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Measurement pr1n01ple

Detector design:

- ~& tons Gd-doped liquid scintillator Target
segmented in 6 identical cells

- Surrounded by

(Gd-free liquid scintillator)

- Surmounted by

->100 tons of shielding
(Pb, polyethylene, B,C)

Inverse beta decay (IBD):

U,+p—>e +n

- prompt: e ionisation and annihilation

- delayed: n capture on Gd (after ~18 us)
gives y cascade with total energy ~ 8 MeV

Fast neutron can mimic IBD signal

diffusion

Gd(n,y)

~ 8MeV y cascade




Experiment site

e Institut Laue-Langevin in France (Grenoble)

e (Compact research reactor core:
-40 cm 2 X 80 cm
-P,=58.3 MW
- highly enriched in U
(99% of fission events)

e gshort baseline ~9-11 m

® Surface level experiment:
Additional shielding against
cosmics provided by water channel:

~18 m.w.e
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Data taking

e Data taking started in
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e Reactor-off data critical for
background subtraction
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e Data acquisition expected to
continue until end of 2020
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Detector control

S 012

¢ Energy calibration:

- weekly **Mn (y-0.83MeV), monthly AmBe

- Other y sources: 0.5 - 4.4 MeV oot |+iBDaa| L
ol L [CIMC syst. b
- cosmogenic *B spectrum :
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https://arxiv.org/abs/1912.06582

Neutrino signal extraction

e Pulse Shape Discrimination (PSD):

) Qmi/ Qtot

- electronic recoils have low Q,,;,/Q,,,
- proton recoils have large Q,,./Q,,,

e-recoil signal

p-recoil signal

Te<Tp

Quail/ Qrot (€) < Quait/ Qtot (P)

Time

e PSD model:
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https://arxiv.org/abs/1912.06582

Oscillation ana,ly51s

e Spectrum shape only analysis,
no information from absolute rate

e Comparison between cells and
energy bins independent from prediction:

2
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- Each energy bin normalised by param. ¢,
common to all cells:

— analysis independent from absolute rate

— analysis independent from predicted
spectrum

e Systematic uncertainties parameterised
by nuisance parameters o
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Reconstructed Energy [MeV]

Type

Relat. uncert.

Normalisation (uncorrelated)

Cell volume 0.83 %
Neutron efficiency correction |0.84 %
Energy scale (uncorrelated)

Mn anchor point 0.2%
Cell-to-cell deviations 1.0%
Energy scale (correlated)

Time stability 0.3%
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Oscillation analysis results

HEPdata.92323

e Ay? distributions obtained — 10!
from MC pseudo-experiments
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e Contour obtained from
2-dimensional Ay map

Am3,[eV?
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e No-oscillation hypothesis not —— RAA95%CL.

— = RAA99% C.L.

rejected (p-value = 0.09) *  RAABosti

STEREO (179 days reactor-on):
B Exclusion Sensitivity: 95% C.L.

e RAA best fit point excluded at 101 | Exchsion 95% G . |
more than 99.9% C.L. 102 10-1 ’




