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Theia Program

Very large volume scintillation-based detector with the
ability to utilize both the Cherenkov and scintillation
signals, allowing for a broad physics program:

> Long baseline oscillations
» Solar neutrinos

> Supernova neutrinos

- DSNB

» Geo and reactor neutrinos

- OvBp

> Nucleon decay

Theia Collaboration., Eur. Phys. J. C 80, 416 (2020)
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Cherekov/Scintillation Separation

Challenge: Separate Cherenkov & scintillation despite overwhelming scintillation light yield
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> LAPPDs > Dichroicons > LAPPDs
> Fast PMTs > Red-sensitive > Improved recon.
> WbLS PMTs methods
> Slow scint. > Filtering
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Water-based Liquid Scintillator

Novel target medium: water-based liquid scintillator
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Water-based Liquid Scintillator

Cha I'a Cte r|Zat|On |n Radioactive Light yield [photons/MeV]
c H E SS at LB N L Trigger PMT e

1% WbLS 234 + 30
5% WbBLS 770 + 72

Water-based Liquid Scintillator
Water-like Oil-like

N a
12
\E— > "O\ e 10% WDbLS 1357 + 125
'I.E % Ch/Sc separationl m
g’ X Timing WHLS 5%
m @’ —t+— Data
—y L l:l MC Ch.ereAnk(?v
: ql) ~ MC Scintillation
o ® "
5 S -
(]
=
3
s
g
. §

I Egg:/gnVlggse_‘[ " Loaéﬁnghf?lf Emission spectrum and timing using x-ray excitation

" Lherenkc yaropniiic ———— 10°
scintillation elements 52'5 e

25- COSt_effeCtlve S ” ZZ'O pure LAB/PPO % 10t pure LAB/PPO
cintillator ::s TS

Borexino ;51 10% LAB/PPO £ b sy

KamLAND e g 5% LAB/PPO
T 5% LAB/PPO © 102

- . i ~  E0.51 § 1% LAB/PPO
102 103 104 2 1% LAB/PPO 2107
0.0 _a

Photon yield (MeV) =0 xo 3o & @ sho shoaio w0 776w n H b s s

J. Carvaca et al., Eur. Phys. J. C 80, 867 (2020) D. Onken et al., Mater. Adv., 2020, 1, 71-76



Water-based Liquid Scintillator
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Water-based Liquid Scintillator

Strong European collaboration

Development WDbLS characterization
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Photodetectors & Scaling Up

Emerging technologies Tonne-scale detectors
’ Xk i~ S @ ANNIE
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Additional tonne-scale test-beds:
% | Large-area > Brookhaven
y an red-sensitive > LLNL
PMTs > University of Sheffield

Many others: SIPM arrays, 20"’ JUNO PMTs, etc.



The Dichroicon

Chroma model

Dichroic
shortpass filters

Scintilfation

Chroma model
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T. Kaptanoglu et al., Phys. Rev. D 101, 072002 (2020)



The Dichroicon

Chroma model

Spectral sorting using dichroic filters

Dichroic
shortpass filters

Scintilfation

Chroma model

““Measurement at UPenn

Cherenk@_v

Planned collaboration:

e CHESS + Dichroicon
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T. Kaptanoglu et al., Phys. Rev. D 101, 072002 (2020)



Path to Theia

Clear plan for technology scale up from bench-top to Theia

AIT/NEO —» Theia

~ 1L ~1 tonne > 1 ktonne 25-100 ktonnes




Thanks! Questions?
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