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The MiniBooNE Experiment

Signal
Region Veto
Region

e 800-ton CH,, Cherenkov detector

e Situated along Fermilab’s Booster
Neutrino Beam

e ~540 m from the beryllium target
 Took data from 2002—2019
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Particle ID @ MiniBooNE

Muons: “clean” rings from Neutral Pions: two rings
from decay to two photons

Electrons: “fuzzy” rings
from multiple scattering

long, straight tracks
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Particle ID @ MiniBooNE

Electrons: “fuzzy” rings
from multiple scattering

4.80 low-energy excess (LEE) of
electron-like events
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The MiniBooNE LEE

MiniBooNE Collab. PRD 103.052002
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The MiniBooNE LEE

Cherenkov limitations: j UL ) _
e Electrons/photons "+ —F :
indistinguishable . f; ....... :

e No hadronic information :
The excess could be... 1 ‘ -

8.2 0.4 06 08 1 1.2 1.4 3.0
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2. Mis-modeled photon
background?

Events

3. More exotic new physics?
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The MiniBooNE LEE
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The MiniBooNE LEE

Cherenkov limitations: e == v fomkc E
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The MicroBooNE Experiment

* Designed to directly address the
MiniBooNE anomaly using a liquid
argon time projection chamber (LArTPC)

e Sits ~70 m upstream of MiniBooNE
along the BNB

MiniBooNE BNB DATA : RUN“5904 EVENT 2038. APRIL 13, 2016.

Electronics Room Entrance| ;

Detector
40 ft . | Overflow Tank

Vault
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The MicroBooNE v, Analyses

The Inclusive Analysis

The MiniBooNE-Like

e Searched for v, CC

interactions with
anything in the final
state (1eX)

e Used the WireCell
LArTPC
reconstruction
algorithm

Analysis

o Searched for v, CC

Interactions with no
pions in the final

state (1eXpOn)

Used the Pandora
LArTPC
reconstruction
algorithm

The Two-Body CCQE

Analysis (incl. NK)

Searched for v,

CCQE interactions
with one proton and
one electron in the
final state (1el1p)

Used custom
LArTPC-based deep
learning algorithms
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MicroBooNE’s v, Results

* Initial MicroBooNE data suggest the excess is not primarily
due to low-energy ve CC interactions

g ® MicroBooNE Observed Final fit results
w Non-v, background lelp
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MicroBooNE Collab. PRL 128, 241801
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Antineutrinos at MiniBooNE

* The MicroBooNE results severely disfavor the hypothesis
that the MiniBooNE LEE comes entirely from an excess of

v, interactions

e Do they say the same about an excess of U, interactions?

Implications of MicroBooNE's low sensitivity to electron
antineutrino interactions in the search for the MiniBooNE

exXCess

N. W. Kamp, M. Hostert, C. A. Arguelles, J. M. Conrad, and M. H. Shaevitz
Phys. Rev. D 107, 092002 — Published 3 May 2023

J. Conrad M. Shaevitz
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Antineutrinos at MiniBooNE

 The v, CCQE cross section tends to be suppressed
compared to the v, CCQE cross section

e This comes from interference between the vector and
axial form factors as well as differences in the number of
available nucleon targets and their binding energy

ye e ve €+

n p p L

Kamp+ PRD 107, 092002 (2023)
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Antineutrinos at MiniBooNE

* Binding energy differences between protons and neutrons
are much larger in argon compared to carbon

* This is because argon has a neutron-rich nucleus, while
the carbon nucleus is isoscalar
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Cross sections from GENIE v3.02.00 (Alvarez-Ruso+ 2021)
Kamp+ PRD 107, 092002 (2023)
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Antineutrinos at MiniBooNE

 We unfold the MiniBooNE data under an assumption that
the excess comes entirely from o/, CCQE interactions

e This unfolded v, prediction is then propagated to the
MicroBooNE inclusive analysis
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Antineutrinos at MiniBooNE

 We repeat the statistical tests from the official
MicroBooNE v, analyses

MicroBooNE data are consistent

at the 20 confidence level with the
entire MiniBooNE LEE coming

from U, interactions

MicroBooNE exclusion power
diminishes as more of the excess

is attributed to 7, interactions
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Recent Developments Regarding the MiniBooNE Anomaly | NUFACT 2023


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092002

Outline

 Overview of the MiniBooNE anomaly

e AU -based explanation

A neutrissimo-based explanation

|

MeV-scale heavy neutral lepton with a transition
magnetic moment coupling to active neutrinos

Recent Developments Regarding the MiniBooNE Anomaly | NUFACT 2023



The 3+1 Hypothesis

e We first introduce the most common beyond-the-SM

interpretation of MiniBooNE: the eV-scale sterile neutrino

Ve Ui Uy Urr Usi| |1
V|  |Ue2 Upa Ura Usa| |12
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1 — = — =
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3+1 Model Tension

