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Abstract
In this summary report, we describe the commissioning of the experiment to measure
bremsstrahlung produced with electrons at 1 MeV level. Two main parts were developed, an
electron gun to realise a mono-energetic electron beam up to 1.5 MeV, and a gamma detection
system able to measure the emitted spectra bremsstrahlung for different material type. Energy
calibration and resolution of both parts were performed with radioactive sources and a Si
detector in vacuum for the electron beam. Energy resolution was measured to 3% for the
electron beam and 4% for the gamma detector at 1 MeV.
A Monte Carlo simulation of the experiment has been realised with GEANT4 software and is used
to generate the response matrix of the gamma detector in order to write a recursive algorithm
able to unfold the measured spectra to reconstruct the emitted one. The algorithm was tested
with gamma sources of

137

Cs and

Co.

57

Unfortunately, the electron beam rate we obtained currently, prevent to measure any gamma
bremsstrahlung emission. We need to increase at the same time, the electron beam rate and
the measured solid angle. We have ordered a 10 GBq

Sr source to increase the electron gun

90

beam rate and the gamma detector will be moved closer to the target. Soon, measurements
will be performed with a 500 MBq

Sr source and thicker aluminium targets to compare with

90

literature and simulation data.
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1 Introduction
Monte Carlo simulation, using GEANT4 9.5 release [1], gives good agreement comparing with real
measurements for gamma emitters measured in dose calibrators [2]. The extended simulation to
pure beta emitters, like P-32 and Y-90 which cover a wide energy range as their end-points are
respectively 1710 and 2269 keV, gives large discrepancies, around 20%, comparing with measured
data [3]. The main explanation comes from a wrong simulation of the bremsstrahlung spectrum,
as we know that the measured signal in the dose calibrator comes mainly from radiative effects
[4]. The results of these studies confirm the conclusion of earlier publications [5-7], which also
found discrepancies between real measurements and simulations involving bremsstrahlung of beta
emitters.
For the measurement of beta spectra some experimental techniques require correction for potential
energy loss due to bremsstrahlung. In the framework of the Metrobeta project, a study has been
performed for correction to apply on high energy beta spectra measured with Metallic Magnetic
Calorimeter detector. The method uses a Monte Carlo simulation to calculate the bremsstrahlung
produced in the source absorber and to generate an unfolding algorithm applied to the measured
spectrum [8].
We have investigated further how the bremsstrahlung is simulated in the GEANT code. It uses cross
sections obtained with a set of data based on a calculation given in [9] and [10]. In these articles,
they made a comparison with experimental results and a difference of around 10% was observed
for electron energy below 2 MeV. However there is scant experimental data to have a precise
comparison and most of these experiments were made long time ago. Thus, there is a large
uncertainty about the cross sections used in the simulation codes, which could explain the
discrepancies. More generally, all the simulation codes, in their bremsstrahlung production
algorithm, are based on the same data, from [9] and [10]. Therefore, it would be worthwhile to
have new experimental measurements of the bremsstrahlung cross-sections in order to have a
more precise data and to improve the accuracy of the simulation codes.

2 The experimental set-up
To perform the bremsstrahlung measurement, we need a monoenergetic electron beam up to 1.5
MeV and a dedicated set-up able to measure the bremsstrahlung emission produced through a thin
target. We describe in what follows the experiment, which consists of two parts. The first one,
called electron gun, provides the monoenergetic electron beam sent on the target. The second part
is the detection system of the bremsstrahlung photons emitted from the target. The electron gun
is placed in a chamber where a vacuum down to 10-4 mbar can be achieved. The chamber is
equipped with glass window allowing the measurement of the produced bremsstrahlung outside the
chamber. All parts are placed on an optical table to ensure good stability and they are precisely
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aligned (Figure 1- photo). The distance between the target, where the bremsstrahlung is produced,
and the scintillator, where it is measured is 1 ± 0.001 meter.

Figure 1: Optical table with the vacuum chamber on the right with electron gun inside, the lead shielding for the
photomultiplier tube for the bremsstrahlung measurement on the left.

