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A small-mass system has been developed for monitoring the flux of neutrons with energy up to 1 MeV at the
new time-of-flight facility at CERNn_T'OF. The monitor is based on a thin Mylar foil with®L: deposit,

placed in the neutron beam, and an array of Silicon detectors, placed outside the beam, for detecting the products
of the®Li(n, «)® H reaction. The small amount of material on the beam ensures a minimal perturbation of the
flux and minimizes the background related to scattered neutrons. Moreover, a further reductior-oayhe
background has been obtained by constructing the scattering chamber hosting the device in carbon fibre. A
detailed description of the flux monitor is here presented, together with the characteristics of the device, in
terms of efficiency, resolution and induced background. The use of the monitor in the measurement of neutron
capture cross-sectionsatT’ O F is discussed

1 Introduction fundamental. At the same time, any device used for the neu-
tron flux determination should present the lowest possible
In the last few years, new ideas and development in themass, for minimal perturbation of the neutron beam and for
field of nuclear technologies has led to a renewed interestminimizing the contribution of background induced by scat-
in neutron cross-section data. The need for new measuretered neutrons. At a time- of-flight facility, minimization of
ments on a variety of isotopes is mainly related to the de- all possible background component is of vital importance,
velopment of innovative systems for energy production and since no other method can be applied for background iden-
for nuclear waste incineration [1, 2, 3]. In particular, nu- tification and rejection. The accurate determination of neu-
clear data are necessary for the feasibility study, and eventutron cross-sections relies on a precise determination of the
ally for the design and construction of Accelerator Driven neutron flux and its energy dependence. The flux determi-
Systems. Cross-sections for neutron capture and fissionnation can be achieved by measuring the number of protons
induced reactions are needed for the isotopes involved inimpinging on the lead target [6] giving an accuracy greater
the Thorium- Uranium fuel cycle, as well as for many long- than 1%, too large for our purpose. Moreover, this meth-
lived fission fragments and actinides that constitute mostods cannot ensure that the same accuracy exists on the neu-
of the high radiotoxic nuclear waste. Neutron capture datatron flux reaching the sample, due to the possible presence
are also needed for many specific isotopes to address quesf other effects related to the spallation target or the proton
tions in Nuclear Astrophysics [4] that are still pending. With beam optics. A much more reliable information can instead
the aim of allowing new, accurate measurements of neutronbe obtained by measuring the neutron flux in the experimen-
cross-sections, an innovative neutron time-of- flight facil- tal area, at a relatively small distance from the experimental
ity, n.TOF [5], has recently been constructed at CERN. At apparata. Overall, particular care has to be devoted to mini-
n_TOF, neutrons are produced by spallation of 20 GeV/c mizing the perturbation of the monitor on the neutron beam
protons from the PS accelerator impinging onto a Pb block and the contribution to the background in the experimental
surrounded by a 5cm water layer acting as refrigerator and asarea. Neutron scattered from the material placed in the beam
moderator. An experimental area is currently located at thecan in fact directly generate spurious hits in the detectors or
end of a 200m long time-of-flight tunnel hosting the vacuum undergo interactions in the material surrounding it, with the
tube, 2 collimators for beam shaping, a swiping magnet andproduction ofy-rays or secondary neutrons. The effect can
several concrete and iron walls for shielding. The main char- pe particularly important in the measurement of capture re-
acteristics of thee 7O F' neutron beam are the wide energy actions, due to the high sensitivity of the employed detectors
spectrum, which extends from thermal energy up to severalto y-rays. To this respect, it is fundamental to minimize the
hundred MeV, the very high instantaneous neutron flux, up material present in the beam, since this may significantly
to 3 orders of magnitude larger relative to previously exist- increase the amount of scattered neutrons or of secondary
ing facilities, and the high-energy resolution. All those fea- particles (in particulas-rays) produced by neutron interac-
tures make the _T'OF facility very convenient for measur-  tion with the material inside the experimental area. For this
ing capture cross-sections of radioactive isotopes, as well ageason, a low mass detector was constructed BO F for
for low-mass samples. The measurements &0 I are ex- monitoring the neutron flux.
pected to improve currently available databases, by increas-
ing the accuracy for many isotopes, as well as to provide
cross-section data for reactions never measured before.

1.1 Physics requirement and motivations . :
1.2 Working operation
The accuracy of the neutron cross-section measurement is

related, among other factors, to the possibility of monitoring

the neutron flux with high precision. In particular for capture The device (a schematic sketch of the apparatus is reported
reactions, data of the sample under investigation have to ben Fig. 1) consists of a thin Mylar foil, with a deposit of.i
compared to a reference measurement, performed for a sam(or % Li compound), inserted in the beam. It allows to mon-
ple with well known cross sections. In this case, a measure-itor the neutron flux from thermal to approximately 1 MeV
ment of the neutron flux for relative normalization becomes [7] .
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some specific applications of the monitor, such as, for ex-
ample, the precise measurement of the flux in a resonance

