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THE GROUND SYSTEM FOR THE XUV WIDE FIELD CAMERA ON ROSAT 

J.P. Pye 
X-ray Astronomy Group, Physics Department, Leicester University, Leicester, UK. 

In additic;m to its large X-ray telescope, the W.German ROSAT satellite will carry an XUV telescope (the Wide Field 
Camera, WFC) provided by the United Kingdom, and covering the wavelength range from 60 to about 600 A.. The 
primary scientific objective of the mission is to perform all-sky surveys in the X-ray (6-80 A.) and XUV (60-200 A.) 
wavebands. The subsequent pointing phase will be used for detailed studies of selected sources. I describe the 
Ground System which will be responsible for WFC mission operations and data handling, and discuss some of the 
scientific results expectecd from the instrument. 

1. INTRODUCTION 

The W.German ROSAT satellite (see e.g. [1]) will carry an 
X-ray telescope (XRT) and a UK XUV telescope (the Wide 
Field Camera, WFC1; see e.g. [2,3,4]), both instruments 
viewing in the same direction. The primary scientific -
objective is to perform all-sky suweys, over a six month 
period, in the X-ray '(6-80 A.) and XUV (60-200 A.) 
wavebands. The subsequent pointing phase will be used 
for detailed studies of selected sources. 

The WFC telescope consists of three nested, gold­
c.oated aluminium mirrors with a microchannel plate 

(MCP) detector at their common focus. Any one of 8 fil­
ters, mounted on an aperture wheel in front of the detec­
tors, can be selected to define the wavelength passbands 
and suppress geocoronal background radiation which 
would otherwise saturate the detector count rate. During 
the survey, 2 different filters will be used, covering the 
waveband from about 60 up to 200 A.. For pointed Qbser­
vations, additional filters will be available to extend the 
spectral response to longer wavelengths. The provisional 
choice of filters is listed in Table 1 together with the 
expected sensitivity in each passband. 

· 

The WFC field of view is five degrees in .diameter, 
reduced to 2.5 degrees for some pointed observations. 
The spatial resolution is about one arcmin FWHM (full 
width at half maximum) within about one degree of the 
optical axis, and for the survey is about two arcmin FWHM 
averaged over the field-of-view. The location accuracy 
(error circle 90 per cent confidence radius) for pofnt 
sources will vary from - 1 arcmin for the weakest ones 
(set by photon counting statistics) to """ 25 arcsec for 
strong sources (limited by the WFC attitude determina­
tion and systematic errors). 

During the survey, the viewing axis will scan in ecliptic 
latitude at a rate of= four degrees/minute and in ecliptic 
longitude at= 1 degree/day. Hence, a source will be scan­
ned for. up to about a minute every 1.5 hours, over a 
period of about 5/cos (ecliptic latitude of source) days. 

ROSAT is scheduled to be launched by a NASA Delta-11 
rocket in early 1990, into a (nominally) circular orbit at 57 
degrees inclination and about 580 km attitude. The Flight 
Model WFC was delivered to the spacecraft contractor in 
March 1988. 

# 'The WFC project is supported by the UK ScifiiJCe and EngltHIBring RBBHreh Council (SERCJ The WFC 
inlltnJmenr.t�on and the GtOUnd System loT WFC miuion operations and date processing are Oeing 
developed by a consotflum of five UK instituhiS UnivenlltyafLeicestltr, SERCs RutherfordAppleton Laborat­
ory (RAL), the Mullard Space SCience t..borator;-Universtiy Coi181JS London. University of BirmlnghMn and 
lmpenal College of Science MC/ Technolog)"-London , 

This paper describes the Ground System which is 
being developed for WFC mission operations and data 
handling, and discusses some of the scientific results 
which may be expected from the instrument. 

2. IN-ORBIT OPERATION OF ROSAT 

Control of ROSAT and reception of telemetry data will be 
handled by the German Space Operations Centre (GSOC) 
at Oberpfaffenhofen near Munich, using its nearby 
ground station at Weilheim. The spacecraft will be in con­
tact with the ground station for about eight minutes on six 
cqnsecutive orbits each day. The ROSAT telecommand 
up1ink rate will be 1 kbit/s, equivalent to about 10 (24-bit) 
commands per second, with a daily uplink requirement of 
several thousand comma!JdS per day. Most of these com­
mands are 'time tagged' and are put into on-board defer­
red command stores to enable the operation of the satel­
lite to continue when out of ground contact. The data 
stored on-board on tape recorders ('stored data') will be 
telemetered from ROSAT to the ground station at a rate of 
1 Mbit/s, with a daily volume of about 800 M bit. There is a 
second telemetry channel of 8 kbit/s which conveys 
(mainly) housekeeping data in real-time. 

During each ground contact the critical 'housekeeping' 
parameters will be checked in·real-time at GSOC, and the 
stQred data will be recorded at Weilheim for retransmis­
sion, via dataline, to GSOC after the contact. The comput­
ers at GSOC will then carry out the basic data processing 
such as sorting the data, determining the orbital elements 
and computing the spacecraft attitude. For 'near-real­
time' checkout, all stored XRT and WFC housekeeping 
and calibration data will be copied out from the telemetry 

Table 1. ROSAT WFC Filters, Wavebands and Sensitivity. 

Fi lter Type(a] Survey (S)  FOV 'Mean' Bandpass(A) Point-sou rce 

C/Lexan/B(x2) 
Bellexan (x2) 
AVLexan 
Sn/AI 
TBD 

or Diam. Wave (at 1 0 %  of peak Sensitivity 
Pointed (P) (deg. )  length efficiency) (p.Jy) [b) 

S+P 5 
S+P 5 

p 2.5 
p 2.5 
p 2.5 

1 00 !AI 
1 40 
1 80 
600 
TBD 

60- 1 40 
1 1 2-200 
1 50-220 
530-720 

1 .0 
1 .4 
7.3 

-220 

(a) An eighth fitter is_.. interference type for u.e wtth the WFC UV calibration source 
(bl For 5a signrficence. exJ)OIUre time at 2000 s (a typical value for each filter for the aurvey end for pointed 
obaervatlons) and "typtcar �round 
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(a) UPLINK FLOW Cbl DOWNLINK FLOW 
Fig 1 .  ROSAT WFC Ground System· data flow between sites. (a) The main flow of information for control l ing the satellite. (b) The main flow of data received from 
the satel l ite. 

stream at the g round station and transmitted as soon as 
possib le over the data l i ne from GSOC to the ROSAT Sci­
entific Data Centre ( RSDC) at the Max Planck lnstitut fur 
Extraterrestrische Physik ( M PE) ,  G a rch i ng near M u n ich .  
I n  addition, th ree orbits per day of  stored XRT and WFC 
housekeeping and science data ( 'qu ick-look data')  wi l l  be 
tra nsmitted over the data l ine from GSOC to the RSDC, 
with i n  a few hours of g round reception .  The fina l ,  com­
plete data tapes a re expected to be ava i lab le from GSOC 
with in  about a week of ground reception.  

3.  THE GROUND SYSTEM 

The WFC G round System comprises the necessary 
hardware, software, manpower, operat ional  p rocedu res 
and documentation for hand l ing of a l l  WFC observations 
and for the U K  share of XRT pointed observations. The 
G round System is responsib le for: 

• Generation  of WFC command procedures. 
• Monitoring WFC status, health and performance. 
• Analysis of WFC a l l-sky su rvey data to produce a 

cata logue of xuv sources. 
• Poi nted observations: 

Adm i n istration of UK observation requests with i n  
U K. 
Processing,  d istri bution and analysis of data from 
WFC observations. 
Distribution and ana lysis of data from UK XRT 
pointed observations.  

3.1 WFC Ground System Sites 

The main  elements of the WFC G round System are: 
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• WFC Quick Look Facility (QLF), at the ROSAT Scien­
t if ic Data Centre ( RSDC),  MPE, Garching - for WFC 
command procedu re generation, WFC hea lth­
monitoring,  qu ick-look analysis ofWFC data, and act­
ing as  the WFC Consortiu m  interface with G SOC a n d  
MPE for m ission operations (see [5]). 

• ROSAT UK Data Centre (UKDC) in the U K, at RAL -
for rout ine process ing and distribution of WFC survey 
and pointed observation data. 

• ROSAT UK Survey Centre (UKSC) i n  the U K, at Leices­
ter U niversity - for fu l l  and long-term health and 
performance monitor ing of the WFC, WFC ca l ibration,  
fi na l  su rvey ana lysis, and la rge-sca le backg round 
ana lysis. 

• WFC Consortium Institutes (WFCCI) - for analysis 
of survey and poi nted observation data. 

The data flow between G round System sites is  shown 
in Figu re 1. 

_ 

3.2 Ground System Organisation and Operations 

Al l the Consortium Institutes a re participatin g  in the 
developmE!nt of the WFC G round System ;  s im i la riy', they 
wi l l  a l l  participate i n  the data ana lysis and provide man­
power for WFC mission operatio ns. Each site with i n  the 
WFC G round System has one person to coord inate the 
work there and to act as the formal  i nterface for that site. 
In addit ion,  a UK G round System Manager coord inates 
the overa l l  development and operat ion of the whole sys­
tem ( ie.  QLF, U KDC, U KSC, WFCCis, and i nterfaces to 
G SOC, RSDC and Guest Observers). Scientific d i rect ion 
a nd management of the WFC project is  u nder the control 
of a Project Steerin g  G roup com pris ing the Principal 
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I nvestigator, eo-Principal  I nvestigators and other  per­
sons eo-opted as requ i red. Reporting to the Steering 
G roup, and cha ired by the U K  G round System Manager, a 
WFC G round System Working G roup is responsib le for 
d i rect ing software development and operations for the 
Consortiu m .  I nc luded i n  these tasks a re the defin it ion, 
des ign,  product ion,  i ntegration and test of software, and 
the tra i n i ng and procedu res needed for operat ions.  The 
working  g roup holds reg u l a r  prog ress meetings, every 
six to e ight �eeks. 

3.3 Specifying and Planning the Ground System 

I n  decid ing  on an appropriate level of formal  documenta­
tion for specifying  the WFC G round System a balance has 
had to be achieved between having sufficient documenta­
tion to meet the needs of the d istributed natu re of the pro­
ject ( both nationa l ly a n d  i nternationa l ly), particu la rly with 
rega rd to the large n u m ber of i nterfaces, and the l i m ita­
tions on the manpower ava i lable to produce and m a i nta in  
formal  specifications and p lans .  The  adopted solution fol ­
lows i n  genera l terms the ESA Software Engineering 
Standards [6 ] .  At the top level is the Functiona l  Requ i re­
ments Specification  and Project P lan,  which defines i n  
broad term s :  (i) t h e  tasks t o  b e  performed a t  each G round 
System site, ( i i )  the requ i rements on com puter hardware 
and software, ( i i i )  the organ isationa l  structure for the 
development and operations. At the next level a re :  

• Interface Control Documents. These specify the i nter­
faces with GSOC and the RSDC. 

• Software Requirements Specification. Th is speci fies 
the softwa re requ i red for each package (see below). At 
a lower level is the Software Desig n  S pecification, 
which describes the desig n  of each package, i nc luding 
a fu nctiona l  descript ion of  each program and i nter­
prog ram and i nter-package fi le  specificat ions;  it a lso 
conta ins  the software standards specification .  At the 
lowest level ,  prog ram l i stings wi l l  conta i n  a basic 
descri pt ion of ind iv idua l  programs and subroutines;  
m uch of th is  text can be automatica l ly extracted to 
form l i sts of routi nes and associated i nterface i nfor­
mation .  

• Integration and Test Plan. This specifies how i ndi­
vidual  packages a re to be tested and i ntegrated as part 
of the overa l l  G round System. At a lower level ,  
Software Test P lans and Reports wi l l  be produced for 
each package.  S im i l a rly, Site I ntegration and Test 
P lans and Reports wi l l  cover the i nteg ration of ind i ­
v idua l  packages at each site. 

• Operations Plan. Th is specifies operations proce­
d u res for the whole WFC G round System .  At a lower 
level a re the Site Procedu res Manua ls  g iv ing deta i led 
operations procedu res for each s ite, and the 
Observer's Manua l  and Science Ana lysis Softwa re 
User Manua l .  

• Schedule and Resources Plan. Th is specifies : ( i )  the 
overa l l  schedu les for the development and operat ion 
of the G round System, ( i i )  the schedu les for develop­
ment of each software package, and ( i i i )  the man­
power resources com mitted by each Consortiu m  
institute. 

3.4 Software Development 

The data reduction and ana lysis software is  being 
developed joi ntly by the five institutes in the WFC consor­
tiu m .  At a n  early stage i n  the softwa re development prog­
ram m e  the tasks were d ivided i nto modula r  packages and 
each institute g iven responsi b i l ity for one or more pac­
kages, taking account of previous experience in s imi lar  
a reas. I n  addition,  use  is bei ng  made of  exist ing software 

where possib le .  The interfaces between packages were 
defined very carefu l ly and subsequently put under a 
change control procedu re.  Software portabil ity has not 
been a s ign ificant problem since a l l  those i nvolved i n  
ROSAT are us ing VAX com puters runn ing  u nder the VMS 
operating system .  The VAX computers of the WFC i n sti­
tutes are al l  i nter-connected via the UK Jo int Academic 
N etwork (JANET) which is  used very heavi ly for fi l e  and 
mai l  transfers, and forms a n  essentia l  l i n k. 

Program cod ing standards were also estab l ished at the 
outset : prog rams a re written i n  ANSI Fortran 77 with cer­
t ian restrict ions but with a few extensions a l lowed. Al l of 
these extensions appear in a s imi lar  form in the current 
d raft of Fortran 8x. 

Software for the in it ia l  reduction stages, up to and 
inc lud ing the conversion of  photon events i nto images, i s  
specific to  the WFC and the data fi les use ord inary VMS 
fi le  structures. The scientific ana lysis software wi l l  be  
designed to  form part of  the Star l ink  Asterix package) [7] 
which was developed to handle data from ESA's Exosat 
X-ray astronomy sate l l ite. Th is package is  now beng con­
verted to run u nder the new Star l ink  Software envi ron­
ment cal led ADAM. Al l fi les produced by the Asterix pac­
kage wi l l  use the Star l ink  H iera rchical Data System ( H DS) .  
H DS structu res a re open-ended and self descri b ing ; th is  
m a kes them partic;:u larly su itable for stor ing scientifi c 
data . If l a rge a rrays (such as i mages) are stored i n  H DS 
fi les they may a l so be accessed via the VMS mapping 
mechan ism.  

3.5 The Software Packages 

The twelve software packages, and the d ivision of respon­
s ib i l ities, a re as fol l ows : 

1 .  General Data Handling a t  t h e  UKDC - for receipt 
and va l idation of the data at the U KDC, for arch ivi ng 
and retrieva l of  data, and for selection and d istribu­
t ion of the processed data . (RAL) 

26 Status and Health Monitoring - for ana lysing the 
WFC housekeeping data to monitor i nstrument status 
and hea lth . (MSSL with ICST) 

3. Calibration and Performance Analysis - for 
ana lysing  the WFC science data to mon itor the instru­
ment performance and to derive instru ment ca l ibra­
tion data . (ICST with Leicester) 

4. Attitude determination - to determ i ne the "WFC 
attitude, a n d  to monitor the WFC Star Tracker perfor­
mance. (RAL) 

5. Event Processing - pre-processes the data from 
the WFC detector events i nto a su itable form for d is­
tribution,  and converts them from raw detector coor­
d inates to celest ia l  coordinates by applying the 
instrument ca l ibration and attitude solution. (Leices­
ter) 

6. Science Data Analysis - for scientific ana lysis of 
the WFC and XRT observations.  (Birmingham with 
Leicester and ICST) 

7. Production of the Final Source Catalogue - for 
ana lysis of all the data from the su rvey phase i n  a 
un iform manner, to produce the fina l  XUV source 
cata logue for pub l ication .  The software wi l l  be bu i lt 
u p  from that i n  the Event Processing  and  Science Data 
Analysis packages. (Leicester) 

8. Generation of Test Data - necessary for system 
verificat ion from s imu lations and from i nstrument 
test data . (Leicester with MSSL and RAL) 

9. Mission Analysis - for mon itoring the prog ress of 
the m ission and for p lann ing pointed observations. 
(RAL) 

1 0. Pointed Observation Programme - for the 
adm i n istrat ion of the pointed observation prog-
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Fig. 2. Logical relationships and data flow between the software packages. For clarity, the scheme is shown here in a somewhat s impl ified form. 

ramme. Data bases wi l l  conta i n  deta i ls  of observation 
proposals  and account ing i nformation on observa­
tions. (RAL) 

1 1 .  Commanding - requ i red at the OLF for generat­
ing, checki ng and amending command procedures 
for the WFC. (MSSL) 

. 

12 .  QLF Communications - a l lows the OLF computer 
to comm u nicate with the computers at MPE and 
GSOC, for transmission of WFC command proce­
d u res and reception of 'near-rea l -t ime' and 'qu ick­
look' telemetry data . (MSSL) 

Figure 2 shows in a schematic manner the rel at ion­
sh ips and data f low between the packages. 

4. SATEU .. ITE CONTROL 

The flow of information th rough the G round System and 
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to the sate l l ite is shown schematical ly i n  F igure 1 a . As 
a l ready mentioned, operation of the spacecraft and scien­
tific payload wi l l  mostly be achieved using deferred com­
mands. These commands wi l l  be generated at G SOC in a 
la rgely automatic manner from i nformation contained i n  
t h e  Mission Time Line, and u s i n g  pre-defined command 
procedu res. The M ission T ime Line wi l l  consist of  a t ime­
ordered l ist of events - either ones to be performed by 
the spacecraft (e .g .  attitude changes) or by the scientific 
instruments (e.g .  set filter position ,  set measurement 
mode, perform on-board ca l ibration) ,  or ones determ i ned 
by the orbit geometry (e .g.  rad iation be_lt passages, 
g round contacts). The Missio n  Time Li ne wi l l  be gener­
ated from i nformation conta ined i n  request forms for 
pointed observationll, survey observations and on-board 
ca l i b rations/tests, together with general  constraints on 
the mission (e .g .  location  of the radiation belts, m in i m u m  
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Fig. 3. Simulation of WFC data from one orbit of ROSAT during the survey. In the histograms of count rate versus time, the counts have been sum med over the 
WFC field-of-view, and the time axis is equivalent to ecl iptic l atitude. The i nset indicates how sky maps are constructed from the detected events. 

permitted viewing  ang le  to the Earth when perform i n g  a n  
observation ) .  For example, for each pointed observation 
that is  to be performed there wi l l  be an  observation 
request form stating the requ i rements, e .g .  celest ia l  
pointing  position, exposure t ime, instruments and 
wavebands, any specia l  t ime constraints. 

The WFC deferred command store has a capacity of 
255 commands, sufficient for at least a day of normal  
operations.  

5. PROCESSING OF THE SCIENCE DATA 

The pri m a ry a ims of the d ata ana lysis a re: ( i )  to p roduce 
from the WFC su rvey data, a cata logue of fluxes and 

celest ia l  posit ions of  'point- l ike' XUV sou rces; and ( i i )  to 
provide a flexib le system for i nteractive analysis of WFC 
data from pointed observations and the su rvey, and ofthe 
UK share of XRT pointed observation data. 

The coord inates and arriva l t imes of the events reg is­
tered by the foca l p lane detector wi l l  form the pr imary sci­
entific data from the WFC. Besides photon events, there 
a re 'background'  events caused by charged particles etc. 
The raw telemetry data from the WFC wi l l  occupy -50 
M byte/day, i .e .  - 1 0  G byte for the six month a l l -sky su rvey 
and -20 G byte per year of pointed observations. 

5.1 All-Sky Survey 

During the sca n n i n g  phase the WFC is expected to pro-
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duce an average of - 1 00 events/second for six months.  
Effectively, these have to be sorted i nto a fixed frame and 
imaged with a resolut ion of better than 1 a rcmi nute. In 
total  th is means that some 1 .6 x 1 09 events have to be 
sorted i nto a set of - 3 x 1 08 pixels .  Th is will be hand led 
be d ivid ing  the celestr ia l  sphere i nto a coarse gr id a long 
l i nes of  ecl i ptic longitude and  latitude with a spaci ng  of 
a bout 3 degrees. The attitude of the i nstrument, com­
puted from star-tracker data, wi l l  be used to sort each 
i ncoming photon i nto the appropriate celest ia l  cell . The 
orig ina l  ( i nstru ment) coord inates of each photon event 
a re preserved ; a set of l i n ked l ists is  used, one for each 
celestia l  ce l l ,  the whole structu re being stored on a ran­
dom-access fi le .  One such fi le  wi l l  be produced at the U K  
Data Centre for each day of operat ions;  th is wi l l  b e  d istri­
buted to the Consortiu m  i nstitutes for ana lysis. 

As the su rvey observations proceed, the data wi l l  be 
ana lysed in the UK with a t ime lag of about 2 weeks. Each 
Consortium institute wi l l  receive al l  the WFC data but wi l l  
have the prime responsib i l ity for the ana lysis o f  a d iffe­
rent reg ion of the celest ia l  sphere .  The fi rst operat ion wi l l  
b e  t o  merge data from the c w  rent day with the data base 
which has accumulated events col lected ear l ier in the sur­
vey. Each l inked l ist wi l l  be merged with the l i n ked l i st for 
the corresponding celest ia l  cel l  i n  the data base. The scan 
path advances i n  ecl iptic long itude by 1 degree day, so 
that a new str ip of sky wi l l  be ava i lab le for ana lysis every 
few days. The data for th is str ip wi l l  be conta i ned i n  a 
sma l l  n u m ber of cel ls, i .e .  l i n ked l ists, on the data base. 
After ana lysis these l i sts can be arch ived and the d isc 
space released for re-use by a g a rbage col l ection phase. 
The ana lysis of each str ip of sky wi l l  proceed by forming 
i m ages and search ing these for  sou rces. The exposu re 
t ime of each detected sou rce wi l l  be com puted, and  the 
f lux derived. A t ime-series m ay be extracted from the acka 
for the stronger sou rces. A source on the ecl i ptic wi l l  be 
scanned some 80 times over a five-day period ; those at 
h i g her ecl iptic latitude wi l l  be in the fie ld of view for rather 
longer. Smal l  r�gions arou nd each ecl i ptic pole are l i kely 
to be scanned for the whole of the su rvey period and wi l l  
b e  treated speci a l ly i n  the ana lysis. 

S i nce it is  u n l i kely that a u n iform survey ana lysis at 
maxi m u m  sensitivity wi l l  be possible wh i l e  the survey 
data a re sti l l  being accum u l ated, it is p lanned to perform 
a re-ana lysis of the complete su rvey database after the 
end of the survey phase of the mission and fol l owing 
review of the experience ga ined dur ing the previous 
ana lysis. 

