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Motivation

 Nuclear data from (a,xn) reactions like yields, cross section, neutron spectra, angular
distributions are relevant for: D.Cano-Ottetal., J. Phys. G: Nucl. Part. Phys., (2025)

v

o Nuclear reactors and fuel cycles

o Experiments in basic nuclear physics:
= Dark matter

= Neutrinos \ ‘

o Medical applications
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« The available experimental data are outdated, incomplete, or have large uncertainties —

New measurements (MANY CO”abOI’ation) S.S. Westerdale et al., Summary report of the Technical
Meeting, 8-12 Nov 2021 (virtual event)
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https://iopscience.iop.org/article/10.1088/1361-6471/adeffa
https://nds.iaea.org/publications/indc/indc-nds-0836/

Measurement of Alpha Neutron Yields and Spectra (MANY)

Two Spanish facilities
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Measurement of neutron spectra in (a,xn) reactions

Within MANY collaboration, we are interested in: Our experimental setup
 Neutron vyields and cross sections - \
miniBELEN and GARY

MONSTER

neutron detectors .
(liquid/plastic

scintillators)

* Neutron spectra and angular distribution
— MONSTER

TOF spectrometer:
* Requires a pulsed a-beam.
« Information for the eff correction €,(E,)

* Measurements at different angles allows the pulsed a-beam
study of angular distribution >

» Low efficiency (~ 1%)

* Neutron/gamma discrimination and

correlation with y-rays
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Experimental setup

« HiSPANoS facility at the Centro Nacional
de Aceleradores (CNA), Seville:

o 3 MV tandem accelerator: to produce the a
particles (between 5.5 and 8.5 MeV) (1)

« Five cells of MONSTER between 0° and

1200 (2) A.R. Garcia et al., Journal of Instrumentation, 7, (2012) C05012
T. Martinez et al., Nucl. Data Sheets, 120, (2014) 78-80

 Four LaBr; detectors (3) and a HPGe
detector (4)

o (3) and (4) dedicated to y measurements —
y/n correlated events

« 27Al target: d = 2.5 cm, thickness = 150 um,
purity = 99.9 %
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https://iopscience.iop.org/article/10.1088/1748-0221/7/05/C05012
https://www.sciencedirect.com/science/article/pii/S0090375214004633?via%3Dihub

2/Al(a,n)3°P reaction

« |AEA suggests the use of this reaction as a
benchmark A. Junghans et al., INDC International Nuclear Data

Committee (IAEA), (2023)

 Aluminum is a very common element in
structural materials

* There is available data for 2’Al(a,n)*p L 3

reaCtlon Sd.j.:;sgacobs & Liskien, Annals of Nuclear Enerqy, 10, (1983) I i 30p

27A1 E Sn

 The reaction mechanism is well-known: ;

o B* emission of *°P allows the yield P
measurement

i . ¥ GOBIERNG  MINISTERI o Criem

gﬁ-ﬁ DEESPANA  DE CIENCIA INNOVACION ce,.nodeumemgmge U " I J. Llanes-Gamonoso, 19-11-2025
{ Y UNIVERSIDADE icas, Medi i

1 Energeu;:_\rse cMn:fg;:\(r::ﬂenules



https://www.sciencedirect.com/science/article/pii/0306454983900038?via%3Dihub
https://nds.iaea.org/publications/indc/indc-nds-0894/
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MONSTER spectrometer

Amplitude (arb. unit)

GOBIERNO
DE ESPANA

Cells are filled with a scintillating liquid (BC501A or
EJ301)

Good time resolution (< 1 ns)

These detectors have a good neutron/y-ray
discrimination capability — Pulse Shape Discrimination
(PSD)
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Inverse problem

*  GOBIERNO
DE ESPANIA

TOF =R - E,
pd I T

Measured neutron TOF Response  Neutron energy
spectrum matrix distribution

Measured neutron TOF spectrum — Neutron selection over raw data

Response matrix - Accurate Monte Carlo simulations with Geant4
S. Agostinelli et al., Nucl. Inst. and Meth. A, 506, (2003) 250-303

