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eV-Scale Sterile Neutrinos

e MiniBooNE observed a significant excess (4.80) of
electron-neutrino-like events.

@ Not explained by conventional SM interactions or known backgrounds.

@ Simplest interpretation: eV-scale sterile neutrinos driving
short-baseline oscillations (v, — ve).

@ Connected to earlier LSND anomaly.

@ Global fits show tension, but direct tests (like MicroBooNE) are

crucial.
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Short-Baseline Oscillations (3+1)

AmfuL)

o Appearance probability: P(v, — ve) = sin?(20,,¢) sin® ( it

where sin?(20,,c) = 4|Ues || U,a)?.
@ Disappearance probability:

Am2. L
P(ve = ve) = 1 — 4Ues (1 — | Uus ) sin? (Z?)

_ AmZ L
Py = vu) = 1= 84Ul (1 = [Upa ) sin? <4El)

@ Appearance always comes with disappearance at the same energy and
distance.
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Short-Baseline Oscillations (3+1)

2
o Appearance probability: P(v, — ve) = sin?(20,,¢) sin? (AT,‘:‘—IL),
where sin?(20,,6) = 4|Ues || U,a)?.
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Short-Baseline Oscillations (3+1)
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The Appearance vs Disappearance Degeneracy

BNB has intrinsic e component (~ 0.5%).

This ve background is affected by ve — v, disappearance.

v, control samples are affected by v, — v, disappearance.

This creates a degeneracy: v, disappearance can partially compensate
for v, — Ve appearance signals.
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The Appearance vs Disappearance Degeneracy

BNB has intrinsic e component (~ 0.5%).

This v background is affected by v, — v. disappearance.

v,, control samples are affected by v, — v/, disappearance.

This creates a degeneracy: v, disappearance can partially compensate
for v, — V. appearance signals.
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The Appearance vs Disappearance Degeneracy

BNB has intrinsic v, component (~
This v background is affected by v, — v, disappearance.
v, control samples are affected by v, — v/, disappearance.
This creates a degeneracy: v, disappearance can partially compensate

for v, — Ve appearance signals.

0.5%).

SDATA/S(MC+EXT)=0 880 OS(dam <0 Odpred err)

Data POT: 6.369e+20
—e— BNB data, 338.0
=y Cumuc 0.7
C— Dirt, 1.1
NC 2in FV, 13.8
NCinFV,8’ i
v, CCin EV,333.1

= == LEEx=1),37.0

6/25
iy uncenalmy

v,CCinFV,85

MicroBooNE
FC, constrained

i

Pr:d total uncertainty

R +++

JnL 1l

3 eof

= E

(=4 E

= 50

g 405—

=] =

o -

] 30

5 E

= E

=20
10 !
ok

- 2

3 [

% I,S:T

510 ++

Q o5
00

500 1000

1500 2000
Reconstructed E, (MeV)

2500

Tao Zhou (Texas A&M University)

Pheno 2025

arXiv: 2503.13594

4/13


https://arxiv.org/abs/2503.13594

Pitfall of Profiling
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Pitfall of Profiling
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Event Rates at the Pitfall

@ Point A: large muon mixing, small electron mixing
@ Point B: large electron mixing, small muon mixing

@ Identical sin2(20,w) could produce distinct event rates given different
combinations of |Ues|? and |U, 4|2
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Event Rates at the Pitfall

@ Point A: large muon mixing, small electron mixing
@ Point B: large electron mixing, small muon mixing

@ Identical sin2(20,w) could produce distinct event rates given different
combinations of |Ues|? and |U, 4|2
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Event Rates at the Pitfall

@ Point A: large muon mixing, small electron mixing
@ Point B: large electron mixing, small muon mixing

@ Identical sin2(20,w) could produce distinct event rates given different
combinations of |Ues|? and |U, 4|2
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External Constraints
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Compatibility with MiniBooNE
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@ MicroBooNE excludes MiniBooNE's entire 20 region at more than
95% confidence level.

@ SBN is capable of excluding the 3¢ region at more than 3¢ level.
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Conclusions

@ Appearance experiments suffer from degeneracies.

@ Two methods resolve the appearance/disappearance degeneracy:
e Including external v, disappearance data.
o Analyzing the full 3D parameter space (|Ues|?,|U,.a|?, Am2;) without
profiling.
@ Current data already excludes the 20 region at > 20 CL in the full
space.

@ Future SBN program will provide a robust test and significantly
improve sensitivity,

@ Recommend publishing full multi-dimensional likelihoods for future
comparisons.
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Back-up: Mutual Compatibility Measure
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Back-up: Slices of the 3D space
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Back-up: SBN comparison
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Back-up: App Only vs. Full Osc Fit
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