Figure 1. Schematic picture of the neutron flux monitor detec- r?glon'_ Increasing the thickness of thei layer, the effi- .
tor. Upper panel: 3D view of the silicon detectors and the neutron CIENCY increases too, but at the expenses of the resolution
beam. Lower: technical drawning shows the 45 degree position of mainly due to the energy loss in the layer itself. Further-
the silicon detectors and the position of the mylar foil. Thand more, for thick layers, a fraction of the particles may be
tritons produced in the reactidhLi(n, o)t are collected in four stopped inside the deposit. From the simulations, a good

silicon detectors placed around the neutron beam. triton-o particle separation is observed for thickness up to
\ 200 pg/cm? of pure®Li. Since®Li is highly reactive, and
The detection of the tritons ardparticles from thé Li can quickly oxidize when exposed to air, a better choice for

capture reaction is performed with an array of Silicon de- the deposit may be represented difa compound, such as
tector placed outside the neutron beam, at a small distancé L;F. Simulations were also performed for this material for
from the foil. In this way, the overall background produced comparison. However, the expected count-rate WitiF is
by the flux monitor is related only to the interaction of the lower than for a puré Li layer, for an equivalent-triton
neutron beam with the Mylar foil and tfd.i deposit, both  separation. To minimize the number of scattered neutrons
of them relatively thin. The setup operates under vacuum,from the hydrogen contents in the mylar foils, a small tick-
and is mounted in the experimental area along the neutromess of 1.5:m has been used. A Mylar foil 1,6m thick is
beam line. A further minimization of the background in- typically used as target of the flux device with a procedure
duced by scattered neutrons has been achieved by constructptimized by the target laboratory of the Laboratori Nazion-
ing the vacuum chamber in carbon fibre. Silicon detectors of ali di Legnaro (hereafter LNL). The procedure consists in
rectangular shape, 6 xen?, are placed tangent to a sphere, making a sandwich of 4L layer between two very thin
with the Mylar foil on its center, at a polar angle of 45 de- layers of Carbon, which prevent oxidation at fiei-air in-
grees. terface or at the MylafLi interface due to the porosity of
the Mylar foil. A 10g/cm?C layer seem sufficient for iso-
. . lating the® Li layer from air. First, a layer of C is deposited
2 The simulations on the Mylar.% Li is then evaporated on the foil, and on top
of it a new deposit of C is made. The stability of such a pure
For a realistic prediction of the triton and particle spec-  °Li deposit has been verified over several months of expo-
trum, the energy resolution of the Si detectors was includedsure to air. The choice of the Si detectors was based on the
in the simulation, using the realistic values for the noise level need of a large area, low capacitance, low dead-layer and
of few hundred keV. As shown in Fig. 2 for very thin deposit ease of operation. The device chosen is a 3@0detectors
of °Li, thea and the triton peaks are clearly separated. On from Micron Semiconductor, with 6x4m? area and seven
the other hand, the efficiency corresponding to such a layerstrips (for a course position information). The flux monitor
of the active deposit is low, and may not be sufficient for has been mounted and operated atthHEOF facility. A
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foil with 200 pg/em? of pure®Li, deposited between two

layers of 10ug/cm? C was employed in the first measure- 10000
ments. Fig. 2 shows the amplitude distribution of the signals
recorded in the Silicon detector. The regions corresponding

to the tritons andv-particles are clearly separated, as ex- &ooo
pected. For comparison, the prediction of the Monte Carlo
simulations, assuming a resolution of 150 KeV, are reported
in the figure, showing a remarkable agreement. The part of
the spectrum corresponding to the lowest energparticles
falls below the threshold, determining a loss of efficiency. 4000
Although this can be estimated from the simulations, more y —data
accurate results are obtained by concentrating on the analy- alphas Il == simulation

sis of the tritons, which have also the advantage of providing
a more precise timing information. ‘
To extract an absolute flux from the Silicon detectors, a 0 Lo b Lo B :

correction for the® Li(n, o)t cross-section and for the ge- ¢ ! 1 2 28
ometric efficiency of the apparatus has to be applied. In

following analysis, the ENDF/B-VI database was used for Figure 3. Energy spectrum recorded in the Silicon Detector, ob-
neutron energies up to 1 MeV. The geometric efficiency was tained from the reconstructed amplitude of the signal digitized with
estimated by means of the Monte Carlo simulations, per- the Flash ADC. For comparisqn, the .prediction of the MonteCarlo
formed with the code GEANT3.21. The exact geometry of Simulations are shown in the figure (line).

the foil and of the Si detectors was implemented in the code,

as well as the neutron beam profile. The extracted value is

tion with 4 Si detectors. dence measurements. The Silicon detectors are mounted on

a printed cupper board, connected to the frame. For each de-
tector, the printed circuit terminates on a LEMO connector

- . mounted on the cap (see Fig. 2). All elements of the scat-
3 The Carbon fiber Scattermg cham- tering chamber, that is the main cylinder, the two flanges,

ber and the construction of the de- the ports and the frames for the foil and the detectors, are
made in carbon fibre. The T800H fabric was used for this

vice purpose, glued together with epoxy resin. To optimize the
strength of the chamber and minimize the material, the main