2.1

The electron beam

The electron gun uses a magnetic field to select the electron coming from a radioactive

Sr source

90

of 37 MBq [11]. As no guarantee from the manufacturer that the source can be used in vacuum,
the source was sealed inside its support with an epoxy glue. All tests we performed before installing
the support in the chamber ensure a good tightness in vacuum. The trajectory of the electrons is
bend by the magnetic field according to their kinetic energy by an angle of 90°. The magnetic field
value can be tuned by changing the current in the coil and therefore select a monoenergetic value
of the electrons. Different collimators along the trajectory ensure a narrow beam. Finally, the
electron beam covers a large energy range up to 1.5 MeV, which is enough for our need (figure 2).
The design of the electron gun is based on the reference [12]. It was optimized and manufactured
at the mechanical workshop of the Laboratoire de Physique des Hautes Energies (LPHE) at the Ecole
Polytechnique Fédérale de Lausanne (EPFL).
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Figure 2: Picture of the electron gun

2.1.1 Energy calibration and resolution
The energy calibration is performed using Si(Li) detector from Canberra model 500-5000 with an
active surface of 500 mm2 and a thickness of 5 mm. The detector was previously calibrated using
conversion electrons from a

Ba source at 320.0 and 266.9 keV and from a

133

Bi source at 481.7

207

and 975.7 keV. To obtain the calibration curve, which is the relation between the current I in the
coil and the kinetic energy T of the electron, the silicon detector is placed in front of the electron
beam and various currents are applied to the coil. From the signal obtained at each current, a
Gaussian fit is performed to obtain the energy peak value (figure 3). The calibration curve obtained
with a fit, which follows the relation 𝐓 = √𝐏𝟎 . 𝐈 𝟐 + 𝐏𝟏 . 𝐈 + 𝐏𝟐 − 𝐦, where m is the electron mass and
P0, P1, P2 are free parameters [13] is shown in figure 3.

Figure 3: Gaussian fit for a current of 1 mA in the coil (right). Electron gun energy calibration with the fit parameters
values.

The energy resolution T/T of Si detector is obtained using the sigma of the Gaussian fit previously
obtained with the conversion electrons. It is defined as the Full Width at Half Maximum, FWHM =
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.2,3548. The energy dependence of the resolution is given from the fit on the following relation,
where p0 and p1 are free parameters:

∆T
p0
=
+ p1
T
T
The result is shown on the figure 4; the energy resolution of the Si detector is around 3% at 1 MeV.

Figure 4: Resolution versus energy of the Silicon detector

The energy resolution of the electron gun is obtained using a Gaussian fit on the different energies
and unfolded with the resolution of the Si detector. The resolution of the electron beam is given on
figure 5 and is 9.2% at 1 MeV.

Figure 5: Resolution versus energy of the electron gun

2.1.2 Electron beam intensity
To measure the bremsstrahlung cross-section, we need to know precisely the intensity of the beam.
A dedicated measuring system has been design to count one by one the electron at the exit of the
electron gun. It consists of a scintillator strip of 2 mm thick and 1 cm 2 area with a groove on one
edge where a scintillating fibre is inserted and glued. The whole strip is covered with a Ti0 2 painting
to improve scattering and light collection on the fibre. The signal created when an electron crosses
the strip is read on one side of the fibre with a SiPM detector model S13360-1350CS from
Hamamatsu [14]. On the other side a reflective mirror is glued to improve light collection. A
dedicated electronics have been realised thanks to the electronic workshop of the LPHE from the
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EPFL, which is able to read the fast signal from the SiPM with a low dead time to avoid loss of count.
The result is presented on figure 6, where a rate of around 110 electron/s is achieved at 1 MeV.

Figure 6: Picture of the measurement system of the beam intensity (left). Electron beam rate versus the energy for the 37
MBq 90Sr source

The size of the beam was measured using a Gafchromic EBT3 self-developing dosimetry film [15]
that was placed immediately in front of the exit of the beam at the foreseen target location. The
image created on the film by the electrons was scanned at 2400 dpi and analysed with the Origin
software to measure the size and the uniformity of the beam. From the image, we measure the
size of the beam at 2.7x0.5mm2 with a good homogeneity over the whole beam surface (figure 7).

