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X-ray detectors are in general sensitive to charged 
particles and produce pseudo-signal indistinguishable from the 
signal of X-rays. Such signal is called instrumental background. We 
study origins of the background in the X-ray CCD camera, XIS, 
onboard the Suzaku satellite. 

In the case of XIS, most of the events due to charged 
particles are rejected through the analysis of the charge distribution 
pattern, but some remain to be background. In order to reproduce
the background accurately and to reduce it in future mission, it is 
essential to understand how the background is produced in the 
camera. For this purpose, we simulated the interactions of the 
cosmic-ray with CCD housing. As a result, we succeeded in 
reproducing the observed background spectrum of XIS on-board 
the Suzaku satellite. 

From this simulation, we found that the main sources of 
the background in the front-side illuminated CCD are the recoil 
electrons produced by the Compton scattering of hard X-rays in the 
CCD. On the other hand, the main component of the background in 
the back-side illuminated CCD is the low-energy secondary 
electron.
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• Use the cosmic-ray spectrum appropriate for the 
altitude of the Suzaku satellite
• X-rays, protons, and electrons are considered
• Assume that cosmic-rays come from the entire 
solid angle
• Cut-off rigidity is 8.4 GV　

1. Cosmic-ray Spectrum Model T. Mizuno et. al.  2004, APJ

Thickness: 10 g/cm2

Mass: ~ 5 kg

these parameters are 
adjusted to the design 

value of XIS
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I. Simulation Model 

Complicated ModelComplicated Model

Simplified ModelSimplified Model

Electrons diffuse 
isotropically

Electrons drift 
quickly

Charge recombination is also included

produce electrons 
at a point

We confirmed the 
accuracy by comparing 
the energy spectra of 
particles just entering 
the CCD

obtained almost 
the same spectra



(1 GeV proton into the CCD)

FISimulationFIReal

BIReal
BI

Simulation

SimulationReal Data
Reproduce the 

image very well

dead layer

depletion 
layer

dead layer

depletion 
layer

field free 
region

0.7μm

70μm

605μm

0.7μm
45μm

Comparison of Image 
when a cosmic-ray proton enters into CCD

FI: all energy range
BI: reproduced the  

spectrum shape higher 
than 4 keV
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continuum in all energy 
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Comparison of Spectrum

✤X-ray grade (background events)

✤Non-X-ray grade (largely spread events)

these particles are injected
3 times as many as the 
model flux in order to 

conform to the real data.

blue: real data
(XIS night earth)
red: simulation

2.4×108 cosmic-rays are 
injected

X-ray: 2.3×108

Electron: 4.5×106

Proton: 5.0×106

II. Simulation Result 

spread largely in 
field-free region

Grade 1,5,7

Grade 2,3,4,6

Examine the origins 
of these events
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Recoil electrons produced in CCD
by the Compton scattering of 

cosmic X-rays or high energy X-rays 
originated from cosmic-ray protons

Electrons generated by the
interaction of cosmic-ray protons

with surrounding materials
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III. Background Production Mechanism 

Almost the same number of X-rays become background
The number of electrons which become background in BI 

is one order of magnitude larger compared to FI
Total number of background events of BI is much larger 

than that of FI
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