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 A B S T R A C T

KATANA is a water activation facility located in the TRIGA Mark II reactor of the Jožef Stefan Institute in 
Ljubljana, Slovenia. Since its commissioning it has contributed to a better understanding of water activation 
processes and their modelling, which is important in the context of the future operation of the ITER 
tokamak. The facility is designed to provide a flexible, benchmark-quality environment for the validation 
of computational tools for the activation of water. It will also support shielding experiments, in particular for 
ITER-relevant materials, and serve as a stable source of high-energy gamma rays and neutrons. This paper 
presents the calibration of 3He and BF3 neutron detectors used to measure neutron emission from the decay 
of17N. The calibration was performed at the Czech Metrology Institute using a well-characterised graphite-
moderated thermal neutron reference field. The calibrated acquisition system is then used in conjunction with 
Monte Carlo particle transport simulations to obtain the total neutron emission within the measurement volume 
of the KATANA water activation facility. The results form a basis for the determination of the integral cross 
section of the17O(n,p)17N reaction, a nuclear reaction that is still insufficiently described in the literature.
1. Introduction

Water is widely used as a coolant in nuclear fission reactors both 
power and research ones, and is also expected to be used in future 
fusion reactors. The most relevant nuclear reactions involved in water 
activation are 16O(n,p)16N, 17O(n,p)17N, and 18O(n,𝛾)19O, with the 
reaction on 16O being the most extensively studied due to its high 
natural abundance (99.7%) and significant activation cross-section [1]. 
Among the activation products, 17N, produced via the 17O(n,p)17N 
reaction, plays a particularly important role in fusion-oriented applica-
tions because of its short half-life (4.17 s) and emission of high-energy 
neutrons in the 0.38MeV–1.7MeV range [2]. As this reaction requires 
incident neutron energies above 9 MeV, its occurrence is enhanced in 
neutron fields with D-T fusion spectra [3].

KATANA [4] is a water activation facility located at the Jožef Stefan 
Institute TRIGA Mark II (JSI TRIGA) reactor in Ljubljana, Slovenia [5]. 
The facility is built to address water activation challenges in future 
water-cooled fusion machines, such as the ITER tokamak [6,7]. Since 
its commissioning at the end of 2023, it has been used to successfully 
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E-mail address: julijan.peric@ijs.si (J. Peric).

complete several experimental campaigns that have contributed to a 
better understanding of water activation processes and their modelling.

The KATANA water activation facility is built as a closed-loop 
system extending from the reactor core to the exterior of an irradiation 
port. The water circulates and becomes activated in close proximity 
to the reactor core. Outside the biological shield, water activation is 
measured in a snail- shaped volume and then returned to the irradiation 
part via a pump. The irradiation field around the KATANA water 
activation loop and the future ITER cooling circuit have the same two 
contributions from neutrons and gamma rays; only the intensity differs. 
However, because the transport equation is linear, the KATANA lower 
water activation intensity is also relevant for higher intensity scenarios 
in ITER [4,8].

The ultimate goal of the KATANA facility is to enable benchmark-
quality neutron activation and dosimetry experiments, providing re-
liable experimental data for validating state-of-the-art computational 
tools used in nuclear fusion research. The development and commis-
sioning of the facility were driven by the objective to establish a 
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Table 1
Activation products of water [2].
 Reaction *𝑡1∕2 Major decay Threshold Natural  
 products energy abundance 
 16O(n, p)16N 7.13 s 𝛾: 6.13 MeV (67%)

≈ 10 MeV 99.76%  
 𝛾: 7.12 MeV (5%)  
 
17O(n, p)17N 4.17 s

n: 0.38 MeV (35%)
≈ 9 MeV 0.04%

 
 n: 1.17 MeV (53%)  
 n: 1.70 MeV (7%)  
 18O(n, 𝛾)19O 26.9 s 𝛾: 0.20 MeV (96%) <1 eV 0.2%  
 𝛾: 1.36 MeV (50%)  

controlled and well-characterised irradiation environment suitable for 
high-precision measurements. In the current phase, attention is focused 
on characterising the working parameters and radiation fields, which 
is a prerequisite for the quantitative measurements at the facility to 
support modelling and code validation.

