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1. Sterile ν in context: neutrino oscillations.
2. Current anomalies and the “leap” to the sterile ν.
3. Limitations to interpreting current anomalies.
4. The current short-baseline neutrino program.
I will not cover the implications of eV-scale sterile neutrinos in cosmology, nor the
details of each short-baseline experiment.
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Sterile ν in context: neutrino oscillations.
David Caratelli, August 13th 2020, CMB-S4 Workshop

Freq. Of oscillation.
Choose L, E appropriate for Δmm2.
Serendipitous find: “Solar ν puzzle”.
●
deficit of ν from the Sun.

sets amplitude of oscillation.
large → “easy” to detect.
KamLAND Phys. Rev. D 83, 052002

Δm2

Decades of follow-up to test oscillation
hypothesis.
Smoking gun signature: appearance and
disappearance of neutrinos from one flavor
to another.

θ
Today: 3 flavors: νe, νμ, ντ.
Oscillations → mν > 0 (but small…)but small…))
Few percent measurements of mixing
angles θ and mass-splittings Δm2.
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Experimental Anomalies
David Caratelli, August 13th 2020, CMB-S4 Workshop

MiniBooNE & LSND anomalies
MiniBooNE, PRL 121, 221801 (but small…)2018)
PRD 64, 112007 (but small…)2001)

Focusing horn for neutrino beam at Fermilab [credit]

4-5 σ νe / νe excess

reactor anomaly
G. Mention et al., PRD 83 (but small…)2011) 073006

Cherenkov radiation from R&D reactor @ Reed College [credit]

2-3 σ νe deficit

gallium anomaly
arXiv:1906.01739v2 [hep-ex]

Photograph of the sun using neutrinos from Super-K [credit]

2-3 σ νe deficit

significant tension between expected and measured neutrino rate.
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Anomalies → eV sterile ν?
David Caratelli, August 13th 2020, CMB-S4 Workshop

Freq. Of oscillation.
Choose L, E appropriate for Δmm2.

sets amplitude of oscillation.
large → “easy” to detect.
All anomalies lie at approximately the same L/E:
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Anomalies → Sterile ν?
David Caratelli, August 13th 2020, CMB-S4 Workshop

Δmm232 ~8x10-5 eV2
standard 3-flavor ν oscillations
Δmm212 ~2x10-3 eV2
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Anomalies → Sterile ν?
David Caratelli, August 13th 2020, CMB-S4 Workshop

Why is going from “short baseline anomaly” to sterile neutrino not
trivial?

(but small…)1) νμ disappearance, i.e. measurements in tension with sterile
interpretation.

(but small…)2) Role of nuclear physics modeling uncertainties in interpreting the
anomalies.
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νμ disappearance
David Caratelli, August 13th 2020, CMB-S4 Workshop

Current anomalies observe:

“νe disappearance”
Less νe compared to the expected flux of νe .

“νe appearance”
More νe compared to expectation in a νμ beam.

If anomalies are due to νs oscillations, they must be observed in “νμ disappearance”
measurements.
There are many experiments that are able to test this hypothesis...and they have...
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νμ disappearance
David Caratelli, August 13th 2020, CMB-S4 Workshop

Dentler M, et al. JHEP 08:010 (but small…)2018)*

Blue: νμ disappearance
Parameter space ruled out by
experiments (but small…)IceCube, MINOS, Daya
Bay)
Red: νe appearance results.
While one can find corners of phase
space that are still allowed, general
consensus that these results are not
compatible.

*one of many examples of “global fits” in the literature where results from different experiments are combined to test
compatibility under the sterile neutrino hypothesis.
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Nuclear Physics Challenges
Nuclear physics plays an important role in all anomalies, and complicates the interpretation of results.
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neutrino-target interaction

All lead to the same complication: hard to predict the expected neutrino rate. 10

Nuclear Physics Challenges
Nuclear physics plays an important role in all anomalies, and complicates the interpretation of results.

accelerator anomalies

reactor anomaly

gallium anomaly

All lead to the same complication: hard to predict the expected neutrino rate.

