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'European Spallation Source ERIC, . . .
22100?Lund,p5weden The European Spallation Source ERIC (ESS), currently under construction in Lund,

Full list of author information is Sweden is a facility established to deliver the highest integrated neutron flux

available at the end of the article originating from a pulsed source with the aim of supporting an initial fifteen neutron

instruments for cutting edge science experiments. This in turn requires reliable
monitoring at complex neutron beam lines: in particular, linearity, timing capability,
adaptability of the design for various flux ranges (dynamic range) and sensitivity to
neutrons within the range of 0.6-10A are expected from the neutron beam monitors
to be installed at the ESS beam lines. Additionally, operational stability and low
attenuation are also desirable characteristics for such neutron beam monitoring.

A prototype neutron beam monitor based on the ionisation chamber principle and a
boron converter, designed by COT CASCADE Detector Technologies GmbH and ESS,
has been investigated at the BER-Il research reactor of Helmholtz Zentrum Berlin
(HZB). The effort to design and investigate a thermal neutron ionisation beam
monitor was initiated by adapting the concept of ionisation chambers previously
known elsewhere. So far all the characterised neutron beam monitors discriminate
neutron hits on a discrete event basis (pulse mode), whereas the beam monitor
prototype introduced in this paper estimates the total flux as a function of current
(current mode). While most other neutron beam monitoring devices and detectors
rely upon a signal amplifying gain stage, the ionisation chamber operates without any
gain and is consequently robust against typical detector ageing effects that
compromise the sensitivity over time. The initial tests were performed at the ESS V20
test beam line under realistic conditions resembling those of the future pulses of ESS.
The linearity is demonstrated for 3A pulses in the flux range of 2-3 x 10° n/s/cm? and
for white pulses (0.6-10A) in the range of 1-5 x 10° n/s/cm?. The timing behaviour
resembles the data previously recorded at the V20 beam lines. This novel
implementation of a neutron sensitive ionisation chamber shows great promise for
beam monitoring and diagnostics at ESS. As the ionisation beam monitor itself is an
entirely passive device, it is adequately robust to be employed in areas of high
irradiation where no regular servicing or maintenance can be provided.
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1 Introduction

The purpose of neutron beam monitors is to sample the neutron beam whilst leaving it es-
sentially unperturbed. Thermal neutron beam monitors are neutron detectors with low ef-
ficiency (107°-1072) and preferably low attenuation. Only a low fraction (typically < 5%) of
neutrons is scattered/absorbed and an even lower fraction is subsequently detected, which
ensures that the neutron beam is left undisturbed for further purposes. Neutron beam
monitors can be permanently or temporarily placed in the neutron beam lines in order to
characterise moderator performance and in-monolith optics, perform chopper diagnos-
tics, spectral normalisation, transmission measurements and calibration of flight paths
[1]. Typically neutron detectors and neutron beam monitors are discrete-event based de-
tectors: when a neutron hits the detector converter (1°B, °Li, 2N, 22>UO, or 3He [2—4] are
often used as converters for thermal neutrons), charged ions are released, which by subse-
quent processes trigger an electronic system and a pulse is produced. For an appropriate
energy threshold this pulse corresponds to a single neutron hit. The neutron energy is not
directly measured and must be obtained via the concept of the time-of-flight (TOF) [5]. In
contrast, high energy particle accelerators typically utilise ionisation chambers for beam
loss monitoring.

This paper, however, presents the possibility of measuring the neutron beam flux, in-
stead of with the identification of discrete events, by measuring the current by integrating
the charge generated by the interaction of the chamber with the neutron beam in discrete
time intervals.This concept has been well characterised for charged particles and y-rays
[6, 7] and ESS plans to deploy several ionisation chambers to monitor the beam loss at the
LINAC proton beam accelerator [8, 9]. By selecting the appropriate neutron converter, the
concept can have a suitable utilisation for thermal neutron beam characterisation as well.

