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Transtormational Opportunity
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Transtormational Opportunity
A -

Development of new
scintillators e.g. WbLS
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Transtormational Opportunity
M %

Development of new
scintillators e.g. WbLS

Fast, efficient
photodetectors

top window -,

photocathode (pc)-- |-

mcp 1

anode readout:.
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Transtormational Opportunity

Development of new :
- WHLS Fully-equipped, deep
scintitlators e.g. underground labs (+ beam)

Pt

®  Fast, efficient

‘ a photodetectors

1.} -
ol
e B 2
- -Vu:
-

Proposed Laboratories

« Experiment Hall
Third generatlon dark matt

HeyS seleA

S ;
top window -, ' 1 > or anor
., 1 X L »// inoless double-beta decay
photocathode (pc)--- |- - LBNE
pcC gap \ Long-Baseline Neutrino Experiment
4850 Level 10 KT and 24 kT liquid argon
mcp 1..fof
inter-mcp gap
* BHSU Underground Campus
Low-Background Counting
meCp 2o feofoeind R&D opportunities
o | + CASPAR
4 dout anode gap Lotebackorocnd couuing oty Asrort ey Roseerth
anode readout-..
- Ross us -
- —
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Transtormational Opportunity

Development of new
scintillators e.g. WbLS

top window - .

photocathode (pc)-- |-

mcp 1

anode readout:.

5 Fast, efficient
a photodetectors

anode gap

HeyS seleA

Advanced
| i< computing &

.
?bwor\;bm
.

o construction
A : ods
I

J. Inst. 9, Po6o12 ;|
(2014), Nucl. Inst.
Methods A849, 102 ¢

(2017).

Fully-equipped, deep
underground labs (+ beam)

Proposed Laboratories
« Experiment Hall
Third generatlon dark matter and/or
inoless double-beta decay

«LBNE
Long-Baseline Neutnno Expedmenl
4850 Level 10KkT and iid argon

* BHSU Underground Campus

Low-Background Counting
R&D opportunities

+ CASPAR

I Compact Accelerator System
for Performing Astrophysical Research
Ross C( )
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Transformatlonal Opportumty
= |

Development of new
scintillators e.g. WbLS

top window -,

photocathode (pc)-- |-

mcp 1

anode readout:.

Fast, efficient |
photodetectors §

"Ll incoming photon

: > “Advanced
s computing &
../ reconstruction
= : @ods
m2 > /er A, ‘
‘ 5- £ at ’//‘//: :
J. Inst. 9, Po6012 , i h ,
¥ (2014), Nucl. Inst. ] ’,’/ :
¥ Methods A849, 102 ¢, > ‘
4 (2017). ZE» 7 ¢ "

r 5 4 2 xwm

Fully-equipped, deep
underground labs (+ beam)

P
generation of |
3 large-scale, |
¥ low-threshold,
directional }
detectors j

Proposed Laboratories
« Experiment Hall
Third generatlon dark matter and/or

L PLIN
UX/ZE inoless double-beta decay

«LBNE
Long-Baseline Neutrino Experiment
4850 Level 10 KT and 24 KT liquid argon

* BHSU Underground Campus

Low-Background Counting

Center for Ultra-Low Background Experiments in the Dakotas R&D opportunities

Low-background counting
* BLBF

Facil
Low-background counting
Ross C@s
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+ CASPAR
Compact Accelerator System
for Performing Astrophysical Research




Overview

® Detector concept
® Physics Program

®* Development of Detector Capabilities

3 Theia at NNN, G. D. Orebi Gann



Theia
Detector
Concept




Cherenkov / Scintillation Separation

Separation in charge, time, wavelength

#PEs

Methods to enhance separation:

Cherenkov ring

® Ultra-fast photon detection observed as photon

(LAPPDs) excess on top of
® Delay scintillation light sotropic
scintillation
® (Optimize cocktail: scintillation “background”

fraction & spectrum (fluor)
Eur. Phys. J. C (2017) 77: 811 12

® Readout sensitivity

-~ e —
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Cherenkov / Scintillation Separation

Separation in charge, time, wavelength

10

PEs per event/0.1 ns

Eur. Phys. J. C (2017) 77: 811

Methods to enhance separation:
e Ultra-fast photon detection
(LAPPDs)
® Delay scintillation light
® (Optimize cocktail: scintillation
fraction & spectrum (fluor)
® Readout sensitivity
7 I3nsTTS| 2 of ~ 0.InsTTS
5//“«;;4045\50 o °§3'o'[\3'5 " " !
Time [ns] Time [ns]