Figure 7: Scanned image of the Gafchromic film with the print of the electron beam (left). Beam intensity at the exit of the
spectrometer (right). The axis are in pixels and the size of one pixel is 10.6 m.
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2.2

The measurement bremsstrahlung set-up

2.2.1 The vacuum chamber
The chamber is manufactured by the Kurt J. Lesker Company [16]. It consists of a stainless steel
cubic chamber of 12 inches side with an aluminium door. A rotary pump is plug to the chamber in
order to perform a vacuum below 10-4 mbar. Inside the chamber, the electron gun is placed in the
way that the electron beam exit is exactly in the centre of the chamber. This is needed to know
precisely the distance between the target position (where the bremsstrahlung photon is created)
and the photomultiplier tube (where the bremsstrahlung photon is measured) (figure 8). The
electron gun is placed on a support allowing it to rotate along the vertical axis of the centre of the
chamber. This is needed to measure the bremsstrahlung emitted at several angles (figure 9).

Figure 8: Drawing of the side view of the measurement set-up

Figure 9: Drawing of the top view of the measurement set-up with the electron gun rotated to allow measuring different
emission angles

A dedicated passing through is equipped with a 3 mm thick quartz window allowing the produced
bremsstrahlung to exit the chamber with low attenuation.
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An Helmholtz coil [17] is placed in between the chamber wall and the target in order to produce an
almost constant magnetic field to bend the electron from their initial direction. This is to prevent
the electrons to go straightforward and produce background photons in the measured acceptance
angle. The two coils have a diameter of 12.5 cm and are placed close to each other at a distance
of 4 cm, in order to produce a magnetic field of around 10-2 Tesla along the axis of the electron
beam. This corresponds to a curvature radius 0.5 m for 1 MeV electrons, which is enough to be
deviated outside the glass window.
Several additional passing through equipped the chamber in order to power the coil of the electron
gun and the Helmholtz coil.

2.2.2 The targets
The GoodFellow Company [18] provides the different material, Gold, Aluminium, Lead and Copper used for
target. Their characteristics are given in table 1. Each target is put in the electron beam at the exit of the
electron gun.

Table 1: Characteristics of the target material

2.2.3 The Photomultiplier and acquisition system
The measurement of the bremsstrahlung is performed with a 2 inches CeBr3 scintillator crystal from
Scionix [19] coupled to a Hamamatsu Photomultiplier type R6231 [20]. The scintillator is put inside a lead
shielding cylinder of 5 cm lead. The detected signal is send to an amplifier model 2020 and a Multichannel
Analyser type Multiport II from Canberra [21]. Finally, the spectrum is recorded using the Gamma
Acquisition software Genie 2000 from Canberra [21]. The energy calibration and resolution are measured
using a point-like 152Eu source placed at the exit of the electron beam. The resolution is around 4% at 1
MeV and 13% at 100 keV and is given in the figure 10. The fit is performed with the relation
∆T
T

=

p0
√T

+
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Figure 10: Calibration curve and resolution of the Photomultiplier detector

3 Monte Carlo Simulation
In order to have simulated data to compare the model used in the simulation Monte Carlo codes, our
experimental set-up is simulated using the GEANT4 software [22]. This Monte Carlo code simulates the
propagation of particles through matter and contains physics models for particles interaction. For the
bremsstrahlung production, the model used is mainly based on the data from [9-10], which claims an
uncertainty of about 10-20% below 2 MeV and therefore there is a need for new data with better accuracy.