Particular emphasis is placed on validating newly developed com-
putational tools for simulating the ITER cooling circuit, where accurate 
knowledge of neutron transport and activation phenomena is essential 
for design optimisation and safety assessment. The first step towards 
this goal is the experimental determination and modelling of the neu-
tron field around the KATANA measurement volume. This includes 
measuring neutron flux, assessing neutron spectrum and spatial distri-
butions, and comparing results with those obtained from Monte Carlo 
simulations.

This work reports the comprehensive characterisation of the neu-
tron field surrounding the KATANA facility, detailing the experimental 
setup, measurement techniques, data analysis procedures, and com-
putational methodologies used. The results provide the foundation 
for subsequent benchmarking studies and ensure the facility can be 
confidently used for ITER-relevant irradiation campaigns, detector cal-
ibration, and nuclear data validation. This study represents a sig-
nificant step towards integrating KATANA as a reference facility for 
fusion-oriented neutron metrology and computational validation.

2. Water activation

The most important nuclear reactions involved in the process of 
water activation are summarised in Table  1. This table contains data 
on the nuclear reactions, including the half-life in seconds, the most 
important decay products, their energies in MeV and their respective 
branching ratios in percent (in brackets). It also contains information 
on the threshold energy of the reaction in MeV and the natural isotopic 
abundance of the parent nuclides in percent. The radioactivity of the 
activated water consists mainly of high-energy gamma rays and neu-
trons with half-lives of 7.13 s for 16N, 4.17 s for 17N and 26.9 s for 19O. 
Consequently, the activated water serves as a time-dependent radiation 
source, emitting radiation during and shortly after reactor operation. In 
water activation, the reaction with 16O has been the most studied due 
to its high natural occurrence (99.7%). In addition, the 16O(n,p)16N 
reaction has a significant activation cross-section, indicating a higher 
probability of interaction with neutrons compared to other oxygen 
isotope reactions.

This article focuses on 17O due to its emission of high-energy 
neutrons. This is particularly important in fusion applications where 
the neutron spectrum is of higher energies compared to the fission 
spectrum, leading to a higher degree of activation. Neutrons with 
energies above 9 MeV are required for the 17O(n, p)17N reaction. The 
processes produce the radioisotope 17N, which leads to a sequence of 
radioactive decay, releasing high-energy neutrons.
2 
2.1. KATANA water activation facility

The facility provides a controlled source of high-energy 𝛾- rays in 
the range 6 MeV - 7 MeV and neutrons in the range 0.4 MeV - 1.7 MeV. 
It was developed to enable experimental investigations of water activa-
tion phenomena and is designed for flexibility, allowing applications 
such as calibration of radiation detectors and dosimeters, shielding 
studies, validation of simulation tools for fusion cooling systems, and 
measurements of integral cross sections [4,8,9]. The facility consists of 
a closed water activation loop divided into three main components: the 
inner section, the outer section, and the control panel. The inner and 
outer sections are shown schematically in Fig.  1.

Fig. 1. Schematic representation of the KATANA water activation loop.
The inner section is installed in the Radial Piercing Port (RPP) of 

the JSI TRIGA reactor, where neutron interactions produce short-lived 
radioisotopes in the water. The activated water then circulates through 
pipes to the outer section, located inside the concrete shielding adjacent 
to the RPP. This outer section comprises two circuits connected by 
a three-way valve: a short loop and a longer delay loop. For the 
experiments described in this work, only the short loop was used, as the 
radionuclide of interest (17N) has a short half-life. The activated water 
is continuously monitored in the measurement volume before being 
recirculated through the pump into the inner section. The system is 
operated and controlled remotely from the control panel located behind 
the concrete shielding [4].

The measurement volume, known as Snail No. 1, is named for the 
distinctive snail- like geometry of its internal flow path. It has a tubular 
configuration with internal baffles that guide the flow of activated 
water along a controlled trajectory. This design ensures optimised 
residence times within the irradiation zone, maximising the achievable 
dose rates in the experimental area. The external and internal geometry 
of Snail No. 1 was designed to replicate the shape of the inner irradia-
tion Snail (shown in red in Fig.  1), with its overall form based on the 
RPP geometry of the JSI TRIGA reactor. This correspondence ensures 
that the flow conditions within Snail No. 1 are representative of those 
in the irradiation Snail.

