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Three Neutrino Paradigm

Standard Parameterization of Mixing Matrix
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Beyond 3-v oscillations: sterile neutrinos
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Explanation of short baseline oscillations:
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eV-scale sterile neutrinos (which have mixing with active mass eigenstates)
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Status of short baseline oscillations in nu-
e(bar) disappearance channels




Gallium anomaly

Gallium Radioactive Source Experiments: GALLEX and SAGE

Test of Solar Neutrino Detection

Detection Process: Vo + 1Ga — "Ge+ e

Ve Sources: e~ +°1Cr —» 1V + 1, e~ + 3"Ar — 37Cl + v,
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» Anomaly supported by the new
cross section measurement
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Reactor Antineutrino Anomaly

[Mention et al, PRD 83 (2011) 073006]

New reactor i’:’e fluxes [Mueller et al, PRC 83 (2011) 054615; Huber, PRC 84 (2011) 024617]
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> Discrepancy between theory and measurements

> ~2.80 deficit (depending on the theoretical flux uncertainty)

» Nominal theoretical uncertainty from the Mueller+Huber model ~ 2.5%
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Reactor Antineutrino Anomaly
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» SBL oscillations are averaged at the Daya Bay, RENO, and Double
Chooz near detectors —=—-  no spectral distortion
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New spectral feature @ reactors
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[RENO, arXiv:1511.05849] [Double Chooz, arXiv:1406.7763] [Daya Bay, arXiv:1508.04233]

(1) The "5 MeV bump" cannot be explained by neutrino oscillations
(averaged in RENO, Double CHOOZ and Daya Bay)

(2) Theoretical miscalculation of the rate and spectrum?

(3) Detector energy nonlinearity? /Mention et al, PLB 773 (2017) 307]
(Daya Bay and Double CHOOZ already achieved the 0.5% precision)

(4) Some guess to increase the uncertainty: e.g. about 5%.
[Hayes and Vogel, 2016]
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New burn-up feature @ reactors

arXiv:1704.01082 r.,..

» Reactor v, flux produced by the 3 563 060 0o o054 051

decays of the fission products of — 6.05
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< 5.95
» Effective fission fractions: = 5.90
G 5.85
F23s F23g  Fa3o  Foa1 3 580
. .. pt Best fit === Model (Rescaled) S~
» Cross section per fission: — 375 M__.. Average & Daya Bay
L=} 5_?0 I I | I
of = E Fi of K 0.24 0.26 0.28 0.30 0.32 0.34 0.36
1 Fa39

k—235,238,239,241
arXiv:1806.00574 F,.,

g 19F ey 0.35 0.3 0.25
'\; m} :_ L I D t T T T | T T T T I T
2 = —— PPy —n L ¢ ata
g S0fF g g sol ™ Model (scaled by -7.2%) RENO st
E 70 & et [ — Best ﬁt A o
2 = L ----Identical spectra
e o0 o i

50 £ 58

40 fan}

30 =

20 .57

e
10 l I ;\ i‘"’l 1 1 1 I 1 1 1 1 I 1 1 1 1 I
00 00 Y 10000 " 15000 50000 0.5 0.55 L 0.6 0.65
Bum-up (MWD/TU) F235

Both experiments disfavor the equal suppression at around 3-sigmal!
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Comparison and combination of DYB and RENO
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Spectral ratio result@NEOS

NEOS

[PRL 118 (2017) 121802 (arXiv:1610.05134)]
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Spectral ratio result@DANSS

DANSS
[Solvay Workshop, 1 December 2017; La Thuile 2018, 3 March 2018; Neutrino 2018, 8 June 2018]
Detector of reactor AntiNeutrino based on Solid Scintillator
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Model independent SBL oscillations

Gariazzo, Giunti, Laveder, YFL, PLB
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[See also Dentler, Hernandez-Cabezudo, Kopp, Machado, Maltoni, Martinez-Soler, Schwetz, arXiv:1803.10661]
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Implications for Reactor and Gallium anomalies
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Implications for Reactor and Gallium anomalies
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» Indication of m35 < 1.
» Likely small overestimate of the GALLEX and SAGE efficiencies.
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Model independent fit and the future tests
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NEOS and DANSS.

Reactor rates with free 23°U

and 239Pu fluxes: rm3s and
I239.
Gallium data with free

GALLEX and SAGE
efficiencies: 7n¢ and 7.