The ESS [10-12] is established to design, construct, commission and operate a multi-
disciplinary research facility based around a neutron source with unique properties, en-
abling in turn scientific discoveries in its planned fifteen instrument stations [13]. The
uniqueness of the source lies in neutrons produced from an accelerated proton beam col-
lisions in a rotating Tungsten target, delivered in 2.86 ms long pulses at the frequency of
14 Hz. The neutron flux at its peak will be approximately 30 times higher than the flux
from any reactor source and 5 times higher than the flux from any other currently oper-
ational spallation source [10]. The described pulse structure in addition with the possi-
bility for bispectral (thermal and cold neutrons) extraction from the neutron moderators
[14, 15] allows for the use of beams with rates and a range of neutron wavelengths that
will be unprecedented when ESS reaches its foreseen operational power. The unique long
pulse structure will be present even for initial operations at ESS with low power. Subse-
quently, new possibilities for the experimental research in material sciences are envisioned
[16-19].

The range of wavelengths transported to the instrument sample position runs from 0.6A
to ca. 15-20A. The lower limit is given by the constraints of neutron transport through
curved waveguides [20], while the upper limit by the difficulty in transporting ultra-cold
neutrons. A number of beam monitors [2] are to be placed along the beam lines for the
various use cases mentioned earlier. The multitude and complexity of the ESS beam line
components, much higher than in existing neutron sources, imply a greater need for mon-
itoring. Therefore, aside from previously characterised beam monitors [2, 3, 21-27] based
on discrete events, the concept of an ionisation chamber with a boron converter produc-
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ing continuous current has been suggested as a candidate for the location close to the
so-called bunker, a shielding block surrounding the target monolith that hosts the extrac-
tion and primary optical transport guides and in some occasions even chopper systems
[28]. At least one beam monitor per instrument is foreseen to be placed inside the bunker
zone. A desirable characteristic for the monitors in these locations is also to perform quasi-
parasitically, i.e. by minimisation of the material in the beam, the beam would be left al-
most undisturbed. This work describes the principle of an operation of such an ionisation
chamber, the specific design used for the V20 beam line tests, the experimental procedure
and its results, and finally it suggests the optimisation for the design for high neutron flux
fields based on variable parameters.

2 Principle of operation

Ionisation chambers are widely use to monitor beam energy losses and therefore used
for beam monitoring in high flux and low flux environments in general—an example can
be beam loss monitoring [29-31]. The losses from high energy proton beams are large
particle showers, including all particle species and the resulting detected signal is a com-
bination of all of these. The dominant component depends on the location of these beam
monitors. Often the signal is dominated by signals from y or fast neutrons [32, 33]. Similar
principles, but based on diamond detectors, are also used for beam loss monitors at the
experiments at the Large Hadron Collider at CERN [34]. Ionisation chambers can be used
in both event mode and continuous current mode. The concept of an ionisation cham-
ber operating in current mode is a concept known for more than half a century in the
field of particle physics and dosimetry [35]. The event mode, widely used in general [21],
produces a pulse with each particle event. The continuous current mode, subject of this
article, delivers charge continuously which is proportional to the intensity of the incoming
beam of particles and is suitable for high flux environments. For high rates, recording each
pulse individually becomes a challenge for the detector electronics and can lead to pileup:
many pulses arriving at the same time. The current mode on the other hand continuously
produces current that corresponds to the flux of neutrons. With a dedicated electronic
shielding, current mode can achieve capability to measure both low flux and high flux
beams: very small signals can be measured too down to the detection of individual neu-
trons [36].

The accelerator group at ESS is using a new type of neutron beam loss monitor based on
gaseous Micromegas detectors with a polyethylene moderator that thermalises neutrons,
designed to be sensitive to fast neutrons and with little sensitivity to photons [37, 38]. The
transition between pulse and current mode is automatic in this detector. When pileup
occurs, the readout changes from extracting neutron rates via counting (counts per us) to
extracting counts via charge (event charge divided by average charge for single neutron).
The transition is based on a threshold setting on pulse duration. It continuously reports
counts in an 1 us window [39, 40]. Current mode based electronics can be applied even for
other commercially available detectors such as *He and BF3 proportional counters [41].

