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of one ionization and one proportional chamber. A micromesh separates the two communicating
regions, where two different electric fields establish respectively a charge drift and a charge multi-
plication regime. The n TOF facility at CERN provides a white neutron beam (from thermal up
to GeV neutrons) for neutron induced cross section measurements. These measurements need a
perfect knowlodge of the incident neutron beam, in particular regarding its spatial profile. A posi-
tion sensitive micromegas detector equipped with a 10B based neutron/charged particle converter
has been extensively used at the n TOF facility for characterizing the neutron beam profile and
extracting the beam interception factor for samples of different size. The boron converter allowed to
scan the energy region of interest for neutron induced capture reactions as a function of the neutron
energy, determined by the time of flight. Experimental results will be presented and compared to
simulations, performed by means of the FLUKA code.

I. INTRODUCTION

The n TOF facility [1] at CERN is a high fluence
spallation neutron source aiming at (n,f), (n,γ) and
(n,charged particle) cross section measurements. The
number of reactions induced in a target by an incident
neutron beam is proportional to its intensity, which at
n TOF is accurately determined with two flux moni-
tors. When the diameter of the incident neutron beam
is wider than the lateral dimensions of the sample, only
a fraction of all incident neutrons intercepts it and can
induce a reaction. In this case, an effective neutron
flux Φeff (En) = Φglob(En)

∫
A

k(x, y, En) dA has to be
determined, with

∫
A

k(x, y, En) dA /
∫
∞ k(x, y, En) dA =

b.i.f.(En), where Φglob represents the global neutron flux,
k(x, y, En) is the function describing the shape of the
beam profile, and b.i.f.(En) is the beam interception fac-
tor, defined as the ratio of the number of neutrons in-
tercepting the target to the number of neutrons in the
beam.

The value of the beam interception factor is a function
of the geometry of the beam and of the target and it
is therefore measured with a position sensitive detector.
The study of the shape of the beam profile is moreover a
tool for checking possible beam misalignments.

At n TOF a micromegas detector has been chosen for
performing beam imaging and measuring the beam inter-
ception factor.

II. EXPERIMENTAL SETUP

Micromegas detectors [2] are gas detectors consisting of
a stack of one ionization chamber and one proportional
chamber separated by a subtle mesh. When a charged
particle passes through the gas, electron and ion pairs
are created and drift towards electrodes in opposite direc-
tions under the effect of an electric field. The electrons
reach the mesh and pass through entering the propor-
tional region where they are multiplied. The signal can
be extracted both from the anode and from the mesh. On
the basis of the building procedure, we distinguish among
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simple micromegas detectors, bulk [3] type micromegas
and microbulk [4] type micromegas.

The first n TOF beam profiler was a micromegas de-
tector of bulk type, with a radius of 4 cm and a square
anode of 6 cm side segmented in 2 orthogonal directions
by 106 strips. The detector was equipped with a neu-
tron to charged particle converter 2 μm thick in the form
of BC4 enriched in 10B and it was filled with Ar (88%)
CF4 (10%) and C4H10. Gassiplex cards performed the
readout of the anode.

The second n TOF beam profiler is a pixelized mi-
cromegas detector of 5 cm diameter. Each quarter of
the detector is composed by 77 pixels with a pitch of 2.5
mm. The detector was operated with the same converter,
gas and electronics as the previous one.

III. ANALYSIS

Whenever a neutron interacts with the converter, an α
particle and a 7Li nucleus are produced. One of these two
particles (or sometimes both) enter the gas and induce
a signal both in the mesh and in the anode. The mesh
signal is used to trigger the readout of the anode and gives
the time when a neutron interacted with the converter.
This time is translated into kinetic energy of the neutron
using the time of flight technique. The mesh (black line)
and anode (red line) signals, as read by the gassiplex,
corresponding to a 7Li nuclei are displayed in Fig 1.
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FIG. 1. Signal generated by a 7Li particle in the mesh (black
line) and in the anode (red line) as read by one gassiplex card.

In order to determine the point of interaction between
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the incident neutron and the converter, the signal aquired
by the gassiplex has to be treated. A pedestal run (de-
tector fed by high voltage but no neutron beam present)
is performed, allowing to determine the baseline level in
each strip (or pixel). This baseline is subsequently sub-
tracted from the signal aquired in presence of the beam,
strip by strip (or pixel by pixel). A threshold is applied to
the resulting signal and all the strips (or pixels) showing
a residual higher than such threshold are taken into ac-
count. A routine for cluster recognition is subsequently
applied, to discard strips (or pixels) too far away from
each other and clusters of too high multiplicity. The in-
teraction point is in the end obtained by calculating the
center of charge of the clusters.

IV. RESULTS

A. Strip Detector

The beam profile extracted from the strip detector was
not at all symmetric. This was partly imputed to a mis-
alignment of the n TOF beam optics and partly to a de-
fect of construction of the detector. It was therefore de-
cided not to employ the strip detector to extract the beam
profile, but just as a flux monitor: the signal was not ex-
tracted from the strips, but only from the mesh and the
number of interactions between the neutron beam and
the converter was monitored for different movements of
the movable collimator of the n TOF facility. The align-
ment position, corresponding to the maximization of the
number of interactions, was found in correspondence of a
tilt upstream of the collimator of -8 mm and and -6 mm
downstream. After aligning the n TOF beam optics, the
strip detector was replaced by a new beam profiler with
a pixelized readout.

B. Pixelized Detector

The shape of the beam profile extracted from the pix-
elized micromegas detector proved the achieved align-
ment of the beam optics.

The comparison between the beam interception fac-
tor experimentally determined and the one obtained by
running FLUKA [1, 5] simulations is shown in Fig. 2
as a function of the incident neutron energy for 2 dif-
ferent target radii. The agreement between simulations
and experimental data is within 4%, but at low energies,
where simulations do not take into account the neutrons
scattered in the experimental area, and at high energies,
where more statistics is needed.

V. CONCLUSIONS

Two micromegas detectors of bulk type have succefully
been used for aligning the beam line, studying the beam

FIG. 2. Ratio of the experimentally determined beam inter-
ception factor to the simulated beam interception factor.

profile and extracting the beam interception factor at the
n TOF facility at CERN. The results of the the beam
interception factor experimentally determined and of
the one obtained by running FLUKA simulations show
a good agreement. The discrepancies at high neutron
energies can be reduced by increasing the statistics. At
low neutron energies additional simulations are being
performed. A pointwise agreement within 3% is reached
in the region of interest.
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