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Abstract. Accurate actinides fission cross sections around 1 MeV are of primary importance for the safety
of generation IV reactors. To have accurate measurements, the neutron flux must also be accurately
estimated. This is usually done with respect to the 235U(n,f) cross section. It is however possible to measure
the neutron flux with respect to the 'H(n,n)p cross section which is a primary standard, providing an
independent and precise measurement. Typically, the usual proton recoil technique uses a silicon detector
for neutrons of energy between 1 and 70 MeV. However, the high electron and gamma background due to
neutron production under irradiation makes the use of this or any other detector not suitable for an accurate
measurement below 1 MeV. To this end, the Gaseous Proton Recoil Telescope is developed and
characterized. The goal is to provide quasi-absolute neutron flux measurements with an accuracy better than
3%. It consists of a double ionization chamber with a Micromegas segmented detection plane and the
gaseous pressure can be adjusted to protons — and hence neutron — energy. The sensitivity to gamma and
electrons background, the intrinsic efficiency as well as the resolution of this detector have been

investigated.

1 Introduction

Discrepancies between different measurements around
1 MeV still exist for most of actinides fission cross
sections, despite a general great effort from the nuclear
community. The neutron fluxes being high in
pressurized water reactors (generation II and III) and in
fast neutron reactors (generation IV) from few hundreds
keV to few MeV, it is of prior importance to reduce the
uncertainties in this neutron energy range.

In most of the measurements, fission cross sections
are measured with respect to secondary standards
(*°U(n,f), 2**U(n,f), ¥*'Np(n,f)). Their accuracy ranges
from 1.3% to 10% between 200 keV and 20 MeV [1].
Moreover, in the energy range we are interested in, the
usual reference is mostly 23°U(n,f). Thus, the constant
use of the same standard creates a strong correlation
between different measurements.

For this reason, it has become important to realize an
independent and precise measurement using a different
neutron flux measurement technique. The use of a
primary standard instead of a secondary one, is thus
suitable. The 'H(n,n)p elastic scattering cross section is
known with an accuracy ranging between 0.2% to 0.5%
from 0 to 20 MeV [1] and reproductible with ab initio
calculations. This cross section is also structureless,
creating no dependence between the measured
structures and ones from the reference reaction used.
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For a neutron energy range between 1 and 70 MeV,
silicon junctions are perfectly adapted as proton recoil
detectors [2-5]. However, the desired measurements
start around 200 keV (down to the fertile fission
thresholds) and Si junction are here no more suitable.
Indeed, they are sensitive to a high electron and gamma
background under irradiation. As our setup is as close as
possible to the neutron source to maximize the flux,
many gamma and electrons produced by the source are
detected in the recoil-proton detector [2] and adapting
the detector thickness is not a sufficient solution [3].

Even if other proton recoil detectors have been
developed as plastic scintillator [6-10] or proportional
counters [11-13], the inaccuracy of their efficiency
makes these detectors not suitable for our goal (see [2,
14, 15] for details).

As no detector seems to already exist to meet all our
needs, the ACEN team of the LP2I decided to develop
the Gaseous Proton Recoil Telescope (GPRT). This
detector should not be sensitive to high
electrons/gamma background and able to accurately
measure neutron fluxes for neutron energies between
0.2 MeV and 2.5 MeV.

2 GPRT description

The developed detector is a double ionization chamber
(AE-E). The electric field is generated by the presence
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of two electrodes separated by 4 cm of gas. The
amplification region is based on a Micromegas
technology. It consists of the anode plane (12x4 cm?),
segmented in 64 pads and an electrified mesh of the
same dimensions, 125 pum above the segmented plane.
A field cage is used to homogenize the electric field
between the cathode and the mesh [16].

At the entrance of the detector stands a macor sample
disk. Its use is to carry several H-rich foils upstream the
detector. Then, a first collimator stands as the detector
entrance, delimiting part of the detector geometry. A
second collimator 2 cm farther delimitates the AE
chamber from the E one. A picture of the set-up is shown
in Figure 1 and the segmented detection plane is zoomed
in Figure 2.
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Fig. 2. Picture of the Micromegas detector plane. Red thick
lines represent the places of both collimators

2.1 Detection system specific characteristics

As the aim of this detector is to detect proton recoil, it is
of primary importance that as less protons as possible
come from another source than the H rich sample. For
this reason, the structures have been chosen to be of H-
free materials: either of macor (collimators, sample disk,
etc.), or metallic (cathode, field cage, etc.). For the same
reason, the used gas is H-free: a mixture of N> and CO».
The exact composition will be discussed in 3.4.

