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Three-neutrino oscillations




Three-neutrino oscillations

Neutrino mixing matrix
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Three-neutrino oscillations

Results of global combination:
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Anomalies In oscillations



Anomalies In oscillations
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Anomalies In oscillations
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Beyond three-neutrino oscillations




Beyond three-neutrino oscillations

We can add a forth neutrino

This neutrino must be sterile, which means it is a singlet
under all standard model gauge groups

A forth active neutrino iIs

excluded by observations 2 | N
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T o Z— ) v, | OPAL
J=e,p,T A7

L ¢+ average measurements,
error bars increased
by factor 10
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3+1 neutrino oscillations
We extend the mixing matrix
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3+1 neutrino oscillations
We extend the mixing matrix
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3+1 neutrino oscillations
We extend the mixing matrix
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3+1 neutrino oscillations
We extend the mixing matrix
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3+1 neutrino oscillations
We extend the mixing matrix
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3+1 neutrino oscillations

We extend the mixing matrix
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3+1 neutrino oscillations

We extend the mixing matrix

/ Uel Ue2 UeS @\

Uul UMQ U,u,S U,u4
UT]. U7'2 U7'3 U7'4
\Us1 Uso %}

Uel UeQ UeS
U,ul UMQ U,uS =
UTl U7'2 UT3
APPearance -—
Am?2, L
P(E]E’L ~ sin*(20,3) sin” < Tgl )

'

Sin2(29a5) = 4’Ua4|2‘U34‘2
V), —> Ve Sin2(20ue) = 4|Ue4\2|UM4|2

@LSND, Karmen, MiniBoone,
Opera

Quadratically suppressed

DISappearance

1F

Am3, L
P2BL 1 — sin?(20,44 ) sin® ( Ty )

/
sin%(2000) = 4|Una|>(1 = |Una|?)

Ve = Ve @ |Ueal® = sin? 014
@Reactors and Gallium

Vy — Vy - |U’u4|2 = Sin2 924 COS2 914
@atmospherics and accelerators



3+1 neutrino oscillations

Gallium anomaly, RAA, and LSND can be explained with new a
mass splitting and new mixing aniges

Am?l:l, SiIl2 9667 Siﬂ2 eue

How well does this explanation hold today?

New experiments have been constructed in all sectors
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MiniBooNE

MiniBooNE was built to check the LSND results with a different
baseline, but similar L/E

MiniBooNE has no near detector
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MiniBooNE

MiniBooNE was built to check the LSND results with a different
baseline, but similar L/E

MiniBooNE has no near detector
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Fit of v_appearance data
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v_disappearance experiments
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Revisiting old results
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Reactor fluxes

Huber-Mueller-fluxes do not
predict the “bump”

The “bump” cannot be explained
by sterile neutrino oscillations,
because they should be washed
out at these distances

We need a model-independent
procedure, taking only ratios of
fluxes at different distances
Into account

Double Chooz, JHEP 1410 (2014)
Daya Bay, PRL 116 (2016) no.6
RENO, PRL 116 (2016) no.21
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Single detector, taking ratio to Daya Bay
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DANSS

Single movable detector, ~30 preference for 3+1‘in 2018‘
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Fit of v_disappearance data

DANSS / NEOS

PLB782 (2018), Gariazzo, Giunti, Laveder, Li
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Fit of v_disappearance data

DANSS / NEOS + Gallium + RAA

PLB782 (2018), Gariazzo, Giunti, Laveder, Li
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Fit of v_disappearance data
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v, disappearance experiments
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IceCube and DeepCore
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MINOS/MINOS+
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MINOS/MINOS+
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MINOS/MINOS+

Reconstructed energy (GeV)
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Reminder
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Reminder
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Tension here!



Global Fit: Tension in APP vs DIS data
Data end of 2017
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Global Fit: Tension in APP vs DIS data
Data October 2019 (without new DANSS)
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Global Fit: Tension in APP vs DIS data
Data October 2019 (without new DANSS)

No overlap anymore!
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Global Fit: Tension in APP vs DIS data
Data October 2019 (without new DANSS)
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Excluding LSND gives

GoF,.= 2 x 10

Problem remains!
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Global Fit: Tension in APP vs DIS data
Data October 2019 (without new DANSS)
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Global Fit: Tension in APP vs DIS data

Only excluding LSND and MB solves the problem
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No surprise, because now there is no lower bound
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Conclusions

The RAA might be explained with updated reactor fluxes
The significance of the Gallium anomaly is reduced

The indication of SBL oscillations seen last year might be
fading away due to new DANSS results

The tension between APP and DIS data makes a global
3+1 fit unacceptable

The current status: It is pretty bad!






Backup



Current regions are completely incompatible with

cosmological observations!
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