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PROSPECT, NIM A 922 (2018)
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1. Short-baseline reactor neutrino experiments  
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e.g.) PROSPECT

Reactor
- research reactor
- compact core 
- highly enriched uranium

Detector
- sensitive to low energy (=liquid scintillator)
- close distance (~8m)
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1. Detector design  
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Detector location
- In general, closer is better
- Nice to have dedicated lab space

Detector material
- Liquid scintillator is popular, but flammable
- Solid scintillator, Gd-loaded water, 
water-based scintillator, HPGe, etc

Background rejection
- Cosmic rays, neutrons, gamma rays  
- Passive shielding
- Active veto (segmentation) 
- Pulse shape discrimination
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2. IBD measurements  
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Coincidence measurement
IBD: �̅�! + 𝑝 → 𝑒" + 𝑛
Neutron capture: 𝑛 + 𝑝 → 𝑑 + 𝛾

High-neutron capture cross-section
- Gd-doped or 6Li-doped
- water, liquid scintillator, plastic scintillator

teppei.katori@kcl.ac.uk

STEREO

PROSPECT

SoLid



Mention et al. PRD83(2011)073006
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2. Reactor neutrino anomaly  
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Reactor neutrino anomaly
- 3% reduction of flux? (sterile neutrino oscillation?)
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𝑃 𝜈! ⟶ 𝜈# = 𝑠𝑖𝑛$2𝜃𝑠𝑖𝑛$ 1.27Δ𝑚$(𝑒𝑉$)
𝐿(𝑚)
𝐸(𝑀𝑒𝑉)

Sterile neutrino oscillation?:         Dm2~1eV2

Atmospheric neutrino oscillation: Dm2~10-3eV2

Solar neutrino oscillation :           Dm2~10-5eV2 

(Dm13
2 ≠ Dm12

2 + Dm23
2)
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Short-Baseline Neutrino Anomalies

Gallium Anomaly Reactor Anomaly

LSND excess MiniBooNE excess

ILL nuclear reactor

PRL121(2018)221801 (4.7s)

PRC83(2011)065504  (3.0s)

PRD64(2001)112007 (3.8s)

SAGE experiment

PRD83(2011)073006 (2.5s)
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PROSPECT and STEREO, PRL,128(2022)081802
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2. Reactor neutrino anomaly 2  
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Reactor neutrino anomaly
- 3% reduction of flux? (sterile neutrino oscillation?)
- 5 MeV bump (2.4s)
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Time evolution of neutrino source elements

PROSPECT and STEREO joint analysis 
(high-rich uranium research reactor)
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TEXONO, PRD81(2010)072001
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3. TEXONO (Taiwan)
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Electron antineutrino - electron elastic scattering
- ES: �̅�! + 𝑒 → �̅�! + 𝑒
- CsI (Tl) crystal array  (187kg)
- S/B ~1/30
- Test of SM
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3. TEXONO (Taiwan)
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neutrino charge radius

neutrino magnetic moment

Electron antineutrino - electron elastic scattering
- ES: �̅�! + 𝑒 → �̅�! + 𝑒
- CsI (Tl) crystal array  (187kg)
- S/B ~1/30
- Test of SM
- Best limit on neutrino magnetic moment
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4. Coherent elastic neutrino-nucleus scattering (CEvNS)
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COHERENT, Science10.1126/science.aao0990 (2017)
The COHERENT Experimental Program (Snowmass21 study), ArXiv:2204.04575

COHERENT (USA)
- CEvNS: 𝜈 + 𝐴 → 𝜈 + 𝐴
- SNS (spallation neutron source) at ORNL
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Beyond the Standard Model effects on Neutrino Flavor, (Snowmass21 study), ArXiv:2203.10811
The COHERENT Experimental Program (Snowmass21 study), ArXiv:2204.04575

COHERENT (USA)
- CEvNS: 𝜈 + 𝐴 → 𝜈 + 𝐴
- SNS (spallation neutron source) at ORNL
- Test of SM
- Best limit on some non-standard interaction (NSI) models
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4. CEvNS at nuclear reactor
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CONNIE, JHEP05(2022)017
CONUS, PRL126(2021)041804

CONNIE (Brazil)
- CCD camera (36.2g of silicon)

CONUS (Germany)
- 3.7kg HPGe detector

Difficulties
- No beam time information to suppress background
- BeamON vs beamOFF to subtract beam-unrelated bkgd
- How to suppress beam-related background? 
- different operation condition? 
- different core?

1.2m CONUS 
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5. Near-field fission reactor monitoring neutrino detector
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Final Report: Focused Workshop on Antineutrino Detection for Safeguards Applications Report STR-361

Requirements from IAEA 
- Aboveground operation
- Packaging/mobility, easy to install
- Safe material to use at reactor sites

22/05/30

core
detector
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Final Report: Focused Workshop on Antineutrino Detection for Safeguards Applications Report STR-361

Requirements from IAEA 
- Aboveground operation
- Packaging/mobility, easy to install
- Safe material to use at reactor sites

Mini-CHANDLER
- 6Li-loaded ZnS scintillator
- Movable
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5. Near-field fission reactor monitoring neutrino detector
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Final Report: Focused Workshop on Antineutrino Detection for Safeguards Applications Report STR-361

Requirements from IAEA 
- Aboveground operation
- Packaging/mobility, easy to install
- Safe material to use at reactor sites
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WATCHMAN
- Gd-loaded water 
Cherenkov detector

SoLid
- 3-d scintillator + WLS fiber
- 6Li-loaded layer

Water-based quantum dot
- CdS nanocrystal 
- hydrophilic oleic layer
- neutron capture



5. Far-field fission reactor monitoring neutrino detector
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WATCHMAN
- Gd-loaded water Cherenkov detector
- 20m height 20m diameter tank
- Detect GWth reactor within ~50km. 

Boulby Underground Laboratory



Conclusion

Fission reactor neutrinos can be detected by 
- IBD à reactor anomaly 1, reactor anomaly 2, sterile neutrino searches
- Electron elastic scattering à measurements of neutrino electromagnetic properties
- CEvNS à test of the Standard Model

Detectors can be
- near the core
- sensitive to low energy
- good background rejection

Development of fission reactor monitoring neutrino detector is an active field

Thank you for your attention!
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Backup
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DANSS (Russia)
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NEOS (South Korea)
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Neutrino-4 (Russia)
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PROSPECT (USA)
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SoLid (Belgium)
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STEREO (France)
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DayaBay (China)
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Double Chooz (France)
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JUNO (China)
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Watchman (UK)
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RENO (South Korea)
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