The pressure of the gas can be adapted to the neutron
energy so the proton stops inside the detector. However,
the H-rich foil thickness must also be adapted to the
neutron energy so the loss of energy of the recoil proton
is minor in the foil. For this reason, the sample disk has
been designed to carry up to 8 H-rich foils. A motor
allows to change the sample without opening the
detector chamber. Its axis, not arrowed on Figure 1, is
protected by an insulating plastic cylinder. The electric
field, by the polarization voltages, is then adapted to the
chosen pressure: as high as possible to maximize the
amplification gain but low enough to avoid electrical
breakdowns. Breakdown voltages have been

investigated as a function of the pressure and, to prevent
micro-breakdowns, it has been chosen to work up to
20 V below the breakdown voltage.

To keep the proton recoil energy close to the neutron
energy that created it, the proton scattering angle is
limited thanks to the second collimator. The presence of
this collimator allows a coincidence between the AE
chamber and the E chamber, making this detector a
telescope.

Finally, once the recoil proton is created, it will first
pass through the first collimator, that clearly defines the
sample active area, then through the second collimator
to be detected in the E chamber. The segmented in 64
pads detection plane will collect each signal, allowing
the reconstruction of the proton’s track. Hence, only
those activating pads in the AE and E chambers, passing
through both collimators, are considered as correct. This
allows to reject parasitic tracks.

2.2 Acquisition system

To get the proton tracks, the signals collected by the
micromegas pads are treated by three successive cards:
Zap, SAM and ZedBoard. The details of these cards are
given in [14 (IL.B) or 15]. Once treated by these cards,
the signals are sent to the acquisition system composed
of the Cobo software, developed by the CEA Saclay.
Once saved, the events can be read by the
CoboFrameViewer software, also developed by the
CEA Saclay. As observed in the example of Figure 3, a
frame is composed of 64 curves, each one corresponding
to one pad response.
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Fig. 3. Example of a frame saved by the Cobo software. Each
curve corresponds to one pad.

3 Detection system characterization

Several tests have been carried out to develop the
detector and check its reliability.

3.1 Sensitivity under irradiation

The aim of developing this detector is to be insensitive
to gamma and electrons background, unlike silicon
detectors. This has been checked with a neutron beam
produced by the AIFIRA accelerator of the LP2I. When
no H radiator was placed upstream the GPRT, only few
tracks were observed by the acquisition system. Indeed,
when the threshold, given in the software parameters,
was adapted to protons, only very few cosmic rays’
events could be detected, none coming from gamma nor
electrons. This proves the low sensitivity of the GPRT



to background under irradiation. The results of this test
have been published in [16].

3.2 Homogenization of the electric field

It has been checked that the electric field is stable and
homogeneous under irradiation. This is possible thanks
to the use of a field cage that can be adapted to the
polarization voltages. Apart from minor edge effects,
making the amplitude of the signals of the pads of the
first and last columns dropping a bit, the field can be
qualified as homogeneous. Under irradiation, the gain of
the detector has proven to be constant. Indeed, issues of
charge accumulation on insulating structures have been
solved. The field is now stable under irradiation. The
tests carried out and the results are presented in [16].

3.3 Tracks reconstruction and discrimination

As shown in Figure 3, each activated pad can be
identified thanks to its curve. Hence, each track can be
reconstructed with respect to the activated pads. An
example of the track of a proton coming from the H-rich
foil and passing through both collimators is shown in
Figure 4.
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Fig. 4. Example of a track reconstructed based on the frame’s
curves.

Thanks to the track reconstruction, it is possible to
discriminate the desired proton tracks, coming from the
H-rich foil and created by a direct neutron, from any
other particle. Indeed, a particle not coming from the H-
rich foil may not pass through both collimators, as
observed for example in Figure 5 (left) the track of a
cosmic ray detected by the GPRT. Moreover, the track
of a recoil proton from the H-rich foil but created by a
scattered neutron will not have the same length in the
GPRT, as the neutron energy will be lower than that of
a direct neutron, as observed in Figure 5 (right).
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Fig. 5. Example of a track reconstructed with respect to the
frame’s curves for a particle not coming from the H-rich foil
(left) or coming from the H rich foil but from a scattered
neutron (right).

