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with the Media Lario Technology company. For the 
Simbol-X mirrors, a few important modification of the 
process will be implemented: 1) the use of multilayer 
reflecting coatings, allowing us to obtain a larger FOV 
and an operative range up to 80 keV and beyond; 2) the 
Ni walls will be a factor of two thinner than the XMM 
mirror shells, to maintain the weight as low as possible. 
With respect to the first point, once the gold-coated Ni 
mirror shell has been replicated from the mandrel, the 
multilayer film will be sputtered on the internal surface 
of the shell by using a two-targets linear DC magnetron 
sputtering system [5]. This process  has been  
developed at the SAO–CfA for monolithic pseudo 
cylindrical shells [7] and now also at Media Lario 
where a multilayer coating facility has been developed 
and installed. Engineering models with two integrated 
shell have already been developed, with the multilayer 
deposition performed both at CfA and at Media Lario. 
In Fig.2 we show two images taken at 0.93 keV and in 
the band and 30-50 keV. Note how the image quality is 
extremely good also at the higher energies. The 
structure of the spider arms can be noted. The HEW at 
0.93 keV is about 18 arcsec, while that one at 30 keV is 
~25 arcsec, not very far away from the requirements. 
This somewhat higher value is due to a higher mirror 
surface roughness, with respect to the one required by 
the mission. This aspect will be investigated and 
improved during Phase B.  

 
Fig.2 X-ray images taken with a Simbol-X prototype 
mirror shell at the Panter facility in Munich.   

 
3.1 The scientific requirements and the 
corresponding optics design  
 
The Simbol-X top level requirements (see Tab. 3) 
translates in a number of parameters that the various 
part of the mission must satisfy. For the mirror module, 
beside the requirements on the effective area, these are:  
 

• Angular Resolution  
≤ 20 arcsec (HPD requirement) @ E < 30 keV  
≤ 15 arcsec (HPD, goal) @ E < 30 keV           
≤ 40 arcsec (HPD, goal) @ E = 60 keV    

 
• Field of View  

≥ 12 arcmin (diameter) @ 30 keV 
 

These values, when compared to previous hard X-ray 
missions, show that Simbol-X will have unprecedented 

imaging capabilities. It should be noted that the very 
demanding requirement in terms of angular resolution 
is mainly dictated by the exigency of avoiding source 
confusion in deep surveys and to solve the puzzling 
problem of the hard X-ray emission from the Galactic 
Center region.  
 

 
Fig.3 Simbol-X Mirror on-axis expected effective area. 

The optics configuration of Simbol-X has been 
addressed in the context of the Phase A study [5]. After 
performing a trade-off aiming at a design compliant 
with the requirement and compatible with the mass 
constraint of the mission we arrived at the set of 
parameters reported in Tab. 2. The mirror shells, after 
the integration, are kept fixed to the mechanical case by 
the use of two spiders, a solution already adopted for 
BeppoSAX and JET–X/Swift. The theoretical on-axis 
effective area of the mirror shell is shown in Fig. 3.  
 
Table 2. Simbol-X Optics Parameters 
Number of modules   1 
Geometrical profile  Wolter I 
Number of nested mirror  shells 100 
Reflecting multilayer coating  Pt/C (200 bi-layers) 
Focal Length  20000 mm 
Total Shell Height  600 mm 
Plate Scale  10.3 arcsec/mm 
Material for the mirror walls  Electroformed Ni  
Min-Max Top Diameter  260 to 650 mm 
Min-Max angles of incidence  0.18 – 0.23 deg 
Min-Max wall thickness  0.2 to 0.55 mm 
Angular resolut. HEW (goal)  20 (15) arcsec 
Mirror shell weight  287 kg 
Total optics module weight  413 kg 
Additional mass contingency  40 kg 
 
 
4. THE DETECTOR PAYLOAD 
 
The Simbol–X detector payload is designed to achieve 
the scientific requirements recalled in Table 3. The 
parameters which are driving the design of the focal 
plane assembly are : i) the broad energy range, ii) the 
spectral resolution for the Fe and 44Ti lines energies, 
iii) the field of view of the optics, iv) the request for 
oversampling the optics point-spread function, v) the 
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need for a very low background. This has led to use a 
combination of a low and high energy detector on top 
of each other, surrounded by a combination of active 
and passive shielding, as shown in Figure 4. The pixel 
size for each of these detectors will be 625 × 625 µm2. 
 
The low energy detector, first encountered by the beam 
focused by the optics, is a silicon drift detector with 
DEPFET (DEPleted Field Effect Transistor) readout, 
also called “Macro Pixel Detector” or “Active Pixel 
Sensor” [8]. It will cover the energy range from ~ 0.5 
to ~ 20 keV. The baseline design is to cover the field of 
view with a single wafer, which will be logically 
divided into four quadrants of 64 × 64 pixels each. In 
nominal “full frame mode”, all four quadrants are read 
out in parallel at a speed of 128 µs per frame. A faster 
read out is possible by reading only a part of the full 
area, i.e. by defining “window” modes. Timing 
accuracies better than ~ 50 µs can thus be achieved. 
Laboratory results have proven, on a prototype of a full 
quadrant, that the required spectral resolution is 
achieved at the moderately low temperatures (around –
40°C) at which the instrument will be operated. 
 
