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REACTOR NEUTRINO ANOMALY

• New computation of reactor ν̄ spectrum for Double Chooz: ~6% flux 
deficit in previous reactor experiments [1]

• Possible explanation: Oscillation with an 
extra sterile neutrino @ Δm² ~ 1 eV

• Current reactor neutrino experiments too similar and little sensitive to 
a fixed spectrum distortion ⇒ Need investigation
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Figure 1. Left: allowed regions of oscillation parameters from SBL reactor data in the 3+1
scheme for a rates only analysis (contours) as well as a fit including Bugey3 spectral data (colored
regions). Right: event rates in SBL reactor experiments compared to the predictions for three
representative sets of oscillation parameters. The thick (thin) error bars correspond to uncorrelated
(total) experimental errors. The neutrino flux uncertainty is not included in the error bars. The
Rovno and SRP data points at 18m have been shifted for better visibility.

SBL reactor data in a 3+1 framework. The allowed regions in �m2

41

and sin2 2✓
14

are

shown in figure 1 (left) for a rate-only analysis as well as a fit including also Bugey3 spec-

tral data. Both analyses give consistent results, with the main di↵erence being that the

spectral data disfavors certain values of �m2

41

around 0.6� 0.7 eV2 and 1.3 eV2. The right

panel of figure 1 shows the predicted rate suppression as a function of the baseline com-

pared to the data. We show the prediction for the two best fit points from the left panel

as well as one point located in the island around �m2

41

' 0.9 eV2, which will be important

in the combined fit with SBL appearance data. We observe that for the rate-only best

fit point with �m2

41

= 0.44 eV2 the prediction follows the tendency suggested by the ILL,

Bugey4, and SRP (24 km) data points. This feature is no longer present for �m2

41

& 1 eV2,

somewhat preferred by Bugey3 spectral data, where oscillations happen at even shorter

baselines. However, from the GOF values given in table 4 we conclude that also those

solutions provide a good fit to the data.

3.2 The Gallium anomaly

The response of Gallium solar neutrino experiments has been tested by deploying radioac-

tive 51Cr or 37Ar sources in the GALLEX [84, 85] and SAGE [86, 87] detectors. Results

are reported as ratios of observed to expected rates, where the latter are traditionally

computed using the best fit cross section from Bahcall [88], see e.g. [19]. The values for

the cross sections weighted over the 4 (2) neutrino energy lines from Cr (Ar) from [88]

are �
B

(Cr) = 58.1 ⇥ 10�46 cm2, �
B

(Ar) = 70.0 ⇥ 10�46 cm2. While the cross section for
71Ga ! 71Ge into the ground state of 71Ge is well known from the inverse reaction there

are large uncertainties when the process proceeds via excited states of 71Ge at 175 and
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THE STEREO EXPERIMENT @ ILL REACTOR

• 57 MW compact core (< 1 m)

• Stereo detector [8.9–11.1] m from core

• ν detection via inverse beta decay interaction in liquid 
scintillator: twofold coincidence

e-
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ν̄e
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e+
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• e⁺ ionisation+annihilation: Ee+ = 1-8 MeV


• Oscillation depends on Eν ≃ Ee++0.8 MeV→ Eν spectral analysis

Prompt signal

• n capture on Gd: Ed ∼ 8 MeV


• p-d separation (capture time): Δt ∼30 μs

Delayed signal

Lead and 
Polyethylene

Front wall Cerenkov 
µ-veto Inner detector

STEREO DETECTOR

• Stereo inner detector
- 6 target cells and outer crown filled with 

liquid scintillator
- 48 PMTs in upper acrylic buffer

• Looking for oscillation patterns @ short distance
- Relative energy shape in the 6 identical cells
- Sensitive test of the sterile neutrino hypothesis

Outer	crown	filled	with	LS	to	reduce	edge	
effects	and	tag	external	backgrounds

6	target	cells	
filled	with	Gd-
loaded	LS

1.5m
	

PM		Ts
Acrylic	buffer

PMT

BACKGROUND MITIGATION

• Full on-site measurements of µ, 
n and γ background

• Reactor background reduced 
with lead + B + CH2 shielding

• Cosmic background controlled 
with active μ veto, online PSD, 
and subtraction from off periods

Beam stop

Lead

B4C

Polyethylene

Concrete

DISCOVERY POTENTIAL

• Stereo aims to cover the reactor anomaly region in the first 
year of data taking [2]

• Also new reference measurement of pure 235U ν spectrum

• 400 ν/day in 300 days

• S/B = 1.5

• ν flux + 4% norm uncut

• Visible Ee+ > 2 MeV

• En > 5 MeV  εdet=60%

• δEscale = 2%

INSTALLATION PHASE

• Detector component now fully integrated

- External steel vessel

- Buffers equipped with four 8” PMT’s each

- Internal vessel made of VM2000-acrylic sandwiches: 
~100% internal reflectivity @ all angles

• Stereo is in ILL and waits for filling, first data are foreseen for this 
autumn

2 mm thick 
acrylic plate

Reflective foil 
VM2000Bridal veil
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Search for a light sterile neutrino

with the Stereo detector
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An anomaly...

Survival probability of a ⌫e with an energy E⌫e at a distance L :

P⌫e!⌫e(E⌫e , L) = 1� sin2(2✓i)sin
2

✓
1.27

�m2
i [eV

2]L[km]

E⌫e [MeV ]

◆

where :

i = 12 for L ⇠ tens of km

i = 13 for L ⇠ a few km

Reactor Antineutrino Anomaly [1]

Deficit of 6 % at short distance (reac-

tor experiments). A new neutrino ?

Necessarily sterile (cannot be coupled

to weak interaction).

... a way to test it

ILL reactor (Grenoble, France) as a

neutrino source :

- Compact core ensuring a good spatial

resolution

-

235U high-enriched

- Detector site at ⇠10m from the core

Analysis in rate and in energy/distance

with a clean oscillation pattern along

the detector axis :

The detector Discovery potential

sin

2(2✓sterile) = 0.17± 0.04
�m2

sterile = 2.3± 0.1eV 2

Detection principle

Prototype cell

- Light transportation validated

- First tuning of the simulation

Simulation

Essential tool, needed to understand

the detector response :

- Detailed description of the physics

and the geometry

- Allows to compute efficiencies, cross

talks, energy collected, energy and light

leaks...

Schedule

- Detector under construction in Grenoble

- Filling with liquid end of summer

- First data taking fall 2016...
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