Development of Water-based Liquid Scintillator:

Results from 1-ton and 30-ton Demonstrators at Brookhaven National Laboratory

igger rate (Hz) :

Praveen Kumar (pkumar7@ua.edu), University of Alabama and Brookhaven National Laboratory — on behalf of the BNL WbLS team
Abstract 1-ton: Stepwise Injection & Long-term Stability Scaling Up x30: the 30-ton WbLS detector Water - 0.35 % WbLS: Mixing Dynamics
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Total 36 10-inch PMTs in the tank (left); detector hall with circulation,

nanofiltration and Gd systems (right) [2]
ePassivated 316L stainless-steel tank (r = 1.63 m), WbLS in direct contact

Large neutrino detectors face a fundamental trade-off: water Cherenkov 2REE 36 x 10-inch Hamamatsu R16367 PMTs submerged in the liquid ( 2-
(low cost, scalable, directional, but insensitive at low energy) or organic T P R P P P P R P PP month soak test: no degradation)

Advantages of Water-based Liquid Scintillator
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First injection (0.35%): PE jump as UV Cherenkov photons (< 350 nm) eSequential Exchange Array commissioned (14.3 mg Fe/g resin, Gd- Production Facility, April-May 2025

I . O S . . are re-emitted into the PMT-sensitive band — “Cherenkov conversion” = selective); nanofiltration + Gd-H,O0 band-pass filter ready for future e Transient rise—dip—recovery: a micelle-dense region near the
Hybrid light Simultaneous Cherenkov + scintillation - directionality with along with scintillation runs injection point scatters Cherenkov light and suppresses the majority
low threshold ¢1.0% WbLS stable over a year: daily monitor »  trigger until circulation homogenizes the volume

Separating Cherenkov & Scintillation
30-ton Performance

Gd-compatible Aqueous base allows metal loading for neutron tagging
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—— Inside the 30-ton demonstrator: expected ring-shaped pattern in the Charge (PE)
10-inch PMTs mounted on the ppT charge response of the 30-ton Crossing-muon charge, pure water (dashed) vs 1% WhLS (solid): side,

Vertical crossing muons: in-ring PMTs (red) see Cherenkov + scintillation; Stainless-steel tank wall and (etector appears when a muon bottom and all PMTs [2].

out-ring PMTs (blue) see mostly isotropic scintillation[1]. support array [2] produces Cherenkov light [2].
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Acrylic tank (#1150 x 1275 mm) in a light-tight dark box[1]. ” ' - | injection and after
7 i the injection
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*Daily SPE gain calibration with the in-situ a source; continuous circulation fonerenor eProcess data monitoring interface of the WbLS 30 — ton detector Mean PE yield, in-ring (top) / out-ring (bottom); red line: injection
keeps optical purity x> map, 1.0% WbLS; red marker = best fit [1] central control system [2]. day[2].
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