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Scintillation Mechantsm
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BLrR's Mechanism
WbLs follows the same scintillation transition mechanism

with quenching from water
3/23/201F M. Yﬁh, FrosST DESY 4 BHO“KHA"E"

Brookhaven Science Associates NATIONAL LABORATORY



Ligquid Scintillators

Table 1: Density, flash point and the wavelengths of the optical absorption/emission peaks
(dissolved in cyclohexane) for several solvent candidates are shown.

C. Buck and M. Yeh, J. Phys. G (2016)

Molecule chemical formula density [kg/l] flash point abs. max. em. max.
PC CoHio 0.88 48°C 267 nm 290 nm
toluene C7Hg 0.87 4°C 262 nm 290 nm
anisole C-HgO 0.99 43°C 271 nm 293 nm
LAB — 0.87 ~ 140°C 260 nm 284 nm
DIN Ci16Ho0 0.96 > 140°C 279 nm 338 nm
o-PXE Ci6H1g 0.99 167°C 269 nm 290 nm
n-dodecane ClQHQG .75 71°C - -

mineral oil - 0.82 — 0.88 = 13070 — —

CHs

HsC I
CHj
b g

Di-isopropylnaphthalene (DIN)

Dal

Cyclohexylbenzene (PCH)

L

1,2,4-trimethylbenzene (PC)
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Linear alkylbenzene (LAB)

1-phenyl-1-xylyl-ethane (PXE)
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Cherenlkov/Scintlllatlon Seph ratLon

= Separation of Cherenkov from
scintillation allows directional cut for
particle ID

- Fast photosensors/electronics (LAPPD)
- Ratio of scintillation light in Cherenkov

- Slow scintillation decay time with max.
fluorescence

Events

0.086
electrons

LSND rejects neutrons by a
factor of 100 at %2 Cherenkov
& % Scintillation light (NIM
A388, 149, 1997).
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THEILA LS Selectlon

optimization of C/S separation

= Fast timing with limited light yield
- R&D on Jinping 1-ton prototype
= Slow timing with max light yield
- Neutrinoless double-beta decay experiment (i.e. SNO+)

= Scintillation-enhanced Cherenkov detector (WbLS)

- Low-scintillator-doped, cost-effective, water-based
scintillator

- Metal-doped capability

BROOKHEVEN
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water-based Liquid SCintillator

« Motivated by proton decay with physics
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A 50-m WbLS SK-like detector (100ph/MeV)

«  T.,=90MeV
« 20% coverage with 25% QE photocathode
«  Deep underground >3000 m.w.e.
« Fast decay at 12ns
Brookhaven Science Associates /‘23/2017 M. YBM’ FroST PESY g §¥§?ql§ﬂﬁqﬁﬁ;ﬂ



WOLS Principals

« Adjustable scintillation light yield from 1to 15% LS added to water
for physics of interest

« Long attenuation length (LS~20m, water ~100m, (1%)WbLS~30m)

« Particle identification/reconstruction: Cherenkov
* A <400nm overlaps with scintillator
energy-transfers will be converted to
scintillation isotropic light.
* A emits at >400nm will propagate

«  Timing of prompt Cerenkov and scintillation light unabsorbed (directionality).

. Directional (Cerenkov) and isotropic (Scintillation) ligh

—

- Energy measurement via calorimetry (scint.) and Cerenkov threshold

Low-cost: (1%) WDbLS using LAB (linear alkylbenzene) derivatives as
LS ~ $(30+H,0)/ton

Environmentally and chemically friendly

« Enables dissolution of lipophobic but hydrophilic metals
3/23/201F M. Yﬁh, FrosST DESY B“OUKHA"E"
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WO LS Proton-beame Measurements

Detector Housing

WDbLS Detectors
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1% WhLs Property
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WOLS Light-Yield ano uenching

. Light yield
Material (photons/MeV) kB (mm/MeV)
0.4%WbLS 19.9+2.3 0.70%0.14
dL a&
4 dr
1%WbLS 10911 0.4410.05 | dx 1+ kBEZ
LS 9156917 0.07+0.01

L.J. Bignell et al 2015 JINST 10 P12009

= S light yield and kB consistent with other measurements in literature for LS and
plastic scintillator (0.09<kB<0.19 mm/MeV)

= Light yield of 1% WDbLS is ~1% of LS (expect more in pure scintillator)

= kB of WBLS significantly larger than LS due to presence of surfactant and/or
water?