3.1

Monte Carlo using GEANT4

In the GEANT4 software, we need first to implement the geometry defining the different parts as well as
the material of each component. For our set-up, we have the vacuum chamber, which consist of a stainless
steel cubic chamber with wall of 1.27 cm thick including the passing through with the 3mm quartz window.
For the bremsstrahlung measurement part, we have the lead shielding consisting of cylinder of 5 cm thick
with a hole of 5 cm to host the PM tube. For the PM tube, we got the technical drawing from the producer
and the crystal is implemented as a CeBr3 cylinder with a 0.8 mm aluminium thickness window in front.
The distance between the electron beam starting point and the CeBr3 is 1 m (figure 11). In GEANT4, we can
choose the type and the energy of the particle to propagate as well as its starting position, which is set at
the middle of the chamber corresponding to the electron gun exit. In our simulation, we use electrons which
come either from the electron gun or from radioactive sources for which the electron energy and the
emission probability is taken from Decay Data Evaluation Project [23].

Deliverable 4

- 11 of 25 -

Figure 11: geometry of the experimental set-up implemented in GEANT4

To validate the simulation a commercial source of 152Eu is used and we prepared a 137Cs and a 57Co sources,
which consist of a dried deposited drop on a Mylar film support and coated with another Mylar film, both
having a thickness of 0.9 m and are glued on a Plexiglas support. The diameter of the sources is around 2
mm. The activity is 11.0 ± 1.1 kBq for the 137Cs source, 98.4 ± 12.8 kBq for the 57Co source and 35.0 ± 0.7
kBq for the

152Eu

at the measurement time. These sources are implemented in the simulation and the

deposited energy in the CeBr3 crystal is compared with the real measurements. The comparison for 137Cs
and

152Eu

is shown in figure 12, where the simulated deposited energy spectrum is convoluted with

experimental energy resolution of the PM detector (see section 2.2 – figure 10). Both sources give a
reasonable agreement between simulated and measured data, especially for the number of events in the
peaks (figure 12).

Figure 12: comparison between simulation and real measurement for a 137Cs source (left) and 152Eu (right).
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3.2

Expected production rate

Once the simulation is validated, we use it to estimate the bremsstrahlung rate measurable with our setup.
Aluminium target of 100 m thickness is implemented in the simulation. The simulated spectrum of
bremsstrahlung photons reaching the PM detector for an electron beam of 1 MeV is given in figure 13. The
total count rate is around 10-5/electron. This corresponds to 1.1 10-3 bremsstrahlung photon/second for
the beam rate with our 37 MBq source at 1 MeV (see section 2.1 – figure 6). With this production rate, the
total number of photon emitted per day is around 100, which is too low to be measured in our set-up.
Therefore, we would need to increase drastically the bremsstrahlung production, by at least a factor 3000
to have measurable spectrum and a ratio signal/background above 1.
Several ways are considered to improve the bremsstrahlung production rate. The first one is to have a
higher activity source in the electron gun. According to the producer, it is possible to manufacture a source
of more than 3.7 GBq and currently we ordered a source of 10 GBq, which will increase the beam rate by a
factor 270. The second way is to reduce the distance between the PM detector and the target position.
Currently, this distance is 1 meter but our set-up allows reducing this distance to 28.5 cm, increasing the
solid angle and the photons flux reaching the PM by a factor 12. Considering these two improvements, we
can expect a production rate of 100x270x12 = 324000 per day for aluminium target, which should be
enough to be measured.
As aluminium is the lightest material we will use as target, the rate for the other materials, Au, Pb, Cu, will
be enough to be well measured. It is expected to have a factor 50 more between Au and Al, giving a
production rate of around 16.106 per day with a target of 100m thickness. For Au, we could take data
with a reduced target thickness to 10m to have other experimental data to compare with the simulation.