In order to mon itor the genera l  progress of the su rvey, 
the OLF wi l l  ana lyse a smal l  fract ion (- 20 per cent) of the 
data with i n  about a day of the observat ions being made 
[5] . 

5.2 Pointed Observations 

The pointed phase process ing wi l l  be somewhat si mpler :  
the incoming  events wi l l  be sorted i nto data-sets struc­
tured with a 'sma l l -map' scheme a long the l i n es of those 
used by Einstein and Exosat; these poi nted observation 
data-sets wi l l  be com patib le with those descri bed above 
for the su rvey data. A software package wi l l  be provided 
so that users can form images and extract tem poral and 
spectra l i nformation .  Since U K  observers wi l l  have access 
to both the XRT and WFC s imu ltaneously for a proportion 
of the poi nted phase, the software must be able to ana lyse 
data from both instruments in a u n iform manner. 

5.3 Generation of Test Data 

Pre- lau nch data to test the G round System software a re 
ava i lab le from two sou rces : ( i )  the WFC instrument, ( i i )  a 
software scientific data s imu lator. The latter is a lso used 
to predict backg rou n d  count rates and exposure ti mes. 
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Figu re 3 shows an example  of su rvey data for one orbit, 
generated by the sim u l ator. 

5.4 Handling of Calibration Data 

I nstru ment ca l ibrat ion data, derived both from pre- lau nch 
laboratory measurements and i n-orbit observations, 
have to be ava i l a ble i n  suitab le  form to the scientific 
ana lysis programs.  In-orbit ca l ibrations wi l l  use both 
observat ions of selected celestia l  ta rgets and an on-board 
ca l ibrat ion system .  The latter system projects, from a 
mount ing r ig id ly locked to the m i rror assem bly, a rectan­
g u l a r  array of  about 1 00 fiducia l  spots on to the foca l 
plane detector, to a l low l i nearisat ion of the e lectrica l read­
out of the detector and correction for a ny relative move­
ment between detector and m i rror assem bly. Any 
method of hand l ing  the derived ca l i brat ion data must 
a l low both for parameters which vary with t ime and for 
i mproved knowledge of parameters as the mission prog­
resses. These requ i rements a re being met by u se of H DS, 
which provides a flexib le system for stori ng,  u pdati ng,  
en larg i n g ,  deleti ng ,  retrieving,  or  altering  the form of any 
particu lar  su bset of the data. 

6. PREDICTED NUMBERS OF SOURCES 

A severe restrict ion on the visib i l ity of sou rces at XUV 
wavelengths -1 OQ-1 000 A is  the attenuation of the radia­
t ion by photoelectric absorpt ion in the i nterste l l a r  
med i u m  or  i ntri nsic to the sou rce. due to the very l i m ited 
observations so fa r made in the XUV band, any predic­
t ions of n u m bers of sou rces observable by the WFC wi l l  
have la rge uncerta i nties. H owever, it is  usefu l for m ission 
p lann ing  pu rposes at least, to have some rou g h  esti­
mates. The two major contributors to the XUV sou rce 
detections a re expected to be cool sta rs and  hot wh ite 
dwarfs, with each yie ld ing �1 000 sou rces in the a l l -sky 
su rvey, g ivi ng  the potential  for deta i led statistical  stud ie!>. 

Pye and  McHardy [8] have d iscussed cool sta r observa­
t ions with the WFC. The maxi m u m  d istance at which 
qu iescent em ission from main sequence stars is expected 
to be detected is about 25 pc. At th is  d istance, absorption 
by the i nterste l lar  med i u m  is sti l l  expected to be low and 
the l i m i ting  factor is  s imply the low i ntr insic l u m i nosity of 
these objects. RS CVn systems, with their  h ig her 
l u m i n osities, are expected to be observable out to at least 
1 00 pc, where i nterste l lar  absorpt ion may wel l  be s ign i fic­
ant. The WFC is expected to detect� 1 000 cool m a i n  sequ­
ence stars. The apparent mag n itudes (mvl of main sequ­
ence stars at a d istance of 25 pc a re [9]:  F0-4.6, F5-5.4, 
G0-6.4, G5-7 . 1 ,  KD-7.9, K5-9.3, MD-1 1 .0, M 5-1 3.8. The 
correspond ing surface densities (stars per 41T steradians)  
a re :  F-200, G-400, K-650, M-3300. Hence, for each spect­
ra l type, we wou l d  expect to detect i n  the WFC su rvey 
about 50 per cent, 30 per cent, 30 per cent, 20 per cent 
respectively of the tota l n u m bers of these sta rs in the vol­
ume out to 25 pc. 

Barstow and Pounds [ 1 0] have pred icted the n u m bers 
of hot wh ite dwarfs detectable by the WFC. For a wh ite 
dwarf of a g iven temperature, the WFC is m uch more sen­
sitive to a H-dominated ste l lar  atmosphere than to one 
dominated by He.  H ot wh ite dwarfs a re sufficiently l u m i n­
ous i n  the XUV to be potentia l ly observa ble out to d is­
tances approach ing  several kpc. H owever, it is l i kely that 
i n  practice, photoelectric a bsorpt ion i n  the i nterste l l a r  
med i u m  wi l l  l a rgely determine the  viewi ng horizon .  The 
WFC is expected to detect - 2500 wh ite dwarfs d u ring  the 
a l l -sky su rvey. A total  of approximately 1 500 wh ite dwa rfs 
is presently known, of which about 30 per cent have temp­
eratures to which the WFC is sensitive. Com par ing this 
fig u re with the number of wh ite dwarfs that the WFC is 
expected to see,  shows the va l u e  of the a l l -sky XUV sur­
vey for statistical ana lyses. 
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7. CONCLUSION 

I have described the G rou nd System which wi l l  be 
responsib le for WFC m ission operat ions and data handl ­
ing .  Both i n  development and for operation a distributed 
a pproach is being  adopted to provide the necessa ry man­
power and resou rces to accom plish the task, and  fol low­
i n g  the example of the WFC instrument development 
which has a l ready been done successfu l ly on a consor­
t ium-wide basis. 

The system m u st be able to hand le  a WFC data flow of 
about 50 M byte/day over a period of severa l years. :rhe 
Qu ick Faci l ity i n  M u n ich wi l l  enable close l i a ison with 
G SOC and  the ROSAT Scientific Data Centre, and wi l l  
a l l ow rapid mon itor ing of  the  instrument data. The  U K  
Data Centre wi l l  perform routi ne pre-process ing,  a rch iv­
i n g  and d istribution of data . The UK Su rvey Centre is 
responsib le for several long-term scientific tasks i nclud­
i n g  fi na l  a n a lysis  of the WFC su rvey data.  The Consortiu m  
i nstitute sites wi l l  a l l  b e  equipped t o  perform fu l l  scientific 
ana lysis of the observat ions and hence a l low m axim u m  
partici pation b y  Consortium staff. I n  addition,  t h e  scien­
tific data ana lysis softwa re wil l  be ava i l a ble to guest 
observers. 
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THE ROSAT WIDE FIELD CAMERA XUV TELESCOPE 

M.A. Ba�ow:and R. Willingale 
X-ray Astronomy Group, Physics Department, University of Leicester, University Road, Leicester, LE1 7RH, UK. 

If all goes to plan early 1990 will see NASA launch the West German X-ray astronomy satellite ROSAT. On-board 
will be the main X -ray telescope designed to view the energy range 0.15 to 2.0 keV while alongside will be the XUV 
Wide Field Camera built by the United Kingdom to cover the lower energy band 0.062 to 0.21 keV. The prime objec­
tive of the mission is to perform an all-sky survey of soft X-ray sources with a sensitivity much better than has pre­
viqusly been possible and an energy band extending into the extreme ultraviolet, a region of the electromagnetic 
spectrum which has so far remained largely unexplored. 

1 .  XUV ASTRONOMY 

Before 1975 the possibility of observing the sky in the 
XUV energy (== 0.04-0.25 keV) band lying between the 
ultraviolet and X-ray regions of the spectrum, seemed 
remote. Even after escaping the atmospheric absorptiQn 
of the Earth by placing a telescope on a sounding rocket or 
satellite the absorption of XUV photons by the intersterJar 
medium was thought to be too large for even the 
brightest stellar sources to penetrate. However, an exper­
iment on the Apollo-Soyuz mission 1975 (Bowyer et a/, 
1977) made the first detection of a non-solar XUV source, 
the hot white dwarf HZ 43, and recent estimates of the 
interstellar absorption (Paresce, 1984) indicate that there 
exist 'holes' through the interstellar medium which 
should provide a window for XUV astronomy. Unfortu­
nately d�signing and building telescopes to detect and 
image XUV radiation is not easy. As in the neighbouring 
X-ray band, XUV will not reflect off mirrors at normal inci­
dence and grazing incidence optics must be used. Very 
thin filters can be made tb define windows in the XUV by 
blocking unwanted UV background radiation but they are 
difficult to make and extremely sensitive to vibration 
expected at launch. Det�ting XUV with high efficiency is 
not easy either. Only recent developments of XUV sensi­
tive photo-cathodes and photon counting-imaging 
devices have made the design of a suitable detector pos­
sible. 

XUV radiation dominates the spectrum from regions 
with temperatures in the range 3 x 104 to 1 x 106K and 
therefore the astronomical objects likely to be of interest 
include hot degenerate stars, coronae of cool stars, dwarf 
novae and faint extended objects such as supernova 
remnants and clusters of galaxies. Observation of the dif­
fuse XUV background and line of sight column densities 
will also provide information about the loco! interstellar 
medium. At present only a handful of XUV sources are 
known. However, it is hoped that an all-sky survey per­
formed with the WFC will provide a much larger 
catalogue of sources including about 1000 main sequ­
ence stars and 2500 white dwarfs. Follow-up pointed 
observations will provide further information with which 
to probe the environment in these and other objects. 

2. THE WIDE FIELD CAMERA INSTRUMENT 

The WFC and its individual components have been dis­
cussed in much detail in other publications (e.g. s-arstow 

et al, 1985b). Consequently, we will give here just a brief 
description of the hardware and concentrate on the scien­
tific performance. 

Figure 1 is a cutaway drawing of the WFC showing the 
main optical components - grazing incidence mirrors, 
filters and microchannel plate (MCP) detectors. A nested 
set of three Wolter-Schwarzschild Type I mirrors (see Wil­
lingale et a/, 1987), fabricated from aluminium and coated 
with gold for maximum reflectance provide a geometrical 
collecting area of 475cm2 with a common focal length of 
525 mm. The grazing incidence angles chosen (typically== 
7.5 degrees) allow the collecting area to be optimised 
whilst retaining a wide (2.5 degree radius) circular field of 
v�w and a low energy reflectivity cut-off at 0.21keV. To 
obtain a high quality image and good reflectivity, the sur­
face of each mirror must be incredibly smooth and accu­
rately figured. A surface finish of 9A rms for scale lengths 
less than 100J.Lm and 45A rms for scale lengths less than 
1 mm has been achieved. The profile of any mirror d9es 
not deviate from the required form by more than 1 J.Lm 
over its axial length or depart from circularity by more 
than 12J.Lm across its diameter (60cm for the largest ele­
men_t). An on-axis resolution of "" 2.3' half energy width 
(HEW) has been measured but the response degrades to 
= 4.4' HEW at 2.5 degrees off-axis due to optical aberra­
tions inherent in the telescope design. Hence, the average 
resolution for the survey will be == 3.5' HEW. 

In order to take full advantage of the telescope resolu­
tion the pair of MCPs in the detector are both curved like 
a watchglass to match the optimum focal surface, as is the 
resistive anode readout system (see Barstow et a/; 1985a). 
A Csl photocathode is deposited directly onto the front 
face of the front M CP to enhance the XUV quantum effi­
ciency.The detector resolution is substantially (a factor> 
2) better than that of the mirror nest and consequently 
does not ccontribute significantly to the net response of 
the WFC. A focal plane turntable can be used to select one 
of two identical detector assemblies in flight. 

The filter wheel assembly contains eight filters, any 
one of which can be selected to define the energy 
passbands and suppress geocoronal background radia­
tion which would otherwise saturate the detector count 
rate. Filters also prevent the detection of UV radiation 
form hot 0/80 stars which would otherwise be imaged 
indistinguishably from XUV sources. There are four large 
diameter filters (5 degrees field of view) for the survev (5) 
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Fig. 1. Cutaway diagram of the WFC showing its principal optical components. 

and three small diameter (2.5 degrees field view) for 
pointed (P) observations. S filters will also be used in the 
pointed phase of the mission. To have high transmission 
in the XUV all of these filters have to be extremely thin, 
amounting to no more than a few thousand A of the mate­
rials from wt.ich they are constructed (see Table 1). A UV 
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calibration system, mounted on the mirror support, per­
mits in-flight monitoring of detector gain drifts and ther­
mally induced misalignment of the telescope axis. One 
position in the filter wheel is occupied by a UV interfer­
ence filter for use with this system. 

The WFC is sensitive to particle background, particu­
larly soft electrons. A high percentage of incident elec­
trons(== 97%) are deflected away from the detector aper­
ture by a magnetic diverter. However, the remaining par­
ticle flux can still be significant. Two particle detet<tors, a 
geiger tube and a channel electron multiplier (CEM), 
monitor this background and the former can provide a 
signal to switch off the MCP detector during passage 
through high background regions (ie. South Atlantic Ano­
maly, Auroral Zones). The CEM may be used, in conjunc­
tion with an 'opaque' filter (ie. one that excludes all radia­
tion but the particle flux) mounted in front of the MCP, to 
establish the electron contribution to the total observed 
background. This is important if we wish to study the dif­
fuse XUV background, and therefore the local interstellar 
medium, since the electron flux is not well determined 
and also exhibits large temporal variations. Studies of the 
electron background expected in the WFC have not yet 
established the feasibility or necessity of the technique 
but an opaque filter would occupy one of the P filter slo.s. 

Table 1 summarises the main performance char!IC­
teristics of the science filters and Figure 2 shows the effec­
tive area of the WFC for each XUV filter design. 

3. INTERSTELLAR ABSORPTION 

Attenuation of the incident flux from a source by the ISM 
is extremely important in the XUV because most ele­
ments have electron binding energies in the range 10-
100eV. Cruddace et a/ (1974) have calculated the effective 
interstellar absorption cross section (a) per H atom in the 

Fig. 2. The effective area of the WFC for each filter: (a] C+B+Lexan, [b) Be+Lexan, [c) AI+Lexan and [d) Sn+AI. 
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Table 1 .  ROSAT WFC filters, wavebands and sensitivity. 

Filter  Type 
[a) 

Su rvey (SI FOV 'Mean' Bandpass (eV) Point-source 
or  Diam. E nergy (at 1 0% of peak Sensitivity [b) 
Poi nted (P) (deg.) (eV) efficiency) (j.Wy) (HZ43'1) 

C/Lexan/B ( x 2) S + P 
Be/Lexan ( x 2) S + P 
AI/Lexan P 
Sn/AI 
[b] p 

5 1 24 
5 90 
2.5 69 

2.5 20 

90-2 1 0  
62-1 1 1  
56-83 

1 7-24 

1 .0 3000 
1 .4 7000 
7.3 1 400 

220 1 85 

Table 2. WFC Passbands : Absorption of XUV Radiation by the ISM. 

Wavelength ISM Effective 
(ev) Cross-section 

( 1 0'20cm21 

1 24 
90 
69 
20 

[a) 

3.2 
7.8 
1 5.0 
200 

ISM Effective Mean Free Path 
HwtrogenColumn (pc) [b) 
Density (1019cm-2) 
for unit mean free path 

3.1 
1 .3 
0.7 
0.05 

1 90 
70 
35 
2.3 

[a) Provisional .  [b) For 5o- significance, exposu re time of 2000 s (a typical 
value for each fi l ter for the su rvey and for pointed observations) and 'typ­
ical '  backg rou nd. The right hand col u m n  expresses the sensitivity in terms 
of the flux from the wh ite dwarf HZ43, the brightest known XUV sou rce. 

(a] From Cruddace et a/ ( 1 974). [b) for ISM with constant 
vol u m n  number density of neutral hydrogen of 0.07 cm·3 
(Paresce 1 984). 

range 6eV to 1 .24keV from the weighted sum of a l l  i nd i­
v idua l  com ponents. Absorpt ion i n  the XUV is dominated 
by H and He and is  a steep fu nction of wavelength, 
i ncreasi n g  by a factor = 500 from 1 24eV down to the 
Lyma n  edge at 1 3.6eV. To some extent sou rce visib i l ity 
wi l l  be dependent upon the i ntri nsic spectrum .  H owever, 
a good general i nd ication of the l i m itations bf the absorb­
ing  matter can be obta i ned by ca lcu lating the effective 
colu m n  density for u n it photon mean free path ( M FP) at 
the mean wavelength of each pass band and the M FP for 
a mean l ocal density of 0.07 atoms cm·3 (see Paresce, 
1 984; Table 2 ) .  In rea l ity, as demonstrated by the data of 
Frisch and  York ( 1 983) and  Paresce ( 1 984), there a re la rge 
variations i n  the l i ne of sig ht co l u m n  density with d i rec­
t ion through the ga laxy. Although when looking  out of the 
ga lactic plane data is  sparse and the col u m n  density/dis­
tance poorly determi ned, the i ntegrated HI co l u m n  
density throug h  t h e  ga lax� (He i les and  Jenkins, 1976) 
may be low enough ( < 1 02 cm-2 ) to see through  at h igh  
l atitudes. 

4. OBSERVING HOT WHITE DWARFS 

Sion ( 1 986) has recently reviewed o u r  current u nder­
stand ing  of the formation  and evo lut ion of wh ite dwarfs 
(WDs) . lt is clear that there a re many problems concern i n g  
t h e  relationsh i ps between d ifferent k inds o f  W D s  sti l l  to 
be u nderstood. An u nbiased su rvey of t he h ig her tem per­
ature stars is fu ndamenta l i n  answeri ng some of these 
questions.  M ost sta rs can be d ivided i nto two broad sub 
g rou ps, those whose atmospheres are domi nated by H 
and those where He is the ma in  constituent. Some sta rs 
may conta i n  s ign ificant fract ions off CNO meta ls (eg.  
PG 1 1 59 objects) but thei r  abundances are not wel l  deter­
m i ned as yet, a lthough some model atmospheres do exist 
for so lar  abundances ( H u m mer and M iha las, 1 970) .  
F igure 3 shows the i ntrinsic spectra for a 60000K WO ( l og 
g = 8), having an atmosphere rang ing between the 
extremes of pure H (Wesemael et a/, 1 980) through a 
homogeneous He/H m ixture ( Petre et a/, 1 984; He/H = 1 0-4 
i n  th is case) to pure He (Wesemael, 1 981  ). The mean ener-

Fig. 3. White dwarf model atmospheres for a 60000K star comprising [ 1 ]  pure H, [2] He/H = 1 0_. and [3] pure He. The solid vertical l ines indicate the mean 
energies of each fi lter, designated as in  figure 2. • 
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Fig. 4. The min imum white dwarf temperature to which the WFC is sensitive as 
a function of photon energy and wavelength. The circles represent a pure H 
atmosphere and the squares a pure He atmosphere Fi l led and open shapes 
are for column densities of 1018 and 1019 respectively 

g ies of the WFC bands a re marked for comparison. 
Clearly, the WFC su rvey is  m uch more sensitive to H 
dominated stars of g iven temperature than for those '9'ith 

_He, as wou l d  be expected g iven the relatively h igh  'He 
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opacity at h igher energ ies. The relative sensitivity of each 
fi lter to atmosphere and col u m n  density i s  i l l ustrated i n  
fig u re 4 ,  where t h e  m i n i m u m  detectable temperature 
(T minl is d isplayed as a funct ion of the mean energy for 
each band pass. As m i g ht be expected, T min for the th ree 
h ighest energy fi lters is fa i rly insensitive to col um n  but 
shows a m arked increase for the transition  from a p u re H 
to a p u re He atmosphere.  The reverse is true at the lower 
energy a lthough a h igh  colu m n  density i ncreases the size 
of the T min gap between the atmo;;pheres . .  

Hot wh ite dwarf stars a re sufficiently l u m i nous i n  the 
XUV to be potentia l ly observable out to d istances 
approach ing  several thousand pc. On  com par ing this 
fig u re with the average M FPs of Table 2, it is clear that i n  
practice the effect o f  t h e  ISM wi l l  l a rgely determine the 
viewin g  horizon.  Taking the approximate temperature 
l i m its of fig u re 4 and the mean horizon a l l ows the tota l 
number of WDs that may be detected i n  each band to be 
est imated, provided the space density is known. F leming,  
L iebert and G reen ( 1 986) present a summary of space 
densities for DA and DO/DB WDs subdivided by tempera­
ture. 

A tota l of approximately 1 500 WDs is known to exist, of 
which = 30% (about 450) have temperatures to which the 
WFC is  sensitive. Comparing this fig u re with the n u m ber 
of  WDs that  the WFC is expected to see ( = 2500) shows 
the statistica l va l u e  of the survey. l n deed, g iven that space 
densities a re genera l ly determined from optical identifi­
cations this predict ion may wel l  be an 1,1nderest imate. 

5. OBSERVING COOL STARS 

Pye a n d  McHardy ( 1 987),  hereafter P & M, have d iscussed 
in some deta i l  the capabi l ities of the WFC with respect to 
cool stars, inc lud ing l ate type ma in  sequence sta rs, dMe 
fla re stars and active b inary systems (eg.  RS CVns) .  They 

Fig. 5. Spectra of an optica l ly thin thermal plasma at three temperatures: [1]10'K [2]108K and [3]107K. Filter bands are marked as in figu re 3. 
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Fig. 6. The ratio of Be+ lexan to C+ B+ lexan count rate for white dWarfs ( left hand panel) and cool stars (r ight hand panel) as a function of temperatu re. The white 
dwarf atmospheres are pure H (dashed l ines) and pure He (solid l ines) with upper and l ower curves representin� colu m n  densities of 1018 and 1019 repectively i n  
each case. The column densities for t h e  Raymond a n d  Smith cool star model a re 1018, 3 x 1 018, 1 019 a n d  3 x 101 from top t o  bottom.  

vary widely in X-ray l u minosity rang ing  from = 1 026erg s·1 
up to = 1 031 erg s·1 in the most active RS CVns (eg. Rosner 
et a/, 1 985; Waiter et a/, 1 980). Such X-ray emiss ion a rises 
in  hot th in  p lasma lyi ng  in the tra nsit ion reg ions and 
coronae of  these stars with temperatu res lyin g  i n  the 
range 1 05 to a few t imes 1 07K. Fig u re 5 shows the spectra 
of a therma l  p lasma, based on the data of Raymond and 
Smith ( 1 977),  for temperatures i n  th is  range. The WFC fi l­
ter mean energ ies a re i n dicated showing  how plasma of 
d ifferent temperatures wi l l  be sampled. 

