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Relevance of (a, n) reactions

@ (a,n) reactions play a crucial role in:

o Nuclear astrophysics (0-15 MeV)
n o Nuclear fusion (0-3.5 MeV)
]
]

(0%

Nuclear fission (0-9 MeV)
Nuclear physics/reactions/
structure

e Background in underground dark
matter experiments (0-9 MeV)
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Relevance of (a, n) reactions

@ (a,n) reactions play a crucial role in:

Nuclear astrophysics (0-15 MeV)
Nuclear fusion (0-3.5 MeV)
Nuclear fission (0-9 MeV)
Nuclear physics/reactions/
structure

e Background in underground dark
matter experiments (0-9 MeV)

@ Experimental techniques depend on
what particles are detected:
e ~ radiation (PGAA)
o Neutrons (neutron ToF, neutron
counting)
e Product nuclei (activation)
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The MANY Collaboration

 Tecroscgen

COMPLUTENSE dalaMateria
MADRID

MANY = Measurement of Alpha-Neutron Yields
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The MANY Collaboration

Two Spanish facilities
et

miniBELEN

\

See Daniel Soler & José Llanes’ talks for more details.
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Cross-section vs Thick Target Yield
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© Experiments and results
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The HiSPANOS facility at CNA
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The activation technique
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The activation technique

@ n
Q sy @ = ]
\ 3500— —{1400
F t, =2t1/5 + 2ty /5 + 8ty 2|
3000 (trmees =281/ / / llZOO
2500 — 1000
@ - ] =
) C ] S
€ 2000 —soo 2
S = ] 3
8 F ] ©
1500 —le00 &
Ndeca s C ] 2
TTY = Zdecars _ - 103
N 1000 —a00
@ = ]
_ Ceor At 1 500— —200
lie 1-e At At ok L e o
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

Gabriel Auién (CNA / US) New equipment and methodologies for measurements  XVII CPAN Days 8 / 20



State of the art: 27Al

° 27Al(a,n)?’oP is well known, and has been measured with miniBELEN,
MONSTER & GARY. We use it as a benchmark for our methodology.
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TTY for 2"Al(a,n)30P

o E;y = 3.014 MeV; Energy range: 3.5 - 9 MeV
e 511 keV from 3°P (3%, 11/, = 150 s).
@ HPGe has a higher efficiency, but it has a lower cps limit.

LaBr3 Activation @ 7.50 MeV
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State of the art: *N

o N(a,n)!"F yield has only been measured twice, and it is important
for (a, n) induced background, often used as inert buffer gas and

present in some plastics.
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TTY for ¥N(a,n)t"F

o ¥N(a,n)!"F, gaseous target?
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o N(a,n)!F, gaseous target, measured indirectly in an AIN compound
target.
e Solid target.
e It is non conductive.
o The chosen alloy allows simultaneous measurement of 2’Al and 4N,
enabling a current-independent normalization.
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TTY for “N(a,n)l’F

° 14N(a,n)”F, gaseous-target, measured indirectly in an AIN compound
target.
e Solid target. ©
e It is non conductive. ®
o The chosen alloy allows simultaneous measurement of 2’Al and 4N,
enabling a current-independent normalization. ®
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TTY for ¥N(a,n)t"F

o E;, = 6.055 MeV; Energy range: 6.5 - 9 MeV
e HPGe cannot be used due to high count rate.

LaBr3 Activation @ 9.00 MeV
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© New upgrades
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Upgrade plans
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Upgrade plans

Autumn 2026

NEC TORVIS:
x10 intensity
(20 pA)
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Upgrade plans

[New « beam] [ December ]
buncher 2025

Autumn 2026
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x10 intensity
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Upgrade plans

[New « beam] [ December ]

buncher 2025
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Upgrade plans

[New « beam] [ December ]
2025

buncher

Epithermal
(0.005 < E, <1 MeV)
Li-glass scintillators

Fast (E, > 1 MeV)
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@ Conclusions
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Summary and outlook

@ Activation:
o 2TAl: good agreement with literature validates our methodology.
o *N:
e Good agreement with cross-sectional data (JENDL)
o We confirm the discrepancy with Roughton et al.
o Usage of compound targets:
— Solves gaseous target complications.
— Enables TTY ratio to a reference.

o Next measurements: “8Ti & "®Ge (nuclear fusion)*
o (a,n) ToF improvements @ HiSPANoS:

o New ion source (20 pA)

o New beam buncher (<2ns pulse width)

o New array of fast and epithermal detectors (EJ-309 + Li-glass)
o First measurements: 2’Al & °Be (within APRENDE)*

*Complete list of isotopes: Review of Neutron Yield from («,n) Reactions: Data, Meth-
ods, and Prospects. Santorelli, R. et al.
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Extra - Current lecture in AIN target

@ Since AIN is an insulator — current measurements are not reliable.
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Extra - TENDL vs JENDL for N(a,n)!F
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