As already mentioned, a reduction of the background com-body of the chamber was made in one piece only. At the
ing from the scatter neutrons captured in the surroundingLaboratori Nazionali di Legnaro, the finite element calcula-
materials can be obtained by minimizing such material. tions have been made, and all molds has been constructed,
Since the device has to be hosted in a vacuum chambexwhile the lamination of the fiber has been performed by an
we chose carbon fiber as material, since it conjugates theexternal company (RI-BA, Faenza, Italy). During the con-
low cross-section of Carbon for neutron interaction with the struction, a cupper socks was embedded in the texture of
good mechanical properties of the fiber as structural mate-the vacuum chamber, to improve the noise shielding of the
rial. The chamber hosting the device is mounted along theSilicon detectors. A vacuum leakage td~"mbar - [/s
beam line and has to provide a vacuum seal. For this reasonhas been achieved even though large flanges and large sur-
it has been constructed with an inner radius of 20 cm, from faces were employed, reaching the limit of the viton o-ring
7 to 3 mm thickness, and a length of 60,5 cm. Figure Fig. 3 seals. The final density of the material was estimated to be

Energy Deposition
in the 4 silicon detectors

| tritium

6000

38 4
Energy [Mev]

shows the device mounted at the entrance ofitHEOF 1.92g/cm3. To perform accurate simulations, an accurate

experimental area, along the neutron beam line. determination of the composition is needed, so that we per-
The foil with the®L: deposit, and the Si detectors used formed an RBS analysis. The following ratio for the most

for the detection of the products of the reactfdi(n, o)t abundant elements was found: C: O:N:Ca: Br=2:0.2

can be mounted through square flanges built on the cylinder,: 0.16 : 0.012 : 0.016 No information were available about
closed by flat caps hold in place by small clamps. A total Hydrogen content, but the amount can be roughly estimated
of five flanges (two small ones for the foil and two large from the amount of Oxygen yelding a ratio: H/O=7,5 1022
ones for the Silicon detectors, plus another one for insert- (atoms/cm?)/1,2 1022 gtoms/cm?) The thickness of the
ing directly a detector in the neutron beam) allow different chamber was chosen so to withstand a pressure of 7 bars, a
monitoring systems to be operated simultaneously inside thetolerance required by CERN for safety reasons. Compared
scattering chamber, whenever it is necessary to maximizeto the requests for Aluminium, the safety issue results in a
the count-rate or to cover different regions of the neutron en- slightly thicker chamber. However, given the larger density
ergy range. Each sector is equipped with a frame for mount-of the Aluminium, and the higher average capture cross- sec-
ing the foil and two frames for the detectors. All frames are tion, the use of carbon fibre results in a reduction of approx-
mounted on the caps of the flanges, through rails that allowimately 1/3 in weight, and much more in terms of induced
a precise positioning. The detectors can be positioned inbackground (see figure Fig. 4).
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Figure 4. Upper panel: View of the detector sector placed on the
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The internal electrical layout between the detectors (in-
side the chamber) and the preamplifier (a box outside) are
very important to reduce the noise. A good results was ob-
tained by making an 50 ohmm adapted printed circuit that
can hold the detectors, and transfer the signal from them to
the flange where the preamplifier are mounted by using 50
Ohm adapted tracks (see upper part of figure Fig. 5).

4 Conclusions

A low-mass neutron flux detector has been set-up to moni-
tor the neutron beam at the newI'OF facility at CERN.

The main features of the device are the minimal perturbation
of the beam and of the induced background. This has been
achieved by inserting in the neutron beam only a thin My-
lar foil with a ®Li (or a%Li-compound) and using carbon
fiber as constructive material. An array of Silicon detectors,
used for recording the charged products of {tig(n, o)t
reaction, is placed outside the beam around the foil. In a
setup with 4 detectors, a geometric efficiency higher then
10 % is achieved when analyzing only tritons. The chamber
allows for several monitoring sectors to be operated simulta-
neously. A particular procedure has been used to evaporate
a pure®Li deposit that remains stable even when exposed

largest square flanges (see lower panel). Here the silicon detecto air for several weeks. The flux monitor here described

tors are visible, together with the 50 ohmm adapted printed circuit
and the LEMO connectors. Lower: view of the entrance of the
beam line, where the flux monitor detector has been mounted. Two

has been mounted inside thel' O F' experimental area and
operated in the first measurement campaign. The device ha:

large flanges host the LEMO connectors (see upper panel) whichbeen used in the measurements of capture reactions, for the
give out the connections of the detectors placed inside the chambemeutron beam characterization, as well as in the first cam-

The external box hosts the preamplifiers.

Aluminum chamber

Carbon fibre chamber

Induced background (y/n)

10* 10°

Neutron energy (eV)

Figure 5. Results of the simulation of the induced background for
a vacuum scattering chamber made of Carbon Fiber (CF) and Al-
luminum. the comparison shows the clear advantage of using CF
even if a safety coefficient 7 was used (see text).

paign of dedicated measurements.
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