The qu iescent XUV l u minosity of mai n  seq uence stars 
can be est imated by sca l i n g  X-ray l u mi nosities (see P&M), 
as seen by the EXOSAT mission and assumi ng  a typical 
sol a r  spectrum. lt is  expected that these stars wi l l  o n ly be 
detected out to d istances = 25 pc where the a bsorbing 
col u mn is sti l l  q u ite low ( =  5 x 1 01 8  cm·2 on  average). 
Active b inaries, such as RS CVns are much more l u min­
ous and  l i kely to  be observed out to 1 OOpc or  more. From 
known space densities (see P&M), it is exRected that the 
WFC wi l l  detect = 1 000 cool mai n  sequence stars a n_d = 1 0  
R S  CVn systems. Many cool stars a re variable sources, as 
a resu lt of flar ing and rotat ional  modu lation of active reg­
ions. In b inary systems ecl i pses can a lso lead to variab i l ity 
and a re in fact, a usefu l d iagnostic tool for determin ing  
the  spatia l  d istr ibution of  corona l  p lasma,  as  
demonstrated by  EXOSAT (eg .  White e t  a/, 1 987) .  The  typ­
ica l orbita l periods of RS CVn systems l ie  in the range 1 -
1 4  days. Dur ing the survey the viewi ng axis of ROSA T wi l l  
scan i n  ecl i ptic l atitude (6) a t  a rate of = 4 deg ree min-1 and 
in  long itude (fll ) at  = 1 deg ree day·1 . A sou rce wi l l  come 
with i n  the 5 degree WFC fie ld of view for = 5/Cos6 days for 
d u ratioPS up to = 1 mi n  every orbit (= 1 .5hrs) .  As the 
min imum coverage of a target is  5 days (6 = O) it can be 
seen that the WFC coverage is  wel l  matched to mon itor 
RS CVn emission throughout at least a substantia l  frac-
tion of a b inary period. _ 

Cool sta rs a re the major identified class of flar ing X-ray 
source.The repeated observin g  of i nd iv idual  objects, as 
described above wi l l  lead to some fla re detections. P & M 
have estimated the sensitivity of both the WFC and  the 

ROSAT XRT to events detected i n  a sing le  pass over a 
sou rce to be = 1 5p.Jy (at 1 00A) and = 0.5p.Jy (at 1 keV) 
respectively. Convolving  these fig ures with tra nsient 
event frequencies in previous instruments yields esti­
mates of the n u mber expected i n  the ROSAT sky survey. 
They estimate that the XRT wi l l  see = 1 80 fla res and the 
W�C = 1 2, rang ing  i n  du ration from a few seconds to a 
few hours. 

6. THE WFC AS A DIAGNOSTIC TOOL 

As wel l  as just detect ing sources, the WFC can g ive us 
i nformation  about them. The survey wi l l  be performed i n  
two 'colours' with 2 extra, lower energy bands, ava i lab le  
dur ing the pointed phase. For  most sources the WFC wi l l  
provide a count  rate measu red i n  o n e  sUtVey fi lter a n d  
either a count rate or  u pper l i mit measu red in  the other. 
The parameters that we m i g ht wish to determine us ing 
the data a re temperatu re (T) ,  col u mn density (NH)  and,  i n  
the  case of  WDs, the atmospheric composition to  some 
degree. 

The ratio  of Be+ Lexan and C + B + Lexan cou nt rates (R )  
a re shown, as a function  of  temperatu re, i n  fig u re 6 ,  for 
the WD pure H and pure He atmospheres and  optica l ly 
th i n  thermal p lasma. Data a re on ly displayed for tempera­
ture components that can be detected in both fi lters. 
Except for a narrow temperatu re range (= 5 x 1 04 - 1 05K) 
of p u re H e  atmospheres, R has no u n ique va lue  that can 
determine the object being  observed (and these plots do 
n ot i nc lude other possib le types, eg . AGNs) .  Hence, the 
survey must be wel l  supported by a programme of iden­
t ificat ions. Th is shou ld  be q u ite easy for cool stars as they 
are wel l  observed and cata logued but a s ign ificant frac­
t ion (> 50% ) of WDs seen in the su rvey wi l l  have no 
known optica l counterpart. 

An example of the problem of i nterpretation of such 
data is  g iven by the 1 984 EXOSAT observati'm of the RS 
CVn H D 1 55555 (Barstow, 1 987 ; fig u re 7) .  Using  the 
Raymond and  Smith ( 1 977) th i n  plasma model a curve of 
T/NH  can be generated where the predicted cou nt rate 
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ratio (lexan :AI/parylene) agrees with that observed (2.6) .  
The temperatu re range can o n ly be further constra i ned 
(to 5 x 1 05 - 1 .3 x 1 06K) with other i nformation in this 
case NH  l i mits from Paresce ( 1 984) and Fr isch and York 
( 1 983). If some normal isation constant is  ava i lab le for the 
sou rce model spectrum, such as the optical mag n itude 
for a WO, a u n ique solution m i g ht be determined. This is  
i l l u strated i n  figu re 8 where T/NH cu rves a re displayed for 
the hot He rich WO K1 - 1 6  ( Ba rstow, 1 987) ,  correspond ing 
to  the  observed lexan and a lu mi n i u m/parylene cou nt 
rates (0.0 1 9  and 0.00 1 9  cs·1 respectively) with a Wesemael 
pure He model spectru m norma l i sed to mv = 1 5.09. The 
cu rves meet at the point corresponding to 1 27000K and 
1 .7 x 1 020 cm·2• N ote however, that additiona l  data ( in  this 
case optica l spectra ) a re needed i n  order to choose a 
model atmosphere. Data ava i lab le  from other  filters wi l l  
i mprove the constra ints on T a n d  NH  etc. and a lso 
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decrease the dependence on supplementary data from 
othe r  wavebands. 

7. CONCLUSION -' 

The WFC wil l make the fi rst a l l-sky survey of the XUV 
energy band.  With l uck several thousand new sou rces wi l l  
b e  o bserved o f  which t h e  majority wi l l  b e  wh ite dwarfs 
and cool sta rs.  This should greatly expand o u r  u n der­
stand ing  of the structu re and evo lution of these objects. 
We note that a s ign ificant frat ion ( >  1 000) wi l l  probably be 
uncata logued and that a major  programme of optical  
observations wi l l  be needed to make the opt imum use of 
the survey data. Fu rthermore, it is l i kely that new classes 
of sou rce, pecu l i a r  to the XUV wi l l  be d iscovered. 
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THE QUICK-LOOK FACILITY FOR THE XUV WIDE FIELD CAMERA ON ROSAT 

A.W. H a rr is 
Space Astrophysics Group, Rutherford Appleton Laboratory, Oxfordshire OX1 1 OOX, UK. 

The B ritish XUV Wide F ie ld Camc�ra (WFC) wi l l  form part of the . RO SAT X-ray astron o my sate l l ite due to be 
l a u nched i n  1 990. S i nce com m a n d i n g  of the satel lite and d ata recepti o n  wil l  take p lace in Germa ny, ·project staff 
in the U K  wi l l  n ot h ave i m medi ate access to telemetry d ata a n d  thus wi l l  be u nable to ca rry out near real -t ime 
m o n itor ing of the fu n ctio n i n g  of the i nstru m e nt a n d  the q u a l ity of the sci entific data retu rned. Th is wi l l  be the pr im­
a ry responsi b i l ity of the WFC Qu ick-Look Fac i l ity (QLF) .  Attached to the R OSAT Science Data Centre ( RSDC) at the 
Max Planck I n stitute fo r Extraterrestri a l  Phys i cs ( M PE )  near  M u n ich,  the QLF wi l l  serve as the front-end of the WFC 
ground system .  The Pla nned tasks a n d  operatio n  of the QLF and its i nterface with the U K  and "German g ro u n d  sys­
tems a re outl i ned . 

1 .  INTRODUCTION 

The WFC wi l l  carry out the fi rst a l l -sky astronom ical  sur­
vey i n  the wavelength band 60 - 200A. The su rvey p h ase 
of the ROSAT m i ss ion i s  expected to be com pleted with i n  
n i n e  m o nths after l a u nch a n d  wi l l  b e  fol lowed b y  a 
'poi nted p hase' dedicated to p roposed resea rch program­
m es to which t ime wil l  be a l l ocated on a com petitive 
basis.  The a nticipated l ifet ime of the m ission is a ro u n d  2 
to 3 years. 

Com m a n d i ng of the sate l l ite and data reception from 
both the German and Brit ish i n stru ments wi l l  be the 
respon s i b i l ity of the Germa n Space Operations Centre 
(GSOC) at Oberpfaffe n h ofen near  M u n ic h .  S h o rtly after 
each br ief contact period, data received at the g ro u ndsta­
tion wi l l  be tra nsm itted over a dedicated data l i n k  to the 
R S DC. The WFC data a n d  WFC-relevant spacecraft house­
keepi n g  data wi l l  be passed to the WFC 'Qui ck-Look Faci l ­
ity, so ca l led beca use its  p r i m a ry pu rpose is  to sa m p l e  
W F C  h o usekeepi n g  a n d  science d ata shortly after recep­
t ion in order to m o n itor the hea lth a n d  fun ctio n i n g  of the 
i n stru m ent a n d  fac i l itate pro m pt response to a n o m a l ies 
arid u n expected eve nts. 

Deta i l s  of the WFC i n stru ment and the overa l l  g ro u n d  
system a re p resented i n  acco m pa nying a rt ic les i n  th i s  
i s s u e  [ 1 ,2] .  Here the Q L F ,  i t s  fu nct ions a n d  p l a n ned o pera­
t ion a re descri bed . 

2. OVERVIEW OF THE QLF AND ITS RESPON­
SIBILITIES 

The h a rdwa re faci l ities at the QLF w i l l  consist of a DEC 
M i cro-VAX 1 1  com puter with d isk and tape d rives a n d  
associated peri p hera l devices such as pri nters, V D U s  a n d  
h a rdcopy u n its. T h e  com puter wi l l  h ave a DEC N ET l i n k  to 
the Germ a n  ROSAT VAX com puters at the R S DC a n d  n et­
work con n ecti o n  �e .g .  EAR N/JAN ET) top the WFC project 
centres i o n  the U K .  lt is  fo reseen the d u r i n g  n o m a l  m i s­
s ion operati o n s  the QLF wi l l  be m a n ned by two resident 
staff and two visiti ng WFC project astronomers o n  tou rs 
of d uty of a few m o nths. 

The p r i m a ry duties of the OLF staff wil l  be to : 

1 .  Ana lyse WFC a n d  relevant spacecraft h o u sekeepi n g  
d ata a n d  a portion o f  t h e  science d ata i n  o rder to 

m o n itor the perfo r m ance of the i n stru m e nt, identify 
a n o m a l ies a n d  assess the p rog ress of the sky-su rvey . 

2 .  Devise a n d  i n itiate corrective act ion i n  t h e  "Bvent o f  
m alfu n ct ions,  i n  co l laboration with p roject staff i n  
t h e  U K  a n d  Germany.  

3.  Produce com ma n d  loads fo r u p l i n k i n g .  
4: Generate a 'fi rst-cut' sky-su rvey X U V  sou rce 

cata l o g u e  a n d  carry out som e  scientific d ata a n a lysis, 
espec i a l ly in respect of a n o m a lous o r  tra n s ient 

4 sou rces. 
5. Act as the i nterface between the WFC p roject in the 

U K  and the ROSAT science a n d  operation centres i n  
Germany. 

Requests fo r su rvey o r  poi nted observati ons with the 
WFC wi l l  be received at the QLF fro m the WFC U K  Data 
Centre ( U KDC) at the R uthe rfo rd Appleton Laboratory. 
These, tog eth e r  with req u ests for ca l i brati o n  a n d  test 
o bservations,  w i l l  be m e rged at the RSDC with s i m i l a r  
requests f o r  observat ions with the German X-ray Tele­
scope (XRT) (which i n c l u des a focal  p l a n e  i nstr u m e nt 
p rovided by the U S )  a n d  then passed on to operat ions 
staff at  G S OC. There the i nfo rmation in  the observat ion 
requests w i l l  be used to generate the Mission Timeline 
( MTL) . Th i s  is the opti m i sed master p l a n  of a l l  i ntended 
spacecraft, XRT and WFC operat ions wh ich wi l l  take 
acco u nt of cel est i a l  a n d  spacecraft operatio n a l  con- -
stra i nts i n  addit ion to observati o n a l  pr io rities. OLP a n d  
M P E  staff w i l l  check the MTL a g a i nst the o r i g inal  o bser­
vat ion req u ests a n d ,  i n  the poi nted p h ase, ensu re that the 
total observat ion t imes a l located to Germ a n ,  UK a n d  US 
g uest observers a re in  the a g reed ratios.  The approved 
MTL then becom es the i n put for the generatio n  at G SOC 
of a com b i ned spacecraft; XRT and WFC teleco m m a n d  
t i m e l i n e .  T h e  Q L F  wi l l  be responsib le  fo r c reat i n g  a n d  
syntax checki n g  t h e  com m a n d  b locks for WFC opera­
t ions.  These w i l l  consist of com m a n d s  to be i ncorpo rated 
i nto the fi n a l  teleco m m a n d  t imel ine which tr igger opera­
t ions d i rectly, and t i m e-tagged (deferred) com m a n d  
seq u ences w h i c h  a re loaded i nto the W F C  o n-board com­
puter and activated by com m a nds in the t i m e l i n e .  

After executio n  o f  observati ons,  science a n d  h o u se­
keepi n g  d ata sto red o n  the on-board tape-reco rder wiH 
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Fig. 1. Primary WFC i nformation and data flow through the OLF, i l lustratW:tg its role as the l i n k  between the British and German ground systems. 

be transmitted down to the g round-station  d u ring  the 
five or  six brief (-8-m i n ute) contact passes per day.  Du r­
ing  normal  operat ions the WFC housekeeping and ca l i b­
rat ion data wi l l  a rrive at the OLF, via the M PE computer, 
with i n  about 30 m i nutes after receptio n .  One or  two 
hours after th is  a portio n  of WFC science data (about 
twenty per cent of the da i ly  tota l ,  corresponding to three 
orbits) and  relevant spacecraft housekeeping and  
attitude monitori ng  data wi l l  be received at  the OLF. Pre­
sent p lann ing  ca l l s  for at least one member  of the OLF 
staff to be on duty d u ri n g  the e ight-or-n in e-hour  contact 
cycle to check the data as it a rrives in o rder to pro m ptly 
identify i nstru ment anomal ies and u nexpected events. A 
more deta i led ana lysis of WFC housekeeping and  'qu ick­
look' science data wi l l  be performed at the OLF shortly 
afterwards d u ring  normal worki ng h o u rs.  

The fu nction and i nterfaces of the OLF in the overa l l  
g round system are s u m m a rised i n  F ig . 1 .  

3. DATA PROCESSING 

I n  o rder to m eet the requ i red -24 hour  turnaround t ime 
for processing of the dai ly  i nfl ux of some 10 M bytes of 
raw telemetry data, the OLF wi l l  depend heavi ly o n  
a utomatic procedu res which req u i re l itt le,  i f  any, m a n u a l  
i ntervention .  A s  a resu lt, and  s ince tape hand l ing  and 
storage faci l ities at  the  OLF wi l l  be  at  a m i n i m u m ,  the u se ­
of the p lan ned -600 M bytes of d isk capacity wi l l  have to 
be carefu l ly budgeted . lt wi l l  be desi rable to reta i n  raw 
data received at the OLF on disk for a bout one month, 
thus fac i l itati ng a ny re-process ing and  re-ana lysis of the 
data that may become necessary before the more soph is­
ticated ana lysis to be performed in the UK is completed. 

The scheme for h a n d l i n g  down l i n k  data at the OLF is 
su m m a rised i n  Fig. 2 .  The software i nterface to the MPE 
VAX com puter wi l l  be a com m u n ications package which 
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accepts raw data via the DECNET l i n k  and  sorts them i nto 
various d isk-fi les accord ing  to the data type. The most 
i mportant aspect of routi ne ana lysis at the OLF wi l l  be the 
WFC statu s  and health monitori n g .  Th is  wi l l  be per­
formed by means of a dedicated software package which 
wi l l  operate o n  housekeeping and  science data and  gen­
erate fi les conta i n i n g  i nformation on : 1 .  changes of 
i nstru ment status  with t ime, 2 .  the v iab i l ity (or  u sefu l ­
ness)  of the science data, based on deviat ions of  instru­
ment housekeeping parameters from nomina l  va lues 
d u ri n g  observations, 3. long-term trends in i nstru ment 
characteristics, and 4. excurs ions of housekeeping 
parameters b&yond pre-defi ned acceptab le  l i m its ( l im it 
fai l u res) .  Assessm ents of long-term variations  i n  i n stru­
ment performance and su m m a ries of science viabi l ity 
wi l l  constitute an i m portant part of the regu l a r  feedback 
of i nformation to the U KDC. 

' 

A fu rther requ i rement is the product ion of a pre l im i­
n a ry 'fi rst-cut' XUV sou rce cata logue from the twenty per 
cent portion of su rvey science data received at the OLF. 
The process ing of q u ick- look su rvey data wi l l  be based 
on procedu res at present u nder development for use at 
the UK WFC centres (see [2 ] ) .  After i n it ia l  attitude and 
ca l i b ratio n  processing ,  str ip images coveri ng 5 deg rees 
x 360 degrees of sky wi l l  be produced, each correspond­
ing to one orbit's worth of data. These i m ages wi l l  be 
searched for point sou rces us ing  a lgorith ms from a sci­
ence data a n a lysis l i b ra ry wh ich wi l l  be kept on disk at the 
OLF. In th is  way da i ly cata logues of sou rces can be com­
p i led i m m ediately after recept ion of the raw telemetry 
data . 

S i nce the sky coverage of the orb ita l str ip i mages 
progresses by 1 degree per day at the ecl i ptic equator, 
wh i le  the i nstru ment fie ld  of view is 5 deg rees x 5  
deg rees, any detectab le sou rce wi l l  appear o n  consecu­
tive i m ages for at least five days (as the su rvey sca ns wi l l  
pass through  the ecl i ptic poles, the du rat ion of m u lt ip le 
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coverage  wi l l  be m uch longer for sou rces at h i g h  ecl i ptic 
l atitudes) .  Therefore tra nsient and variab le  sou rces 
shou ld  be identifiab le  by com par ing their  a p pearances 
on a n u m ber of consecutive i mages. 

Whi le  it wi l l  n ot be feasib le  to perform a sop h i sticated 
attitude sol ut ion at the QLF, the attitude data ava i l ab le  
from startrackers mou nted on both the XRT and  WFC 
i nstru ments shou ld  enab le  the positions of detected 
point sou rces to be determ i ned to one arcm i n  or better. 
Com parisons of the WFC sou rce data with the posit ions 
and projected XUV f luxes of known o bjects which are 
cand idate XUV sou rces wi l l  enab le  the scientific perfor­
mance of the i nstru ment to be mon itored in the m ost fu n­
d a menta l way. In addit ion, this prel i m i nary q u ick- look 
su rvey has the potentia l  for rap id  identificatio n  of u nex­
pected or u n usua l  phenomena,  e .g .  anoma lously brig ht 
or variab le  sources, which cou l d  be of i m mediate i nterest 
to the wider astronomica l  com m u n ity and warrant fol ­
low-up  o bservations with other astronomica l  i nstru­
ments in d ifferent wavebands. These observat ions cou ld  
be  a rranged to  be s imu ltaneous with ROSAT coverage 
on su bsequent orbits. 

-1. DAIL V TASKS AT THE QLF 

l t  is presently anticipated that the normal  da i ly  work load 
at the QLF wi l l  be m anaged by a staff complement of four .  
On  a ny day one of  these wou l d  be respons ib le  for cover-
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i n g  the e ig ht-or-n i ne-hour  g round contact cycle  d u ri n g  
w h i c h  there wi l l  b e  brief periods o f  telemetry exchange 
with the sate l l ite and raw data wi l l  be passed to the QLF. 
S ince the natu re of the orbit wi l l  cause the g round contact 
ti mes to advance by about 1 7  m i nutes per day, th is  wi l l ­
very often i nvolve work ing u n sociab le  hours. Visiti ng 
OLF staff wou ld  spend about a h a lf of their  tou rs of duty -
on th is  i m portant aspect of dLF work. Tou rs of duty of 
consecutive visiti ng duty astronomers wi l l  over lap to 
ensu re some contin u ity of experience apart from that of 
the two resident staff. Each of the five WFC project 
centres wi l l  provide one or two scientists for mann ing  the 
OLF 

Apart from the main d uties of mon itor ing the opera­
tion, health and performance of the WFC, QLF staff wi l l  
h ave several  additiona l  tasks. These wi l l  i nc lude overse­
e ing the reg u lar  d ispatch of 'master data' tapes, conta in­
ing  all the raw WFC data, from Germany to  the U KDC. 
These tapes wi l l  constitute the pri mary WFC data retu rn 
to the U K. lt is  ag reed that d u ring  the poi nted p hase of the 
m issio n  UK astronomers wi l l  be a l located a share of 
observation t ime with the German i nstru ment, and vice 
versa. Dur ing th is  p hase the OLF wi l l  have responsi b i l ity 
for coordi nati ng  the exchange of WFC and XRT poi nted 
observation data between the U KDC and Germany. 

F ina l ly, wh i le  the p lanned scope of the QLF does ngt 
exten d  to the p rovision of research faci l ities for visiti ng 
g uest observers, it i s  i ntended that staff wi l l  have the 
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opportu n ity to pursue resea rch projects at the OLF. 
These m i g ht inc lude, for exa m ple,  stud ies of 'ta rgets of 
opportun ity', transient astronomical  phenomena such as 
n ovae o r  su pernovae which a rise sudden ly and u npre­
d ictably and may wa rra nt i mmediate observat ion by the 
satel l ite, with consequent i nterruption of the sched u led 
observ ing prog ram me. I n  such cases the capacity to 
carry out some rapid ana lys is  and i nterpretat ion of data 
at the OLF wi l l  be most i m po rtant for ensur ing m axi m u m  
scientific retu rn from t h e  su bstitute observations with 
m i n i m u m  d isru pt ion of the sched u led prog ra m me.  
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THE EXTREME U LTRAVIOLET EXPLORER MISSION : I NSTRUMENTATION AND SCIENCE 
GOALS 

Stuart Bowyer, Roger F. Ma l ina  and Herman L. M a rsha l !  