Figure 1 depicts two examples of an ionisation chamber for neutron beam monitoring.
Figure 1(a) shows an ionisation chamber filled with nitrogen (N5). The incoming neutron
interacts with the nitrogen nucleus and depending on the neutron energy, two reactions
can occur. For thermal neutrons: *N+n — *C+p+625.89 keV and for fast neutrons:
YN+n — "B+a-158 keV. The cross section for the thermal neutron (1.8A) capture re-
action with nitrogen is 1.83 b [42]. The efficiency is a function of the N, pressure: the
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Figure 1 Principle of operation of the lonisation Beam Monitor (I-BM). (a) I-BM filled with N gas. The neutron
(grey) hits the atom of "N and releases proton and Lithium (red solid lines). These travel in the gas, in turn
releasing electrons and ions that are then attracted to cathode and anode, generating electric current. (b) The
neutron (grey) hits the atom of '9B and releases a and Lithium (red solid line) back to back, so that only one
of them is travelling in the air in the detector and in turn creating ions that generate electric current

number of converted neutrons depends on the density of the gas as well as the mean free
path and cross section for the respective incident neutron energy.

Figure 1(b) shows an ionisation chamber filled with air of room temperature and a boron
coating B4C on both electrodes. When the incoming neutron hits the boron, two reac-
tions can occur: *°B+n — “Li*+a — Li+a + ¥ (0.48 MeV)+ 2.31 MeV (94% of the
time), 1°B+n — “Li+a + 2.79 MeV (6% of the time). The cross section for the neutron
capture reaction of '°B for thermal neutrons is 3840 b [43]. For two layers of 2.93 um of
B4C deposited on 100 um thick aluminium cathodes, the conversion efficiency is 7.74%
(calculated with [44, 45]). Only part of the & and "Li ionising energy is deposited, as the
mean free path of the « particle in air ca. 4 cm. For the I-BM (SN001) (with a gap be-
tween the chambers of 2 mm), the mean energy deposit amounts to 410 keV, resulting in
Qo = 24000e~ per converted neutron.

In order to distinguish the neutron signal from y-ray signal, a system of two ionisa-
tion chambers is introduced. There is a neutron sensitive ionisation chamber (one with a
neutron converter) and a reference chamber. If the reference chamber produces the same
signal as the neutron sensitive chamber, the event is considered a background or y event.
In terms of the design, the CDT I-BM (shown in Fig. 2) consists of two parallel round
disc capacitors with a gap of 2.0 mm, i.e. two chambers sharing a common high voltage
(HV) electrode. One of the chambers is neutron sensitive, coated with (2 x 2.92+0.05)
wm thick, 97% enriched 1°B,C layer. Note that this thickness is optimised for maximum
efficiency for the purposes of simplifying testing the monitor. It does not represent an opti-
mised configuration for an operational monitor. The outside electrodes (signal electrodes)
have an active diameter of 70 mm and a thickness of 100 um.

3 Design

The detector housing of the monitor is made of aluminium with the entrance windows be-
ing 100 pm thick. The chambers are isolated from the housing and connected via the two
signal electrodes to a noise and bandwidth optimised Transimpedance amplifier (TIA).
The signal cable has been designed as an ultra-low capacitance cable in order to perform
with the lowest possible noise. The schematic representation of the I-BM readout is pre-
sented in Fig. 3. As the HV electrode is sandwiched between the two chambers, the neu-
tron signal is fed to an inverting input, while the signal from the reference cell is fed to a
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Figure 2 The CDT I-BM together with its ultra-low capacitance cables. The diameter of the whole monitor is
ca. 20 cm and the sensitive area diameter is 70 mm
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Figure 3 Schematic representation of the I-BM readout concept. The symmetric parallel plate ionisation
chamber pair on the left is fed with a biasing voltage on its central electrode. One of the chambers is boron
coated. y-induced signals together with noise are annihilated while the neutron signal is read out by a
noise-optimised TIA, limited in bandwidth to about 125 kHz. In the final design the bandwidth is actually
limited to 50 kHz, precisely the bandwidth needed to detect a Gaussian pulse of 10us FWHM

non-inverting input. Since both current signals are fed through the same impedance, in
case the signals are the same in the neutron and the reference chambers, the total signal
is zeroed. It is the differential signal that acts as the total output of the TIA.

The relation between the neutron flux, ®., and the current (Iyonitor)/voltage (Uoue—T1A)
is given by equation (2), where ¢, is a detection efficiency for the coating thickness of 2.93
um layer on both cathodes with 97% of boron enrichment, Qg = 24000e" is the ratio of
generated electrons per converted neutron for a 2.0 mm gap, 2/3 is a factor related to

humidity. Ionitor is the differential current measured as an output in units of A and Uyt
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The detection efficiency of the boron coating used in this detector as a function of wave-
length is shown in Fig. 4. This thickness was chosen in order to perform the initial mea-
surements at V20, where flux is relatively low compared to the envisioned flux in the ESS
bunker zone. For later models of the detector the boron layers are expected to be much
thinner (e.g. 100 nm of enriched B,C) in order to optimise the detection efficiency with
respect to the neutron flux.

