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OUTLINE

+ Reactor Anomalies

« Experiments at Short baseline

“ sterile neutrino dedicated experiments

+  Actual situation



Reactor anti neutrino flux

# In the 1980s two flux predictions became the standards for the field:
e Schreckenbach et al. measured fission S-spectra for 235U, 239Pu and 241Pu and converted
them into antineutrino spectra
e Vogel et al. used the nuclear databases to predict the spectrum for 238U

# In 2011 both Mueller et al. and Huber improved the description of the spectra and
predicted an expected number of antineutrinos increased by 3%.

The consequence was :

# An increase in the Schreckenbach predicted antineutrino flux for 235U, 239Pu and 24!Pu.

+ An overall increase in the 238U antineutrino flux due to enhanced nuclear databases over 25
years.



Reactor Anti neutrino Anomaly (RAA)

Detected Neutrino Rates at Reactor
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The very accurate measurements of the total flux confirm the deficit:
Daya Bay, RENO and Double Chooz

The issue then becomes ones of:

e Confirming/re-examining the predicted flux

e Confirming/denying the existence of 1eV sterile neutrinos



Reactor shape anomaly
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Not perfect match for mean position nor width

First release of pur 235U from prospect:

disfavors at ~30 C.LL 235U as the sole source.

Problem of using predicted spectrum for
oscillation analysis
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Bump between 4 and 6 MeV
common to all recent precise experiments:
Daya Bay, RENO and Double Chooz
Seen in several other experiment (all
using commercial reactor) :
 forbidden transition in beta decay
* nuclear databases for 238U
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Phys. Rev. D 83, 073006 (2011)
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Am?2 in the 1 eV2range
sinZ ~ 0.1

Losc = 1-10 m range

Need of new precise experiments

B&Short distance
from compact v source
P Segmentation or moving detector
to look for an oscillation pattern
2 near surface (cosmogenic background)
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Principle

Relative spectrum distortions between identical detector segment, few m apart.
Large E range ([2,7] MeV) combined with baseline allow to cover a factor ~4 in E/L.
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Backgrounds rejection

Signal
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Detectors

no-segmentation “‘coarse” segmentation “fine” segmentation
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Worldwide Experimental Program

PROSPECT
7-12m
2D segmentation

SOLID NEUTRINO 4
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plastic scintillator 2D segmentation

3D segmentation @
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Power reactor, Gd-loaded

P~3 GW, core size 3 m

Low Enriched 235U (238U, 239Pu, 241Pu)
S/B>10

No segmentation

Research reactor, ,

P~ 50-100 MW, core size ~ 40 cm
@ Highly Enriched 235U

S/B~1

Distance to core ~ 10m
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NEOS @ Hanbit-5 Reactor, Korea

Neutrino Experiment for Oscillation at Short baseline

Phys.Rev.Lett. 118 (2017) 121802
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NEOS
Detector

1 single fixed detector 1 m? of Gd-loaded LS

* 24 m from a 2.8 GW core

 Large size of the core (3.1 m) damps down the
oscillation signal at low E

- Phase-I: Aug 2015~May 2016

- Phase-1II: Sep 2018~Now running
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DANSS

Detector of the reactor AntiNeutrino based on Solid-state Scinullator
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Antineutrino detector in
passive shielding

Active zone

Data taking: from June 2016
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42 X 35 cm
Higly enriched in 235U
Pth = 100 MW
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Segmented 5x10 cells
Liquid Scintillator Gd-loaded
movable 6-12 m

Found Oscillation at very large Am? and large mixing
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Sol.id

BR2 Mol, Belgium

PVT cubes of 5x5x5 cm3
@ =50 cm, H =90 cm with 2 6Li neutron screens
93.5% 235U ————
Pth = 50-80 MW ) 2004 $ Reactor On - Off
1 month cycles gm‘
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PROSPECT

Precision Reactor Oscillation and Spectrum Experiment

154 cells (118cm x 15cm x 15cm) filled with Li-loaded LS
Baseline 7-9 m

HFIR - Oak Ridge

M ="5em H=40:cm

highly enriched in 235U

Pth = 83 MW

S/B ~1.32

Data taking from March 2018
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PROSPECT@HFIR - Oak Ridge

Control of E scale demonstrated at the 1% level
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STEREO @ ILL

1.5 mm
\ mumetal

layer

- Phase-I: Nov 2016~March 2017

58 MW research reactor. Phaell O o 2000

Pure 235U fission spectrum.

9-11 m from compact core (P=40 cm).

Challenging background mitigation, S/B~1 achieved so far.
Relative measurement in 6 identical cells.
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STEREO @ ILL
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Evidence for sterile v

Neutrino 4 best fit Global fit for all ve disappearance

disfavor at ~3.30 the no-oscillation

Dentler et al., JHEP 1808 (2018) 010
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Evidence for sterile v

*neutrino-4 best fit

: Model independent analysis
*all ve disappearance

Prospect
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Summary

* Promising combination of ongoing measurements at research reactors:
+ Direct searches of the sterile neutrino covering the relevant area.

* Accurate measurements can now be performed combining different
systematics.

* Model independent analysis.
* New experimental rates and shapes of the 235U fission v spectrum.
* No definitive signature of sterile neutrinos reported.

* Data in the next 2 years will help to probe the parameter space further.

The existence (or not) of the sterile neutrino at eV scale will be addressed in the next 2 years



NEOS Contour
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DANSS contour
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