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Filters 5 Prototype fabricated and tested 
Cooler 6 Passive radiators demonstrated on XMM-Newton. Peltier coolers on many others. 
EMI/EMC 5 Good system performance demonstrated 

Hard X-ray Imager (HXI) 
CdTe  sen-
sors 

4 Performance demonstrated of CdTe pixel-arrays. Double-sided strip arrays meet performance, but 
require in depth testing 

ASICs 4-5 ASICS performance demonstrated in the laboratory. Radiation hardness to be assessed. 
Narrow Field Imager (NFI) 

TES-array 4 Performance demonstrated on single pixels, non fully representative but good performing 5 x 5 ar-
rays produced, and processing of 32 x 32 arrays demonstrated.  

Electronics 4 AC-bias of TES pixels demonstrated. SQUIDs (PTB, VTT) and LC-filters (SRON) available close to 
specification. Frequency-domain-multiplexing with theoretical performance demonstrated in the 
laboratory 

Filters 5 Proven on Suzaku. Optimization for low-energy response 
Cooling  4 - 5 Several type of cooler elements demonstrated (TRL > 5). System quite complex (TRL = 4) 
EMI/EMC 5 Design proven at recent single pixel calibration at BESSY synchrotron in closed cycle PT + ADR 

High Time Resolution Spectrometer (HTRS) 
Sensor 7 Flown on Mars Exploration Rovers (NASA) 
Electronics 5 Standard analogue and digital electronics 

X-ray Polarimeter (XPOL) 
Sensor 5 Design is quite well tested and only minor optimization is needed to improve efficiency  
Electronics 5 ASIC used meets the specifications 

6 Spacecraft key factors 

6.1 Spacecraft configuration 
XEUS requires at least a focal length of ~35 m to reach a col-
lecting area of 5 m2 at 1 keV and a spatial resolution <5 arcsec 
(goal 2 arcsec). A longer focal length would reduce the FoV of 
the instruments. Given the 35 m focal length chosen, a dual 
spacecraft configuration is essential. The MSC points the opti-
cal axis of the mirror at the target, using a classical AOCS with 
star trackers, etc., and cold gas thrusters (to avoid mirror con-
tamination). The DSC keeps one of the focal plane instruments 
at the focal point of the mirror. In addition to star trackers which 
provide the primary attitude reference, its AOCS uses laser and 
RF rangefinders, with cold gas thrusters, to maintain the forma-
tion flying. Both spacecraft (Fig.6.1) are tracked from the 
ground station; the main downlink for instrument telemetry is in 
the DSC while the MSC transmits only housekeeping data. 

Mirror spacecraft 
The MSC is three axis stabilised with the XEUS mirror as the sole payload. The mass of the silicon pore optics 
mirror is < 1300 kg. 

 
Fig.6.2: On-axis view of the preliminary telescope 
configuration inside the MSC. The central thrust and 

 
Fig.6.3: Exploded view of the preliminary telescope configuration 

 
Fig. 6.1: Artist impression of the mirror spacecraft (right) 
flying in formation with the detector spacecraft 
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the radial vanes support the mirror petals. The mirror 
petals are surrounded by a cylindrical sun baffle 

in the MSC, including support structure, mirror petals, contamina-
tion covers and S/C subsystems. The cylindrical sunshield sur-
rounding the above unit is not shown in this picture 

 

The inner 0.67m radius of the optics is dictated by the 120 cm diameter of the Ariane launch adapter. The space-
craft subsystems are contained inside the central thrust cylinder (Fig.6.2; 6.3), which attaches to the launcher 
adapter. The outer radius of 2.1 m is limited by the diameter of the Ariane fairing. The mirror petals are supported 
by the radial CRFP structure and the central thrust cylinder. The optics is surrounded by a cylindrical sunshield 
with solar cells on the sunward half of the sunshield. An annular skirt of 16cm is mounted between the mirror and 
the cylindrical sunshield (Fig.6.4). This, together with the MSC sunshield and the DSC baffles, blocks X-rays and 
stray light from the instrument fields of view. The total wet mass of the MSC (including margin) is 4200 kg (see 
Tab. 6.1 for details). 