The Snail No. 1 was fabricated using additive manufacturing tech-
niques, employing an aluminium-based 3D printing alloy powder to 
achieve the required mechanical strength, geometric precision, and 
corrosion resistance. The use of 3D printing technology enabled the 
creation of internal flow structures that would be difficult or impos-
sible to produce using conventional machining or casting methods. 
This approach provided design flexibility and allowed the integra-
tion of performance optimised geometrical features directly into the 
component.
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Fig. 2.  XY cross-section of Snail No. 1 in the MCNP model (left) and the 3D CAD model (right). The MCNP model in the right part of the schematic shows 
the configuration and water flow direction. The colour coding indicates the material composition of the main components: the KATANA water circuit (red — 
aluminium), Snail No. 1 structure (green — 3D printable aluminium), detector holder (light blue — polyethylene), water (dark blue — water), BF3 gas (orange), 
and BF3 neutron detector body (yellow — stainless steel).
2.2. KATANA computational model

A computational model of the KATANA facility was created using 
the Monte Carlo N-Particle (MCNP) code [10] in order to support exper-
imental characterisation and the determination of radiation field within 
the measurement volume. The model was developed based on the CAD 
model of the Snail No. 1. assembly, by simplification and conversion 
into constructive solid geometry (CSG) using the GEOUNED tool [11]. 
The resulting model preserves the key structural and material features 
relevant to neutron transport and activation. Fig.  2 presents the MCNP 
geometry in the XY plane at the height of the Snail centre, including 
the position of the BF3 detector used for neutron field characterisation. 
The colour coding in the figure indicates the material composition of 
the components.

The neutron source in the simulation corresponds to the decay of 
17N isotopes produced by oxygen activation in the circulating water. 
The source is distributed uniformly within the water volume in Snail 
No. 1, with a discrete energy distribution of 0.38 MeV, 1.17 MeV, and 
1.70 MeV [10].

3. Neutron detector efficiency calibration

Efficiency calibration of 3He and BF3 proportional counters is typ-
ically carried out in a accurately characterised neutron field in terms 
of neutron energy spectrum and fluence rate. Under these conditions 
calibration factors can be reliably determined by comparison with 
reference instruments or evaluated neutron flux standards [12,13].

However, when these detectors are used to measure neutron fields 
generated by water activation, they are exposed to a mixed neutron and 
gamma field, as well as a higher-energy neutron spectrum extending 
up to about 1.7 MeV. In this range, both detectors exhibit energy-
dependent response variations due to reduced capture cross-sections 
and increased contributions from wall and scattering effects. Conse-
quently, direct calibration in a high-energy neutron field is challenging 
because of flux gradients, uncertain spectral composition, and the lack 
of reference fields. Therefore, calibration in a well-defined thermal field 
provides a reproducible baseline, while the detector response in the 
activation field must be corrected using Monte Carlo simulations.
3 
3.1. CMI national standard of thermal neutron fluence rate

The Czech Metrology Institute (CMI) is the national reference for 
thermal neutron fluence rate using a dedicated graphite pile facility 
in Prague, which provides stable and reproducible conditions for cal-
ibrations and comparisons of neutron-sensitive instruments presented 
in Fig.  3. The moderator assembly denoted with orange has external 
dimensions of approximately 1.95 m×1.95 m×2.0 m and incorporates a 
central measurement channel marked with purple 0.40 m×0.40 m, depth 
≈ 1.3 m, equipped with a precision calibration bench for reproducible 
detector positioning denoted in blue. Six symmetrically arranged lateral 
openings at a radius of 80 cm accommodate sealed Pu–Be and/or Am–Be
sources to generate the moderated neutron field [14–16].

The reference thermal fluence rate is established by activation of 
high-purity gold foils (8 mm diameter, 0.1 mm thickness) following 
IAEA TRS 107 procedures [17], with activities determined on a cali-
brated HPGe spectrometer to approximately 1% relative uncertainty. 
Active mapping of the field used a small cylindrical 3He proportional 
counter and a Timepix silicon pixel detector with a 10B converter; both 
systems are cross-calibrated to the activation results to yield absolute 
fluence rates and spatial profiles [14,18,19].