Uncertainties in expected flux and interaction rate make interpreting present results
challenging.
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Nuclear Physics Challenges
Nuclear physics plays an important role in all anomalies, and complicates the interpretation of results.
Example from the Daya Bay experiment:
Daya Bay, PRL 118, 251801 (but small…)2017)

reactor anomaly

Nuclear fuel composition evolves over time. Do models of
the ν flux track this change?
Not quite...indicating some degree of flux mis-modeling that
can obfuscate the sterile-neutrino interpretation.
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Current Experimental Program
reactor anomaly

accelerator anomalies

Focusing horn for neutrino beam at Fermilab [credit]

Cherenkov radiation from R&D reactor @ Reed College [credit]

+ Coherent-Captain-Mills

gallium anomaly

Photograph of the sun using neutrinos from Super-K [credit]

+ DANSS, Neutrino-4, ...
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Conclusive tests of eV neutrinos
David Caratelli, August 13th 2020, CMB-S4 Workshop

How is the current experimental program overcoming limitations of past measurements?
Current experiments all aim to measure:



spectral distortions as a function of L and Energy.
Event ratios with near and far detectors.
disentangling oscillation signatures from absolute rate measurement.

Nevents

N near / Nfar

expected rate w/ uncertainty

from this …).

Energy

Δmm

Fraction. Absolute rate
uncertainty cancels out
θmixing

…). to this!

L/E

These measurements are needed (but small…)appearance & disappearance)
to claim the existence of sterile neutrinos.
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Reactor anomaly follow-up
oscillation “wiggle”

reactor anomaly driven by rate suppression

G. Mention et al., PRD 83 (but small…)2011) 073006

standard 3ν osc
+1 eV sterile ν

New generation of experiments currently taking data at O(but small…)m) baselines to test
oscillation signature. Some leveraging R&D compact reactors.

Compact
R&D
Reactor

+

arXiv:2006.11210

=
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Reactor anomaly follow-up
oscillation “wiggle”

reactor anomaly driven by rate suppression

G. Mention et al., PRD 83 (but small…)2011) 073006

standard 3ν osc
+1 eV sterile ν

New generation of experiments currently taking data at O(but small…)m) baselines to test
oscillation signature. Some leveraging R&D compact reactors.

Very active area right now! Many
results coming out.

+ DANSS, Neutrino-4, ...

Most experiments have not collected
their full datasets and are refining
analysis methods / collaborating for
final results.
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Accelerator follow-up : SBN

SBN proposal : arXiv:1503.01520

Address MiniBooNE short-baseline anomaly.
Test eV sterile-neutrino hypothesis:
●

●

Multi-detector approach constrains event rate
systematics.
Combined νe appearance / νμ disappearance
experiment.
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Accelerator follow-up : SBN

SBND cryostat, 2019

detector lowered in hall
August ‘18

MicroBooNE, 2015

Detector installation ongoing

1st detector to come online [2015]

Data-taking in 2021

First results addressing
MiniBooNE anomaly imminent.

Detector installation completed
spring 2020.
Commissioning just started!

2/3 detectors taking data. Installation of 3rd well underway. ~3 years of data-taking for
targeted eV search reach potential.
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Accelerator follow-up : SBN

SBND cryostat, 2019

detector lowered in hall
August ‘18

MicroBooNE, 2015
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substitute νa ↔ νs mixing with → νa ↔ νN

or

νa ↔ χ

The answer to this puzzle can lie in New Physics without invoking a sterile neutrino.
Broad community interest in testing alternative hypotheses.
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Conclusions
Over the past twenty years neutrino oscillation physics has moved from discovery
to %-level measurements of fundamental mixing parameters.
A number of anomalous results still persist. Often interpreted in the context of a
sterile neutrino, no observation has yet met the high bar required to make this
claim. “Disappearance” experiments are in tension with such a hypothesis.
Nuclear physics modeling challenges limit interpretation of anomalies on all
fronts.
Current generation of follow-up experiments overcome this issue by being
sensitive to smoking gun “oscillation” signature of possible sterile neutrinos.
In the accelerator community, growing interest from theorists and experimentalists
on alternative BSM physics explanations → active research program.
Resolving short-baseline anomalies requires understanding their origin, even if
not due to sterile oscillations. The broad range of experiments currently operating,
or nearing data-taking, will bring a solution to this puzzle in the coming years.
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Backup
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