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Two Neutrino Oscillation
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M

PMNS matrix is commonly written in terms of
rotations
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But new anomalies have
appeared...
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MiniBooNE

target and horn decay region absorber dirt detector

Booster
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MiniBooNE

With oscillation model, data is
inconsistent with SM mass splittings.

Events
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But...

Am? ~ 1 eV?is inconsistent with

existing 3v paradigm. R .
Additional mass state would be

required. AmZ,,  ~ 1073 eV?

If that is the case, the additional

neutrino eigenstate cannot interact I S v

Am?2, ~ 107% eV?

sol

weakly, thus “sterile.” T
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http://www.staff.uni-mainz.de/wurmm/juno.html

3+1 Model
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I I I j
I I Massachusetts Institute of Technology

\vr)

What we’ve seen before
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New measurable parameters
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Other experiments have seen

sterile neutrino-like signatures
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3+1 Global Fits
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But this is not a solved puzzle

A minimal sterile neutrino model requires
each of the following

v, = U, appearance

v, = U, disappearance

v, = U, disappearance
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Appearance Disappearance
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lceCube

*~] Gigaton detector 1n
the Antarctic ice.

*5160 optical sensors,

called DOMs
*86 strings, 60 DOMs on

each strings
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IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

Amanda Il Array
(precursor to IceCube)

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors
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Matter Enhanced Oscillations With Steriles
(MEOWS)

Use the large atmospheric muon neutrino
flux to conduct a novel study of sterile
neutrinos oscillations utilizing the matter
effects due to the Earth.
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Matter Enhanced Oscillations With Steriles
(MEOWS)

Use the large atmospheric muon neutrino
flux to conduct a novel study of sterile
neutrinos oscillations utilizing the matter
effects due to the Earth.
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Matter Enhanced Oscillations With Steriles

(MEOWS)

Use the large atmospheric muon neutrino
flux to conduct a novel study of sterile
neutrinos oscillations utilizing the matter

effects due to the Earth.
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Atmospheric Neutrinos |
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Atmospheric Neutrinos

9 =|ceCube
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Matter Enhanced Oscillations
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MEOWS - 8 year search
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Existing analysis fits to two sterile points
2
Amyy & Oy
But sterile neutrino introduces six new parameters

2
Amy,, 014, 0y, 034, 014, 0gy
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Ueasl® =0

2 + 2
|Uu4\ =sin” 6,

2 2 ) i
|U_,['=cos”0,-sin"0,,

What we’ve seen before New measurable parameters
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Existing analysis fits to two sterile points

0 2 2 L ‘
Am41 & 024 |U,u4| = S1n 924 - , :

But sterile neutrino introduces six new parameters
2
Amy,, 014, 0y, 034, 014, 0gy

In the analysis

914=O&514=O — Negligible ‘U€4‘2
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Existing analysis fits to two sterile points
2

Amyy & Oy

But sterile neutrino introduces six new parameters
2

Amy,, 014, 054, 034,014, 004

In the analysis
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3v scheme |/ Increasing 65, increases
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Am2=1eV2,624=18°,934=0°
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Allowing 0,, # 0 produces

a non-negligible effect.
Also, introduces significant
U_appearance.

65, is the least bounded of

the sterile mixing
parameters.
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Expanding MEOWS with 0,

Current work is to add this additional
parameter to the existing MEOWS
analysis.

Computational challenges of addingan  ~
additional dimension.
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Future for MEOWS?

We have a long term goal to
include Cascade signatures into

the MEOWS analysis. This opens
up additional channels:

v, = U, & v, — v, (CC)

v, =V, (NC)

With better energy resolution

compared to muon track events.
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Tracks

Cascades

v, Charged Current

ve Charged Current
v Neutral Current

35




|
Future of Sterile Neutrinos? |

Experiments like MicroBooNE and SBN will either support or kill (or
somewhere in between?) the sterile hypothesis.

If the hypothesis survives these tests, a few indirect approaches
can be taken:

e Ouff} experiments

e [epton unitarity constraints
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Ovpf decay experiments |
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Testing Unitarity
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Thank you!

I I I j
I I Massachusetts Institute of Technology 40



I I I j
I I Massachusetts Institute of Technology 4 1



42

I I H
I I Massachusetts Institute of Technology



43

I I H
I I Massachusetts Institute of Technology



I I I j
I I Massachusetts Institute of Technology 44



Density (km/cm?3)
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|
Matter Enhanced Oscillations |
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Muon rate from Northern Hemisphere

e _C0820-Am° _ c0s20-Am’
Ev = 4+ =+ 3
V2G,N " 0.038(plg/ cm’])

At core density, and
Global Best Fits, expe
here:

Experimentaldata e
Sum of predictions
Astrophysical =
Prompt atmospheric m—
Conventional atmospheric m——

Current MEOWS energy
range is 500 GeV — 10 TeV
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Expected Observation
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No sterile neutrino
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With Sterile Neutrino
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