At the geometric centre of the cavity with the six neutron sources 
setup, the thermal neutron flux is (1.97 ± 0.01) × 104 cm−2 s−1, and the 
cadmium ratio is 𝑅Cd ≈ 35.5 for the Au-197(n, 𝛾) reaction, indicating 
low epithermal contamination in the moderated spectrum. The cad-
mium ratio, 𝑅Cd, is defined as the ratio between the activity of a bare 
activation foil and that of the same foil irradiated under a cadmium 
cover, measured under identical irradiation and counting conditions. 
Monte Carlo transport calculations (MCNPX 2.7E), validated against 
measurements, show that the ± 5% homogeneity criterion is satisfied 
within a cylindrical volume of approximately 40 cm in diameter centred 
on the channel axis, enabling calibrations under well-defined reference 
conditions suitable for dissemination of traceability to end users [15].

The neutron energy spectrum inside the central measurement chan-
nel of the CMI graphite pile is characterised by a Maxwellian-like 
thermal distribution peaking near 𝐸 ≈ 25 meV, with a negligible 
epithermal tail above 0.5 eV. Fig.  4 presents the lethargy spectrum 
evaluated 20 cm inside the measurement cavity, illustrating the high 
degree of moderation and spectral stability of the reference field [15].
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Fig. 3. CMI neutron fluence standard facility.

Fig. 4. CMI neutron fluence standard lethargy spectrum at 20 cm within the 
measurement cavity.

3.2. Calibration experiments

Calibration measurements of the 3He (LND 25371) and BF3 (LND 
202) proportional counters were performed at the CMI neutron fluence 
standard facility on 13 May 2025, using the reference thermal field 
described in Section 3.1. The detectors were mounted on the precision 
translation bench within the central graphite channel shown in Fig. 
5, allowing reproducible positioning with an accuracy of 1 mm. Each 
detector was connected to a CAEN A1422 preamplifier and a CAEN 
V1782 digital Multi Channel Analyser for signal acquisition (DAQ).

The axial neutron detector signal measured along the central chan-
nel of the CMI standard thermal neutron field is shown in Fig.  6. The 
experimental results obtained with the 3He and BF3 proportional coun-
ters are shown as orange and green markers, respectively, including 
4 
Fig. 5. Experimental setup for neutron detector calibration at the CMI neutron 
fluence standard facility. Measurements were conducted on 13 May 2025 
under reference thermal neutron field conditions with the neutron source (Am-
Be #2) in the top right position.

statistical uncertainties. The response of the 3He detector is consistently 
higher than that of the BF3 detector, which can be attributed to the 
higher thermal neutron capture cross-section and detection efficiency 
of 3He. The blue curve represents the reference flux profile calculated 
using the validated MCNP model of the facility, which forms the basis 
of the CMI neutron fluence standard [15].

Fig. 6. Axial neutron detector signal distribution along the 𝑍-axis in the CMI 
standard thermal neutron field. The blue curve shows the reference flux profile 
calculated with the validated MCNP model. Experimental data obtained on 13 
May 2025 with the 3He and BF3 proportional counters are shown in orange 
and green, respectively.

The calibration was determined by correlating the reference thermal 
neutron fluence rate of the CMI standard field with the corresponding 
count rates recorded for each detector, as shown in Fig.  7. A linear 
relationship was observed for both detectors within their respective 
linear response ranges. For the 3He detector, the calibration interval 
was restricted to the lower count rate region because of its higher 
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Table 2
Calibration constants obtained from the linear fits of neutron flux versus count 
rate measured at the CMI standard thermal neutron field.
 Detector Slope [CPS cm2 s1] Uncertainty [%] 
 BF3 3.28 2.5  
 3He 16.31 5.8  

detection efficiency compared to the BF3 detector. In addition, the 
poorer gamma-ray discrimination of the 3He detector required DAQ pa-
rameters optimised for gamma-background suppression in the KATANA 
measurement environment, which limited the linearity of the response 
at higher count rates. The slopes of the fitted lines, listed in Table  2, 
represent the sensitivity of each detector in terms of count rate per 
neutron flux. The 3He detector shows higher sensitivity than the BF3
detector.

A noticeable deviation from linearity is observed for the 3He de-
tector at high count rates, attributed to non linear effects discussed 
earlier, while the BF3 detector maintains linear behaviour throughout 
the measured range. These calibration constants provide the neces-
sary conversion factors for determining absolute neutron fluxes during 
subsequent measurements at the KATANA facility.