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

= Cherenkov (prompt, scarce)
- Scintillation (delayed, abundant)

#PEs

17 Cherenkov ring
observed as photon
excess on top of

15 isotropic

14 scintillation

13 background”
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Separation in charge, time, wavelength

Methods to enhance separation:

10

PEs per event/0.1 ns

Ultra-fast photon detection

Optimize cocktail: scintillation
fraction & spectrum (fluor)

[
(LAPPDs)
® Delay scintillation light
[
® Readout sensitivity
] 7/ 1.3nsTTS
Time [ns]

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

Talk by T. Kaptanoglu

Cherenkov / Scintillation Separation

Eur. Phys. J. C (2017) 77: 811

%) : -
S wf 0.InsTTS
S wf 1
S -
s °F
® =F
o C
w o
L 10 ‘
o - [\
o' [ - | |
30 35 40 45 50
Time [ns]

= Cherenkov (prompt, scarce)
- Scintillation (delayed, abundant)

Number of photons (A.U.)

A (nm)

194
&
18
17 Cherenkov ring
6 observed as photon
excess on top of
15 isotropic
14 scintillation
« »
13 background
12
3.5 135 Q
- LAB+PPO 1<
3 Cherenkov —f30 @
e | [ — PMT QE ]
2.5— —25
- ) =i Red-sensitive PMT QE -
o [ . —20
b . E
1; '''''''''''''' —310
0.53.—\3."¢ 'l “, —35
OiJ PRI bl :’f",:-l e oy T ‘]*4_0
400 500 600 700 800
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Theia

* Large-scale detector (50-100 kton)
* Water-based LS target

* Fast, high-efficiency photon detection
with high coverage

® Deep underground (e.g. Homestake)

®* [sotope loading (Gd, Te, Li...)

® Flexible! Target, loading,
configuration

B Broad physics program!

Concept paper - arXiv:1409.5864 a

8 Theia at NNN, G. D. Orebi Gann




Theia

® Large-scale detector (50-100 kton)

<

* Water-based LS target t
* Fast, high-efficiency photon detection

with high coverage
® Deep underground (e.g. Homestake) £0m
* Isotope loading (Gd, Te, Li...)
® Flexible! Target, loading,

configuration \

B Broad physics program!

Concept paper - arXiv:1409.5864
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A R

Physics Program

. Neutrinoless double beta decay

Solar neutrinos (solar metallicity, luminosity)

Geo-neutrinos

Supernova burst neutrinos & DSNB

Source-based sterile searches

Nucleon d

Long-base

ecay

ine physics (mass hierarchy, CP violation)
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Neutrinoless double beta decay

Physics Program

Solar neutrinos (solar metallicity, luminosity)

Geo-neutrinos

Supernova burst neutrinos & DSNB

Source-based sterile searches

Nucleon d

Long-base

ecay

ine physics (mass hierarchy, CP violation)

ip === ===
Nuclear :
Physics

¢ ] |
¥

o 3
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A R

Neutrinoless double beta decay

Physics Program

Solar neutrinos (solar metallicity, luminosity) s

Geo-neutrinos
Supernova burst neutrinos & DSNB

Source-based sterile searches

Nucleon d

Long-base

ip === ===
Nuclear :
Physics

o 3

¢ ] |
¥

o L
1 High-
ecay -, Energy !
ine physics (mass hierarchy, CP violation) _Pby_si_cs_ |
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A R

Physics Program

» Physics over
5 orders of

maghnitude
Neutrinoless double beta decay

Solar neutrinos (solar metallicity, luminosity)

ip === ===
Nuclear :
Physics

o 3

Geo-neutrinos 11
.7|
Supernova burst neutrinos & DSNB i1

Source-based sterile searches

r

1 High- :
Nucleon decay Ener.gy :
Long-baseline physics (mass hierarchy, CP violation) dse— _Pb)'_s'_cs_ l
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Physics Program
— e PNYSICS OVeEr
5 orders of

