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Advanced Scintillation 
Detector Concept (ASDC)

• New technology with proven methodology

House light-producing target inside large monolithic detector

Novel, breakthrough target medium
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⇒ water-based liquid scintillator (WbLS) -- Minfang Yeh, BNL

Having our             ... 
& eating it too!

1. High light yield of organic scintillator

a) Low energy threshold

b) Good energy resolution

2. Predominantly water

a) Low absorption inc. light collection

b) Directional information 

3. Tunable time profile
➡  improve particle ID, signal 

identification, bkg separation
➡ Cher / scint separation

4. Loading of metallic ions                                                          

➡ broad physics applications

Light yield as a function of LS fraction, 
M. Yeh et al., BNL



Powerful Target Medium
-- Tune to specific physics goals
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• Is the neutrino its own antiparticle??

• Is there CP violation in the lepton sector?

• What is the absolute neutrino mass scale?

• What are the precise values of oscillation          
parameters?

• Neutrino mass hierarchy: normal or inverted?

• What more can neutrinos                                             
tell us (probing the Earth,                                             
Sun, supernovae)?
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Physics Program

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

• Neutrinoless double beta decay

• Solar neutrinos (solar metallicity, luminosity)            

• Supernova burst neutrinos & DSNB

• Geo-neutrinos

• Nucleon decay

• Source-based sterile searches 

Remarkably, the same detector could show that 
neutrinos and antineutrinos are the same, and that 
“neutrinos” and “antineutrinos” oscillate differently

Physics over 
5 orders of 
magnitude

 High-
Energy 
Physics

 Nuclear 
Physics 
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ASDC Approach to LBL Physics

Images from arXiv:1204.2295

• Large-scale detector at 
Homestake, in the LBNF beam

• Complementary program to 
proposed LArTPC

• Build on WCD studies            
(arXiv:1204.2295)

Production at FNAL

1300km

ASDC approach:

• Ring-imaging of a water Cherenkov detector

• Plus scintillation light

➡ Require good scintillation / Cherenkov separation 
to maintain ring-imaging capability

➡ SKI vs SKII ⇒ no loss in beam physics sensitivity 

for x2 reduction in light yield
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Potential ASDC Enhancements
• Separation of scint / Cher light ⇒ particle ID

• Low-threshold scintillation light ⇒ n and low-E hadron detection

• High-precision timing ⇒ improve reconstruction

➡ Reduce “wrong-sign” component by discriminating ν / anti-ν
➡ Reduce NC background by detecting π0→γγ

• Large target mass 
increases sensitivity to 
second oscillation 
maximum

• P5 recommended large 
WCD in scenario C

WbLS would do better!
Fig from arXiv:1307.7335
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ASDC Sensitivity

MH sensitivity for 40kT WbLS alone > 4.8 σ

Equivalent to or better than 10kt LAr TPCAll figs from arXiv:1409.5864
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Liquid Scintillator Approach

Asymmetric ROI (-0.5 - 1.5 σ): 
2.1 0νββ events / yr
7.3 8B solar ν events / yr

Projected spectrum in SNO+: 5 years, 0.3% natTe

SNO+ collaboration

Use of precision timing to separate 
Chr / scint components allows 

directional cut to reject dominant 
8B solar ν background

arXiv:1409.5864

ROI
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ASDC Sensitivity
Directional resolution for different Cherenkov light yields

Cut required to 
reduce 8B by 50%

➾ 3σ discovery for     
mββ=15meV in 10 yrs

50kt detector
50% reduction of 8B

Particle ID / coincidence tags for int r/a
Rfit > 5.5m from PMTs (30kt fid)

All figs from arXiv:1409.5864

Future sensitivity into NH region...

0.5% loading (natTe) in 50kt ➾ 50t 130Te
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 Δχ2 = 2.9
   C.L. = 0.58

Phys. Rev. D 88 (2013) 053010

1) Probe vacuum-matter transition                   
via low-energy 8B spectrum: 

Confirm MSW 
Sensitive search for new physics δc

 / 
c

R / R⊙

2) Detect CNO neutrinos:
Determine solar metalicity

Test understanding of heavier main-
sequence stars

Test postulate of homog. T=0 Sun
Text extent of CN-cycle eqm

νe

Day

νe

Night

3) Measure Day/Night asymmetry:
Confirm MSW
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• Load large water Cherenkov detector with e.g. 7Li for CC interaction

• Water Cherenkov ⇒ water-based LS

• Consider other isotopes?

