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ABSTRACT 
 
The ESA M-3 candidate LOFT (Large Observatory 
For X-ray Timing) mission will be equipped with two 
instruments based on Silicon Drif t Detectors (SDDs). 
Both the Large Area Detector (LAD) and the Wide 
Field Monitor (WFM) may suffer hyper-velocity 
impacts by orbital dust particles which might alter the 
surface properties of the SDDs. In order to assess the 
risk posed by these events, we perform simulations 
and laboratory tests. ESABASE2 is a powerful tool 
to model the dust environment in space and its 
interaction with the instrumentation, and we use it to 
estimate the expected fluence of micro-meteoroids 
and debris in the LOFT LEO orbit and simulate the 
structural damage resulting from impacts. In parallel,                     
we conduct experimental tests on SDD prototypes at 
the dust accelerators at the MPIK in Heidelberg and 
TUM in Munich, aimed at verifying to what extent 
the impact structural damages affect the SDD 
functionality.  
 
 
1. INTRODUCTION 
 
The space environment contains dust. Dust refers to 
both micro-meteoroids and debris. Micro-meteoroids 
are natural interplanetary fragments with mostly 
cometary and asteroidal origin, while debris are 
fragments originating from manmade objects placed 
in orbit. These particles, whose size ranges from less 
than 1 µm to above 1 cm, are accelerated to hyper-
velocities of the order of 10-20 km/sec by the Earth's 
gravitational field. Therefore, the impacts by orbital 
dust grains are a potential threat for space-born 
instruments due to the structural damages they can 
produce, which in turn may imply degradation of the 
performance or even, in the worst case, the failure of 
the instruments. As an example, the Charge Coupled 
Devices (CCDs) aboard XMM-Newton [1] as well as 
the one aboard Swift were damaged by a number of 
impacts. The assessment of the impact risk is crucial 
to estimate the probabilit y of damages, quantify the 
degradation of the instrument performance, and 
possibly identify and implement suitable shielding 

solutions. We are performing such investigation in 
the framework of the LOFT space mission [2], which 
is based on the usage of innovative Silicon Drif t 
Detectors (SDDs) [3]. We use ESABASE2 to model 
the dust environment in the LOFT orbit and the 
structural damage resulting from the impacts between 
hyper-velocity projectiles and the SDDs, and 
experimental tests at accelerator facil ies to reproduce 
the dust space environment in laboratory, validate the 
predictions of the models and simulations, and 
quantify the degradation of the SDD performance 
caused by impacts. In this paper we provide an 
overview of these activities, which are currently in 
progress.    
 
 
2. CRATERS 
 
When a hyper-velocity projectile impacts against a 
target,the resulting structural damage is the formation 
of a crater on its surface (or of a clear hole in case the 
projectile has enough energy to full y penetrate 
through the target). 

 
Figure 1.  Crater morphology: in the case of ductile targets 
the crater is nearly spherical,while in the case of brittle 
targets an inner smaller crater forms within the larger outer 
crater. The characteristic constant K is different in the two 
cases, Ka1 for ductile materials, Ka10 for brittle materials.
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The morphology of the crater is somewhat different 
for ductile and brittle materials: in the first case the 
crater is nearly spherical, while in the other case 
typically an inner crater with smaller diameter forms 
within the larger outer crater. The crater equation 
allows to predict the crater size and depth as a 
function of a number of parameters. For single-wall  
targets the general equation for the crater depth (p) is: 
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where dp, vp and !p are diameter, velocity and density 
of the impacting particle, 4 is the angle of incidence, 
Ut is the density of the target, and c is a characteristic 
constant. This empirical formula has a general 
validity, however the values of the parameters D, E, J, 
G, H are somewhat different for ductile and brittle 
materials and also vary depending on the range of the 
variables. Equation (1) and commonly used values of 
the parameters are reported in ESABASE2 [4]. 
 