Figure 13: Simulated bremsstrahlung spectrum produced by 1 MeV electron for aluminium target with thickness of 10
and 100 m and Au target of 10 m.
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4 The data analysis
When a photon interacts with matter, it can undergo many type of interactions like, the photoelectric effect,
Compton scattering, pair production if its energy is above 1.022 MeV. Therefore, for a mono-energetic
gamma source, the measured spectrum in the PM detector as the shape given in figure 12 for 137Cs. When
the electrons cross the target, the true emitted spectrum 𝑡𝑗 is “transformed” to the “measured” spectrum
𝑚𝑖 in the PM (figure 14). All the effects (interactions, scattering, PM resolution, detection efficiency…) are
contained in a response matrix 𝑅𝑖𝑗 and we can write:

𝒎𝒊 = ∑ 𝑹𝒊𝒋 𝒕𝒋
𝒋

where the indexes correspond to a defined bin in energy.
To know the “true” spectrum and the number of events produced at the target level, we need to unfold the
measured spectrum using the response matrix 𝑅𝑖𝑗 . The unfolding principle consist first, to know the
response 𝑅𝑖𝑗 of the PM detector and second to write an unfolding algorithm.

Figure 14: Illustration of the effect of the measurement in the PM detector, which needs the unfolding of the measured
spectrum to recover the “true” produced spectrum.

4.1

The response matrix

Using our validated simulation (section 3), we can generate any mono-energy gamma to have their
response in the detector. The response matrix is built by generating mono-energy gamma with steps of 25
keV from 50 keV to 1300 keV (figure 15). The energy axis is divided in 4096 bins corresponding to 0 to
1300 keV. The matrix contains 4096 lines corresponding to the energy axis and 52 columns corresponding
to each step of 25 keV.
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Figure 15: Detector response for mono-energetic gamma from 50 to 1200 keV

4.2

The unfolding algorithm

As the matrix cannot be easily inverted, it is not possible to directly apply a product of matrices to obtain
the true spectrum. Therefore, we used an unfolding algorithm based on [24]. It consists of a recursive
algorithm using:

𝑡𝑖𝑛+1 = 𝑡𝑖𝑛

𝑚𝑖
∑𝑗 𝑅𝑖𝑗 𝑡𝑗𝑛

where n is the iteration number.
For the first iteration (n=1), the 𝑚𝑖 can be a constant value or the measured spectrum itself. The algorithm
is realized with the Root software [25] and tested on the measured spectra of 137Cs and 57Co.

5 Results
5.1

Simulated results

The unfolding algorithm is tested with the simulated data in order to check if we can correctly
reconstruct the true spectrum and obtain the number of generated events. We apply the algorithm on
the simulated spectra of

137Cs

and 57Co. We run the algorithm during around 100 iterations, until the

final spectrum is no more changing. The results for 137Cs and 57Co are presented in figure 16 and 17. The
left plot gives the simulated “measured” spectrum and the right one gives the spectrum reconstructed
with the unfolding algorithm. As expected, the reconstructed spectrum gives a single peak at 661 keV
for 137Cs and the two peaks at 122 and 136 keV for 57Co. The unfolding algorithm correctly reconstructs
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the number of generated events with a difference of 1-2%, which confirms the good operation of the
algorithm.

Figure 16: The left plot gives the 137Cs spectrum obtained with the simulation. The middle one gives the same spectrum
where the binning of the histogram is modified in order to correspond to the number of columns of the response
matrix, used as input for the algorithm. The right plot gives the reconstructed spectrum obtained with the unfolding
algorithm.

Figure 17: The left plot gives the 57Co spectrum obtained with the simulation. The middle one gives the same spectrum
where the binning of the histogram is modified in order to correspond to the number of columns of the response
matrix, used as input for the algorithm. The right plot gives the reconstructed spectrum obtained with the unfolding
algorithm.
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5.2

