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Short Baseline Neutrino Anomalies 

144Ce-144Pr 

νe + p→ e+ + n

144Ce Production 

TUK-6 

VVR-440, storage 

CeO2 calcination 
Cutting, digestion 

Purex process 

Displacement 
Chromatography 

137Cs, precip. REE 

Pressing 

144Ce Activity Sensitivity 

Anomaly Source Type 
Sensitivity to 

Oscillation 
Channel Significance 

LSND Decay-at-Rest νμ à νe Total Rate, Energy CC 3.8 σ 

MiniBoone Short baseline νμ à νe Total Rate, Energy CC 3.8 σ 

Gallium Electron Capture νe dis. Total Rate CC 2.7 σ 

Reactor Beta-decay νe dis. Total Rate, Energy CC 2.7 σ 

Cosmology Big-Bang All Number of  ν(Neff) CC possible 

− − 

− 

! could accommodate a light eV 4th neutrino state… Reactor – Detector Distance (m) 
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Reactor 
Antineutrino 

Anomaly (2011-) 
à ν-oscillation ?   

Atmospheric 
Neutrino Anomaly 

(1986-1998)  
à ν-oscillation  

Terra Incognita 
to be explored 

3 ν 

4 ν 

Solar Neutrino 
Anomaly 

(1968-2001)  
à ν-oscillation  

no oscillation 

 Observed/predicted averaged event ratio: R=0.938±0.023 (2.7 σ) 

− 

(ITEP N°90 1994, PRL 107, 201801, 2011) 

3.7 PBq  
144Ce-144Pr 

§  AREVA TN-TMR cask 

§  Type B(U) certified by IAEA 

§  Extension of  licensing 
for 144Ce + W-shield ongoing 

§  Cask booked for 11/2015 

144Pr ν-spectrum 
§  Production at PA Mayak (Russia, Rosatom) 

§  Activity: >3.7 PBq  
§  10 kg of  Ce02 (4-5 g/cm3) 
§  1.8 l in a double stainless steel cylinders (SFRM) 

§  Cylindrical W-alloy shield (18.5 g/cm3) 
§  50 cm ! x 50 cm H, 19 cm thick, 2.2 tons 

§  Dose rate : <90 µSv/h at contact of  the shield 

144Pr neutrino spectrum Theoretical corrections 

§  Measurement of  β-spectrum (100 kBq 144Ce sample)  
+ conversion to ν-spectrum 

§  Precision on interaction rate: 1% 

Borexino detector 

§ Route (AREVA TNI) 

§  Train to Saint Petersburg 

§  Boat to Le Havre 

§  Truck to LNGS 

Rail + trolley system for deployment 

Borexino clean room  for 144Ce deployment and activity measurement 

8.3 m from  
Target center 

R=4.25 m  
liquid scintillator 

Logistic 144Pr ν-signal 
: 10 000 interactions / 1.5 y / 3.7 PBq 

§ Dedicated calorimeter 

§ H144Ce = m.Cp.(To-Ti) - Hloss 

§ Heat loss: Hloss< 1 Watt 

§ Measure (<1% error) 

§ Water T° in/out  

§ Water mass flow 

§  144Pr: 8 allowed or 1st forbidden transitions 

Encapsulation 

§  νe detected via νe + p à e+ + n (Q=1.8 MeV)  
§  High cross section à need >3 PBq 
§  (e+,n) detected in coincidence à low background 
 

§  144Ce-144Pr antineutrino generator 
§  Abundant fission product (5%) 
§  144Ce: long-lived (t1/2=411 d) 
§  144Pr: short-lived & Qβ≈3 MeV 

− 

§ W-Shield in air at LNGS 

§ 1000 Watt – 4.7 PBq 

§ CeO2: Tmax ≈ 450°C 

§ Capsule: Tmax ≈ 380°C 

§ Shield surface: Tmax ≈ 85°C 

Thermal	  
screen	  	  

Water	  	  
loop	  

W-‐shield	  

Radia4on	  
screens	  

Vessel	  for	  water	  
circula4on	  (3mm)	  

Water	  	  
shield	  	  
inlet	  

Vacuum 
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§  >3.7 PBq 144Ce production: 
2014/15 

§  Deployment at LNGS (11/2015)  


