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1 Introduction (Nikolas, Nicola)

The n_TOF facility is CERN’s neutron spallation source
that was conceptualised in 1998 and has been oper-
ated by the n_.TOF collaboration since 2001 [1]. Since
then and up to now high precision nuclear data are
produced for neutron-induced reactions data for a va-
riety of fields in nuclear physics, both in fundamental
research as well as for energy, medical and other appli-
cations [2-5]. The n_TOF facility is one of the globally
leading Time of Flight neutron beam facilities driven
by the CERN PS accelerator. A pulsed proton beam of
20 GeV/c is impinging on a lead spallation target with
minimal longitudinal pulse dimension (7 ns rms) allow-
ing for unique energy resolution abilities. n.TOF com-
prises two TOF beam lines of 185 and 20 m in length.
During CERN’s 2"¢ Long Shutdown Phase (LS2) of
2019-2021, a new experimental area, the "NEAR” sta-
tion, was designed and constructed in close proximity
to the target [6]. NEAR Station benefits from an ex-
ceptionally high neutron flux, facilitating studies on
reactions involving minute sample masses or even ra-
dioactive samples with short half-life times. In those
cases where the TOF technique is not applicable, the
measurement of reaction cross-sections becomes feasi-
ble through the utilization of the activation technique.
This approach capitalizes on the technique’s inherent
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sensitivity and selectivity, synergizing effectively with
NEAR’s extremely high neutron flux. As a result, in-
tegrated cross section measurements can be conducted,
addressing even the most challenging physics cases.

The NEAR Station consists of two sub-areas, an ir-
radiation station, i-NEAR, located next to the target,
inside the bunker shielding, and the activation station,
a-NEAR, just outside the shielding, at a distance of ~
3 m. The first one is specifically focused on the radia-
tion hardness studies of materials, while the second one
is dedicated to neutron activation reaction studies, pri-
marily for nuclear astrophysics purposes. The neutron
beam of the activation station (a-NEAR) is spatially
shaped through a hole in the shielding which houses a
movable collimating system, composed of stainless steel
and borated polyethylene disks. A schematic represen-
tation of the above mentioned elements can be found in
Fig 1 and more details on the technical characteristics
of NEAR can be found in [7]. For nuclear astrophysics
studies, the ”shaping” of the energy distribution of the
low energy neutrons by using appropriate beam filters
is feasible, allowing the deduction of Maxwellian Av-
eraged Cross Sections in previously unexplored physics
cases.

This work focuses on a-NEAR. In order to estab-
lish optimum operation conditions for future experi-
mental activities, the detailed characterization of the
newly built experimental area is needed. Accordingly,
in this work we describe the procedure and the results
of the various experiments carried out in order to inves-
tigate its yet unexplored experimental characteristics.
Owing to its harsh radiation conditions, conventional
in-beam detection systems and electronics could not be
employed for the measurement of the neutron flux at a-



Fig. 1 Schmeatic representation of the NEAR Station ele-
ments taken from [7]

NEAR. Instead, a series of multiple foil activation mea-
surements was applied. In the next sections the method,
the adopted reference reactions as well as the details on
the unfolding procedures are described.

2 Experimental method and setups
2.1 The activation technique

The activation technique, widely acknowledged and po-
tent, finds application across diverse scientific domains
and in industrial settings. Its effectiveness stems from
its notable attributes: high sensitivity, selectivity, and
non-destructive nature. It is based on the ability to
identify and quantify radioactive nuclei in a sample
based on their unique decay properties, such as type
and energy of radiation emitted. Thanks to the ad-
vancements in detection setups, the utilization of the
activation technique demonstrates significant efficacy in
identifying traces within materials and deriving highly
accurate results in reaction cross-section measurements,
even when minimal sample masses are available (e.g.,
[8]), or in the characterization of radiation fields when
other techniques cannot be applied.

The activation technique is a two-step process: Firstly,
the sample is irradiated. During the irradiation one or
more nuclear reactions take place. The number and kind
of those reactions depends on the energy and the kind
of the quanta of the radiation field (e.g. neutron beams,
or y-rays, etc). The activation technique can be applied
only if the reaction product of the reaction of interest is
an unstable isotope with half-life time ranging between
a few seconds up to several years. The second step is
the measurement of the induced activity of the sample.
The choice of the detection setup depends on the de-
cay properties of the product nuclei i.e. the kind, the
intensity and the energy of the emitted radiation.