 

Table 6.1: Mass and power estimates for the MSC including 20% contingency 

ITEM MASS (KG) 
(INCL. 20%)  

POWER (W) 
(INCL. 20%) 

COMMENT 

Mirror 1840  Includes baffles and heat pipes for passive thermal 
control, and 30% development contingency 

Spacecraft Structure 900   
Covers and Mechanisms 200 95 Power for deployment of covers only 
Thermal Control 120 45 Thermal control of the mirror is mainly passive 
AOCS 90 100  
Propulsion 35 68  
Power system 45 -  
Harness 110 9  
Communications 25 99  
Data Handling 10 26  
Total Power  442  
Total Dry Mass 3375   
20% System Margin 675 88  
Propellant 150   
Total Power  530  
Total Wet Mass 4200   

 
Fig.6.4: Exploded view of the preliminary telescope configuration (MSC), including the cylindrical sun baffle, and the stray-light skirt. 
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Detector spacecraft 
The Detector Spacecraft carries the instrumentation payload and 
the formation-flying package that keeps the prime focus located on 
the centre of the relevant instrument FoV. The spacecraft is three-
axis stabilised and electrical power is provided by deployable solar 
panels. It also provides the stray light baffles, the cooling neces-
sary for the focal planes, and the main data downlink. Fig.6.5 
shows a 3D-drawing from one of the industrial accommodation 
studies of the DSC. Clearly visible is the central baffle of the 
WFI/HXI that also serves as a structural element for the space-
craft. The main challenges for the DSC are the formation flying 
package and the cooling system for the NFI. The wet mass of the 
DSC (including margin) is 2125 tonnes (see Tab. 6.2). The total 
mass that can be launched by the Ariane 56 ECA is 6400 kg, 
which matches the predicted total spacecraft wet mass of 6325 kg. 

 

Table 6.2: Mass and power estimates for the DSC 

ITEM MASS 
(kg) 

Equipment 
margin 20% 

Comment Power 
(W) 

Equipment 
margin 20% 

Comment 

Total WFI 187 37 Baffle is CFRP 260 52  
Total NFI 358 72  812 162  
Total HXI 70 14 Baffle +Au 240µ tapered 46 9  
Total HTRS 23 5  71 14  
Total XP 23 5  34 7  
Total Payload 661 133 Incl. all coolers 1223 244  
PLM Bus 233 47  51 10  
Total P/L Module 894 180 Total P/L Module 1274 254  
Service Module 457 91  450 90 Estimate 
Inter S/C adapter 25 5 Total Power 1724 344  
Total Mass 1376 276 Total S/C power 2068   
Total S/C Mass 1652 20% sys. Margin 414   
20% sys. margin 330 All Up Power 2482   
Propellant 143     
All Up Mass 2125 

 

 

6.2 AOCS requirements 
The instrument requirements are given in section 5.3. From those requirements it is clear that the MSC requires 
standard 3-axis stabilization with modest accuracy. The DSC however requires in addition a formation-flying 
package to keep the boresight between instruments and mirror within the necessary constraints.  

Sky accessibility is dominated by the need to control the temperature gradients in the mirror and the avoidance of 
stray light. The bore sight of the two spacecraft system will be generally at right angles to the solar vector, with a 
range of beta angles ±5º (±15º goal). This will provided access to any celestial object over 6 months, and allow 
continuous observations for a minimum of 10 days (30 days goal) 

6.3 On-board data handling and telemetry requirements 
Tab. 5.1 identifies the maximum and typical telemetry rates for each instrument are given. The baseline for the 
instruments is that data processing and packaging is taken care of within the instruments electronics. The on-
board data handling electronics should be regarded as an interface between the spacecraft telemetry and the 
instruments, thereby allowing for commanding as well as data acquisition from the instruments. Obviously the 
system has to be designed within the constraint set by operations at L2. 

.  
Fig.6.5: Accommodation of the WFI/HXI with the 
central 8 m long baffle. The blue instrument behind 
the central baffle is the NFI. The lower unit contains 
the S/C subsystems 
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6.4 Mission operations concept (ground segment) 
Mission operations are in two phases: the cruise to L2 plus the establishment of formation flying, followed by the 
scientific observation phase. The cruise and formation flying will be controlled by the MOC provided by ESA, with 
support by the Prime. Subsequent scientific operations will controlled by the XEUS SOC. For this proposal we 
assume 5 years of scientific operations as described in section 7. 

6.5 Estimated overall resources (mass and power) 
See Tab. 6.1 and 6.2 for detailed mass and power estimates of the MSC and DSC.  

6.6 Specific environmental constraints (EMC, temperature, cleanliness) 
The Mirror is very sensitive to contamination, both particulate and molecular. The general requirements used for 
XMM-Newton should be observed. In addition, because the mirror will operate at low temperature, particular at-
tention should be given to condensables from the spacecraft and the thruster plumes. The mirror temperature 
should be as high as can be achieved with a largely passive system using heat-pipes and radiators; a lower tem-
perature limit should be set which will prevent water condensation at the prevailing partial pressure: e.g. -60 °C 
for a partial pressure of 10-12 Pa.  

