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Neutrino Oscillation
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Neutrino Detection via Inverse Beta Decay
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Distinct double event signature

Low background due to double signal

Relatively high cross section
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https://indico.fnal.gov/event/43209/contributions/187886/attachments/130339/158753/Neutrino2020YooRENO.pdf
https://indico.fnal.gov/event/43209/contributions/187886/attachments/130339/158753/Neutrino2020YooRENO.pdf

Experimental Setup
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Antineutrinos / MeV / Fission

Nuclear Reactors are a strong neutrino
source
> ~ 6V, per fission
» ~10%19y, [sT1GW1]
Use strong reactors in Chooz, France with
a power of 8.5GWy,
Almost iso-flux configuration.
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Double Chooz Detector
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Background Model

Fast Neutrons + Stopping Muons

Proton recoil and neutron capture
Muon decay into Michel Electrons

Uncorrelated Correlated from cosmic Muon
Accidental Cosmogenic
K
L 9. . _
Random coincidences Li/®He B~ decay
between uncorrelated after carbon spallation by

events an cosmic muon
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Background Model

Uncorrelated Correlated from cosmic Muon
Accidental Cosmogenic Fast Neutrons + Stopping Muons
K
. 717 /8 - Proton recoil and neutron tur
Random coincidences Li/°He [~ decay oton recoil and neutron capture
between uncorrelated after carbon spallation by Muon decay into Michel Electrons
events an cosmic muon
FD | 2.40+0.21day ! FD | 6.0540.10 day™*
4 —1
4.360 £ 0.010 day ND | 11.38 +0.95 day™! ND | 45.56 + 0.36 day ™"
3.066 + 0.001 day 1

FD ~300 m.w.e overburden
ND ~120 m.w.e overburden
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Background Reduction

DC IV, Nat. Phys. 16, 558-564 (2020)
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DC IV, Nat. Phys. 16, 558-564 (2020)
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* The Total-neutron-Capture (TnC) integrates over all n-capturing elements available (Gd, H, C);

* The y-Catcher is a detection volume;

* The statistics increased by a factor of ~ 2.5;

* ANN (Coincidence of AT, Ejeiqyeq, AR).
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Reactor Modulation

MC Far Detector Reactor Spectrum
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Prompt Energy Spectra
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* (Good agreement between the data and the reactor model;

* Clearly visible 8,4 effect;
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* Reactor-Off phases can be used to constrain the backgrounds > 3MeV
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6, Fit Results
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Newest Result: sin®(2043) = 0.0960
1+ 0.0086(syst. ) + 0.0044(stat.)
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6, Fit Results
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Spectral Distortion Extraction

DC IV, Nat. Phys. 16, 558-564 (2020)
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wh R
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* Visible deviation can be seen by almost all reactor neutrino experiments
* Utilizing the extracted correlated shape deviations, the shape deviation can be observed
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6,3 Agreement Worldwide

Double Chooz
DCV

Daya Bay
PRL 130, 161802 (2023)
PRL 133, 151801 (2024)

Reactor
experiments

RENO
PRD 111, 112006 (2025)
JHEP 04 029 (2020)

T2K
EPJC 83, 782 (2023)

NOvA
PRD 110, 012005 (2024)

Accelerator
experiments
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Nat. Phys. 16, 558-564 (2020)
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DCV Systematics Improvement

Reactor Flux F ‘
Detection — ‘
Energy - ‘
Background ;. B Previous Publication (DC IV) _;
Az DOV :
All Systematics t ‘
Statistics R -
Total ‘

0.000 0005 0010 0015 0.020
1o sin?(26;3)

* Reactor Flux: iso-flux & reactor modulation;
* Detection: proton# (both NT &GC);

* Energy: improved energy model,

* Background : reactor-OFF & reactor modulation
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Reactor Absolute Flux

Fission fraction of k-isotope

Mean Cross Section per Fission T

(MCSPF); (07 )(®) = zka/kfsk(mam (E)dE = i ak<ak>;\
Reactor v, ,spectrum from k-isotope }cross-section MCSpF for k-isotope
Counting approach Fit approach
—1
(07) = NG (3 (P¢n)r cm? » Through the common normalization
/ Npe \“T=PLE2anii(Ef) | fission’ parameter of the fit;
. Th " e i * Simultaneously with 8,5 estimation;
e FesUiting vaiue 1s [ +Full (FD+ND) DC-statistics;
(P€1V} = (5.71 + 0.06) * 10~*3 cm » Possible to benefit from other
/ B fission experiments via nuisance parameters.

* The relative uncertainty is 0.97%;
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MCSpF Results

Common Model:
ILL®HM Model Uncertainty (= 2.0%)
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MCSpF Model Comparison
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DOUBLE CHOOZ COLLABORATION

Brazil France  Germany : Japan Russna

CBPF APC (IN2P3) o EKu" _; ngen INR F
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Spokesperson:
A. Cabrera (IN2P3/CNRS)

Project Manager:
Ch. Veyssiere (CEA)

oublechooz.in p3.fr

Many people contributed to the experiment
Thanks for all the hard work!
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Conclusion

* Double Chooz is a reactor neutrino disappearance experiment;

* Double Chooz detectors have been dismantled:;

* Final best fit: sin®(2013) = 0.0960 + 0.0086(syst.) + 0. 0044 (stat.);

* The Best (a) = (5.74 + 0.80%) X 10~**cm? /fission measurement;

* Final publication is on its way!

* First Measurement of Neutrino Emissions from Spent Nuclear Fuel
publication on the way!
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Detector Dismantling

1osin?(2643)
0.012
* During dismantling NEW GC mass measurements;
* Based on 3D Laser technique (LEICA RTC 360 — 2 mm precision); 0.0099
* Mg Uncertainty for GC has reduced ~50%;
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