 Nucl. Inst. & Meth. A660  51 (2011) 

“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10

“Salty Water Detectors”

Eν = 3MeV

Cross section from W. C. HaxtonCross sections from J. Bahcall

arXiv:1409.5864
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ASDC Sensitivity
Unprecedented low-energy statistics (ES)

30kt fiducial
1% 7Li by mass
Assumes 100 pe/MeV

Spectral Sensitivity (CC)

cosθ⊙< 0.4

Separation of CNO constituent 
components via shape analysis..?

All figs from arXiv:1409.5864
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Neutrinos & DSNB                          
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Supernova Burst ν in ASDC
• ~12k events for 10kpc 

SN (50kt volume)

• ~90% events are IBD 

• Enhanced n tag via low 
threshold scintillation

• Gd reduces n-cap time 
delay (200μs → 20 μs)

‣ Reduce pile up

• IBD tag allows 
extraction of additional 
signals

• Bkg reduction for ES, doubling pointing accuracy

• Identification of monoE 5-10MeV γ from NC 

‣ Sensitive to burst T & subsequent ν mixing

• CC: burst T & ν mixing

• ES of ν on p (requires high light yield)

‣ Scint. differentiates from primary 14C bkg
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DSNB in ASDC
• Detect via IBD

• High light yield allows n tag : 2.2 MeV γ from 1H

‣ Suppress single-event background that limits water Cherenkov

• Higher detection efficiency than Gd-H2O due to high scint. yield

• Low NC background 

‣ Atmos. ν + C → n + fragments

‣ Prompt recoil + delayed n capture mimics signal

‣ WbLS allows separation of nuc/e recoil using Cherenkov signal

‣ Plus distinct Cherenkov hit patten (single e+ vs multiple γs)
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Geo Neutrinos

Inverse β decay 
threshold

Assay the Earth by 
looking at the 

“antineutrino glow”

Electron antineutrinos from U, Th, K decay in the Earth

ASDC:
Large statistics 

Options for isotopes loading: Gd, 6Li, B
Fast timing ⇒ directionality

Current total geo-ν 
exposure: < 10kt-yr

(KamLAND + Borexino)



Super-K, Phys. Rev. D 85, 112001 (2012)
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• Testing the existence of GUTs

• Simplest model:                    
Heavy X boson exchange

• Expect τ ~ 1032-1036 yr

• If tree-level decay is suppressed, 
can occur via 2nd order 
processes e.g. 

• Plus other theories e.g. extra Ds 
predict 
Look for daughter de-excitation

Super-K, Phys. Rev. D 85, 112001 (2012)

Nucleon Decay
Limits on lepton+meson modes

n ! 3⌫

p ! ⌫̄K+
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ASDC Sensitivity
• Large size (statistics), deep location, very clean

• n tagging (low threshold plus potential isotope loading)

• Sub-Cherenkov threshold detection

Sub-Chr t/h detection 
⇒ Directly visible K+

ASDC

Enhanced n tag
Reduced atmos. ν bkg

ASDC

Deep, low threshold
Directionality : solar
n tag : reactor

All figs from arXiv:1409.5864
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• Existence of a 4th “sterile” neutrino suggested by LSND, 
MiniBooNE, reactor anomaly

• Searches: very short baseline reactor / accelerator / source

ASDC (source-based): 

• Deploy 8Li decay-at-rest (IsoDAR)

• 13MeV endpoint (above r/a)

• Can run for years, on/off control

• Required detector response:                                                 
15% (E)  &  50cm (R)

• 5 yrs, 1kt (black) / 20kT fid. (blue)

Sterile Neutrinos

arXiv:1409.5864
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Proof of Concept
1. Sufficient overall light yield 