The applicability of the activation technique is sub-
ject to several constrains [9]. Beside the ”suitability”
of the half-life time of the reaction products, the type
of the emitted activity should be considered. Further-
more, potential ”contaminating” reaction channels that
could populate the same isotope should be taken into
account. This can be the case when multi-isotopic nat-
ural composition samples are irradiated.

As described in the next sections, within the present
work the activation technique was used as to derive the
neutron flux and energy distribution of the a-NEAR
station. Several reference reactions were used with dif-
ferent thresholds and excitation functions were utilized
towards the detailed characterization of the a-NEAR.
After the irradiation the activity of the samples was
determined by means of «-ray spectroscopy.

2.2 MAM1

The experimental campaign at a-NEAR started with
the Multi-foilActivation Measurement 1, "MAM1”, set-
up, one out of two set-ups designed for activation mea-
surements. The final configuration of MAM1 comprises
several materials, such as Au, Cd, Ni, Sc, and W, with
the purpose of covering the eleven orders of magnitude
in neutron energy available at the experimental NEAR
area. The samples were in the form of metallic foils,
while the choice of the reaction channels was based on
the resonances as well as the half-life of each produced
radionuclide. The samples were placed in different posi-
tions inside a disk shaped holder with a radius of 2cm,
thus ensuring, according to extended FLUKA simula-
tions, the homogeneity of the NEAR 2D spatial distri-
bution/profile across all samples. The placement of the
holder and the samples at a-NEAR during the irradi-
ation is depicted in Fig. 2 while the placement of the
samples in the different slots of the holder can be seen
in in Fig. ... Stella. The table 1, summarizes the list of
the adopted neutron-induced reactions, which consists
of six capture reactions, ideal for the characterization
of thermal and epithermal energy regions, and eleven
threshold reactions, dedicated to the unfolding of the
fast neutron energy region. The induced activity of each
foil was measured utilizing a well-characterized HPGe
detector with a relative efficiency of 26% according to
a dedicated measurement plan. A representative ~v-ray
spectrum of the induced activity of the irradiated sam-
ples (Au sample in this instance) can be seen in Fig.
6. More details on the ~v-ray spectroscopy are given in
Section .... The output results of the analysis procedure
were used as an input file to the BATMAN code for the
unfolding procedure, a procedure that will be explained
in detail in sections XXX.
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Fig. 6 Example of a typical y-ray spectrum. In red: The
spectrum resulting from the sample measurement. In black:
The background spectrum.

Fig. 2 Photograph taken while aligning the MAM1 sample
holder in front of the collimator exit.
Table 1 MAM1 list of reactions

Sample ID  Mass [g] Reactions studied

Cd 1.0714 114Cd(n,y)115Cd
Sc 0.0073 45Sc(n,vy)4%Sc
Au-1 0.0709 197 Au(n,y) 98 Au,

197 Au(n,2n) 196 A,
197 Au(n,4n)194 Au
Au-2 0.0712 197 Au(n,y) 98 Au,
197 Au(n,2n) 196 Ay,
197 Au(n,4n) 194 Au

FIGURE 2.4. Holder dimensions. Au-6 0.0550 197Au(n,2n)196Au
Au-3 0.0142 197 Au(n,y) 98 Au,
Fig. 3 MAM1 holder and dimensionsCHOOSE WHAT- 197 Au(n,2n)196 Au
EVER YOU PREFER Au-4 0.0149  '97Au(n,y)'98Au,
197 Au(n,2n)196 Au
Upstream Downstream Au-b 0.0148 197 Au(n,y) 198 Ay,
197 Au(n,2n)196 Au