3/23/201F M. Yeh, FroST PESY 12 NATIONAL LABORATORY
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Meto L»doped Llguid Scintillator
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Ex. 0.1% “Li-doped LS
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Ex. 0.1% “Li-doped LS)
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Light-yield (~8000 photons/MeV)
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Production of 5 tons Ls underway at BNL; atming to start data
taking n late 2017
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Ex. £.24% Po-doped LS
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Ex. £.24% Po-doped LS

LEAD SHIELD

LIQuIC SCINTILLATOR

5BIZ PHOTOMULTIPLIER TUBE
1 OOOOO PREAMFPLIFIER
LOS ALAMOS 10-CHANNEL
MODEL PULSE
— 8 . 244% Pb .namsfﬁ_. ﬂ{ A:E:.(‘;IHZ}R
10000 : L\ o
- - EJ 309 ) PH%L'ero:lLJLTﬁgEEiJ E
- - - Fig. 8. Schematic view of first human counter {1953). Reines
- ~
?ﬂ - N
~ = N\
2 100 ¢ 3
S i ~5000 photons/MeV ‘.
i a
© 0 9

o
-
-
=
-
o

600 800 1000 12|00
o Channel
BROOKHEVEN
Brookhaven Science Associates 3/23/2017 M. YeM' FVDSTDESY iz NATIONAL LABORATORY



Ex. 0.1 Wt Gd-L.sS

c[JI.IEI .l 0.2 0.3 0.4 0.5

%.I‘J 0.1 0z 0.3 0.4 0.5
PSD

i

*  01% wt% Gd-doped LS (demonstrated b@ Dayo %%)

*  Radiopure (LZ)

*  PSD-lmproved and Cherenkov separation for detector operated on
surface close to veactor/beam factlity (JSNS® or other accelerator

Ph 5gécs e)q:@r’umem,t)
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_ DayaBay 2017 (preliminary)
EX. 0.1% K-doped LS ya Bay 2017 {prefiminary
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KLU uenching (ex. LS)
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UL Quenching (ex. Metal-doped LS)
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WOLS Near Plan

JSNS2 (-PARC E56) %
w J-PARC a2 B AR (MLF D AERRNIC TARICRE T B
eosonn @ 21— M) /ERIT, BEFTORERETRIC NG (BUEE

{ERETOELY) 2734 L=1—R /T AEEESFRRLE

oy ‘ 4 Tracker: 3 TPC/2 FGD
/ FGD: scintillator tracker with ~1x1 cm? bars
3 : target/H20 mass with tracking of particles
} ‘ 2 TPC: Precise kinematic reconstruction of tracks
=g\ with 0.2 T magnetic field
- ! Particle ID for v, (~103rejection of y)
ECAL SMRD:

Pb/scintillator tracking  scintillator planes

instrumenting

CLarE s~ Ngor
n fiducia
dmgbasell

)

yeubeN/QHINS

agnet
yoke for i detection
POD (70 Detector)

scintillator/(brass/Pb) tracker
with H,O b

pti.mized for
H E P_ p roj eCt iz|11;'.wtcl:|;tre(:0nstructlan
NP-supported ;

Refurbished UAT magne TZK N"280 '
elurbished U/ agnet = A

provides 0.2 T field

Brookhaven Science Associates 2/23/2017 M. Y@M, FVOSTDESY

., BROOKHRVEN

NATIONAL LABORATORY



A laroe Water ChevenRov Detector

(THELA)

" Rick-off meeting, LBNL in 2015

" two THELA workshops (FroST) at
FNAL and JgU Mainz in 2016

THEILA Proto-Collaboration

Multil-physics Program

©  Long-baseline physics (mass
hierarch Yy, cP violation)

o Neutrinoless double beta deca Y

WINEEIINNEIN *©  Solar neutrinos (solar metaLL’w’ucH,
(NA22) luminosity)

© Supernova burst neutrinos § DSNe
«  Geo-neutrinos

* Nucleown decay

«  Source-based sterile searches

\

\

Hyper-Kamiokéqde

A megaton scale detector to
confront elementary particle unification thégries
and the mysteries of the Universe's evolutiorh,

Brookhaven Science Associates 2/22/2017 AL Y@M, Bros i =23 NATIONAL LABORATORY



WbLs Challenges and Development

= The optical property is dominated by Rayleigh
scattering (absorption length is >60m)
- A (ilonic/non-ionic) mixing system?
- Further reduce the organic, but maintain the L.Y. by reducing
quenching
= WDLS is stable >1.5 ys; but material leaching could still
affect the optical property

- Online circulation to separate and purify the organic and
agueous phases respectively (Nano-filtration)
» Demonstration of Cherenkov & scintillation separation
« CHESS at UC Berkeley
- [singhua demonstrator
« BNL 1-ton demonstrator

BROOKHEVEN
Brookhaven Science Associates 3/23/2017 M. YeM' FVDSTDESY 24 TTONAL LABORATORY
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Oonline Clreulation with Flltration

« 1% WDbLS in a PTFE lined drum
PTFE is not pure (leaching)
« Optical reinstated after circulation via 0.22-

0 - um PVDF filter
-0.002 + « PTFE is hydrophobic
$ -0.004
=-0.006 |
g :
2-0.008
8 -
o -0.01 T 0.22 um PVDF filtered omega water
é 0.012 + —Batch 9 original 030916
0.014 _g Batch 9 in PTFE bag (impure) 080916
' : ——0.22 um PVDF filtered Batch 9 080916
'001 6 1 1 L | ! 1 1 1 1 ] ] 1 ] ]
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Wavelength (nm)

/ oA :
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g
H

of water detectors so they need to be constantly purified. HB_

How to do this for WbLS where the organic compounds
need to stay in solution?

