of
co-ordinated observations, however our continuing goal is to
maximise the scientific return from the mission, '

i. gﬁfﬁwaf&

There have been no. changes in the status of the spacecraft
hardware. \ ‘ :

Reference was made in Express No.7 9.2 to an error in the star
tracker calibration reference points (Local Lord Point$) and the
implication for possible {small) systematic errors in determined
pointing positions. SODERM have provided new reference data which -
ESOC and the Observatory Team are currently using to check
previous pointings and the positions of known X-ray sources.
Details will be given in the next issue of the Express.

During investigation of the GSPC - dead time effects (ref. p.67),
a malfunction of the electronic single channel analyser for
energy discrimination has been discovered: The upper level
threshold is commandable in 4 steps {equivalent to ADC channels
60, 120, 180, 240 ie.~10, 20, 30 & 40 keV at gain = 1) with the
nominal value being channel 240. This threshold has shown a

gradual deterioration in sharpness of cut-off, manifested

initially as a few counts remaining between channels 240 and 255

in spectra observed during 1984 and presently as a rather

smeared-out cut-off with significant counts still at. channel 255
{ref. p.68). Note that this precludes any correlation between QEP

counts and spectral counts, and users should not, therefore, use

the (EP counts for flux or dead time estimates. '

2.~ Performance and Operations

~Tables 1 and 2 on p.5/6 give the current @érfgrmante parameters
of the EXOSAT instruments. : : .

A power failure at ESOC occurred on 22.6.85 and resulted in the
loss of approximately two hours of cbserving time with con-
siderable restructuring of observation start and end %imes.




pecent estimates of the vremaining -attitude/manceuvre gas
{propane} using the two methods of logging and gauging {ref.
Express No.9 p.51} indicate approximately 4 kgs as of June 9th
1985, With a current gas consumption of ~ 240 gm/month (based on
the logging data) and predicted use for stabilisation during an
orbit manceuvre to extend the mission beyond its natural end in
April 1986, careful use and timing of the orbit maneouvres should
permit a full observation programme until late 1986 (provided
operations remain nominal and albeit with considerabie uncer-
taintyl). Regular gauging exercises and continual logging will be
carried out to maintain realistic estimates of mission lifetime
in order to cptimise the programme where possible. With respect
to gas conservation measures (ref. Express No.9 p.6), use of 1
‘star and the sun for attitude determination can increase the
probability of fracking an incorrect (single) star, hence
confirmation of pointing. will always be done with two stars. This
will add a slight overhead (few minutes) to total manoceuvre times
from source to source. ‘

3, On-board Software

Attention is drawn to the article on p.71 concerning potential
{rare} errors in packet reference times of certain time-critical
0BC programs when executed in specific 'program slots'.

Following the important discovery of quasi-periodic oscillations
from X-ray. binaries, a new OBC mode (MHER7) has been specified
and 1is being developed/tested to be ready for appropriate
observations of galactic centre sources in August/September. This
mode will provide high time resolution intensity samples (sub-
millisecond) and/or Timited spectral dinformation (maximum 4
energy bands). A detailed specification and operational proced-
ures will be given in the August issue of the Express, but in the
meantime PI's with observations for which this mode is relevant
should contact A. Parmar at the QObservatory.

4. QObservation Cutput

With reference to the original specification of the observation
log {Express No.9 p.44), note that a minor change has occurred:
- the accumulation time for ME energy histograms will be shown to a
resolution of 0.1s and not 1s. ’

Note that data archive listings derived from the log have a
tayout which broadly follows the specification (p.72). In the
Observation log listings, however, the PI name will be replaced
by payload and OBC configuration detaiis, as described in Express
no., 9.



Details of the GSPC calibration history and status are given on
pp.51-66. An update to the GSPC CCF will be implemented shortly
{description in the next issue of the Express).

A second data analysis workshop held at ESOC on 22/23 May 1325,
was attended by 7 scientists active in EXOSAT data analysis.
Presentations were given by Observatory Team wembers and

g e
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discussions highlighted a number of areas for further actio
{future articles in the Express). One area of immediate interes
concerned the off-axis point spread function of the LE C[MA an
the definition of its functional form. At present, the bes!
description of the off-axis PSF can be given as a set of 43
images of Cyg X-2 (raster scan calibration, Lexan 3000 R fitter).
No change to the CCF is currently planned. These images, together
with the standard set of background images per filter (ref.
Express No.9 p.5) are available on request. Demonstrations of the
Interactive Analysis System were given to illustrate general and
specific aspects of the analysis of EXOSAT data.
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Future Plans

A0-4 will be issued in August 1985 with a response reguired by
1st January 1986. 3Selection of the A0-4 programme, with 2
duration from March to the end.of the mission will be undertal
by the Committee on Observation Proposal Selection, (COP
February next year.

b
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TABLE 1

* PERFORMANCE CHARACTERISTICS (LE)

LE1 | Characteristics
Energy Range ' 0.04-2 keV (6-300 A) CMA*
, 0.3 - 2 ke¥y PSD
Energy resolution - Ffve filters are avai1ab1e‘fcr'bread»bandv

spectroscopy (CMA)
(AE/E) = 41/E(kev)0 5 %FWHM {(PSD)

Field of view = . 2.2° dzameter (CMA) 1.5° diameter -(PSD)
Effective area (cml) Thin Lexan A1/P Boron Open position
o : : Filter Filter Filter (PSD)

.05 keY 0.4 2.6 - -
.1 keV 11.1 .4 - . -
.5 keY 4,5 3.3 0.4 1.9
1.0 keVv 3.2 2.5 2.0 13.5
1.5 keV 2.2 1.6 1.8 9.7
2.0 key 0.6 0.5 0.6 1.9

Spatial resolution v
(Line spread function HEW)

On axis o 18 arc sec (CMA) 3 arc min (PSD)
20 arc minutes off-axis: 40 arc sec (CMA) 3.5 arc min (PSD)

Average steady residual backgfound** 1.8 cnts/sec/cm? - (CMA)
, 0.7 cnts/sec/cmzlkev {(PSD)

*  Sybject to UV contamination between 900 - 2600 A
*x Background rate subject to flarwng '



TABLE 2

PERFORMANCE CHARACTERISTICS (ME & GSPC)

Medium Energy Experiment

Characteristics

Total effective area

Effective energy range
Energy resolution {AE/E)
Field of view

Total residual background

Gas Scintillation Counter {GSPC)

*Total effective area

Effective energy range

Energy resolution {AE/E)

Field of view

Total residual background rate

1500 cm? {all quadrants co-aligned)

1-20 ke¥Y {Argon proportional counters)
5-50 keV {Xenon proportional counters)

/E (kev)1/2 % FWHM (Argon counters)

51
18% for 10 keVSE €30 keV {Xenon counters}

45 arc minutes FWHMM, triangular response
i

with-a 3" flat top

4 cnts/sec/keV (2-10 keV Argon counters
co-aligned}

100 cm@

2-18 keV or-2-40 keV, ‘depending on gain
setting ' :

27/€ (kev)1/2 % FWHM

45 arc minutes FWHM triangular response
with a 3' flat top

1.3 cnts/sec/keV (2-10 keV)

* depends on E and burst length window setting



LIST OF AO-3 OBSERVATIONS 1.5.85 - 30.6.85

Day Time  Target RA Dec SAA  Duration Principal

(85) ‘ ' h m Investigator
121 04.59 Vela X-1 09 00 02 -40 23 25 105 9 16 Van der Klis
121 19.02 1308+326- 13 07 54 +32 27 32 128 2 40 McHardy
122 02.50 EX0 1847-031 18 46 44 -03 19 34 117 - 110  TOO
122 08.49 GX 13+1 18 11 43 -17 07 46 128 5 11 Stella
122 18.10 3A1845-024 18 45 24 -02 14 23 117 8 50 Lewin
123 07.03 OY Carina 10 05 48 -69 59 13 111 2 42 Charles AO-2
123 12.41 Vela X-1 09 00 01 -40 23 25 103 16 5 Van der Klis
124 07.45 ESO 103-G35 18 33 46 -65 26 53 117 6 13 Pounds
125 03.30 0y Car 10 05 48 -69 59 10 111 5 30 Charles AD-2
125 12.00 Vvela X-1 09 00 00 -40 23 25 102 g ¢ Van der Kiis.
126 00.50 2A1822-371 18 22 34 -37 06 00 129 16 59 . Mason
126 22.25 MKN 421 11 01 25 +38 27 49 102 6 31" Marwick
127 07.30 Vela X-1 09 00 00 -40 23 20 101 11 45 . Van der Klis
127 22.39 11564295 - 11 56 42 +29 30'54 116 3 42 McHardy
128 04.45 NGC 4151 12 Q7 44 +39 41 19 110 . 3 48 Pounds
128 18.01 NGC 4151 12 07 47 +39 41 11 110 4 49 Pounds
129 00.30 PGO923+129 09 23 11 +12 55 32 - 91 6 35 . " Kriss
129 09.52 Vela X-1 09 00 02 -40 23 08 100 12 17 Van der Klis
129 23.02 Vela SNR ' 08 40 30 -42 36 06 = 97 3 58 Smith AQ-2
130 03.46 Vela SNR 08 32 24 -42 36 02 95 329 Smith .
130 08.10 Vela SNR 08 24 24 -42 3559 94 321 Smith "
130 12.32 Vvela SNR 08 24 23 -43 5511 94 316 Smith "
130 16.44 Vela SNR 08 32 24 -43 5514 95 2 46 Smith - *"
130 21.38 O0OY Car : 10 05 02 -70 01 10 111 342 Charles AO0-2
131 05.25 NGC 3277 10 20 37 +20 05 38 99 5 34 ~Elvis
131 13.38 ON 325 12 16 25 +30 25 50 115 4 81 T00
131 20.52 MKN 421 11 01 28 +38 27 41 98 6 21 Warwick
132 18.46 1308+326 13 07 55 +32 37 10 120 .6 19 . McHardy
133 02.30 NGC 4051 12 00 21 +44 48 27 102 16 30 Lawrence
134 03.00 G292.0+1.8 11 22 41 -58 59 00 121 9 0 - Peacock AO0-1
134 14.45 G299.0+0.2 12 14 32 -62 10 26 125 5 24 Peacock A0-2
135 01.56 M51 13 27 57 +47 29 10 108 7 14 Barr .
135 11.30 NGC 4151 .12 07 47 +39 41 12 105 10 28 Pounds
136 18.06 1156+295 11 56 46 +29 30 47 108 343 McHardy
137 -00.25 Kohoutek 1-16 18 21 30 +64 22 51 90 i7 20 Barstow
137 20.35 SS433 19 09 23 +04 56 14 122 10 57 Watson  A0-2
©138 11.49 3C273 : 12 26 24 +02 18 28 128 5 48 Turner  AD-1

138 22.29 EXO 2030+375 20 31 22 +37 30 39 91 911 700
139 10.40 4U0833-45 08 34 11- -44 48 02 92 14 52 Smith
140 17.04 PG 1159-035 11 59 01 -03 29 59 122 17 36 Barstow
141 13.00 MKN 421 11 01 26 +38 27 44 S0 616 Warwick
141 23.18 CEN X-3 11 18 48 -60 23 21 118 26 26 Tennent .
143 05.22 EX0 2030+375° 20 30 21. +37 22 56 93 2 40 T00 ‘
143 10.14 NGC 4151 12 07 45 +39 41 06 99 113~  Pounds

144 01.30 1156+295 11 56 46 +29 30 35 102 - 2 9 = McHardy
144 06.55 CH CYG 19 23 19 +50 07 00 96 2 26 T0O

- 144 12.40 40U 1916-05 19 16 10 -05 17 22 130 8

20 Mason



Day Time - Target RA - Dec SAA  Duration Principal

(85} . ' \ o - h m Investigator
145 01.15 PKS 2005-489 20 05 57 -48 57 00 125 5 20 Warwick

145 09.05 AT MIC , 20 38 49 -32 34 31 119 914  Nelson

‘145 21.32° ER VUL 21 00 18 +27 38 54 94 2555 . White

147 01.47 1RAS1833+326 18 33 08 +32 41 36 116 313 opPsS

147 20.51 88433 - 1909 22 +04 56 07 130 10 8 Watson

148 10.00 2223-052 22 2313 -051015 9 6 0 = McHardy -

148 18.20 4U1957+11 1957 03 +11 36 27 117 1024 .lewin

149 07.10 EX02030+37 20 30 30. +37 2736 97 . 520 ToO .