W 1.2349  186W(n)8TW

In 0.4675 13In(n,y)14In

Ni 0.5624 58Ni(n,p)®®Co,

58Ni(n,2n)®7"Ni

Al 0.1694 27 Al(n,a)?4Na

Co 0.0348 59Co(n,y)%°Co,

59Co(n,2n)%8Co,

59Co(n,3n)%7Co
Bi 1.1070 209Bj(n,3n)207Bi,

209Bj(n,4n)206 B,

20913; 20513;
Fig. 4 MAMI1 holder and dimensionsCHOOSE WHAT- Bi(n,5n)*%”Bi

EVER YOU PREFER

eam

o 2.3 MAM?2

The second set-up designed for Multi-foil Activation
Measurements "MAM?2” | was configured using a differ-
ent set of samples and positioning compared to MAM1.
Several materials, including Au, Co, Sc, In and Al were
used. Four capture reactions were used to cover the
thermal and epithermal region, and twelve threshold
reactions to cover the fast neutron energy region. The
full list of reactions used is summarized in Table 2. All
Fig. 5 MAM1 holder and dimensionsCHOOSE WHAT-  the samples were in the form of metallic foils of 0.635
EVER YOU PREFER cm radius. A set of foils was placed at the central posi-
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tion (aligned with the beam collimator) in a stack con-
figuration. Special care was taken to account for the
beam attenuation and self-shielding corrections along
each sample within the stack. A second set of Au sam-
ples was placed downstream the neutron beam in po-
sitions around the center (edges and corners) in order
to test the homogeneity of the beam at 2.5 (edges) and
3.5 cm (corners) from the beam axis. The setup can
be seen in Fig 7. The irradiated samples were analyzed
after irradiation using the same HPGe detector as the
MAMI1. The activation data was further taken as input
to the unfolding routine described in section 3.2.

Table 2 MAM-2 list of reactions. All the Au samples labeled
with number correspond to the homogeneity analysis.

Sample ID  Mass [g] Reactions studied

Au-u 0.1268 197 Au(n,y) 198 Ay,
197 Au(n,2n)196 Ay,
197 Au(n,4n) 194 Au

Co 0.0644 59Co(n,y)%°Co,
59Co(n,2n)>8Co,
59Co(n,3n)°7Co,
59Co(n,4n)>%Co,
59Co(n,p)®°Fe

Sc 0.0503 453c(n,y)46Sc

In 0.1309 1131n(n,3n) 1 n,
11311 (n,4n) 1 01n,
115In(n,n7)115m1n

Al 0.2552 27Al(n,a)%4Na

Au-d 0.1283 197 Au(n,y) 198 Au,
197 Au(n,2n)196 Ay,
197 Au(n,4n)t94 Au

Au-1 0.1167

Au-2 0.1213

Au-3 1.1154

Au-4 0.1214 197 Au(n,y) 198 Au,

Au-6 0.1257 197 Au(n,2n)196 Ay,

Au-7 0.1250 197 Au(n,4n) 194 Au

Au-8 0.1243

Au-9 0.1222

2.4 The activity measurement setup, Nikolas

After the irradiation of the samples, the induced activ-
ity was measured by means of a High Purity Ge (HPGe)
detector. Specifically, a p-type electrically cooled coax-
ial HPGe detector was used with relative efficiency 27%.
The active volume of the HPGe detector was 133 cm?
and its entrance window is made of thin Aluminium.
The high energy resolution of the detector (0.2% at
1.3 MeV) was instrumental in this work providing the
needed selectivity and resolution for the identification
of the characteristic y-rays emitted from each reac-
tion product. The sample-to-detector distance was op-

Fig. 7 Photograph taken while aligning the MAM2 sample
holder in front of the collimator exit.
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Fig. 8 In colour: Experimentally extracted detection effi-
ciency values. In black: Simulated results.

timized for each measurement as to achieve adequacy
statistical uncertainty retaining also low enough count-
ing rates as to avoid possible dead-time or pile-up is-
sues. Thanks to a carefully designed system of spacers
a well defined and fully reproducible measurement ge-
ometry was achieved. The HPGe detector together with
the spacers can be seen in Fig. 9.

For each measurement position the efficiency of the
detector was determined using several point-like cali-
bration sources. Furthermore, the HPGe detector was
fully modelled and characterized using the GEANT4
simulation toolkit [10,7?]. Specifically, starting from the
manufacturer detector geometrical characteristics min-
imal modifications were done in some of the parameters
as to reproduce the experimentally deduced efficiency
curves for all possible source to detector distances. In
Fig... ... Elisso the experimentally deduced detection
efficiency along with the corresponding one from the
GEANT4 Monte-Carlo simulations is given. Having en-
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Fig. 9 The HPGe used for the induced activity measure-
ments of this study. Different polyethylene spacers can also
be seen.

sured that the GEANT4 modelling is fully reproducing
the experimentally deduced calibration points within
3-5 % the detection efficiency of each sample was even-
tually obtained from dedicated GEANT4 simulations
where the full decay scheme was considered along with
details of the structural characteristics of the sample
(dimensions, composition, density, etc). In this way, the
effect in the detection efficiency due to the extended
source geometry, possible vy-ray self attenuation or pos-
sible coincidence summing effects were taken into ac-
count.

