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Neutrine lnteractions L Scinttllator
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Awn excellent detection medium for neutrinos tn Mev range
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Neutrine lnteractions L Scinttllator
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Scintillator Applications

" 7. +12C et +1B - 12C +
Proton decay

" v, +12C - e” 412N - 12C + OviR

Solar neutrinos (w ’Li loading)
.y, + 12C - Vy +12C° 5 12C 4+ | Geo-neutrinos |

Supernova neutrinos
@ Diffuse SN background neutrinos

| long Paseline neytrino ph&/s'cs (W §
{| accelerator neutrino source /

#ad Sterile neutrinos (w neutrino
‘N source)

& lon-beam therapy imaging
"N TOF-PET

Some details in arXiv:1409.5864
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Scintillation Mechanlsm
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with quenching from water
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water-based Liquid Scintillator

. 12000 ;
= A novel scintillation liquid ranging from pure 2 10000 3
organic to pure water § 3000 >
Cherenkov (directional) and scintillation (isotropic) £ 6000 03
= .
- Energy measurement below = 4000 & ¢ ?
— o] 3 o iva ~509 li
Cherenkov threshold (p—K*v) 2 2000 J&  20%LS gve-s0%lantas
Particle identification © 0 1 —_—
- Timing separation of fast Cherenkov 0 2 e
from slow scintillation
Adjustable scintillation light yield (0%~15% LS) o
Long attenuation length LSND rejects neutrons by a
Cost effective (~$30/ton) compared to LS ($3k/ton) factor of 100 at ¥ Cherenkov
. . & % Scintillation light (NIM
Environmental for confined space or close to A388, 149, 1997).
accelerator facility)
= A new metal loading technology to
hydrophobic elements: Te, Li, K, Pb,...,etc. ° o B
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WHLS Ph 531@5 velow Cherenlkov

«  Asimulated event with 90 photons/MeV in a SK detector for (p—K* ¥ ) mode
*  Anorder of magnitude improvement over the current SK sensitivity

K'->u* +v, (63.47%)
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M@tat-doped Llguid Scintillator
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EX. 0.1% %L-doped LS
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Ex. 0.1% “Li-doped LS)
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Ex. 0.1% K-doped LS
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-g 0.002 « Key aspect for JUNO?
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Ex. £.24% Po-doped LS

0.1
0.08 + —8.24%_Pb
0.06 -
3
S0.04 - « Solar neutrino target
= « Total gamma spectrometry
80 02 - * Medical imaging, QA/QC phantom (2 patents)
-é ' \ «  Nonproliferation (SBIR)
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Ex. £.24% Pb-doped LS
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Ex. 0.1 wth qd-L.sS

e 0.1% wt% Gd-doped LS (demonstrated by Daya Bay)

» Radiopure (LZ)

»  PSD-improved and Cherenkov separation for detector operated on surface close to
reactor/beam facility (JSNS? or other accelerator physics experiment)

11/02/2016 M.Yeh NNN2ote 14 BROOKHRUEN
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WHLS Neayr Plan

JSNSe (J-PARC E56) %8
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. ¢ Tracker: 3 TPC/2 FGD
/ i FGD: scintillator tracker with ~1x1 cm? bars
2 target/H>O mass with tracking of particles
i : . : TPC: Precise kinematic reconstruction of tracks
¢ \ with 0.2 T magnetic field
. o ¢ Particle ID for ve (~10°rejection of u )
2 ECAL SMRD:
= == || Pbsscintillator tracking

s

1eube/AdNS

scintillator planes
calorimeter for y recon

instrumenting magnet
e/u/n identification

yoke for u detection

POD (7° Detector)
scintillator/(brass/Pb) tracker
with H.O bags optimized for

H E P_ p FOJ eCt photon reconstruction
NP-supported

Magnet

Ref hed UAT magnet T2 | 2 O ..

provides 0.2 T field

: . /
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A Large wWater Cherenrov Detector

" Kick-off meeting, LBNL ln 2015
" two THELA workshops (FrosST) at
FNAL and JqU Mainz tn 2016

" Multi-physies Program

*  Long-baseline physics (mass
hierarchy, CP violation)

«  Neutrinoless double beta decag

WATCHMAN-II . Solar neutrinos (solar metaLLLthH,
(NA22) Lumiwosr’,’cg)

©  Supernova burst neutrinos § PSNE
*  Geo-neutrinos

*  Nucleown decay

«  Source-based sterile searches

\

Hyper-Kamiokﬁqde

A megaton scale detector to \
contront elementary particle unification theégries
and the mysteries of the Universe's evolution

BROOKHEVEN
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WO LS Proton-beamt Measurements

WDbLS Detectors
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1% WhLS Property
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WHLS LL@Mt—Yl@LO{ anol Ruenching

. Light yield
Material (photons/MeV) kB (mm/MeV)
0.4%WbLS 19.9+2.3 0.70£0.14
dL =
1%WbLS 10911 0.44x0.05 | dx 1+ kB
LS 9156917 | 0.07+0.01

L.J. Bignell et al 2015 JINST 10 P12009

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

= |ight yield of 1% WbLS is ~1% of LS (expect more in pure scintillator)

= kB of WbLS significantly larger than LS.

