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Where is the new physics?
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Why neutrino experiments?

Underground massive detectors

Very powerful sources (reactors, conventional neutrino
beams, spallation sources) with near detectors

Neutrino oscillations: at short baselines, at very long
baselines, at very different energies, in matter, in

vacuum, ... — See talk by van Bsteban
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Disclaimer:
apologies Lf Your favorite model of NP Ls not in
this talk!
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Unstable particles
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Stable particles

Pilar Coloma - IFT




(1) Massive underground detectors
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SM stuff
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Dark photons via kinetic mixing
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Heavy Neutral Leptons
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Heavy Neutral Leptons

107 —x 107"
10-8F 10-6}
107 10-7+
(2] [+ ]
S S
10-8} 10-8}
3 oz ;‘;éﬂ‘m wok) | = SK (this work)
10 ol 107°F s ToK
e PIENU 90%CL . E949 90%CL
=10 M L i i A i i i =10 M A i M 2
107005010 015 020 02 030 035 040 045 050 107605 010 015 020 025 030

035 040 045 050

Coloma, Hernandez, Munoz, Shoemaker, 1911.09129
(see also Asaka and Watanabe, 1202.0725, Kusenko, Pascoli and Semikoz, hep-ph/0405198

Pilar Coloma - IFT

12



Milli-charged particles

o
Z
£

o.1oo¢
7
.

0.050
5
o
2 il
o

o

2

0.010 13
Z
Z

0.005f : _
Z L 3/22.5 kt-yr (SK) |
f Lo e 0.6/22.5 kt-yr (SK+)
% /’” ————— 0.1/22.5 kt-yr (HK) |
%P

oooq 4. . . 0

0.1 0.2 0.5 1 2

m, [GeV]

Plestid, Takhistov, Tsai et al, 2002.11732
| See also Harnik, Plestid, Pospelov and Ramani, 2010.11190, and
Pilar Coloma - IFT Kachelriess and Tjemsland, 2104.06811



(2) Neutrino beams as fixed target exps
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Neutrino beams

Proton beam

decay pipe

focusing
horn
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Signal looks great...
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...but what about backgrounds?
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...but what about backgrounds?

Possible handles include:
going off-axis
beam-dump mode
time of flight
empty decay volume detectors

reconstruct event tracks, particle identification
for decay products

apply clever geometric cuts
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Dark matter production
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Milli-charged particles
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(2) Neutrino oscillations
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Oscillations vs scattering
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Long-range forces
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Long-range

forces
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Summary and conclusions

Neutrino experiments have a great potential to constrain
new particles weakly coupled to the SM

Where /how?

Atmospheric production of new particles
Fixed target searches using near detectors

Precision tests of the three-neutrino oscillation
picture

— Other scenarios not discussed here include: sterile neutrino
oscillations, neutrino decoherence, CPT violation, neutrino decay,
axion-like particles, dark matter interactions with neutrinos...

Pilar Coloma - IFT

25



Pilar Coloma - IFT

Thank you!!
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