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generating neutrons up to 55 MeV with a broad peak at 14 
MeV [7, 8].

The High Flux Test Module (HFTM) [9, 10] is placed 
inside the IFMIF-DONES and will host the material speci-
mens to be irradiated. This module has a design with 32 
rigs, each rig has a hole in the centre to place the diag-
nostics. Among the diagnostics considered to monitor and 
control the neutron flux are the ionisation chambers, fission 
chambers, activation foils, gamma thermometers and ther-
mocouples. However, one of the key diagnostics is the Self-
Powered Neutron Detector (SPND) [11]; so, in this study, 
only this type of diagnostic is considered. In the following 
sections, the physics of the SPND will be described.

These diagnostics are also considered for the Start-Up 
and Monitoring Module (STUMM) [12–14]. This module 
has the similar external design as the HFTM, but inside 
is full of diagnostics. It will be used in the commission-
ing phase to characterise the neutron flux and validate the 
nuclear data libraries.

Introduction

The future DEMOnstration fusion reactor (DEMO) will 
present high-energy neutrons up to 14 MeV with high fluxes 
up to 1015 n cm− 1 s− 1 [1–3]. The behaviour of the materials 
under these irradiation conditions is unknown. Therefore, 
an intermediate step is needed to study the behaviour of 
the materials and ensure a safe construction. International 
Fusion Materials Irradiation Facility-DEMO Oriented 
Neutron Source (IFMIF-DONES) [4–6] is the intermedi-
ate facility which will reproduce the irradiation conditions 
in DEMO, allowing the study of the material properties. 
IFMIF-DONES has a deuteron beam (D+) with 125 mA and 
40 MeV, which impacts with a liquid lithium curtain (6,7Li), 
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Abstract
IFMIF-DONES (International Fusion Materials Irradiation Facility-DEMO Oriented Neutron Source) is a key facility for 
the study and analysis of the materials properties exposed to irradiation conditions characterised by a high neutron flux 
with high energies up to 55 MeV. These irradiation conditions are expected by the future DEMOnstration fusion power 
plant (DEMO). Within IFMIF-DONES, the irradiation modules which host the specimens material are placed. Therefore, 
real-time monitoring of the neutron flux is essential to detect and correct any deviations, ensuring continuous and uniform 
irradiation. Among the diagnostics taken into account, the Self-Powered Neutron Detector (SPND) appears to offer strong 
physical characteristics in such an environment. However, they have so far only been used in fission reactors. In this work, 
a theoretical study has been carried out to analyse the signals that could be measured with these diagnostics.
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SPND Design and Physics

The SPND is a diagnostic that can measure fluxes of neu-
trons and photons inside power reactors without an external 
power supply [11]. It features a multilayer structure com-
posed of two electrodes separated by an insulator. The inner 
electrode, known as the emitter, generates electrons when 
exposed to radiation. These electrons pass through the insu-
lating layer and are collected by the outer electrode, or col-
lector (Fig. 1). This electron flow generates a measurable 

electric current, which is in principle proportional to the 
neutron flux. SPNDs provide real-time, continuous moni-
toring of radiation levels in reactor environments.

The signal produced by the SPND consists of three dis-
tinct components: one delayed and two prompts.

	● Delayed component (n, β-): In this process, a neutron is 
absorbed by the emitter material, producing a radioac-
tive daughter nuclide that undergoes β- decay. Since the 
signal depends on the half-life of this decay, it does not 
respond immediately to changes in neutron flux, making 
it a delayed component.

	● Prompt Component (n, γ, e-): In this mechanism, neu-
trons interact with the emitter to produce high-energy 
photons. These photons then produce electrons in the 
emitter via the photoelectric effect, Compton scattering 
or pair production. The resulting electrons immediately 
contribute to the electrical signal.