Once the track of a wanted particle has been selected,
it is possible to reconstruct the third dimension thanks to
the electron drift time. Therefore, the reconstruction of

the track in three dimensions makes the GPRT a Time
Projection Chamber (TPC). However, to have access to
an accurate third dimension, the chosen gas inside the
chamber must be slow so the electrons drift slowly to
the anode. Indeed, one can consider the particle passing
through the GPRT instantaneously, given the speed of
the particle, and thus ionizing the gas everywhere at the
same moment. With this condition, the electrons getting
first to the anode are the one created the closest from this
electrode, allowing a three dimensions track
reconstruction as schemed in Figure 6.
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Fig. 6. Reconstruction of the third dimension thanks to the
electron drift velocity

3.4 Choice of the gas

The gas needs to have good electric properties to allow
the micromegas polarization without breakdowns and to
enable an effective electrons multiplication. The chosen
H-free gas is a mix gas composed of 70% of N and 30%
of COs». First tests were performed with CF4. However,
this gas is too fast inducing a poor time resolution which
does not give access to the third dimension. Hence, the
N»-CO, mixture has been chosen for its low electrons
drift velocity and good insulation properties. However,
tests are currently carried out to find the optimal N»/CO,
proportions. Indeed, a higher ratio of CO; increases the
gain (signal-to-background ratio increased) but a too
high ratio of CO; creates breakdown problems due to a
carbon deposit on the GPRT’s elements. Investigations
are still ongoing.

4 Tests with a proton micro-beam

4.1 Set up description

After the main characterizations and checks of the
GPRT, the quantitative properties have been studied
thanks to a proton micro-beam delivered by the AIFIRA
facility. The rate of recoil protons during a cross section
measurements would be around 1 proton/s. We thus
need few protons/s entering the GPRT for our tests. To
get such a beam, the initial beam was defocused and
passed first through a micro collimator with a diameter
of 20 um standing at the entrance of a dedicated
chamber (see Figure 7). An aluminum mylar window
was used to separate the vacuum of the accelerator from
the gas filled chamber. As both the first collimator and
the window scatter protons, a second collimator of 2 cm
upstream the detector was used. Downstream the GPRT,
a silicon detector was used as reference. Finally, a set-



up inside the chamber allows to move the GPRT on two
directions so the beam can be sent closer or further from
the anode or on the side.

Fig. 7. Scheme of the designed chamber designed for this
experiment.

4.2 Intrinsic efficiency

All the details of the intrinsic efficiency measurements
can be found in [14, 15]. The intrinsic efficiency has first
been studied with an alpha source delivering
4.5 alphas/s inside the GPRT. The efficiency was thus
(99.2 £3.7%5 £ 1.18%) %, compatible with an intrinsic
efficiency of 100%. This result has been checked with
the proton micro-beam and confirmed for a rate of less
than 3 protons/s. However, this efficiency decreases
when the rate increases, down to 7% for 366 protons/s
with a 50% efficiency for 38 protons/s. This problem
has then been checked with an electronic bench test and
it has been confirmed that it comes from the software or
the hardware of the acquisition system. This issue is
under investigation.

4.3 Energy and spatial resolution

The detection plane has quite large pads (0.5%0.5 cm?
for the small ones) but it is still relevant to study the
spatial resolution because the proton energy will be
inferred via its range. It has been observed that the signal
switched from one pad to its neighbor as the beam is
shifted by 0.5 mm to the side. This effect is also
observed when the primary electrons drift for 2 cm.

The energy resolution has also been studied
thanks to the proton micro-beam. No quantitative
results have been obtained but the energy resolution
seems good enough for the requirements since the
proton energy will not be reconstructed with the
detected energy on each pad.

5 Conclusion

The GPRT is an almost-functional prototype that will be
used to design the operational detector to measure
neutron fluxes for fission cross section measurements.
Its aim is to detect recoil protons for incident neutrons
energy between 200 keV and 2.5 MeV.

As the GPRT allows the track reconstruction in three
dimensions, this detector is a Time Projection Chamber.

The low sensitivity to gamma and electron
background has been checked and wvalidated under

irradiation. Thanks to a field cage that can be adjusted,
the electric field is uniform and stable under irradiation.
Some minor edge effects are still present but they only
impact the first and last columns of pads. The energy
and spatial resolutions have been investigated and
present no constraint for our use. The intrinsic efficiency
has been studied and is 100% for low protons rates and
decreases when the rate increases. An investigation is
carried out to improve the acquisition system
performances.

Finally, once the intrinsic efficiency issue is solved,
a new GPRT will be designed with (i) a more robust
behavior with respect to breakdowns issues since they
prevent a good reliability of the GPRT, (ii) a better
design geometry to reduce the uncertainties of the
geometric efficiency and (iii) the number of pads may
be increased to get a better track reconstruction.
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