NASA's Extreme U ltraviolet Explorer (EUVE) wi l l  carry out a n  a l l -sky survey from 80 to 800A i n  fou r  band passes. 
lt i s  expected that many types of sources wi l l  be detected, inc lud ing white dwarfs a n d  late type stars. A deep survey 
wi l l  a lso be carried out a long the ecol i ptic which wi l l  have a l i m it ing sensitivity a factor of 1 0  better than the a l l -sky 
su rvey i n  the bandpass from 80 to 300A . The payload i nc ludes a spectrometer to observe the brighter sources 
fou n d  in the su rveys with a spectra l resol ut ion of 1 to 2A. 

1 .  A SHORT HISTORY O F  EUV ASTRONOMY 

U nt i l 1 975, there was very l ittl e  expectation of s ign ificant 
1stronom ica l  benefit to observi ng the sky in the extreme 

u ltravio let (EUV, 1 00-1 000A) .  Th is pessim ism resu lted 
from inadequate knowledge of the opacity of the i nterstel ­
l a r  med i u m  i n  the EUV and the expected n u m ber  of  EUV 
sources; it  was a lso a reflection of  the l i m itations of  prior 
instruments. The fi rst detection of a non-so lar  EUV source 
was made with an experiment on the Apo l lo-Soyuz m is­
sion in 1 975, described by Bowyer et al. (1 ). Lam pton et al. 
(2 )  reported that a sou rce was found i n  the constel lation of 
Coma Berenices which tu rned out to be the hot white 
dwarf HZ 43. Th is sou rce is sti l l  the brightest known 
source of EUV rad iation .  

Several other sources, a b inary consisti ng  of  a white 
dwarf and a red dwarf, and a cataclysmic variable,  were 
also shown to be E UV sou rces in the Apol lo-Soyuz exper­
iment. A re-eva luation of the photoelectric absorption of 
EUV rad iation by i nterste l la r  hydrogen and hel i u m  (3) was 
combined with better, lower est imates of the average 
density of the i nterste l l a r  med i u m  ( ISM)  (see Paresce et al. 
[4] and references therei n ) ,  ind icat ing that a su rvey of the 
enti re celestia l  sphere should detect sou rces with i n  1 00 
parsecs from the sun and possi bly fa rther i n  some d i rec­
t ions.  Th is reg ion conta i ns many potent ia l  sou rces of EUV 
rad iation ,  so the Extreme U ltraviolet Explorer ( E UVE) was 
proposed to sea rch for these sou rces and establ ish a 
basic cata logue for futu re work i n  the fie ld .  

2. THE" EXPLORER DESIGN 

The deta i led desig n  of the EUVE instruments has been 
described in  a n u m ber of publ ications (see Bowyer 1 986 
[5] for a recent overview). A schematic is shown i n  F igure 
1 ,  which shows EUVE as it wou l d  a ppe�r as deployed i n  
orbit. Each su rvey telescope inc ludes a g razi ng i ncidence 
m i rror (6) which is focused on a m icrochannel  p late detec­
tor (7). The EUV band passes are defi ned by th i n  p lastic o r  
meta l fi lters ( 8 ) .  T h e  detectors are operated i n  s ing le 
photon cou nting mode; sou rces a re d iscovered only after 
the sate l l ite's poi nti ng h istory is combined with the 
photon positions on the detectors. 

The spacecraft is a new reusable version of the M u lti­
m ission Modu lar  Spacecraft (M MS) .  lt is being bui lt by 
Fa i rch i ld  for the Goddard Space Flight Center and rel ies 
substantia l ly on previous M M S  designs.  The resu lt wi l l  be 
ca l led the Explorer Platform and wi l l  be dedicated to the 
Explorer series of scientific sate l l ites. EUVE is  cu rrently 

schedu led for l aunch in August, 1 99 1 ,  on a Delta rocket. 
There a re no specia l  orbit or l aunch t ime constra i nts, so 
the sate l l ite wi l l  be launched i nto a standard orbit at a bout 
500 km a ltitude at a 28 degree inc l i nation to the Earth's 
equator. 

When the M M S  was fi rst suggested as th.e spacecraft 
for E UVE, it was expected to l aunch on the Space Shutt le .  
Fol l owing the Cha l lenger d isaster, EUVE was redesigned 
to be compatib le with both the Space Shuttle and the 
Delta. F iguJe 2 shows how the spacecraft might look 
with in  the Delta rocket's payload sh roud .  After a 30 month 
m ission, consist ing of six months of su rvey work and two 
years of spectroscopy operations (see below), the science 
payload wi l l  be demated from the Explorer Platform in­
orbit by a Space Shuttle crew using the remote man­
il>ulator a rm,  and i t  wi l l  be replaced by the next experi-

Fig. 1 .  Schematic of E UVE after deployment. The solar panels a re attached to 
the Payload Equipment Deck, which is mounted to the Multimission Modular 
Spacecraft. Three scanning telescopes are stacked on the PED, and the Deep 
Survey/Spectrometer telescope is oriented along the spacecraft spin axis, the 
axis of most symmetry 
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Fig. 2. EUVE in the Delta launch configuration. Note that the solar panels are 
folded up along the science payload and the telescope doors are closed. 

m e nt in the Explorer series : the X-ray Ti m i n g  Explorer 
(XTE ) .  

The a l l -sky su rvey is carried o u t  u s i n g  three s i m i l a r  
" sca n n i n g "  telescopes w h i c h  sca n a l o n g  g reat ci rcles i n  
t h e  sky. A s  t h e  E a rth travel s  a bout the s u n ,  these over lap­
p i n g  g reat ci rcles eventu a l ly cover the e nti re sky. The 
deep su rvey a n d  spectrometer fu nctions a re 
acco m p l ished u s i n g  a s i n g l e  " d eep su rvey/spectro m eter" 
telescope which is  or iented a l o n g  the s p i n  axis of the 
spacecraft (see F i g u re 1 ) . D u ri n g  the a l l -sky su rvey, t h i s  
tel escope conce ntrates o n  a s m a l l  reg i o n  opposite the 
Sun,  i n  the d i rection of the E a rth's s h adow. The 
backg rou n d  

_
th�t i nterferes m ost with EUV observ i n g  -

d u e  to rad1at 1on from partic les tra pped i n  the Earth's 
m a g n etosphere - is m i n i m ised i n  th is  d i rectio n .  The 
reduced backg rou n d  and i ncreased exposu re time resu lt 
in s i g n ifica ntly i n creased sensitivity. The effective expo­
s u re t imes wi l l  be 2000 sec in the a l l -sky su rvey with the 
two Type I sca n ne rs, 700 sec with the Type 1 1  sca n n e r  (see 
below) a n d  1 7,000 sec i n  the deep su rvey. 

Table 1 

Filter Telescope 

Lexan/B Sca n.  I 
AI/C Sca n. I 

AJ/Ti/Sb Scan. l l  
S n  Scan. l l  

Lexan/B os 
AI/C os 
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Median 
wavelength 

IAI 

1 20 
21 5 
495 
620 
1 20 
270 

Wavelength 
range 

IAl 

60- 1 95 
1 60-285 
400-600 
520-750 
70- 1 90 
1 60-420 

MDF 

'""'y) 

2.3 
1 1 0 
400 
1 400 
1 .0 
9 

S. Bowyer, R. F. Malina andH. L. Marshal/ 

The sca n ne r  i n stru ments have a fi e l d  of view of five 
deg rees d i a m eter, wh i l e  the deep su rvey i nstrument has 
a 2.0 deg ree f ie ld of vi ew. The i m a g e  q u a l ity var ies from 
10 a rc seconds o n  axis to more t h a n  five a rc m i n utes 
( ra d i u s )  at the edge of the fie l d  of view d u e  enti rely to the 
fact that the d etector s u rfaces a re flat a n d  the foca l su rface 
fo r the m i rro rs is cu rved . 

I n  Ta b l e  1 we s h ow the ba n dpasses defi ned by the fi l ­
ters fo r the sca n n e rs.  These fi lters a re sti l l  i n  d eve l o p ment 
and may be d iffe rent from the o n es a ctu a l ly used.  The 
effective a rea of the bandpass accou nts for the m i rror 
geometric a rea, the m i rror reflectivity, the fi lter tra nsm is­
s ion and the d etector q u a ntum effic iency. The 
wave l e n gth ra n g e  is  g iven by the ten pe r cent effective 
a rea poi nts. The sensitivities of t h e  sca n n e r  a n d  d ee p  su r­
vey i n stru ments a re a lso s u m m a rised i n  Ta b l e  1 ,  which 
shows the m i n i m u m  detecta b l e  fl ux ( M DF )  i n  each 
ba n d pass. The MDF i s  calcu l ated assu m i n g  a flat p h oton 
spectru m and a five sigma detect ion of the sou rce a bove 
backg ro u n d ,  where the backg rou n d  is calcu l ated as the 
s u m  of the detector i nternal  backg rou n d  and the d i ffuse 
sky backg rou n d .  The l atter sou rce of backg ro u n d  gener­
a l ly d o m i n ates. 

Because the spectru m of many EUV sou rces is 
expected to rise in the UV o r  soft X-ray, the measu rement 
of the i n strument t h ro u g h put outside the fi lter bandpas­
ses wi l l  be an i m porta nt g o a l  of the ca l i brat ion to be ca r­
ried out before lau nc h .  Cu rrent models fo r the fi lter 
bandpasses i n d i cate that 8 sta rs br ig hter than 5th mag­
n itude ( ro u g h ly 1 00 in  the sky) wi l l  be detected i n  some of 
the fi lters. S i m i l a r  a n a lys is  wi l l  be perfo rmed to eva l u ate 
the sensitivity of the instru ments to known soft X-ray 
sou rces, with a g o a l  of keep i ng the n u m be r  of sou rces 
detected o n ly s h o rtwa rd of BOA to a m i n i m u m .  I n  some 
a reas we expect that the fl ight i n stru ments wi l l  h ave bet­
ter performa nce t h a n  cu rrently model led.  These may lead 
to i ncreases of sensitivity of u p  to a facto r of 2 over those 
sh own in Table 1 .  

I n  the cou rse of E UVE deve l o p ment a n d  p rototyping,  
severa l tech n o l ogica l  adva nces in  space p hysics 
i n strum e ntat ion h ave been made by the S pace 
Astrop hysi cs G ro u p  that h ave s i g n ifica ntly i m proved the 
potenti a l  return fro m the E UVE m issio n .  For exa m ple,  it 
was fou n d  that potass i u m  brom ide wou l d  m ake an excel­
l e nt p h otocathode coati n g  for the Type 1 1  sca n n e r  and the 
long wavelength spectrometer c h a n nels  (9 ) .  D u r i n g  the 
stu dy of fi lter m ater ia ls  exposed to the res i d u a l  atmos­
phere p resent in low earth orbit, it was dete rm ined that a 
t h i n  coati n g  of boron wou l d  p rotect the (org a n i c )  Lexa n 
fi lter from CJXidiz i n g .  F i n a l ly, a seco n d  sca n ne r  Type was 
desig n ed with h i g h e r  g raze a n g les beca use of the diffi­
cu lty encou ntered desi g n i n g  fi lters for detectors that 
detect X-rays as easi ly as EUV l i g ht. The n ew m i rro r 
desig n  ( 1 0) is  o pti m ised fo r b locki n g  wavelengths below 
200A w h i l e  bei n g  co nstra i ned to the sa me e ntra n ce aper­
tu re d i a meter a n d  foca l length . The sca n n e r  is of Wolter­
Schwa rzsc h i l d  Type 1 1  desig n  a n d  is d esig n ated the Type 
1 1  sca n n e r. The geometric a rea is 390 cm2, co m p a red to 
1 40 cm2 fo r the Type I sca n n e r. 

The E UVE payl oad a l so i n c l u des a th ree-c h a n n e l  spec­
trometer cover ing the 80 to 750A ra nge with a s pectra l 
reso l ut ion of a p p roxi m ately 1 A. With t h i s  i n stru me nt it 
wi l l  be possi b l e  to observe th e br ightest sou rces d i s­
covered i n  the su rveys. A u n iq ue, new s pectrometer 
desig n  ( 1 1 )  was i nvented to ta ke adva ntage of n ovel , va r­
i a b�e l i ne density g rati ngs which a l l ow h i g h  t h ro u g h put 
w h 1 l e  correct i n g  fo r the a berrations in the system ;  this 
a l l ows good spectral reso l ut ion without the use of m u lti­
ple optica l e lements. The desig n  has th ree g rati ngs (for 
th ree sepa rate spectra l c h a n n e l s )  i n  the converg i n g  
bea m ,  each p icki n g  o ff  o n e  sixth o f  t h e  m i rror's l i g ht. Th e 
rem a i n i n g  ha lf  goes to the d i rect i m a g i n g  " deep su rvey" 
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Fig. 3. Simu lated spectrum of the corona l  source Capel la  The exposure is 
40,000 sec and nominal  emission l ines based on the solar  spectrum are . 
included .  N ote the richness of the spectrum and that, even at this resolution. 
there are many blended l ines. 

detector. Two of the chan nels employ col l i mators to 
reduce the backg round.  The spectroscopy progra m m e  
wi l l  be ru n enti re ly as a Guest Observer Prog ram me. A 
centra l data ana lysis faci l ity wi l l  be set up at the Space Sci­
ences Laboratory for Guest Observers that wi l l  a l l ow 
users to log i n  rem otely or access data over pub l ic  net­
works ( 1 2 ) .  

The software system is u n ique i n  that it was desig ned 
to be developed i n  stages as the hardware is  deveioped . 
The E nd-to-End System (EES)  conta i n  a complete model 
of the scientific i nstruments ( 1 3) i nc lud ing optics and 
electron ics, si m u lates data for i n put us ing cata logues of 
known or potentia l  sou rces, performs engineeri ng checks 
of the i nstru ment data, and,  fi na l ly, executes the data 
ana lysis procedu res, i ncl u d i ng sou rce detection,  mea­
surement and cata logu ing .  The EES was used to study the 
shapes of poi nt sou rce images for exa m i n i ng detection 
methods ( 1 4) .  lt is  cu rrently being prepa red for its fou rth 
release (of n ine)  and is bei ng used to aid i n  the design of 
spectrometer baffles. 

3. SCIENTIFIC PROGRAMME 

The prim a ry science data products from the m ission wi l l  
be  the  a l l -sky and deep su rveys, and the  associated 
cata logues of detected sou rces. lt is a ntici pated that a 
n u m ber of c lasses of sou rces wi l l  be observed. From the 
cu rrent (a l beit sma l l )  cata logue of known EUV sou rces, it 
is  known that hot white dwarfs wi l l  be an i mportant c lass 
of sou rces observed . 

The sensitivity of E UVE i nstru ments is such that DA 
wh ite dwa rfs with tem peratures of -70,000 K can be 
detected at d ista nces of up to a kpc ( 1 5) .  The a l l-sky su rvey 
should yie ld a substanti a l  n u m ber of DA wh ite dwa rfs hot­
ter than 25,QOO K, a l lowing a very accu rate determination 
of the l u m i nosity fu nction .  An EUV detection can be com­
bi ned with resu lts of  mode l  atmospheres and optica l or  
fa r UV observations to  determine the effective tem pera­
ture, the He/H ratio in the i nterste l l a r  medi u m  (or in the 
wh ite dwa rf itself), and the i ntervening neutra l hydrogen 
col u m n .  lt may be possib le to m a p  the d istri bution of 
neutra l hydrogen in the sola r  neig h bou rhood out to sev­
eral  hundred parsecs with a l a rge sa mple of wh ite dwarfs. 

A specu lative est imate of the n u m ber of detectable 
EUV sou rces was recently made by Pye ( 1 6) .  Using data 
for a handfu l of i ndividua l  objects detected at both EUV 
a n d  X-ray wavelengths, he est imated that severa l 
h u n d red l ate type stars wi l l  be detectable at a few JJ..)y at 
1 00A. Most wi l l  be of type M, whose temperatu res a re 
3000 K. The emission is thought to derive from the hot 
corona of the star, which is  m uch more active than that of 
our su n relative to the tota l l u m i nosity. The detected 
sources shou ld be rel atively nearby, with i n  -20 parsecs, 
so that detections may be expected at longer 
wavelengths. Very l itt le  is  known a bout the coron a  of 
stars other than our  sun  at these wavelengths, so it is very 
difficult to make est imates of the n u m bers of potentia l ly 
detectable sources. 

Recent UV a n d  X-ray measurements of bright q uasars 
.. show that there may be a strong,  broad featu re i n  the 

EUV ( 1 7) .  Such a featu re wou ld carry the bu lk  
of  the  quasar l u m i n osity and may be  detectable with 
E UVE. Th is l i ght may be due to a n  accretion disk that 
feeds the centra l object, which may wel l  be a n  extremely 
massive black hole.  The neutra l hydrogen i n  our  ga laxy 
severely l i m its our  ab i l ity to detect q uasars. They a re 
u n l ikely to be detectable at 200A but may wel l  be o bserv­
able  at 1 00A. 

We h ave a lso i nvestigated the poss ib i l ity of detect ing 
neutron stars on the basis of thei r thermal emiss ion .  
Nomoto and Tsu ruta ( 1 8) est imated that  the stars wou l d  
have a l u m inosity about o n e  tenth that o f  t h e  s u n ,  which,  
g iven that the spectrum is  that of a black body, i m p l ies a 
temperatu re of 6 x 1 05 K. The peak of the spectrum occu rs 
at 60A, which produces substantia l  emission in the E UVE 
Lexan/C band.  Consider ing the sensitivity of the instru­
ment i n  that band d u ring  the su rvey and account ing for 
a bsorption  due to the i nterstel l a r  med i u m ,  we fi nd  that 
such neutron stars m ay be detectable out to about 1 00 pc. 
The average d istance to a neutron sta r  of this l u m inosity 
can be determined rou g h ly from the age, - 3x1 07yr.,  the 
average formation rate, - 1 per 50yr, and the volume of 
the Ga lactic d isk, - 1 50 kpc3, g iv ing 70 pc. Thus the 
expected n u m ber  of neutron stars i n  the EUVE su rvey is 
a bout 3, but cou ld  be more i n  d i rections of low i nterste l l a r  
colu m n  density. lt is  a lso possib le that  " defunct"  pu lsa rs 
accret ing m ateria l  from the i nterste l l a r  med i u m  wi l l  show 
u p  i n  the a l l -sky su rvey. lt has been est imated t�at 
perhaps 1 0  pu lsa rs with appropriate characteristics 
reside with i n  20 pc of the Sun ,  and cou l d  be detectable.  

Other classes of sou rces that a re expected to be 
detected i nc lude flar ing sta rs, and various types of cata-
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MEASUREMENT OF INTERSTELLAR HELIUM TO HYDROGEN RATIO 
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Fig.4. S imulation of data from a source with an i ntensity of 0.05 of HZ 43. The i ntervening hydrogen col u m n  
density is 1 018  cm 2 and t h e  h e l i u m  t o  hydrogen ratios a r e  shown O n l y  data from t h e  third channel are 
shown. 

clysm ic variables such as dwarf novae. ft is a l so known 
that the moon, J upiter and Satu rn wi l l  be observable.  If 
any cometa ry encou nters occu r dur ing  the m isfiion,  
observation of  the reson a nt f i ne  em ission wi l l  be possi­
ble. Geophysical stud ies wi l l  a l so be attem pted .  Not only 
wi l l  EUVE provide usefu l data on the geocorona f  
backg round ,  it wi l l  a lso be possib le to view EUV emission 
wh i le  pointi ng at the Earth .  

S ince a l l  the i nstruments h ave imaging capab i l ity, i t  
wi l l  be possi b le to make observations of extended d iffuse 
objects smal ler  than the fie ld of view (e.g .  EUV emission 
from the moon due to reflected su n l ight, a u roral  a rcs, 
etc. ) .  Of cou rse as in a l l  explorations of n ew wavelength 
bands, it i s  hoped that new classes of sou rces not iden­
tified at other wavelengths wi l l  be d iscovered. 

4. SPECTROSCOPV 

The spectrometer wi l l  be particu l a rly i mportant when it 
com es to d iagnostics of the coronae of f ate type stars. ft is  
wel l  known that sta rs l i ke our  sun and cooler h ave hot 
coronae that a re detectable with imag ing X-ray sate l l ites 
( 1 9) .  A s imu lat ion of the spectrum of the sta r Cape l l a  is a n  
example o f  th is class o f  sou rce, shown i n  F igure 3. The 
range of temperatures that is  present in these coronae is 
u nder some debate, however. Fortu nate ly, m a ny species 
of elements com mon in stel l a r  atmospheres (notably He, 
C, 0, Ne, Mg, and Fe) have strong transit ion in the E UV. 
The effective tem peratu res can range from -2x 1 04 to 
-3x 1 07 K. 

Using the detectable wh ite dwaifs as a backl ig ht, it wi l l  
b e  possib le t o  measu re the ratio of he f itJm t o  hydrogen i n  
t h e  interste l l a r  med i u m  i n  order t o  probe t h e  ion ization 
cond it ions. S imu fations a re shown i n  Fig u re 4 for various 
va lues of th is rat io.  Backgrou l'l d  is neg l ig ible and on ly the 
long wavelength channel  is  p lotted. Thus the spectrome­
ter cou ld be used to detect an abundance of a part in 20 
due to neutral hel i u m .  

-
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IRAS POST-MISSION ANALYSIS AT IPAC 

R . D. Benson and T.J .Chester 
Infrared Processing and Analysis Center, California Institute of Technology, Pasadena, California 91 125 USA. 

The I nfrared Process ing and Ana lysis Center ( I PAC) was estab l ished at J PL/Ca ltech i n  late 1 984 after the pri m a ry 
I RAS data products were released. I PAC's cha rter  is to maximise the science retu rn from the I RAS data . This is done 
by supporti ng the astronomical  comm u n ity i n  i ts ana lysis of the I RAS data, by reprocessing the I RAS data to gen­

-erate s ign ificantly i mproved data products, and by actively pursu ing n u merous scientific i nvestigations.  The I RAS 
sate l l ite m ay be dead, but the I RAS data continue  to l ive. 

1 .  INTRODUCTION 

The I nfrared Processi n g  and Analysis Center ( I PAC) was 
estab l ished by NASA in 1 984 as a cooperative effort of the 
Jet Propu ls ion Laboratory (JPL) and  the Cal iforn ia  Insti­
tute of Technology to extract the maxim u m  science return 
from data acq u i red by the I nfrared Astronomica l Sate l l ite 
( I RAS).  I PAC accompl ishes th is pu rpose by support ing 
the research of members of the astronomica l  com m u nity 
a n d  by developing new data products a n d  ana lysis too ls  
to  enhance the uti l ity of  the I RAS data . To ensu re that 
I PAC is able to provide state of the art ana lysis 
capabi l ities, members of the I PAC staff perform research 
using the I RAS data . 

