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First evidence for a neutral current process in 1973 that also paved the way for a
later discovery of W* and Z at CERN in the 1980s
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Earlier results consistent with both V-A and the weak theory
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With increased statistics, the angular distribution of the asymmetry was able to rule out
models
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The SM, as itself a chiral theory, has then been tested more and more precisely using
the parity-violating asymmetry
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https://arxiv.org/abs/2405.09625

CEVNS, as firstly observed in 2017, is another type of experiment for neutral current
detection with an N* enhancement from the target
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CEVNS, as firstly observed in 2017, is another type of experiment for neutral current
detection with an N* enhancement from the target

1. Weak mixing angle determination 2. Model discriminator
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M. Cadeddu et al, PRC 2021

+ many other interesting possibilities (nucleon/neutrino charge radii, dark matter, sterile
neutrinos, neutrino magnetic moment, light mediators etc...) as we've heard in the morning
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The validity of the EFT approach is guaranteed by the small momentum transfer of
CEWNS: | Q| < 1/R ~ 6(10) MeV.

Cheung et al, PRL 115 071601 (2015)
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The validity of the EFT approach is guaranteed by the small momentum transfer of
CEWNS: | Q| < 1/R ~ 6(10) MeV.
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which then modifies the prediction for the number of events
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The magnitude of these Wilson coefficients can not be arbitrarily large
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Results

A [GeV]

Considering one operator at a time
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YD, Li, Tang, Vihonen, Yu, arXiv: 2106.15800

Yong Du (41 5)

Ciu

Breso-Pla, Falkowski,
Gonzalez-Alonso, Monsalvez-
Pozo, 301.07036 (JHEP)

Magnificent CEVNS 2024 TDLI



The same logic applies to neutrino oscillations where charged-current processes are
also present.
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A combined analysis of neutral and charged currents is thus possible, where we can
include both CEVNS data and neutrino oscillation data with one caveat
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A consistent matching between the quantum mechanical and the quantum field theory
formalisms.
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This is achieved by matching at the observable level (i.e., the differential event rate)
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Falkowski, Gonzalez-Alonso, Tabrizi, 1910.02971 (JHEP)

New Physics effects included from both the production and the detection sides.
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This is achieved by matching at the observable level (i.e., the differential event rate)

Ay — Xov, vB, = Yp
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New Physics effects included from both the production and the detection sides.
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This is achieved by matching at the observable level (i.e., the differential event rate)

Ay — Xov, vB, = Yp
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New Physics effects included from both the production and the detection sides.
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QM NSIs Relations to QFT NSIs
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Matter effects matter especially for long-baseline neutrino oscillation experiments from
the neutral current
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and the matching is straightforward
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X: Other Lorentz structures which however do not contribute to matter effects.
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YD, Li, Tang, Vihonen, Yu, 2106.15800 (PRD)
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Charged-Current NSlis
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Lower bound on A [TeV]
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Lower bound on A [TeV]
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Charged-Current NSils
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< CEVNS could be a potential probe to discriminate models in the EFT framework. The
current lower bounds on dim-6 operators are approaching the TeV scale new physics, a

global analysis, with electroweak and 4-fermion data for instance, could be done in the
precision CEVNS era with more data.

< QOperators not directly contributing to CEVNS could also be explored through mixing from
the anomalous dimension (currently around 500GeV as the lower bounds for those

induced operators), especially given large logs resulted from the cutoff scale A and the
CEVNSs scale.

< CEVNS is also a complementary probe compared with neutrino oscillation experiments,

and a combined analysis would be desirable given we will know the mass ordering in
near future.
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