6.7 Current heritage and technology readiness level 
Table 6.3: Current heritage and technological readiness 

The DSC design draws on 
Herschel, Planck and 
other ESA spacecraft with 
cryogenic payloads. The 
main development items 
will be the baffles, the 
cryogenic cooling chain, 
and the formation flying 
subsystem. The MSC will 
use standard spacecraft 
subsystems, with the 
structure, mirror mounting 
and baffles being the main 
development items.  

 

6.8 Proposed procurement approach & international partners 
XEUS is a major space observatory and as such requires international collaboration to achieve its aims. The es-
timated CaC is derived below in section 9, and then two example scenarios on international collaboration are 
described in detail; these scenarios are backed up by letters of support from the relevant agencies. In each sce-
nario the relevant system-level and payload-level costs for ESA, external agencies and ESA member states are 
given. Other scenarios are possible including one involving collaboration with China, but these are not detailed 
here A scenario based on collaboration with NASA could also be envisaged, but is not included because of the 
ongoing review of NASA’s Beyond Einstein programme. 

6.9 Critical issues 
Most of the components on board of MSC and DSC are actually quite standard and do not need serious de-
velopments. However, as noted earlier, there are several critical issues that need study and further development 
well in advance of the mission, i.e.: 

• thermal control, cleanliness, and baffling of the X-ray optics on the MSC 
• formation flying of MSC and DSC.  
• fully dry cryogenic system for the NFI  

Sub System TRL Comment 
10K Stirling cycle cooler 6-7 Based on 50–80K Stirling cooler of which 13 

are successfully flying  
50–80K Stirling cycle cooler 6-7 As above (standard product). baselined for in-

struments on MTG and GMES Sentinel 3. 
4K J-T cooler 8 Fully qualified for the HFI on Planck  
2.5K J-T cooler 6-7 Based on the 4K cooler  
300mK Helium sorption cooler 6-7 A modified version of the 300mK cooler fully 

qualified for Herschel. 
50mK ADR 3-4 New development-has undergone pre-

qualification vibration test. 
R/F metrology for FF 7-8  

Coarse lateral metrology for FF 4  
Fine metrology for FF 4  
Other S/C systems 8-9 “off the shelf’” 
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7 Science operations and archiving 
XEUS is an observatory mission and as such needs significant investment in its scientific operations and interface 
with the world community. For XEUS the CaC includes 2 years of scientific operations, after establishment at L2 
and the commissioning phase. The scientific operations for this period will be undertaken by ESAC in collabora-
tion with a Swiss PI-led Science Data Centre, following the successful model and division of responsibilities es-
tablished for INTEGRAL. Switzerland has expressed a strong interest in taking the lead in this consortium. 

Mission extensions beyond this period could be done on the same basis. However, in the light of the recent SPRT 
recommendations to limit the total mission operations cost, a viable alternative is for the complete XEUS SOC 
activity for mission extensions to be taken over by a European PI consortium, led by Switzerland. The experience 
gained during the initial two-year period of cooperation with ESAC will allow a smooth transition of full science 
operations to the PI team. We have used this model to cost five years science operations for XEUS, i.e. three 
additional years potentially covered by national funds. 

The XEUS science operation centre (SOC) will be responsible for the following tasks: guest-observer announce-
ments of opportunity, observation planning, pre-processing of raw satellite telemetry, monitoring instrument per-
formance and observation quality, high-level data product generation, distribution of guest-observer data, data 
safekeeping and making low-level and high-level data available to the community. In addition, the SOC will be 
responsible for the development of the analysis software and calibration data, in close collaboration with the in-
strument teams, as well as for the distribution of this software. The centre will generate all the documentation and 
support needed to understand and analyze XEUS data. The SOC will also be proactive in the communication of 
XEUS highlight results to the public. The SOC will create and operate the XEUS data archive. 

8 Key technology areas 
The key technological elements of XEUS are the X-ray mirror and the formation flying. The lightweight silicon 
HPO X-ray optic enables the key scientific requirement on XEUS, the 5 m2 mirror; formation flying delivers the 
necessary 35 metre focal length. In addition thermal control of the mirror, and the cryogenic coolers for the pay-
load, are essential to mission success. Formation flying can profit very significantly from ESA studies in the con-
text of Darwin, and ongoing studies of special thrusters and laser metrology systems. 

