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DOSEPIX 

-  Spectroscopic photon counting 
x-ray Pixel detector 

-  Development CERN-ECAP 
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Theses topics!

Biomedical Application: Molecular Imaging with Nanoparticles  
(Collaboration with U Magdeburg): 

•  GEANT4-simulations for cylindrical detector concept (Master) 
•  First measurements of x-ray fluorescence on  

Molybdenum with new liquid metal jet x-ray tube (Bachelor) 
 

Medical Physics: Eye lens dosimetry  
(Collaboration with Physikalisch Technische Bundesanstalt,  
UK Erlangen) 

•  Dosimeter Development: Dosimetry of the  
human eye lens in interventional radiography (Master) 

 
X-ray spectroscopy: 
(Collaboration with Physikalisch Technische Bundesanstalt and  
U Prague) 

•  Measurement and reconstruction of x-ray spectra from extremely  
pulsed (picoseconds) plasma x-ray sources (e.g. facility ELI in  
Prague) 



Molecular Imaging with Nanoparticles !

Top picture talken from: High-spatial-resolution x-ray fluorescence tomography with spectrally matched nanoparticles. Jakob C Larsson et al 
2018 Phys. Med. Biol. 63 164001


•  „Standard“:






•  Improved setup using a cylinder with many Dosepix to 

shorten measurement: 
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Molecular Imaging with Nanoparticles !

•  Basic Idea: 
•  Label proteins or cells with high- or intermediate Z-elements  

such as Molybdenum or Gold 
•  Use a high-intensity liquid metal jet x-ray source 
•  Image the distribution of the nanoparticles by exciting  

by shining x-rays and detecting x-ray fluorescences 

•  Standard: use a few high-energy-resolving x-ray detectors 

•  Our approach:  
•  Shorten measurement time using a close-to-4-pi 

cylindrical detector arrangement with Dosepix detectors  
with Silicon, CdTe or GaAs sensor layers 

•  Exploit imaging capability of detector with  
neural networks to reconstruct nanoparticle distribution 
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Medical Physics: Eye lens dosimetry !

•  Basic Idea: 
•  The human eye lens is a very radiation sensitive organ 
•  In interventional radiology (surgery while taking x-ray films) 

the doctor’s eyes are exposed to x-ray even while using 
protective glasses 

 
•  Standard solution for monitoring exposure: None 

•  Our approach: 
•  Develop an instrument to  

measure, warn and train  
doctors to reduce their  
own dose 

•  Use Dosepix as it is  
very compact 
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Laboratory astroparticle physics!

•  Basic Idea: 
•  Extremely short X-ray “flashes” are used for plasma and  

biomedical research to image fast processes 
•  Usually x-ray spectrum varies from shot-to-shot 
•  There is no established device to measure the x-ray spectrum 

of such short pulses in real time  
•  Solution: Sample the spectrum with a plurality of pixels (Dosepix, 

Timepix); use deep neural networks to analyze 
•  Collaboration CTU Prague, PTB (Braunschweig), CERN, GSI 
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Fig. 7. (a): Architecture of the neural network. FC denotes a fully
connected layer. (b): Quadratically descending dose distribution of the
training data. (c): RMSE in dependence on the Epoche number for the
training data (blue curve) and the validation data (black circles). (d): Loss
in dependence on the Epoche number for the training data (blue curve)
and the validation data (black circles).

validation data (black circles). After 2200 epochs the training
was stopped.

V. EXPERIMENTAL SETUP

Fig. 8 shows a picture of the experimental setup at PTB.
A portable X-ray generator 8(a), a XR-200 [10] is used
to generate the short X-ray bursts. An ionization chamber
8(b) [Quote Vergissmichnicht] is placed in a fixed distance
of 10 cm in front of the XR-200. Both, the portable X-ray
generator and the ionization chamber reside on a movable
table. The distance to the Dosepix dosemeter 8(c) that is
strapped to a slab phantom 8(d) can be varried.

The operation voltage of the XR-200 is fixed to 150 kV. The
pulse duration is fixed to 115 ns. Hence, the applied dose
rate can be calculated from the applied dose. The XR-200
was operated in single shot mode. The applied dose can be
varied with the distance between the portable X-ray generator

Fig. 8. Experimental setup at PTB. (a) portable X-ray generator, XR-200
[Quote Vergissmichnicht]. (b) ionization chamber [which model Vergiss-
michnicht]. (c) Dosepix dosemeter placed on (d) the slab phantom.

Fig. 9. Response of the Dosepix dosemeter to the pulsed photon fields
of a XR-200 in dependence on the applied dose rate. The errorbars
denote the standard error of the mean response for each measured
dose rate. (a): Unscaled data. (b): Scaled data to the mean value of
all responses.

and the Dosepix dosemeter. Several distances between 1.0 m
and 7.7 m, which correspond to doses between 3.2 µSv and
0.058 µSv and dose rates between about (1830± 20) · Sv

h
and

(100000 ± 9000) · Sv

h
, were adjusted. For each distance 2

single bursts were performed. All measurements were done
for an angle of incidence of 0�.