New reactor experiments:
STEREO, Neutrino-4,

SoLiD, PROSPECT

Kinematic 4 mass
measurement: KATRIN

[See also Dentler, Hernandez-Cabezudo, Kopp, Machado, Maltoni, Martinez-Soler, Schwetz, arXiv:1803.10661]
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Latest spectral ratio results
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Neutrino-4 [ppns 2018]
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Status of short baseline oscillations in
nu-mu(bar)=>nu-e(bar) and nu-mu(bar)
disappearance channels




LS N D [PRL 75 (1995) 2650; PRC 54 (1996) 2685; PRL 77 (1996) 3082; PRD 64 (2001) 112007]
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MiniBooNE

[ ~541m 200 MeV < E < 3GeV

vy —> Ve [arXiv:1805.12028] I/,u_ — Ve [PRL 110 (2013) 161801]
3 L3 T L} L} T Ll L] T Ll T T L3 T T L} T Ll L3
E [5 J ' J l . Datg (stat err.)l J 7
& —+— [ V. frompu*" .
S - [ v, from K 2l _
' el 58 [ v, from K’ = : . .
& _ B ~° misid _ 1.2 Antineutrino E
- LSND signal B A — Ny — s
5 : e din =] 10 - . Da1a{s|a1l_err.] ]
E] [ other 1 F LSND signal B2 v. rom ]
S8 Constr. Syst. Error =1 | /> [ :. f::m K 1
+ ------ Best Fit = 0.8 @ + misid 7]
1.5 =] COa— Ny ]
= B dirt
. 0.6 = other ]
1 7 l —— Constr. Syst. Error ]
1 0.4 —H .
2l Iﬁ: i ]
0.5 ] = 0.2 ] e = ]
e n = ]
% 5 = 0.0
8.2 0.4 0.6 0.8 1 1.2 1.4 3.0 0.2 0.4 0.6 08 1.0 1.2 1.4 1'35 3.0
EYt (GeV) E," (GeV)

Purpose: check LSND signal with different L&E, but the same L/E
(>475 MeV)

~30 excess in the Low energy range: unidentified backgrounds?
- MicroBooNE.

A pragmatic approach: (E>475 MeV) [farXiv: 1308.5288]
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MiniBooNE low energy bins
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Fit of MB Low-Energy Excess requires

small mass splitting and large mixing angle, which are in contradiction
with the disappearance data (and solar & atmospheric data).
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Appearance data
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Global fit of nu-e(bar) disappearance, nu-
mu(bar)=>nu-e(bar) and nu-mu(bar)
disappearance data

Based on the 2018 update of
Gariazzo, Giunti, Laveder, YFL, arXiv:1703.00860
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Effective SBL oscillation in 3+1 schemes

In SBL experiments A>; < A3z < 1.

Am3. L
F{’E)BL(_) ~ sin’ 29,3 sin’ ( Tél ) sin’ 2045 = 4|Ua4|2|U|54|2
}/Dc—>?/f3
Am3. L
REPE L) 2 1 —sin® 204, sin® ( TEI ) sin® 20a0 = 4|Uaal? (1 = [Unal?)
Vo —7Vq

> Amplitude of v, — v, transitions:

1
sin® 20, = 4|Uea|?| Uy | ~ " sin° 210 e sin” 240,,,,

» Upper bounds on ve and v, disappearance = strong limit on v, — ve

[Okada, Yasuda, IJMPA 12 (1997) 3669; Bilenky, Giunti, Grimus, EPJC 1 (1998) 247]

» Similar constraint in 3+2, 3+3, ..., 3+N.!'  [Giunti, Zavanin, MPLA 31 (2015) 1650003]
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Far Detector

& Underground in Soudan mine
= 735 km from target
Soudan i g * 5.4 kton mass

Druluth Z&

Detectors are on-axis for
NuMI neutrino beam

Mear Detector
» At Fermilab

« 1 km from target

= 1 kton mass
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All the results in (anti)v, disappearance
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Appearance-Disappearance Tension
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» Without (left) and with (right) MINOS + data (both without
the MB low energy bins)

X3c/NDFpg =7.8/2 = GoFpg =2%  xpc/NDFpg = 18.3/2 = GoFpg = 0.01%
» From Mild to very Strong tensions

[See also Dentler, Hernandez-Cabezudo, Kopp, Machado, Maltoni, Martinez-Soler, Schwetz, arXiv:1803.10661]
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Future test of the appearance channel

SBN PROGRAM @ FERMILAB J9N52 @ J-PARK

Sensitivity of the JSNS2 experiment with the latest configuration (1 MW x 3years x 1 detector).

Definitive program to address LSND/MiniBoone anomalies in ;-102 c
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Conclusion

a) Interesting model independent indications of short
baseline oscillations from reactors (DANSS & NEOS)

b) Reactor and Gallium Anomalies > Need revision of the
U235 calculation and small decrease of the GALLEX and SAGE
efficiencies. > consistent with the fuel evolution data

c) Many on-going experiments will check the
indication in the next several years

DANSS (talk by Dmitry Svirida), NEOS, STEREO, Neutrino-4, Solid
(talk by Leonidas Kalousis), PROSPECT, CHANDLER, ... ...

d) The MINOS + result (if correct) disfavors the LSND
signal. > future test at SBN and JSNS2
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Thanks!