The i nternationa l  I RAS m ission to su rvey the sky at 
i nfrared wavelengths was conducted from January 
through November of 1 983 [ 1 ] .  The I RAS sate l l ite a n d  
operat ions have previously been described i n  t h i s  journa l  
[2 ] .  U p  to date reviews of  the science resu lts from I RAS 
a re g iven elsewhere [3,4] . The deta i l s  on the I RAS m ission 
a n d  the pri m a ry data products a re g iven i n  the I RAS 
Explanatory Supplement [5] .  

The fu l l  I RAS d atabase - i nclu d i ng raw d ata from 
the m ission,  i ntermed iate products, and a l l  the I RAS fi n a l  
products - exists i n  a l l  th ree o f  t h e  partner cou nties. l n  
t h e  Netherl a nds� the data a re a rch ived a t  the Space 
Research Department at the U n iversity of G ron i ngen a n d  
Sterrewacht H uygens Laboratori u m  a t  t h e  U n iversity of 
Leiden .  I n  the U n ited Kingdom, the a rch ive centre is the 
I RAS Post M ission Ana lysis Faci l ity ( IPMAF) , Rutherford 
Appleton Laboratory. In the U n ited States, I PAC is the 
repository of the I RAS database. 

Due to the tremendous success of the I RAS m ission,  
the l a rge data vol u me generated by the m ission,  and the 
contin u i ng scientific potentia l  of the I RAS data, it became 
clea r d u ring  the i n it ia l  process ing of  the data that  i t  was 
extremely i m po rtant to continue  to ana lyse and process 
the I RAS data . Si nce JPL had been l a rgely responsib le for 
producing the fina l  I RAS data products, a team of scien­
t ists, engineers, and operations staff with i nt imate know­
ledge a bout I RAS a l ready existed. lt thus was logical  that 
NASA decided to reg roup the I RAS project team at JPL 
i nto the I PAC to perform the continu ing  work. We moved 
five m i l es from J PL to new q u a rters on Caltech •s  cam pus, 
symbol is ing the shift from the space fl ight project envi­
ron ment at J PL to the resea rch environment of the u n iver­
sity. 

In this article we summarise some of the work that has 
been done at I PAC over the last th ree yea rs. Section 2 d is-

cusses the scientific products, both those that a re a l ready 
i n  general use and those that a re now in development. 
Section 3 d iscusses the Genera l  I nvestigator program me, 
i nc lud ing the process ing we offer to visit ing scientists and 
the database that supports that processing  as wel l  as 
improvements to that database. Section 4 d iscusses o u r  
p l a n s  for products that w e  envisage as t h e  fi na l  rou n d  of 
refinement of the I RAS data. 

2. IRAS SCIENTIFIC PRODUCT SUMMARY 

The legacy of I RAS resides i n  the released data products 
·• which make it possib le  for non- IRAS astronomers to eas­

i ly access and use the I RAS data without having to know 
m a ny deta i l s  a bout the I RAS hardware. One of the major  
successes of  I RAS was the relative rapid ity with which the 
severa l i n it ia l  data products were produced and released. 
On ly one year after the sateU ite ceased operations, the 
Poi nt Source Cata logue of 245,839 sou rces, a n  accom­
panyi ng Atlas of  Low-Resol ution Spectra for 5,425 of 
those sou rces, a Zodiaca l H istory F i le  of the data from a l l  
I RAS su rvey scans a t  h a lf degree resolution, and t h e  Sky 
Brightness I mages cover ing nearly the enti re sky with 2' 
pixels, a l l  on  com puter-readable tapes, were released. Lit­
era l ly hundreds of research g roups a round the world 
obtai ned copies of these products essentip l ly free of 
charge from either the Astronomica l Data Center i n  
G reen belt, M a ryland,  the U . S .  d istr ibution centre, or from 
the other I RAS centres mentioned a bove. With i n  a yea r, 
the n u m ber  of publ ished papers us ing I RAS i ncreased to 
a level of a bout two h u n d red refereed papers per year. 

Other I RAS data products were delayed in order to 
ensure that the fou r  products mentioned above were 
released in a t imely m a nner. Also, it was inevitab le  that 
corrections wou ld need to be made to the i n it ia l  set of pro­
ducts, as more was learned a bout the I RAS data . Thus, the 
fi rst data released by I PAC were products that had been i n  
prog ress d u ring  th9 orig ina l  processing,  as wel l  a s  
improved versions of t h e  previously released products. 
These products are described in Sect ion 2 . 1  below. 

As part of the charter estab l ish ing I PAC, we p lanned to 
produce two major new products. Fi rst, we knew that the 
I RAS data cou l d  be coadded in  reg ions of low sou rce 
density to achieve a sensitivity th ree ti mes fa inter than the 
Point Sou rce Cata logue.  This product is described i n  Sec-
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t ion 2.2 below. Second, because the beauty a n d  uti l ity of 
,-.the Sky Brightness Images surprised and astounded even 

us, we p lan ned to reprocess them to significantly improve 
thei r scientific usefu lness. Specifical ly, we needed to 
remove the foregrou nd Zodiaca l E mission in order to 
determine the brightness of the i nfrared sky beyond the 
Solar  System .  After doing so, we cou l d  then coadd the 
three separate images that I RAS made of the sky. As a 
resu lt of severa l improvements we expect to achieve a 
sensitivity six times better than any of these separate 
images. This product is described in Section 2.3 below. 

F ina l ly, the I RAS user comm u n ity impressed upon us  
that much was to  be ga ined by efforts to achieve d iffrac­
t ion l i m ited imaging for b righter sou rces. Thus we began  
a project, col l a bo rating with fou r  Genera l  I nvestigator 
g roups, to develop software that wou l d  accompl ish that 
goa l .  This effort is described i n  Section 2.4 below. 

2.1 Existing Products 

Table 1 l i sts the major I RAS p roducts that have been pub­
l ished since the i n itia l  .release of the I RAS cata logue and 
i mages in  N ovember 1 984. The ga laxy catalogue, the 
additiona l  versions of  the Sky Br ightness Images, and the 
Smal l  Scale Structure Cata logue were products orig ina l ly 
p lanned to be released a long with the fou r  i n it ia l  data p ro­
ducts, but which had to be delayed i n  order to release the 
i n it ia l  products o n  t ime. The Additional  O bservations, as 
proprietary data for the I RAS Science Team, were 
released when the proprietary period expi red i n  
N ovem ber 1 985 . The other products were t h e  resu lt of 
our  conti nu ing  i nvolvement and  ana lysis of the I RAS 
d ata. 

The Catalogued Galaxies and Quasars Observed in the 
IRAS Survey is a su bset of the I RAS point sou rce data per­
ta in ing  to previously known ga laxies and quasars. lt was 
i ntended as a read i ly accessib le compi lat ion of I RAS data 
for objects a ppeari ng in the most widely u sed extragalac­
tic cata logues. lt is an exception to the genera l  ru le that a l l  
I RAS products are avai lab le  i n  computer readable form, 
since th is was i ntended to serve as a n  easi ly access ib le  
printed vol u me. Due to pub l ic  demand,  however, we a re 
p resently producing  version 2 of this product which wi l l  
b e  ava i lab le  o n  magnetic tape. Version 2 of th is cata logue 
wi l l  conta in  version two fluxes from the Poi nt Source 
Cata logue and  fluxes from the Sma l l  Sca le Structu re 
Cata logue.  · 

O n ly the Sky Brightness I mages for HCON 3 were· 
released with the orig ina l  data p roducts. (An HCON is a n  
I RAS u n it o f  sky coverage, short for hou rs-confi rming 
coverage and consisti ng of a sequ ence of scans of the sky 
usual ly taken on consecutive orbits, a bout two hours 
apart.  Dur ing the fi rst six months, I RAS covered the sky 
with two HCON u n its. For 72 per cent of the sky, I RAS 
completed a th i rd HCON coverage before the l iqu id  
he l i u m  ran out. ) HCON ' s  1 and 2 were produced by I PAC 
as pa rt of its post-mission process ing .  S ign ificant 
improvements to the stab i l ity of the photometric base l ine  
ca l i bration  were· made d u ring  th is p rocessing so that we 
reprocessed HCON 3 and released version 2 of it d u ring  
th is  period. 
Table 1 .  Major IPAC Produced IRAS Data Products. 

Catalogued Galaxies and Quasars [6] . 
Sky Brightness Images (HCONs 1 and 2)  

Additional  Observations [7] 
Smal l  Scale Structure Catalogue [8) 
Zodiacal H istory file (Version 2) 
Asteroid and Comet Su rvey [9) 
Poi nt Source Catalogue (Version 2) 
Serendipitous Survey Catalogue [ 1 0) 
Cata logue of Large G alaxies [ 1 1 )  
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Febru a ry 1 985 
August 1 985-

June 1 986 
November 1 985 
December 1 985 

May 1 986 
October 1 986 

November 1 986 
December 1 986 

J anuary 1 988 

R.o: Benson tlfld T.J. Chester 

The 1 3,853 Additiona l  Observations covered a bout 
three per cent of the sky with a sensitivity of 3-5 t imes the 
sensitivity of the survey data that were used for al l  other 
data products. These observations for the most part were 
targeted at previously known objects. The data were 
released as images with pixel sizes down to 0.25' with 
each observation  covering typical ly 1 square degree. 
There was considerab le  redundancy in the coverage, 
inc luding the requ i rement that every fie ld  was o bserved 
at least twice in order to be ab le to remove spurious 
sources. 

The Serendipitous Su rvey Cata logue of 43,866 sources 
was the resu lt of p rocessing the Additiona l  Observations 
i n  order to p roduce a cata logue of al l  point sources that 
were confi rmed between the redundant coverages of 
each fie ld .  M a ny more sou rces were observed than just 
the targets of observation .  Th is cata logue was done in  
col laboration with S .  Kleinmann at  U n iversity of  Mas­
sachusetts; R. Cutri, E. Young and F.  Low at U n iversity of 
Arizona ; and F. G i l l ett at NOAO. 

The Smal l  Sca le  Structu re Cata logue conta ins  1 6,740 
sources that were resolved by I RAS. These sou rces are 
l a rger than point sou rces, about 1 ', and an u pper l imit of 
-8' was i mposed on sources for this cata logue.  These 
objects a re mostly non-ste l l a r  sources with i n  our Ga laxy, 
but some are nearby ga laxies that a re l a rger than 1 ' . 

The Zodiacal Observation  H istory F i le  (ZOHF)  g ives 
total sky brightness in ha lf degree ·square bins for the 
who l e  m ission .  Th is fi le  compactly represents the e nti re 
scan h istory of thE! I RAS sate l l ite and is pr imari ly used to 
u nderstand  the zodiaca l  emission from our  Sol a r  System .  
A s  w e  have continued t o  refi ne our  understanding o f  the 
ca l ib ratio n  of the I RAS data (and to correct an embarras­
s ing 0.50 degrees u n iform erroneous sh ift in positions i n  
t h e  orig ina l  version ! )  w e  released a new version o f  ZOHF.  

The Asteroid a nd Comet Su rvey g ives the I RAS resu lts 
for 1 8 1 1 previously known asteroids and 25 comets, 
inc lud ing the comets d iscovered by I RAS d u ring  the m is­
s ion at the Qu ick-Look faci l ity at R.A.L.  [ 1 1 ] . The i nfrared 
observations a l low a l bedos and d iameters to be ca lcu­
lated for the vast majority of asteroids for the fi rst time. 

The Point Sou rce Cata logue as orig ina l ly  released suf­
fered from a systematic error i n  overestimatin g  fluxes of 
thefa i ntest sources i n  the cata logue.  The software used to 
produce the cata logue was designed to p rocess only 
detections above the th ree. s igma noise th reshold and 
demanded that  cata logue sou rces be seen on a minim u m  
o f  2 HCONs. Because some parts o f  t h e  sky were scan ned 
many ti mes, noise boosted so-me i ntrinsica l ly weaker 
sources a bove that th reshold on a su bset of those scans.  
By averag ing only those detections a bove the threshold,  
fl uxes were overest imated for the weaker sources. Along 
with statistica l ly correct ing these fluxes, we made n umer­
ous sma l l  corrections and  p roduced version 2. of the Point 
Source Catalogue.  

F ina l ly, W. R ice and col l aborators at I PAC did justice to 
the I RAS data on nearby resolved ga laxies by producing 
the Cata logue of I RAS Observations of Large Optical 
Ga laxies [ 1 2 ] .  The su rvey data were coadded at h igh  
resol ut ion for ga laxies not observed i n  the Additional  
Observation mode and contour  maps, brightness profi les 
and tota l f luxes of 85 Reference Cata logue g a laxies with 
blue d iameters >8' were produced. 

2.2 The Faint Source Survey 

The orig ina l  I RAS data processing for the Poi nt Source 
Cata logue ( PSC) was done by detect ing sou rces in i ndi­
vidua l  detector data streams, and  then applying a series 
of stringent confi rmation criteria (seconds, hours, weeks 
confi rmations) to establ ish the rel iab i l ity and va l id ity of 
the sources. Although,  by design ,  this approach led to an 



/HAS Post-MissiQn Analysis at/PAC 

t s " • z"oos t s" o a " o o s  t s"o�"oos t s "oo"oos • �"s&"oos • � "sz"oos • �" • a " o o s  • •"•• "oos 

I I I I , . 

� I! "'! · '  

• • 3 3" 00 OD 33" lJ(l  OD- • - -
• • • 

.. 
• • 

.. 
- . .  

., - - 32' 00 OD 32' o0 oD= - • 
- ; -

• 
- - .. • 

- • • .. 
3 1 "  00 OD- I ::a .. - 3 1" 00 oD 

·- • 
.. • 

• -
• -

• . . • ·  
311" 00 OD- • - 30" 00 00 x •  .. 

,. . - - �  

• , 

• 
z.- oo oD-

- 2 9" 00 00 • • 
... • • 

. . .. ,-• till 
• • 

- .. 
· •  2 8" 0 0  OD 2ff 00 OD- -.. .. • 

.. . . .. 
, 

- • • -. · · -• • 
21' oO aD- .. - 21' 00 OD 

• 
• .· 

" 

l I I I I I I 
t s"oe"oos 1 s"o•"oos t s "o o " oo s • � "s&"oos • �"sz"oos • � "• e " o o s  • �"••"oos 

Fig. 1 .  The contour map shows a 6 degree x 6 degree field at high Galactic latitude from the Faint Source Survey; sources brighter than 4a are indicated. Only 58 
of the 1 650 valid sources in this field appeared in the Point Source Catalogue supplied by M. Moshir. 
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extremely rel iab le  cata logue, the fu l l  sensitivity possib le 
with the I RAS data was not ach ieved. Over the course of 
the I RAS m ission each resol ution element in the sky was 
covered typica l ly  between e ight and twelve independeot 
times. By coadding a l l  the i ndependent s ightings and 
then applying source detect ion a lgonthms, it i s  possib le 
to gain a factot of 2 .5  - 3 .5  i n  sensitivity over the orig ina l  
Point Source Cata logue.  

The Fa i nt Sou rce Survey ( FSS),  currently i n  production 
at I PAC, is  desig ned to g ive the most sensitive su rvey pos­
sible for poi nt sources over nearly the entire sky. The only 
a reas actua l ly scan ned by I RAS that wi l l  be excluded from 
the survey are locations such as the Ga lactic P lane where 
the ·satel l ite was l i m ited by source confusion.  There are 
three ma in  products associated with the FSS ; the eo­
added data in the form of i mages, a database consist ing 
Qf a l l  potentia l  poi nt sources brighter than th ree times the 
local  noise, and a Fa i nt Source Cata logue ( FSC) of objects 
chosen such that the cata logue is more than 95 per cent 
rel iab le .  

The FSC wi l l  represent a s ign ificant improvement in  
sensitivity over the PSC.  Table 2a compares the charac­
teristics of the FSC and the PSC while Table 2b g ives the 
predicted n u mbers of d ifferent types of sources in the FSC 
a long with �he est imated n u m bers in the PSC. Another 

comparison between the FSS and the PSC is shown i n  
F igure 1 ,  where the FSS sou rces with loca l  s igna l  t o  noise 
?:4 are p lotted for one 6 x 6  square deg ree field at h igh  
Ga lactic l atitude. On ly the brightest 58  of  the 1 60 va l i d  
sources i n  t h i s  fie ld appear i n  the PSC. lt is  expected that 
the FSC wi l l  conta i n - 1 70,000 tota l ly new I RAS sou rces, 
i nc luding over 50,000 new ga laxies, hundreds of quasars, 
and poss ib ly brown dwarfs o r  new types of sources. 

The FSS wi l l  result in addit ional  measurements for 
most of the 1 20,000 sources that were detected at on ly a 
s ing le  wavelength i n  the orig ina l  cata logue;  detection in a 
second band wi l l  yield a s ing le  I RAS colour  that he lps 
enormously i n  classifying  sources. Two examples that 
revea l the potentia l  of the FSS are searches for 
u ltra l u m inous extraga lactic sou rces and for brown 
dwarfs. The h i ghest redsh ift determined for an I RAS 
extragalactic object is  z-0.44. The enhanced sensitivity of 
the FSC wi l l  permit the detection of such objects at red­
sh ifts z>O.  75. The FSC wi l l ,  thus, survey five t imes the vol­
ume searched by the PSC making it possi b le to compare 
the density of " infrared loud " quasars with that of " UV 
louq" quasa rs such as those fou n d  i n  the Schmidt-G reen 
su rvey. Current evidence suggests that the " infrared 
lou d "  quasars a re at least as populous as the classica l 
" UV loud" q uasars; the coadded survey wi l l  permit a 
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Table 2. Comparison of Point and Faint Source Catalogues. 
a (;haractenstocs ot c;atalogue 

CHARACTERISTIC 
Sky Coverage 
Relative Sensitivity 
N u m ber of sou rces 
Rel iabi l ity 

Completeness l imits 
1 2 1Lm 
25 1Lm 
60 1Lm 
1 00 1Lm 

One sigma errors for 
sou rce at completeness l imit 
Position 
1 2 1Lm 
1 00 ILm 
Photometry 

PSC 
96% 
1 
250,000 
>.998 

0.4 Jy 
0.5 Jy 
0.6 Jy 
1 .5 Jy 

3" X 20" 
10" X 22" 
1 0% 

FSC 
70-90% 
3 
265,000 
> .95 

0.1 6 Jy 
0.20 Jy 
0.24 Jy 
0.8 Jy 

7"  X 41 " 
29" X 46" 
20% 

b. Predicated Number of FSS Sources in Catalogue for I b I >  10 degrees 

SOURCE TYPE PSC 
Stars 54,000 
Extragalactic 19,000 
Galactic 16,000 
Cirrus 2 1,000 
TOTAL 1 10,000 

FSC 
125,00o 
75,000 
63,000 
7 

> 263,000 

NEWIN FSC 
71,000 
56,000 
47,000 
? 

> 1 74,000 

d i rect compa rison of the two classes of q uasars.  
The fa i l u re to fi nd brown dwa rf stars i n  .the  PSC sets a 

l i m it on the contri bution of brown dwarfs to the loca l 
mass density of the ga laxy that is approxim ately equ a l  to 
two times the possi b le loca l m iss ing (Oort) mass. The FSS 
wi l l  either detect brown dwa rfs or p lace a sufficiently 
str ingent l im it that such o bjects can be ruled out as c:cn­
tri buti ng  a s ign ificant fract ion of the local m issing m as::..  

The FSS is  cu rrently i n  production at I PAC. The p late 
p roduction for the h igh  ga lactic latitude sky, I b I> 50 
degrees, was fin ished in J a n u a ry, 1 988 a n d  these i mages, 

Fig. 2 Two views of the Pleiades at 60 pm. Both have s imi lar  contrast Fig. 2a 
is HCON 1 ;  note the on-scan striping and the zodiacal  gradient. Fig. 2b is  a pro­
duct of the survey coadd routine BIG MAP which coadded a l l  three HCONs with 
simple field flattening and stripe removal .  Figure supplied by J.  Good and G. 
laugh l in .  
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a long with the corresponding FSC wi l l  be released i n  the 
m idd le  of 1 988. The rest of the su rvey wi l l  be released 
over the next year. 

2.3 Improved Sky Brightness Images and Zodiacal 
H istory File 

One of the remarkable resu lts of I RAS are the images of 
the enti re sky at fou r  i nfrared wavelengths. The I RAS Sky 
B rightness I m ages both i n  low resol ut ion (0.5 degree 
pixels) a n d  h igh  resol ut ion (2' pixels) have proved to be 
i nva l uable in i nvestigating  the zod iaca l  dust c loud and 
structure of the Ga laxy. Many astronomers have u sed the 
orig ina l  Sky F lux d ig ital  i mages to study star formation,  
the i nfrared ci rrus, the structure of  the Ga laxy, and  com­
ets and  cometary tra i ls .  A n u m ber of major i m p rove­
ments a re being made to the i mages. ·These wi l l  be 
reflected in two data 'products. 

2.3. 1 Sky Brightness Images 

Since no cu rrently envisioned space m issions wi l l  make a 
survey with the sensitivity, spatia l  resol ution and  angu la r  
coverage of  I RAS, it is  essent ia l  to  produce the  best possi­
ble i m ages of the sky using the I RAS data . These i mages 
may wel l  p rove to be the most lasti ng contri bution of the 
IRAS m ission and a re the i nfrared equiva l a nt of the· 

Pa lomar  and  SRC Schm idt su rveys. 
Two major problems affl ict the fi rst set of i mages. F i rst, 

the zod iaca l emission varies both spatia l ly  and tem por­
a l ly, severely h a m peri ng the job of obta in ing  accu rate 
fl uxes for Ga lactic objects. Second,  u ncorrected va riation 
at the 2-4 per cent level in detector offsets and respon­
sivities led to inaccu rate photometry and to stripes i n  the 
images that l i m ited their sensitivity. New i mages wi l l  be 
produced by coadding and destri p ing ca refu l ly reca l ib­
rated data for a g iven piece of sky after the su btract ion of 
a zodiaca l c loud model .  I PAC wi l l  p roduce a s ing le  set of 
i mages with 1 .5' pixels that wi l l  be six t imes more sensi­
tive tha n the orig ina l  i mages. An example of the d iffer­
ence between the new and o ld  a l l -sky i mages is g iven in  
Fig u re 2a and b wh ich  show views of  the  Pleiades i n  the 
cu rrent form and after using one of the prototype destrip­
ing tech n iques. F igu re 2b h ints at the i m p rovements 
expected in the new irira,ges. Structu res, such as fa i nt 1 2  
1-'-m ci rrus, that were i mpossib le to measu re previously 
wil l  be routinely detectable on the new i mages. 

The software to produce the new i mages is  sti l l  being  
developed as d ifferent flat fie ld ing a lgorithms a re now 
bei ng tested . lt is a ntici pated that the test ing of a lgorithms 
and prototype production wi l l  last another year. The new 
images wi l l  be released i n  stages over the cou rse of a yea r 
beg i n n i n g  i n  1 989. 