	● Prompt component (γ, e-): This is where external pho-
tons radiation interacts directly with the emitter materi-
al. These interactions also produce secondary electrons, 
which add to the measured signal. High atomic num-
ber (Z) materials such as bismuth (Bi) and lead (Pb) are 
particularly effective in this process due to their higher 
photon interaction cross sections.

SPNDs offer several advantages as diagnostic tools: they 
have a compact, rugged design capable of operating at high 
temperatures and intense neutron and gamma fluxes. Their 
small size allows them to be placed almost anywhere in 
a reactor, and they do not require an external bias, taking 
into account the restrictions imposed by the wire. However, 
the electrical current generated is very low, typically in the 
picoampere range, and its sensitivity can degrade over time 
due to the depletion of the emitter material if used in high 
flux regions.

The SPND geometry used in this study is shown in Fig. 2. 
The collector is made of steel, the insulator is alumina, and 
two emitter materials were considered: rhodium (Rh) and 
chromium (Cr).

For rhodium, the emitter material used in the SPND is the 
stable isotope 103Rh, which has a natural abundance of 100% 
[15]. When it undergoes a neutron capture reaction (n, γ), it 
produces 104Rh (92.6%) and the metastable isotope 104mRh 
(7.4%) [16]. These isotopes have relatively short half-lives 
of 42.3 s and 4.34 min, respectively. Figure 3 (green line) 
shows the reaction cross section, which is remarkably high 
for thermal neutrons, but decreases by three orders of mag-
nitude at 14 MeV.

In the case of chromium, several neutron-induced reac-
tions can lead to β⁻ decays. Among the Cr isotopic com-
position, 52Cr is the most abundant isotope, so the most 

Fig. 2  Details of the geometry used for the SPND simulations. The 
blue part corresponds to the emitter, the yellow part to the insulator and 
the red part to the collector

 

Fig. 1  Horizontal cross section of a cylindrical SPND and the different 
processes that can occur in order to create current. The components are 
(n, β-), (n, γ, e-) and (γ, e-)
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significant is the 52Cr(n, p)52V reaction. The resulting iso-
topes have relatively short half-lives (minutes), which are 
negligible in the context of a one-year irradiation period. 
Figure 4 shows the cross sections for the various reactions. 
The (n, γ) reaction (cyan line) is more probable with ther-
mal and epithermal neutrons, while the others are thresh-
old reactions that produce gases. These threshold reactions 
require neutron energies slightly below 1 MeV and exhibit 
low cross sections, typically under 1 barn.

IFMIF-DONES Conditions
The first two positions analysed correspond to SPNDs 
placed in rig 45, located in the first row of the HFTM, and 
rig 11, situated in the last row—farthest from the beam. The 
specimen model configuration is the CLC.v2.0 [17, 18]. 
Comparing these two positions provides valuable insight 
into how the SPND signal varies across the HFTM. Figure 
5 presents the HFTM positions in the Test Cell and the two 
rigs selected for the study.

Fig. 4  Neutron fluence rate per unit lethargy [n cm−2 s−1] in the SPNDs in rigs 45 and 11 (left axis) versus the cross section Cr reactions using 
FENDL.3.1d library (right axis). Obtained with JANIS NEA [17]. All axes are on a logarithmic scale

 

Fig. 3  Neutron fluence rate per unit lethargy [n cm−2 s−1] in the SPNDs in rigs 45 and 11 (left axis) versus the cross section 103Rh (n, γ) 104Rh using 
FENDL.3.1d library (right axis). Obtained with JANIS NEA [17]. All axes are on a logarithmic scale
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Figure 3 compares the neutron spectra at positions 11 and 
45 with the cross section of 103Rh. The figure shows that 
this isotope presents a higher cross section for epithermal 
neutrons than for fast neutrons, supporting its common use 
in fission reactors [19].