Experimental results

The sources

137Cs

and

57Co

described in section 3.1 are placed in the middle of the chamber and

measured during 85140 and 16114 seconds respectively. The obtained spectra are processed with the
unfolding algorithm and the result is given in figure 18 and 19. In the left plot of each figure, we can see
the reconstructed expected peaks at and 661 keV for the 137Cs, and 122 keV and 136 keV for the 57Co.
The number of events in the peaks divided by the acquisition time and by the emission probability gives
the activity of each source. The results give 13.9 kBq for the 137Cs source (figure 18) and 129.9 kBq for
the 57Co source, which is in reasonable agreement with the expected activities of the sources, 11.0 ± 1.1
kBq and 98.4 ± 12.8 kBq respectively (see section 3.1). For the 57Co, there is two peaks are at 122 and
136 keV, which is close to the lower limit of the measurement which is 70 keV (figure 19). In this region,
the background is high and its subtraction to the measured signal gives large fluctuations when the
unfolding algorithm is applied. An improvement would be to reduce as much as possible the background
using additional shielding or/and using a PM with lower noise. As shown in figure 12, the agreement
between simulation and real data is not perfect in the continuous region of the Compton plateau. This
region could contain events from additional interactions which occur in the different components of the
geometry of the real set-up, which are not enough taken into account in the simulation. The events at
lower energy of the peaks observed in the right plots of figures 18 and 19 can be explain by this
difference. However, these results confirm the validity of the unfolding algorithm, which can be
therefore used to reconstruct the bremsstrahlung spectra emission.

Figure 18: The left and middle plots give the 137Cs measured spectrum and the right one gives the same spectrum reconstructed
with the unfolding algorithm.
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Figure 19: The left and the middle plots give the
reconstructed with the unfolding algorithm.

57Co

measured spectrum and the right one gives the same spectrum

6 Future measurements and perspectives
As explain in section 3.2, the expected rate is too low to measure the bremsstrahlung production rate
with thin material layer. We need to increase the electron beam rate and currently, we are waiting for a
new 90Sr source at 10 GBq. We have currently have already a source of 500 MBq which gives a factor 13
more with respect to the 37 MBq source. With this new source some measurements can be performed.

6.1

Measurement with 500 MBq source

The expected rate at 1 MeV with the 500 MBq source for bremsstrahlung in Al thickness of 0.1 mm will
be 1300 per day, still too low. We will therefore increase the Al thickness in order to compare with the
experimental data from [26] and simulation data from [5]. In these publications, they use Al target of
0.548 g/cm2 (20 times thicker than the one at 0.1 mm) to stop fully electrons of 0.5 MeV and 1 MeV
respectively. The results are compared with simulation data performed with the GEANT4 software and
the agreement is between 10-20%.
The expected rate with our beam at 1 MeV is increased by a factor 13 (beam) time 20 (target) time 12
(closer distance – see section 3.2) leading to a factor of 13x20x12=3120, which gives a measurable
production rate in Al. Measurements at several emission angle can also be performed for better
comparison (figure 20). In order to have additional comparisons with data from the two articles, iron
target can also be used.
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Figure 20: Spectral distributions intensity of bremsstrahlung produced in Aluminium target of 0.548 g/cm 2 by 1
MeV electrons, from [26].

6.2

Measurement with high activity source

As describe in section 3.2, the use of a source at 10 GBq would allow measuring bremsstrahlung in Al
target of 27 mg/cm2 (1mm) thick. The measurement will be also possible with heavier material like Cu,
Pb and Au. The characteristics of the target we will used are given in table 1. The measurements will be
performed also at several angles for comparison with expected rate using cross-section calculation data
from [10], which are the data set used in many MC codes in their algorithms for bremsstrahlung
production. These new data will be used first to compare directly with the simulated data has shown in
figure 13 and with the expected rate from calculation.

7 Lessons learnt
To measure the bremsstrahlung we need an intensive mono-energetic electron beam in vacuum. As no
electron source in vacuum are commercially available, we had to find the way to put in our electron gun
(section2) a vacuum resistant

