Motivation
The Jiangmen Underground Neutrino Observatory (JUNO) requires
ultra-pure liquid scintillator to achieve its physics goals. The Online
Scintillator Internal Radioactivity Investigation System (OSIRIS)
monitored the radiopurity of the scintillator during detector filling by
Identifying characteristic Bi-Po coincidence sighals from the uranium
and thorium decay chains.

Liquid scintillator requirements for neutrino mass ordering analysis
based on inverse beta decay signals:

c(238U) <107 1° g/g and ¢(*32Th)<1071°> g/g
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Simulation Framework

A comprehensive simulation framework has been developed for OSIRIS:

 Detector simulation: based on Geant4 (11.3.2), it incorporates the
detailed detector geometry, a custom scintillation and Cherenkov
process, and an optical model considering absorption and re-
emission

 Electronics simulation: models the PMT response in terms of charge

and timing effects, and reproduces the detector trigger logic

Simulation reproduces the detector response in terms of peak
positions of calibration spectra within ~3.5% accuracy across the
calibration axis.
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214BjPo Coincidence Search
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Pre\\mInary
c(*38U)<(1.10 + 0.14)x10"° g/g

Result is dominated by residual radon

background from LS diffusion and convection.

JUNO: (7.54+0.9) x 10717 g/g [1]
Time < 5T214 99.2 %
Distance <1Tm 76.6 %
Prompt Energy > 50 p.e. 99.2 %

Delayed Energy >150p.e. 99.9%
Total 74.1 %
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212Bjpo Coincidence Search
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A binned likelihood fit is performed on the
OSIRIS charge spectrum after BiPo
cleaning and muon veto, using
iIndependent templates for the internal
B/a- radioisotopes and external gamma
backgrounds.

External gammas are simulated using a
geometrical biasing method for
computing efficiency and then
normalized and scaled according to the
branching ratio and expected activity in
the rock volume around the experimental
hall.

11C is constrained by a cosmogenic
estimate based on [arXiv:0907.0066].
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OSIRIS' results on radioactive background levels
in the JUNO scintillator

L=

-ﬁ-—

F

(-

b 1

7T

...-
oo

Vertex Reconstruction

\I\’Or\( \n pngr

Likelihood fit
(CBF) based on
MC simulation

templates of
PMT charge hit

esS

(o)}
o
T

Ul
o
T

Resolution X [cm]
s 8

N
o

Performance on calibration data

patterns E oo
>
S 40}
Network (ML) 3
using PMT & 20
charge hit 70
pattern to of

predict event
vertex

Due to detector
geometry and
optical effects,
the light
collection
efficiency varies
by up to 8%
across the
calibration axis.
An energy
reconstruction
mitigating this
effectis
therefore
applied.
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A transformer-based
architecture using
the first four hit
timeson aPMTis
used to discriminate
between a- and [3-

events.
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