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Reactor antineutrino anomaly

Re-evaluation of reactor antineutrino fluxes = 6.5 % deficit in obs. fluxes (2.7 o)
Similar (2.7 o) Gallium anomaly (deficit observed in calibration runs of Ga exps)
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Distance to Reactor (m)

Could be explained by sterile v, Am? ~ 2 eV?, sin?(26,,) ~ 0.1, L .. = 4m
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Spectra (arbitrary normalization)

The STEREO experiment

* Not just another flux measurement: in very short baselines,
search for oscillation imprint on v energy spectrum
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The STEREO detector

* v detection via inverse beta decay: 176 +p— e’ +n

* Signature: prompt (e+ annihilation) ‘ \—>n+Gd — Gd +ys
AND delayed (n capture on Gd) ~ 15 us later >e +e =Yy

v * Segmented detector (6 cells) = L dependence

 2m?3 Gd-loaded target surrounded by unloaded
liquid scintillator to recover escaping y’s

‘‘‘‘‘‘‘‘‘‘

v~ Gd
‘ szSMeV

 E(v) = E(prompt) + 0.78 MeV

* Good energy resolution!
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ILL reactor

* Since<L,.>=4m, need
VERY COMPACT nuclear
reactor core

* |nstitute Laue-Langevin
(Grenoble, France),
diameter =39 cm

ILL 0000 = SONGS Baseline spread
B NSBR washes out
m ATR oscillation signal
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« 58 MW, high 23°U enrichment

* 3to4cycles/year, 50 days/cycle

* Water channel overburden, 15 m.w.e.
e STEREO baseline <L>=10m
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Backgrounds

* On site measurements (y, n, W)
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Y rate on Ge counter
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* High Yy and n flux =» accidentals,

correlated background:

— B,C \ G‘AMS< 5 N;.; = proton recoil (prompt) + n capture
— Pb ') >, (delayed)
\f — Concrete+Pb plug for neutron line
— B,C and Pb on walls of nearby sources
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Borated CH,

Backgrounds

Muon detector

On site measurements (y, n, W)

High v and n flux from reactor
Nt =@ P recoil (prompt) + n capture (del.)
Shield STEREO from them:
— Concrete+Pb plug for neutron line
— B,C and Pb on walls of nearby sources
— CH, and Pb envelope around detector

PSD in liquid scintillator for n._,

N, from cosmic rays
— Water channel overburden (15 mwe)
— Muon veto above detector

— Reactor OFF measurement

; \ * Check background models by shifting
oo ‘\ P detector along axis
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Detector response

Minimise asymmetries among cells.
* No difference in v energy reconstruction expected.
(RMS = 12% for E,;. = 3 MeV)

* 4% difference in neutron efficiency

due to lack of Gd in Gamma Catcher
(61% centre vs 57% border)
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Calibration system

* Energy scale and neutron
capture efficiency

e Detector response Radioactive sources
inhomogeneities (Z dependence, [~ LED emitters + optic fibers
centre vs border)

* Time stability

Radioactive
source trolley

Na-22 & PM
(Z dependence)

~
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Prototypes

* Prototypes of inner detector, muon veto, electronics, DAQ, LED monitoring,
radioactive source calibration, produced and tested
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Production

* Most items in production or call for tenders
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Expected sensitivity
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300 days, ~480 v /day
LO=10.0m

Eprompt>2 MeV
Edelayed>5 MeV

OE, o = 2%

scale

All syst. of predicted spectra
S/B=1.5,1/E + flat

Norm:
- 3.7% absolute norm.
- 1.7% relative norm. between
cells
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Timeline

Oct 2013 — France’s ANR funding

2013-2015 - design and production; background studies at ILL
and additional shielding

First half of 2016 — installation, mounting, commissionning
June 2016 - Filling of detector with liquid scintillator
Summer 2016 — start of data taking

Late 2016/early 2017 — first physics results



Conclusions

 STEREO will test the Reactor Antineutrino Anomaly
and has the sensitivity to exclude or confirm the
sterile v hypothesis

Data taking to start in Summer 2016
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Stay tuned!
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Reactor antineutrino anomaly
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Reactor+Ga anomalies fit

* Both reactor and Ga anomalies can be explained by 1 sterile v
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Gallium anomaly
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Shielding
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LYSO,cristal

Towards target through gamma catcher

Na22
source

Vienna 23/07/15 Pablo del Amo Sanchez,

EPS HEP 2015 LAPP - IN2P3 - CNRS/ U. Savoie Mont Blanc =