The high energy detector, less than 1 cm below the low 
energy one, will be constructed from 4-side 
juxtaposable pixelated CdTe Schottky crystals with a 
surface of 10 × 10 mm2, a 2 mm thickness, and with 
256 segmented electrodes. Each crystal is connected to 
its own read-out electronics, the IDeF-X (Imaging 
Detector Front-end for X-rays) ASIC. Each unit forms 
a complete individual X-ray camera which allows 
operating in the 5–100 keV range, partly overlapping 
the low-energy range of the silicon detector. Eight 
individual X–ray cameras are merged to form a 2-by-4 
module having its own flex for routing signals. The 
detection plane will be covered with eight of such 
modules. As these detectors are self-triggered, sub-
micro seconds timing accuracies can be achieved. 

Finally, laboratory results have also shown here that 
the required spectral resolution can be reached at 
moderate temperatures, similar to those needed by the 
low energy detector [9]. 

An important requirement for sensitivity is the need to 
have a very low background level. In order to do this, 
the two imaging detectors are entirely surrounded 
(except for the opening to the sky) by an active 
anticoincidence shield coupled to a passive graded 
shield, which will minimize background photons 
produced by particles interacting in the material around 
and inside the detector vessel. The active shield will be 
made of 13 plastic scintillators tiles, of 1.5 cm 
thickness. These will be coupled to optical fibers, 
routed to multi-anode phototubes located outside of the 
“active volume”. This is the first time that an 
anticoincidence system is used at soft X–ray energies, 
which will thus make of Simbol–X a very powerful 
instrument even in the soft band. This is done at the 
cost of a dead-time on the low energy detector, which 
we target to be around 30 %. The dead-time on the 
high energy detector is negligible. The anticoincidence 
scheme will be programmable. 

In addition of the systems described above, forming the 
focal plane assembly, the detector payload also 
includes a calibration wheel, and a collimator. The 
calibration wheel has two radioactive sources (with 
high and low energy lines) and a closed position for 
protection against particle damage in belts passages 
and during solar flares. The collimator is a ~ 2 m long 
tube made of graded shield material; together with a 
shield located on the mirror spacecraft, it prevents the 
detectors to see the sky (with its diffuse X–ray 
emission) outside of the mirror field of view, that 
would give an unacceptable background level. 

 
5. THE END-TO-END CALIBRATION  
 
X-ray telescope calibration measurements are mainly 
devoted to the scientific characterization of the 
telescope, including also the production and 
maintenance of the calibration database (CalDB) files. 
Given the complex design of the Simbol-X scientific 
payload, its calibration will be subdivided in several 
phases. The first stage will foresee the subsystem 
functional tests of the various subsystems before 
integration: low energy detector, high energy detector, 
anticoincidence, optics shells, followed by sub-system 
scientific characterization. After integration, the two 
payloads, focal plane on one side, and mirror unit on 
the other one, are separately functionally tested and 
then scientifically calibrated. At the end of the chain, 
we will have the end-to-end measurement tests, with 
both payloads integrated and placed in a suitable 
calibration facility. 
 
Instrument scientific characterization will be performed 
on-ground and then re-assessed in-flight. This is done 

 
Fig.4 : Simbol–X Focal Plane Assembly. Only part of the 
high energy modules are shown. The routing of the fibers 
connected to the scinticallator is not shown for clarity.  
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by the measurement of a number of key parameters 
which can be summarized as follows: 
 
 Effective area (Aeff): Aeff is the geometrical 

collecting area of the mirror unit convolved with 
its associated reflection properties and then folded 
with the detection efficiency of the focal plane. Aeff 
depends upon various quantities the effects of 
which will have to be quantified during 
calibrations. 
 

 Point spread function (PSF): PSF describes the 
spatial distribution of detected events in the FP in 
response to the observation/illumination of a point 
source. The canonical way to roughly quantify the 
PSF is by measuring the Half Energy Width 
(HEW), i.e. the diameter of the circle containing 
50% of the total deposited energy. 
 

 Energy response: It can be defined as the spectral 
energy deposit profile in response to a 
monochromatic incident flux. It depends primarily 
upon the detectors energy resolution, which is 
monitored by the on-board Simbol-X calibration 
source. 
 

 Timing response: It is the capacity of locating 
detected events in time, with reference to an 
absolute clock (absolute timing accuracy), or to a 
detector dependent time coordinate. 
 

