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ICRR, University of Tokyo
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Pure Water (Cherenkov)

APros _—
ADirectionality (cone) .
ACheap
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ACons
ACherenkov energy threshold

AExamples
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{
\ hadrons

IceCube
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APros
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Waterbased quwd ScmtlllatoV\(bLS

ABest of both worlds
ADirectionality

X. Xiang, et al. 2024

; JINST19 PO6033
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Cheap Scintillator: WbLS . WbLS
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Waterbased Liquid Scintillatoy(bL S

ABest of both worlds
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WbLSs 6§ ¢ qkt WHIJKUWI YUe
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Upper
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Target

J.Caravaca, B. J. Land, M. Yeh,
and G. D.Orebi Gann.
Characterization of waterbased
liquid scintillator for Cherenkov
and scintillation separation. Eur.
Phys. J. C, 80(9):867, 2020.
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BNL 1T BNL 30T ANNIE (FNAL) Eos (LBNL)

Ton-scale production, circulation, Neutron detection Event reconstruction,
optical stability + high energy PID,WbLS
neutrinos performance
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WbLSs 6§ ¢ gkt WWHIIRUNDLWI YUWJe

BNL 1T BNL 30T Eos (LBNL)

Event reconstruction,
PID,WbLS
performance

Tonrscale production, circulation,
optical stability
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BNL 1T Design

AAcrylic tank

A 1.3m tall
A 1m diameter
A58 PMTs
AOMW=ZwWI RCGWqIIl Wae
AZYWOwW RcOGWUqIIl Wae

ADetector enclosed in dark hut
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BNL 1T Design

AAcrylic tank
A1.3m tall
A 1m diameter

A58 PMTs
AOMW=ZwWI Rc G Jqldl LWa 2k
AZYWOwWI RGNl Wq efml

ADetector enclosed in dark hut

AScintillating paddles
A2 on top

A 3 on bottom
A Used to tag muons

A 8x8 hodoscopes on top/bottom
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BNL 1T Calibration

AAlpha Lightbulb

A219Ph needle source inside
plastic scintillator

ANI RNDNDIJI 1IJT WH! W

next to scintillator

AEntire apparatus in acrylic
tube

ALowered to center of detector

N
\
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BNL 1T Calibration

AAlpha Lightbulb
A210ph needle source inside

plastic scintillator
ANl RNDDIJI 13T LW

H! W oo

adc_b4_ch9
=== maximum = 0.937

next to scintillator L memes
AEntire apparatus in acrylic S | e e
tube N
ALowered to center of detector - -
AUsed for calibration =)
AGain St - F
ATiming (Time of Flight) L B
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A CAEN Digitizers

A Convert analog voltages to digital
signals

A 64 500 MHz channels
A 64 62.5 MHz channels
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BNL 1T Data Acquisition (DAQ)

A CAEN Digitizers

A Convert analog voltages to digital
signals

A 64 500 MHz channels
A 64 62.5 MHz channels

A Trigger
A Discriminators
A Logic Gates
A Prescalers
A Fan Ins/Outs
A Signal Converters (NIM <> TTL)
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BNL 1T Data Acquisition (DAQ)

A CAEN Digitizers

A Convert analog voltages to digital
signals

A 64 500 MHz channels
A 64 62.5 MHz channels

A Trigger e Lﬂ AL
N G s

A Discriminators

A Logic Gates

A Prescalers

A Fan Ins/Outs

A Signal Converters (NIM <> TTL)

A HV
A Supply all PMTs
A Supply paddles and hodoscopes
A 75 channels
A Some CAEN, some LeCroy
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BNL 1T

Simulation

A Geant4-based Markov
Chain Monte Carlo (MCMC

A Physics process simulator

A Photon propagation

Ap + W-RHAIYGE! 1

Aldct YUcCHG! W

A Model detector geometry

A Tanks

A PMTs

A Target material

A Optical coupling

A Input detector parameters
A PMT specs
A Material properties

A Particle generators
A Sources
A Backgrounds
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RatPac?2

ANew version compatible with latest Geant4 and ROOT

AUsed as a base for different experiments

AExperiments add their own geometry/properties/generators/data
structure

AEos, BNL 1T & 30T, BUTTONguidO, ANNIE,SNO+, MiniCLEAN nuDOT,
LLNL Testbed, Theia, JSNS, DEAP, XLZD (considgring

AVeryactive development
{0 16 Open + 222 Closed

I RATPAC2 v3.0.0 release v

#275 by JameslieranShen was merged 5 days ago
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1T Results

ALight yield increase from water to 1%
WbLS

ALight yield stabilized in 20 minutes
after injection
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Tagged Crossing muons (water)
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WhL Sstability

A1% WbLSlight yield is stable

within a few percent over
weeks

AA multi-month stability test
IS ongoing
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e WbLS