2. Cherenkov / scintillation separation

a) Fast timing (M. Sanchez talk)

b) WbLS cocktail tuning (M. Yeh talk)

3. Cherenkov light yield 

4. Attenuation length

5. Reconstruction & particle ID (A. Mastbaum talk)

6. Isotope loading

Energy resolution

Ring imaging capability

 +Directionality

+ Particle ID

See above

Energy resolution

Bkg rejection

0νββ, solar, n tagging etc
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Site Scale Target Measurements Timescale
EGADS 200 ton H2O+Gd 6 Exists

ANNIE 1 ton H2O+Gd 2a 2018

WATCHMAN 1 kton H2O+Gd 2a 2018

UChicago bench top LS 1, 2a, 2b Exists

UCLA 1 ton LS 2a 2015

Penn 30 L (Wb)LS 1, 2b, 3, 6 Exists

SNO+ 780 ton (Wb)LS 6 2016

LBNL bench top WbLS 1, 2a, 2b, 3, 6 Winter 2014

BNL 1 ton WbLS 1, 2b, 3, 4, 6 Summer 2015

WATCHMAN-II 1 kton WbLS 1, 2a, 2b, 3, 4, 5, 6 2019?

Planned Demonstrations



ASDC “Interest Group”
• Workshop - May 17/18 (LBNL): 27 participants, 17 talks

• Concept paper - arXiv:1409.5864

• 50 authors (potential PIs), 23 institutions (US and Germany) 
Borexino, LBNE, KamLAND, SNO, Double CHOOZ, SNO+, Daya Bay, LENA, 
KamLAND-Zen, MiniBOONE, Super-Kamiokande, WATCHMAN, ANNIE, T2K....

• Large international community with interest and experience

• New participation welcome contact G. D. Orebi Gann, B. Svoboda, E. Blucher, J. R. Klein



• Broad program of compelling science

• Unique opportunity to combine 
conventional neutrino physics with rare-
event searches in a single, large-scale 
detector

• Flexibility to adapt to new directions in 
the scientific program as the field evolves

• Unique instrument of discovery

The ASDC



Thank 
you for 
your 

attention



Back up
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Photon detection
Cherenkov (prompt, scarce)
Scintillation (delayed, abundant, tunable)

Simulation with 
1.3 ns timing of 
standard PMT

Cherenkov/scintillation 
separation ⇒ particle ID, 

background rejection

C. Aberle et al, JINST 9 P06012 (2014)

Assume 0.1 ns time resolution
e.g. LAPPDs
OR red-sensitive PMT

LAPPD Development



ASDC @ LBNL
Compton scattering => nonlinearity Absolute light yield 

Cherenkov ring imaging 

Heading up software development 
(ASDC + WATCHMAN) 
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(size, coverage, cocktail, loading) 

• Critical R&D for proof of concept:
a) Demonstrate sufficient light yield
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Forging a New Path
• Initiate US-based working group

• “Socialise” idea with funding agencies

• Foster international collaboration                    
(NNN’14, dedicated meetings)

• Develop full detector model (simulation) to optimize 
detector configuration for maximal physics output 
(size, coverage, cocktail, loading) 

• Critical R&D for proof of concept:
a) Demonstrate sufficient light yield
b) Separate prompt Cherenkov from delayed 

scintillation light
c) Measure light loss over long distances     

(BNL, WATCHMAN)

Done!

Ongoing

Strong beginning in Europe, 
reaching out to Canada, Japan

2014 - 2016

2014 - 2015
2015 - 2017

2015 - 2018

Timeline



Prospects
EXPERIMENT WbLS Doping Other

SNO+
Prospect

WATCHMAN
T2K

ANNIE
Medical apps

90% + 0.3-3% 130Te

70% + 0.1% Gd or 6Li

1% 0.1% Gd LAPPDs

10% --

1% 0.1% Gd LAPPDs

1-5% high Z for TOF-PET

Oil-like
Water-like



Long-baseline
• Ring-imaging water Cherenkov detector

• + particle ID from Chr/scint comparison

• + NC-bkg reduction with high-precision timing & resolution

MH sensitivity 
for 40kT WbLS 
alone > 4.8 σ
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