149 15.55 ERROR BOX - . 1216 15 +47 03 20 91 354  OPS -

149 21.26 1308+326 ‘ 13 07 57 +29 30 42 108 320 McHardy

150 03.12 11564295 11 56 47 +35 26 50 97 335 = McHardy

150 09.25 Her X-1 16 55 54 +35 26.50 122 ~ 6 35 Kahabka -

150 19.10 NGC 4151 12 07 49 +39 40 57 93 4 20 Pounds

151 14.09 Allig-61 11 18 30 -61 40 14 114 4 59 Pakull

152 21.30 EXO 0748-676 07 47 28 -67 36 10 9 11 31 ~ TOO : '
152 18.13 [IH 2158-6026 21 56 04 -60 19 58 114 310 Schwartz A0-2-
153 00.40 IH 2032-358 . 20 32 30 +35 47 26 127 311 Schwartz A0-2
153 07.40 3A1954+319 19 54 01 +32 00 25 108 3 25 .- Watson A0-2
153 13.11 [IRAS1833+326 18 33 07 +32 42 09 118 339 0OPS o
183 19.26 Her X-1 . 16 55 51 +35 27 14 122 6 24 Kahabka

154 04.35 ERROR BOX 14 22 36 +48 11 30 102 5 28 oPS
154 11.48 1156+295 11 56 44 +29 30 19 93 6 23  McHardy

155 17.39 AM CWN ' 12 32°14- +37 54 02 94 325 King

156 00.11 EX0 2030+37 20 30 32 +37 2535 100 3 50 T0O

156 06.25 ERROR BOX 131153 +391804 99 259 0PS

156 11.45 AC Draconis 16 01 03 +66 58 10 90 6 42 Viotti

156 20.00 Her X-1 .16 55 54 35 27 12 122 13 10 Parmar

157. 11.58 LE Cal : 19 56 30 +3506 3¢ 108" 6 7 CAL

157 21.15 '2223-052 222315 -051003 99 .2 36 McHardy

158 04.48 1156+295 11 56 44 +29 39.53 90 8 32 McHardy

159 02.00 PGL229+204 1229 21 +20 25 51 100 17 30 Kriss

159 22.08 NGC 5548 - 14 15 30 +25 22 34 116 6 22 ~ Branduardi A0-2
160 07.44 Her X-1 16 55 54 +35 27 12 121 11 21 Kahabka

160 21.10 E1821+643 18 21 36 +64.22 04 .91 6 22  Stanger v
i61 05.50 3C382 18 33 09 +32 41 53 121 555  Perryman A0-2
161 14.50 E2003+225 20 03 33 +22 34 04 118 15 32  Osborne -
162 21.22 Nova Vul 84 ‘19 23 58 +27 18 01 121 6 17  TOO

163, 06.37 Draco Nebula - 16 52 08 +61:53 14 94 1 57 Mebold

163 09.26 Draco Nebula 16 49 38 +61 03 12 95 4 58 = Mebold

163 1€.02 Her X-1 16 55 49 +35 26 17 121 12 5  Parmar

164 07.20 1308+326 ' 13 07 55 +32.35.44 97 3 57 McHardy

164 13.20 PGl211+143 12°11 34 +14 18 22 94 6 17 Elvis -

164 22.53 2223-052 22 2311 -0509 36 106 ° 4 57 McHardy

165 05.15 R Aguarii , 23 41 15 -15 30 57 93 6 45 Viotti

165 15.24 EX0 2030+37 20 30 39 +37 2515 105 335 T0O

165 23.38 PSR0540-69 . 054308 -68 49 49 92 .13 30 Helfand

167 08.06  Her X-1 © 16 55 53 +35 26 14 120 8 58 Kahabka

167 21.00 RS CVn- ‘ 130808 +36 11 32 92 11 13 White _

168 11.14 AM Her 18 14 50 +49 52 32 106 3 7 Heise A0-2
168 17.13 Coma Cluster 12 57 20 +28 10-50 94 5 37 Branduardi A0-2.

2

168 23.35 Coma Cluster 13 00 20 +28 10 52 94

N4

23 Branduardi AQ-2



Day Time -Target .- RA Dec - SAA Duration Principal

(85) ' - o ‘ h m  Investigator

170 '16.48 PSR 0540-69 05 43 04 -68 52 01 92 333 Helfand

170 22.05 Cen X-3 1118 42 -60 21 43 106 3 37 Tennant

171 02.26 1E1048-5937 .10 47 48 -59 37 47 102~ 7 8 Charies
171 14.46 2223-052 - 222315 -051013 112 257 McHardy

171 21.05 7IRAS 1833+326 18 33 07 +32 41 35 123 4 51 ops

172 05.05 Her X-1 .. 16 55 52 +35 26 37 119 12 56  Parmar

172 20.50 EX0 2030+37 20 30 29 +37 25 00 109 316 100

173 04.10 NGC 5548 14 15 30 +25 22 07 ‘106 5 20 Branduardi AQ-2

173 11.42 1E1352+182 ) 13 52 01 +18 20 53 106 3 57  Giommi

174 02.10 1E1352+182 13 52 01 +18 20 36 105 15 23 Giommi

174 19.45 GP Com . 130305 +18 16 28- 94 16 15 Lamb

175 14.30 Her X-1 16 55 51 +35 26 18 118 11 40 Parmar

176 06.05 NGC 4593 ‘ 12 36 55 -05 05 02 97 8 24  Clavel

176 19.00 HD 193793 20 18 56 +43 39 10 107 3 7 TOO

176 23.55 Cyg X-2 ' 21 42 38 +38 07 58 101 12 25 Hasinger

177 20.40 Cyg X=2 21 42 36 +38 08 04 102 5 25 Hasinger

178 05.41 IRAS 1833+326 18 33 03 +32 41 09 123 6 20 Ops

178 15.10 EXO0 2030+37 20 30 28 +37 25 00 112 137 T0O

178 18.36 3A2206+543 22 06 07 +54 16 20 89 2 3 TOO

178 23.22 WK 464 13 53 32 +38 4812 91 58 Bel1-Burnell

179 09.36 2223-052 22 23 13 -05 09 55 120 2 11 McHardy

179 14.34 NGC 526A 01 21 42 -3516 28 93 4 26 Pounds

179 22.51 G3C45.6+0.1 13 03 11 -62 24 25 114 8 39 Peacock

180 10.15 Centaraus-A . 13 22 20 -42 47 07 114 4 45  Molteni

180 17.25 NGC 4593 12 36 55 -05 05 21 93 5 44 Clavel

4 7 Helfand

181 01.48 PSR 0540-69 05 43 43 -68 53 24 92



AD-1 16}
Target-

SC 0627-54
30345

U Gem
G%340+0
GX349+2

" PKS 1934-63

A0-2 (36)
Target

‘Decided by PI

NGC 7172
NGC 1808
Abell 2235
3A1006+475
IH2236-372
N63A
G41.1-0.3
G39.9+0.0
U Gem

GL 754
3A1954+319
- AD538-66
NGC 6553
AM Her

'A0535+26
251536-536
“Fornax

. NGC 5448

1758-250
Nova Muscae
PK318+41.1
1H0422-086
Cyg X-1
H1615+09
RCW 86
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OUTSTANDING AO-1/A0-2 POINTINGS

Proposal No.

Comments

CLU F10
AGN F50
LLX G17
0CC 61
0CC G4
EXG F36

" To be schedu1ed :
' TOO Status waiting for outburst

Qccu?tatlon - on hold "

To be scheduled

Comments

Proposal No.

AGN 024
AGN 036
AGN 057

- CLU 006

MIS 011

- MIS 011

SNR 028
SHR 030
SNR- 041

" LLX 105

LLX 171
HLX 039

- HLX 053

HLX 055
HLX 063

HLX 154
HLX 046

AGN 075
AGN 032

HLX 095

LLX 162

LLX 110

- MIS 011
HLX 044

MIS 019

SNR 039

To be‘scheduTéd |

TOO status wa1t1ng for outburst

(2 observat1ons)

1 To ‘be scheduled

TOO Status

(5 observations)
To be scheduled -

~ Partially complete (1 observation

: _ S remaining)
Scheduled Mar.86 (5 observations)
To be " (partially completed)

" " (partially completed) .

‘Part1a11y comp]ete (2 observations

‘remaining)

~ To be scheduled (AOZ extens1on)

re-scheduTed :

Partially complete to be scheduled
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EXOSAT X-RAY SOURCES

"New' X-ray sources are discovered by EXOSAT serendipitously in
the FOV of the telescope or in the offset quadrants of the ME or
from an analysis of ME/GSPC 'background’ data recorded during
manoeuvres. We intend to maintain a list of published ‘'new’
sources and readers are encouraged to report 'discoveries'.

It is recommended that the following convention be used when re-
férring to EXOSAT sources 1in publications; in any case, this
format will be adopted for any list maintained by the Observatory
Team and 1is consistent with the recommendations referenced
(below) and the Einstein HRI format.

Please note that this convention supercedes and renders obsolete
the definition printed in Express issues 4 to 6.

EXQOSAT Source Nomenclature

Source Position: RA 024 30m 20.5s (1950)
| ‘ DEC -02D0 20m 33.2s

Name 1 EX0 023020-0220.5

EX0 074824-6737.4: ~ IAU Telegram No. 4039
EXO 184639-0307. 5: IAU Telegram No. 4051

EXO 174725-2124.7: IAU Telegram No. 4058

EX0 203021+3727.9: IAU Telegram No. 4066

Ref.(1) Dictionary of the Nomenclature of Celestial Objects
M.C. Lortet and F. Spite, Observatoire de Paris, Meudon

(2) IAU Sub-Group on Nomenclature Problems



Circular  Title
No.
3841 Hercules X-1
3842  Supernova in
NGC 5236
3850 GK Persei
3854  MXB 1730-335
3858 4L 1543-45
3872 GX 1+4
3882  4U1755-33
3887 AU2129+47 =
V1727 Cygni
3893 V0332+53
3902 V0332+53
3906  V0332+53
3912 V0332+53

12

IAU (EXOSAT) TELEGRAMS
Comment

Ancmalous X-ray behaviour

Multi-waveband observations -

351s periodlczty dur1ng an
outburst

‘Active, type 1 bursts

Accurate position; ultra-

soft spectrum

| Unexpected low X-ray state:

£ 4 UFU

Periodicvdips in intensity

Unexpected Tow X- ray and
optical state

Accurate position, and flux

Discovery of 4.4s period

Unexpected‘brightening

~Orbital pa&gmeters determination

o=

G T Ca

Authors

EXOSAT. Team

W. wamsteker

M. Watson, A. Smith

EXOSAT Team

G. PoTlard, N. White
P. Barr, L. Stella

R. B]1ssett EXOSAT
Temn

R. Ha11, J. Davelaar

EXOSAT Team

.- White, A. Parmar
. Mason

. P1etsch H. Ste1n1e

W
M. Gottwald
.,Dave]aar .
Blissett, L. Stella
McKay, N. White,
Bleeker

L. Stella, N. White

.A.N. Parmar

R.J. Blissett
T.. Courvoisier

“L. Chiappetti

N. White, J.Davelaar,

~ A.N. Parmar, L. Stella

M. van der Klis



Circular

Title
No. "
3923 Her ¥-1
3932 251254-690
3935 AN URSAE
MAJORIS
3939 VW HYDRI
3952 251254690
3961 41)1323-62
3980 TV Columbae
3996 2S 0142+61
4033 1E1402.3+0416
- 4038 PG0834-488
" 4039 EX0 0748-676
4043 GX 5-1
4044 4y 1323m62
4044 NGC 3031
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Comment

Her X-1 ‘on' again at 80 Uhuru
flux units, 1.24s pulsations

(March 1.5 - 1.8)

Discovery of type 1 Burst and

an absorption 'event'.

Serendipitous observation: s
X-ray flux suggests a return

to the ‘bright’ state.

Discovery of X-ray pulsations

during superoutburst

D!scovery of a 3.9hr period
in the X-ray light curve

Type 1 Burst discovered

X-ray periodicity discovered

in range 1-7 keV,

1456 sec Modulation of the

X-ray flux

Rapid variability in BL Lac

Objects. .