ADbsolute rate measurement

Quantity Symbol Value Uncert./% UL BB L - LI I ] NI L L L L L L L
Number of v/fission Nl[,2’8]MeV 1.846 2.40 ------- model uncertainty
Huber prediction 1.722 2.40 Nucifer — iy . 1.014 +0.108
Correction factors 1.072 0.10 I7L2Lm - 1
Number of fissions/day 1.30 - 10 1.44 88 m —— X 0.792 +0.072
Thermal power (Pin) 49.2 MW 1.44 SRP-| : 8 o
& 941 +0.02 -
Energy /fission (Ey) 203.4 MeV 0.13 182m : 09 0.026 = 2
Fract. of interacting v  Tint 8.10-10 7 0.56 Shpel e 1006 £0.029 5 S
Solid angle 0.50 Krasnoyarsk-87 : © 8
IBD cross-section OIBD 0.22 33.0m ! ; 0.923 +0.046 z é
MC statistics 0.12 SK‘{%sn:loyarsk-QQ & 0.946 +0.028 T g
Correc. of p-number pData/ MC 0,983 1.00 Krasnoyarsk-94 L ” E
- - : 0.936 +0.039 o
Detection efficiency €4 0.2049 0.54 57.3m : =3
Selection cuts 0.41 ngrgsr:oyarsk-87 b x— 0.942 +0.192 e
Energy Scale 0.30 STEREO : 5
MC statistics 0.19 9.4-112m ! L i
Correc. of delayed effi. cn ™™ 0.9774 0.86 New average (pure “°U) I 0.950 +0.013
Predicted IBD yield 383.7d 2.10 6 2.40 95559?3@%55 (2%'15»0 0sC) o 0.923 +0.015
Observed IBD yield 363.8d " 0.88 ® 1.06 N
Statistics 0.88 NI AR AT EN T AT AT A |§| | 1 AT A SN AN A AN SR AT S A
v exttraC; rgeth?idbk 822 06 07 08 09 1 1.1 12 13 14
eactor-induce g. . ] .
Off-time method 0.14 arXiv:2004.04075 RObserved / RPredlcted

o Observed neutrino rate: 364 * 3 stat. = 4 syst. —

R

obs
Rpred

=0.948 = 0.024

- in agreement with current world average

e Main uncertainties are thermal power, proton number & neutron efficiency

Among the most precise measurement for pure 2357 fuel
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Spectrum shape unfolding

e Prompt energy spectrum D, unfolded in antineutrino energy spectrum qﬁj thanks to

response matrix ;; :
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¢ Main uncertainty is statistic

e Regularisation term to smooth unfolding of
statistical fluctuations:

2
0 by b;
M) = <Zi . _E>

¢° prior spectrum: Huber’s 3> U spectrum

e Regularisation strength » chosen to
minimise dependence to prior spectrum
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Unfolding results

Prompt Energy Space Antineutrino Energy Space HM: Huber Model
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* Hint of a spectral distortion, fit with a free gaussian:
"9 Mean = 4.8+0.2 MeV




Conclusion & Outlook

e Large portion of the RAA parameter space excluded, in particular RAA best fit point
excluded at more than 99.9% C.L.

e Absolute rate measurement for pure 23517 among world-wide leading measurements,
consistent with the RAA deficit 101
|
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|
|
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® Spectral shape in neutrino energy space:
- Hint of a ~10% spectral distortion
at -5 MeV in prompt space with respect to
Huber-Mueller predicted spectrum
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e Further data taking until the end of N
the year: —— RAA95%CL ~
— expected more than 300 days reactor ON by oy
— ZX more St&tlSthS - STEREO:
= Expected Sensitivity (300 days reactor-on): 90% C.L.
_1 0 Expected Sensitivity (300 days reactor-on): 95% C.L. \
¢ Stay tuned for PROSPECT and STEREO joint 10 10-1 1
spectrum analysis | sin2(20,.)| arXiv:1912.06582

Recent STEREO papers :

- Oscillation: arXiv:1912.06582

- Absolute Rate: arXiv:2004.04075

- Gd improved cascade: Eur.Phys.J.A 55 (2019) 10, 183
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Neutron efﬁmency

-----------------------------------------

e Neutron efficiency (delayed trigger):
dominant uncertainty

— AmBe Source o
E [ e CeII4 45cm f 25

normalized entries
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¢ Studied with AmBe y-n source
(mimics IBD)
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¢ Remaining discrepancy at corner position
corrected by SD-model
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Fur.Phys.J.A 55 (2019) 10, 188

¢ Good agreement in capture tlme
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Important aspects to consider in oscillation

Statistical method:
frequentist test
necessary

— )(2 of best fit
non-zero even for
no-oscillation

Consider position
and time dependent
variation of energy
response

PROSPECT & STEREO, arXiv:2006.13147
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