) maghnitude
ﬁl. Neutrinoless double beta decay

Solar neutrinos (solar metallicity, luminosity)

ip === ===
Nuclear :
Physics

o 3

Geo-neutrinos 11
-4 |
1

High-
Energy
Physics

2
3
4. Supernova burst neutrinos & DSNB
5. Source-based sterile searches

6

Nucleon decay

[ B B B B B

ik] Long-baseline physics (mass hierarchy, CP violation)
ﬁ Remarkably, the same detector could show that }
 neutrinos and antineutrinos are the same, and that }

“neutrinos” and “antineutrinos’ oscillate differently §
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Physics Program
— e PNYSICS OVeEr
5 orders of

) maghnitude
ﬁl. Neutrinoless double beta decay

Solar neutrinos (solar metallicity, luminosity) am

ip === ===
Nuclear :
Physics

o 3

Geo-neutrinos 11
-4 |
1

High-
Energy
Physics

2
3
4. Supernova burst neutrinos & DSNB
5. Source-based sterile searches

6

Nucleon decay

[ B B B B B

ik] Long-baseline physics (mass hierarchy, CP violation)
i Remarkably, the same detector could show that }
 neutrinos and antineutrinos are the same, and that }

jLeptogenesiy
£ ¢¢ . ”y “ . . ”9 . . ! S
{ “neutrinos’ and “antineutrinos” oscillate differently § ™o
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NLDBD with Theia

Builds on critical developments by
50 kton water-based liquid scintillator detector KLZ & SNO+ collaborations

High coverage with fast photon detectors

Deep underground

8-m radius balloon with high-LY LS and isotope
7-m fiducial, 3% natTe or en"Xe, 10 years

Events/ROI-y
Signal Te Loading " Xe Loading

Cosmogenic OvSB3 (10 meV) 65.4 116.4
2vAB 2u B33 48.0 38.2

*B v ES °B Solar ES (50%)  138.5 138.4

(a,n) 10C (92.5%) 24.6 25.4
1307 48.3 —
External y i jgml L7 -
2 Cs — 0.57

2087 0.02 0.002
Internal U cha 214Bi (99.9%) 4.0 4.4

Internal Th chain Balloon 2MBi (50%) 24.0 274
Balloon 2°°T1 (50%)  0.25 0.14

SNO+ Collaboration Total 289 .5 234.5

Phys.Rev.Lett.| 10 : 062502 (2013);Adv.High Energy Phys. 2016 (2016) 6194250; Phys. Rev.D 87 no. 7 : 071301 (2013)

|2 Theia at NNN, G. D. Orebi Gann



NLDBD with Theia

x1 027‘

w
2

—— Xe 3% loading
—— Te 3% loading
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NLDBD with Theia
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NLDBD with Theia
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Long-Baseline Program

Large-scale detector at Homestake, in the LBNF beam

Complementary program to LArTPC (DUNE)

Build on WCD studies

(arXiv:1204.2295)

Plus advantages from low-threshold scintillation

Mass Hierarchy Sensitivity

|NX30
<

25

20

15

10"

0

-1 -0.8-06-04-02 0 0.2 0.4 0.6 0.8

= 40 kt LArTPC
= 100 kt WCD
----- 50 kt WCD

Normal Hierarchy
3.54+3.5 v4+Vv years
sin”2913 = 0.085
sin®0,, = 0.45

Oop/T

1

CP Violation Sensitivity

 Assumes 75% reduction
in NC background
relative to SK-I

* Uses only single-ring
samples

—— 40 kt LAFTPC
Normal Hierarchy OOkt WD
7F 3.5+3.5 v+v years
sin’20,,=0085 7 S0kt WeD

sin0,, = 0.45

0

-1 -0.8-06-04-02 0 0.2 0.4 0.6 0.8

sokt WbLS

| alone>50 |

~

analysis nearly
complete with
modern SK-style
| analysis and

reconstruction tools f
} + multi-ring samples

1

6CP/75
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Nucleon Decay

Testing the existence of GUTs with THEIA:

® |arge size (statistics), deep location, very clean

® n tagging (low threshold plus potential isotope loading)

® Sub-Cherenkov threshold detection

|5 Theia at NNN, G. D. Orebi Gann




Log(t/1033) years

1.25 |-

Nucleon Decay

Testing the existence of GUTs with THEIA:
® |arge size (statistics), deep location, very clean

® n tagging (low threshold plus potential isotope loading)

® Sub-Cherenkov threshold detection

Heavy X boson exchange

Hyper-K
F)_€>€3+Jt() Hrff,;ﬂfﬂ‘”

