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Oil or Water or Oil +Water?
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Liquid scintillator for physics frontiers

Short Baseline
OscSNS, or v-source

Dark Matter
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Liquid scintillator Development Facility at BNL

Fluorescence -

* A unique facility (since 2002) for Radiochemical, Cerenkov, and Scintillator
(water-based and metal-doped) detectors for particle physics and Safeguard.

* Expertise trained and facility established over years of operations.

¥ °  SIM facility including XRF, LC-MS, GC-MS, TFVD, FTIR, UV, Fluorescence

emission, light-yield coinc. PMT, 2-m system, low bkg. counting, etc. (access to

ICP-MS at SBU) for detector R&Ds and prototype tests.
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Metal-loaded LS for Neutrino Physics
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Liquid Scintillators

light-yield, transparency, PSD, Cherenkov & scintillation separation, etc.

Gd d UV Abs#30 120 S% H atoms* Flash

Loading | (g/cm3) | before | after ° per c.c Point

PC Yes 0.889 0.008 / 0.002 1.504 1 5.35x10%2 48 C

PCH Yes 0.95 0.072/0.001 1.526 0.46 5.71x10%2 99 C
DIN Yes 0.96 0.040/0.009 - 1.20 5.45x1022 >140C
PXE Yes 0.985 0.044/0.003 - 0.89 5.08x1022 167 C
LAB Yes 0.86 0.011/0.001 1.482 0.90 6.31x10%2 130 C

Mineral Oil
No 0.85 0.002/0.001 ~1.46 = ~7.00 x10%2 215C
C24~Cys
Dodecane No 0.75 0.001/0.000 1.422 & 6.89x10%2 71C

Updates from M. Yeh, NIM A578 (2007) 329.
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Liquid Scintillators

light-yield, transparency, PSD, Cherenkov & scintillation separation, etc.
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Liquid Scintillators

light-yield, transparency, PSD, Cherenkov & scintillation separation, etc.

Gd d UV Abs#30 120 S% H atoms* Flash

Loading | (g/cm3) | before | after ° per c.c Point

PC Yes 0.889 0.008 / 0.002 1.504 1 5.35x10?%2 48 C

PCH Yes 0.95 0.072/0.001 1.526 0.46 5.71x10?%2 99 C
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Pulse shape dlscrlmmatlon

TECHNISCHE
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PSD to separate events induced by y and n

PTB:
http:/fiwww.ptb.de/en/org/6/65/n_g_spekir_details.htm
Belina von Krosigk

LAB + 2g/L PPO + 15mg/L bisMSB

Belina, SNO+ 2010
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CM2 - 2012 - Sudbury

Xylene, PC, PXE or DIN
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» Discriminate e*/e for rejections of cosmogenic B-n emitters (°Li, 8He) for antineutrinos or B*
emitters (11C) for neutrinos (e.g. Borexino).
* Look for ortho-positronium (o-Ps) induced emission time distortion; a powerful tool to enhance

PSD for LS detector.

* 1~3ns (independent of dopant) and a formation probability of ~50% (decrease with increasin

ha A008NL 2L INLAB and PC.
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red-shift emission to longer wavelength

Window of opportunity 1.2 4 | — 6.E+06
0.10 w— 0.14 ] e
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2 * for a high precision, large scintillator
< 0.04 detector (RENO-50 or JUNO)
0.0 - * most scintillators have good
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: J wavelength (e.g. 4,/ 470,m >30m for
0.00 =TT - 0,00 LAB).
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Wavelength (nm) metal loading (important for high %).
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Water-based Liquid Scintillator

100000

e==s\\HLS-10%
emmmure LS
@ \\/hHLS-1%

A cost-effective, liquid medium using nonlinear 10000 3
light-yield as a function of scintillator % and ]
superior optical property of water for physics

1000 4

Counts

below Cherenkov or low-energy neutrinos. 100 4
®  Cherenkov radiation ]
e A overlaps with scintillator energy-transfers that are 10
solvent (e.g. LAB or PC at 260nm), fluor (e.g. PPO at L .
300nm), and shifter (e.g. bis-MSB at 360nm) will be L 2 I”ZII.IO a 00 1000
absorbed and re-emitted to give isotropic light. _ _ Channe}
e A emits at >400nm will propagate through the detector Light-yield as a function o SiCECIE
(directionality). 5 . __
= PID using timing cut and energy reconstruction to clegrons
jseparat-e th.e o!lre(?tlonal Cherenkov (fast) and " LSND rejects neutrons by a
isotropic scintillation (slow, controllable). ‘ factor of 100 at ¥ Cherenkov
) ) 003 & % Scintillation light (NIM
=  Tunable light-yield (%LS dopant) and capable of |j A388, 149, 1997).
loading metal ions.
]
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Cherenkov & Scintillation detection of WbLS

A simulated event with 90 scintillation photons/MeV in a SK detector forp —» k™v
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WbLS-1% in a SK-like detector

Main background: atmospheric v,

=

reduce by: o
- Rising-time cut: define a PSD to 0
distinguish background from signal by 0
rising-time (from 15% to 85% of maximum o
pulse height) of the pulse shape e
Reconstructed Kaon energy cut: by E
subtracting the reconstructed muon energy 2 1 0,4
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Can we see the light below Cherenkov?