Fig. 7. Relationship between detector count rate for the 3He and BF3 pro-
portional counters and neutron flux measured at the CMI standard thermal 
neutron field.

The experimental results obtained with the 3He and BF3 propor-
tional counters are shown as orange and green markers, respectively, 
and include statistical uncertainty.

The calibration campaign at the CMI thermal neutron fluence stan-
dard provides response functions for both proportional counters. The 
following sections apply these calibration factors to measurements 
performed at the KATANA facility and assess detector performance 
under operational conditions.

4. Results

In the CMI reference neutron field and the KATANA water activation 
neutron field, the primary emitted neutrons are fast, i.e. up to 11 MeV 
for AmBe and 1.70 MeV for 17N, respectively. Neutron moderation is 
therefore applied to slow the neutrons to the thermal energy range, 
where efficient detection with BF3 and 3He proportional counters is 
possible.

As the neutron energy distributions at the CMI reference field and 
the KATANA facility differ, calibration cannot rely solely on the abso-
lute thermal neutron flux. Instead, an intermediate step consisting of 
Monte Carlo simulations is performed to take into account the primary 
neutron energy distribution and moderation to thermal energies. In 
5 
the Monte Carlo simulations, reaction rates are calculated for the 
nuclear reactions on which the neutron detection is based (10B(𝑛, 𝛼)7Li, 
3He(𝑛, 𝑝)3H). The reaction rate is defined as 

𝑅𝑅 = ∫ 𝜙(𝐸) 𝜎(𝐸)𝑁 d𝐸, (1)

where 𝜙(𝐸) is the neutron flux as a function of energy, 𝜎(𝐸) is the 
microscopic reaction cross section, and 𝑁 is the atomic density of the 
target isotope in the active volume of the neutron detector [20].

The neutron detector signal is then defined as 
𝑅𝑅 = 𝑋 ⋅ 𝐶𝑅, (2)

where 𝐶𝑅 is the count rate recorded by the neutron detector, 𝑋 is the 
system response factor relating the recorded count rate to the reaction 
rate in the detector, and 𝑅𝑅 is the reaction rate in the neutron detector. 
The factor 𝑋 includes the combined effects of the detector response, 
electronics, thresholds, shaping times, pulse discrimination, and dead-
time corrections. During the calibration measurements at CMI and the 
experimental measurements at the KATANA water activation facility, 
identical data-acquisition settings were used.

The calibration is formulated by using the CMI reference field to 
determine the detector response factor under fixed data acquisition 
settings, which is then applied to the KATANA measurements per-
formed with the same detector and identical electronics settings. The 
reaction rates in the detector active volume for the CMI and KATANA 
configurations are defined as 

𝑅𝑅CMI = ∫ 𝜙CMI(𝐸) 𝜎(𝐸)𝑁 d𝐸, (3)

𝑅𝑅KATANA = ∫ 𝜙KATANA(𝐸) 𝜎(𝐸)𝑁 d𝐸, (4)

where 𝜙CMI(𝐸) corresponds to the thermalised neutron spectrum re-
sulting from the calibrated AmBe source and 𝜙KATANA(𝐸) represents 
the neutron flux in the detector active volume, obtained from MCNP 
simulations of the KATANA water activation facility, and does not 
correspond directly to the primary 17N source spectrum.

The neutron energy spectrum in the detector active volume was 
obtained from MCNP simulations using an F4 track-length tally, which 
provides the neutron flux per source particle [10]. The absolute neutron 
flux is therefore given by scaling the normalised MCNP spectrum 𝐹4(𝐸)
by the neutron source strength 𝑁SS as 
𝜙(𝐸) = 𝐹4(𝐸) ⋅𝑁SS. (5)

The neutron source strength for the CMI facility (𝑁CMI
SS ) was de-

termined from the source characterisation and experimental measure-
ments. By combining Eqs. (1), (2) and (5), the neutron source strength 
can be expressed as 

𝑁SS = 𝐶𝑅 ⋅𝑋
∫ 𝐹4(𝐸) 𝜎(𝐸)𝑁 d𝐸

. (6)

Eq.  (6) can be written separately for the CMI calibration exper-
iment and for the KATANA measurement. Since the same detector 
and identical data-acquisition settings were used in both cases, the 
detector-response factor 𝑋 determined from the CMI calibration can 
be substituted into the corresponding expression for the KATANA mea-
surement. This yields the neutron source strength of the KATANA 
facility as 