In the case of chromium, as shown in Fig. 4, the thresh-
old energy reactions fall within the range of the peak neu-
tron flux, although their cross section values remain quite 
low. The only non-threshold reaction, a neutron capture 
reaction (54Cr(n, γ)), shows significantly higher cross sec-
tions at lower neutron energies. Since each material reacts 
differently depending on the neutron energy spectrum, a 

The photon and neutron spectra used in the analysis are 
shown in Figs. 3 and 6, and Fig. 4. For the photon spectrum, 
the SPND located in rig 45 shows a flux up to two orders of 
magnitude higher than that in rig 11. For the neutron spec-
trum, the SPND in rig 45 reaches a flux of up to 1014 n 
cm− 2 s− 1 in the 14 MeV range, while the SPND in position 
11 shows a maximum flux of about 1012 n cm− 2 s− 1. Con-
versely, for neutron energies below 10− 4 MeV, the flux at rig 
11 exceeds that at rig 45. However, in the case of the photon 
fluence rate, the profiles of the curves are in good agree-
ment, but with a difference of two orders of magnitude.

Fig. 6  Photon fluence rate per unit 
lethargy [γ cm−2 s−1] in the SPND 
in rigs 45 and 11. Both axes are on 
a logarithmic scale

 

Fig. 5  Test Cell horizontal cross section at z = 0 with the CLC.v2.0 specimen distribution model in the HFTM. SPNDs in rigs 45 and 11 are selected 
for the signal sensitivity study
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The primary beam profile used in this study is IFMIF-
EVEDA [22]. The distribution of this profile has two inten-
sity peaks at the edges and one in the centre. In this study, 
only the standard beam footprint size, 20 × 5 cm2, has been 
considered.

To evaluate the variation in the dose received by the 
specimens and the resulting diagnostic signal, additional 
beam profiles beyond the IFMIF-EVEDA baseline were 
considered for the IFMIF-DONES facility. Beam accelera-
tion and transport are sensitive to various errors in the accel-
erator components [5, 23]. Of particular concern are magnet 
and cavity misalignments (displacements and rotations) and 
field variations due to power supply ripple. Beam dynamics 
simulations consider two types of errors: static errors, which 
evolve slowly and can be corrected by tuning, and dynamic 
errors, which evolve rapidly and are typically caused by fac-
tors such as mechanical vibrations due to component cool-
ing. These errors can lead to beam misalignment; emittance 
coupling and even beam loss.

Four additional beam profiles were considered for this 
study. The HEBT NOMINAL beam profile (Fig.  7a) is 
currently under development as an upgrade to the IFMIF-
EVEDA one, incorporating recent improvements to the 
Superconducting Radio Frequency (SRF) linac and the 

sensitivity study will be carried out for the SPNDs in the 
two specified rigs to assess how the signal varies with the 
choice of emitter material.

Beam Footprints

This section introduces and describes the different beam 
profiles used in the study. The High Energy Beam Trans-
port (HEBT) line is the final subsystem of the accelerator 
and is responsible for transporting the deuteron beam to the 
lithium target and shaping it to the reference beam profile 
using magnetic elements [20].

To focus and centre the beam, the HEBT line contains 
18 quadrupole magnets and 12 pairs of horizontal and ver-
tical steering magnets. Two dipole magnets achieve beam 
deflection, each providing a 4.5º deflection to achieve the 
total 9º deflection required to direct the beam to the target. 
In the HEBT final section, dedicated to shaping the beam 
to the required footprint, the system includes a set of non-
linear magnets: two octupoles and two dodecapoles [20]. As 
a result, the beam profile is highly dependent on the con-
figuration of these magnetic elements. The arrangement and 
positioning of the magnets are presented in [21].

Fig. 7  Deuteron beam profiles 
with intensity normalised (the sum 
of all the data equal to 1) with 
20 × 5 cm2 beam footprint size; (a) 
HEBT NOMINAL (b) OCTUPO-
LEX (c) Asymmetric#a and (d) 
Asymmetric#b
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electron source, the energy of which is derived from 
the beta spectrum of the resulting isotope. This allows 
the calculation of the charge deposited in the SPND 
layers by this process (Qβ).