DUNE

Year

Enhanced n tag
Reduced atmos. v bkg

TR I T T B | L1
2035 2040 2045

Figs from arXiv:1409.5864, assume

[ 00t FV; studies based on Phys. Rev. D
72,075014 (2005); LAr from JHEP
0704:041,2007
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Nucleon Decay

Log(t/1033) years

Testing the existence of GUTs with THEIA:

® |arge size (statistics), deep location, very clean

® n tagging (low threshold plus potential isotope loading)

® Sub-Cherenkov threshold detection

Heavy X boson exchange

Hyper-K

DUNE

Year

Enhanced n tag
Reduced atmos. v bkg

1 L1 L1
2035 2040 204

Log(t/1033) years

2nd order processes

p—>vK*

oo b b b L

0 1 1
2015 2Q2Q 2025 2030 2035 2040

Year

Sub-Chr t/h detection
= Directly visible K*

|5

1
2044

Figs from arXiv:1409.5864, assume

[ 00t FV; studies based on Phys. Rev. D
72,075014 (2005); LAr from JHEP
0704:041,2007
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Nucleon Decay

Log(t/1033) years

. . . . Figs from arXiv:| 409.5824, assume
Testing the existence of GUTs with THEIA: 1008 FV: studies based on Phys. Rov. D

. o . 72,075014 (2005); LAr from JHEP
® |arge size (statistics), deep location, very clean 0704:041.2007

® n tagging (low threshold plus potential isotope loading)

® Sub-Cherenkov threshold detection

Heavy X boson exchange 2nd order processes Extra dimensions
229 f_ Hyper-K 2.25 E— r
N p—>e*m! o o p—>vK* THEIA | - n—3v THEIA |
Z L L
1.75 | I //
§ 15 | g i [
mo 1.25 ONZ
= S
éo . E" . KamLAND
- | SNO+ ——]
o
0.5 | —_/f/,f—r*—
Year Year Year
Enhanced n tag Sub-Chr t/h detection Deep, low threshold
Reduced atmos. v bkg = Directly visible K* Directionality + n tag
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Solar Neutrinos with Theia

—h
o
~
L

E o e  Dominant background to CNO v measurement: 2°Bj

> —Be == FAr

g — ;joKr ®* Theia offers unique low-threshold, directional detection
3105— :40KP0

—_
o
S

—
o
wW

10%E

> 3 4 5 6
Energy (MeV)

10°
>
s
o 5800 — sum
v
w ---- Backgrounds
V 57
%5 80 —f— Data
=
25760
>
(@)
O

5740

5720

5700

171 1 111 L1 1 1 11 111 L1 1 1 1 1
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
cos 0,

2D fit in energy and cos(Bsun)
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Solar Neutrinos with Theia

—h
o
~
L

s T T o * Dominant background to CNO v measurement: 21°Bi
> — Be - PAr
S10°p ovo i : : . : :
g e “u ® Theia offers unique low-threshold, directional detection
5105— :40KP0
5104 Signal Normalization sensitivity (%)
8B v 0.4
1o° "Be v 0.4
ol pep v 3.8
dé CNO v 5.3
. l L 210Bj 0.1
05 — ) Eur. Phys. J. C (2018) 78: 435
Energy (MeV) C 11.5
3 85Kr 10.5
: [ 0K 0.04
. e 39 Ar/210Pg 21.9
u\ﬁ ---- Backgrounds ’
§5780 I 238U chain 0.02
25760 232Th chain 0.05

5740

5720

5700

171 1 111 L1 1 1 11 111 L1 1 1 1 1
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
cos 0,

2D fit in energy and cos(Bsun)
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Solar Neutrinos with Theia

Events / 0.02 MeV / year

—_
o
S

—
o
wW

10%E

— —

o o

) ~
TR T

—_
o
o
1

=+=+Th chain
-= Ar
- 210g;
11C
8y,

210P0
40K

5800

5780

5760

Counts 1 MeV <E < 1.5 MeV

5740

5720

5700

pary
o
w

Energy (MeV)

III|III|III|III|III|I><

— Sum

---- Backgrounds

—+ Data

2D fit in energy and cos(Bsun)

