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The Fall of the Standard Three Flavor Picture?
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LSND MiniBooNE

Reactors Gallium



Anomalies: LSND and MiniBooNE

Short Baseline Oscillations and the Gallium Mystery 3 / 18 57th Rencontres de Moriond

other

p(ν
_

e
,e

+
)n

p(ν
_

µ
→ν

_

e
,e

+
)n

L/E
ν
 (meters/MeV)

B
e

a
m

 E
x
c
e

s
s

Beam Excess

0

2.5

5

7.5

10

12.5

15

17.5

0.4 0.6 0.8 1 1.2 1.4

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
 (GeV)QE

νE

0

1

2

3

4

5

6

7

E
ve

nt
s/

M
eV Data (stat err.)

+/-µ from eν
+/- from Keν
0 from Keν

 misid0π
γ N→ ∆

dirt
other
Constr. Syst. Error
Best Fit

3.0

▶ LSND: ν̄e in ν̄µ beam from stopped pion source (> 3σ) at
L/E ∼ 1kmGeV−1 (arXiv:hep-ex/0104049)

▶ MiniBooNE: reports electron-like event excess (4.8σ)
(arXiv:0812.2243, 1805.12028, 2006.16883)

▶ in combination with LSND 6.1σ



3+1 Model with eV-scale Sterile Neutrino
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PRL 2018

Dentler et al, JHEP 2018



Nuclear Physics Uncertainties
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VB, Kopp PRD22

νe + N → e− + N ′

ν + N → ν + N + π0(γγ)
ν + N → ν +∆ → ν + Nγ



Non-oscillatory BSM Explanations of MiniBooNE Anomaly
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slide from MicroBooNE presentations



First Results from Short-Baseline Neutrino Program
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Reactor Anomaly 2011: sterile neutrino?
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Mention et al., PRD 2011

Huber PRC 2011



Reactor Anomaly 2023
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Giunti et al. PLB 2022
Berryman et al. JHEP 2022



Honorable Mention: 5 MeV Bump
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Reno collaboration, PRL 2016



Gallium Anomaly 2020
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▶ GALLEX, GNO, SAGE

▶ solar experiments

▶ radioactive source

R = measured
predicted = 0.87± 0.05



Baksan Experiment on Sterile Transitions (BEST)
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R = measured
predicted = 0.803± 0.035 =⇒ ≳ 5σ effect



Sterile Neutrino?
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SM or BSM explanation?

2201.07364
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SM Explanation: Cross Section

Short Baseline Oscillations and the Gallium Mystery 15 / 18 57th Rencontres de Moriond

▶ transition to g.s. of 71Ge

▶ transition to exctited states of 71Ge
→ anomaly at 5σ even when set to 0

(A) T1/2(
71Ge)

(B) new states of 71Ga?

VB, Gehrlein, Kopp 2203.05528



Flux. Ge Extraction Efficiency.
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▶ source intensity measured calorimetrically

▶ ∼ 10% of all 51Cr decays goes to the
excited state of 51V

▶ Ge extraction efficiency is reported to be ≈ 95%

▶ 20% smaller value would explain the anomaly

▶ route for Ge to enter the detector?

VB, Gehrlein, Kopp 2203.05528



BSM Explanations
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▶ solar and reactor constraints are strong

▶ avoid by employing a sharp resonance
VB, Gehrlein, Kopp 2203.05528

VB, Gehrlein, Kopp 2203.05528



Summary
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▶ recent reevaluations of reactor and MiniBooNE anomalies imply
reduction in their statistical significance

▶ gallium anomaly takes the central stage with ≳ 5σ effect

▶ vanilla eV-scale sterile neutrino is disfavored

▶ SM or BSM explanation?

▶ can be tested with different radioactive source (e.g. 37Ar or 65Zn) or
detector material (e.g. 37Cl), or with a gallium doped scintillation
experiment