2.3.2 Zodiacal History File 

The so ca l l ed "Zodiaca l  Observation H istory F i le"  pre­
sented a scan-by-scan view of the sky with a synthesized 
0.5 degree beam .  Reseachers have used the Zodiaca l H is­
tory F i le  to study the zod iaca l d ust c loud and,  in conjunc­
t ion with other low resol ution su rveys i n  CO,H I  a n d  the 
rad io  conti n u u m ,  the l a rge sca le  structure of the G a laxy. 
One particu la rly i ntrigu i n g  resu lt is an isotropic 1 00 1-'-m 
backg round of 2 to 5 MJy /sr [ 1 3, 1 4) that possibly rem a i ns 
i n  the data after sol a r  system and ga lactic com ponents 
have been subtracted.  The existence of a cosmolog ica l 
backg rou n d  at 1 00 1-'-m is obviously a ·  , ry excit ing possi­
b i l ity if it can be verified .  

The problem of the a bsolute i ntensity of the sky is  a d if­
ficu lt one s ince the I RAS i nstrument had no a bsolute 
photometric reference for extended emission . However, 
we h ave tried to incorporate a l l  kn'own i n strumental 
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effects i nto a newly ca l ibrated set of data for use in a new 
Zod iaca l Observation H istoryFi le  and the moderate resol­
ution i mages. The new Zod iaca l  H istory F i le  wi l l  be ready 
for release in the sum mer of 1 988 a n d  wi l l  g ive the best 
view of the a bsolute emission from the i nfrared sky u nt i l  
the fl ight of  the Cosmic Backg round Explorer (COBE) .  

2.4 H i g h  Resolution 

The I RAS foca l p lane conta i ned fa i rly l a rge, rectangu lar  
detectors to  support the  primary project goa l  of  s u rveyi ng 
the enti re sky at the g reatest possib le sensitivity, com­
pleteness, and rel iab i l ity. Whi le  h igh  spatia l  resol ution 
was not bu i lt i nto I RAS, severa l featu res of the focal  p lane 
com bined with the i nstrument's stab i l ity - and a bsence of 
atmospheric d istort ion - enable d iffraction l i m ited i mag­
ing  for brighter sou rces. Ha lf overlapp ing detectors i n  the 
foca l  p lane centre and smal ler  detectors along the edges 
were used t0 reduce position errors for po int source 
detect ions.  These overlaps can be used to synthesize 
smal ler detectors - essentia l ly two a rcmi n  in  the cross­
scan d i rect ion .  These overlaps and i n-scan resa m p l i ng (of 
the over-sam pled poi nted observation data ) a l low the 
data to be g ridded as a two.a rcm i n  gaussian beam.  I mage 
reconstruct ion techn i ques such as " maxi m u m  entropy" 
a re being  deve loped to d isp lay the data as a 30 to 60 
a rcsec ga ussian beam in a l l  bands.  

Figu re 3 shows a n  example  of the potentia l  i m p rove­
ment in the spatia l  resol ution of the I RAS data . F igure 3a 
shows the 60 IJ.m image produced by standard processing 
of data for the ga laxy M51  + N GC 5 1 95. The two ga laxies 
a re o n ly partia l ly resolved. Figu re 3b shows the result  of 
remapping the orig i n a l  I RAS i nto a u n iformly sa m pled 
i mage. A s ign ificant amount of high spatia l  frequency 
i nformation i n  the or ig ina l  data has been preserved ; no 
spatia l  frequency restoration has yet been app l ied. F igure 
3c shows the resu lt of the app l icat ion of the Richardson­
Lucy a lgorithm to the image i n  Figu re 3b, using the mea­
su red point spread fu nctions of the 601J.m detectors. 
Figu re 3d shows the u n-enhanced I RAS 1 2  IJ.m i mage, 
with twice the spatia l  resolut ion of the orig ina i 601J.m data 
in the " i n-sca n "  d imension,  i l l u strat ing the strong corres-

Fig. 3. Panels a,b, and c show so..,m detetectors. Figure 3d shows 
the unenhanced IRAS 1 2  ..,m, with twice the spatial resolution of the 
original 50 ..,m data i n  the " in-sca n •  dimension, i l lustrating the 
strong corresponilence bet ween the enhanced 601'-m data and the 
1 2 ..,m image. 

pondence between the enhanced 601J.m data and the 
1 21J.m i mage. 

I PAC cu rrently plans to m a ke enhanced resol ution 
a lgorithms, along with the expertise necessary to app ly 
them to the I RAS data, ava i lab le  to the user com m u n ity i n  
stages, a s  requ i red by the i ncreas ing d ifficu lty of each 
success ive step.  I RAS poi nted observations produced 
with the u n iform remapping a lgorith m of F igure 3b were 
made ava i l a ble to general  users in the October 1 987. A 
tested and documented version of a resol ut ion enhance­
ment a lgorith m l i ke that i l l ustrated in Fig u re 3c wi l l  be 
released in the fa l l  of 1 988 and a genera l i sation of these 
a lgorith ms to I RAS su rvey data is p lan ned for release i n  
late 1 989. We have no p l a n s  t o  u s e  a n y  o f  these 
a lgorithms in mass production,  si nce processing each 
p iece of sky req u i res ca refu l scientific a n d  techn ica l  
scruti ny b y  a user knowledgeable i n  the workings o f  the 
a lgorith ms. I n stead, these tech n iques wou ld  become part 
of the su ite of ana lysis tools  ava i lab le  at I PAC. 

3. THE GUEST INVESTIGATOR PROGRAMME 

When I PAC was establ ished, we were g iven the new 
assignment of supporti ng  the astronomical  com m u n ity i n  
doing research with the I RAS data products that w e  had 
just released . Th us our  fi rst task was to create a n  environ­
ment i n  which non- I RAS astronomers cou ld  come to our 
fac i l ity and work with the I RAS data . S i nce we had fewer 
than six months i n  which to do th is before the a rriva l of 
the fi rst Genera l  I nvestigators ( G is) ,  we had to put 
together a system as rap id ly as possi ble ! Basica l ly, we 
had to reorient o u r  "cata logue production fac i l ity" i nto a n  
"ana lysis fac i l ity " .  T h e  major steps i nvolved in  t h i s  pro­
cess were : 

1 .  Reorient o u r  staff from cata logue production and 
ana lysis tasks i n  a fl ight project context to  a support­
ing  ro le for m a ny ad hoc ana lysis tasks. 

2. Develop a cata logue and non- image data ana lysis 
faci l i ty on our  existi ng  IBM 3032 computer. 

3. Develop an i mage processing  faci l ity. 
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We were ab le  to perform steps one and  two success­
fu l ly by the fi rst a rriva l of G l s. We had a rud imentary 
i m age processing fac i l ity at the start, but it requ i red 
another year before we successfu l ly created a fi rst c lass 
i mage process ing fac i l ity. 

3.1  Gl Support a t  IPAC 

I PAC is open to a ny astronomer - do ing l eg iti mate 
research . Most I PAC visitors g a i n  access a n d  fu nd ing via 
a peer-reviewed selection process. Others ca n be accom­
modated on a non- i nterference bas is  by subm itt ing a one 
or  two page letter proposa l to the I PAC Ch ief Scientist. 

There a re three k inds of data process ing  support that 
I PAC has to offer :  coadd it ions of raw data for deta i l ed 
views, image processing,  and  cata logue a n a lysis. We 
h ave two m a i n  coaddit ion processors that g ive a factor of 
th ree sensitivity ga in  over the released I RAS products and  
these a re often the ma in  object of  the G l 's attention .  The 
one d imens iona l  coadd ition,  ADDSCAN, col l ects a l l  
detector scans that passed over a selected point - typ­
ica l ly e ight to 1 2  detections - adds them a l l  i nto a nor­
m a l ised h istog ra m  and d isp lays the result  i n  severa l 
forms. This is our  h ighest resol ut ion product and  is best 
used for point or s l ightly extended sources of known pos­
ition .  This one d i mensiona l  approach works wel l  because 
i n  the other  d imension the I RAS detectors a re s ign ific­
a ntly l a rger. This has becom e  a very popu l a r  product and  
is a utomated to  the point that we can  cu rrently produce 
several  h u n d red per week. As the Fa i nt Source Su rvey 
becomes ava i lab le ,  the use of the 1 -D coaddit ion shou l d  
decl i n e  somewhat. 

The two d i mensiona l  coaddit ion,  " S u rvey Coadd,"  is 
a n  evo l ution of the pr imary m ission Additiona l  Observa­
t ion process ing .  A l l  scans coveri ng a ta rget fie ld  a re coad­
ded onto a common g rid to produce h igher  reso l ut ion ( .25 
by .25 a rcm i n  pixe ls  at 12 and  25f.Lm) m a ps of the fie ld .  
Usu a l ly two deg ree squ a re fie lds a re done,  but  l a rger  
a reas can be accom modated.  As the new Sky Br ightness 
I m ag es and h i g h  reso l ut ion products become' ava i l able,  
Su rvey Coadd wi l l  p robably becom e  obsolete. Both the 1 -
D and  2-D coaddit ions o_perate o n  the basic m ission detec­
tor and pointi ng data . 

I mage proces·s ing is provided on three J u piter/Mic­
rovax work-stations which use I PAC's own software. The 
sta ndard i mage products from the m ission - the 1 6.5  
degree p lates, the Additiona l  Observations, the su rvey 
coadds a n d  the ZOHF - as wel l  as user provided 
i m ages can be d isp layed and m a n i pu lated . I m ages can be 
compa red, d ifferenced, ratioed, stretched, s l iced, h i sto­
g ra med, Fourier transformed, flattened arid otherwise 
tortu red to squeeze a l l  the ava i l ab le  science (and some­
t imes more ! )  from them. 

Severa l  programs a re ava i l a bl e  to access a n d  ana lyse 
I RAS cata logue data and compare it with other  astronomy 
cata logues. The I RAS cata logues i nc lude a l l  those l isted in 
Ta ble 1,  the Worki n g- Survey Data Base (which conta i ns 
more deta i led i nformation on PSC sou rces) and (coming 
soon )  the  Fa i nt Su rvey Data Base. About 40 other  
astronomy cata logues are on  l i ne. The a n a lysis programs 
a re used  to  select sou rces on  a ny criteria,  compare the  
selected sou rces to  other cata logues, and  then  d isp lay 
them i n  various ways. Co lour-co lour, Log N/Log S, map,  
and overlays for the optica l  sky su rvey photographs a re 
some of the p lots supported .  

One of  the  best received featu res of  I PAC support is the  
G l 's "friend " .  Besides the user's g u i de, computing 
accou nt: desk, etc. each visitor is assig ned a friend -
one of our  Ph .D .  astronomers - who reviews the vis­
itor's p lan  and advises on data a n a lysis, i nterpretation,  
and prob lems.  The friends h ave been q u ite serious a bout 
assu r ing that each G l 's visit is productive and th is  may be 
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the most i mportant s ing le  reason for the success of the G l  
prog ram .  

3 .2  New IPAC Data System 

Almost s imu ltaneously with the estab l ishment of I PAC, 
we beg a n  p la n n i n g  for the creat ion of a s ign ificantly bet­
ter envi ronment for ana lysis by outside i nvestigators. We 
acq u i red a CDC Cyber 1 80/850 to serve as the n uc leus of a 
new ana lysis system. We began the development of the 
n ew system using the experience we had ga i ned through 
the support of  the fi rst G ls.  

The des ign of the new data system on the Cyber fo l­
l ows c losely the a pproach of the B i rm i n g h a m  g roup as 
g iven on a previous J BI S  a rticle [ 1 5].  a l though  the 
a pproach was completely i ndependent ! The basic princi­
p les of i nstrument independence, mod u l a rity;flex ib i l ity, 
and effic iency a re the same.  These pri ncip l es a re 
achieved i n  the same manner  throug h  what B i rmingham 
ca l l s  a " standard form " for data storage and what I PAC 
ca l l s  a "data tab le fi l e " .  

Support o f  t h e  G l  on  t h e  Cyber  is  g reatly i m p roved i n  
severa l a reas. For cata logue work, runn ing  on a truly 
i nteractive mach i n e  is  a g reat t ime saver.  Sources 
selected d u ring  searches a re logged i nto tab le fi les where 
any para m eter can be accessed for p lots, calcu l at ions o r  
fu rther se lect ion.  Resu lts o f  a ny step c a n  be d isp layed -
l i sted or p lotted - on the screen to verify or reiterate or  
redi rect that step. An extensive menu of  functions a re 
ava i lab le  for user select ion or one's own man ipu lations 
can be easi ly coded and executed.  Bu i ld ing  the data tab le  
fi l es, performing log ica l  operations, and d isp layi ng  
resu lts a re a l l  enhanced by  the system 's control of  m ost 
overhead fu nctions, thus freeing the user of computer 
system chores and enab l ing  fu l l  attention to astrophysica l 
issues. For coaddition work, the n ew system speeds pro­
duction throug h  a new job control executive that more 
opti m a l ly loads p lates and runs jobs.  As our  network and 
optica l  d isk  storage capab i l ities develop, the Cyber is  
expected to  su pport the computationa l ly  i ntensive parts 
of i mage a n a lysis. Overa l l ,  th is is a powerfu l new data sys­
tem .  

3.3 The IPAC Database 

The 80 G byte m ission data base is the fou ndation which 
supports both the conti nuing science ana lysis and the 
new product development. The I RAS su rvey data is  m a i n­
ta ined at I PAC i n  severa l forms that reflect various l evel s  
o f  data reduct ion .  T h e  most basic record is  the t ime 
ordered flux h istory of the 59 working  d etectors (out of 62)  
i n  fou r  i nfrared wavel ength bands ( 1 2,25,60 and 1 00 
f.Lm )and the associated poi nting i nformation .  These are 
stored on some 570 tapes correspond ing  to the twice 
da i ly down loads that were received from the sate l l ite d u r­
ing  its 285 day m ission .  

Because redundancy of  coverage was i ntri nsic to  the 
su rvey strategy, a typica l a rea of the sky was observed six 
t imes and recorded on  3-6 d ifferent tapes. Sou rces at h i g h  
ecl i ptic l atitudes tend t o  h ave t h e i r  observations spread 
over more tapes because the scan ove rl a p  i ncreased with 
l atitude. The extreme cases are at the poles where a 
hundred tapes had to be read to reprocess these h igh ly  
over-scan n ed a reas. This made a posit ion-sorted version 
of the m ission data very attractive. We sorted the detector 
and pointi ng data i nto 1 7 1 6  p lates usi ng a n  extended ESO 
equatora l system with f ive deg ree centre to centre sep­
a rations. Each p late covers 7 .3 deg rees by 7.3 deg rees to 
g ive suffic ient marg i ns, so the data vo l u m e  expanded by 
over a factor of two. lt is wel l  worth the extra storage 
because the plates a l l ow access to  a l l  coverages of  a 
ta rget with on ly  a s ing le  tape mount. 
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A more funda menta l  i mprovement to the m i ssion data 
base has been to i m p rove the poi nti ng h istory of the tel e­
scope - completed i n  1 987� Refi nement o� the onboard 
point ing information was accompl ished by identify ing 1 2  
fLm detections with sta rs of wel l  known position and 
us ing the d ifference between the measu red and known 
posit ions to correct the Boresight Poi nti ng H i story Fi l e. 
Th is i mprovement was done pri m a ri ly to support the 
Fa int Sou rce Su rvey. Wh i le  the improved pointing helps 
in the coaddit ion for the FSS sou rces, the coaddit ion pro­
cess somewhat erodes the accu racy of the fi na l  posit ions 
through the bi n n i ng necessa ry for the coaddition .  A l l  cu r­
rent processing a·t I PAC uses th is new poi nti ng h istory 
whenever possi b le .  The resu lt  is that new ana lysis of IRAS 
sou rces can have i m p roved poi nti ng reconstruct ion that 
enable a reduction in the a rea of the uncertainty e l l i pses 
by a factor of 2 to 3 ( Figu re 4). This i m p roved point ing has 
not yet been factored i nto refi ned I RAS cata logue posi­
t ions.  

A th i rd enhancement to the basic m iss ion data base is  
the i m p roved ca l i bration .  The previous I RAS ca l ibratio n  
suffered from detector hysteresis, which i ncreases the 
detector responsivity fo l lowing the observation of bright 
objects, especia l ly at 1 00 and 60 fLm and especia l ly  nea r  
t h e  G a lactic p l a n e .  Sou rces n e a r  t h e  p l a n e  showed abnor­
m a l ly low or h igh  f luxes depend ing  on their  d istance 
before or after the p lane  cross ing .  The i m p roved ca l ib ra­
t ion corrects most of that detector hysteresis error and 
genera l ly i m p roved the  absolute (de )  ca l ibrat ion through 
refined treatment of the routi ne on-board ca l ibratio n  
events. The ma in  benefic iary o f  t h e  improved cal i bration 
wi l l  be the second generation of i mage products, but it is  
now ava i lab le for genera l use as wel l .  

The I PAC staff i s  a vita l supplement t o  the I RAS m ission 
- data base. Person nel  who worked. on the I RAS m ission 
prepa ration ,  execution, and ana lysis (up to 1 1  years 
experience in some cases) a re on the I PAC staff and i n  
addit ion t o  the i r  own research or engineering  d uties a re 
ava i l a ble  to provide expert advice on data i nterpretation .  
Th is  is a n  inva luab le  and i rrep laceable repository of 
knowledge about I RAS. 

4. NEW IPAC PRODUCTS 

4.1 Nasa Extragalactic Database 

Severa l mem bers of the I PAC scientific staff became 
i nterested in  creat ing a la rge data base of  cata logued 
extraga lactic objects as an  outg rowth of producing the 
I RAS cata logues.  They proposed the esta bl ish ment of a 
" Nasa Extraga lactic Database" which wou l d  res ide at 
I PAC and be made remotely accessib le to astronomers 
world-wide. I PAC is now i n  the process of estab l ish ing 

th is database [ 1 6] .  
The Database wi l l  m a ke ava i lab le data from extraga lac­

t ic cata logues, as wel l  as data and references from pub­
l i shed a rtic les on extraga lactic objects. The goal  is to 
rema in  current i n  the l iteratu re, and work toward com­
p l eteness in past l iteratu re. The i mpetus for the 
Extragalactic Database derives from the need for a centra l 
a rch ive accum u lati ng a l l  pub l ished extraga lactic data, 
organ ised for fast retrieva l and flex ib i l ity, and access ib le  
to a l l  astronomers. 

Al l data that can be su m m a rised in a few n u mbers wi l l  
b e  i ncluded a n d  those that cannot b e  briefly summarised 
wi l l  be referenced with adequate description attached. 
The Database wi l l  a l so provide references to observi ng 
logs and data a rch ives kept by observatories or  other 
faci l ities. The basic capa b i l ities wi l l  consist of 1 )  l iterature 
searches and summaries of. pub l ished data for objects 
specified by name;  2) position a I sea rches for a l l  objects i n  
the vicin ity of a specified location on the sky; a n d  3) keyed 
searches for a l l  objects whose observed parameters 
satisfy a g iven set of cond it ions.  

·• The database is i ntended to be para l le l  and  com­
p lementary to the ste l l a r  data service SI M BAD (Set of 
Identificat ions, Measurements and B ib l iography for 
Astronom ical  Data ) offered by the Centre de Donnees 
Ste l l a i res at the Observatoi re Astronomique de Stras­
bou rg . We therefore re ly on col l a boration with the Stras­
bou rg Centre, and h ave evolved a pre l i m i n a ry under­
stand ing concern ing exchange of data a n d  expertise. We 
expect that the fac i l ity wi l l  be open to remote access by 
astronomers i n  mid 1 989, rou g h ly eighteen months after 
sta rti ng work on the project. 

The next three topics describe products cu rrently i n  
various stages o f  p lann ing .  W e  now see these as the fin a l  
refinements t o  t h e  I RAS data . Ideas for worthwh i l e  pro­
ducts beyond these may or may not deve lop i n  the futu re. 
Regard less of that, I PAC p l a ns to conti n u e  to support 
I RAS database users for as long as such support is p ro­
ductive. 

4.2 Improved Positions for IRAS Sources 

The orig ina l  p rocess ing of the I RAS Point Sou rce 
Cata logue used positiona l  i nformation derived by observ­
ing  one to three vis ib le stars d u ring  the cou rse of each 20 
m i n ute sca n .  Even though the derived positions  were 
rem a rkably good, with typica l errors for a 0.5 Jy sou rce at 
1 2fLm of 3" x 1 6" ,  the prob lem of identifying wea k  I RAS 
sou rces with objects on rad io or optica l maps becomes 
severe for the fa intest sou rces.  Use of the i m p roved point­
ing  information d iscussed in Section 3.3 wi l l  trans late the 
i m p roved pointing h istory i nto improved cata logue posi­
t ions and u ncerta i nties. 
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A major legacy of IPAC shou ld be the determination of 
the positions of a l l  I RAS sou rces with the g reatest possi­
ble accu racy. Cu rrent I RAS error e l l i pses represent sev­
eral bea m d iameters to the cu rrent generation  of l a rge 
m i l l imeter wave te lescopes and interferometers. I m p rov­
ing the accu racy of the I RAS positions wi l l  i ncrease our  
ab i l ity to  com p a re featu res i n  m a ps at va rious 
wavelengths and wou ld  i ncrease the efficiency of fo l l ow­
u p  observations.  

We a re presently ana lysi ng two methods of i m p rovi ng 
the posit ions of I RAS sou rces. We can either rerun the 
programmes that produced the PSC in the fi rst p lace, but 
modified to use the improved knowledge of the telescope 
boresight. Or, we can use the Fa i nt Sou rce Cata logue to 
determine this positiona l  i nformation .  Both methods 
have positive and negative aspects. We wi l l  be able to 
decide on an approach once we have fu l ly ana lysed the 
fi rst re lease of the FSC. E ither method wou ld  requ i re 
about one yea r of computi ng at IPAC to com plete. 

4.3 Optical Identification of IRAS Sources 

Some 65 per cent of the objects in the PSC a re not 
associated with objects i n  other astroroomical  cata logues. 
However, a n u m ber of stud ies h ave demonstrated that 
most of the sou rces away from the G a lactic p lane and 
dark c louds have optica l cou nterpa rts on deep photo­
g raph ic  su rveys such as the Pa lomar and SRC Sch m idt 
su rveys [ 1 7, 1 8] .  FSC and FSS p lates wi l l  conta i n  an even 
g reater fraction of u ncata logued sou rces tha n  the PSC. 
The science to be ga ined by identify ing objects from the 
various I RAS cata log ues with vis ib le objects is  great. The 
study of quasar evol ution and the opportun ity of fi nd ing a 
brown dwa rf sta r a re but two of many exciti ng pos­
s ib i l ities. We p lan  a prog ram me of fi nd ing optica l co�n­
terpa rts for a i i i RAS sou rces a bove some G a lactic l atitude 
cutoff, approxi mately l b l <:: 20 deg rees. We identify th ree 
goals for th is optica l identification prog ramme.  