Detection of a hard X-ray flux

Discovery of a bright transient
X-ray source which shows

bursts, irregular intensity
‘dips and periodic total eclipses

Quasi periodic oscillation in

the 1-10 keV flux

Periodic d1ps in the 1- 10 keV

flux
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RECENT EXOSAT Preprint List

This 1ist of recent EXOSAT preprints refers to all papers, with
an QObservatory Team member ag author, which have been accepted
for publication. Once the paper is published in the Titerature,
it wiil be removed from this 1ist.

4. The Structure of Low-Mass X-ray Binaries.
White, N.E., Mason, K.

- 5, The 'ﬁsntributﬁang of the EXOSAT Observatory to the 18th
ESLAB Symposium. .
‘ Cbservatory Team.

7. EXOSAT Observations of broad Iron-¥ Tine emission from Sco
' X-1. ‘ ‘
‘ White, N.E., Peacock, A., Taylor, B.G.

Copies -of these preprints are available on request to the
Observatory Secretary. :
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- REFLECTIONS ON EXOSAT AFTER TWO YEARS IN OPERATION

May 26, 1985 was the second anniversary of EXO0SAT's launch and,
in the bureaucratic sense, the culmination of the mission with
its initially approved and funded operational Tlifetime of two
years.

EXOSAT's origins can be traced to the Tate 1960's when a mission
(code named HELOS) to determine accurately the location of bright
X-ray sources, using the lunar occultation technique, was studied
by a 'Mission Definition Group' of European scientists. The
instrumentation, sealed proportional counters, was to be carried
in a small, 150 kg satellite launched by a Delta vehicle into a
highly eccentric 'polar' orbit to maximise the area of the sky
over which occultations could be performed.

The EXOSAT mission was approved by the ESA Council in 1973 but
did not start its phase B until 1977 because of the financial
Timitations of the ESA scientific programme budget. Also in 1977
it was decided that EXOSAT should be 1launched on the Ariane
vehicle. In the intervening eight years since the HELOS study,
the UHURU and Ariel 5 satellites (to name two) had been launched
to give the first exciting views of the X-ray sky and NASA's HEAQ
programme had been restructured to contain a powerful, few arc-
second resolution imaging telescope on the second satellite in
that series which was named Einstein after launch.

The "Announcement of Opportunity to propose instruments for EXQSAT
was issued by the Agency in 1973 with a model payload defined to
include large-area proportional counters and crude non-imaging
flux collectors for the lower energies. Instrument groups, known
as hardware groups in EXOSAT parlance, were selected in 1974 and,
following a so-called scientific model phase, the instrument
complement were significantly up-graded by the B-phase of the
project. It comprised the large area proportional counter array
(the ME, medium energy experiment), two imaging telescopes each
with transmission gratings, position sensitive proportional
counters (PSD) with good energy resolution as colour cameras and
channel multiplier arrays (CMA) as high resolution black-and-
white cameras and, a newly developed and unique instrument, a
single gas scintillation proportional counter (GSPC). It is
interesting to note that an array of similar-looking GSPC's
formed the major part of the highly successful Japanese satell-
ite, TENMA, launched a few months before EXOSAT in February 1983.

One overall requirement which was wmaintained throughout the
programme was compatibility with the Delta vehicle which
constrained mass (though eventually 120 kg of a satellite mass of
500 kg was allocated to the instruments), dimensions (one metre
focal length telescopes compared with Einstein's 3.4 m) and, not



24

Jeast, programme cost. Such constraints led to extremely innova-
tive and state-of-the art designs in the areas of the ME detec-
tors' bodies (all beryllium) and collimators {microchannel plate
technology), the ultra-lightweight, imaging telescope optics
{gold reflecting layers replicated within beryllium carriers),
and to the selection of a cold gas (propane) system rather than
reaction wheels for attitude control.

While these constrains would limit, & priori, certain performance
characteristics, eg. telescope throughput, energy range and
resolution, the vehicle compatibility requirement did mean that
we could launch in 1983 on a Delta, following the difficult
period facing the Ariane programme after the L5 launch failure.
As we now know Ariane has performed faultlessly since then - the
launcher earmarked at that time for EXOSAT being used for the
GIOTTO probe to Halley's Comet on July 2nd this year.

It has been remarked that EXOSAT was “too 1ittle, too late".
Given the delay from approval in 1973 to the Phase B start
in 1977, should the programme have been reappraised- then?
Did the 'upgrading' of the instrumentation within the con-
straints go far enough and were the constraints reasonable?

~ Would a satellite, launched in 1978 (earliest time from
mission approval in 1973 should early funding have been
available) centred on occultations and 'lunar offset point-
ing' as originally conceived, been enough anyway? Clearly
there 1s food for thought here, when planning and selecting
future scientific missions.

EXOSAT's development programme both for the spacecraft and the
scientific instruments was not without incident and difficulty.
Fortunately with the passage of time only a few now come readily
to mind and no longer in nightmares, though one remains to haunt
us. The major concerns centred on the attitude control system
(EXOSAT was ESA's first scientific satellite with a true 3-axis
stabilised capability), the timely availability of ME detector
collimator elements and thin beryllium windows (where we had to
find and 'qualify' an alternative source in the middle of the
flight model phase), the long term stability of the gold-onto-
epoxy-onto-beryllium X-ray reflecting surfaces and, the haunting
one, the PSD's. A full complement of ME detectors was flown but
more later of the attitude control and PSDs.

EXOSAT was launched flawlessly by Delta number 169 on 26 May 1983
at 08.18 hours local time (15.18 GMT) from the Western Test Range
(Vandenberg), California, at the first attempt, within a few
milliseconds of the start of a one-minute Tong launch window.
Such a narrow window was needed to yield the maximum orbital
lifetime (limited by celestial mechanics) of Jjust under three
years without violating other launch window requirements and
constraints. Getting the launch to take place at that moment,
rather than a moment twelve minutes earlier, which would have



25

given the statutory two year minimum lifetime, was no easy task
but was made possible by the record and experience of the Delta
launch team.

Let's back-track now to the beginning of the programme in 1973.
At that time it was decided that EXOSAT should be a facility to
be used by an 'observing community' on a European-wide basis and
its use should not be restricted to the few groups responsible
for the hardware. The decision had two important ramifications.

For the first time in the ESA (ESRO) scientific programme it was
decided therefore that the instrument procurement would be funded
and managed by the Agency rather than nationally and through
national groups. (Hipparcos and the ST-FOC are more recent
examples of this). However, as noted earlier, hardware groups and
instruments were selected through the A0 process and responsibi-
lity for the instruments shared between the groups and the
Agency. In practice the groups were responsible for scientific
design, testing and calibration, particularly for the 'front-
ends', the Agency for the engineering, system aspects, procure-
ment from industry and overall management.

It was further decided at that time that all observing time would
be open to competition through the peer review process with no
time reserved for or guaranteed to the hardware groups. For a
variety of reasons, one being the "quid pro quo" this approach
was modified in 1979 by a decision of ESA's Scientific Programme
Committee. This granted 'data rights' to the hardware groups for
the calibration and performance verification phases with a
guarantee of a percentage of observing time in the routine
operational phase. Nonetheless, hardware group proposals for this
guaranted time were subject to the peer review process.

Partly as a result of the EXOSAT experience where, perhaps
for - some, the shared responsibility for procurement was
unsatisfactory, and with a view not to 1load the ESA
scientific budget with the costs of instrument procurement,
the scheme adopted for the focal plane instruments of IS0,
ESA's Infrared Space Observatory to be Tlaunched in 1992,
calls for PI instruments funded nationally, gives the PI's
commissioning time and a percentage of guaranteed time but
makes available to the scientific community the majority of
the observing time. A similar scheme is likely to be adopted
for ESA's high throughput X-ray spectroscopy mission.

While EXOSAT was expected to be a facility for use by the
astronomical community, the originally approved plans for the
mission did not specify how this could be achieved. To be fair of
course, the full, final scope of EXOSAT as flown was radically
different from that primary occultation mission originally
foreseen. Preliminary plans for the ground segment of the
observatory were laid in 1978, though within very tight financial
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limitations, as this was seen as a new requirement, even though
by this time IUE was operational. These limitations of course
impacted on manpower levels and facilities that could be made
available. However, by the time of launch an Observatory team and
system had been established at ESOC geared to carry out the
scientific operation, to provide quick-look data for observers,
an observation data tape with instrument calibration files to a
defined, standard format and a basic automatic scientific
analysis (going far beyond quick-look). The basics of an inter-
active analysis system were also established. The originally
foreseen observatory product was 1ittle more than a telemetry
tape but the "miracle" was achieved with the use and upgrading of
HP equipment originally purchased to support the instrument
ground test and calibration programme. No VAX clusters here!l

In order to review the observing programme proposals and
initially to provide input to ESA on the Announcements of Oppor-
tunity {A0), the COPS (Committtee for Observation Proposal Selec-
tion) was formed and comprised twelve astronomers from assorted
disciplines from the community. (Were there robbers?). The first
A0 was issued in mid-1981, within the ESA member states.

From the overwhelming number of proposals with the available time
many-times over subscribed, a selection was made of the observa-
tions requiring the full scope of EXOSAT's dinstrumentation. It
was decided not to time-line the observations in any detail due
to launch date uncertainty and in case there would be any

surprises during the in-orbit commissioning phase. Surprises
there were!

Activation of the instruments began some 10 days after launch and
initial results showed that all had survived the rigours of that
event and were operating apparently nominally in accordance with
ground test and calibration. However, the PSD of telescope 2
failed soon after turn-on and by the end of June 1983 the PSD of
telescope 1 showed signs reminiscent of those discovered late in
the development programme. A fundamental problem with the PSD was
discovered during X-ray beam calibrations of the flight model
telescopes in the spring of 1981, at that time within about one
year of the planned Ariane launch date. It was found that high
energy background events could produce localised sparks (or
'pings' as they became known) in the parallel plate counter
geometry, which 'cracked' the methane quench gas, and led to
electrode damage, spurious low energy pulsing and eventually
continuous breakdown. A solution to the problem was found by
modifying electronic component values and by the addition of a
small active device known as the 'ping quencher'. Nothing conclu-
sive has been found to explain the in-orbit failures but in the
1ight of the 'ping' saga it is not inconceivable that the PSD's
parallel-plate geometry with planar, resistive-disc readout -
attractive for reasons of electronic simplicity, but with its
demand for very high voltages to achieve the necessary gas gain -
possessed Tittle margin of safety to cope with the unforeseen.
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Two further failures occurred within the next few months. The
grating mechanism of telescope 1 Jjammed half-in/half-out and
eventually was literally dragged out and the CMA of telescope 2
stopped working, started again and finally (?) stopped. Extensive
investigations of a spare mechanism on the ground yielded no
clues and analysis of CMA 2 data and the implementation of
various operational procedures have been to no avail,

The provision of two independent telescopes to maximise through-
put was also intended to permit flexibility in observations, eg.
a PSD in one telescope together with CMA/grating in the other and
to provide a degree of reliability through redundancy or duplica-
tion. This concept was undone by the systematic (?) failure of
the PSD's and the random, indeed perverse, failure combination of
the other two which left us with a working grating and CMA but in
different telescopes!

With these failings two important facets of the mission were
denied us: broad-band and high resolution spectroscopy in
the low energy domain. The results obtained early in the
mission did show, tantalisingly, what might have been. How-
ever it might be interesting to note that greater observing
time was achieved with the EXOSAT gratings in these first
few months than with the Objective Grating Spectrometer on
Einstein during the whole mission. It is not excluded that
further grating observations be undertaken towards the end
of the mission, if the grating can be dragged back in.
Thankfully for the rest of the operational 1life, the
instruments have operated fully satisfactorily and according
to expectation. ;

On the spacecraft side the major concern has centred on the
attitude control system. In the first months of operations,
various anomalies occurred, with the spacecraft switching from
star pointing mode to slowly-rotating, sun 'safety mode'. Even-
tually a working combination of on-board black-box functions was
found but not before a considerable mass of propane attitude
control gas had been lost. As the mission has progressed, the
observing programme timeline has been constructed with increasing
emphasis placed on the conservation of this resource - no easy
task given the high percentage of observations conducted simul-
taneously with ground-based observatories and satellites like
TUE, IRAS and TENMA.