-0.8

11 11 11
0.2 0.4 0.6

cos 0,

Dominant background to CNO v measurement: 21°Bi

Theia offers unique low-threshold, directional detection

Signal Normalization sensitivity (%)
5B v 0.4
"Be v 0.4
pep v 3.8
CNOv 5.3
210B;4 0.1 _
. Eur. Phys. . C (2018) 78: 435
C I1.5
8SKr 10.5 Impact of detector design parameters
0K 0.04 < L F
9 Ar210pg 21.9 £ F
S 002 ERE
232Th Chain 005 C;)) o :_ ..............................................................................
O e
s e
6 —
B —— 25° angular resolution
4 [ =eee- 35° angular resolution
- e 45° angular resolution
2 — 55° angular resolution
O;IIIIIIIIIIIlIIIIIIIIIlIIII|IIII|IIII|IIIIIIIIIIII

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Scintillation fraction (%)
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Theia Spectral Sensitivity

1996, W.C. Haxton: isotope loading for CC interaction (water)
“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10
CC detection in WbLS: high-precision spectral measurement to low energy

= search for new physics, solar metallicity, MSW effect

{% - — Election ES g E Predicted new physics FONC) =%
%E s i == Muon / tau ES DeteCtor: % 10° B glla
g . ? —— CC . E E Standard prediction
I 3okt fiducial - —
i 1% 7Li by mass e
E : BRI W Conservative 100 pe/MeV B

E Ey = 3MeV xsections

- xsection from WV. C. Haxton L from J. Bahcall |

1 1 1
0.5 1 15 2 25 3
Electron Kinetic Energy / MeV

o

10
Neutrino Energy (MeV)

arXiv:1409.5864
— . _____________________________________________________________________________________
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Differential cross section (10*%cm?)

Events / 0.05 MeV

Theia Spectral Sensitivity

1996, W.C. Haxton: isotope loading for CC interaction (water)

“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10
CC detection in WbLS: high-precision spectral measurement to low energy

= search for new physics, solar metallicity, MSW effect

- — Electron ES
N == Muon / tau ES
107 =
F == CC
10° =
o Ey = 3MeV
- xsection from W. C. Haxton
1 1 | 1 [ 1 ‘ 1 | 1 | | 1 1 ‘ 1 1 1 1
10 05 1 15 2 25 3
Electron Kinetic Energy / MeV
107
E — Sum CC 7Be
10° E_ i —CC 8B ES 7Be
B, 1 ES 8B — CCCNO
wke T ---ES CNO
—CC pep
10* =+ ES pep

...........................................

1 10
Detected kinetic energy of recoil electron / MeV

Detector:
3okt fiducial
1% 7Li by mass
Conservative 100 pe/MeV

Unprecedented low-energy
statistics (ES)

Similar to LENA —

Astropart. Phys. 35 (2011) 685-732
+ directionality from Cherenkov

Plus Spectral Sensitivity (CC)

arXiv:1409.5864

|7

05 MeV

Events /0

—_
(=]
W

Events / MeV

10

10

.....

Predicted new physics (FCNC)
1

Ga
Cl
Standard prediction

xsections

from J. Bahcall\

L i

10
Neutrino Energy (MeV)

—_
(=)
3

10°

—
(=
o

—Sum CC 7Be
ES 7Be
—CC 8B
COSG@< 0.4 o ESsB — CC CNO
--=ES CNO
— CC pep
-+ ES pep

10*

= 111ul:rrrrrrrn|—r|Trrm|—rrm1m
i

................

1 10
Detected kinetic energy of recoil electron / MeV
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Antineutrino Detection

® Detectvia IBD

* High light yield allows enhanced n tag : 2.2 MeV y from 'H

p Suppress single-event background that limits water Cherenkov
®* Higher detection efficiency than Gd-H,O due to high scint. yield

® Reduce NC background that limits LS detectors

|8 Theia at NNN, G. D. Orebi Gann




Antineutrino Detectio

® Detectvia IBD

* High light yield allows enhanced n tag : 2.2 MeV y from 'H
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Antineutrino Detectio

® Detectvia IBD

* High light yield allows enhanced n tag : 2.2 MeV y from 'H

p Suppress single-event background that limits water Cherenkov

®* Higher detection efficiency than Gd-H,O due to high scint. yield

® Reduce NC background that limits LS detectors

(Geo Neutrinos DSNB

® (urrent total geo-v exposure: e Enhanced n tag

< 10kt-yr (KL + Borexino) e Reduced NC background

®  THEIA: large statistics in a
complementary geographical
location ® Plus NaCl for v signal

e Most sensitive search to-date
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Supernova Detection

