Long-Lived Particles at Spallation Neutron
Sources

Salvador Urrea

This week on arXiv

in collaboration with Matheus Hostert

Light Dark World September 17, 2025

’b) CLab

Irene Joliot-Curie

Laboratoire de Physique
des 2 Infinis




Open problems W

Scalar : Dark Higgs, Muon scalar
etc
Baryon

asymmetry Hierarchy  Pseudoscalar: Axions, ALPs
of the Universe problem

Call for new physics

Vector: Dark Photon, etc

Fermions: Heavy neutral
leptons (HNLSs)

Lonyg lived particles

decay

ﬁq’ ----- )-( -------- 3 or

SM particles Target O(10 — 1000 m) | *scattering

Detector




What is a spallation neutron source?

e Nuclear Physics
Intense beam y

« Material studies

pp — pnrt (ppr’)
pp — pprtwT

PP PPN Meson production
pp — pA° KT

pp — pZ+KO
pp — ppK K~

Lose energy

Captured
and decay at rest

/KT — uty, T K~



What is a spallation neutron source?

n
@ v, ’ * Nuclear Physics
Intense beam e
\\ \ O = =
P @ v @ ~ @ Neutrino * Material studies
n= Y R Detectors
O(1 — 3GeV) @ *. ,000-100m) « Neutrino Physics
n ‘e,
* + /1ot -

pp — pna ™t (ppr°) ’ T KT = Ty

pp — ppr T = et v+,

pp — pp1 tion

pp — pAOK+ Mesonprac{uc Sterile neutrinos CEVNS

pp — pE T KO

pp — ppK K~

Lose energy Captured
and decay at rest

/KT — uty, T K~



What is a spallation neutron source?

n
@ v, ’ * Nuclear Physics
Intense beam e
\\ \ 0 = =
P @ wmmmp 0: ~ @ Neutrino « Material studies
= Y . Detectors
O(1 — 3GeV) @ . ,000-100m) < Neutrino Physics
n te,
* + g+ +
pp — pna (ppr) ’ T KT =ty
pp — ppr T = et v+,
pp — ppm tion
op — pAOK+ M%OﬂPTOd‘uC Sterile neutrinos CEVNS
pp — pXT K" * FIPs searches
pp — ppKTK~ /Kt 5 X pt o X

Lose energy Captured k d
and decay at rest decay
X — 7Y Neutrino

X — l+l— X into Detectors

/KT — uty, T K~

X — 7T+l_ visibl
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J-PARC
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ALPs: Higgs coupled

1 2 O “
Larp D 5 (0,a) (0"a) — %az + ;ach (HTz’ DH# H)

Hypercharge rotation

ch (HTi DH H) ‘ crr Y st
f

u

Production

K+ — 7T+ah




| R

ALPs: Higgs coupled

2

5 MM
2

8mfe

Higgs-coupled ALP

= |cp|

\/1 — 4rZ where 1y = my/my,

101 -

1072 5

< 1073 <

1074 -

1077 5

106

| — ND280 . JSINER fo=1TeV

D
.
.
.
.
.
.
.
.
1.
> - :
PPy

a — ,u_,zﬂL

1 I I 1 I I 1
005 010 015 020 025 030 035
me (GeV)

10



ALPs: Leptophilic
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Production

Lepton Flavour conserving
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Weak-conserving leptophilic ALP production
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Summary

« Past experimental data keeps giving us nice
surprises, such as those from KARMEN and LSND.

» Spallation sources provide a valuable complementary
venue to search for FIPs, particularly those produced
In muon and pion decays.

 Reducing backgrounds will greatly enhance the
ultimate reach of these facilities.
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Muon scalar
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Higygs portal scalar
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