On January 1lst this year, the X-axis gyro malfunctioned and in
the following weeks numerous anomalies involving the triggering
of safety mode occurred with the resultant loss of a large amount
of control gas. Spurious triggering of safety mode has been
prevented meanwhile by disabling the hard-wired autonomous safety
function and giving the task to the on-board computer.

The on-board computer has proven invaluable for the mission,
not only in this unforeseen application, but in its flexibi-
Tity and application to the various instrument/telemetry
operational modes, the vast majority of which have been
modified or newly implemented since launch.
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Again it may be interesting to recall that there was
" considerable opposition 10 years ago to having such a
facility on EXOSAT! Flexibility should not be confused with
complexity and the built-in ability to cope with the
unexpected or ill-defined is essential in any mission.

The problem with the control gas (propane) is to determine what
remains in the tank since no accurate, direct method is
available. Currently the results from Togging (i.e. estimating
via telemetry, the usage from thruster activations) and gauging
(i.e. measuring rate of temperature rise after switching on the
heaters to give a measure of thermal capacity) are converging to
give some 4 kg remaining. Providing this is accurate, that there
are no more ‘anomalous' events and the current minimum usage
strategy is continued, operations can be expected to last through
to late 1986. However as a precaution the galactic centre region
will get top priority in the next two months or so. As noted
earlier the orbit would decay naturally in April 1986, but by
firing the hydrazine motor (intended to adjust the orbit para-
meters for occultations) at apogee, the perigee height can be
raised. As the hydrazine motor is fired, propane must be used to
keep the satellite pointing the right way. The trick will be to
ensure that the propane runs out on the last orbit. So although
not used for its intended purpose, the hydrazine and the more-
than-sufficient-for-two-years propane capacity should extend the
useful mission lifetime of the statutory two years by at least 18
months.

While on the subject of useful mission lifetime, it might be
recalled that EXOSAT's orbit, primarily chosen for the occulta-
tion role, was highly eccentric with a 190.000 km apogee at high
northern latitudes. This orbit has allowed uninterrupted observa-
tions for 72 hours per orbit. Earth obscuration of the celestial
sphere is essentially zero and the detectors do not have to cope
with high backgrounds associated with the South Atlantic Anomaly
as for earth orbit satellites. On the other hand the particle
background in the high orbit is a factor of only 2 or 3 higher
than the Tow orbit, though solar flare activity can disrupt
operations for several hours.

EXOSAT's orbit does allow continuous coverage from a single
ground station and permits very efficient operation and control.
The satellite design and the orbit together have proved ideal for
coordinated measurements and has enabled very quick response to
alerts. Many of the most exciting results from EXOSAT so far have
stemmed from the long, uninterrupted look capability.

EXOSAT's operational efficiency, i.e. useful time on target
is very high and would be even higher had the attitude
control system been built around reaction wheels rather than
the cold gas system to allow high slewing rates. Plans for
operation of the Space Telescope (in low orbit) indicate
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that only some 35% will be spent on target. For future X-ray
astronomy missions (like XMM) serious thought should be
given to the utilisation of a highly eccentric orbit -
though it should be more equatorial for orbit 1ifetime/
stability reasons. The attitude system should of course be
capable of high slew rates. The table {later) shows that in
two years EXOSAT has spent only 50% of total elapsed time on
target, the major contribution to the losses coming from
perigee passage {(operations only above the radiation belts
taken at 70,000 km) and slewing from target to target.

Given the constantly changing on-board situation in the summer
and autumn of 1983 it was hardly surprising, at least to those in
ESA connected with EXOSAT, that time-lining the observation
programme more than a few orbits in advance (forget a few months)
was impossible. This view was not shared by some of the user
community. Gradually however things improved with time-lines
being generated in adequate time, in particular for those EXOSAT
observations conducted simultaneously with others ~ such observa-
tions being used as fixed points in the schedule around which
non-simultaneous observations were fitted in. It was also
impossible to supply data tapes (with calibration data) to
observers within the statutory one-month delay and indeed it was
not until mid-1984 that the observatory team had caught up with
the backlog.

The observatory team, who were working flat-out, were certainly
not encouraged in the early days by comparisons drawn with other
missions and one wondered whether the comparison was drawn for
the same relative epoch or whether memories were playing tricks.
Having waited about a decade for EXOSAT anyway, waiting for tapes
for somewhat longer should have posed no real hardship. What was
important was that the observations be done properly with instru-
ments whose calibration was known and understood.

When it was realised that certain of EXOSAT's mission objectives
would be compromised by the on-board problems, it was decided in
July 1983 not to time-line (i.e. defer) many of the observations
selected from those proposed in A0l prior to Taunch, which it was
thought could be affected by the unavailability of certain
instruments. The COPS was asked to look again at the deferred
proposals and it recommended with very few exceptions that all
previously accepted observations should be undertaken. AQ? was
released earlier than planned on a world-wide basis and indicated
to the user community the new situation and emphasised what could
and could not be done by EXOSAT. A03 was issued in August 1984
and AO4 (the last) will be issued in August 1985. Since A0l the
COPS membership has been changed to bring as broad a range of
expertise as possible to bear and expanded to cope with the
massive Toad of proposals that have been submitted in response to
each AQ.
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It might be remarked here that no guidelines were or are
established for the & priori allocation of time to small,
medium and large observing programmes, or to key projects or
to classes of <celestial object. The COPS recommended
selection of observing proposals from those submitted,
naturally trying to maintain a reasonable balance between
galactic and extragalactic astronomy and the various subsets
and of course making sure that the investigations selected
are properly matched to EXOSAT's strengths and unique
capabilities. It may be interesting to compare this approach
with those adopted for IUE, the Space Telescope and even
ground-based facilities. Which approach ensures that the
best science with expensive facilities is done?

The EXOSAT programme conducted during the first two years and the
complete programme approved are shown in the table. It might be
noted that no occultation manoevures have yet been performed. One
serendipitous occultation observation has been performed to check
the system and the hydrazine motor has been fired successfully

for calibration purposes.

. Approved Pointings . Time Time
Object Classification pointings!) | Performed?) | Approvedd) Observed4d)
Active Galactic Nuclel 544 381 1043 671
Clusters of galaxies 54 36 181 118
Deep fields 1 1 15 15
Extragalactic (Other) 73 67 97 89
High luminosity galactic 378 245 1175 599
Low luminosity galactic 524 355 1076 561
Miscellancous 118 8 184 121
Occultations 2 0 2 0
Supernova remants 115 77 274 195
Targets of Opportunity 59 59 120 120
Calibration/Operations 107 89 449 424
Performarce Verification 21 17 69 53
GRAND TOTAL 1966 1405 4685 2966
Down to and including supernova remnants: approved from

AO1/A02/A03 responses.
Pointings performed as of May 28, 1985 to orbit 196.

3)&4) Units of 104s,
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As the mission progressed and observational data were dissemina~
ted, requests for help with the analysis began to come in from
the community, especially from those members with no previous
experience in X-ray astronomy and who perhaps lacked institution-
al computer and software support. Requests ranged from proposals
to change data tape formats to FITs (not done), to distribute
auto-analysis software (done on a case-by-case basis) to distri-
bute interactive analysis software (not done) and to provide -an
interactive analysis capability for external users within the
observatory at ESOC (done). This latter was implemented during
1984 by the Observatory team and, following a trial period to
iron out the bugs, is now in full use. However it would now
appear that the community has got to grips with EXOSAT analysis
in that at a recent EX0SAT data analysis workshop at ESOC, the
observatory staff outnumbered the external visitors.,

The above improvements and indeed the Observatory system as
a whole have been implemented within existing resources on a
very Tow budget and shows what can be done by a young, keen
Team. However with the hardware development costs of
satellites as hignh as they are, with the flying of ever more
complex instrumentation and the ensuing nuances in analysis,
Just where should ESA draw the line on the services it
provides to a user community to ensure the best possible
return on the original dinvestment? How much should the
‘observer' be expected to have provided through national
resources? Is NASA's approach to ST the appropriate one with
the Science Institute?

Support is now given to process requests for archival research on
those observations conducted a year or more ago. This support is
given currently from within available resources, with operations
of course having priority. However, this does open up a new
window on EXOSAT, and, if IUE archival retrieval and research is
any guide, a most important and far reaching one.

What did EXOSAT cost to build and what are the running costs now?
When EXOSAT was launched in 1983, the development cost of the
spacecraft in industry was some 73 MAU while that of the scien-
tific instruments was about 13 MAU. For those for whom cost per
unit mass in orbit is a yardstick, these figures convert to about
200 KAU/kg and 100 KAU/kg for spacecraft and instruments respec-
tively. The total programme expenditure to launch in 1983
including internal costs, satellite testing, launch vehicle
procurement, preparations for orbital operations, overheads, etc.
came to about 155 MAU. Amortised over a two year orbital lifetime
this represented an investment of about 2.5 AU per orbital
second. This might explain why the EXOSAT Observatory within
given resources, always puts first priority on operations if
necessary, at the expense of other non-time-critical functions.
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The current yearly cost of EXOSAT is about 5 MAU for 24 hr/day, 7
days-a-week operations, observations, data production, analysis
and science.

It would appear that the value of EXOSAT is well recognised by
ESA's advisory bodies, the Astrophysics Working Group, the Space
Sciecne Advisory Committee and indeed the community as a whole
who in the shape of the delegate body, the Scientific Programme
Committee, agreed, at their meeting of 27/28 June 1985, that
EXOSAT be operated through 1986 to the end of its useful life.

Perhaps this in itself is testament enough to those who, over the
course of the project's development, made their contribution and
it would be appropriate here to thank on EXOSAT's second
birthday:

i

MBB the satellite main contractor and the COSMOS industrial
consortium

- the instrument contractors and suppliers: .
BAe (ME system), LND (ME detectors), Galileo (ME + GSPC
collimators), Electrofusion (ME + GSPC windows), Matra (LE
focal plane system and LE/ME electronics), SIRA (PSD/CMA
detectors), SNIAS (PSD gas system), Laben (LE/ME electronics
and GSPC system), AEG (GSPC gas cell) and CIT-Alcatel, ISA and
Fichou (X-ray optics);

- the McDonnell Douglas and NASA launch teams.
- the satellite project team and the payload team at ESTEC.

while there is still a job to be done, thanks to my colleagues in
the observatory team, the ESOC operations group, in SSD, ESTEC

and in the hardware groups might be recorded on some future
occasion when the job is really finished.

As a final point, the EXOSAT Observatory at ESOC is always open
to constructive criticism and we are keen to do the best we can
for the scientific community within budgetary resources. If you
have suggestions, please let us know - it's not too late!

Brian G. Taylor,
Astrophysics Division,
Space Science Department
ESTEC, Noordwijk




EXOSAT: TWO YEARS OF ACHIEVEMENT

With the second anniversary of the EXOSAT launch it was felt
timely to review the current mission status and mention some of
the scientific highlights from the wealth of data obtained over
the Tast two years. Since launch, about 2000 observations have
been performed by the Observatory covering the complete range of
astrophysical objects. These observations have come from the AQ
L, 2 and 3 observing programmes. The final AQ-4 program which
will be selected in February 1986 will run to the end of the
mission.

The AD-1 program, whilst providing some good scientific results,
suffered from its early selection 1 year prior to launch and did
not in general utilise the actual strength of EXOSAT. The program
was based on pre-launch sensitivities and a payload complement
which differed somewhat from that finally commissioned. Given
the limitations of this AQ-1 program, the O0bservatory has
produced some excellent science. The single most important
mission strength is the long uninterrupted look afforded by the
deep orbit, which coupled to the real time control and data
processing capability at the Observatory Centre has led to the
maximisation of the scientific results from observations made
with a well-balanced payload. This is particularly true in the
study of classical X-ray binary sources.

