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The Mission
Summarize the tensions with the 3 – ν paradigm

(André de Gouvêa, Patrick Huber, Boris Kayser)

Assess the expected/possible impact of ongoing
or near-term approved experiments

(Richard Van de Water, Sam Zeller)

Determine the requirements for a longer-term
definitive collection of experiments

(Steve Brice, Geoff Mills)
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The Hints OfThe Hints Of
Sterile NeutrinosSterile Neutrinos

(André de Gouvêa, Patrick Huber, Boris Kayser)
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Sterile NeutrinoSterile Neutrino
One that does not couple
to the SM W or Z boson

A “sterile” neutrino may well
couple to some non-SM particles.
These particles could perhaps be

found at LHC or elsewhere.
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Terrestrial νsterile Hints
LSND

MiniBooNE

Reactor Experiments with
Detectors at (10 – 100) m

51Cr and 37Ar Sources
Used to Test Solar Neutrino Detectors

Jon 
Link

’s ta
lk
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Cosmological νsterile Hints
Big Bang Nucleosysthesis (BBN) and CMB

anisotropies count the effective number
of relativistic degrees of freedom, Neff, at early times.

Light sterile neutrinos mixed with the active ones
 as required by the terrestrial anomalies

would very likely have thermalized in the early universe.

The evidence suggests that perhaps Neff  > 3.

Then Neff grows by 1 for each sterile species.
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Neff From BBN
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Neff From CMB

More precise
information will
come from the

Planck satellite.
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∑m(νi) In the Early Universe
i

Large Scale Structure in the universe and the CMB
suggest that —

∑m(νi) < (0.17 – 1.0) eV
i

Seljak, Slosar, McDonald
Hannestad; Pastor( (

Possible tension with terrestrial experiments if Δm2 > 1 eV2.

However, in cosmology, there are parameter degeneracies.
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Global Fits ToGlobal Fits To
Short-BaselineShort-Baseline
Terrestrial DataTerrestrial Data
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The Spectra That Are Tried

ν1,2,3

ν4

3 + 1 3 + 2

ν4

ν1,2,3

ν5

CP
PossibleNo CP

Short-Baseline experiments
have an L/E too small to see

the splitting between ν1, ν2, and ν3.
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The Bottom Line
3 + 1 spectra do not provide

a good fit to all the data.

They do not violate CP.

They cannot accommodate the CP-violating
simultaneous presence of a ν signal in LSND

and MiniBooNE, and the absence
of a ν signal in MiniBooNE.

(Karagiorgi; Kopp, Maltoni, and Schwetz)
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3 + 2 spectra can violate CP, so they do better,
but there is still tension between

appearance data and disappearance data.

Other phenomenological models
are being tried ….
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Reaction of ThisReaction of This
Subgroup toSubgroup to
the Hints ofthe Hints of

Sterile NeutrinosSterile Neutrinos
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Individually or taken together,
the hints are certainly not convincing.

But —

They are interesting enough
to call for further,
hopefully definitive,

investigation.
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Getting InformationGetting Information
on Anticipated Inputson Anticipated Inputs

From ApprovedFrom Approved
ExperimentsExperiments

(Richard Van de Water, Sam Zeller)
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Requirements forRequirements for
a a DefinitiveDefinitive

Collection ofCollection of
ExperimentsExperiments

(Steve Brice and Geoff Mills)
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Determining the requirements for a definitivedefinitive
collection of experiments is likely to be
a centrally important part of our study.

Reflection on what these requirements should be
is at an early stage.

Consideration is not limited to experiments at
accelerators, but we would like to determine —

What role Fermilab can play.What role Fermilab can play.
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General Requirements
    for Future Experiments

Ability to provide convincing measurement
t High statistical significance (≈ 5σ)

• Be realistic – shoot for more like 10σ at
proposal stage if making a major departure
from previous methodology

t Control of systematic error (≈ statistical error)
• Have redundant ways to demonstrate

systematic error is controlled
t Proof of oscillatory effect

(beyond reasonable doubt)
• e.g., seeing an effect in L as well as in E
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Full coverage of Δm2 range:  From 0.1 eV2 on up …

Clean separation of electrons and photons
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It is desirable to study a variety of processes:

Disappearance —

Appearance —
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would disprove an oscillation interpretation of the data.



25

It would be desirable to probe the existence of
additional neutrinos in several quite different ways.

Most probes that are foreseen would look for
oscillation with Δm2 > Δm2

atmospheric and Δm2
solar .

But there is a way, in principle, to look for
the specifically sterile nature of sterile neutrinos…

Just to illustrate (no judgment implied!):
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Coherent Neutral-Current Scattering

Z
Aδαβ
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Nucleus

Nucleus

This process has the same rate for any
incoming active neutrino,  νe, νµ, or ντ .

But the Z does not couple to νsterile .

If νactive → νsterile , the coherent scattering
event rate will oscillate with it.
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The tensions with the 3 – ν paradigm
call for investigation.

The possible impacts of approved
experiments will soon be assessed.

Determining the requirements for
definitive experiments has begun.

SummarySummary


