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Neutrinos & Accelerators
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▶ Accelerator Neutrinos (MiniBooNE, NOvA, DUNE...)

▶ LHC Neutrinos

▶ Neutrinophilic BSM searches at Colliders



Outline
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▶ MiniBooNE Anomaly

▶ New Physics Searches at DUNE

▶ Resonances in ν̄e − e− scattering at FPF

▶ Neutrino Magnetic Moment and Future Colliders



Anomalies: LSND and MiniBooNE
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▶ LSND: ν̄e in ν̄µ beam from stopped
pion source (> 3σ) at L/E ∼ 1kmGeV−1

▶ MiniBooNE: reports electron-like event
excess (4.8σ)

▶ in combination with LSND 6.1σ



Main Channels for MiniBooNE

4 / 32 Corfu Workshop on Future Accelerators, May 2024

▶ shower events can be produced by e, γ, collimated e+e− and γγ

▶ in SM, majority of events relevant for MiniBooNE excess arise from

1) CC νe events, 2) NC π0 production, 3) NC γ from e.g. ∆(1232)

Mike Shaevitz’s slide



Employed MC Generators

5 / 32 Corfu Workshop on Future Accelerators, May 2024



Strategy
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1. Make a prediction using NUANCE

2. Compare with the prediction obtained by the MiniBooNE
collaboration; the differences are compensated by bin-by-bin
tuning

3. Predict the event sample using GiBUU, NuWro and GENIE
using the same cuts as for NUANCE; apply the tuning factors



Neutral Current π0 Production
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ν + N → ν + N + π0(γγ)
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3+1 Model with eV-scale Sterile Neutrino
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Results: Data-driven backgrounds
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Non-oscillatory Explanations of MiniBooNE Anomaly
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slide from MicroBooNE presentations



First Results from Short-Baseline Neutrino Program
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Outline
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▶ MiniBooNE Anomaly

▶ New Physics Searches at DUNE

▶ Resonances in ν̄e − e− scattering at FPF

▶ Neutrino Magnetic Moment and Future Colliders



DUNE
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BSM at DUNE: Axion-like Particles (ALPs)
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L ⊃ −1

4
gaγaFµνF̃

µν

production of photons

production of ALPs



Detection of ALPs
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Decay Scattering



Sensitivity
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VB et al. PRL 2021



Target-less DUNE
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VB et al. PRD 2023



Sensitivity
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VB et al. PRD 2023



Further BSM Scenarios
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adopted from Jae Yu



Outline
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▶ MiniBooNE Anomaly

▶ New Physics Searches at DUNE

▶ Resonances in ν̄e − e− scattering at FPF

▶ Neutrino Magnetic Moment and Future Colliders



First Glashow Resonance Event at IceCube
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Bull. Am. Astron. Soc. 51, 185 (2019)

▶ O(100) upgoing tracks and HESE events

▶ Glashow resonance: cross section
enhancement from on-shell W− production

▶ σ ∝ 1
(E−E0)2+Γ2 , E0 =

M2
W

2me
≈ 6.3 PeV

S. Glashow, Phys. Rev. 118, 316

▶ ν̄e in the astrophysical flux =⇒ way to distinguish ν from ν̄

▶ PeV partially contained events: shower with energy of 6.05± 0.72 PeV

▶ O(PeV) cosmic muon as BKG yields 10−7 events =⇒ rejected at 5σ

Nature 591, 220–224 (2021)



Collider Neutrinos
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▶ FASERν is a 1.2 tonne detector located
480 m from the ATLAS interaction point
containing emulsion films and tungsten plates

▶ FASERν2 and FLArE (LAr) at FPF

PRL 2023
▶ 153 νµ charged-current interactions at FASER

=⇒ first direct observation of ν interactions at
a particle collider experiment



“Glashow-like” Events at Low Energies?
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Glashow resonance Collider neutrinos

Resonances at LHC
energies?



“Glashow-like” Events at Low Energies?
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ν̄ee
− → R−

▶ electrically charged

▶ no baryon number

▶ no lepton number
W− works but mesons as well!