3 Unfolding techniques and codes

e BaTMAN (Davide Chiesa, Mario)
e SAND IT (Roza, Maria)
e Granada code (Pablo, Javier)

The second step of the analysis concerns the neutron
flux spectrum unfolding. To this aim different unfold-
ing codes has been used, namely BaTMAN (Bayesian
unfolding Toolkit for Multi-foil Activation with Neu-
trons), SAND II (Spectrum Analysis by Neutron De-
tectors II) and the "home made” Granada-code.

3.1 BaTMAN Code

The Bayesian-unfolding Toolkit for Multi-foil Activa-
tion with Neutrons (BaTMAN) [11] has been developed
since 2012 to unfold the neutron flux from activation
data with a Bayesian statistical approach. This tool has
been implemented and validated through a neutron ac-
tivation campaign at the TRIGA Mark II reactor in
Pavia [12,13], and subsequently applied to characterize
the neutron fluxes at spallation source beamlines [14,
15] and at the TRIGA RC-1 reactor in Rome [16]. The
unfolding procedure aims at determining the neutron
flux energy distribution ¢(F) = d¢/dE from the mea-
surement of the activation rates R; of different reac-
tions:

Ry =55 [ 0,(B) (B) £y(B) di 1)

where 0 (E) is the activation cross section and N; are
the target nuclei for the reaction j in the activation
foil, and f;(E) is a corrective factor taking into account
the self-shielding effect of the samples. The BaTMAN
unfolding algorithm solves the following system of linear
equations obtained by discretizing the integral in Eq. 1
into n energy groups:

R \~
J\Tj_;%@ (2)

where ¢; = [ 5 " ©(F)dE are the unknown variables
of the system, and o;; are the effective cross sections
calculated in the range of each energy group:

Jo ™ 0i(E) o(E) f(B) dE
Tij = — Fo (3)
/ B o(E)dE

The BaTMAN toolkit takes in input the activation rates
and cross sections with their uncertainties, a guess spec-
trum to compute the effective cross sections, and a list
of energies to define the group boundaries. A C++ code
is used to process the input data, write the Bayesian
statistical model and the launch script for the JAGS
(Just Another Gibbs Sampler) software [17,18], which
runs Markov Chain Monte Carlo (MCMC) simulations
to sample the joint Posterior probability density func-
tion p(¢;|R;, 055). BATMAN also provides tools for the
post-processing of the JAGS output files and for the
analysis of the neutron flux unfolding results. In par-
ticular, the probability density functions of ¢; variables
and the correlations among them are obtained by marginal-
izing the multi-dimensional Posterior. Compared to other
unfolding techniques [19], the BATMAN unfolding method
allows to propagate the experimental uncertainties of
the activation rates and cross sections, to set Priors




that automatically exclude the meaningless negative so-
lutions for ¢;, and to analyze the correlations between
the resulting ¢;. It is worth noting that even if the re-
sults have some degree of dependence on the intra-group
spectral shape used for o;; calculation, there is no con-
straint on ¢; variables, that are left free to converge on
any flux value in the positive range.

Pointwise cross-section data retrieved in the ENDF/B-

VIIL.0 and TENDL-2019 libraries for effective cross-
section (o;;) calculations were used for capture reac-
tions, while for the threshold reactions only those pub-
lished in the TENDL database were used. As cross sec-
tions in TENDL database extend up to 30MeV, a linear
extrapolation above this energy extends the cross sec-
tions up to 200MeV (?see this point?).

The flux attenuation through the samples thickness
was taken into account with the self-shielding factor
f;(E) by using the FM card of Monte Carlo N-Particle
code (MCNP); the bin-by-bin ratio between the activa-
tion rate spectra as a function of neutron energy and
those calculated with any perturbations on the neutron
flux provided the self-shielding correction factors for all
the samples used. As an example in Fig. 11 the f; fac-
tor for the gold sample Au-1 is shown (7placed at the
center of samples support?); the self-shielding effect is
clearly visible in correspondence of the main resonances
@ 4.9eV of the n + 7Au cross section.

As for the others unfolding code used in this work,
the starting point is the guess (seed) neutron spectrum;

such a flux shown in Fig. 10 was obtained by specifics
FLUKA MC simulations (see section...).
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Fig. 10 NEAR neutron flux as obtained by FLUKA MC
simulations.

