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@ Reactor Anti-v Anomaly (RAA)
» Wrong predictions of reactor spectra ?

> Light sterile neutrino ?

@ Measurement of pure 233U spectrum
» 285 contribution to 5 MeV excess in

experimental data

» test o35 determined by DayaBay
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ILL experimental site
@ Very short baseline : 9-11m.
> U energy : 2—8MeV.
@ Compact core : h=80cm, d=40cm.
» Oscillation pattern not smeared out.
@ High 25U enrichment (93%).
» Simplify 7 flux predictions.
@ Significant overburden : 15 mwe.
@ 58.3 MW thermal power.

@ Drawbacks :
» Safety requirements.
» Limited space.
» High background level due to
neutron experimental lines.
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@ Inverse 8 decay in Gd doped scintillator.
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8 MeV cascade
@ Time coincidence and energy signature » _
i K . N . . Coincidence window
» e* prompt signal : ionisation + annihilation. Delayed
» n delayed signal : capture by Gd. ‘

Prompt |
* 8MeV ~ cascade. ‘

* >> natural radioactivity 208 T| @ 2.6 MeV.
* 7~ 16 ps.
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@ Robust analysis of oscillation pattern :

» Distortion of the energy spectrum
with distance.

For the RAA best fit parameters
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@ Neutrino target :

‘Water-Cherenko;

> 37 x 90 x 90 cm® cells. e B
» Response ~ 300 PE/MeV Rl 48 PMTS
° ’Y'Catcher: Lead shielding Acrylic
buffers
» 37/27 cm thick outer crown. ot poeiviany
» Containment of energy leaks. o
* Better energy resolution.
* Better neutron efficiency. , /
2m? neutrino target: Outer crown unloaded
> Active Veto. 6 Gd-loaded liquid liquid scintillator

@ Shielding :
» About 90 tons around detector

@ Acquisition :
» Trigger threshold ~300 keV
@ Water-Cherenkov pu-veto > No dead time up to a few kHz
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Data taking since November 2016 :
@ 2 weeks of commissioning
@ 75 days reactor ON
@ 28 days reactor OFF
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@ Charge collected in one cell : RS e oo
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@ AmBe source inside detector
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Accidentals Correlated
Cosmics | Reactor
@ v and fast n from reactor
@ . — fast neutron
[} i i .
Radlofalctlve decay @ ;. — multi-neutrons @ Fast neutrons
© Cosmics @ 4 — stop + Michel e~
. @ Shielding
@ Shielding
@ p-veto+~y-catcher
@ u-veto+~y-catcher ) Lo
@ Topology / Coinc. multiplicity
@ Topology e
o ) @ Pulse Shape Discrimination
@ Statistical subtraction o

ON-OFF measurement
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Accidentals

Correlated

Rate [day]

~ and fast n from reactor
Radioactive decay
Cosmics
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Not dominant

Increase dead time
introduced by selections

Reactor

@ . — fast neutron

@ ;. — multi-neutrons

@ Fast neutrons

@ u — stop + Michel e™

I

@ No significant contribution of reactor neutrons

» Shielding sufficient
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@ Proposal cuts :
» Veto 100 us after muon

IBD signature Rough topology | Nuclear recoils
Prompt | 1.5MeV < Er < 8MeV | Egc < 1.1MeV | 2.5¢ PSD cut
Delayed | 5MeV < Ep < 10MeV | Epyee > 1 MeV
ATcoinc <70 us

@ + cleaning cuts

@ Neutrino rate : ~ 300/day

Rate [day"]

Evolution of the IBD candidates rate in the Stereo detector
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@ Cut optimisation studies (e.g. event topology, multivariate analysis)

@ Background studies (mainly cosmic muon induced background)
@ Finalisation of energy reconstruction
@ Spectral analysis

@ Data taking
» 2018 : +150 days reactor ON
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Reactor very short baseline competition :

Name Pih L Depth | Mtarget Tech Seg | Mov | Start
(MW) (m) (m.w.e) | (Tons)
Nucifer 70 7 13 0.8 Gd X X 2014
NEOS far 2700 25 16-23 1 Gd X X 2015
NEQOS near 15 5 23 1 Gd X X 2016
STEREO 57 9-11 18 1.75 Gd v v | 2016
SolLid 70 5.5-10 10 2.9 5L v X 2016
DANSS 3000 | 9.7-12.2 50 0.9 Gd v v | 2016
Neutrino-4 | 100 6-12 10 1.5 Gd X v | 2016
Prospect 85 7-18 few 1-10 | Gd+5Li | v v | 2017
NuLat 85 3-8 few 1 5Li+1%8 | v v | 2017



@ Fast neutrons produced in heavy
materials.

» Limit thickness in the detector
neighbourhood.

@ Protection from water channel.

» 2m concrete+6 m water.
» Suppress the hadronic component.

@ In situ flux measurement using cosmic
wheel.

» Factor 4 reduction compared to at the
surface.

@ Active veto 100 us— 5 % dead-time.

cosmic wheel measured rates

.
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Atmospheric pressure correction

Correlation between IBD candidates rate and atmospheric pressure
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