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THE GALLIUM ANOMALY

GALLEX and SAGE solar 
neutrino experiments have
measured the solar neutrino 
flux using the radiochemical
reaction



THE GALLIUM ANOMALY

The calibration of these
experiments was performed
using Cr and Ar radioactive
sources which emitted
neutrinos through the 
following electron capture
processese

WELL KNOWN CROSS-SECTIONS!

2209.00916

(0.4-0.8 MeV)



THE GALLIUM ANOMALY

DEFICIT OF OBSERVED EVENTS DURING GALLIUM 
EXPERIMENTS CALIBRATION!𝑅 =

𝑁!"#
𝑁$%



THE GALLIUM ANOMALY

More recent observations at the BEST experiment (2019)

OSCILLATIONS AT VERY SHORT BASELINE?



THE REACTOR ANOMALY

Reactor experiments look at electron antienutrinos produced at reactors. Such
experiments have been builts since 1980s due to the high flux of reactor neutrinos
which can be observed



THE REACTOR ANOMALY

Reactor neutrinos are usually observed through an inverse beta decay reaction in 
water detectors



THE REACTOR ANOMALY

Reactor flux predictions and total cross sections are complicated to 
compute!

Biggest discrepancy



THE REACTOR ANOMALY

Deficit of events 
in antineutrino 
disappearance

in most of
reactor

experiments!



THE STERILE NEUTRINO HYPOTHESIS

Short baselines 
with a smaller

number of events
Fast oscillations?



THE STERILE NEUTRINO HYPOTHESIS

Gallium Reactors



THE STERILE NEUTRINO HYPOTHESIS

Fast oscillations driven by a sterile 
neutrino (∆𝑚!"

# ~1 e𝑉#)

However…. Gallium prefers
large mixing angles

Reactor prefer very small 
mixing angle



THE STERILE NEUTRINO HYPOTHESIS

First tension!

+ Tritium decay spectrum limits (KATRIN)!



THE SHORT BASELINE ANOMALY

LSND was an experiment looking at 30 
MeV neutrinos at 30 meters from the 
source. 

Neutrinos we are interested in are muon
antineutrinos from muons at rest



THE SHORT BASELINE ANOMALY

But…. We expect no oscillation!



THE SHORT BASELINE ANOMALY

Again, may be explained with fast 
oscillation!

Also, KARMEN expriment (L~17m) did not osbserve excess
but could not fully exclude LSND allowed regions



THE SHORT BASELINE ANOMALY

Years later, with a water Cherenkov detector looking at muon neutrinos
from accelerator…. 

MiniBooNE, neutrinos of energy above 500 MeV, at 500 meters

Again, low energy excess! 
Fast oscillations here, too?



THE SHORT BASELINE ANOMALY

Compatible!

Up to 6𝜎
anomaly!

End of the story?

1805.12028



THE SHORT BASELINE ANOMALY

LBL experiments observe also the muon neutrino disappearance…

If we observe anomalies in electron appearance, it is mandatory to observe
also anomalies in muon disappearance! 



THE SHORT BASELINE ANOMALY

COMBINED!

Second tension!

1803.10661 



THE SHORT BASELINE ANOMALY

Also, new results
from MicroBooNE
further reduce the
allowed parameter
space!



STILL AN HOT TOPIC!

300 papers per year!



FUTURE OF SBL EXPERIMENTS: SBN

SBN program at Fermilab aims to look at sterile
Neutrinos with also muon disappearance with 3
Detectors:

-SBND (Near Detector)
-MicroBooNE (Middle Detector)
-ICARUS (Far Detector)



DUNE EXPECTED BOUNDS

Far Detector

Near Detector

1507.03986 2111.05470



DUNE TAU SEARCHES

With the small tau neutrino sample DUNE should be able to further reduce the parameter
space
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ESSNUSB EXPECTED SENSITIVITY
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NUSTORM AND LENUSTORM



STERILES AT NUSTORM
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GeV neutrinos at 2km baseline, in presence of 
steriles, we observe appearance events and a 
depletion of disappearance!

Neutrinos from muon decays



STERILES AT NUSTORM

With the convention for the mixing matrix

The fourth column of the PMNS is very simple



STERILES AT NUSTORM

It is possible to bound the first two sterile mixing angle, no 
sensitivity (very poor) to the third one!



STERILES AT NUSTORM

What to expect? Great 
limits from appearance!
But also interesting
limits from
disappearance



STERILES AT NUSTORM



WHAT TO EXPECT AT LENUSTORM?

-Low energy neutrinos from muon decays, with
an energy between 200 and 600 MeV.

-Near detector at 50 meters

-Far Detector at 250 meters



WHAT TO EXPECT AT LENUSTORM?

Regardless of the expected performances of the detectors, let us compute the L/E ratio for
LEnuSTORM far detector

𝐿
𝐸
~0.3 − 1.2 𝑘𝑚/𝐺𝑒𝑉 Δ𝑚!"

# ~
2 𝐸 𝜋
𝐿

~1 − 3 𝑒𝑉#

Expected good sensitivity to sterile neutrinos!



WHAT TO EXPECT AT LENUSTORM?

(GeV) (GeV)

(sin 5°)!~0.007 (sin 10°)!~0.03



WHAT TO EXPECT AT LENUSTORM?

(GeV) (GeV)



WHAT TO EXPECT AT LENUSTORM?

(GeV) (GeV)

With a Near Detector at 50 m one may resolve fast oscillation



WHAT TO EXPECT AT LENUSTORM?



WHAT TO EXPECT AT LENUSTORM?

Can we go with larger baseline and resolve slower oscillation?



WHAT TO EXPECT AT LENUSTORM?

Following the strategy used for NuSTORM, one may also look at the NC events 
(performances of the detectors need to be studied)

Little sensitivity to the third sterile mixing angle!



THANKS FOR YOUR ATTENTION