L
Pv, > v,) =4|Uy|*| U, |2Sin2(1.27Amzf) SBL Accelerator
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. . : up to some
neutrino appearance/disappearance anomalies .
PP PP lceCube hints

Lo Hardin+ (incl. NK) 2022
99.73% CL 1 - .
2 dof
101 . —
_ — v, disappearance
N >
> @)
> =~ 10
= h Appearance e
< ( w/o DiF) g -
.>~, 10—1
| Disappearance
I Fixed Flues | 3+1
10_4 A ek k. ‘i.(.)_3 A Al -i.(‘)_z i Al .in(.)_l i A 10_2 10_3 10_2 10_1 100
OR Sin?(26,,,) OR

. 2
sin” 26,¢

Recent Developments Regarding the MiniBooNE Anomaly | NUFACT 2023
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https://arxiv.org/abs/2211.02610

The Mixed Model

* MiniBooNE drives the tension in sterile neutrino global fits [1,2]

 TJo address this, we consider a mixed model consisting of:

(1) an eV-scale sterile neutrino (2) an MeV-scale HNL or “Neutrissimo”

Vie{123,4) = Z UidVa Loty D Ay yTe0, " N +h.c.

ac{e,u,r,s}

These new interactions can explain the

1] Hardin+ 2211.02610 bulk of the MiniBooNE Excess, relieving
2] Vergani+ PRD 104, 095005 tension in sterile neutrino global fits [2,3]
3] Kamp+ PRD 107, 055009
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The Mixed Model

* MiniBooNE drives the tension in sterile neutrino global fits [1,2]

 TJo address this, we consider a mixed model consisting of:
(2) an MeV-scale HNL or “Neutrissimo”

FF* /N ep+h.c.

(1) an eV-scale sterile neutrino

Vie{123.4) = Z UidVa ZLett O dgy g

ac{e,u,r,s}

GMU

| U4
L
P, > 1) = 4| U,y *| U, |2sin2<1.27Am2§)

Explaining the MiniBooNE excess through a mixed model of
neutrino oscillation and decay

S. Vergani, N. W. Kamp, A. Diaz, C. A. Arguelles, J. M. Conrad, M. H. Shaevitz, and M. A. Uchida
Phys. Rev. D 104, 095005 — Published 8 November 2021

Dipole-coupled heavy-neutral-lepton explanations of the
MiniBooNE excess including constraints from MINERVA data

N. W. Kamp, M. Hostert, A. Schneider, S. Vergani, C. A. Arguelles, J. M. Conrad, M. H. Shaevitz, and M. A. Uchida
Phys. Rev. D 107, 055009 — Published 9 March 2023 m
C. Arglelles
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Mixed Model Fit Strategy

1. Perform a global sterile neutrino fit without MiniBooNE to fix the
sterile neutrino parameters [1]

2. Simulate neutrissimo uspcattering and decay in MiniBooNE
using the public Leptonlnjector software package [2]

MiniBooNE detector

Bedrock MiniBooNE

2 Detector
Beryllium 14
N

Target 14

P

vVYvyy

MiniBooNE
Detector Hall

[1] Vergani+ PRD 104, 095005
[2] github.com/Harvard-Neutrino/Leptoninjector
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Neutrissimos @ MiniBooNE
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Neutrissimos @ MINERVA

e Single showers from neutrissimo
decays would show up as a
high dE/dx background in

Elevation View

\.

MINERVA neutrino-electron
elastic scattering measurements

 We simulate upscattering and
decay in a realistic MINERVA
detector using Leptoninjector

MINERVA Nuclear Target 2

MINERVA Nuclear Target 3
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At ke
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Kamp+ PRD 107, 055009
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MINERVA Constraints

e Use the high dE/dx sideband region to set constraints

 Most stringent MINERVA constraints do not rule out the
MiniBooNE-preferred region at the 95% CL
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Kamp+ PRD 107, 055009
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MINERVA Constraints

 The selection cuts in MINERVA’s elastic scattering
analysis reject most of the neutrissimo decays

 Before any cuts, MINERVA should see ~104-10%° photons
from this model for the MiniBooNE parameters of interest
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Kamp+ PRD 107, 055009
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MINERVA Constraints

NOMAD

| — —— MINERvA ME RHC 95% CL (nbkg = 0.3)

101 102 10°
mu [MeV]

A dedicated MINERVA analysis should be able to
make a definitive statement regarding dipole-
portal explanations of the MiniBooNE excess!

Event rate

Kamp+ PRD 107, 055009
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Conclusion

e The 4.80 low-energy excess of electron-like events
observed by MiniBooNE remains unexplained

 MicroBooNE results disfavor a v,-based explanation of
the entire excess

e The same MicroBooNE results are, however, consistent
with a U -based explanation at the 20 confidence level

* A mixed model comprised of an eV-scale sterile neutrino
and an MeV-scale neutrissimo can explain the MiniBooNE
excess while avoiding the internal tension observed in
sterile neutrino global fits
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Thank you!
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