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Three Portal Model
Portals, [1903.07589, 2007.11813, 2302.05410]: (g − 2)µ, MB LEE,
BaBar monophoton excess

Dark photon model:
1. U(1)dark extension
2. dark Higgs singlet
3. νS and νD

2 / 24



Dark Sectors and
MiniBooNE Low
Energy Excess

Jaime Hoefken
Zink

Dark sectors

MiniBooNE LEE

Simulation

Results

Appendix

Three Portal Model
Lagrangian
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Three Portal Model
Neutrino Mixing: as inverse seesaw models


03×3 mT

DR mT
DL 0 0

mDR µ′
R µT

D ΛT
RR ΛT

RL
mDL µD µ′

L ΛT
LR ΛT

LL
0 ΛRR ΛLR 0 µT

DD
0 ΛRL ΛLL µDD 0

 acting on:


να

NC
R

NL
νC

DR
νDL


(2)

4 / 24



Dark Sectors and
MiniBooNE Low
Energy Excess

Jaime Hoefken
Zink

Dark sectors

MiniBooNE LEE

Simulation

Results

Appendix

Anomaly: MB LEE
MB, PRD 103, 052002 (2021)
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560.6 ± 119.6(77.4 ± 28.5) in ν(ν̄) mode: 4.8σ
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MiniBooNE LEE: possible solutions
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MiniBooNE LEE
Misreconstruction
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Simulation and Fitting
DarkNews [2207.04137], Analysis Kopp-Kelly [2210.08021]
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Results
3+2
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Best Fit: mZ ′=1.25GeV, m5=87.9MeV, m4=24.62MeV,
χ2

red=0.67, |Uµ5(4)|2=10−6, ϵ=10−2

∆ ≡ m5/m4 − 1
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Results
3+2 best fit, mZ ′ = 1.25 GeV
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Results
Signal efficiency, 3+2
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Results
3+2, fixed m4

ε

m4

ε = 10−2ε = 8 × 10−8

m
4

=
15

0
M

eV
m

4
=

25
0

M
eV

4

12 / 24



Dark Sectors and
MiniBooNE Low
Energy Excess

Jaime Hoefken
Zink

Dark sectors

MiniBooNE LEE

Simulation

Results

Appendix

Results
3+2 best fit, m4 = 250 MeV
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Results
Couplings vs mass, 3+2

1000 true events -> orange: SBND, red: µBoonE, blue: Icarus
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Summary
1. The 3+2 dark sector model can explain

MB LEE in the off-shell decay regime of
the HNL

2. It is a simple model with small number of
parameters

3. The SBN program will be able to test it
4. It is not so constrained as other models,

such as 3+1 DS

Thank you!
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Results
3+1
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ϵ=8 × 10−4
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Results
3+1 best fit
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Results
Signal efficiency, 3+1
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cτ for 3+1 best fit
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cτ for 3+2 best fit
mZ ′ = 1.25 GeV
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cτ for 3+2 best fit
m4 = 15 MeV
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Neutrino reconstructed energy

E CCQE−reco
ν = mpEvis

mp − Evis(1 − cos θbeam)
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Limits for UµN
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MiniBooNE LEE
MiniBooNE detector

▶ Material: pure mineral oil (CH2) in spherical shape (radius:
6.1 m)

▶ Baseline: 541 m
▶ Mean energy: 800 MeV
▶ Beam: νµ, ν̄µ (mainly), from BNB
▶ Peaks: 600 MeV (νµ), 400 MeV (ν̄µ)
▶ Detection: Cherenkov, PMTs
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