Neutrino Percentage of Type of

Reaction Total Events Interaction

Vet+p—n+et 88% Inverse Beta
Ve + € —ve+e 1.5% Elastic Scattering
Ve+e€e —U.+e <1% Elastic Scattering
Up+e~ = uvy+e 1% Elastic Scattering
ve +1°0 5 e 4+10F 2.5% Charged Current
v, +60 —w et +1°N 1.5% Charged Current
vy +1°0 = vy + O*/N* + v 5% Neutral Current

-~ e —
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Supernova Detection
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Supernova Detection

Neutrino Percentage of Type of

® ~15k events for SN at 10 Reaction Total Events Interaction

kpC ( 50 kt volume) Ve+p—n+et 88% Inverse Beta
Ve + €~ — Ve +e 1.5% Elastic Scattering
Ve+e€e —U.+e <1% Elastic Scattering
® ~90% events are [BD Vg +€ —Uz+e 1% Elastic Scattering
: ve +1°0 5 e 4+10F 2.5% Charged Current
nghly Complementary to v, +°0 = et +1°N 1.5% Charged Current
ve-dominated LAr signal vy +190 = vy + O* /N* + v 5% Neutral Current
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* Enhanced n tag via low threshold scintillation

® (d reduces n-cap time delay (200us — 20 ps) = reduce pile up
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Supernova Detection

Neutrino Percentage of Type of
® ~15k events for SN at 10 Reaction Total Events Interaction
kpC ( 50 kt volume) Ve+p—n+et 88% Inverse Beta

Ve + € —Ue+e™ 1.5% Elastic Scattering
Vet e —TU.+e <1% Elastic Scattering
o ~90% events are IBD Veg+e —Up+e 1% Elastic Scattering
: ve +1°0 5 e 4+1°F 2.5% Charged Current
nghly Complementary to v, +°0 = et +1°N 1.5% Charged Current
ve-dominated LAr signal vy +180 = vy + O* /N* + v 5% Neutral Current

* Enhanced n tag via low threshold scintillation

® (d reduces n-cap time delay (200us — 20 ps) = reduce pile up

* [BD tag allows extraction of additional signals

®* Bkg reduction for ES, doubling pointing accuracy
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Supernova Detection

Neutrino Percentage of Type of
® ~15k events for SN at 10 Reaction Total Events Interaction
kpC ( 50 kt volume) Ve+p—n+et 88% Inverse Beta

Ve + € —Ue+e™ 1.5% Elastic Scattering
Vet e —TU.+e <1% Elastic Scattering
® ~90% events are [BD Ve t+ e —up+e 1% Elastic Scattering
: ve+1%0 s e +18F 2.5% Charged Current
nghly Complementary to v, +1%0 s et +16N 1.5% Charged Current
ve-dominated LAr signal S st et? mala Ak 5% Neutral Current

* Enhanced n tag via low threshold scintillation

® (d reduces n-cap time delay (200us — 20 ps) = reduce pile up

* [BD tag allows extraction of additional signals

®* Bkg reduction for ES, doubling pointing accuracy

* D CC & monoE y from NC = sensitive to burst T & subsequent v mixing
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Supernova Detection

Neutrino Percentage of Type of
® ~15k events for SN at 10 Reaction Total Events Interaction
kpC ( 50 kt volume) Ve+p—n+et 88% Inverse Beta

Ve +€~ — Ve +e™ 1.5% Elastic Scattering
Vet+e —Ue+e <1% Elastic Scattering
e -90% eventsare IBD Vrt+e —vpte” 1% Elastic Scattering
: ve+1%0 s e +18F 2.5% Charged Current
nghly Complementary to v, +1%0 s et +16N 1.5% Charged Current
ve-dominated LAr signal S st et? mala Ak 5% Neutral Current

* Enhanced n tag via low threshold scintillation

® (d reduces n-cap time delay (200us — 20 ps) = reduce pile up

* [BD tag allows extraction of additional signals

®* Bkg reduction for ES, doubling pointing accuracy

e D CC & monoE y from NC = sensitive to bur T'& sbse vmixing

Early warning (PR value)
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Talk by M.Yeh [Thurs pm]

WDbLS Development ™"
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Talks by V. Fischer, S. Qian, L. Wen, A. Lyashenko, |. Kameda, T. Lindner

