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A 3\/ model has A 3%3 rotation matrix

been established
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(Or potentially inverted)



But there are a set of anomalies observed!

Maybe oscillations! -2 sterile neutrinos
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The resulting oscillation probabilities:
P, = 1—4(1 —|Uw|*)|Ues|?sin*(1.27Am3,L/E) ,
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P, ., 1 —4(1 — |Uuq|*)|U,4|? sin*(1.27Am3, L/E) |
Pysv. = HUal*|Upu|? sm9(1.27Am31L/E).

which I can simplify further to:

= 1 — sin? 20.. Sin2(1.27Am§1L/E), e-flavor disappearance

Ve—lVe
P, s, = 1—sin*26,,sin’(1.27Am3,L/E), u-flavor disappearance
P,,p SV — Sin2 298# Sin2(1.27Am£1L/E), u-to-e appearance

Three interrelated mixing angles, only one mass splitting.




Some accelerator/reactor expts have seen “signals” at the >20 level,

some have not.
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No muon flavor disappearance >20 “signals,”
but *’s indicate experiments with >90% CL “signals”




How well do these fit together!
“3 + 1 mOdel” Best fit point:
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We have expanded to include the new IceCube limit
(presented by C. Arguelles, this session)
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Am 421 / eV?

Global Fit Results
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Most future experiments are optimized for 1 eV?
and are less optimal for higher Am? values...



In these fits,
The sterile model is a huge improvement over
the “null model”

Ay?/Adof=52/3

So why isn’t the matter decided???



When you divide the data set in 1/2, and fit the two halves separately,

you end up with disagreeing “favored regions”
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Yes, sterile fit is a big improvement, but something is odd... 10



“Tension” will happen if one or more data sets
has a “problem” and so doesn’t fit the model.
p

Possibility:  One or more experiments suffer from
an unknown systematic effect.

- MiniBooNE?
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Removing MiniBooNE neutrino result (not antineutrinos)

results in a big improvement in tension

e MiniBooNE could
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“Tension” will happen if one or more data sets
has a “problem” and so doesn’t fit the model.
p

Alternative Possibility: More complex physics.
People have explored 3+2 and 3+3 in the past.
Our fitting group is looking at 3+1+decay
(A natural extension w/ fewer additional
parameters then adding extra steriles)

- this idea was introduced in the talk from
C. Arguelles.
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What would be the consequence!?

Reactor experiments may see a deficit with respect to theory

but not oscillations (since L/E~ 3 m/MeV)

There will be a relatively small effect in LSND
and MiniBooNE, at low Am?

The muon-disappearance limits will be weaker
(as in the IceCube case) due to regeneration.

Looks interesting! Global Fits Soon!
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The Smoking Gun for this Model: The signal in I[soDAR
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This shows the power of experiments that
can trace the oscillation wave to high precision!
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Conclusion:

Even with the very powerful new IceCube null result,
allowed 3+1 regions remain.

Likely more complicated physics than 3+1
Systematic Effects! = MicroBooNE
Additional sterile neutrinos
Other options, like decay.

In the end, we need experiments that trace the wave,
and have low systematics.
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The excellent reconstruction I

should “kill off”

the photon backgrounds,
leaving only

“intrinsic” v_ background.

MicroBooNE Simulation
Preliminary

MicroBooNE will decisively show if the MiniBooNE

anomaly is V_
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Big Implications S —
Either...
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The “three islands” are not on the Appearance-only plot.
Why do they “pop out” of the global fit?
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The range outside of the blue in the appearance region is still allowed, just not at >90% CL.
Appearance does have an effect in the region of the islands at > 1o

Then disappearance signals get effectively “stacked on top” in the global fit,
such that these islands cross the >90% CL
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