One of the first examples of the scientific return that could be
achieved with this orbit and near real time data processing was
the observation of the transient source V0332+53 by Stella et al.
(1984). After notification of a transient, the source was
precisely located by the Observatory and an optical counterpart
identified.Near real time data analysis revealed rapid Cyg X-1
Tike variability and stable 4.37s pulsations. Doppler variations
of these pulsations indicated an eccentric 34.3 day binary orbit
with X-ray outbursts occurring at periastron passage. This
predicted outburst period was confirmed when EXOSAT later re-
observed the source. Another example was the discovery by Parmar
et al. (1984) of an anomalous extended low state from Her X-1 in
the summer of 1983. Results by Trimper et al. (1985) from further
Her X-1 observations when it had returned to its normal 35 day
behaviour suggest the 35 day cycle 1is not caused by the
precession of an accretion disk, but rather by the precession of
the neutron star itself. A long uninterrupted observation of Her
X-1, through one complete orbital cycle of 2 days is unpreceden-
ted in the history of X-ray astronomy and has paved the way for
many more 1long exposures on galactic binary X-ray sources.
Indeed, it 1is a sobering thought that, post EXOSAT, future
missions currently planned will not have this long ook
capability.



34

In the field of low mass X-ray binaries EXOSAT has had a major
impact. These systems, with binary orbits of typically a few
hours, are difficult to observe with Tlow earth orbiting
satellites which suffer data losses due to earth occultations,
Atlantic anomalies etc. A continuous exposure of 9-12 hours is
quite typical for EXOSAT. This, coupled with the high sensitivity
of the ME detector array, has led to the determination of many
binary periods eg. 251254-68 (Courvoisier et al. 1984), 4U1755-33
(White et al. 1984).

The ME has also been very successful in discovering many new
transient and bursting X-ray sources such as EX0 0748-676 (Parmar
et al. 1985), EXO 2030+37 (Parmar et al. 1985).

The study of accretion-powered binary systems has taken a major
step forward with the discovery by Van der Klis et al. 1985 of
quasi-periodic oscillations (QPO) in the galactic bulge source
GX5-1. This discovery has been followed by similar results from
Sco X-1 (Middleditch et al. 1985, Van der Klis et al. 1985) and
Cygnus X-2 (Hasinger et al. 1985) and we may finally be getting
to grips with the nature of these sources. The detection of QPO
in Sco X-1 is particularly satisfying since observations of this
source essentially founded the subject of Cosmic X-ray astronomy
some 20 years ago. A systematic study of the well known bulge
sources in the galactic centre region will be carried out to
search for similar behaviour. New 0BC modes have been written and
the observatory mission planning tuned to take maximum advantage
of the forthcoming observing window.

The GSPC developed by the European Space Agency .and flown
successfully on the EXOSAT and TENMA satellites has complemented
the sensitive ME array. In the study of bright galactic sources,
the ME provides data on the temporal characteristics whilst
detailed broad band spectra have been obtained from the GSPC.
Some notable results include the discovery of broadened iron
emission lines from low mass X-ray binaries by White et al.,
(1985a),Sco X-1 {White et al. 1985b) and the black hole candidate
Cyg X-1 (Barr et al. 1985).

Another area of science reaping benefits from the EXOSAT mission
iz that of the study of cataclysmic variables, in particular
those containing magnetic white dwarfs. Here the LE and in some
‘cases the ME instruments provide the bulk of the results. A
systematic study of the 1ight curves of the AM Her binaries
(again made possible for the first time by the uninterrupted
coverage) revealed repeatable features from source to source that
has led to new ideas regarding the geometry of the accretion flow
(King et al. 1985, Mason 1984). The discovery of 350 second
pulsations from the old nova GK Per by Watson et al. 1984 and the
detection of a 12.4 minute period in the intermediate polar V1223
Sgr by Osborne et al. 1985, also illustrate the sensitivity to
periods of the order of tens of minutes.
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This type of data in conjunction with spectral information and
often simultaneous coverage at optical and UV wavelengths will
provide information on the physics of the accreting material onto
the white dwarf.

It is in this area of science also that the flexibility of the
mission has been so well demonstrated, responding with notable
success to optical outburst alerts from such organisations as the
AAVSO. Some good examples are the observations of S5 Cygni in
outburst and quiescence by Watson et al. {(1985) and VW Hydri
during super outburst by Van der Woerd et al. (1984). The latter
observation revealed a 14 second coherent period probably
associated with the rotation period of the white dwarf.

The other area of science in which considerable effort and
observing time has been invested is that of active galactic
nuclei. These studies have involved both the Tong and short term
variability of AGN's with particular emphasis on the exposures
being performed over as wide a range of the electromagnetic
spectrum as possible. In particular UV quasi-simultaneous
coverage with IUE has become common place. Only a few examples of
short term variability have to date been observed. This is a
particularly difficult area of science to address but a notable
success is the observation of quasi periodic X-ray variations on
timescales of 1 hour from NGC 4051 by the Leicester group.
Another important result was the discovery by Barr et al. (1985)
that the flux from the nearby emission line galaxy M81 had
increased by a factor of 5 compared to measurements made 5 years
previously and that during the EXOSAT exposure the flux varied by
up to 50% on a timescale of less than an hour. Certain improve-
ments in observing strategy may help to improve the chance of
detecting short term variability in these types of objects in
future exposures. As EXOSAT moves into its third year the results
from the extensive long term monitoring of these AGN's will start
to appear in the literature.

At the two year point in the mission, the EXOSAT Observatory is
providing high quality scientific results with increasing
regularity. These observational results and the associated
theoretical interpretation will keep the scientific community
engaged for many years to come. Certainly future missions will
nave to build on these original EXOSAT results. The experience
gained by the Agency in building, flying and operating the EXOSAT
Observatory will be utilised in its next major project in High
Energy Astrophysics ~ the high throughput X-ray spectroscopy
mission XMM -~ a cornerstone of the Agency's scientific programme.

A. Peacock
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EXOSAT UY CONTAMINATION - A PROGRESS REPORT

1. Introduction

These notes give an account of the current knowledge of the
sensitivity of the EXOSAT CMA to ultraviolet radiation. Reference
is made to section 8.1.4. of the EXOSAT Observers Guide (Part III
- the Final Observation Tape Handbook).

We recall here a basic summary of earlier work - theoretically,a
UV effective area was computed from the filter transmission, CMA
efficiency and optics area (including grid and flap). The CMA
efficiency in the UV region as supplied by Leiden was normalised
to the X-ray efficiency contained in the CCF. From the observa-
tional point of view the count rates of a number of UV sources
(including a large number of AQ sources) had been collected in a
small data base, using the results of the automatic analysis.
Both the theoretical area and the first observational results are
reported in the FOTH. In principle the next step should have been
a straight-forward comparison between observed and predicted
count rates, ie. taking the UV (IUE) spectrum of the object,
convolving it through the theoretical effective area and compar-
ing the number thus obtained with the observed value. This has
not been possible, since for most of the objects in the EXQSAT
sample no spectrum could be found in the IUE data bank (as an
exception, for the brightest objects used as UV calibration
targets one could find high dispersion spectra, which cannot be
easily used for our purposes - see eg. Heck et al. 1984).

A different approach had then to be taken, ie. using "standard
reference” spectra and normalising them to the visual magnitude
of the object in the EXQSAT sample of the same spectral type. Of
course the appropriate correction for interstellar absorption has
to be taken into account. The "simulated" spectra could then be
convolved through the theoretical area. This procedure adds an
extra uncertainty to the results, caused by the limitations cf
the spectral classification in the UV domain (see Heck et al.
1984). A description of the procedure, and of the current results
is given below. We stress that this is a progress report and
further information will be described as the work proceeds.

2. Selection of the Reference Sample

The sample containing the reference IUE spectra has been produced
using the FITS tape containing the (ESA) IUE Low-Dispersion Atlas
(Heck et al. 1984). This atlas comprises 229 objects, mainly of
early spectral types. A small data base containing the magnitudes
and spectral classification of the objects has been created using
the data given for the individual spectra. Information on the
extinction has been derived using the table in the (NASA) IUE
Ultraviolet Spectral Atlas (Wu et al 1983), a partially different
sample.
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3. - Production of the Reference Sample and of the EXOSAT Sample

The resulting reference sample consists therefore of the inter-
section of the two catalogues, a total of 65 objects with known
E(B-V).

The EXOSAT sample comprises all UV targets observed by EXOSAT,
for which automatic analysis results were available. A1l objects
later than the K spectral type have been discarded (apart from
one, for which the UV spectrum was available). The magnitude and
spectral classification have been derived from the Bright Star
Catalogue. Since objects observed in Guest Observer programs are
included in the sample, only statistical information is given
here. The sample comprises 28 objects, distributed among the
spectral types as indicated in the table below.

A subset of the reference sample described above has been used,
consisting of the stars of the same spectral type as the targets
in the EXQSAT sample. This contains 35 objects and is referred to
in the remainder of this paper. The A5 stars, for which no EXOSAT
target exists, have been introduced into the sample in order to
produce some prediction in a region where the UV component of the
spectrum is rapidly changing with spectral type (they are used in
Fig. 1 and 2 only).

It should be noted that all objects in the reference sample with
the same spectral type as one object in the EXOSAT sample have
been included (irrespective of the luminosity class). Therefore
for some spectral types there are up to 6 reference objec*s,
while for other types just one. The problems related to this are
briefly discussed in the next section.

A breakdown indicating the coverage of different spectral types
is given below:

BO 2 EXOSAT objects 6 reference objects

B1 1 EXQSAT " 3 " "

B3 : 2 EXOSAT " 6 " "

B8-9 : 3 EXOSAT objects 3 reference objects ({B8)
AO 1 EXOSAT " 2 ! "

A2 1 EXOSAT " 1 ! !

A5 no EXOSAT " 2 " "

A7 2 EXOSAT " 2 ! "

FO-1 3 EXOSAT " 3 " " (FO)
Fo 2 EXOSAT " 1 ! !

F5 2 EXOSAT " 1 ! "

F8 1 EXOSAT " 1 ! " (F9)
G0-1 5 EXOSAT " 1 " ! (G1)
G5 1 EXOSAT " 1 ! "

G8 1 EXOSAT  * 1 " !

K2 1 EXOSAT " 1 ! !
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Three objects in the EXOSAT sample appear also in the reference
sample (ie. we have the IUE spectrum of the EXOSAT target): they
are the one F, one G and one K star. EXOSAT data exist for at
least two other objects in the reference sample, but they are as
yet not available in the automatic analysis result data base.

4. Normalisation of the Reference Sample

The following procedure has been adopted to produce the standard
reference spectra. Spectra and magnitudes in the reference sample
have been de-reddened using the extinction Taw given by Seaton
(1979). The reference spectra are then transformed into
"simulated" spectra of the EXOSAT target under examination in two
steps: first they are reddened using the E(B-V) of the EXOSAT
target, then they are scaled to the appropriate V magnitude. At
this stage they can be convolved with the theoretical area.

This procedure has been applied to all objects in the EXOSAT
sample for all reference objects of the same spectral type.

As a guideline, all the reference spectra, normalised at V=6.0
and E{B-V)=0.0, have been convolved through the theoretical UV
effective area. Note that sometimes a non-negligible scatter
exists in the UV flux of objects with the same class and magni-
tude. This could be due to uncertainties in the spectral classi-
fication {we noted that sometimes the same object has different
classifications in the different sources we used), and/or to the
neglect of possible Tuminosity effects.

An indication of this scatter is given in Fig.l, where the UV
flux in the 1150-2600 A range is plotted against the spectral
ciass for the objects in the reference sample (normalised to
V=6.0 and no absorption). The wavelength range has been defined
on the short wavelength side by the Timit of the IUE range as
used in the Atlas, and on the long wavelength side by the range
in which the UV effective area is defined (see FOTH).

Predicted EXOSAT count rates have been produced for the different
filters for the normalised reference sample. These could serve as
a guideline to estimate the UV contamination and are shown in
Figs. 2a and 2b where the predicted count rates are plotted
vers?s the 1150-2600 A flux (a fair indicator of the spectral
type}.

Note, as expected, that the UV contamination is negligible for
stars of spectral types later than or equal to F, and that the
contribution in filter 6 (Al-Par) is negligible, in filter 3
{thick Lexan) quite low, in filters 7 and 2 (thin Lexan and
Polypropylene) quite high. For early-type stars the prediction
indicates a similar contribution in the Tatter two filters.
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A word of warning is however necessary, since shortwards of 1500
B the Polypropylene transmission is not available and has been
assumed to be zero, consistent with the sharp edge in our data -
possibly a drastic assumption. As a further caveat, note that no
attempt has been made to estimate the contribution in the EUV
region between 900 B and 0.02 keV, where there is no data on
filter transmissions (because of the edges in the PPL and lexan
filters a meaningful interpolation between existing UV and X-ray
data is not possible).