90Sr

source. Thanks to our expertise of making solid source [26], a

commercial source of 37 MBq was sealed with epoxy glue insuring good tightness in vacuum. This
procedure can be use with more active source as foreseen for the next measurements, but also for any
other applications needed electrons in vacuum. The epoxy thickness can be thin enough to have low
attenuation keeping electron with enough energy as shown in figure 6.
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As the electrons undergo many interactions even in air at atmospheric pressure, a vacuum chamber is
needed, at least to host the electron beam and target. Ideally, it would be necessary to have a large
vacuum chamber containing all the measurement set-up. A reasonable choice is to have the
measurement of bremsstrahlung emission outside the chamber and to have a window as thin as possible
to avoid gamma scattering. In our set-up, there is a glass window of 3 mm thick and one improvement
could be to have a thinner one, made of lighter material like Plexiglas, but enough thick to keep the
vacuum tightness.
One critical point is the electron beam intensity. We realized that with a 37 MBq 90Sr source it would be
impossible to make any measurements. Therefore, we studied the possibility to increase the intensity
as much as possible using our electron gun. Due to technical limitations to make 90Sr with activity larger
than 10 GeV, another beam generator should be used. Van de Graaff or Cockcroff-Walton accelerators,
have been used in the past for bremsstrahlung measurements [26][28][29]. However, currently there
is no such accelerator available. Commercial accelerators like Dynamitron [30] produced by IBA
company could be an interesting alternative. They can produce high intensity beam with energy from
0.5 to several MeV, which is what we need.
As the bremsstrahlung production rate is low, it would be very useful to have a measurement system,
which has, as much as possible, low noise. The measurement system can be shielded with larger
thickness of material to reduce the effects of ambient background and even better, measurements could
be performed in underground laboratory to reduce cosmic background.
To reduce the uncertainties, several quantities have to be well known. The electron beam rate was
measured precisely with a dedicated set-up, the targets thicknesses and impurities component have to
be known precisely and the mechanical parts must be well aligned and placed on a stable support to
have a precise alignment between the beam-target system and the bremsstrahlung gamma
measurement.
We have developed a recursive algorithm for data analysis in order to reconstruct correctly the
bremsstrahlung spectrum. Such an algorithm need to know well the response of the gamma detector in
order to unfold the measured spectra. The response of our gamma detector was simulated using
GEANT4 software and compare with real measurement of 137Cs and 57Co sources with known activities.
The agreement was satisfactory but additional improvements have to be done, especially by introducing
more precisely the geometrical parts in the simulation. We also found that the background could
influence the reconstructed spectrum and consequently there is a need to reduce as much as possible
all background types coming either from the measurement room or from the acquisition system.
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8 Conclusion
In this work, we have set-up an experiment able to measure the bremsstrahlung, produced by electrons,
around 1 MeV, when crossing matter. An electron gun was developed involving a 90Sr source sealed with
epoxy glue in order to have the electron beam in vacuum. A dedicated measurement acquisition system
was also developed in order to measure precisely the electron beam rate. The vacuum chamber
containing the electron beam as well as the target layer were mounted on an optical table to ensure good
stability. Energy calibration and resolution of the electron gun were measured with Si detector using
207Bi

and

133Ba

sources. The resolution is 3% at 1 MeV. The beam size at the target position was

measured with a dosimetry film and was enough small to be considered as point-like.
The Photomultiplier tube was shielded with 5 cm of lead and was calibrated with a 152Eu source and the
energy resolution is measured 4% at 1 MeV.
A Monte Carlo simulation using the GEANT4 software have been realized in order to compare with real
data. The validation of the simulation is performed using point-like source of 137Cs and 57Co. Using the
simulation we were able to generated a response matrix of the Photomultiplier for energies from 50 to
1500 keV. This matrix is used in an unfolding algorithm to reconstruct the emitted gamma spectrum
from the measured gamma one. The algorithm was validated using gamma sources of 137Cs and 57Co.
Unfortunately, we realized that the beam rate is too low to produce enough bremsstrahlung to be
measured with the 37 MBq

90Sr

source in the electron gun. An activity of several GBq is required to

produce enough events especially using low Z material as Aluminium. To increase further the measured
number of events, we foresee also to increase the measured solid angle by moving the Photomultiplier
closer to the target. A new 90Sr source of 10 GBq have been ordered, but currently we have a 500 MBq
source, which will be used to make measurements with an aluminium thickness target able to stop fully
electrons of 0.5 MeV and 1 MeV. The results will be compared with simulation data and with previous
measurements.
Then, measurements with the 10 GBq source could be performed using lighter target and at several
angles for comparison with expected rate using cross-section calculation data and with the Monte Carlo
simulation data.
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