𝑁KATANA
SS =

𝐶𝑅KATANA
𝐶𝑅CMI

⋅𝑁CMI
SS ⋅

∫ 𝐹4CMI(𝐸) 𝜎(𝐸) d𝐸
∫ 𝐹4KATANA(𝐸) 𝜎(𝐸) d𝐸

. (7)

where 𝐶𝑅CMI and 𝐶𝑅KATANA are the detector count rates measured in 
the CMI reference field and in the KATANA facility, respectively. The 
atomic density of the target isotope and the active detector volume 
cancel because the same detector was used in both measurements. The 
final term represents a spectral correction factor that accounts for the 
different neutron energy distributions in the detector active volume in 
the two irradiation configurations.
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Fig.  8 compares the neutron lethargy spectra of the KATANA 17N 
field and the CMI standard field, shown together with the evaluated 
10B(𝑛, 𝛼)7Li and 3He(𝑛, 𝑝)3H cross sections from ENDF/B-VIII.0 data 
library [2]. The CMI spectrum is strongly thermalised. In contrast, the 
KATANA field includes an additional fast-neutron component extending 
into the MeV range, characteristic of neutrons produced by the 17N 
decay scheme.

Fig. 8. Comparison of the neutron lethargy spectra of the KATANA 17N 
field and the CMI standard field together with the evaluated 10B(𝑛, 𝛼)7Li and 
3He(𝑛, 𝑝)3H reactions cross section (ENDF/B-VIII.0).

Figs.  9 and 10 show the reaction-rate density per lethargy for the 
10B(𝑛, 𝛼)7Li and 3He(𝑛, 𝑝)3H reactions, respectively, in the CMI standard 
thermal neutron field and the KATANA 17N neutron field. In both 
cases, the reaction-rate density exhibits a pronounced maximum in the 
thermal region around 10−8 MeV, which is due to the thermal neutron 
peak in the spectra and the characteristic 1∕𝑣 behaviour, confirming 
that the dominant contribution to the total reaction rate originates 
from the same thermal energy range in both fields for both detector 
types. However, the figures also show that the neutron spectra are not 
identical, and these differences manifest as small but distinct variations 
in the reaction-rate distributions. Although these contributions remain 
minor relative to the thermal peak, they clearly demonstrate that 
the CMI and KATANA fields differ spectrally and must be taken into 
account.

Fig. 9. Reaction rate density per lethargy, dRR∕d ln𝐸, for the 10B(𝑛, 𝛼)7Li
reaction in the CMI standard neutron field and in the KATANA 17N neutron 
field.

The neutron source strength (𝑁𝑆𝑆 ) of the KATANA Snail No. 1 
determined according to Eq. (7), using the calibration measurements 
and the MCNP simulations was found to be:

• 𝑁𝑆𝑆 (250 kW, 0.66 l∕s, BF3) = 1.7186 ⋅ 104(1 ± 3.08 %) n∕s,
• 𝑁 (250 kW, 0.66 l∕s, 3He) = 1.6128 ⋅ 104(1 ± 6.07 %) n∕s.
𝑆𝑆

6 
Fig. 10. Reaction rate density per lethargy, dRR∕d ln𝐸, for the 3He(𝑛, 𝑝)3H
reaction in the CMI standard neutron field and in the KATANA 17N neutron 
field.

This value represents the absolute source strength under JSI TRIGA 
steady-state operation at 250 kW thermal power and KATANA oper-
ation at a 0.66 l/s flow rate in the short loop configuration. Once the 
source strength was established, the validated model was used to com-
pute neutron flux maps in absolute units, enabling direct comparison 
between simulated flux distributions and future measurements within 
the KATANA facility.

In the following results, only the flux distributions obtained from the 
BF3 detector validation are presented. The corresponding analysis with 
the 3He detector yields consistent results and confirms the same source 
strength and spatial flux behaviour; however, the 3He measurements 
show larger uncertainties due to calibration. As both detectors lead to 
the same physical conclusions, and the BF3 detector provides the most 
reliable quantitative constraints, the BF3 based results are presented. 
Fig.  11 shows the absolute neutron flux distribution on a logarithmic 
scale, clearly visualising the spatial flux gradients. Green contour lines 
representing iso-flux levels are superimposed on the colour-coded flux 
map.