8.1 Current development status  

X-ray optics 
The HPO silicon pore optics has been developed by ESA to the point where a proof of concept has been demon-
strated. The silicon mirror surfaces have been shown to be of adequate smoothness, and suitable heavy metal 
coatings have been applied; etching the pores and stacking and bonding of the plates has been demonstrated, 
together with assembly of tandems, which are the stacked paraboloid and hyperboloid elements of the Wolter 
optic. To demonstrate the complete optical capability requires the plates to be wedged before stacking. Wedging 
and bonding of the plates has been demonstrated, but a full optic of adequate quality to demonstrate proper fo-
cusing has yet to be assembled. We are confident however that this is very close to being achieved. While envi-
ronmental test are some way off, the stacks are already shown to be robust and capable of retaining their integ-
rity. 

Formation flying 
The XEUS requirements on formation flying are relatively modest (see Tab.5.6), nevertheless this remains a key 
technology development. There are a number of ESA studies on-going which have direct relevance to XEUS, 
including a possible technology demonstrator Proba 3. In addition CNES is planning a formation flying mission 
with very similar requirements to XEUS (Simbol-X). 

Thermal control of the MSC 
Keeping such a large mirror isothermal is a challenging requirement and can only be done by allowing it to reach 
a rather low temperature using passive control: radiators, MLI, heat pipes and baffles. Thermal models indicate 
that this is feasible. Contamination at these low temperatures has to be addressed vigorously. 
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Cryogenic coolers 
These have been the subject of two DSC industrial studies funded by ESA. Both have produced feasible systems 
to meet the requirements and the mass and other resources are included in the spacecraft budgets presented in 
Tab. 6.2. 

8.2 Essential future developments 
The optics is the most important enabling technology to be further developed. Following proof of concept, the 
industrialisation of the assembly process, alignment, metrology, and demonstration of a fully representative mirror 
petal is required. Formation flying, thermal control of the MSC, and cryogenic coolers are also essential develop-
ment tasks for the future. 

 



XEUS COSMIC VISION PROPOSAL 6/29/2007 Page 32 

32 

9  Communications and outreach 
XEUS will be the most challenging X-ray astronomy mission ever accomplished, both from a scientific and a 
technological point of view. In order to communicate the potential and excitement of the mission and its eventual 
scientific achievements a detailed communications and outreach plan will be needed, entailing a serious invest-
ment of resources. High energy astrophysics is undoubtedly an area that can inspire both young audiences and 
the public at large. Here we touch on just a few ideas. Targeting XEUS as a unique achievement in global col-
laboration will be the main aim of a more detailed communication and education plan, to be formulated later. 
One can distinguish several target groups, each of them requiring a group-specific approach: Policy makers, Me-
dia / press, Broad public, Youth / Students.  

 Weblog / press releases. The full development and operations period of XEUS in terms of progress and high-
lights, will be portrayed via a weblog, the feeding ground for periodical press releases. This public website 
about the XEUS mission, stipulating its science goals and the technology will include background material, a 
hot news section, updates to the progress of the mission e.g. construction of the satellite, observations of the 
day. Certain sections will be specifically tailored to key target groups, e.g. school children, youth groups, 
school teachers, parents. This material can be taken up by the ESA science communications office for distri-
bution as ESA press releases. 

 Graphics and animations. We will build and maintain a publicly accessible database with high resolution pic-
tures of the mission, free for use. Animations and artist impressions will be produced of the development of 
the satellite, the principle of formation flying and give details of potential targets of observation. 

 Exhibitions. In collaboration with science centers we will develop contributions to exhibitions, highlighting the 
physics of the violent universe. 

 Lectures for the public. Scientists involved in the XEUS project will be available to give popular lectures for 
broad audience. 
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12 Letters of support 
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To: Professor David Southwood 

Director of Science (D/SCI) 

European Space Agency 

Fax: +33 (1) 5369-7560 

  

 

 
Reply on Ref. D/SCI/22639, 5.03.2007 

 

 

Dear Professor Southwood! 

 

 

Herewith we endorse the participation of Russian scientists in the «X-ray Evolving 
Universe Spectroscopy» (XEUS) proposal in response to the ESA Cosmic Vision 2015-
2025 call for mission proposals. 

 

Roscosmos is aware of the proposed investigation and supports the possibility to 
reach a major new step in the understanding of the evolution of the violent Universe, 
black holes and the large scale structure. The formation-flying concept of the XEUS tele-
scope, with separate spacecrafts for the light-weight mirrors and the for the focal plane 
detectors is highly innovative and technologically challenging. 

 

In case the XEUS mission is selected for an Assessment Phase by ESA, Ro-
scosmos will support this Phase with more detailed study of possible Russian contributi-
on in this mission, in particular a space platform for X-ray mirrors and contributions to the 
focal plane detectors. 

 

 

 

 

 

Deputy Head of Roscosmos     Yu.I. Nosenko 
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