WbLS Detectors

3 low Intensity Proton Beams 4 Material Samples 2 Detectors
210 MeV | dE/dx ~ K+ from PDK Water |  pure water PTFE
Tub 1 (highly reflective
WbLS 1 0.4% LS white Teflon)

475 MeV Cerenkov threshold

WbLS2| 0.99%LS
2 GeV MIP LS

Aluminum coated
with black Teflon

Tub 2

pure LS
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Light-yield in PE/MeV

* Cerenkov dominates at 2GeV while scintillation takes over at 475MeV and below
* Minimal Cerenkov contribution at 475MeV — can use the data at this energy for

WbLS to LS comparison
*  Note that LS sample response is divided by 30 to fit on the same scale
10 = T1 (white Teflon) Charge (in PE/MeV) 1.2 1 T2 (black Teflon) Charge (in PE/MeV)
9 ¢ Water Sample I ®WbLS1 Sample
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Optical and Timing of WbLS
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A fast pulse with long
attenuation length at emission
(PMT sensible) region that is
suitable for proton-decay.

A new method of doping metal
ion (e.g. Gd, Li, etc.) for neutron
enhanced measurements and
other physics (e.g. OvBB).
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Reactor Antineutrino Detections

Enhanced measurement of delayed neutron via v, IBD
Scintillator  reaction by adding:

Ev- 0.8 MeV
. n, + 2Gd - A*1Gd + y’'s (6~55,000 barn):

e / \‘:7’»\.\“ * S% of ~10,000 optical photons per MeV and A, at
................. _ LAl ~20m (need R&D of background rejection).

v, n 1"7. « Stability demonstrated by Daya Bay experiment.
~8 MeV \

|-— 27us —'I

Scintillator
Ev- 0.8 MeV

* ng + °Li > a + 3H (6~940 barn): 4
* S% of ~5,000 optical photons per MeV and A4, e’ SLi(n,o)T

at 2.6m (i.e. Bugey-3).

; e "v ,r"‘
» Stability degraded in few months of ¢ i .'77_“
deployment (need R&D’s). ~4.8 MeV

EN
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Lithium loaded LS using WbLS technology

A new effort for US-SBL in 2013, forming a PROSPECT collaboration

0.05 , 4000 —
] 51213 ==71913 1 =0.1% Li-LS
i 90813 ~~103113 1 =0.1% Gd-LS
0.04 - -
] , 3000 - =L
e Stable over 6 months since |
3003 ] preparation - 1 e @Gd-LS at ~10,000
€77 4 ¢ UViis much better than 3 ] 0.p./MeV
g %’2000 |l ¢ Li-LS at ~6,000 0.p./MeV
0 ]
1 3
-<°0.02 _ o
0.01 : v L, 1000 :
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New baseline of SNO+ 0vf38 search

CUORE, EXO, MAJORANA, GERDA, SuperNE
~ (future)
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— SNO+ 0.3% Nd-LS (old)

4O+ phase-1: (0.3% Te-LS)

M Yeh for AAP 2013

ase-2:(1-3% Te-LS)

Conventional loading is no good for Te

Water-based loading technology
enables the loading of tellurium (3°Te)
as the new OvpBp target for SNO+
scintillator detector.

A unique purification for Te (103
reduction by a single pass) has been
developed to remove cosmogenic and
radiogenic backgrounds.

A ton-scale OvBp detector in the near
future (0.6%Te loading is promising).

Scintillator filling in 2014;
followed by Te loading and data

taking in 2015.
: BRODKHRVEN
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Summary

= QOil or Water? depends on what physics of interest.

= Profound frontier physics program for scintillation detector in next
decade:
« Intensity frontiers (LBL, SNO+, SBL, T2K, etc.)
e Cosmic frontiers of DM veto (LZ)

" Principal of water-based liquid scintillator has been proven.
e in applications to SNO+, SBL, and 3-D Imaging
* a whitepaper submitted for Snowmass for proton-decay and other physics
e in communications with T2K and Watchman

« A one-ton prototype for direct measurement of Cerenkov &
Scintillation separation (slow scintillation, B/y separation, etc.)
=  Water-based loading technology opens a new door for future
scintillator detector.

* A future ton-scale OvBp detector is reachable.
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