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A compact device for monitoring of fast neutron fluxes is presented. The device is based on single crystal
diamond obtained by the Chemical Vapor Deposition technique coupled to a uranium converter foil where neutron
interaction results in emission of charged particles detected inside the diamond. Thermal and fast neutrons are
detected using natural uranium containing both 235U and 238U. Biparametric (pulse height and time of flight)
data collection was used at the ISIS pulsed neutron source to distinguish events from 235U, 238U and from carbon
break-up reactions inside the diamond.

The interaction of high energy cosmic rays with
the earth’s atmosphere generates a flux of sec-
ondary particles including high energy neutrons
[1]. Single Event Upsets (SEU) can occur when a
high energy neutron, interacting in the sensitive
region of an electronic device, disrupts its cor-
rect operation [2]. Spallation neutron sources can
provide a neutron energy spectrum similar to the
atmosferic one, with much higher fluxes for accel-
erated neutron testing. A new beamline named
CHIPIR for SEU studies will be constructed at
the ISIS spallation neutron source [3] where ex-
perience on neutron irradiation testing is grow-
ing [4,5] and new concepts for fast neutron beam
monitors are being tested [6]. One line of devel-
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opment is the monitoring of the neutron flux on
the electronic board or chip which requires com-
pact detectors. Diamond detectors are suitable
candidates [7]. They are normally used as Single-
crystal Diamond Detectors [8] in which case neu-
tron detection takes place via carbon break-up re-
actions in the diamond itself. In this paper a com-
posite detector called Fission Diamond Detector
(FDD) is presented where a thin (25 μm thick and
4 mm2) natural uranium foil is placed in front of
a diamond detector grown by microwave-assisted
chemical vapour deposition [9,10]. Heavy frag-
ments from neutron induced fission in uranium
deposit a large amount of energy (tens of MeV)
in the diamond. Fission events are thus recorded
together with intrinsic events due to 12C(n,α)9Be
and 12C(n,3α)n and 12C(n,n)12C reactions in the
diamond. Fission events due to fast neutrons can
be separated from other detection events, making

Nuclear Physics B (Proc. Suppl.) 215 (2011) 313–315

0920-5632/$ – see front matter © 2011 Elsevier B.V. All rights reserved.

www.elsevier.com/locate/npbps

doi:10.1016/j.nuclphysbps.2011.04.041

http://www.elsevier.com/locate/npbps
http://dx.doi.org/10.1016/j.nuclphysbps.2011.04.041
http://dx.doi.org/10.1016/j.nuclphysbps.2011.04.041


the FDD a candidate fast neutron flux monitor in
CHIPIR.
The neutron production at ISIS relies upon

spallation reactions induced by 800-MeV pro-
ton bunches accelerated through a synchrotron
[11]. Protons are extracted into two bunches
(about 320 ns apart) and delivered to a Tungsten-
Tantalum target. The estraction frequency is ei-
ther 10 or 50 Hz and the time-average current
is about 200 μA/h. The ROTAX beamline used
in the present tests, has a methane moderator at
95 K providing a fast neutron spectrum scaling
roughly as 1/En. The FDD was placed at a dis-
tance of 15.5 m from the moderator and the dia-
mond bias voltage was 30 V. The natural uranium
foil was placed in front of the aluminum contact
at a distance of 2 mm leaving a small air gap to
ensure insulation without preventing fission frag-
ments from reaching the diamond volume.
The electronic signal chain consisted of a cus-

tom made charge preamplifier (integration time of
500 ns), a Timing Filter Amplifier and a N1728
CAEN Waveform Digitizer [12]. Data were col-
lected in biparametric mode, where pulse height
and time of each detection event are stored. The
CAEN firmware implements a trapezoidal filter
[13] to determine the pulse height. Neutron time
of flight is determined off line with reference to a
proton pulse logic signal which is also stored at
every ISIS pulse.
Data were collected for 24 hours, for an integrated
proton current of 3578 μA/h.
The data recorded by the FDD detector are

shown in figure 1 as a scatter plot. On the vertical
axis the pulse height is shown in terms of Ed,
the equivalent energy deposited in the detector.
On the horizontal axis the time of flight, tToF, is
plotted.
The recorded events can be divided in three

areas as shown in the diagram.