Due to presence of surfactant and/or water?
BROOKHEAVEN
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WwbLs Challenges and Development

= The optical property is dominated by Rayleigh scattering
(absorption length is >60m)
« A (ionic/non-ionic) mixing system?
« Further reduce the organic, but maintain the L.Y. by reducing quenching
= WHbLS is stable >1.5 ys; but material leaching could still affect the
optical property
- Online circulation to separate and purify the organic and aqueous phases
respectively (Nano-filtration)

= Demonstration of Cherenkov & scintillation separation
- CHESS at UC Berkeley
« Tsinghua demonstrator
« BNL 1-ton demonstrator

BROOKHREVEN
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online Clreulation with FLltration

* 1% WbLS ina PTFE lined drum
PTFE is not pure (leaching)
» Optical reinstated after circulation via 0.22-um PVDF

01 filter
-0.002 + « PTFE is hydrophobic
s -0.004
=-0.006 +
g -
2-0.008
S -
'5 -0.01 T 0.22 um PVDF filtered omega water
é -0.012 — ——Batch 9 original 030916
0.014 Batch 9 in PTFE bag (impure) 080916
' ’ ——0.22 um PVDF filtered Batch 9 080916
-0.016 +—m———r4———— 4y : | —
350 400 450 500 550 600 650

Wavelength (nm)
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Contaminants such as iron ions degrade optical transparen & %
.. - i 2%
of water detectors so they need to be constantly purified. §. . 4§

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

Microfiltration Nanofiltration

‘ Ultrafiltration ‘ Reverse Osmosis
|

- @ Viruses
A Oil ¥ Proteins o patnda

© Macromolecules

& Colloids

W Suspended B. Svobada

1/o=z/201¢ Particles M.Yeh NNN2016 22



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

remix.

Deionizer W

)
A J(

Remixer

> N
’ -

§ § §°§ THEIA
Nanofiltration |
System /
THEIA recirculation concept
B. Svobada



...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

absorption

Typical WbLS spectra using NFW filt¢

4
hopper
3.5
— 100 psi, hot water
3 w ol .
— 150 psi, room temp.
25
— 100 psi, room temp.
2
1.5
g
0.5 :
, , le——t— " A el P T
300 300 400 500 600 700

11/03/2016

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
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C H ESS . Orebi Gann research group
. Supported by LBNL LDRD (FY ’15-16

CHErenkov-Scintillation Separation

Select vertical cosmic muon events

Image Cherenkov ringin Qand T
fast-PMT array

Allows charge- and time-based separation

30.cm.

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




C H ESS . Orebi Gann research group
- Supported by LBNL LDRD (FY '15-16

CHErenkov-Scintillation Separation

20f

|
% M M

ARITY) J!i{+44$..+

0 0.05 0.1 0.15 02 0.25 -2 -1 0 | 2 3 4 5
Charge ratio Hit Time Residuals (ns)

Full simulation includes detailed geometry, DAQ &ffects (TTS, pulse shapes, electronics noise...)

arXiv:1610.02011, arXiv: 1610.XXXXX See dedicated talks at DNP, FROST (Oct '16)
Submitted to PRC, PRL )
LAB LAB  LAB/PPO  LAB/PPO 82
Time- Charge- Time- Charge- 06 8
based based based based 04 %
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efficiency 02
o 04
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1000 Litey WOHLS Demonstrator

No black barrier 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

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

With black barrier
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= Scintillator maintains as a main-stream detection medium for neutrino

detections e
- (Daya Bay), JUNO, LZ, JSNS?, etc.
= \Water-based liquid scintillator is Q(Jiwd) W
an ideal liquid for p—K*7 by scintillation and Cherenkov detections R
- Physics below Cherenkov oarkater

A cost-effect and physics-rich option to future large water Cherenkov detector (TH E |A)

- HK? 2d detector for DUNE?
- Upgrades to any Gd-water detector (SK or WATCHMAN)

A new step for metal-loaded nuclear and particle physics experiment

- OvBP (SNO+), short-baseline neutrinos (PROSPECT),
accelerator neutrinos, nonproliferation, medical imaging

BROOKHEVEN
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