	● (n, γ, e-): The prompt signal generated directly by neu-
trons is calculated using the neutron spectrum as a 
source, allowing the charge deposited in each SPND 
layer to be determined directly (Qn).

	● (γ, e-): This component is evaluated in a similar way to 
the neutron prompt signal, but using the gamma spec-
trum instead. The resulting deposited charge is the gam-
ma contribution (Qγ).

The following procedure is used to calculate the charge 
deposited by each component. The emitter cylinder is 
divided into ten concentric inner cylinders to improve the 
resolution of the reaction rate within this layer. For each 
charge component (Q), the net electron flux in both the 
emitter and insulator cylinders and the F factor must be 
considered into account. The F factor takes into account the 
space charge effect within the insulator. As electrons move 
away from the emitter surface, some will occupy intersti-
tial sites in the insulator material, creating an electrostatic 
field along their path. If the charge distribution within the 
insulator is nearly uniform, the electric potential across its 
thickness forms a parabolic profile, with the electric field 
crossing zero at the inversion point.

If an electron crosses this inversion point, the induced 
field drives it towards the collector, contributing to the sig-
nal. If the electron fails to cross the inversion point, due to 
insufficient energy or a complex trajectory, it is slowed down 
and pushed back towards the emitter, effectively negating its 
contribution to the signal. As a result, the charge is modified 
by a return factor that accounts for the space charge effect.

Q = e(Qemitter + F Qinsulator ),� (1)

where F is calculated as:

F = log (ro)

log
(

ro
ri

) − 1

log
(

ro
ri

)

ró

ri
r log (r) ρ (r) dr

ró

ri
r ρ (r) dr

,� (2)

where:
ro is the outer radius of the insulator.
ri is the inner radius of the insulator.
ρ is the charge density of the insulator.
But, it has been found that F can be considered constant 

in this study, as indicated by previous studies [32]:

HEBT line. It features pronounced side peaks and a broad-
ened central peak.

The OCTUPOLEX beam profile (Fig. 7b) is derived from 
the HEBT NOMINAL profile by doubling the field strength 
of the horizontal octupole magnet (OCT-X) from 509.423 
T m− 3 to 1018.85 T m− 3. This adjustment significantly 
increases the side peaks while reducing the centre density. 
To maintain comparable beam envelope characteristics, the 
last two quadrupoles (QUAD17 and QUAD18) have been 
slightly retuned to maintain RMS size.

The Asymmetric#a and Asymmetric#b beam profiles 
(Fig.  7c and d) are examples that show the beam distor-
tion caused by static and dynamic component errors. 
Asymmetric#a shows a density shift towards the positive 
y-axis, while Asymmetric#b shows the opposite, concentrat-
ing the beam intensity in the negative y-axis region. These 
profiles simulate realistic beam deviations due to magnet 
misalignment or dynamic instabilities and highlight poten-
tial asymmetries that may occur during normal operation.

Understanding how these profiles affect both the neutron 
field and the SPND responses is essential for evaluating the 
feasibility of using SPNDs for online beam monitoring and 
diagnostics in IFMIF-DONES. In all the cases, the beam 
intensity is the same but with a different distribution.

Methodology

A number of theoretical and analytical models have been 
developed to estimate the electrical signal produced by self-
powered neutron detectors (SPNDs) [24–28]. This paper 
presents an SPND model implemented in MCNP, based on 
the approach proposed by P. Raj [11]. The version used is 
MCNP6.2 [11] with the nuclear data library FENDL.3.1d 
[31].

To apply this model, it is necessary to input the neutron 
and gamma spectra at the SPND location, as well as the total 
neutron fluence rate ( ϕ̇ ) incident on the detector. In addi-
tion, the geometry and material composition of the SPND 
must be defined. The analysis is divided into three steps, 
each corresponding to a different component of the signal, 
as explained above.