Eur.Phys.J. C80 (2020)
s = 2Eνme ∼ GeV2

▶ there are many GeV-scale charged mesons



“Glashow-like” Events at Low Energies?
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ν̄ee
− → meson → anything

σres = (2J + 1)8π Γ2BrinBrfi
s/M2

(s −M2)2 +M2Γ2Breit-Wigner:

▶ pseudoscalar mesons: Γ(m → ν̄ee
−) =

G2
F

8π f
2m2

lepM

(
1− m2

lep

M2

)
|VCKM|2

▶ vector mesons: Γ(m → ν̄ee
−) =

G2
F

12π f
2M3|VCKM|2

ν̄ee
− → ρ− → π0π−

ρ−

e−

ν̄e

π−

π0

E res
ν (ρ−) = (770MeV)2

2me
≈ 580GeV

E res
ν (K−∗) ≈ 780 GeV

▶ alternative calculation using
⟨π−(k1)π

0(k2)|Vµ|0⟩ = (k1 − k2)µF (q
2)

Belle Coll.
PRD 2008



Event Rates
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Signature of ρ− Resonance
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▶ cut on Eπ− + Eπ0 to lie near 580 GeV

▶ θνN ∼ 1/γcm ∼ 28 mrad×
√

600 GeV/Eν

for deep inelastic scattering

▶ θππ = 28 mrad
√

me/mN ×
√

600 GeV/Eν =

0.7 mrad×
√

600 GeV/Eν for ν̄ − e scattering

▶ cut on charged track and photon multiplicity

▶ reconstruct the invariant mass of the π0π− pair,
m2

ππ = m2
π0 +m2

π− + Eπ0Eπ−θ2ππ, and require it
to lie within Γρ ∼ 150 MeV of mρ ≈ 770 MeV

▶ Sweeper Magnet for FASERν2

FASERν

S:B ≈ 1 : 5000 ⇒ S:B > 1

IceCube:

▶ large background and difficult to identify π−π0 topology

▶ S : B ≈ 1 : 100



Outline
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▶ MiniBooNE Anomaly

▶ New Physics Searches at DUNE

▶ Resonances in ν̄e − e− scattering at FPF

▶ Neutrino Magnetic Moment and Future Colliders



Magnetic Moment for Massive Neutrinos

26 / 32 Corfu Workshop on Future Accelerators, May 2024

▶ neutrinos are massless in the Standard Model
=⇒ µαβ

ν = 0

▶ adding νR to the Standard Model generates
Dirac mass mν ν̄LνR which generates nonzero µν

µdiag
ν = 3eGFmν

8
√
2π2 ≈ 3× 10−20µB

(
mν

0.1 eV

)
▶ for Majorana neutrinos, only non-diagonal elements are nonzero

µij
ν = −3eGF (mi+mj )

16
√
2π2

∑
k Im [U∗

kiUkj ]
m2

k

m2
W

≲ 10−23µB µB = e
2me

▶ not testable ⇒ more BSM physics required



Sterile Neutrinos
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Type-I Seesaw

mν = −MDM
−1
R MT

D

θ = MD/MRL ⊃ 1
2N

cMRN + L̄YνH̃N + h.c.

M =

(
0 MD

MD MR

)
Minkowski, Mohapatra, Senjanović,
Gell-Mann, Ramond, Slansky, Yanagida

Bolton et al., JHEP 2020



Active-to-Sterile Neutrino Transition Magnetic Moment
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Example for a model generating transition magnetic moment:



Collider Probes
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Future Colliders
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Collider Probes of Neutrino Transition Magnetic Moment
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Summary
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▶ Accelerators and colliders are invaluable for the
present success and future progress of ν physics

▶ Exciting prospects for new physics at near-future experiments such as
DUNE (e.g., probing ALPs)

▶ The MiniBooNE anomaly, scrutinized from both the SM and BSM
sides, is being tested at the Short-Baseline Neutrino Program at
Fermilab

▶ O(100) resonance events from ν̄ − e− scattering are expected at
proposed FPF detectors

▶ For neutrinophilic BSM models (e.g., neutrino magnetic moment),
unconstrained regions in the parameter space can be tested at future
colliders

Some examples....
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BACKUP



Charged Current Events
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νe + n → e− + p

VB, Kopp, PRD 2022



Neutral Current Single γ Production

32 / 32 Corfu Workshop on Future Accelerators, May 2024

∆ → Nγ
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Results: Monte Carlo-only predictions
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First Results from MicroBooNE
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two-body νe CCQE scattering (1e1p)

pionless νe scattering (1eNp0π, 1e0p0π)

inclusive νe scattering (1eX )
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First Results from MicroBooNE
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