As described above, the signal from the reference chamber is subtracted from the signal
from the neutron sensitive chamber and the common differential signal is then optimised
in a TIA through the choice of input amplifier, feedback resistor, input capacitance (sensor
and cable) and compensation capacitance. The TIA is connected to a computer via a USB
cable and a dedicated data acquisition is used. When the time-stamping frequency w is
set for the highest time resolution option, the data readout stores an ADC value every 100
ns. The frequency of time-stamping can be set in units of 100 - 2¥ where k is a positive
integer from 0 to 15, i.e. the resolution can be set from 30.5 kHz to 10 MHz. The ADC
value can then be converted to units of voltage U or current I, where U = RI with a circuit
resistance of R = 3Q. The.emd data output format stores the ADC values in a form of a
float number while the TTL signal and the control of the data loss are stored in the form

of a hexadecimal counter. Clocks are reset every 213 - w ns, i.e. at 100 ns ~ 0.8192 s.

4 V20 beam line

The V20 beam line at HZB was designed to emulate the planned ESS pulse structure using
two counter-rotating double-disk chopper systems [46], that can deliver a 2.86 ms pulse
length with a repetition rate of 14 Hz. However, the flexible design of V20 offers convenient
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Figure 5 Experimental setup at the V20 beam line. The incident beam (red) passes from right to left through
two sets of choppers and a set of (x,y) slits before hitting the I-BM. The attenuated beam is monitored with a
reference Eurisys Mesures 3He beam monitor

control of both the flux and wavelength range of the neutron beam. The full extent of the
choppers and variable settings are discussed in [47].

In this work, the two double-disk choppers, source choppers (SC) and wavelength band
(WB) choppers, were used in both counter-rotation and co-rotation mode. These chop-
pers were earlier commissioned for ESS timing requirements [1]. The SCs were used to
modify the time structure of the pulse and therefore the incoming flux. For additional
measurements, the WB choppers were used to narrow the wavelength band, in order to
restrict it to a selection around 3.0A.

Figure 5 illustrates the experimental setup for the I-BM test. The neutron beam was
collimated using a set of slits with a rectangular opening of 3 x 3 cm?, placed at a distance
0f 47.18 m from the cold source. The I-BM was placed at a distance 47.42 m from the cold
source. A reference Eurisys Mesures >He beam monitor was placed downstream of the
I-BM at a distance of 50.36 m from the cold source.

5 Results

Figure 6 shows the raw signal from the I-BM recorded for the highest achievable flux on
V20 (ca. 3 x 10° n/s/cm? or 1.9 x 10° n per pulse). The frequency of time stamping was
set as 800 ns (there are 100 values/bins stored every 80 ms). The flux was high enough to
distinguish one pulse from another directly, without the necessity of averaging over time.
The expected 71.4 ms pulse length is depicted in the bottom figure. This is an important
result, concluding that the single neutron pulse measurement is absolutely possible when
having a neutron beam with high intensity.

Figure 7 is recorded for the same chopper settings as Fig. 6. It depicts the individual
neutron pulses summed and averaged over time. Here, the sharp spikes (an example of
which can be seen in the raw signals of Fig. 6, where 5 peaks reach values higher than 300
mV) are filtered away. The uncertainties represent the +o, where o is the coefficient of
the Gaussian fitting the distribution of the summed and averaged signals recorded at a
particular time bin in the pulse.

Similarly, Fig. 8 shows an average pulse with error bars of +o, where o is the fitting
coeflicient in Gaussian distribution of the signals recorded at a particular time bin in the
3A pulse setting. In this occasion the signal is 20 times weaker as the choppers select only a
part of the previously shown white pulse, but still clearly visible when averaged over time.