5. Comparison between prediction and observations

The predicted count rates based on the "simulated" spectra
produced according to the procedure described above have been
inserted into the data base containing the observed count rates
and the other information relevant to the EXOSAT sample. Where
more than one reference spectrum existed, the mean has been
assumed (and the deviation from the mean as associated
uncertainty).

The results are shown in Figs. 3(a) to 3(d); one should be aware
of the fact that some of the EXOSAT detections plotted are more
properly upper limits (whenever the observed value was less than
one sigma, the one sigma value is plotted instead).

Please note that the sample for different filters is different,
je. some of the objects in the EXOSAT sample have not been
observed in all filters, and that:

a. There is agreement between prediction and observation
for filter 2 (PPL) ; however the sample is limited to 4
intermediate type objects.

b. For the other filters early type stars show a predicted
count rate higher than the value actually observed. The
difference is generally within a factor 2 to 5, but reaches
50 in one case.

c. For late type stars the observed value exceeds the
prediction by at least 2-3 orders of magnitudes.

The larger effect, ie. the excess of counts in the late type
objects can be explained in a simple way by selection effects.
These objects are taken from the Guest Observer program, not from
a UV calibration program, therefore they are likely to show
coronal emission in the X-ray domain. This can be confirmed by
the examination of the few objects for which IUE spectra exist.
Excluding one for which there is only a marginal detection in
thick Lexan, we note that the other two are obviously X-ray
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sources since they have been clearly detected in the Boron
filter, and the discrepancy between prediction and observation is
Targer in the Al-Par filter (ie. the least transparent to UV). A
similar explanation holds also for. the majority of the other late
type objects. In three cases there is a detection in Boron (also
in the case where more than one filter was used) and the discrep-
ancy is always larger in the filter which is less transparent to
uv.

No obvious explanation exists at a first glance for the opposite
effect, ie. the apparent deficit in the early type objects. Note
here that the predictions are based on the value of the theoreti-
cal effective area {(ie. as given in the FOTH), without any sum
signal dependent efficiency correction. It is however known (see
FOTH Section 8.1.3.4) that this effect could be quite large for
UV sources (on the other hand the correction factor would be
subject to large uncertainties, since fitting would be to the
tail of the Pearson distribution).

Note finally that the apparent agreement obtained for the PPL
filter may be affected by the poor knowledge of the PPL area
shortwards of 1500 A, as noted in Section 4.

The observed ratio of count rates between two filters (since the
most widely used filter is thin Lexan, ie. FW7, the ratios FW7
over FW3, FW7 over FW6 and FW7 over FW2 have been used) have been
compared with the predictions. For early type stars the predicted
ratio FW7 over FW6 and FW7 over FW3 is quite close to the
observed value, while the disagreement is larger for late type
stars ({and Tlarger for the FW7 over FW6 ratio than for the FW7
over FW3). This seems on one hand to confirm that a significant
X-ray flux is seen from the late type objects, on the other hand
to indicate that the relative transmissions of filters 3, 6 and 7
are consistent with the theoretical values.

The ratio FW7 over FW2 shows a different behaviour: late A-F type
objects give a good agreement between prediction and observation
(with a slight overestimation of the count rate in FW7) while for
B-early A objects the FW7 count rate appears clearly overestima-
ted. Alternatively ({and consistent with the impression from
observational evidence that early type objects show up quite
extensively in the PPL filter) one can attribute the effect to
the fact that the PPL area s erroneously assumed to be zero
below 1500 A, where most of the UV flux from early type objects
is concentrated. .

6. Conclusion
A possible explanation which needs confirmation by a re-examina-

tion of the theoretical values for the CMA efficiency and filter
transmissions is presented below.
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The transmission of filters 7, 6 and 3 is probably correct, while
the transmissiop of filter 2 is arbitrarily set to zero short-
wards of 1500 A, but could instead be non-zero. Alternatively,
the channel plate efficiency could be overestimated: this
overestimation reflects the fact that the effective area of the
plate + filter is also overestimated for filters 7, 6 and 3,
while the overestimation of the CMA efficiency and the underesti-
mation in the PPL transmission cancel out each other (and the
latter effect is of course visible for early stars which have a
significant far UV flux).

With the explanation given above, one can use the areas given in
the FOTH for a conservative estimate of the UV contamination when
planning EXOSAT observations. However a more precise quantitative
approach, in order to correct observed count rates for the UV
contribution and perform an X-ray analysis, requires further
work.

Request

In view of the remaining uncertainties in the quantum efficiency
of the CMA and the mass absorption coefficients of the filter
materials (especially PPL) we urgently request the scientific
community for references or data on these topics. Please contact
Ed Gronenschild or Paolo Giommi.

L. Chiappetti IFCTR, Milan
P, Giomm
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Figure Captions

Fig. 1 o
The 1150-2600 A flux of a sample of stars normalised to V=6
and E(B-V)=0 as a function of the spectral type.

Fig. 2{a) & 2(b)
Predicted countrates for different EXOSAT filters as a

function of the 1150-2600 A UV flux for the same sample of
objects reported in Fig. 1.

Fig. 3(a) - 3(d)

Comparison between observed EXOSAT count rates and ,'

predictions based on the theoretical effective area and the UV
reference spectra for filters 2,3,6,7. The horizontal line markes
the ratio predicted/observed equal to unity.
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GSPC CALIBRATIONS

Introduction

The first observation of the Crab made in 1983 with the GSPC on
EXOSAT indicated that the response of the detector as given by
the pre-launch calculations and calibrations was incorrect. A
large deficiency in counts below 4 keV was apparent along with a
line feature in the spectrum around 4.78 keV. Effective areas as
a function of energy were modified to give the correct fit to the
Crab. In addition to these problems the absolute gain calibration
as defined by two line features in the background, which had been
ascribed to Lead L fluorescence, did not give the correct energy
for the Sulphur line measured from Cas A. This suggested that
these lines might not be Lead, but rather were from Bismuth,
perhaps caused by the radio-active decay of a lead isotope.

Over the past few months a major effort has been made to obtain a
fuller understanding of the GSPC response. This has, in part,
been helped by the performance of a long observation of the Crao
made with the burst length discriminator set to give a maximum
acceptance range. This discriminator is used to reduce the
particle background, but also removes a small percentage of X-
rays in an energy dependent way. Since the energy dependence of
this process requires calibration, such an observation was
essential in order to investigate the above problems. The appro-
priate observation of the Crab was made in February 1985.

Using data from this observation, considerable progress has been
made. A number of uncertainties in critical detector parameters
have come to 1ight and make it possible to reproduce the Crab
spectrum to within 2% without making arbitrary changes to the
response. The following describes the various steps that were
taken to resolve the problem of the GSPC calibration.

1t should be stressed that calibration of the GSPC, a new instru-
ment with a resolution approximately a factor of two better than
that of a conventional proportional counter, presented new and
unexpected problems. The improved resolution revealed many subtle
effects that hitherto would have gone unnoticed in a proportional
counter. In retrospect, the ground calibration fell short of what
was required to fully model the nuances of the instrument
response.

1. The Absolute Energy Calibration

A detailed study of the background spectrum has been made by P.
de Korte. A spectrum taken in gain one is shown in Figure 1. This
reveals a number of Tine features that can be identified as
resulting from three separate processes. First the two strong
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lines between channels 65 and 100 are the L alpha and beta lines
from the fluorescence of lead in the collimator. A cursory glance
at Figure 1 reveals that the L beta line is stronger than the
alpha line, which is contrary to the expected branching ratio of
110:70. This is caused by a second Tine complex that overlaps the
lead lines. The broad bump around channel 125 is a blend of the
lead L gamma line and a Thorium L beta line at 16.2 keV, the
latter resulting from the radioactive decay of residual plutonium
in the Beryllium window. The K alpha Thorium line is at 12.9 keV
and 1ies very close to the lead K beta line at 12.6 keV such that
the upper of the two lead lines is a blend, which can be treated
as a single line with a mean energy of 12.703 keV.The energy of
the lead L alpha line is 10.541 keV.

The remaining line in the spectrum between channels 200 and 225
is identified with Xenon K alpha and arises from the escape
photons of high energy background particle events that are
captured by the detector walls. This line cannot be used as an
absolute calibration standard since comparison with the energies
of the lead lines gives an energy lower than the expected value
of 29.67 keV, probably arising from the fact that the escape
photons illuminate the whole detector. If the photons deposit
their energy in the scintillation region or close to the detector
walls then the total energy deposited will be less than that of a
photon entering via the detector window. The apparent energy of
this line appears to be 29.4 keV. For very bright sources where
the lead lines are not visible it can be used to lock the gain.
Otherwise the two lead lines should be used since they lie closer
to the critical iron line region. It is recommended that the bump
around 16 keV should not be used since it is too weak to accura-
tely lock the gain. To summarise:

Lead L alpha = 10.541 keV
Lead L beta + Thorium L alpha = 12.703 keV
Xenon K feature = 29.4 keV

2. The Detector Gain

The line feature that appears around 4.78 keV in all X-ray
spectra cccurs because the gain of the detector increases above
the Lyr; edge of the Xenon filling gas the reason being that
the Xenon atoms do not completely de-excite after the initial
jonisation process and a small amount of energy is not recorded
in the detector. Above the Lyyp edge the final donisation
state of the Xenon atom increases. Measurements of this effect by
Carlson et al. (1966, Phys.Rev. 151,41) for Xenon atoms in close
to vacuum conditions confirm this, although the value of the gain
Jump predicted by the Carlson work is much larger than the 50 eV
estimated from the Crab spectrum. This difference is most likely
due to the fact that the Xenon in the GSPC is at a presssure of



one atmosphere. There do not appear to be any major gain jumps
across the first two L edges, although it is difficult to rule
out small jumps of 10 eV or less.

There must be similar jumps in the gain across the other shells.
While these are not relevant to the absolute gain calibration in
the energy range that the GSPC is sensitive, they will cause the
zers channel offset {(as defined above the Lyyy edge) to be
greater than 50 eV. The amount of this offset could not with any
degree of confidence be determined from the pre-launch calibra-
tions, but was estimated to be +150 eV from fitting to the Crab
spectrum as described below.

In dealing with the gain jump in spectral fitting programs it is
best to consider the problem in volts. The decrease in gain above
the Lyyr edge (at 4.78 keV) is equivalent to the volts genera-
ted by a photon above the edge being Tower by 50 eV times the
slope of the energy/volts curve (GP). Another way of thinking of
this effect is that just above and below the edge a measured
voltage corresponds to one of two possible energies. Since the
absolute energy calibration of the detector is determined above
the Lyyp edge all channel boundary definitions are referenced
to the gain above the Lypy edge.

The channel boundary convention is defined as follows:
E = {N-0.5).GP + 0.150

where N is the channel no. from 1-256 and E is the energy of the
required channel. In this definition N=1.0 gives the centroid
energy of the first channel. This applies to all gain modes. The
value of GP should be determined for each observation from the
measured position of the lead lines. GP is approximately 0.13 for
gain 1.0 and 0.065 for gain 2.0.

If the source is too bright to determine accurately the position
of the lead 1ines and the gain is 2.0 so that the Xenon feature
is not available, then use the data from the proceeding slew to
determine the gain. DO NOT use the following slew. This is
because for thermal control of the CMA the 28 volt Al power lines
(which drive the HT convertors) to all the experiments are
briefly switched off after an observation. The gain of the GSPC
photomuitipiier may change by several percent when high voltages
are switched off and on. During Tong continuous observations the
gain drifts by at most one gain 2.0 channel per 12 hours, and
usually by less.