1 )  The  optica l identificat ions wi l l  i ncrease our  confi­
dence in  the weakest FSC sou rces and let us rel iably fi nd 
objects at the fa intest fl ux levels .  I n stead of  select ing 
objects at  the 4-5 a leve l from the FSC data, the presence 
of a n  optica l cou nterpart wi l let us go down to the 3-4 a 
l evel and cata logue tens of thousands of new I RAS 
objects . 

2) The com bination of optica l a n d  I RAS observations 
provides a powerfu l tool  for understand ing the natu re of 
the objects.detected fi rst by I RAS. For many classes of 
sou rces the relationsh i ps are wel l  estab l ished between 
optica l and I R  cou nterparts. For exam ple, the com bi na­
tion of I RAS co lours and two photog raphic  magn itudes 
a l l ows one to separate i nfra red q uasars from mass loss 
sta rs [ 1 9] . 

3) lt shou ld  be possib le to use the optica l data to obta i n  
improved positions a s  wel l .  

We p lan  using a combinat iol1'0f the SRC su rvey i n  the 
Southern Hemisphere and the new Pa lomar su rvey 
(POSS2) for the Northern hem isphere. The extra 1 -2 mag­
n itudes of sensitivity ga i ned i n  POSS2 over the orig ina l  
POSS p lates ensu re that a l m ost 1 00 per  cent of  the 
extraga lactic and h igh  latitude Ga lactic objects detected 
by I RAS wi l l  have optica l cou nterparts. lt should be 
pointed out that the re latively smal l  fract ion of the objects 
that cannot be identified on the fi rst POSS su rvey a re just 
those objects that a re probably the most i nterest ing,  i .e . ,  
those objects with a h igh  ratio of  i nfrared to vis ib le 
l u m i nosity. For exam ple,  the very reddest extra-ga l at:tic 
objects have tu rned out to be infrared ga laxies with 
l u m i n osities approach ing those of the q uasars [20,2 1 ]  
wh i le  the most extreme ste l l a r  objects a re a mong the 
coo l est known carbon sta rs. 

We p lan to study the optica l identification problem d u r-
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i ng  the next year. Based on the current est imates, the 
I RAS/optica l cata logue wou ld be pub l ished by 1 992.  

4.4 Smaller Scale Tasks 

In the next year we p lan  to study two additiona l  tasks 
involv ing sign ificant reprocess ing of the I RAS data. The 
fi rst of these is to measure the brig htness of moderately 
extended objects ( :5 8')  more accu rately than was done in 
the Sma l l  Sca le Structu res cata logue.  The fi rst pass 
through the data was made with s imp le  a lgorith ms that 
produced more d ispersion in  the fl uxes for sta r  formation 
reg ions and externa l  galaxies than is  des i rab le .  The 
ADDSCAN tool cou l d  be used to m a ke i m p roved esti­
mates of the fluxes and sizes of some 1 0,000-20,000 
objects thought to be somewhat extended. 

A second task we a re presently studying is  the possib i l ­
i ty of · reprocess ing the Additiona l" Observations. I RAS 
made over 1 0,000 m a ps covering more than 1 ,000 square 
deg rees that a re u p  to five t imes more sensitive than the 
m a i n  su rvey. New techn iques for coadding the data in 
these specia l  scans and for derivi ng better posit ions for 
sou rces extracted from them at possi b le .  What is not yet 
certa i n  is the degree of improvement. If a factor  of a bout 
two i m p rovement in positiona l  accu racy or sensitivity is 
possib le, then we wou l d  proceed .  

F ina l ly, as pa rt of  the routi ne database m a n agement 
we p lan  to merge a l l  of the IRAS cata logues i nto a s ing le  
cata logue.  The cata log ues to be combined inc lude the 
Point Sou rce Cata logue, the Fa i nt Sou rce Cata logue,  the 
Serend ipitous Survey Cata logue, and the Sma l l  Sca le 
Structu re Cata logue.  This effort wou l d  i nvolve more than 
a s imple  concatenation of sou rce l i sts, since we wdu ld try 
to determine  which database provided the best i nforma­
t ion for each sou rce. 

5. CONCLUSIONS 

Severa l factors have contributed to the post-miss ion suc­
cess of I RAS : 

1 .  The excel lent stab i l ity and performance of the I RAS 
sate l l ite a n d  the resu lti ng  m ission data base. 
2 .  The retention of the team that developed the orig ina l  
cata logues and images ensures a corporate memory of  a l l  
aspects of the satel l ite, m ission, and data reduct ion .  
3.  The fact that  NASA chose to support IPAC. 
4. The enthusiastic response of the astronomy com m u n­
ity to the u n ique I RAS view of the sky. 
5. Al l of these factors have led to vigorous, m u lt i-faceted 
program m e  of resea rch support a n d  product develop­
ment that promises to have a lasti ng i mpact on our u n der­
stand ing of the u n iverse. 
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FUTURE SPACE MISSIONS I N  GAMMA�RA Y ASTRONOMY 

A.J . Dean 
University of Southampton, Southampton S09 5NH, UK. 

I n  the period lead ing u p  to the end of the centu ry a n u m ber  of space borne gamma-ray telescopes a re expected to 
be operationa l . l t  shou ld be a n  exciting era for the h igh  energy astrophysicist, s ince these m issions have the corpo­
rate capacity to advance this very fl •ndamental branch of o bservat ional  astronomy from the early expl oratory 
phase to a level i n  �hich h i g h ly sophisticated and deta i led measurements a re poss ib le  on l a rge n u m bers and a 
wide variety of astronomical  o bjects. From past experience, when s im i l a r  advances have been made i n  a 'new' 
waveband, the resu lts h ave led to i mportant d iscoveries and a more profound understand ing of the u n iverse. 
G a m m a-ray astronomy, with its i nt imate connection to nuclear and particle processes, is  un l i kely to be d ifferent. 

1 .  INTRODUCTION 

The d iv id ing l i n e  between the X-ray domain  of the elec­
tromagnetic spectrum is somewhat a rtific ia l  and is  d ic­
tated m ostly by exper imenta l techn iques tied to the 
photon i nteract ion mechan isms. A va lue  corresponding 
to energ ies i n  excess of 1 00 keV has often been consi­
dered a n  appropriate point at which to define a gamma­
ray photon .  The necessari ly c lose relationsh i p  of these 
energetic photons with their parent particles and fie lds  
provide a d i rect probe of  the h igh  energy physics 
phenomena which take p lace in both the i nterste l l a r  
space and  i n  the  vicin ity of  com pact objects. Th is i nti mate 
relationsh ip is  further h igh l ighted by the capa b i l ity to 
make d i rect observations of nuclear processes by means 
of d iscrete gamma-ray l i ne emissions. 

The development of an  effective observationa l  
tech n ique i n  the gamma-ray dom a i n  has been s low, due 
to  the harsh exper imenta l difficu lties and i ntri nsica l ly low 
cosmic s igna l  to noise ratios encountered i n_ past 
i nstru mentation .  H owever, the successfu l SAS-2 and Cos­
B m i ssions h ave com pleted an i m portant exploratory 
stage in the h igh  energy reg ion (> tens of Me V) yield ing a 
g a m m a-ray picture of the Ga laxy i n  fa i r  deta i l  and  essen­
tia l ly opening the extragalactic sky. I n  the MeV spectra l  
range, resu lts a re m a i n ly derived from bal loon and 
l i m ited sate l l ite exper iments but show that a wide variety 
of g a lactic and extraga lactic objects a re low energy 
gamma-ray emitters. I n  fact, emission c lose to 1 Me V 
seems to be the ru le for many types of diverse astronom­
ica l  objects. I n  the extraga lactic context these i nc lude the 
nearest rad io  ga laxy (Cen A), the nearest and brig htest 
exa m ples of Seyferts andd quasars (e .g .  N G C  41 5 1 ,  
3C273) .  A broad band spectra l look at these objects pro­
vides a convincing proof that the m ajority of their  power 
is emitted i n  the gamma-ray doma i n  and that the sum­
med contributions of  the  'gam ma-ray ga laxies' probably 
accou nt for the observed cosm ic d iffuse gamma-ray 
background.  On the ga lactic side, aga in  a variety of object 
types a re gamma-ray emitters : com pact objects i n  the 
form of pu lsars, one of which (the Vel a )  has  been obsrved 
to emit l inearly pola rized gamma-rays ;  the Crab S N R ;  X­
ray b inary systems (e.g.  Cyg X-1 , Cyg X-3, Her X- 1 ,  Vel a X-
1 ); d iffuse em missions from l oca l c loud comp lexes (p 
Oph etc . )  as wel l  as i nterste l l a r  m atter. In the l atter case 
the g a m ma-rays probe the i nteractions of energetic parti-

cles with the ISM and fie lds and a re not hampered by 
a bsorption in the l oca l gas. 

One specia l  aspect of gamma-ray astronomy is the 
possib i l ity of probing nuc lear  and e lementary particle 
processes d i rectly by means of spectroscopy. The two 
m ost noted examples to date, a re the e"' a n n i h i l at ion radi­
ation from the Ga lactic centra and the 1 .809 MeV emis­
s ion coming  from the decay of 26Mg* -+ 26AI which is  
derived from recent ( < 1 06 yr) nuc leosynthesis i n  the 
G a l axy. Moreover, as a resu lt of the fi rst steps i n  gamma-

, ray astronomy two new classes of objects have been d is-
• covered (but not yet identified) both with the property of 

emitt ing by fa r the l a rgest fraction (99,9 % )  of _ their  
l u m inosity i n  the form of gamma-rays. There a re the 
gamme-ray bursters and the high energy gamma-ray 
sou rce 'Geminga' .  Both c lasses appear to be com pact, 
and emit 1 000 t imes more energy in g a m ma-rays than i n  
X-rays. A situat ion remi n iscent o f  t h e  d iscoery o f  t h e  fi rst 
br ight X-ray sou rces, the study of which led to the releva­
tion of a completely new class of astronom ica l entity. 

The wavelength of gamme-ray photons  is extremeley 
short, less than i nteratomic  distances is sol ids.  Con­
sequently in order to achieve imaging systems classica l 
wave techn iques can n ot be employed. The fi rst phase of 
instrumentat ion has rel ied on the kinematics of the 
associated particle i nteract ions i .e. the 'dou ble Compton' 
method at low energ i es ( < 1 0  MeV) and p rojection of the 
resu ltant e lectron-positron pa i rs at h igher  energ ies to 
est imate the d i rection of the i ncidence gamma-ray. Both 
of these methods a re employed on the forthcoming 
G a mma-Ray Observatory ( GRO).  The second phase, 
which is  now ready for' exploitat ion, wi l l  i nvolve soph isti­
cated aperture modulat ion techn iques which have made 
fi ne qua l ity gamma-ray i maging a practica l rea l i ty. There 
a re three g a m ma-ray astronomy space projects p lanned 
for the i mmediate future : Gamma 1 ,  S I G MA and GRO, 
and a further m ission ( G RASP) u nder study as a p rospec­
tive ESA space astronomy m ission .  The fi rst three pro­
jects represent the fi rst steps of the transformation of th is  
h igh  energy d iscip l i ne  from the explorer c lass to the fi rst 
i magi ng generation. G RASP i$ a more advanced m i ssion 
which,  with the refinements of h igh  sensitivity, fine angu­
l a r  resol ut ion,  a n uclear spectroscopy capabi l ity, and 
polarizat ion sensitivity, wi l l  be capable of  generat ing 
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sophisticated and deta i led measu rements on a large 
n u m ber and wide variety of astronomica l  o bjects. Such 
stud ies wi l l  create novel and varied astro physics. Thus 
with i n  the next decade gamma-ray astronomy offers the 
opportun ity to open u p  a new window on the U n iverse 
i nc lud ing the possi ble existence of regions of a nt imatter 
as wel l  as the d i rect study of physical processes i n  the vic­
i n ity of massive black ho les. 

2. THE GAMMA-RA V OBSERVATORY 

The Gamma-Ray Observatory ( G RO) is a NASA m ission 
to be lau nched i n  a free flyer from the space shuttle.  
(Bertsh 1 984) . The GRO consists of a support platform a n d  
fou r  instru ments t o  cover the energy range 5 0  keV t o  3 0  
GeV as described below. T h e  scientific objectives o f  GRO 
a i m  to bu i ld  u pon  the current observationa l  status of 
g a m ma-ray astronomy. The typica l performance 
parameters for each of the fou r  i n struments a re shown i n  
Ta ble 1 .  The major emphasis o f  G R O  h a s  been a s ign ific­
ant ( x 20)  i ncrease i n  sensitivity over a n d  above past 
g a m m a-ray m issions.  The spectral resolving power a n d  
a n g u l a r  resol ution capab i l ity o f  t h e  instruments rem a i n  
si m i l a r  t o  that o f  past missions s u c h  as Cos B and SAS 1 1 .  
T h e  major i mpact o f  GRO wi l l  b e  t o  i ncrease t h e  n u m ber 
of detected g a m ma-ray sou rces ( x  1 0 to 1 00) ,  to measure 
their  tem poral  characteristics (sub-m i l l isecond) ,  to m a ke 
some pre l im inary polar imetry stu dies but not to produce 
a s ign ificant improvement i n  the deta i led spectra l i nfor­
mation or sou rce locations. Thu s  GRO provides an inva lu ­
able next step i n  g a m ma-ray astronomy, it wi l l  point the  
astro physical  d i rections to  fo l l ow for the future tel e­
scopes with better spectroscopy and i mag ing power 
which a re l i kely to fol l ow th is  m ission. 

The GRO instruments requ i re a s ign ificant inc. ease irr 
size over ear l ier  sate l l ite g a mma-ray system s  to achieve 
the desi red i ncrease in sensitivity. lt was decided to com­
bine the  i nstruments i nto one m ission because of  the  
g reat scientific va lue  of  studying such  a wide  range of  the 
gamma-ray spectrum of any object at the same t ime as 
wel l  as any tempora l variations.  Each experiment has 
been chosen such that its sensitive energy range of oper­
ation overla p  those of the nearest neighbours, so a l l ow­
ing  continu ity of spectra l measu rements. 

The GRO spacecraft has a tatal  weight of 1 4  to�s of 
which 6.0 tons wi l l  be used as instruments. lt wi l l  operate 
as a free flyer sate l l ite, after a shutt le l a unch, at an a ltitude 
of 400 km and with an inc l i nation of 28.5 degrees. This 
a ltitude is chosen in order to reduce the partic le fluxes 
d u ring  passages through the South Atl a ntic anomal ly. 
The propuls ion system wi l l  raise the vehicle from the 
shuttle orbit  and ma intai n  th is  a ltitude for 2 years with the 
possibi l ity of retrieva l or recovery by the S h uttle. Celestia l  
3 axis pointing t o  a ny point o n  the sky wi l l  be maintai ned 
to a n  accu racy of ±0.5 degree. Knowledge of the point ing 
d i rection wi l l  be determined to an accu racy of 2 a rc 
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m i n utes and the absol ute t im ing accuracy of g a mma-ray 
photons wi l l  be 0 . 1 m i l l iseconds. The G RO has been 
designed as a Principa l  Investigator class of observatory. 
Th is is  largely due to the esoteric nature of the ana lysis 
and i nterpretation of the data from each instrument. How­
ever, the science team have developed an 'Associate 
Observer program me' to a l l ow selected outside scientist 
to work c losely with the pa rticipating institut ions for 
extended periods on the data analysis from specific 
sources. 

The fou r  i nstruments i ncorporated on  the payload a re :  

2.1 The Orientated Scintillation Spectrometer Experi­
ment (OSSE) 

The OSSE has been designed to observe astronomical  
sou rces over the energy range 0.05 to 10 Me V (Kurfess et 
a/ 1 984). The instrument consists of fou r  identica l detec­
tors ( Fig  1 a & 1 b) mou nted on a s ing le  axis control system 
that enables offset poi nt ing with respect to the observat­
ory over a range of m o re than 1 80 degrees. The l a rge 
d rive range of each quadra nt a l l ows al l  detectors to be 
reoriented to a second sou rce for that portion of each 
orbit during which the pri m a ry sou rce is  occu lated by the 
Earth.  Furthermore the detectors a re operated i n  coaxia l  
pa i rs such that whi lst one pa i r  is observing the sou rce the 
other two can be measur ing the backg round from an 
offset posit ion.  Period ica l ly the two sets of detectors can 
i nterchange their  orientation to provide a more rel iab le 
backg round subtract ion.  

A 33 cm d iameter N a i (T ) - CSI (T ) phoswich p ro­
vides the primary g a m ma-ray detect ion element of each 
quadra nt. The Na i (T ) detector e lement is 1 Ocm thick and 
pu lse shape d i scrim i n at ion is  used to d ist inguish energy 
deposits in the Nai (T ) from those in the Csi(T ) port ion of 
the phoswich .  An a n n u l a r  sh ie ld consist ing of fou r  7cm 
thick Csi (Na )  segments, together wioth the Csl portion of 
the phoswich, provides an actie a nticoi ncidence sh ie ld .  A 
s latted tungsten col l i m ator defines the 3·8 degrees x 1 1 ·4 
degrees fie ld  of view and provides the FWH M  a n g u l a r  
resol ut ion.  T h e  spectra l  resol ut ion is  typica l ly  8 p e r  cent 
FWH M  at 0.661 MeV and 3.2 per cent at 4.43 MeV. 

2.2 The lmaging Compton Telescope (Comptel) 

A schematic d iagra m  of the COMPTEL detector system is 
shown in F ig.2 .  The instrument consists of two detector 
planes set a d istance of 1 .5m apart and surrounded by a 
series of a nticoincidence systems (Schonfelder et a/, 
1 984) .  The u pper level is constructed from a n  a rray of N E  
2 1 3 1 iqu id  scinti l l ators and the l ower level employs N a i (T 
) crysta ls.  The instrument operates over the spectral 
range 1 -30 MeV and has been desig ned to m i n i m ise the 
u nwanted background noise usua l ly experienced i n  the 
nuclear g a mma-ray emission domai n .  Events a re 

Parameter OSSE COMPTEL EGRET BATSE 

Energy range (MeV) 0.05- 1 0  1 .0-30 20-3 1 1f 0.05-20 
Energy resolution 
(E/AEl 1 2 at 0 .66 1 5 7 1 5 
Max. sensitive 
area (cm2xeff) 2685 50 2000 1 4000 
Apertu re 1 00 sq.deg. 0.6 sr 0.5 sr 4 '11" Sr 
Angular  res 2 deg. 4 deg. at 100 MeV deg 
(FWH M )  3.8 x 1 1 .4 deg. 0.5 deg. at 2 GeV 
3 a sensitivity 1 0  30 1 0  6 1 0-8 

mCrab in 1 o&s erg cm·2 

3 a l ine sens. 
ph cm·2s 2 1 0-

5 3 1 0"5 

Tem poral res. 0. 1 ms 0.1 ms 0.1 ms ms 
Table 1 .  Typical perforitoance 

Pola rimetry No Yes Yes No 
parameters of the GRO i nstrument. 
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Fig 1 a The Orientated Scint i l lation Spectrometer Experiment (OSSE) on board the GRO spacecraft. 

DETECTOR 
ELECTRONICS 

DETECTOR 
MOUNTI NG 
SUPPORT 

Fig. 1 b. A schematic view of the individual OSSE detectors. 

DETECTOR ELECTR O N I CS 

'\[ ) 
I 

PROC ESSO R 

E LECTRON I C S  

Al l G NMENT I P E  I 
CUBE 

PHT 1 4 1  

A4 

375 



E 
E 

0 
0 
"' 
N 

A.J. Dean 

an t ico inc ide n c e  (AC I  . do m e  V1 

AC phot o m u l t i p l i e r s  

AC domes V2+V3 

s andwich  p l a t e  
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Fig. 2. Detector Assem bly of the l maging Compton Telescope (COMPTEL). 

selected on the basis that a gamma-ray photon is  Com­
pton scattered i n  the u pper level and that the secondary 
photon subsequently i nteracts i n  the lower leve� detec­
t ion p lane. The locations a n d  energy losses of both 
i nteractions a re measu red and a re used to determine  the 
energy a n d  d i rection of inci dence of the incoming  
photons on  the  basis ofthe Compton k inematical relation­
sh ips.  The FWH M  angu lar  resol ut ion of the instrument is 
a bout 2 deg rees within a fie ld of view of -1 steradian and 
the energy reso l ut ion is  typica l ly 6 per  cent FWH M i n  the 
Me V range. The effective a rea of  the telescope is 20-50cm2 
depending on the photon energy. 

In order to suppress u nwanted background noise a 
n u m ber of strict requ i rements are placed upon the candi­
date gamma-ray events : coi n cidence between the two 
detection levels ;  no coi ncidence pu lse from the veto sys­
tem ;  delayed t ime of fl i g ht coincidence between the 
u pper and lower l evels ;  pu lse shape d iscrim ination in the 
N E  2 1 3  pu lse (to reject neutron scatter). The system has 
the ab i l ity to study the pola rizat ion characteristics i n  
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detected photons a n d  has a gamma-ray bu rst mode of 
operat ion.  

Observations with COM PTEL wi l l  clearly exp lo it the 
high sensitivity of the i n strument and wide fie ld of view to 
-pr,ovide the fi rst high sensitivity exp loration  su rvey of the 
gamma-ray sky at nuclear gamma-ray wavelengths. The 
clean event select ion should make the instrument particu­
la rly good for the study of the cosmic diffuse backg round .  
COM PTE L wi l l  pave the way for  the next generation of 
instruments which wi l l  h ave a fine  spectroscopy and 
imag ing capabi l ity. 

2.3 The Energetic Gamma-Ray Experiment Telescope 
(EGRET) 

EGRET is designed to operate at the top end of the GRO 
spectra l range 20 < E < 3 1 04 M eV. A schematic view of 
the instrument is shown i n  Fig 3. The conceptua l  desig n of 
this telescope is based a round the u se of a spark chamber 
system which has a geometric a rea of 6400 cm2 ( H u ghes 



Future Space Missions in Gamma-Ray Astronomy 

� 2 
� E  

u 

le 
N 

I------- OVE R A L L  DIAMETEH ------f 
165 cm 

No I PM TUBE 

Fig. 3. High Energy Gamma-ray Telescope {EGRET). 

et a/ 1 980) . 1 ncident g a m ma-rays which enter the forward 
apertu re of the i nstrum ent a re efficiently ( 1 5  per cent) 
converted i nto e lectron-position pa i rs in one of the 27 th i n  
(0.02 radiation length ) tanta l u m  p lates which a re 
i nterspersed with the spark mod u l es.  The tracks of the 
e lectrons are su bsequently fol l owed through the system 
by means of a 3D reconstruct ion of the spark positions.  
" Good " events appear as a n  i nverted "V" and a k inemat­
ica l  ana lysis of the e lectron trajectories enab les a n  esti­
mate of the d i rect ion of the i ncident photon to be made. 
The a n g u l a r  reso l ut ion of the telescope is typica l ly 4 
degrees FWH M at E'� = 1 00 MeV and d ro ps to about 0 .5 
degrees at E'� = 2 GeV. 

