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Open questions in particle physics

Neutrino Physics
 Dirac vs Majorana particles.
d Origin and scale of neutrino mass.

d 6,5 octant and § phase value.

normal hierarchy (NH) inverted hierarchy (IH)
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Dark matter
1 What 1s 1t?
1 How can we detect 1t?

O Most matter 1in the universe has a
non-barionic nature.
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Spallation Neutron Source

High energy proton beam
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Neutrino production at the SNS
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Neutrino Phenomenolgy at SNS
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Spallation Neutron Sources around the world

AT

SPALLATION NEUTRON SOURCE

)

d 1.3 GeV proton beam.
O Power of 1.3 MW,

d 0.07 Ty per POT.

G. Sanchez Garcia

d 2.0 GeV proton beam.

V d 0.31 y per POT.

A ol

vtf/-Pﬂﬁc

‘ d SNS d 3.0 GeV proton beam.

O Power of 1.3 MW,

O 1.6 GeV proton beam. Q 0.54 Ty per POT.
O Power of 0.5 MW.

Q 0.22 ry per POT.

g.sanchez@ciencias.unam.mx 5



Spallation Neutron Source
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Neutrino phenomenology at SNS

d Generalized Neutrino Interactions (GNI)
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Generalized Neutrino Interactions

Complementarity with other neutrino experiments like CHARM
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Electromagnetic properties of neutrinos

Massive neutrinos can couple to photons at Q Sensitivity to neutrino millicharges.
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nature (Dirac vs Majorana).
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Dark Matter searches at SNS 4 = scaarDM.

Generic dark photon scenario from extra U'(1) A" = Dark photon.
symmetry.
€ 1, my 1 pv e pv 1Y pu /AT 1 9 m
A’ 2 —ZFP'VF — ZBPWB — EFHJVB — g ‘]p BY — ng“A + §mAfAMA y
JL — ‘?5* p¢ - ¢au¢* -
¢
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M I K / ) Al ¢
Ly D —cosbw € ejpyA,+9pj, A -
A’ production through pion Decay of A" into DM pairs.

decay »



Production mechanism at Spallation Sources

0 SM picture implies pion decay to O BSM allows for production of dark
two photons photons.
4
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Determination of the pion flux

1 We use Geant4 simulations.

GEANT4

O Primary and secondary processes
taken 1nto account.

O Negligible contribution from eta
mesons.

O Agreement with COHERENT
. 1.0
collaboration model. 0 500 1000 1500
Two [MGV]

D. Aristizabal Sierra, GSG, et al, arXiv:2603.02132
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Dark matter flux from pion decay
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Expected DM signal compared to CEVNS

d Total DM production rate. 2000 ——r——xl QESS (3 yr on-axis)

scalar DM: m_ = 70 MeV
-------- scalar DM: m 4 = 100 MeV

det

i

dN E;ﬁnax dN¢ dO'¢N 1500 E E
— trun”A(@/ ‘ qu& Tl ) - ]
dEy, g dEg dE, é i Projected |
c r o £1000 F ESS -
ross section proportional to Z~. = N oENE .
o - i
500 | .
[ Total DM arriving to the detector. - VN H }
0 B |..|I e I'"-I"'"I"“I"""|""I'----I-----i--..L.....L“:
dN? %t N2\ (Ap) dN? [P 0 10 2 0 0
S = (e (2 ) o Er [keV]
¢ Nprod m ¢

D. Aristizabal Sierra, GSG, et al, arXiv:2603.02132

g.sanchez(@ciencias.unam.mx 15



Expected sensitivity at the ESS.
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Expected sensitivity at J-PARC.
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Conclusions:

O We can test neutrino properties at fixed target low energy experiments.
O Enhanced sensitivity to NSI, GNI and EM properties.

O We can also study DM properties at neutrino intended experiments.

O Spallation Sources currently play a significant role in the search of physics
beyond the SM.
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Conclusions:

O We can test neutrino properties at fixed target low energy experiments.
O Enhanced sensitivity to NSI, GNI and EM properties.

O We can also study DM properties at neutrino intended experiments.

O Spallation Sources currently play a significant role in the search of physics
beyond the SM.
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Analysis

Minimization of the function y?
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CEvVNS experiments around the world

SNS
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Sensitivity to neutrino millicharges

Parameter space consistent with experimental measurement
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