3. Loss to the Window

Part of the elctron track created in the detector will be lost to
the window before it has time to drift away. In general the total
number of events for which this causes a significant decrease in
the measured energy of the ionising event is confined to those
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which occur very close to the window. While this constitutes a
small fraction of the total events registered it is still
sufficient to cause a low energy tail to the gaussian distribu-
tion. Because the penetration depth of the photons is a very
strong function of energy this effect 1is strongest at low
energies and just above the L edge. Inoue et al. {1978, Nuc.Inst.
Method, 157,295) have considered this problem in detail and give
the following formula which gives the probability of a photon
with energy El giving a measured energy in the detector of E
(where £ < E1):

f(E).dE = k.(1-E/E7)K-1.dE

The parameter k depends on the diffusion coefficient, drift
velocity density and mass absorption coefficient of the detector
filling gas. For the EXQSAT GSPC, k has a value of (.03 at 5.9
keV, determined by adjusting its value to reproduce the observed
low energy tail to be consistent with the residual flux observed
below the low energy cut-off of the window (<2keV). This value of
k is insensitive to other uncertainties in the detector calibra-
tions. It 1is comparable to that expected from the theoretical
value and also with that found by the TENMA group from their
pre-launch calibrations {Koyama et al. 1985, P.A.S.P. 36,659).

Appendix I contains a Tisting of a function PTAIL which returns
the probability of measuring in a given energy interval DE
centered on E a residual low energy tail from a photon with an
initial energy Ey. It should be noted that the above function
becomes undetermined at E=Ey. This is taken care of in PTAIL by
integrating over the Tast milli-percent of the function up to Ej.
The resulting line profile should then be spread by the detector
broadening function. In Figure 3 the expected profile of a line
injected at a single energy is illustrated. The second peak is
the escape peak. In the Observatory software to save computing
time, the low energy tail is not included on the escape peak.
This will not make any difference since the L-escape only
represents < 3% of the total count rate above 4.78 keV.

4, The Beryllium Window Thickness

The pre-launch calculations assumed that the window had a
constant thickness of 175 microns {the specified minimum). They
failed to take into account the fact that the window is dome
shaped and that the projected thickness increases towards the
edge of the dome (where most of the effective area is). Measure-
ments on flight spare windows indicated that thicknesses varied
between 175 and 220 microns, and the window thickness of the
flight GSPC must at present be considered a free parameter
(within reasonable limits).
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5. Edge Effects

Towards the edge of the detector the electric field geometry
becomes uncertain such that electron tracks may be deflected to
the detector walls and not registered. This area of the detector
is critical because it constitutes a large fraction of the total
effective area. In addition at this point the conical shaped
detector walls meet the dome shaped window ie. the total gas
depth decreases to zero. This can cause a fairly large L edge to
appear in the response because photons just below the edge have a
higher probability of not being stopped than those just above it
where the penetration depth is low.

The fitting procedure described below indicated a stronger L edge
in the spectrum than would be expected. It could be removed to a
large extent by adjusting the detector parameters to take into
account the expected field geometry.

6. The Burst Length Efficiencies

Discrimination of events based on the rise time of the pulse
generated (the burst Tength) can be used to increase the signal
to noise ratio, by reducing the particle background counting
rate. The optimum setting of the single channel analyser
discriminator is a trade-off between the reduction in background
and the number of X-rays rejected and was established during the
performance verification phase as channels 89-107.

This results in a loss of between 10 and up to 90% of the X-rays
registered 1in the detector, with the fraction lost increasing
rapidly below 5 keV. The burst length discrimination efficiency
as a function of energy was determined during the February 1985
observation of the Crab by dividing the burst length discrimina-
tion 89-107 spectrum by the 'no-discrimination’spectrum. The data
were smoothed and fit to a splined polynomial. The function GSAXE
given 1in Appendix II returns for a given energy E, the fraction
of X-rays that are not attenuated. The efficiencies are not well
determined above~15 keV because of limitations in the background
subtraction. However there appears to be no major change in
efficiency at higher energies and it is taken to be a constant.
Also given are the efficiencies for the 89-104 setting used early
in the PY phase.

These efficiencies shouid be appliied AFTER the spreading by the
detector response. Thus there will be only one set of effective
areas for all burst length window settings. (In the earlier cali-
bration the burst length efficiencies had been included in the
initial effective areas because of uncertainties in deconvolving
these from the other problems in the detector response).
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7. Escape Fractions

A certain number of photons emitted by the Xenon ions as they
de-excite will escape the detector and hence will cause a
deficiency in the detected energy of precisely the energy of the
fluorescent photon. The efficiency of this process for the L
shell of Xenon is 3% at 5.1 keV, and decreases l1inearly to zero
up to the K absorption edge. At the K edge this then increases to
58% and 1is kept constant. The edge energies are taken to be an
average of the various sub-shells and are 5.1 keV (L) and 34.56
(K). Note the escape energy that must be subtracted is 4.33 keV
and 30.49 keV respectively.

8. Systematic Uncertainties

The main Timiting factor will always be the fact that the channel
boundary widths are only known to 1%. This means that a systemat-
ic error of 1% of the total count rate should be added quadrati-
cally to the statistical error.

9, The Effective Areas and Zero 0ffset

The above considerations Tleave two unknowns in the detector
parameters: 1) The average thickness of the window; 2) the energy
offset of channel zero {(when referenced to energies above 4.78
keV). The effect of varying the zero offset on fits to the Crab
data without burst length discrimination was tested allowing the
window thickness to be a free parameter. The Crab spectrum was
assumed to have an energy index of 2.1 and a Tow energy cut- off
of 3.5 x 1021 H/cm?. Residuals from the fit using two different
offsets of 50 eV and 250 eV are shown in Figure 3. The deviation
from the fit 1in the lower channels around 2-3 keV strongly
depends on the chosen offset. When 50 eV is used there is a
strong excess of counts, whereas for 250 eV this becomes a
deficit. In Figure 4 finer steps of varying offset are used. A
reasonable fit to the data can be obtained for an offset of 150
eV with an uncertainty of at most 50 eV in total. This translates
to plus or minus 25 eV at the iron line. The required window
thickness was ~ 200 microns

There are still some small ( < 2%) systematic trends in the
residuals Teft centered on 4.78 keV which can be attributed to
edge effects in the detector. Since these are very difficult to
model they were removed by fitting a polynomial to the response.
The final residuals are shown in Figure 5 along with the original
PHA spectrum. Also given is the best fit to the data obtained
from the Crab using the 89-107 burst Tlength setting. The final
overall effective areas fall short of the pre-launch values by
~15%. This is ascribed to uncertainties in masking by the colli-
mator support structures, edge effects in the detector and count
rate independent dead time effects (see §10). It has been correc-
ted_by re-normalising the effective areas.In Appendix II1 the
current set of effective areas is listed.
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These calibrations were then applied to the data on Cas A. The
energy of the Sulphur line is now consistent with that measured
by the Einstein SSS. In the case of the various different Crab
observations, the new calibrations all give in the 2-16 keV band
{and where available the 2-30 keV band) a fit consistent with a
slope of 2.10 * 0.03 and a column density of 3.5 = 1.5 x 1021
H/cme

10, Dead Time

The accumulation times for the Crab observations were corrected
for data handling sampling effects using the formula:

f = Co/(-S.L0g(1.0 - Co/S))

where (g 1S the observed count rate, and S is the sampling rate
in Hz given by the workspace parameter No.2 of all GSPC 0BC
programs. The typical dead time is~0.7% for the background and
~5% for the Crab (gain 2.0).

Additional 2.5% dead time effects (ref. p.67) were not included
for the Crab observations used to determine the GSPC effective
areas. Since these are count rate independent they were taken
into account during the re-normalisation of the effective areas
to give the correct normalisation for the Crab spectrum. Only the
sampling effect should be included when computing the dead time
for spectral data. Note that the current CCF backgrounds are not
dead time corrected,

11. Qutstanding Issues

A self-consistent fit to the GSPC spectrum of the Crab can now be
obtained up to a Tevel of a few percent. Any remaining uncertain-
ties are most likely caused by edge effects in the detector. The
only improvement possible is in measuring the burst length
discrimination efficiency as a function of energy. The current
values bDbecome Timited by uncertainties in the background
subtraction, which may lead to systematic variations at around
the one percent level. This is well within the quoted systematic
uncertainties. A further set of observations of the Crab will
soon be carried out to better determine this parameter. However
for all purposes the current values are quite adequate and the
difference will not be noticed except for the very brightest
sources {>1 Crab).

There have been reports of problems with subtracting the CCF
background from recent data suggesting that the shape of the
background is varying. This may be because there is either a long
term evolution with time or a dependence with the absolute
detector gain. A study of this problem is currently underway and
it is Tikely that a time/gain dependent CCF background will be
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issued. In the meantime, users should compare the background
obtained from the slew file with that from the CCF. If there are
obvious discrepancies, in particular an excess or deficiency
below channel 40 (gain 2.0), then two possible solutions exist.
First if the slew is long enough, use this as the background.
Otherwise, contact M. Gottwald for selection of a new background
from an observation close to the one in question. ’

12. New GSPC Operating Procedures

Two changes to the operation of the GSPC have been made:

(1) The photomultiplier LED stimulations have been discon-
tinued except for one made before and after the high voltage
has been turned off. Experience has shown that the lead
lines are quite adequate for measuring the gain stability
and that stimulations have a perverse habit of being done
when X-ray bursts or other interesting events occur.

(2) The standard gain mode is now gain 1.0. This is to
accumulate a time history of the background in gain 1.0 and
to ensure that any (cyclotron) line features in spectra above
15 keV are not missed. It should be noted that this will in
no way impact on measurements of the iron line which in gain
2.0 was grossly oversampled (gain 1.0 gives 10 channels
across a narrow iron 1ine). The only justification for using
gain 2.0 is for studying the Sulphur line in bright supernova
remnants, however no more observations of these objects
(basically Cas A and Tycho) are presently planned. If a user
still feels strongly that gain 2.0 is best then a background
observation carried out in gain 2.0 will be assigned on the
same orbit.

N.E. White
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. Appendix I
0001 FTN4 L , '
0002 FUNCTION PTAIL(ELINE,EOBS ,DE)
0003 C ‘
0004 C S
0005 C THIS FUNCTION PUTS IN THE LOW ENERGY
goos C TAIL IN THE GSPC RESPONSE NEW JUNE 8%
2007 - C SEE INOUE ET AL {1878) NUCL. INST. METHODS, 157, 295.
p@08 C ~ _
Q009 C ;
o010 DATA 1J/1/
a0t IF(I1J.EQ.@)60 TO 1
0012 " AKMN=0.03
o013 - 1J=0
0014 I PTAIL=0.0
0015 . € ‘
0016 C ~
0017  EEL=ELINE/5.9 *
2018 . . IF(ELINE.GT.10.)EEL=1.B9
09019 AK=AKMN/{EEL )*#2. 66667
0020 - IF(ELINE.LT.4.78)AK=AK*0.348
o021 IF(ELINE.LT.5.10)AK=AK*0.710
2022 IF(ELINE.LT.5:45)AK=AK*0.860
2023 C
0024 C
2025 C
2025 C o
@027 '3  IF(EOBS.GE.0.9993+ELINE)GO TO &
0028 PTAIL=AK*({1-EOBS/ELINE )*»(AK-1 )*DE/ELINE
0029 . RETURN e
. 0030 8  PTAIL=(1.0-(EOBS-DE/2.0)/ELINE)**AK
2031 . RETURN

0032 END
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, Aggendix_iI'

FUNCTION GSAXE(EIN,IBL)

"THIS FUNCTION RETURNS THE BURST LENGTH EFFICIENCY AS A FUNGTIO

OF ENEREY

ACCEPTANCES  IBL=0 - WIDE OPEN ' -
‘ | 1 89-107
2 83‘ies

DIMENSION E(S),POL?(IE),PDLZ(IB)‘
DATA E/@.@,15;0,28;®,88.Q,188.0/

89- }@7/w0 SPLINE FIT TO 85 +84 CRAB DﬁTﬁ

’ DHTH POLY/0. 39@ @ 249E @1 ,-0.105E~ @2 @ 227E-04 0. 18@E -81,

¥~@.122E~02 ,0.386E-04 ,0.578E-02 ,-0.630E~ @4 ,@.238E~08,
*@.129E- @2,@ 838E 04 ~® BBSE @5/

85 1@4/WO

DATA POLZ/Q 372 a. 84E -1 ,-0.969E- @3 0. q78E 24 .0, 153E 01
*-0, 133E-02,0.437E-04 ,0. 543E 22.,-0. 36E-04, @ 197E ~-@7.,
*0.270E-02.,0.2 ZE @4 ,-0.429E-Q5/"