	● (n, β-): The first step is to calculate the number of un-
stable nuclei produced in the emitter using the neutron 
spectrum as a source. As MCNP does not track radioac-
tive decay, an additional step is required to estimate the 
resulting charge deposition. In this step, the neutron flu-
ence incident on the SPND surface (φ) is also obtained.

In a second simulation, the reaction rate for the pro-
duction of unstable nuclei is used to define an isotropic 
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in channels E30 and L180. These channels have neutron flu-
ence rates of 8.9∙1014 and 2.8∙1014 n cm− 2 s− 1, respectively 
[19].

Performing the calculations based on the methodology 
described above, the data presented in Table 1 are obtained, 
together with the other results of the study. The estimated 
signals in this work are very close to those derived from the 
analytical model, with deviations from the measured current 
of 12.8% for channel E30 and 16.34% for channel L180.

The data closest to the experimental results comes from 
the MCSS model. However, it is important to note that some 
experimental information is missing, which hinders the 
ability to reproduce the experiment in BR2 with high accu-
racy [19]. The MCSS method, based on the MCNP code, 
relies on a nuclear data library for neutron transport, but the 
specific library used is not specified. In addition, there is no 
information on the uncertainties associated with the theo-
retical models or the experimental data. Even taking these 
factors into account, the order of magnitude of simulated 
currents were correctly reproduced allowing to consider the 
SPND model here used well validated.

Results

The corresponding electrical signals have been estimated by 
applying the proposed methodology to an SPND with the 
specified characteristics, positioned at rigs 11 and 45 within 
the HFTM. These results enable a comparative analysis of 
signal intensity as a function of both spatial location and 
emitter material.

Table 2 presents the estimated results for IFMIF-DONES. 
The dominant signals at both positions are the prompt con-
tributions, as presented in [8]. Regarding the beta decay 
contribution, in the Rh SPND, it becomes more significant 
than in the Cr case, reaching 10% of the total. In both posi-
tions, the total signal of the Rh SPND is higher than that of 
the Cr SPND. In addition, the signals in rig 11 are about ten 
times lower than those in rig 45, highlighting a noticeable 
variation due to the difference in position.

However, using the spectrum as an isotropic source is 
not the most realistic approach. The phase space of neutrons 

F = log (ro)

log
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) − 1

log
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) r2
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i log (ri) − r2
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2
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After calculating the charge for each component, the overall 
charge will be obtained by adding the contribution of all of 
them:

Qt = Qβ + Qn + Qγ [A s] .� (4)

And from the charge, the sensitivity can be calculated:

S = Qt

ϕ

[
A cm2 s n−1]

,� (5)

where φ is the neutron flux on the surface of the detector in 
[n cm− 2]. The total estimated electrical current is given by:

I = S ϕ̇ [A] ,� (6)

where ϕ̇  is the neutron fluence rate [n cm− 2 s− 1].

Validation of the Methodology

In this paper, the method described above is used to esti-
mate the electric current generated by the SPND. The signal 
depends not only on the position of the SPND ( ϕ̇ ) but also 
on the material used for the emitter (Q).

The BR2 experimental data used to validate the method 
are presented in [19]. The paper provides a comprehensive 
set of experimental and theoretical data obtained by alterna-
tive methods. The models considered for comparison with 
our data include the Warren model [26] (referred as the 
analytical model), the Goldstein model [33] and the MCSS 
model [19].

The experiment was conducted in the BR2 reactor [19], 
where the electrical signal was measured by two Rh SPNDs 
positioned at different locations in the reactor, specifically 

Table 1  Measured and estimated electrical current for two Rh SPNDs 
in the BR2 reactor at channels E30 and L180. ‘The numbers between 
parentheses indicate the uncertainty with a coverage factor k = 1; that 
is, 1.012(5) means 1.012 ± 0.005’
Electrical currents

Channel 
E30 [µA]

Relative 
variation 
[%]

Channel 
L180 
[µA]

Relative 
varia-
tion [%]