i. Flight times in excess of 1500 ns are asso-
ciated with neutrons well below the U238

fission threshold. These events are due to
235U fission or to α-particles from uranium
decay.

ii. Events with Ed>20 MeV and tToF<1500 ns
must be associated with heavy fission frag-

Figure 1. Biparametric (pulse height Ed and time
of flight tToF) scatter plot of data recorded with the
FDD detector in the ROTAX neutron beam line at
ISIS.

ments from the uranium foil since deposited
energies Ed>20 MeV are not observed when
the uranium foil is removed from the FDD
[8]. The contribution of 235U fission is com-
paratively low and can be estimated from
the event rate measured above 1500 ns; it
is thus reasonable to assume that 238U fis-
sion by fast neutrons is responsible for the
events with Ed>20 MeV and tToF<1500 ns.

iii. At deposited energies Ed<20 MeV and
flight times tToF<800 ns the dominant re-
action mechanism is carbon break-up in di-
amond, see [8].

The ToF spectrum derived from the data of
figure 1 with Ed>20 MeV is shown in figure 2.
The TOF spectral shape is significantly differ-
ent from the one obtained integrating events of
Ed<20 MeV [8]. This is due to the dominant con-
tribution of neutrons in the energy range 1 MeV-5
MeV which are detected through the induced fis-
sion reactions in 238U since they are below the
threshold for reactions with 12C. In order to un-
derstand the spectrum in more detail a model
calculation can be made. For a pulsed neutron
source where all neutrons leave the moderator si-
multaneously the number of recorded events per
unit tToF can be written as:

N(tToF) = K · σ(E) · φ(E) · dE

dtToF
(1)

where K is a proportionality constant, σ is the
238U fission cross section, φ is the neutron flux
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Figure 2. ToF spectrum derived from the data of
figure 1 with Ed>20 MeV. Also shown is a simulated
tToF spectrum (see text). The error bars are statisti-
cal.

per unit neutron energy (e.g. in units of cm−2

s−1 MeV−1) on the uranium foil and dE/dtToF is
the Jacobian of the energy-tToF transformation.
In our case the time structure of the fast neu-

trons leaving the moderator can be described by
the measured proton pulse structure, i.e. two
Gaussian bunches 320 ns apart. The line in fig-
ure 2 is the result of the convolution of the proton
pulse structure with the result of Eq. 1 where a
reference MCNPX [14] neutron spectrum for the
ROTAX beam line was used. The fission cross
section from [15] provides values up to En=200
MeV. The agreement between data and simula-
tion after adjustment of the constant K is rather
good and confirms the identification of the se-
lected events with 238U fission events with little
or no contribution from other processes or other
types of radiation. It therefore seems feasible to
proceed with the development of an FDD opti-
mized for the CHIPIR application. The absolute
efficiency of the FDD is much lower than ordi-
nary fission chambers since it scales with the de-
tector surface. It is also substantially lower than
Thin Film Breakdown Counters [16] for the same
reason. Otherwise the FDD response should be
similar to other uranium-based detectors.
In conclusion, first tests of a Fission Diamond

Detector prototype at the ISIS pulsed neutron
source show that the FDD concept has the poten-
tial to be used as a compact fast neutron monitor
in irradiation experiments. Biparametric (pulse

height and time of flight) data collection is essen-
tial for a correct separation of events from 235U,
238U and from carbon break-up reactions inside
the diamond. The FDD is also sensitive to ther-
mal neutrons, a feature that could also find appli-
cation in accelerated neutron testing of electronic
devices.
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