~DATA:NMIN/12/,Nﬂﬁxflzgk'

IFfIBL NE.)60 TO 1
GSAXE=1.0
' RETURN .
CONTINUE ‘
CHAN=(EIN-0.150)/8. 138792+® 5
IF(CHAN.LT. NMINCHAN= NMIN
IFCCHAN.GT. NMHX)CHAN NMAX
CHAN=CHAN-NMIN+1 ‘
IF(IBL.EQ.1)CALL SPLIN(POL1 ,E .4 CHAN GSHXE)
IFCIBL.EQ. 7)CHLL SPLIN(POLZ E 4, CHAN GSHXE)
IF(GSAXE.BT.1. @)GSAXE=I Q
RETURN"
END -
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FTNA
SUBROUTINE SPLINCP E,N,EIN, VAL )
DIMENSION PC1),ECT)
VALP=P( 1)
UAL=VALP
CIF(EIN. LE E(l))RETURN
DO 88 Iv=1,N
IF(EIN, GE ECIV).AND.EIN.LT. E(IU+1)}GO T0 80
EE=E( TU+1)-E(TV)
~“UAL=UALP+POLY(P ,EE,TV)
88 VALP=VAL -
IFCEIN.GT.E(N+T ))RETURN
8@ EE=EIN-E(IV) ’
| VAL=UALP+POLY(P EE, 1Y) -
RETURN.
END . :
FUNGTION POLY(P EE,TU)"
" DIMENSION P(1)
IN=( TU=1)%3+] ~
POLY=PCIN+1 )*EE+P(IN+;)*EE*EE+P(IN+4>*F&*EF*EE
RETURN
END
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Appendix 111 - GSPC Effective Areas
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GSPC DEAD TIME CONSIDERATIONS

This note extends to the GSPC experiment the discussion of
experiment dead times given in Express No. 10, p.35 for the ME.

Reference 1is made to tne hardware status report (p.2) on. the
partially functioning upper level szng?e channel ana]yser (SCA)
energy discriminator. Because there is no sharp upper cut-off by
the SCA (E) at channel 240 of the ADC spectrum, the valid events
counter (QEP) integrates according to the detector response all
counts between channel 240 and 255 (maximum ADC channel) and
above channel 255 as illustrated in Fig.l. Note that the ADC
inherently has a sharp cut-off at channel 255 and that there is
therefore no simple correlation possible between spectral counts
and QEP. A1l calculations of fluxes should therefore,‘as a base-
line, integrate the spectral counts (ADC) between given channels
{(eg. ch.30 to 'ch.240 ie. 2 to 16 keV at gain 2) and include the
necessary corrections for dead time effects '

Figure 2 shows the distribution of time tags (raw channel counts)
of a sample of GSPC events (40128, mainly background), selected
on board according to valid E with a sample scheme of E, BL, TT
at 2k s-1 and the BL acceptance window set to nominal. Note that
the maximum time tag possible 1is -63, determined by 'sample
interval/clock period (488.2 ys/7 63 F s) and that the following
contrihute to the overall dead t1me . '

a. Loss of events’ from an expected flat random 1nput signal
because of the restriction of <1 event/sample interval, sta-
tistically insignificant in figure 2 because of high sample

rate (2Ks-1) and Tow event rate (background ~30 s-1).

b.  Deficit of counts in channels 57 ( ~ 66% 1loss) and
channels 5863 (0 counts), most of which are assigned to
channel 0 with, however, an overa11 loss equ1va1ent to about
1.66 channels (wlOOO cts).

Simple Poisson statistics g1ve ‘the dead time correction factor
“associated with (a). A fixed correction {~2.5%) must be included:
to account for the overall Tloss of events from time tag channels
57 -% 63 representing the time between the sample pulse trailing
edge and reset ( 2 x 7.63 ps TM clock pulses). For a 2k s~ -1
~sample rate, 15.26 ;~s/483.1 .5 gives approx1mate1y 3% in fair
agreement w1th the observed loss.

In principle a second order correCtion should be app1ied, as for
the ME, for the probability of events occurring in channels 57-63
having a second event within the period of the next sample cycle
(which is effectively "dead" in these cases) but for normal GSPC
count rates this correction can usually be neglected.

Note'that approximately 6.66 time tag channels have zero data

corresponding to-a reset occurring within the time of ADC conver- _‘

s1on and t1me—to~amp]1tude burst Tlength. conversion (in total
fwsT—*h comparison with the ME (4.5 channels - ADC conversion
-only) ‘ - ‘

D. Andrews
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ME CALIBRATIONS - ERRATUM |

Unfortunately, there were a number of errors in .the recent
article on ME calibrations in the Express (No. 10, p.40-44). My
apologies for any inconvenience caused.

1.

Xenon Resolution Function

The Xenon resolution ('AV/V; as a percentage) 1s:giVen.by:

H

Res = NL#N2/SQRT(E) + N3 x E+ N& x E3 * . (E < N5)'

]

Res = N6 + N7 x E o | (E > N5)

"The extra term is then added (as gi?én in ‘the EXpréss:

article)as:

Res = SQRT(Res x Res + (N8 x 20/E)2)

Xenon Gain Coefficienfs

‘A? should be givzn by A2 = A2/(DG+1.0) and. not A2/(DGEx1.0)

as in the Express article. Also for consistency, TX =t - Tl
should be replaced by X = t -Tryd although for Xenon T1 =

Trud.

Argon Gain Coefficients

In order to make the method of -applying the gain correct1on
more apparent the three lines: . :

Al = Al + DG1

AZpeal = A2req) t+ DG2Z

A2 = R2peal - A4 x Al
should be replaced with:
Al = Al + DGL

A2stored = A2stored + D62

A2 = A2tored - M X AL

A.N. Parmar .



MHERG6 OBC PROGRAM ANOMALY

Under certain, rare circumstances the packet refereﬂce times
(PRT's) a@nta%nea in I16. packets can be in errcr by 1 software
cycle (31.25 msec) when compared with their expected values.

Normally the difference in PRT's between two 16 packets during an
- observation is constant and given by: . :

WOrkspace Parameter (4} x 16384 x No. of Samp?es/paeket
. Energy Sampling Rate (Hz)

This anomaly can on]y occur when MHER6 is executed in s{ots 5 or
6. The slot numbers in use are contained within the Housekeepvng
data and can be obtained using (see FOTH Ch. 3.4.2.1):

Parameter Descr1pt1on Frame Byte Bit Width Commu-

S ' o tation
D199o Prog # in slot 1 - 84 2 0 16 1
D191 ! ! 2 . 84 4 .0 i6 1
D192 " ! 3 .84 6 0 16 1
D133 ) ! 4 84 8 0" 16 1
D194 o "5 84 10 0. 16 1
D195 " " 6 -84 i2 0 16 1

Note .that MHERG is app}ication program number 70 in this context
and not 105 as on FOT's. The data contained within the affected
packets is unaffected de. the PRT calculated using the above
formula is the one to use in all data processing applications and
not the PRT read from te]emetry The number of records with
incorrect PRT's when MHER6 is executed in slots 5 or 6 is
dependent on OBC load and is typically ~ 5% of the total.

In principle, a similar error can occur if any high time
resolution program eg. GDIR, MDIR (or MHER7) is executed in slot
-5 or 6 and, these programs w111 therefore in future be executed
only in program slots 1-4,

A.N. Parmar
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FORMAT OF PRINTED LINE OF ARCHIVE

\?he information in the data archive ?1$t is from 3 sources:

A = auxiliary data §=manoeuvra history}
F = FOT request file
- = manual {via editor} insertion

‘description of fileld ‘ data printout format
) ' . ) ’ sOUrCce : )
start time of stable point?ng' A yy/ddd hhmm
end v " " A ..ddd hhmm
‘right ascension (of‘star,tracker) A hh mm @s
dec]ination : (= om " } A +/-dd mm.m
{(RA & dec are in 1958 epoch; note that :
these are not the target coordinates -
normally target is offset from star
tracker by about. 2 arc mins) :
target name {left Jjustified) N A , . up to 16 characters
~dno special convention for namess; ' ' .
the sign to indicate a trim is
always the 16th character, if present}
proposé1'code : divided into 2 fields, up to B characters
- ¢lass of proposal(PV ,TOO0,LLX,AGHN, o )
OPS,CAL ,HLX,CLU,SNR,0CC,EXG, or MIZ) F
—-identificaticn»of proposal F
~‘m13ce113neous footnotes: ' : S
11 = solar aspect angle < 97 degs. 12 = ynstable attitude
13 = partial data loss . 18 = ME/HER4 data problem
19 = 0BC problem or crash 21 = raster scan .
* = lst pointing of multi-pointing FOT C = continuation of a **° FOT

principal investigator {(a number > §
pointing to a table of PI’'s names
and addresses. ¥ means ‘Observatory’,) F

4 F?agsvfor whether FOTs exidt : F

L
{ space means corresponding FOT K = LE2 "
“doesn’t exist) M = ME b

. G

- GS o

P.1. name {(from FOT request; a blank. - F
space is shown If the request was
«for the Observatory, e.g. for data
from.performance verification phase;
Pl name will not be in final log,
only the PI number plus list of names)

=VLE1 available
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OBSERVATORY TEAM

David Andrews Observatory Manager

Julian Sternberg Observatory Software

Julian lLewis System Software/HP Computers
Nick White Senjor Observatory Scientist
Paul Barr Duty §cientist/Mission Planning

Paolo Giommi

Manfred Gottwald "
£d Gronenschild "
Julian Osborne i
Arvind Parmar "
Luigi Stella "

Anne Fahey Mission Planning

Paolo Ferri Observatory Controller
Maria Gonano " "
Frank Haberl " "
Geoff Mellor " i
Antonella Nota " "
Mark Sweeney : "

Susanne Ernst Data Assistant
Margit Farkas " u
Grazia Giommi u 1

Sandra Andrews Secretary

Ext.

705%

703
702

764

711
710
758
712
714
763
715

707

427
427
717
716
717
716

713
709
709

704

*Direct dialling to any extension, prefixed by 886, is possible,

eg. 06151-886~705

Personnel Changes (1.5.85 - 30.6.85)

Dr E. Gronenschild has been recruited as a Duty Scientist.

Linda Osborne has resigned her position as Data Assistant.
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IAU SYMPOSIUM NO. 125:

"THE ORIGIN AND EVOLUTION OF KEUTRON STARS"

The first IAU meeting to be held in the Peoples Republic
of China, Symposium No. 125 on the "Origin and Evolution
of Neutron Stars", is scheduled for 26-30 May 1986 in
Nanjing, the capital city of Jiangsu Province. Nanjing
University will host the meeting with Professor Q.Y. Qu
and Professor T. Lu serving as Co-Chairmen of the Local
_Organising Committee. Professor D.J. Helfand {Columbia
University) and Professor S.G. Wang (Beijing Observatory)
co-chair the Scientific Organising Committee which has
designed a program to review the diverse problems relevant
to the questions of where neutron stars are born, how they
evolve and where they go. Topics to be discussed include
"guest stars" as harbingers of neutron star birth,
supernova and supernova remnant models and observations
relevant to the problem of neutron star formation, the
distribution, kinematics, and evolution of radio pulsars,
binary X-ray sources and gamma ray bursters, and other
questions in the study of neutron star astrophysics
relating to evolutionary considerations.

Those persons interested in attending the meeting should
contact Professor D.J. Helfand, Columbia Astrophysics
Laboratory, 538 West 120th Street, New York, NY 10027,
USA for a copy of the meeting circular which contains
further information and an application form.
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QUESTIONNAIRE

} } There is an error/change of address on the current
b mailing 1ist; the correct version is given below.

S

Please add my name and address (printed below) to the
’ ; EXOSAT Express mailing list.

Please delete my name and address (printed below) from
' l the EXOSAT Express mailing list.

S o g G G G e Gk e N SR G S T e e A U L T G W G i i DT W M MK S TR R AT S W 0w otk W O G5 G A K We GO S 4 WD MR AB AT W K EW W b W S sm

NAME:

ADDRESS:

o
.
=
.
%

Tear off the page and return to: EXOSAT Observatory, ESOC,
Robert Bosch Str. 5,
6100 Darmstadt, W. Germany.