Measured current 2.64 0.93
MCSS calculation [19] 2.65 0.38 0.94 1.08
Goldstein calculation 
[33]

2.06 −21.97 0.74 −20.43

Analytical model calcu-
lations [26]

3.05 15.53 1.08 16.13

This work calculations 2.978(15) 12.80 1.082(5) 16.34

Table 2  Estimated electrical current for the cr and Rh SPNDs in posi-
tions rig 45 and 11. Data are presented in total and by component. The 
numbers between parentheses indicate the uncertainty
Estimated current [nA]
Emitter material Cr Rh
Rig 11 45 11 45
(n, β⁻)​ 0.2400(2)​ 10.890(8)​ 10.33(6)​ 86.3(2)​
(n, γ, e⁻)​ 1.42(18)​ 68(5)​ 2.34(13) 93(4)​
(γ, e⁻)​ 23.38(35)​ 576(8)​ 21.79(3) 523(8)​
Total​ 24.8(5)​ 644(11)​ 34.6(5) 703(12)
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considered, where reactions are less frequent, resulting in 
a lower current. This is because previously the source was 
considered isotropic with the particles directed towards the 
emitter, and now the direction of the particles follows the 
original trajectory. Nevertheless, the order of magnitude is 
still sufficient for measurement with an ammeter.

Current values were also estimated for the other HFTM 
rigs, with Cr values shown in Fig. 9 and Rh values shown 
in Fig. 10. The data clearly show that the estimated current 
values for Rh are consistently higher than those for Cr.

Beam Footprint Variation

To assess whether the SPNDs can detect steady-state beam 
variations, four beam profiles that differ from the IFMIF-
EVEDA one but are within the expected range of variation 
during normal operation were considered.

and photons within the SPND has been obtained using the 
MCNP WSSA and RSSA cards [29, 30]. Figure 8 illustrates 
the neutron distribution for the SPND located in rig 45. 
From this distribution, it can be observed that the neutron 
field is heterogeneous, influenced by the height of the SPND 
and the beam footprint size of IFMIF-DONES. Therefore, 
the calculations have been redone using source data directly 
from the complete simulation, rather than relying on spectra 
as an isotropic source. The direction of the neutron distribu-
tion in rig 11 is equivalent.

Improvement of the SPND Methodology Used for 
IFMIF-DONES

To improve the calculation method and to explore a more 
realistic scenario, the problem is approached differently. 
Instead of relying on the neutron and gamma spectra at the 
SPND surface, calculations are now performed directly with 
the IFMIF-DONES source, which implies the simulation of 
the deuterons source [6]. With this methodology, the contri-
bution of prompt signals, (γ, e−) and (n, γ, e−), is presented 
jointly.

Using this method, the results for the same cases as 
before are presented in Table 3. A comparison of the data 
shows that the values are now smaller than those previously 
calculated, although they remain in the same order of mag-
nitude. This reduction is due to the more realistic scenario 

Table 3  Estimated electrical current for the cr and Rh SPNDs in posi-
tions rig 45 and 11 with a new methodology. Data are presented in 
total and by component. The numbers between parentheses indicate 
the uncertainty
Estimated current [nA]
Emitter material Cr Rh
Rig 11 45 11 45
(n, β⁻)​ 0.0600(2) 5.800(9) 2.17(1) 20.68(4)
(n, γ, e⁻)​ & (γ, e⁻)​ 4(2)​ 172(10) 5(2) 215(10)
Total​ 4(2) 178(10) 7(2) 235(10)

Fig. 8  Neutron source distribution along the height of the SPND and horizontally at the middle of the beam footprint in rig 45 [cm−2]
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(positive group) and those located at negative y-coordinates 
(negative group). This division is shown in Fig. 15.

