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Project SOX: Short distance Oscillations with

BoreXino
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First stage with 144Ce – 144Pr antineutrino source
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Expected count rate of IBD vs Distance and

Energy
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Sensitivity of SOX-Ce to oscillation parameters
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Tungsten container
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Two calorimeters
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Tasks of PNPI group

Measurements 144Ce – 144Pr beta-spectrum for the
purpose of determinating the antineutrino spectrum

Target-detector scheme
4-π detector scheme
Corrections to the shape of 144Ce – 144Pr beta spectrum

MC simulations of the experiment
Sensitivity to oscillation parameters:

vs different LS detectors forms
vs Energy resolution
vs Detector mass

Backgrounds – neutrons (244Cm) and natural
radioactivity
Prompt and delay spectra
Other reactions for study
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Measurement of 144Ce – 144Pr beta-spectra for the

purpose of ν̃e spectrum determination.

PNPI LBML group sterile neutrino search with an LS detector



Decay schemes of 144Ce – 144Pr
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Previous measurements of 144Ce – 144Pr β-spectra
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Corrections to the Fermi function of 144Ce – 144Pr

PNPI LBML group sterile neutrino search with an LS detector



Impact of 144Pr Shape Factor uncertainty on ∆m2

and sin2(2θ14)
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Beta-spectrometer with Si-detectors
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Electronics and DAQ system
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Si(Li) detector response function
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207Bi spectrum in the 0 – 1200 keV range
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144Ce – 144Pr beta-spectra
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Response functions in ”target-detector” scheme
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Fit results and shape factor for ”target-detector”

scheme
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4-π beta-spectrometer
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Spectra of Si(Li) and BGO in coincidence –

anticoincidence
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Preliminary fit results for 1.6 × 108 statistics
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Shape factor 1 - (0.007±0.004)W -

(0.068±0.004)W−1
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MC study: introduction

The study is devoted to production of a procedure allowing to
estimate sensitivity of a dedicated detector for sterile neutrino
search with a 144Ce – 144Pr source. The study includes
estimates of various background effects, resolutions and source
quality and their affection on final sensitivity to sterile neutrino
mixing parameters. Uncertainties caused by 144Ce – 144Pr will
be accounted in future studies.
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Sensitivity study approach

The sensitivity study includes the stages of

Two-stage MC simulation: neutrino simulation and
inverse beta-decay products energy deposit

Implementation of 1000 real statistics datasets, where the
total datasets is used as a reference

χ2-based study of the sensitivity to sterile neutrino mixing
for each dataset

construction of averaged sensitivity contours and
statistical jitter scale
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Spectrum of positron signal

Spectrum in 100t cylindrical detector with 100 MCi source
1.5 years (2 m from source), 20 M events
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Spectrum of positron signal

Spectrum in 100t cylindrical detector with 100 kCi source 1.5
years (2 m from source), 20 k events
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Geometry selection

The study was performed for 4 kinds of detector geometry
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sensitivity at 90% C.L.

box,m = 100 t, 100 kCi

sphere, m = 100 t, 100 kCi

cylidnder, m = 100 t, 100 kCi

BNO, 50kCi

reactor anomaly @ 99% C.L.

Graph

Energy resolution of 5% at 1 MeV, 15 cm of positional
resolution. Neutron shield of 2 m.
Dashed lines show statistical jitter scale for cylindrical
geometry
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what it may look like (”pushed” setup)

Total number of 12” PMTs is 2186. Coverage of 83.6 %,
with QE of 0.4 and LY of 104 MeV−1 giving 2000 p.e. at 1
MeV Positioning of the source not considered yet and will
probably decrease the coverage.
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neutron background

Neutron shield effectiveness was calculated for 1m layer of
borated water (with B2O3 dissolved). The simulation was
considering real geometry and Watt fission spectrum.
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neutron background

Neutron shield minimal thickness is around 2m, could be
reduced to 1.5 m in case of 10−5 g/g of 244Cm contamination
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accidental coincidence contribution

Natural radioactivity from internal sources

Elements
Radioactivity in ROI (sphere r=1m), Bq Number of random coincidence for full exposure
Acrilyc Scintillator Acrilyc Scintillator

40K 0.25 - 1 -
238U 0.09 4.11×10−7 0.36 1.64×10−6

232Th 0.06 1.34×10−10 0.24 5.36×10−10

Radioactivity in solid materials

Elements
Concentration, g/g Mass of the detector components, kg

Acrilyc Steel Scintillator Acrilyc (max. in ROI) Steel Scintillator

40K 1.3×10−11 10−9 -
75 16418 3309238U 0.1×10−9 10−8 10−17

232Th 0.2×10−9 10−8 10−20

External Gamma-backgrounds

Components Contamination Activity, Bq Count rate in the ROI, s−1 Expected RC

Steel

40K 1.3×10−11g/g 82 0.02 0.08
238U 0.1×10−9g/g 2946 0.59 2.36
232Th 0.2×10−9g/g 964 0.19 0.76

PMT

40K 7.5 µg/PMT 4351 0.87 3.48
238U 112 µg/PMT 3045 0.61 2.44
232Th 50 µg/PMT 445 0.09 0.36
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External gamma-background spectra
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influence of the source placement, detector

resolution and mass

Comparison shown for cylindrical geometry.
Dashed lines show statistical jitter for the case of 2 m and 100
t shield with 2.5% resolution at 1 MeV
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conclusions

A package allowing estimation setup sensitivity to sterile
neutrino oscillation parameters is implemented

Neutron background estimation was performed and could
provide optimal size of neutron shielding

Natural radioactivity backgrounds could be estimated to
be low enough to be statistically insignificant at the
current stage
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Thank You for Your attention
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