Measurement of the Carbon-14 Activity in JUNO Liquid Scintillator
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Top Tracker The Multi-Messenger (MM) trigger is a dedicated low-threshold
14C Activity[kBq] = 134*5

trigger developed for transient astrophysical neutrino searches and - b1 | — MC 4C
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other low-energy signals. -

LS The PMT hit-count spectrum is sensitive to **C pile-up activity.
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C pile-up produces a characteristic high-hit tail.

The tail shape is sensitive to the total **C activity. i ] shir= 172
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Figure 1: Schematic of the JUNO detector.
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The Jiangmen Underground Neutrino Observatory (JUNO) is a
20-kton liquid scintillator detector designed for precision neutrino
measurements. Mg
14C is the dominant intrinsic radioactive background below 1 MeV, and can| | Figure 2: MM-trigger spectra versus the number of hits N for different  Figure 3: Posterior distributions and correlations of the Figure 4: Best-fit comparison between data and the
produce overlapping scintillation signals (pile-up) [1]. 14C activities and trigger thresholds. Above 420 hits, the slope is sensitive fit parameters, including the *C activity, PMT hit Monte Carlo prediction. The contributions from single
Goal: measure the **C activity with early JUNO data. to the *C activity. number shift, and trigger threshold LH,,. and pile-up 14 C components are shown separately.
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The periodic trigger records a 1008 ns detector readout window at 50 Hz, » The two methods give consistent “"C activities.
Pseuco readout » Dominant uncertainties

independent of physics events. Truncated Full pulse Truncated _ window
Pure dark noise (DN) produces approximately uniform hit times.
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o MM trigger: PMT-hit response and trigger-threshold
Art|f|C|aIIy uncertainty.
truncated e Periodic trigger: template construction, finite window

_ rlj |—|I|-UJ'|_‘ acceptance and residual non-**C radioactive backgrounds.

Boundary truncated pulses are accounted for using fully contained **C pulses
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with artificial readout boundaries. Readout Window ---->» 1008 ns : - pin - L O ApuT My,
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Template fit is used to obtain *C activity from the fractional contributions. AESUHUEITO LS 20 Nafoms (4-5) x 107" g/g.
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1*C decays generate correlated scintillation photons and non-uniform timing !

structures. ’l
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Low Kuiper-test p-values define a 1*C-enriched sample [3].
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Figure 5: Pulse truncation occurs when a **C decay is only partially contained within the readout window. (Preliminary result, uncertainty under evaluation)

Apemdm = (130 £ 18) kBq. (Preliminary result : . :
( ) kBa. J ) Fully contained pulses are re-windowed to construct data-driven truncated templates.
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Dark Noise » Impact: provides an essential input for
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0.10 e low-energy background and *C pile-up modeling
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0.08} o MM-trigger performance evaluation.

L pk: 0.9999998
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