Further investigations on the signal disturbances that compromised the data taken on
the beam time revealed three fold sources that could meanwhile be successfully addressed:

1. high voltage discharges on internal corners
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Figure 6 Raw signal from the I-BM for a chopper setting producing a white pulse. The ADC values are stored
every 800 ns. The x-axis shows the time evolution, the y-axis shows the voltage created from the change of
the neutron flux in time. Left: the first 100 ms, right: zoom of third pulse
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Figure 7 Pulse characteristics of the highest flux achieved at V20 with the white pulse setting. The main
pulse is averaged over ca. 40000 pulses and the error bars represent the average Gaussian spread of the
values recorded at a particular timestamp

2. dust in the chamber that toggles upon biasing from one electrode to the other

3. residual switch mode power supply disturbances.

Signal quality in this precision measurement could now be improved such that even indi-
vidual neutron conversions may clearly be distinguished in the recorded current signal. As
an example, Fig. 9 shows the signal generated through the alpha-decay of a 22°Rn nucleus
which the detector gas had been doped with. This signal may be higher than the signal
of a converted neutron though it is similarly limited by the chamber’s gap width of 2 mm.
Under the same operating conditions, Fig. 10 shows how stable the device can be operated
when high voltage discharges and dust in the chamber are avoided.

Figure 11 shows the white pulse measurement transformed for comparison to reference
data. The raw ADC data are summed and averaged over time, as in Fig. 7. The voltage is
converted to intensity according to Eq. (2), the measured TOF is converted to wavelength
A based on the monitor distance from the cold source and the raw A spectrum is then cor-
rected with the wavelength-dependent monitor efficiency (see Fig. 4). The three distribu-

tions represent the intensity recorded with the I-BM, the intensity recorded at the same
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Figure 8 Pulse characteristics of the 3A pulse. The pulse is averaged over ca. 20000 pulses and the errors are
the average Gaussian spread of the values recorded at a particular timestamp
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Figure 9 Signal generated through the a decay of a 2°Rn nucleus which the detector gas was doped with

time further downstream with the *He Eurisys Mesures and the reference measurement
reported in [47]. The I-BM measurement appears to match well the one from [47]. The
3He Eurisys Mesures monitor peaks at a lower maximum than the other two distributions
and the shape of the pulse is broader. This is due to its position further downstream, where
neutrons are expected to have spread broader in TOF [1]. The integrated pulse between
the two differs by 10%.

5.1 Performance evaluation with the 3A pulse

Figure 12 shows the efficiency-corrected integral of the pulse shown in Fig. 8 for three dif-
ferent settings of the SCs (varying intensity). The chopper settings are such that allow the
flux to increase linearly as the chopper angle opening between the two SC disks increases
(see for example measurements performed earlier at V20 [3]). Additionally, a point close
to 0 shows the electronic background. The respective measurement was taken with the
neutron beam off. The device produces a continuous line of current even when exposed

to no neutrons which is due to the baseline electronics noise.
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Figure 10 Data acquired over 4 seconds with the device being flushed with the 22°Rn-doped gas
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Figure 11 The white pulse measurements from the I-BM and the reference 3He Eurisys Measures monitor are
compared to the reference data in [47], recorded with identical settings

The flux uncertainty is calculated from the stability of the measurements over time, i.e.
the measurements were taken for a period of time from which the total number of counts
for each minute was measured and an average uncertainty was calculated. The linear fit
demonstrates the linearity of the monitor response in the measured flux range. This shows
sensitivity of the monitor down to fluxes as low as 103 n/s/cm?.

5.2 Performance evaluation with the white pulse

Figure 13 shows the efficiency-corrected integral of the 71.4 ms long pulse (as in Fig. 11)
for various settings of the SCs. The flux uncertainty is calculated from the measurements
taken for a period of time from which the total number of counts for each minute was
measured and an average error was calculated, just like in the 3A case. The uncertainties
are significantly lower than before. The flux is approximately 2 orders of magnitude higher
for the white pulse (when leaving the WB chopper open) and the electronic background
noise contributes a lesser fraction to the measured value. The relationship is clearly linear
and due to the low flux uncertainties, the monitor demonstrates a very stable behaviour
over time.
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Figure 12 Corrected flux measured with the I-BM vs. flux measured with the 3He Eurisys Mesures for the 3A
wavelength selection. The figure shows three different settings of SCs (three black points at the top left
corner) and a background measurement (point at bottom left)
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Figure 13 Corrected flux measured with the I-BM vs. chopper opening angle with the white wavelength
spectrum. The figure shows four different settings of SCs and a background measurement (first black point)

6 Design for high flux environment
The I-BM response is highly adjustable by varying parameters, such as the thickness of
boron coating, the choice of converter, the electronics design and the possibility for anode
segmentation. The biggest challenge of utilising the monitor inside the ESS bunker is the
expectancy of neutron intensities in the order of 10'* n/s for a 2.86 ms long pulse repeating
every 71.4 ms, which translates to a maximum ®,yerage ~ 10° n/s/cm?.