Photon Sensor Development

“Standard” PMTs

MCP-based photosensors
|ANL, Chicago, INCOM]

Single-PE pulses
FWHM ~ 1.1 ns

N
o

TTT[TTTT[TTTT[TTTT[TTTT[TT
| l l I l

S
E 15
< 10
D
w 5
—9%80000 65000 70000 75000
time (psec)
Modular PMTs T o 10°F
P ——— C 1me resolution - .
s o S B Jf Pulse Amplitude
- _ 64 ps FWHM 10°¢
: : 102§
101
; : \ 15...|..l.|....1....1....1....1....|....|..1.|.J.
64500 65000 65500 66000 66500 0 5 10 15 20 25 30 35 40 45

time (psec) amplitude (mV)

Teeem Nucl. Inst. Meth. Phys. Res. A. Volume 814, 19-32, (April 2016); Nucl. Inst. Meth. Phys. Res. A. (Oct. 2016)
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CHESS: PRC 95 055801 (2017)
CHErenkov-Scintillation Separation

Ring-imaging experiment

Time- and charge-based separation in LAB/PPO

Outer PMTs - Data

Mid PMTs - Data

Inner PMTs - Data

b loci®i | e uSOOA o | e LA Q_ML;;;M;Q
-2 -1 0 1 2 3 4 5 001 002 003 004 005 0.06
Hit Time Residuals (ns) Charge ratio

Eur. Phys.J. C (2017) 77:81 |

PMT Array

LAB LAB/PPO LAB/PPO

LAB (time) (charge) (time) (charge)

83+3% 90+£2% /0x3%

11+1% 6+3 % 36 +5 %




CHESS: PRC 95 055801 (2017)
CHErenkov-Scintillation Separation

Ring-imaging experiment

| Time- and charge-based separation in LAB/PPO
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CHESS Results: WbLS

WDLS 1% WDLS 5% WDLS 10%
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Time Profile

Extract microphysical parameters by fitting to MC model

I [

''''''' Cerenkov
goSr source, single pe regime, detailed MC L Scintillation
Reemission
Calibrate method using well-understood LAB/PPO target . DATA
Time profile model: 3 exp. decay + rise time Preliminary

.= 0.7 ns

3
_ Z — ‘ T1=4.3
/)(t) X (1 — € t/T,‘> X A,j(t)z t/T' ! 1o H. M. O’Keeffe et al.
]

T2= 16 NS | Nucl. Instum. Methods
A640, 119 (2011
3= 166 ns (2011)

i | o

Rt 4]

iy 3 i e ld

) T A% el L'

\ hd | R

{ { i e

N HE 1 { {

1 s 13 | 8
! ) Al

Time (ns)

Good agreement between data and model “out of the box”
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Time Profile

Extract microphysical parameters by fitting to MC model

I \ [

‘‘‘‘‘‘‘‘ Cerenkov

»»»»»»»»»» Scintillation

9oSr source, single pe regime, detailed MC
Calibrate method using well-understood LAB/PPO target 1072}

Time profile model: 3 exp. decay + rise time

Reemission
—— DATA

Preliminary

_ _ : T1=4.3ns
/)(IL) o (1 — € t/T") X E A.l‘(? t/T' ! H. M. O’Keeffe et al.
)

T2= 16 NS | Nucl. Instum. Methods 4
A640, 119 (2011 {
3= 166 ns (2011) 1077

P
¥ i el

, t 18 L IR

IR (e s o

3 ) HLp s

L

Good agreement between data and model “out of the box” 0 20 40 Fime (ns)

Fit for scintillation time profile of WbLS

Result of fit (10% WDLS) F'i r:s()u:;tgs:
=0.
, , - -, =-2.77
-1l P\ WeLs 0% o zoou O - 1, =-21.40
“wu% R -R, =0.94
1072 Wi
Mg, 7“”;0 1

107

107

O 5 O Time (11590
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Time Profile

Extract microphysical parameters by fitting to MC model
9oSr source, single pe regime, detailed MC
Calibrate method using well-understood LAB/PPO target

Time profile model: 3 exp. decay + rise time
T.=0.7ns

3
p(t) X (1 o G_t/Tr) X ZAI'C—IL/T’. Tl:4.3 1o H. M. O’Keeffe et al.
1

T2= 16 1S | Nucl. Instum. Methods
A640, 119 (2011
3= 166 ns (2011)