Examining the signal values by group, it can be observed 
that the rigs in the positive group have the highest signal 
values for the Asymmetric#a beam profile, while the low-
est values are seen for the Asymmetric#b beam profile. This 
trend is expected as the Asymmetric#a profile enhances the 
positive group located at positive y-coordinates, whereas the 
Asymmetric#b profile favours the negative y-coordinates. 
For this reason, rigs in the negative group show higher sig-
nal values for the Asymmetric#b beam profile compared to 

Figures  11, 12, 13 and 14 show the estimated SPND 
signals for the HEBT NOMINAL, OCTUPOLEX, 
Asymmetric#a and Asymmetric#b beam profiles, respec-
tively. All calculations were performed using an Rh SPND 
with the standard beam footprint size and a 40 MeV energy 
beam.

The estimated signals for SPNDs positioned at the lat-
eral ends of the HFTM show minimal variation with the 
beam profile. To simplify the analysis, the rigs are grouped 
into two categories: those located at positive y-coordinates 

Fig. 14  Rh SPND estimated signals 
in each rig position in nA using 
the Asymmetric#b beam profile. 
The numbers between parentheses 
indicate the uncertainty

 

Fig. 13  Rh SPND estimated signals 
in each rig position in nA using 
the Asymmetric#a beam profile. 
The numbers between parentheses 
indicate the uncertainty

 

Fig. 12  Rh SPND estimated signals 
in each rig position in nA using 
the OCTUPOLEX beam profile. 
The numbers between parentheses 
indicate the uncertainty

 

Fig. 11  Rh SPND estimated signals 
in each rig position in nA using the 
HEBT NOMINAL beam profile. 
The numbers between parentheses 
indicate the uncertainty

 

Fig. 10  Rh SPND estimated signals 
in each rig position in nA. The 
numbers between parentheses 
indicate the uncertainty

 

Fig. 9  Cr SPND estimated signals 
in each rig position in nA. The 
numbers between parentheses 
indicate the uncertainty
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needed to improve the predictive capability of this theoreti-
cal model by integrating and validating it with experimental 
measurements.
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the Asymmetric#a profile, as the former profile concentrates 
more power in the negative y-coordinates, corresponding to 
the rigs in the negative group. Furthermore, for rigs located 
in the first row of the HFTM, signal variations of up to 30% 
are estimated, a change that could be detected by the SPND.

However, in the cases of NOMINAL HEBT and OCTU-
POLEX beam profiles, there are insufficient differences to 
identify changes considering the associated uncertainties. It 
is probably due to the symmetry of these beam profiles and 
that the SPND cannot identify these types of variations.

Conclusions

This paper outlines the methodology developed to char-
acterise the SPND signals and the validation of the calcu-
lation method based on previously published data. Once 
validated, it is then applied to the irradiation conditions of 
IFMIF-DONES to estimate the electrical signal that these 
diagnostics could measure based on its position and emitter 
material.

For this study, the IFMIF-EVEDA deuteron beam profile 
was used, assuming a beam footprint of 20 × 5 cm2 and a 
beam energy of 40 MeV. Two methodologies have been car-
ried out, one using the neutron and gamma spectra in the 
SPND as sources and the other using the deuteron source 
directly. Consistent but different data have been obtained 
with both methodologies, as in the first case, the signal is 
overestimated. In the latter case, beam profiles other than 
IFMIF-EVEDA have also been used.

The estimated signals are in the nanoampere range and 
are therefore detectable with standard measurement equip-
ment. In all cases, Rh-based SPNDs consistently produce 
higher signals than Cr-based ones. Furthermore, the varia-
tion of the signal as a function of the position of the SPND 
suggests that their placement can be optimised for better 
spatial resolution. When analysing different beam profiles, 
it is also clear that asymmetries resulting from dynamic 
beam errors can be detected. These results indicate that 
SPNDs could be effectively used for online beam monitor-
ing within the HFTM. Nevertheless, additional efforts are 

Fig. 15  Division of the HFTM 
rigs into two groups according to 
their y-direction coordinate. Rigs 
located in positive y-coordinates or 
positive group, and the rigs located 
in negative y-coordinates or nega-
tive group
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