By using a 100 nm thick boron coating, Eq. (2) can be rewritten as follows:

Loni 1

b = P = 3.8 107 Lnonitor A] ®)
Qo€ - 5 $
1

=1.3-10" ;UouthIA[V]' (4)

Such an adjustment of the boron coating thickness would then result in 15 uA of current

corresponding to 90 V of dynamical range for a flux as high as 10'! n/s/cm?. The flux upper
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Figure 14 The effect of humidity on a monitor response, when electrons and ions drift through air. Here a
Honeywell PID is studied, which relies upon a very similar detection and charge collection mechanism as the
I-BM. For typical environmental conditions of relative humidity between 40% and 60%, the signal, that is the
output current, degrades by about Bhumidity ~2/3 as a result of humidity. Figure and description adapted
from [48]

range could be further increased by modification of the feedback resistance R¢. The noise
performance of the TIA is optimised through the choice of the input amplifier, feedback
resistor, input capacitance (sensor and cable) and compensation capacitance. In effect, the
amplifier output noise is constant at constant bandwidth, where the bandwidth is deter-
mined by the RC of the feedback resistor and the compensation capacitor, which again is
directly proportional to the input capacitance Ry. Furthermore, for the bunker location a
long cable from the monitor to the TIA might be needed. In order to keep the signal-to-
noise ratio low, the electronics need to be adjusted as well, as long cables introduce large
input capacitance to the electronics, hence the Ry needs to be adjusted for this reason as
well.

If the I-BM is an option to be considered also to monitor flux downstrean of choppers,
the converter thickness might be thicker than 100 nm, depending on the anticipated flux
atlocation. High flux capability always introduces low sensitivity and therefore a condition
on the lowest measurable flux. Another challenge to consider these monitors for chopper
locations is related to the time resolution of the I-BM; in principle the monitor is able to
record a value every 100 ns, however reasonable statistics are necessary to be able to see
the pulse.

The tested I-BM model operates with air. Ar/CO; and possibly N; or dry air could be
considered, in order to achieve higher stability and smaller deviations in flux measure-
ments. Increasing and decreasing humidity around a beam line can also introduce a factor
on the monitor calibration (see Fig. 14 adapted from technical report of CDT [48]). Fur-
thermore, if the spatial distribution of the beam is of importance, the possibility of anode

segmentation could be introduced.

7 Conclusions
A prototype thermal neutron beam monitor based on ionisation chamber principles and a
boron converter was designed by CDT CASCADE Detector Technologies GmbH and ESS.

The performance of this prototype was investigated at the V20 neutron beam line at HZB,
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Berlin. The I-BM demonstrated good linearity for various flux ranges, timing capability
and sensitivity to neutrons within the range of 0.6-10A.

The linearity was demonstrated for a 3A pulse in the flux range of 2-3x10° n/s/cm? and
a white pulse in the range of of 1-5x10° n/s/cm?. The TOF capability for the counter-
rotation SC settings resembled the ESS pulse previously recorded and for both the 3A and
the white pulse selection the recorded pulse resembled the pulse recorded simultaneously
on a reference 3He Eurisys Mesures beam monitor. Proving that the concept is viable, a
further investigation suitable for ESS usage is in preparation in order to be able to facilitate
fluxes as high as 10'2 n/s/cm?. Aside of ESS, the highly adjustable prototype is expected
to be appropriate for many time-resolved measurements for neutron beam fluxes.

In conclusion, the I-BM with the current design and modification of boron coating is
fully suitable to be used in the ESS bunker. With further modifications, this monitor could
also be a candidate to monitor fluxes in the close proximity of the choppers, in order to
diagnose the chopper function, energy distribution of the neutrons and possibly spatial
distribution. The design has meanwhile advanced to fit the allocated space envelopes at the
ESS beam lines. These monitors will be a central part of the ESS neutron beam monitoring
suite.
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