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Hints for electron neutrino appearance in muon neutrino beam
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Data/Prediction
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* but a new “bumpy” feature at 5 MeV measured

Prompt Energy (MeV)

« doesn’t rule out possible new sterile state
* but put in question the precision of model

- Need to adress these anomalies with new precise measurements



The SoLio0 experiment
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SolLid detector modules

shortest distance most sensitive oscillometry
experiment

* measure with high resolution in position and
energy
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« only way to demonstrate new oscillation

. Distan
 HEU reactor core measurement will complement stance

PWR data Energy
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Sensitivity to a new eV state
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Sensitivity Phase |

10"
Phase |
Solid detectors
&5 5.5m IIIIIIIII
BR2 core 26m
0
8x submodules 10 ]
PVT cubes + WLS fibres _
1.5-2 tonnes fiducial ‘%
. 40% IBD efficiency =
* 14% energy resolution at 1 MeV |
- S:B~3(E>1MeV) |
. 2 i — Phase |, 1yr - 2t@14%
« Background combination of 1/E and flat :
« 2% relative energy scale uncertainty SoLid PRELIMINARY
0 1 calendar year corresponds 150 days of reactor-on
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« shape only measurement
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Sensitivity phase |l

Phase |l

Solid detectors
1]
1m

HiRes module
WLS PVT cubes + PMTs
1 tonne fiducial

BR2 core

« 40% IBD efficiency

« 14% energy resolution at 1 MeV

« S:<B~3(E>1MeV)

- Background combination of 1/E2and flat

« 2% relative energy scale uncertainty

« shape only measurement
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— Phase |, 1yr - 2t@14%

— Phase II, 3yr - 2t@14% + 1t@6%

1 calendar year corresponds 150 days of reactor-on
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State of the art

e Emitted spectrum

----- Cross-section

—— Detected spectrum

(arbitrary units)
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Gd-doped liquid scintillator
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® Underground laborator
& Y ® Detected using well known inverse

® Large external shielding beta decay

® Well contained energy ® Threshold at 1.8 MeV

® achieve percent level measurement
of PWR antineutrino flux



A hew approach
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e Underground laboratory ® Atthe surface ‘ , time
® Close to reactor ©~10-100 us
. .
Large external shielding e compact detector : poorly ® Robust neutron ID
. contained energy
® Well contained energy ® Imaging of interactions
® achieve percent level measurement ® Well contained energy

of PWR antineutrino flux



Technological development

2013 2014-2015 SolLid phase |
Proof of concept TRL 2-3 2016-2017
Real scale system TRL 3-5
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frame machining @ Oxford
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SM1 neutron ID
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neutron PID

« can distinguish a neutron in millions of events



Detector capture time: AmBe

prompt to neutron capture time difference (AmBe source)
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AmBe source run to study fast neutron signature



dE/dx (MeV/cm)

In situ calibration with muons

3 SOLI d dEdxVsMevCm
® in-situ energy calibration using dEdx \ o Tivey "2
preliminary | aws 117
. . . £ 1 nat 2464 /79
® channels intercalibration 2 Prob 0
Width 0179 £ 0.001
. . 2 MP 1.771£0.001
® cube response equalisation Area 46430404 + 63730401
N GSigma 0.2871 +0.0012

[ . 1 .
® Light yield measured : 25 PA/cube Calibrated
1
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Muo

® Michel electrons activity
observed

® Muon - neutron-like events
correlations observed

® Use for muon veto cut

correlated events
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Horizontal Waveform (ADC)

Vertical Waveform (ADC)
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Summary & outlook

® SolLid will search for new oscillation with a new type of compact detector
® aim to resolve the anomalies by 2020
® the BR2 HEU core will add new data for235U

® A succesful staged R&D demonstrated the technology is ready for high
precision measurement

® Excellent neutron ID
® Excellent detector uniformity and stability
® Precise calibration with muons

® First IBD analysis ongoing (3-5 days of reactor ON data/ ~ 1 month
reactor OFF)

® more results in the coming months - stay tuned !






Energy scale stability

» 1% energy scale stability demonstrated
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Crossing Muon dE/dx MPV (MeV/cm)
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Energy resolution
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Sensitivity comparison
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Precise energy reconstruction
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The neutrino source : BR2

e (areful assessment of reactor backgrounds reveals low
energy gamma-rays and very low neutron rate

[ :
Rn < 10~ Hz (2 20 MeV)

Rgam = 0.4 Hz/cm?

4
x

e (Compact sou '

s’

BR2
Entnes 12291
Nesn TTa
RMS 7767

No shielding
Pb shield 5 cm

. HigH{ly enricl

¢ pure U anti
\ \

1000 2000 3000 4000 5000 60CO 7000 SO0 HW0 10000
Energy [keV]




tank in Pool reactor

operating power (Pth = 40-80 MW)
relatively low reactor background and stable conditions

excellent for anitneutrino measurement
27



Neutron capture

E ~ 8 MeV of gamma-ray energy
~ 30-40 cm int length

poorly contained in small detector

28

3H
61
“He
E ~ 4.78 MeV nuclear
reaction

few tens of microns



LiF:ZnS(Ag) neutron ID
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Example neutron waveform
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Precise Energy reconstruction

V‘e—l—p%(ﬁ—l—n

Eet=3 MeV

without high

/ segmentation

with cube
segmentation

10 15 20 25 30 35 40 45 5.0
Absorbed energy (MeV)

® Precise energy measurement retained

e Doesn’t affect energy resolution

30