Fig. 11. Neutron flux distribution in the horizontal plane at 𝑧 = 0 cm for 
the KATANA Snail No. 1 source, shown on a logarithmic scale and overlaid 
KATANA geometry. The flux map is overlaid with green neutron flux contours, 
illustrating the spatial structure and intensity gradients of the neutron field 
within the irradiation region.

The detector calibrations, the reaction rate-based transfer from the 
CMI reference field, and the MCNP simulations normalised to the 
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experimentally determined source strength together provide a reliable 
description of the neutron field within and around Snail No. 1. The 
resulting absolute flux distributions and their associated uncertainties 
constitute a characterisation of the 17N induced neutron field under 
presented KATANA operating conditions with a uniformly distributed 
water activation source.

4.1. Origins of uncertainty

The total uncertainty associated with the determination of the neu-
tron source strength and the resulting flux characterisation at the 
KATANA facility arises from a combination of experimental and com-
putational contributions. The dominant experimental component orig-
inates from the detector calibration at the CMI standard neutron field, 
where the linear fit uncertainties of the calibration constants are 2.5% 
for the BF3 detector and 5.8% for the 3He detector. Additional con-
tributions arise from statistical counting uncertainties during both the 
calibration and KATANA measurements, as well as from systematic 
effects such as dead-time corrections, which particularly affect the 3He 
detector at elevated count rates.

In addition to these contributions, which are common to both the 
calibration and KATANA experimental configurations, further uncer-
tainties are introduced by the operating conditions of the KATANA 
device: namely, the JSI TRIGA reactor power, which directly deter-
mines the neutron flux at the irradiation position, and the KATANA 
flow rate, which defines the transit time of the activated water and thus 
the extent of decay prior to detection. Both effects, related to power 
stability and flow-rate regulation, contribute to the overall measure-
ment uncertainty [4,21]. Prior to the experiments, it was determined 
that the neutron background signal from reactor operation is negligible 
(less than 0.1 counts per second) [3].

On the modelling side, uncertainties arise from the representation of 
the neutron spectrum and geometry in the MCNP calculations, though 
these remain small (typically below one percent) owing to the validated 
CMI model and the well-constrained KATANA geometry. When propa-
gated through the reaction-rate transfer, these factors yield combined 
relative uncertainties of 3.1% for the BF3-based source strength and 
6.1% for the 3He-based determination. The BF3-derived value there-
fore, provides the most robust normalisation of the MCNP simulations 
and is consequently used as the reference for the flux characterisation 
presented in this work.

5. Conclusions

A comprehensive calibration and validation campaign of 3He and 
BF3 proportional counters for application at the KATANA water activa-
tion facility has been conducted, combining measurements at the CMI 
national standard of thermal neutron fluence rate with detailed Monte 
Carlo modelling of the KATANA measurement volume. Calibration in 
the well-characterised graphite-moderated thermal neutron field at CMI 
provided robust detector response functions, with linear fit uncertain-
ties of 2.5% for the BF3 detector and 5.8% for the 3He detector. 
These calibrations were transferred to the KATANA 17N neutron field 
using a reaction-rate based calibration that accounts for the full energy 
dependence of the neutron spectrum and detector response, thereby 
ensuring consistency between the thermal reference field and the mixed 
neutron field produced by water activation.

The validated MCNP model of the KATANA Snail No. 1 measure-
ment volume, derived from a detailed CAD description and incorporat-
ing the uniformly distributed 17N decay source, was normalised using 
the experimentally determined detector response. The two independent 
determinations agree within their combined uncertainties, with the 
BF3-based result providing the most stringent constraint on the absolute 
normalisation of the simulated neutron field.

The combined use of detector calibration, reaction-rate based trans-
fer between reference and application fields, and MCNP modelling 
7 
demonstrates that KATANA can deliver a well defined, ITER-relevant 
neutron field suitable for detector testing, shielding studies, and val-
idation of computational tools for water activation in future fusion 
reactor cooling circuits. These results establish the required neutron 
field inputs for the subsequent evaluation of the integral 17O(n,p)17N 
cross section, which relies on combining the reconstructed flux with 
measured activation in the KATANA loop.
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