In order to obtain group flux intensities (¢;) as un-
correlated as possible among to them, the multi-group
binning of the neutron energy spectrum was chosen in
such a way to have at least a main resonance of a cap-
ture or a cross section peak of a threshold reaction for

each group. To do this the neutron energy range was di-
vided in 8 multi-group binning as reported in Table 3;
in total 15 different reactions were measured, namely 6
capture and 9 threshold reactions.
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Fig. 11 Self-shielding factor as a function of neutron energy
for the gold sample Au-1 as obteined from MCNP simulations
of reaction rates.

Table 3 Energy group binning spanning from 1.98meV to
631.60MeV.

Group Energy range [MeV]

1 1.976e-09 - 1.317e-07
2 1.317e-07 - 3.727e-05
3 3.727e-05 - 4.540e-04
4 4.549e-04 - 1.111e-01
5 1.111e-01 - 6.873e4-00
6
7
8

6.873e+4-00 - 1.000e+01
1.000e+01 - 3.169e4-01
3.169e+4-01 - 6.316e+02

3.2 SAND II

Following the MAMI1 foil irradiation that was carried
out between the 28th of September and the 20th of Oc-
tober 2021 and the corresponding spectrum analysis,
the unfolding SAND II (Spectrum Analysis by Neutron
Detectors II) code, initially maintained by the Radia-
tion Shielding Information Center, Oak Ridge National
Laboratories and extensively used with great success in
nuclear reactors for several decades, was implemented
for the determination of the neutron flux, in the energy
range between 10-10 and 18 MeV [?]. The SAND II
code is currently provided by the NEA Data Bank and
has been developed specifically for the neutron spec-
trum de-convolution when the neutron activation tech-



nique is used. The code employs an iterative perturba-
tion method to obtain a "best fit” neutron flux spec-
trum for a given input set of experimental saturated
activities from the irradiated foils, yielding the neces-
sary information for the neutron flux characterization,
within the energy range of each threshold and capture
nuclear reaction. Accurate group cross sections from the
IRDFF library, for each reaction and for each SAND
IT energy interval, are implemented in the code, along
with an initial “guessed” flux spectrum (i.e. ‘seed spec-
trum’). The algorithm subsequently adjusts iteratively
the neutron flux spectrum to achieve an appropriate
fit between the theoretically calculated and the exper-
imentally determined reaction rates, within the energy
range of 0-18 MeV, divided into 620 intervals. The ex-
act determination of the 620 interval values with a small
number of measured activities creates a non-inverse ma-
trix problem, since each activity used as input repre-
sents an equation of 620 unknown values. In this work,
only 12 saturated activities were used, thus the deter-
mination of 620 intervals using only 12 equations was
a rather difficult task considering the limitations of the
neutron-induced reactions. Thus, a carefully chosen ini-
tial seed neutron spectrum was used, derived from ex-
tensive FLUKA [20][21]]22] simulations carried out at
CERN [23]. A test has been performed to investigate
the sensitivity of the code to the initial flux spectrum,
implementing four different neutron flux spectra, as will
be described below. In addition, a moving linear aver-
aging factor was adopted by means of the smoothing
factor parameter N,. It is evident that an increase in
the N, parameter causes a relative loss of all the in-
formation which is related to the fine structure of the
neutron flux provided by the seed spectrum. In the final
results a smoothing factor limited to a value of 5 has
been adopted.

The neutron flux spectrum obtained using the SAND
IT code is presented in Fig. 12 as blue line along with
the initial seed flux spectrum from the FLUKA simula-
tions (black line). The two neutron spectra are in a very
good agreement over the whole energy range, from the
thermal up to the MeV region, while above 4 MeV, the
calculated neutron flux is significantly higher than the
simulated one. The experimental and calculated sat-
urated activities per target nucleus (in Bq/T'N) and
their standard deviations for every reaction of the data
set, are shown in Table 4. The resulting spectrum pre-
sented in Fig. 12, seems to provide a very good estima-
tion of the realistic neutron flux, as the code calculated
saturated activities are within a total standard devi-
ation of 5.24% from the measured ones. The energy
regions where the 12 reactions used in this work are
important for the neutron spectrum deconvolution pro-

cess, are shown as red lines in Fig. 13. It is seen that the
experimental information in the energy region from 4
to 18 MeV is sufficient to provide a reliable value of the
neutron flux, higher than expected from the FLUKA
simulations. In order to compare the SAND II results
with the ones emanating from the Bayesian code BaT-
MAN [ref], the same binning has been used (seven bins
in total), presented as green lines in comparison with
the FLUKA simulations (red lines).