Y, Y Full water [ \
Empty 0.35% 0.55%
: : 0.75%
water water 0.45% 0.65% 1%

1T recent results

Side g™
ACurrent 1T run PMTs .
starting in April
2024
AVarious water fills
A Empty
Ay, fill
A fill
AFull

AlncreasingWbLS

concentrations Bottom £
PMTs

400 4

A 0.1% increments
from 0.35% to
0.75%

A Currently at 1%
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BNL 30T Design

ABigger version of 1T
APMTs are submerged

AStainless steel tank
A 3m tall
A 3.3m diameter

AOT WUNMmw WA ~ Nt

A16 scintillating paddles
A8 on top |
A 8 on bottom

ASimilar alpha lightbulb

Gy
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30T fill plan

AStarted with pure water
jectec
jectec

A
A
A

APlan to dope with Gd

ANeutron capture

APerformance and stability of
nanofiltration

n
n
n

lecteo

0.35%WbLSApril 1
0.7%WDbLSApril 23
1%WDbLSMay 7
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Eos Design (UCB & LBNL)

Muon veto system
surrounding detector

AStainless steel outer oo e ov |
tank | f \ Egge por::s fTL
. . ” A i g additional calibration,
AACI‘th inner tank 12- PMT::ITerc:ig:: ' /+r ‘ \V.\_\‘ sensors, access
R (\ v
A 4 Ton volume Pe
» e (' B OB Central-axi
AZOO + PMTS 200x 8; Bfass;';:::; = "F : { ‘, f:-_ ca(laibrraati:: :ource
A[ ct quy wllage F } ':/:' ‘Q i deployment
AN = H |_|J(]] e H |.J * 4-ton acrylic inner ' ; ;r; - :
ANMmllga A1+ LI wesi 0 8 | e TFRE Dichroicon
‘ ké 4 ." deployment
AMUOI’] paddles Water buffer region ' ‘ ‘ Qb »
A Surround all sides of

detector
A Used to veto muons a8 P02005
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Eos Design

AStainless steel outer tank

AAcrylic inner tank
A4 Ton volume

A200+ PMTs > [l
Al ¢t q Y wllqge HI1J §EEE
AN = wllaie HI1JY /
ANMwWae HIJt W

AMuon paddles

A Surround all sides of
detector

AUsed to veto muons

Adam Baldoni- BNL seminar- May 292025




_

EosDichroicons

sk
ACherenkov/Scintillation o
separation v =
AUSG Wavelength J C | Dichroic 072002 (2020).»
= | |
ALong pass & short pass * @ s @i w
filters
A Short wavelength scintillation Scintillation Cherenkou
AlLong wavelength Cherenkov e ight reflected
ATwo PMTs i
ACherenkov PMT in front | hotodetactor

A Scintillation PMT behind

Standard
Reflector

A

éluo unsltlv)o
photodetector
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EosDichroicons

ACherenkov/Scintillation
separation

AUse wavelength

AlLong pass & short pass
filters

A Short wavelength scintillation
ALong wavelength Cherenkov

ATwo PMTs
ACherenkov PMT in front
A Scintillation PMT behind
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Eos calibration

A Laser ball

A gil:iler optic connected to Teflon
a

A Used for timing & gain calibration

A Barrel lasers

A Used for attenuation
measurement

A Used for timing calibration
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Eos calibration

A Laser ball

A gil:iler optic connected to Teflon
a

A Used for timing & gain calibration

A Barrel lasers

A Used for attenuation
measurement

A Used for timing calibration

A Deployment
A Source Container
A Deployment tower

~
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Eos calibration

A Laser ball
A gil:iler optic connected to Teflon
a :
A Used for timing & gain calibration and SIPM
A Barrel lasers o]
A Used for attenuation Shield Foll Recioctins
measurement
A Used for timing calibration l‘
A Deployment SEm S -
A Source Container - . —
A Deployment tower e e
A Directional source

A Collimated beta source wasiched Outer Acrylic =~

A Triggered using scintillating fiber | _sm“
gate andSiPMs

/

Adam Baldoni- BNL seminar- May 292025




_

6 mm

Eos calibration

Black acrylic

1.5 mm lead

H(_/ 3.7 MBqAmBe
A Laser ball 3o
A Eib”er optic connected to Teflon ”ﬁ
a P U ca el
A Used for timing & gain calibration -~ e
A Barrel lasers 7. Rl
A Used for attenuation ,
measurement | SScapsule
A Used for timing calibration nler
A Deployment

A Source Container
A Deployment tower

A Directional source
A Collimated beta source

A Triggered using scintillating fibe
gatgegandSiPMg J

A Other radioactive sources ;
A Variety of high and low energy R =

gamma and neutron sources .
A ACFyllC Cherenkovsource Adam Baldoni- BNL seminar- May 292025 35 @ .