Neutron energy distribution — Solving the inverse problem by an unfolding algorithm
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https://www.sciencedirect.com/science/article/pii/S0168900203013688?via%3Dihub

Neutron Selection

E, =8.5 MeV
Raw TOF spectra
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 Difficult to see the neutrons due to high y contribution — y-peak and uncorrelated background —
— Necessity of a neutron cut
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Neutron Selection

E, = 8.5 MeV
Raw TOF spectra
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* No y contribution —» Neutron TOF obtained
» Neutron structures are now highlighted
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Response matrix
0° MONSTER cell
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« Construction of the response matrix R: TOF (ns)

o Cover the whole neutron energy range
o Provide TOF response for each considered neutron energy
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o The energy bin width is according to MONSTER resolution: — =y + 1)\/ &t A—d) At <1ns
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Response matrix and unfolding algorithm

e |terative Bayesian method : G.D'Agostini, Nucl. Instrum. and Methods A, 362
(1995) 487-498
o Bayes formula

response matrix initial guess _ o

_ effects E, = 8.5 MeV, 0° MONSTER cell
independent causes l / ¢ 1800 | | |_
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« This methodology is validated with simulations (1) and real
experiments (2) (1) A. Pérez de Rada Fiol et al., Rad. Phys. Chem. 226 (2025) 112243

(2) A. Pérez de Rada Fiol et al., Phys. Rev. C, 111, (2025), 044312
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https://www.sciencedirect.com/science/article/pii/S0969806X24007357?via%3Dihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.111.044312
https://www.sciencedirect.com/science/article/pii/016890029500274X?via%3Dihub
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Neutron energy distributions: comparison with previous data (E, = 5.5 MeV)
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° Good agreement Wlth preVIOus data (Wlthln 10 %) 54\:]'-';533.C0b5 & Liskien, Annals of Nuclear Energy, 10, (1983)
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https://www.sciencedirect.com/science/article/pii/0306454983900038?via%3Dihub

Angular distribution (E, = 5.5 MeV)
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e Fit function: R.M. Sealock, Nuc. Phys. A, 357, (1980) 279-292

f(0) = ag + a, cos(8) + a, cos?(0) +ascos3(0)

pulsed a-beam

I_ 0° « Reaction kinematics:
o Higher neutron vyield/integral with decreasing
angle — Maximum in the direction of the a beam
line
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Neutron energy distributions: all energies (angle = (Q°)
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« Higher neutron energy and yield with higher E,
« Maximum neutron energy corresponds with the minimun TOF per each E,
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Neutron energy distributions: structures (angle = 0°)
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 Different structures due to the population of different excited states of 3°P for different E,,

ft% ooy n '''''''' C'Fm'""'e J. Llanes-Gamonoso, 19-11-2025
EEEEEEEEEEEEE Energedc?r:::ld;;ug:ﬂenmles

_|||||||||||||||||||||||||W_




Table of contents

— Introduction

— Experimental setup
— Data analysis

— Results

— Final remarks

i-i-l L L oseen C'_ﬁ'??"' J. Llanes-Gamonoso, 19-11-2025
] Y UNIVERSIDADES En:rge.z;sz. 'r::;ienmles




Final remarks

« First measurements of the (a,xn) reaction on a thick 2’Al target with MONSTER at the
Centro Nacional de Aceleradores (CNA)

o a energies from 5.5 MeV to 8.5 MeV — 6 new energy spectra measured!
« Clean TOF spectra obtained after neutron selection
* Neutron spectra have been obtained and compared to existing data
« Study of the angular distribution started
« Uncertainty analysis of the results is ongoing

 Future work:

o Repeat the experiment at CMAM
o Study other (a,xn) reactions with other isotope targets, e.g., °Be
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Thanks for your attention

José Llanes Gamonoso
jose.llanes@ciemat.es
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