 
3. OUR CASE STUDY: LOFT 
 
LOFT [2] is a medium-class space project proposed 
as part of the ESA Cosmic Vision program, and is 
currently one of the space missions candidate for a 
M-3 launch in 2022-2024.  It wil l be placed in a low-
Earth near-equatorial orbit (inclination < 5º) at           
~600 km altitude. The scientific goal of LOFT is the 
investigation of the strong-field gravity and the 
equation of state of the ultradense matter through the 
observation at high count-rate of compact objects in 
the band 2-30 keV, with an unprecedented effective 
area of a10 m2. The innovative adopted technology 
relies on the usage of SDD tiles [3] derived from 
those developed by INFN for the ALICE experiment 
at LHC/CERN. Each tile is a 450 µm thick full y 
depleted Silicon wafer with a quite large size (about 
15x7 cm) and capable of achieving very good 
performance in terms of time resolution (~7 µsec) 
and energy resolution (~260 eV FWHM @ 6 keV).   
A system of cathodes implanted at the surface, on 
both sides, provides a strong electric field variable 
from the center of the surface towards the edges, 
allowing for a fast drif t of the charges generated by 
the absorbed photons towards a set of miniaturized 
collecting anodes (see Fig. 2). 
 

         
Figure 2. Schematic of the SDD used aboard LOFT 
(courtesy of  ISDC).   

 

 
 

Figure 3.  LOFT geometry showing the LAD and WFM 
instruments (courtesy of ISDC)    
 
There are two instruments aboard LOFT (see Fig. 3): 
the Large Area Detector (LAD) [5] and the Wide 
Field Monitor (WFM) [6]. The LAD features             
a geometric area of ~18 m2 achieved by assembling 
2016 SDD tiles in 126 modules (4x4 tiles each), and 
the modules in 6 panels (3x7 modules each). It is a 
colli mated experiment and the micro-pored glass 
colli mator on top the SDD assembly has a FoV~1°. 
The WFM consists of 10 cameras divided in 5 pairs, 
each camera is a coded-mask instrument with 4 SDD 
tiles in the detector plane. The WFM features a very 
large FoV~180°x90° useful to detect variable sources, 
with a total geometric area of  ~0.18 m2.  
 
The expected effect of hyper-velocity impacts on the 
SDD tiles aboard LOFT is some permanent increase 
of the anode leakage current, and a possible alteration 
of the electric field at the surface caused by craters. 
The SDD surface has a1 Pm Silicon Oxide 
passivation on top, that works as a protection of the 
underlying active region, only hyper-velocity 
particles with energy enough to penetrate through  
and reach the field oxide and the bulk below are 
expected to produce real damages. Therefore, in 
applying Eq. 1 for the crater depth estimate we refer 
to a set of parameters suited to describe brittle 
materials, such as Silicon Oxide. In particular, the 
Cour-Palais set of parameters is commonly adopted: 
 

c=0.53   D=1.06    E=0.667   J=0.5  G=0  H=0.667 
 
 
 









 

 
 

constants. This analysis is useful to optimize the 
trade-off  between the stopping power of the shield 
and the quantum eff iciency of the instrument. In fact, 
any layer interposed between the WFM and the sky 
implies to some extent a degradation of the quantum 
efficiency at lower energies. Therefore, ideally the 
shield should be capable to stop all the potentially 
risky particles with the lowest degradation of the 
quantum eff iciency. Berylli um is considered as a 
baseline material for the rear-wall, thanks to its high 
transparency in the soft X-ray range, but we are  
investigating other solutions as well . One of this 
consider the usage of 10-15 Pm Polypropylene, 
which, according to our preliminary simulations, 
shows promising shielding properties. The analysis 
with ESABASE2 is preparatory to laboratory tests on 
shielding prototypes that we are planning to perform 
at the plasma accelerator of the Technische 
Universität in Munich, where it is possible to shoot 
silicate particles up to 80-100 µm in size at                     
5-10 km/sec. The experimental validation of the 
shield strength and effectiveness is important as the 
set of parameters a,b,c,d,e,f,g,O in Eq. (2) has been 
derived for some common materials, such as 
Aluminum, but the applicabilit y and validity in other 
cases is not obvious and has to be confirmed by 
laboratory tests.  
 
 
7.   CONCLUSIONS 
 
We presented the current status of our activities to 
assess the impact risk for the LOFT mission. Through 
simulations in ESABASE2 we model the space 
environment and calculate from the expected 
populations of micro-meteoroids and debris the 
impact probabilit y for the LAD and WFM 
instruments. We also model the structural damage 
that impacts might produce on the surface of the 
SDDs, and investigate dif ferent possible shielding 
configurations for the WFM instrument, in order to 
optimize the trade-off  between the penetration limit 
of the shield and the quantum eff iciency of the 
detector. In parallel, we conduct experimental tests 
on both SDD prototypes and shielding materials at 
the accelerator facilit ies at MPIK and TUM,                
to determine to what extent the expected structural 
damages may affect the SDD functionality                     
and validate in laboratory the predictions of 
simulations on the shield effectiveness. 
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