Gamma-ray events a re selected on the basis that at 
least one electrom is detected as a downward m oving 
particle by the d i rect iona l  t ime of fl i g ht scinti l l at ion tele­
scope p laced immediately be low the main spark 
cham ber. N o  s igna l  must be present i n  the l a rge p lastic 
anticoi ncidence scinti l lation dome which surrounds the 
upper portion of the telescope. Thus u nwanted charged 
particle events a re efficiently rejected.  Provided the 
gamma-ray selection criterion is met a high voltage pu lse 
is  app l ied to the spark modu l es and su bsequently the 
event data is recorded . Aga in ,  as with COM PTEL, consid­
erab le  ca re h as been taken to ensure the 'clean'  selection 
of genuine gamma-ray eventF. The t ime of fl i g ht system 
efficiently rejects backward movi ng charged particles 
which do not reach the veto dome. A series of six addi­
tional spark modu les a re l ocated in the space between the 
time of fl ight telescope in  order to provide fu rther i nfor­
mation on the prog ress of the e lectrons.  As a further 
refinement each scinti l l ation plane of the t ime of fl i g ht 
system is constructed from a 4 x 4  a rray of i ndependent 
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BULKHEAD PEDESTAL 

TOTAL ABSORPTION 
SHOWER COUNTER 

lSTANFORD UNIVJ 
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detectors. Coincidence l i m itations from selected e le­
ments enables the a perature to be dynamica l ly varied to 
reduce unwanted backg round such as that derived from 
the Earth's l i m b  as it passes through the fie ld  of view. As 
a fin a l  resort, carefu l i nspect ion of the spark cha m ber pic­
tu res can assist i n  the rejection of events which have a 
d ubious parentage.  

The energy of the gamma-ray photons is measured by 
means of an eight rad iation length thick N a i (T1 scinti l la­
t ion crysta l p laced below the lower t ime of fl ight sci nti l l a ­
t ion  p lane.  The  energy resol ution of  the  experiment wi l l  
b e  a bout 1 5  per cent FWH M a bove 1 00 MeV. 

2.4 Burst and Transient Source Experiment (BATSE) 

BATSE is desig ned to study the u n p redictable gamma-ray 
bu rsters and other  transient events in terms of temporal  
styructure, spectra, and d i rection  of i ncidence. The tele­
scope is  designed to contin uously mon itor the enti re non­
occu lted sky. The i nstrument consists of e ight wide fie ld  
of  view detection modu les a rranged o n  the GRO spacec­
raft in order to provide a maxim u m  unobstructed viewi ng 
of the sky. The e ight detect ion modules a re each of identi­
ca l design ,  as shown i n  Fig 4. The ma in  detector element 
is  a 50.8cm d iameter, 1 .3 cm thick N a i (T ) sci nti l lation  
crysta l .  (F ishman e t  a/ 1 985) .  Each  scinti l l ator is  optica l ly 
coupled to three plioto m u lt ip l ier  tu bes and the data from 
each detector is  p rocessed in a centra l d ig ita l data proces­
s ing unit. A p lastic scint i l l ator a ntico incidence sh ie ld  is 
p laced at the front side of each modu le  to reduce the 
effects of charged particles and a lead sh ie ld  a rou nd the 
outside of the l i g ht box to reduce the amount of scattered 
rad ia iton reach ing  ,the back side. A five i nch d iameter 
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three inch th ick N a l(T1 ) spectroscopy e lement is inc l uded 
in  each modu le.  

BASTE wi l l  operate over the photon energy range 20 
keV to 10 MeV. The effective g a m ma-ray detection a reas 
for each mod u l e  a re > 1 000 cm2 for the ma in  crysta l .  The 
spectra l resolut ions a re typica l ly 20 per cent FWH M and 
seven per  cent FWH M respectively. Tem pora l  f luctuation 
down to severa l m icroseconds may be detectable for suf­
ficiently strong bu rsts as wel l  as coa rse spectra l varia­
t ions on  timesca les as short as 10 ms.  The locat ion of the 
bursts to with i n  severa l  deg rees may be determ i ned 
using the relative responses of the l a rge area detectors. 
C learly the l a rge i ncrease in size of the BATSE detectors 
over a n d  a bove the necessa ri ly sma l l  instru ments on 
i nterplanetary spacecraft, wi l l  enab le  the detect ion of 
some h u n d reds of bu rsts per a n n u m ,  thus enab l ing  a bet­
ter size spectru m and  accu rate spatia l  d istri bution of 
these events to be determ i ned.  

3 THE GAMMA-1 MISSION 

The Gamma-1  telescope is a cooperative project between 
a n u m be r  of Soviet and French organ isations which was 
i n itiated, i n  the mid 1 970's, as a fo l l ow up to the COS 8 and 
SAS 1 1  m i ss ions .  L ike G RO, but  for d ifferent reasons, th is  
prog ramme has  a l so suffered considerab le  de lay in  
m ater ia l i sation .  The Gamma 1 te lescope is  mou nted i n  a 
SOYUZ spacecraft and l a u nch is a ntici pated in m i d  1 988 
into a ci rcu la r  orbit at 400 km, inc l i ned at 5 1  degees to the 
equator. The sate l l ite veh ic le wi l l  be a 3 axis stab i l ised 
system with a poi nti ng accuracy better than 0 .5 deg rees 
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a n d  knowledge of the pointi ng d i rect ion g iven to better 
than 5 a rc m i n .  G a m ma-ray events wi l l  be t imed to better 
than 2ms. The ma in  scientific prog ra m m e  d u ring  the year 
l ifetim e  is l i kely to concentrate on the study ·and identifica­
tion of COS 8 sou rces. 

A schematic view of the Gamma I i nstru ment is shown 
in Fig 5 and the des ign is centred around a 50 x 50 cm 1 2  
g a p  spark chamber with 3 cm g a ps and a tota l converter 
th ickness amounti ng  to about 0.45 rad iation lengths (Ag­
ri n ier  et a/, 1 986).  The i nstru ment is i ntended to be oper­
ated over the photon energy ra nge 50 to 5000 MeV. 
G a m ma-ray events a re selected on the basis that it con­
verts by pair production in the spark chamber  and the 
e lectrons a re su bsequently reg istered i n  the two p lastic 
scinti l l ators and gas Cerenkov counter which defi ne the 
event selection telescope. Downward movi ng e lectrons 
a re  selected from s lower protons or  u pward moving  parti­
c les by the com binat ion of a time of fl ight a n a lysis on the 
two scinti l l ation cou nters and the d i rect response and vel­
ocity select ion i n  the gas Cerenkov counter. The detect ion 
efficiency to on  axis gamma-rays i ncreases with photon 
energy to a bout 20 per cent at 200 Me V and subsequently 
fl attens a bove th is value. Both the spark chambe r  and the 
trigger u n it a re sh ielded from charged particles by 
a nticoi ncidence scinti l l ator counters p laced on the fou r  
s ides a s  wel l  a s  t h e  top of the system. A two g a p  spark 
chamber, p laced beneath the lower counter of the scinti l ­
l at ion telescope he lps identify the forked tracks from e= 
pa i rs not visi b le  i n  the upper chambers and serves to 
refi ne the posit ions of partic le e ntry i nto the energy 
ca lor imeter p laced at the bottom of the system .  Th is latter 
device is 7.4 rad iation lengths thick a n d  is  constructed 
from a stack of 24 scinti l l ator counters and 24 1ead p lates 
designed to study the e lectromagnetic "Cascades which 
develop  from the energetic electrons which leave the 
spark chamber/trigger telescope system .  The spectra l 
reso l ut ion of the telescope varies from a bout 70 per cent 
FWH M  at 1 00 Me V to 40 per cent at 500 Me V. 

At a l ater stage in the development program m e  of th is 
telescope a coded a perture mask made from 1 Omm thick 
tungsten e lements was i ncorporated i nto the system, 
which,  on telecommand, can be i ntroduced in the fie ld  of 
view 'above' the telescope. Thus observations a re possi­
b le  with and without the coded mask. U nfortunate ly the 
mask is  rather close to the spark cham ber and thus the fu l l  
potentia l  ga in  i n  angu lar  resol ut ion over a n d  a bove that of 
a normal  spark chamber cannot be ach ieved. The a n g u l a r  
reso l ut ion t h u s  varies from a few degrees FWH M  without 
the mask to approximately 20 a rc m i n utes with the coded 
mask in posit ion.  N ote that the use 'of the mask offers the 
same angu lar  resol ution over the spectra l  range, wh i l st 
without the mask the angu la r  reso lvi ng power degrades 
at the l ower end of the operationa l  range (as for the case 
of E GRET). 

Table 2 .  Typical performance parameters of  the GAMMA 1 ,  SIGMA and 
GRASP telescopes. 

Parameter GAMMA 1 

Energy range ( Me V) 50-50000 
E nergy Res. E/.:1E 3 
Max.effective area 
cm2 x efficiency 500 
Sol id ang le  apertu re 1 00 sq. deg . 
Angu lar  res. FWH M 20' (with mask) 
3 u sensitivity m Crab 1 00 
in 1 06s 
3 u l i n e sens. 
ph cm·2s·' 
Tem poral  res. ms 
Polar imetry Yes 

SIGMA 

0.03-2 
1 0  

500 
40 sq. deg. 

7' 
5 at 1 00 keV 
1 00 at 1 MeV 

1 .6 1 0"4 
1 

No 

GRASP 

0.02- 1 00 
1 000 

3000 
50 sq. deg. 

6' 
<3 over entire 

range 

3 1 0"6 
0. 1 
Yes 

4. THE SIGMA MISSION 

S I G MA is another Franco-Soviet mtss1on p lanned for 
l a u nch i n  the late 1 980's. The telescope wi l l  be p laced into 
a h igh ly  eccentric orbit with a perigee of 2000 km,  a n d  
a pogee o f  200,000 km, a n d  period o f  4 . 5  days. T h i s  orbit 
wi l l  a l l ow u n interrupted observation of the sky, a bmte the 
radiation belts, for periods of up to fou r  days. The princi­
pa l objectives of th is m ission are to image the hard X- l ow 
energy g a m m a ray sky (0 .03 to 2 MeV) with a rc m i n ute 
precision .  Th is i nstru ment was desig ned around the 
coded a perture mask pr incip le and ma kes fu l l  use of its 
potentia l  in conjunction with a sci nti l lation  qua l ity detec­
tor p lane .  The major scientific objectives wi l l  be the loca l i­
sation and  study of both g a lactic and extraga lactic sky 
reg ions in the spectra l range i m mediately adjacent to the 
'cl assic' X-ray ba nd.  ( 1 - 1 0  keV) .  

The position  sensitive detector p lane  is constructed 
from a classic Anger camera device which is bu ried in a n  
extensive sh ie ld ing system .  (Mandrou 1 984) .  A schematic 
view is shown i n  Fig 6. The Anger camera is  viewed by 61 
hexagona l  photo m u ltip l i e r  tubes and locates i nteract ing 
photons with a positiona l  reso l ut ion of 5 m m  FWH M at 
1 22 keV over a sensitive detection a rea of 825 cm2• 

The active anticoi ncidence sh ie ld  is made from C51(T ) 
e lements and surrounds the detection p lane leaving  a for­
ward aperture in the d i rection of the mask. A th in  p lastic 
sh ie ld  closes the top of the veto 'we l l '  and effectively 
i m p roves the rejection of backg round noise derived from 
charged partic les which enter from this forward entrance 
window. A g raded sh ie ld  a rrangement closes the rem a i n­
ing  forward aperture (apa rt from that subtended by the 

F ig .  6. A schematic view of  the  S I G M A  telescope. 
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coded apertu re m ask) and thus fu rther reduces the cos­
m i c  diffuse hard X-ray flux which can reach the detection 
plane and generate u nwanted backg rou n d  noise. 

The coded aperture mask is  p laced 2.5 m �bove the 
detect ion p lane  and is constructed from 1 .5 cm thick 
tungsten e lements. The mask pattern is  based o n  a 57 x 
61 e lement U n iformly Red undant Array with a basic mask 
pattern of 29 x 30 e lements . The posit ion a l  resol ut ion of 
the Anger camera plane is  typica l ly 5 mm FWHM and with 
the mask at 2.5 m yields a resolv ing power of a bout seven 
a rc m i n  FWH M for a point source. 

The 1 . 25 cm th ick Anger camera ensures that the tele­
scope efficiently converts h a rd X-rays u p  to a bout 300 
keV. Above th is  energy the detection efficiency decreases 
s ign ificantly with increasi ng  photon energy. The spectra l 
resol ut ion is typica l  of sci nt i l lat ion counter spectroscopy 
a n d  ranges from a bout 25 per cent FWHM at 200 keV to 
seven per cent at 1 Me V. 

5. GAMMA-RAY ASTRONOMY WITH SPECTROS­
COPY AND'POSITIONING - GRASP 

The G RASP m ission is a thi rd generat ion g a m ma-ray tele-
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Fig 7. A schematic view of the GRASP telescope. 

scope and is desig n ed to operate as a h i g h  qua l ity spectral 
i mager in the m i d  1 990's, when, fol lowing  the GRO, 
S I G MA and GAMMA 1 m i ssions,  there wi l l  be a requ ire­
ment for an i n strument with such a capa b i l ity to m a i nta i n  
t h e  momentum o f  advance i n  gam ma-ray astronomy. 
The G RASP telescope, which is  cu rrently u nder study as a 
prospective ESA m ission ,  wi l l  be capab le  of l ocati ng  point. 
sources of g a m ma-rays over a wide photon energy range 
(20 keV to 1 00 Me V) with a precis ion of the order of 1 a rc 
m i n ute, wh i l st making  a fine spectra l ana lysis (Eh� E -

1 000) of a ny g a m m a-ray l i ne featu res i n  their  emission 
spectra.  

The telescope (B ignami  et a/ 1 987) is desig ned a round 
the  com b ination of  a coded aperture mask  and a position  
sensitive g a m m a-ray detection p l a ne. Th is  com ponent of 
the telescope is constructed from a n u m ber of Csi (T1 ) sci­
nti l lators and german i u m  sol i d  state detectors a rranged 
i nto a continuous posit ion sensitive matrix .  The a rray of 
posit ion sensitive CsL scinti l l ators a l so provides a h i g h ly 
effic ient active sh ie ld  for the sol i d  state detectors. A 
schematic view of the G RASP telescope is shown i n  F ig 7 .  
The Germ a n i u m  detectors a re cooled to approxim ately 
1 00 degrees K by Sti r l i ng  cycle coolers to ensure that 
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these elements can be o perated for a n  extended period of 
t ime (three years) in space. 

As with a l l  modern gamma-ray telescopes g reat care 
has been taken to ensu re the efficient selectio n  of genu ine 
cosmic g a m ma-ray events from the u nwanted 
background noise.  In this context both the Germ a n i u m  
a n d  C s l  detectors have t h e  capabi l ity t o  identify a n d  mea­
sure m u lt ip le  site energy deposits with i n  their sensitive 
vol u m es. Above a few hundred keV, g a m ma-rays a re 
observed by m u lt ip le, spatia l ly separated, i nteractions 
which relate to Compton scatters a round 1 Me V a n d  e lec­
tromagnetic cascades at h igher  energ ies. In contrast the 
primary detector backg rou n d  com ponent at these ener­
gies i n  a heavi ly sh ie lded system is dominated by neutro n  
scattering and �-decays o f  rad ionucl ides. The energy 
deposit of the �-particles is pri m a ri ly located in a s ing le 
site. Thus G RASP has the capab i l ity to d ist ingu ish bet­
ween genu ine gamma-ray photons and backg rou nd,  
hence i m proving the sensitivity of the i nstru ment. Further 
more, the 3-D gamma-ray detect ion capab i l ity wi l l  enable 
a verification that the can didate gamma-ray d id  come 
from the genera l  d i rection of the source u nder study by 
means  of a k inematical analysis of the Compton and e lec­
tromagnetic processes. This  featu re can enhance the s ig­
n a l  to noise of gamma-ray telescopes i n  a s im i la r  manner  
to that achieved at other wavel engths by the use of  focus­
s ing optics. As a n  addit ion a l  bonus, the kinematical 
a n a lysis renders G RASP a sensitive polar imeter. 

The German ium/Csl combinat ion i m ager p lane is 
assembled i nside an active veto system a n d  provides a 
h i g h ly efficient ( 1 00  per cent over the enti re range 30 keV 
to g reater than 1 00  MeV) positio n  sensitive g a m ma-ray 
detect ion p lane.  The i m ager matrix is  formed fro m  d is­
crete pixels of typical  d i mension 9 m m .  

The coded aperature mask wi l l  b e  placed 4.5 m a bove 
the detectors a n d  const ructed from 2 cm thick tun: rten 
e lements. The pattern is  based upon a hexagona l ly  cel led 
u n iformly redundant a rray which period ica l ly  replaces 
mask patterns by a nti-mask patterns thus producing a 
'chopped' s igna l  withi n  the detect ion pixe ls  as the mask is  
rotated .  

6. SUMMARY 

The m issions described a bove outl i ne the techn ica l 
capab i l ities of the space-borne gamma-ray� telescopes 
expected to be operationa l  in the period lead ing up to the 
end of  the century. If a l l  of  these m i ssions a re successfu l 
then a clear p rogression of measurement capacity can be 
identified which shou ld  l ift gamma-r;ay astronomy from 
the i n it ia l exploratory phase to a fu l ly  fledged branch of 
observat iona l  astronomy which is com pa rab le  to that cu r­
rently e njoyed at other wavelengths. By the m i d  1 990's 
we may expect the fol lowing progress to h ave been 
made:  at h igher energies (E-y > 1 00 MeV) the GAM MA 1 

m ission wi l l  h ave made i mages of a l i m ited n u m ber of 
regions of the sky, probably the strongest COS-B source 
regions;  S I G MA wi l l  have made i mages of the sky i n  the 
sub-Me V photon band  with moderate spectra l resol utio n ;  
t h e  GRO m ission, with its excel lent sensitivity i n  both the 
low energy and h igh  energy ranges wil l  h ave detected a 
s ign ificant n u m ber of sou rces with scinti l l at ion qua l ity 
spectral resol ution . H owever, the l i m ited angu lar  resolu­
t ion  of  the G RO telescopes wi l l  inevitably mean that  a con­
siderab le  level of sou rce confusion wil l  exist with corres­
ponding problems of sou rce identification .  The G RASP 
instrument wi l l  fol l ow and m ainta i n  the momentum of 
advance in gamma-ray astronomy by explo iti ng  its h igh  
sensitivity coupled with the ab i l ity to  u nravel both the  
source identification problems and fine spectra l deta i ls .  
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TbeBrltlsblnterplanetarySocletf 
The British Interplanetary Society is a wholly independent 
and self-governing learned society for promoting the study 
and development of astronautics . Over the last 30 years , this 
area of knowledge has increased enormously in scale and 
importance as a result of rapidly developing new 
technologies and their applications. 

The Socie ty encourages both national and international 
activities in its area of intere s t ,  frequently iit association with 
similar astronautical bodies in other countries . It was a foun­
der member of the International Astronautical Federation 
(IAF) in 195 1 and is the United Kingdom voting member­
organisation . The Society is a registered charity and was 
incorporated as a company l imited by guarantee and not hav­
ing a share capital in 1 945 , becommg the national society of 
the United Ki ngdom for astronautics from that date 

The Society holds both evening lectures on technical sub­
j ects and all-day technical symposia that attract audiences 
from far afield and generate a high level of discussion. Texts . 
or reports of lectures presented at meetings are frequently 
published by the Society . Those presented at technical sym­
posia appear i n  special issues of the Journal of tbe British 
Interplanetary Society (JBIS), which has been published con­
tinuously since 1 934. Since 1970 it has appeared monthly , 
with each annual volume now containing nearly 600 pages. 

Society meetings, unless otherwise stated, are 
held in the Society's Conference Room, 27/29 
South Lambeth Road, London SW8 1 SZ. Meet­
ings are restricted to Society members unl­
otherwise stated. Tickets should be applied for in 
good time by writing to the Executive Secretary 
at the above address enclosing an SAE. Members 
may bring one guest. 

17 September 1 988, 12 noon AGM 

ANNUAL GENERAL MEETING 
The 43rd Annual General Meetong of the Society 
wi l l  be held in the Society's conference room on 
Saturday, 1 7  Septem ber at 1 2  noon.  Detai ls  of  the 
Agenda wil l  be published i n  due course. 

Admissoon is by ticket, avai lable to Fel l ows only, 
who should apply i n  good time enclosing SAE. 

30 Sept - 2 October 1 988 Conference 

SPACE 'BB 

Major weekend space conference, including 
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For further information please send for the Society's 
B rochure Guide to Aims and Activities available from: The 
Executive Secretary , The British I nterplanetary Society , 27/ 
29 South Lambeth Road , London SW8 1SZ,  England . 

MEETINGS DIARY-------

varoed programme of lectu res and fu l l  socia l  
prog ramme. 

Venue: Wh ite Rock Theatre, Hastings, Sussex, UK 

Registration 
Forms and further detai ls  are avai lable from the 
Society by sending 20p stamp or o nternational 
reply coupon 

15 November 1 988, 1 0-4.30 Symposium 

EXTENDING THE SPACE INFRASTRUCTURE 
The reports of the National CQmmission on Space 
and Dr Sal ly Ride h ave paved the way for a new 
i nnovative space pol icy in the U nited States lt 
encompasses the setting u p  of bases o n  the Moon 
and manned exploration of the planet Mars.  The 
BIS is holding a symposiu m  o n  the issues 
raised by this excitin g  new prospect. 

The purpose of the symposiu m  is to start 
European discussion on the subject, including a 
revoew of American proposals, and proposals for 

suitable European contributions to the 
prog ramme 

The sym posium covers the fol lowi ng subjects : 
- Infrastructure p lanning 
- Orbital transfer systems 
- Geostationary operations 
- Lunar transportation system 
- Lunar bases 
- Planetary exploratoon systems 
- Exploitation of the solar system 

The symposiu m  wi l l  be held on 15 November . 

Offers of Papers are invited 
Authors wishing to present papers should contact 
the Executive Secretary. 

Registration 
Forms are avai lable from the Society. Please 
enclose SAE. 

LIBRARY OPENING 
The Society Library is open to members on the 
fi rst Wednesday of each month (except August) 
between 5.30 pm and 7 pm. Membership cards 
must be produced. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050

