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Experimental evidence of ν oscillations
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Status of 3-ν oscillations
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Beyond 3-ν oscillations: Sterile neutrinos

eV-scale sterile neutrinos: mass eigenstates of mostly sterile neutrinos

Explanation of short baseline oscillations

Topical review: Gariazzo, Giunti, Laveder, YFL, Zavanin, JPG 43 (2016) 033001
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Indications of SBL oscillations beyond 3-νs 
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LSND: Liquid Scintillator Neutrino Detector  
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MiniBooNE

Purpose: check LSND signal with different L&E, but the same L/E

~3σ excess: Agreement with LSND? V.S. Low energy anomaly?
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Reactor antineutrino anomaly
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New feature in reactors: 5 MeV“bump”
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Gallium anomaly



11

Global status of light sterile neutrinos

Consider all positive and negative results
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Four-Neutrino Schemes: 2+2 and 3+1
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3+1 and 1+3 schemes 
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Effective SBL oscillations in 3+1 schemes
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Appearance-Disappearance Tension

Disappearance channels (ee, μμ) 
give indirect constraints on the 
appearance channel. 

νμ νe: the appearance channel 
is quadratically suppressed.

Similar constraints in the 3+2,
3+3, 3+Ns framework.
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Pragmatic approach
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Global status of the 3+1 fit
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Future prospective
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Near future: νe disappearance  



20

Near future: νμ disappearance  



21

Near future: νμνe appearance  



22

Conclusions (1)

(1) Short baseline electron neutrino disappearance:

a) Experimental data agree on reactor and Gallium anomalies

b) Problem: total rates and spectra may have unknown systematic 
uncertainties

c) Many promising projects using reactors and radioactive sources

(2) LSND short baseline appearance signal

d) Not seen by other appearance experiments

e) MiniBooNE has been inconclusive

f) Fermi-lab short baseline program aimed at a conclusive solution:

a near detector (LAr1-ND), an intermediate detector (MicroBooNE) and a 
far detector (ICARUS-T600):

all Liquid Argon Time Projection Chambers
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Pragmatic 3+1 Fit: 

has moderate APP-DIS tension.

3+2 is not needed: 

same APP-DIS tension and no experimental evidence of CP 
violation.

Effects in beta decays and neutrinoless double beta 
decays

Cosmology:

Tension between Neff = 4 and ms ≈ 1 eV.

Cosmological and oscillation data may be reconciled by a non-
standard cosmological mechanism.

Conclusions (2)
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Thank you
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Backup
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Unknown mass ordering
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Maximal CP violation ?
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Cosmological effects

Effects of two parameters: 
neutrino mass and effective degrees of freedom

Planck (2015)

Proposed mechanisms to 
avoid the tension:
Large lepton asymmetry: 
Hannestad et. al. (2012,2013), 
Mirizzi, et. al. (2012), Saviano et al. 
(2013), etc.

Self-interactions in the sterile 
sector: Hannestad et. al. (2014), 
Dasgupta, Kopp (2014), Ko, Tang 
(2014), etc.
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2+2 schemes are disfavored



31



32

Global νe and νe-bar Disappearance

Limits:
(1) Solar constraints on ϑ14：

Fit of solar and KamLAND data 
with Daya Bay and RENO 
constraints on ϑ13 and free |Uμ4| 
and |Uτ4|

(2) νe+C process

(3) T2K near detector
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νμνe appearance & νμ disappearance
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MiniBooNE Low-Energy Excess?
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MiniBooNE Impact in Pragmatic 3+1 Fit?
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Status of 3+2 fit

Can we include two sterile neutrinos to improve the fit?

(1) It contains more mixing and mass parameters

(2) It allows CP violation between neutrino and antineutrino channels
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APP-DIS tension
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Implications in non-oscillation 
probes
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Beta decay: Mainz and Troitsk Limits

Search for spectra distortion can 
put limits on the heavy neutrino 
component.

Current limits from Mainz and 
Troitsk are rather poor.

Future KATRIN is very competitive.
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Beta decay (2)

Mainz and Troitsk  lower limit:
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Double beta decay
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