Microfiltration Nanofiltration

‘ Ultrafiltration Reverse Osmosis

& E. coli @ Viruses

» lons
A Ol ¥ Proteins Compounds
&« Macromolecules
& Colloids
W Suspended B. Svobada

=/2=z/2017 Particles M. Yeh, FroST DESY 26



One could try and separate the organic and
water stream, purify the water stream, then
remix.

Deionizer W

)

A
4

Remixer W

Nf_/
§ § g”—g THEIA
Nanofiltration |
System —
THEIA recirculation concept
B. Svobada
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...but there are many considerati®

ldentification of appropriate Molecular
Weight CutOff (MWCO) hydrophilic materials

Concentration saturation effects

Surface charge effects (polar molecules can
be attached to filters and create an electric
field that opposes flow)

Surface fouling
Remixing in such a way as to retain light yield

B. Svobada



Sterlitech CF042
Nanofiltration Unit
Modified at

UC Davis for a permeate
loop to overcome CP
and for handling viscous
LS compared to water

abaorption

(1.5

Typical WbLS spectra using MFW filli

— hopper
— 100 psi, hot water
— 150 psi, room temp.

— 100 psi, room temp.

|"~:|JCI

0 300 400

3/23/2017

500 Ba0 700

wavelength (nm)
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Recent success in separating out
the active WbLS components at a
level >99% with flow rates high

enough to be used in THEIA

B. Svobada
29




CHESS: Supported by LENL LDRD (v 15-16
CHErenkov-Scintillation Separation

Upper
Select vertical cosmic muon events Cosmic Tﬂﬂ\ 1
I

Image Cherenkov ringin Qand T on e i
fast-PMT array '

..........

Casmir Trg /

12 1-inch H11934 PMTs (300ps FWHM, 42% QE)
CAEN V1742 (5GHz)
675 samples (135ns window)
CAEN V1730 (500MHz)




CHESS: Supported by LENL LDRD (v 15-1¢
CHErenkov-Scintillation Separation

arXiv:1610.02011, arXiv: 1610.XXXXX See dedicated talks at DNP, FROST (Oct ’16)

Submitted to PRC, PRL 1
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Full simulation includes detailed geometry, DAQ &ffects (TTS, pulse shapes, electronics noise...)



1000 Liter WOLS Devmonstrator

No black barrier

Simulated cosmic muon in
water. Red points are
absorbed & reflected
photons

|

With black barrier

P e Vi —
2/R3B/201F

Cherenkov separation as a function of %WbLS

Installations of Teflon-barrier, water system,
degas, LN, system, PMTs/electronics, DAQ

Filled with water; followed by WbLS in 01/2017

M. Y@IA, FrosST DESY




Liguid Scintillator development fo GLL’U%

Flunrescenee_‘q

« An existing facility for water-based and metal-doped liquid scintillator
Detector R&D for particle physics applications.

« Operating since 2009: DayaBay, SNO+, LZ, PROSPECT, T2K-ND, JSNS?

« Instrumentation including XRF, LC-MS, GC-MS, TFVD, FTIR, UV,
Fluorescence emission, light-yield coincident PMT, 2-m system, low bkg.
Counting...etc. (access to ICP-MS at SBU and other facilities) .

« A ton-scale liquid production facility is under construction (only at US Res.
Inst.)

Brookhaven Science Associates 2/23/2017 M. Yel/\, FVOSTDESY



Town-scale Scintlllator Fao altltg

From bench-top to ton-scale: A
unigue ton per batch production Scheme for ton-scale production from
facility at BNL in 2017 (L2) purification to synthesis

Available for other scintillator o ﬁé
experiments in 2019 : - ] r ——

a
EE’E‘%?;‘;F?—

IRE AR WRTEE
RZEGEFE  LABEH LABRIE T iH

Storage capacity of ~30 tons of
scintillator with built-in containment

BHO[II(HHI’EN
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S V@

= Metal-doped (oil)-base liquid scintillators (using WbLS
technology) are well demonstrated by reactor and
double-beta decay experiments.

= The principal of (metal-doped) water-based liquid
scintillator has been proven; continuing the R&D toward
a large-scale deployment (currently at 1-ton scale),
stability, online circulation, compatibility, etc.

= (Cherenkov separation from scintillator light is a key
feature for future (water or oil) based liquid scintillator
detector

= Define a physics program to guide the development of
scintillator for THEIA

2/23/201F M. Yeh, FroST DESY BROOKHEVEN
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