Good agreement between data and model “out of the box”

a0 R 34 Cerenkov
107" intilat
~~~~~~~~~~ Scintillation
. ~+ Reemission
107

I I [

— DATA
Preliminary

Fit for scintillation time profile of WbLS 07 AN T e e e
Fit results: 10~
0) - I ™
Result of fit (10% WDLS) -1 =0.39 0 f o
- A WBLS10% .|/ = =207 107
1 -1 ﬁ ‘ 0 ]0—1§ 0. ZOOM . - 1. =-21.40 ; ;
O ‘. L \ /\\u , ' . - R2 — 0 94 'l'imc(tlspo
| L T ; ===
107} 4 A o, =
1%, 5% WDLS seem | -
consistent with time iy e T\
: ; | 1S aab o Preliminary
rofile Umﬁ\ a
P ﬁ 107 R L {]fﬂ
50 Time (ILQO
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Preliminary light yield

Note: assumes LAB/PPO wvl emission profile

Fit for WBLS time profile

LABPPO: 10800 ph/MeV ~ WbLS 10%: 1500 ph/MeV
=MC ~MC

10} ' DQM/WM Method: define LAB/PPO LY
" '{“\k\ 107} | Calibrate setup to LAB/PPO charge collection

104 "M e i Determine LY of WbLS cocktail (data/MC fit)

0 100 200 300 (40 0 20 40 60 .80

WbLS 5%: 750 ph/MeV ~ WbLS 1%: 150 ph/MeV WDBLS Ligth Yield wrt LABPPO

0.15

- MC . - MC .

] O_: J[ ./’.“b “5\ - DATA H—‘\.‘\ E

.y ’ m‘ . ]0—20 -?52."‘ - DATA :;i» o

! | ‘ e | Q ' B
107} 'Y : -'_-..b 3

l A 107} N 3 ‘

SESESe. | e I &

0 20 40 0 10 20 30 5

0

2% 4% 6% 8% 10%

WbLS Concentration
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Signal Separation in Theia
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Signal Separation in Theia

B: Cherenkov, R: Scintillation
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Signal Separation in Theia

B: Cherenkov, R: Scintillation B: Cherenkov, R: Scintillation
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Ring Imaging
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Ring Imaging

B: Cherenkov, R: Scintillation
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Ring Imaging

B: Cherenkov, R: Scintillation B: Cherenkov, R: Scintillation
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Talks by M. Askins,V. Fishcer, C. Mauger

Community Interest

Scale Target Measurements Timescale
UChicago bench top fast photodetectors Exists
H20 electronics, readout,
CHIPS 10 kton 2019

mechanical infrastructure

- EGADS 200 ton | | Exists

e R s A el i e A T S S Rt e e L R 4 2 T S B Rl i B i 0B

ANNIE 30 ton Isotopelioading,fast Exists
photodetectors

|  WATCHMAN | kton 2020 ;

directionality

Exists
(WDb)LS light yield, timing, loading |
2018 ]
CHESS (LBNL) bench top signal separation, tracking, Exists
WHLS reconstruction /
BNL | ton |Ight )’Ie|d, Ioading, Exists
attenuation
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Gd leading and
cation

Infrastructure,
underwater
integration

Neutron yield,
LAPPD deployment

e _ -[1:’_’:"/" (2,
\\\[\\\}\ :‘ T TN j?“l'““' f'/'/’/f',-:.

\\r: ,» v ;{ﬁ\\ s VAN § ." 3 7 (’f._,,
38 AW W1 2
A 2

\l;" ‘\F"
/I
.1 |
SR | [ ke
R f | 2 o
1 | i A
L= Ry
4! 2w
aly e

bLS, Gd, LAPPD,
QE PMT, full
Integration prototype

g0 —
-ANNIE [ | Note: not an exhaustive list!
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THEIA Collaboration

‘_l P,
Canada Finland Juelich UK Cornell U. U. Penn
Alberta Jyvaskyla Mainz Sheffield U. Hawaii Stony Brook
Laurentian 1y TU Munich [owa State SURF

UsS
Queens U. Hamburg Brookhaven NL Lawrence Temple
Toronto Germany Berkeley N  UC Berkeley
Aachen Portugal Boston U. )

China LIP U. Chicago LSU UC Davis

_ Dresden ' MIT
Tsinghua Colorado U.
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Summary

® Rich, exciting program of
ongoing R&D