Finally, it should be noted that the threshold satu-
rated activities used as input in the SAND II code, had
to be modified to correspond to the specific part of the
neutron flux within the energy range between 0 and 18
MeV. This correction factor was crucial to obtain an ac-
curate estimation of the flux in the fast energy neutron
region, for all the threshold reactions. For calculation
purposes, the FLUKA simulation code was utilized fol-
lowing the equations:

From 10 — 50MeV : Ay = Yo, x D x (Eip1 — E;) (3)

From 10 — 18 MeV : Ay = Yoy + @ % (Eip1 — E;) (4)

A
I * Apeasured = ASANDITinput

where A corresponds to the threshold saturated activ-
ities, E;+1 — E; is the energy interval with respect to
the neutron flux &;, and the quantity o; is the reaction
cross section [24]. It should be also noted that all the rel-
evant correction factors, related to the self-absorption
of gamma-rays and the self-shielding of neutrons in the
irradiated samples, were obtained from MCNP [25] sim-
ulations [26]. The experimental saturated activities per
target nucleus shown in Table 1 along with the calcu-
lated ones, include all the aforementioned corrections.
In an attempt to test the sensitivity of the code
to the initial “guessed” flux spectrum, four different
neutron flux spectra were implemented, shown as blue,
green and red lines in Fig.14(a), which were related to
the FLUKA Monte-Carlo simulation results (black line
in Fig. 14(a)). The smoothing factor N's = 20 was found
to be the most reliable one among all the others used in
this test, due to the clear solution convergence we have
managed to achieve between the four different differen-
tial flux results within the energy range where most of
the saturated activities contributed. The resulting neu-
tron spectra from the SAND II code are presented in
Fig. 14(b) using the same colors as the relevant initial
neutron spectra and are seen to converge fairly well. In-
deed, the significant divergence of the three lines (blue,
green and red) in Fig. 14(b) occurs mainly in the re-
gion 10keV and 1MeV, where the experimental infor-
mation provided by the 12 activation reactions used in
this work, is not sufficient, as can be seen in Fig. 14. The
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Fig. 13 The red lines indicate the energy regions where the
reactions used in this work are important for the neutron
spectrum deconvolution process.

Fig. 12 The SAND-II neutron flux energy spectrum result-
ing from the unfolding procedure in comparison with the
FLUKA simulations using two different energy binning.

Table 4 The saturated experimental and calculated activities along with their standard deviations for the reactions used in
this work from the irradiated samples.

Sample Reaction Experimental Activity Calculated Activity Standard Deviation
Au-1 (n,7) 2.995 % 1016 3.152 % 10716 —4.99
Au-5 (n,7) 4.679 % 1016 5.082 % 10~ 16 —7.93
Au-6 (n,7) 7.189 % 10716 6.643 x 10— 16 8.22
Au-1 (n,2n) 2.958 x 10— 18 3.125% 1018 —5.36

Sc (n,7) 4.426 x 1017 4.204 % 10~ 17 5.27
Co (n,7) 7.218 x 10~ 17 7.328 % 10~ 17 1.50
Co (n,2n) 7.307 x 1019 7.146 % 10—19 2.26
Co (n,p) 1.836 % 10~1° 1.699 * 10— 19 —1.50
W (n,7) 1.836 + 10~16 1.855 % 10— 16 —0.14
Ni (n,p) 3.871% 1018 4.029 % 10~ 18 —-3.93
Al (n,a) 2.610 * 1019 2.641 % 10— 19 —1.20

Cd114 (n,7) 1.433 % 10—17 1.414 % 10— 17 1.28

Total SD: 5.24%
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Fig. 14 (a) Representation of the four different initial differential neutron fluxes used as input in the SAND II code (b)
Results of the differential neutron flux from the SAND II code using the initial fluxes shown in (a).



clear convergence in the thermal and fast neutron en-
ergy region is attributed to the adequate experimental
information provided by the threshold and capture acti-
vation reactions. The confidence level of this sensitivity
test of the code to the initial neutron flux spectrum is
also presented in Fig. 14(b) in yellow.

3.3 Granada Code

Table 5 Please write your table caption here

first second third

number number number
number number number

4 FLUKA simulations (Cecchetto)

Text here...

5 Results (Nicola, Nikolas, Mario, Pablo, Roza)

e MAM1 (BaTMAN), MAM1 (Granada), MAM1 (SAND

IT), MAM2

e Uncertainties

e Evaluated flux vs Simulated one

o Effect of Cd-114(n,g) cross section

6 Conclusions
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