VI. RESULTS AND DISCUSSION

Input and output of the neural network are scaled with the
scaling factors defined in section IV. To evaluate the mea-
surements, the predicted dose values H

pred

p
(10) are compared

Detectors Testing at PTB 

Measuring  
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Fig. 5. Dosepix dosemeter with different filter caps (1) - (3). The board
is placed in a black ABS plastic housing with a 1 mm PMMA window on
front side.

The sum of the ToT values that are produced by single
photons (see fig. 2 ToT 1, ToT 2, ToT 3) is usually not the
same as for the ToT value that is produced by the same
photons in the pile-up case (see fig. 4 ToT 4).

C. Dosepix Dosemeter Setup
The dosemeter is realized using 3 Dosepix detectors placed

on a printed circuit board (PCB). This PCB resides in a black
housing made of ABS. The entrance window of the housing is
made of 1 mm PMMA. Each detector on the PCB is covered
with a metal filter to compensate effects of irradiation under
different angles and to modify the measured spectrum. Fig. 5
shows the dosemeter with the filter caps. The first filter (1)
consists of an aluminum plate with a hole of 5 mm diameter
in a height of 3 mm placed concentrically above the detector.
The wall thickness of the aluminum is 0.5 mm. A 55 µm thick
transparent adhesive tape made of Polypropylene is placed
onto the opening. The other two filters are hollow hemispheres
with a height of 9 mm and an outer radius of 17 mm. (2) is
made of aluminum with a wall thickness of 2 mm and (3) is
made of tin with a wall thickness of 1 mm.

III. SIMULATION OF HIGH DOSERATE PHOTON FIELDS

A simulation that can be used to train a deep neural
network needs to provide information about the applied dose
and the detector response to the incident X-ray spectrum. In
some experiments a low photon fluence occurres. Therefore,
a Monte-Carlo approach is applied. Fig. 6 shows a schematic
of the individual steps that are performed to gain the applied
dose (encased in green) and the detector response (encased
in blue). There are no legal requirements that regulate under
what circumstances or at what accuracy a dosemeter needs to
measure the dose in photon radiation fields at dose rates above
1

Sv

h
[Quelle Vergissmichnicht]. The experiments, however,

will be performed as similar as possible to a type test with
dose rates up to 1

Sv

h
. For this purpose, the Dosepix dosemeter

is placed onto a slab phantom with a size of (30⇥30⇥15) cm
3

filled with water. The presence of this slab phantom is taken
into account in the simulation.

A. Calculation of the Applied Dose
The software SpekCalc [5]–[8] that simulates X-ray spectra

from a X-ray tube with tungsten anode and different optional
filters is used to generate the initial spectra for the simulation.
Fig. 6(a) shows an example of such a spectrum. A certain
number of photons Ni with an initial spectrums’ energy
distribution Ei is determined beforehand. Du to the presence
of the slab phantom the applied photon fluence �

app

i
can be

calculated via
�

app

i
=

Ni

(30⇥ 30) cm2
(2)

Using data given in [9], a relation between dose per fluence
and photon energy Hp(10)

�
(E) can be derived (see fig. 6(b)).

This relation allows the calculation of the applied dose per
photon with the energy Ei via:

H
app

p
(10)i = �

app

i
· Hp(10)

�
(Ei) (3)

By summing over all doses H
app

p
(10)i the overall dose of the

applied photon field can be calculated via:

H
app

p
(10) =

X

i

H
app

p
(10)i (4)

H
app

p
(10) is assumed to be the ground truth in the simulation.

B. Detector Response
To determine the detector response to an incident X-ray

spectrum, the mean number of photons that impinge onto a
single pixel � is calculated. Therefore, the initially applied
photon fluence on the whole slab phantom �

app

i
with the

energies Eapp

i
is set into relation to the active area of one pixel.

The number of photons Npix that impinge onto each individual
pixel is randomly determined from a Poisson-distribution with
� as expected value (fig. 6(c)). The assumption of a Poissonian
photon distribution is an approximation only, since the pixels
are not independent from each other. The number of photons
that interact with the sensor material and produce a signal Ndet

i

is randomly determined form N
pix with the energy dependent

efficiency "i as weight (fig. 6(d)). "i is obtained from a
simulation of the detector response and is defined as the ratio
between the number of photons that produce a charge signal in
a pixel and the number of photons that impinge onto a pixel.
The energy E

dep

j
that a photon with the energy E

app

i
deposits

in one pixel is randomly determined with the energy deposition
spectra Mi,j as weights. Fig. 6(e) shows the normalized energy
deposition spectra for initial photons with an energy of 70 keV
for each detector. This is carried out for all N

det

i
resulting

in an energy response spectrum N
res

j
. Since the charges that

generate a signal in the sensor material accumulate during one
measurement, all energies in the energy response spectrum are
summed up to generate the energy response E

res for a single
pixel:

E
res

=

X

j

N
res

j
· Ej (5)
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Contacts at the Erlangen Centre for Astroparticle Physics 
!

•  PD Dr. Thilo Michel 
Thilo.Michel@fau.de 
Room 217  

Or 
 
 
•  Prof. Dr. Stefan Funk 
•  s.funk@fau.de 
•  Room 219 