 Background: The instrument background can be 
defined as all detected events which are not 
ascribed to the observed source(s). Detailed on-
ground and in-flight calibration tests and 
observations will be devoted to the measurement 
of its intensity and energy spectrum, together with 
the assessment of its components (e.g.: stray-light, 
photonic diffuse, activation, soft protons, etc.). 

 
Simbol-X novel design (separate payload in a 
formation flying architecture with a hybrid two-layer 
focal plane), and unprecedented scientific 
performances (three-decade wide-band deep sensitivity 
imaging telescope) are associated with facing novel 
difficulties. 
Long focal length: the effects caused by the finite 
distance of the X-ray source are not anymore 
negligible. This means that, for a 100m long facility 
(the project baseline is to use the Panter test facility 
operated by MPE in Munich which has a X-ray beam 
130m long), double reflection Aeff loss increases up to 
80-90% in the case of a full illumination set-up. This 
problem can have two types of solutions: a) the 
development of a dedicated pencil-beam jig tool, to be 
used at least for the calibration of the optics at the 
Panter facility; and/or b) the use of a longer facility 
(>500 m, like the one available at the Marshal-NASA 
facility), reaching an Aeff loss <15%. 
Hybrid detection plane: Simbol-X focal plane includes, 
for the first time at the focus of a X-ray telescope, two 
detector layers placed one on top of the other one, 

shielded by a combination of active and passive anti-
coincidence shields. Therefore, the characterization of 
the response of the HED will have to take into account 
the transparency (and scattering) caused by the LED 
that must be performed with very good accuracy during 
the laboratory tests.   
 
 
6. CONCLUSION 

The Simbol-X mission will provide an unprecedented 
sensitivity and angular resolution in hard X–rays, 
enabling to solve outstanding questions in high-energy 
astrophysics. To meet these goals a set of requirements, 
summarised in Table 3, have been defined during 
Phase A [10] that has demonstrated the mission 
feasibility.  
 
Table 3. Simbol–X top-level scientific requirements  
Energy band  0.5 – ≥ 80 keV 
Field of view (at 30 keV)  ≥ 12 arcmin (diameter) 
On axis sensitivity  ≤ 10−14 c.g.s. 10–40 keV 

band, 3σ, 1 Ms 
On axis effective area  ≥ 100 cm2 at 0.5 keV 

 ≥ 1000 cm2 at 2 keV 
 ≥ 600 cm2 at 8 keV 
 ≥ 300 cm2 at 30 keV 
 ≥ 100 cm2 at 70 keV 
 ≥ 50 cm2 at 80 keV 
Detectors background  < 2 10−4 counts cm-2 s-1 

keV-1 HED 
 < 3 10-4 counts cm-2 s-1 

keV-1 LED 
Line sensitivity at 68 keV  < 3 10-7 ph cm-2 s-1, 3 σ, 

1 Ms (2 10-7 goal) 

Angular resolution (HPD) ≤ 20 arcsec at E <30 keV 
 ≤ 40 arcsec (HPD) at 60 

keV (goal) 
Spectral resolution  E/∆E=40–50 at 6-10 keV 
 E/∆E = 50 at 68 keV  
Absolute timing accuracy  100 µs (50 µs goal) 
Time resolution  50 µs 
Absolute pointing 
reconstruction  

≤ 3 arcsec (radius, 90 %) 
(2 arcsec goal) 

Mission duration  2 years of effective 
science time, with 
provision for at least 2 
calendar years extension 

Total number of pointing  

 

1000 (nominal mission) 

 

 with provision for 500 
during the 2 years 
extension 

 

We evaluated the performances of the full telescope in 
terms of sensitivity for the reference configuration. 
They are shown in Fig. 5 were we give the continuum 
sensitivity for measuring the broad band source spectra 
with 3σ accuracy for an exposure time of 1 Ms, 
together  
 

Proc. of SPIE Vol. 10566  105660Y-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 01 Jan 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Exposure 1 Ms - 3a detection - 4E=E/2
10 s

Suzóku Ot13, I

S to
o

á

Integral ISGRI

SAX PDS
b

o 20 40 60
Energy (key)

Simbol-X

80 100

10 s

10 -s

Exposure 1 Ms - 3a detection - 4E =E /2

0 20 40 60
Energy (key)

80 100

with the sensitivity of past and present instruments, all 
based on collimators or coded masks. The 
improvement is more than two orders of magnitude up 
to ∼80 keV (for more details see [10]).  
 
The mission will enter in Phase B by the end of 2008 - 
beginning 2009, with a launch date foreseen in 2014.  
Simbol-X will be operated as an observatory, with a 
large opening to the worldwide community, and will 
allow breakthrough studies on black hole physics and 
census and particle acceleration mechanisms [11]. 
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Fig.5 Continuum sensitivity of Simbol-X for a 3σ source 
detection compared with previous hard X-ray telescopes. 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