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ZEEINLDBD Down Select 3Bzl

April 18" This charge will be conveyed to the Team managers. .

June 1% Proposal packages should be conveyed to the Office of Nuclear Physics. -
June 28®: Panel questions will be submitted to the Teams. .

July 13®-16™: Portfolio Review .

Ton Scale Neutrinoless
Double Beta Decay
Portfolio Review, July

o Day 1: 90-minute presentations and Q&A .
13'161 2021 o Day 2 and 3: Round-robin breakout sessions on Discovery Potential, Technical
Maturity, Cost & Schedule, and Project Management. .
o Day 4: Panel Discussions and Conclusion .

To review CUPID,
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GERDA 6Ge
Majorana 76Ge
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KamLAND-Zen
(~2700 m.w.e)

190
~3% °""Xe
(2011 - Today)

SNO+
(~6000 m.w.e)

7800ME

natTe loading

JUNO-BB
(~1800 m.w.e)

Chin. Phys. C 41 (2017) 053001

25

THEIA
(4300 m.w.e)

Eur. Phys. J. C (2020) 80:416

THEIA-25(2.55 1)
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KamLAND-Zen SNO+ JUNO-BB THEIA

(THEIA-25: 25 kton)
(THEIA-100: 100 kton)

KLZ-800 R 1 /E (2020): RIE1T
> 8x 1025 yrs Chin. Phys. C 41 (2017) 053001 Eur. Phys. J. C (2020) 80:416
KLZ-800 (5%F): 0.5% loading (34F): 500§ 136Xe (54F): 49.5fi136Xe (10£E):
> 5x10%6 yrs > 2x10%° yrs >1.8x1028 yrs > 2.0x1028 yrs
KamLAND2-Zen: 2.5% loading (44F): B0Te B &KL, TIHLM ~31.4§13Te (104F):

> 2x10%7 yrs > 1x10%7 yrs B, REFHITE. >1.1x1028yrs 1o



BAHE: 20vPPILE (XemkTe) iRINREZEL

KamLAND (2002 osci. RPL) ~3.5x 1018
KamLAND (2005 thesis for PRL) ~3.4 x 10718
KamLAND (2008 thesis for PRL) ~2.7 x 1018

KamLAND (2015 solar) 5x 1018
1 kton ~ KamLAND-Zen (2013 PRL) 1.3 x10%°
SNO+ (2020) 1015
20 kton  JUNO (baseline case) 1015
APEBEF. OvBp <«— JUNO (ideal case) 1017
THEIA (target) 1017

~5.2 x 10/
~8.7 x 107/
~6.1 x 10/
1.3 x10°Y
1.8 x 101
1016

1015
10-17

10-17

References:

Phys. Rev. C. 85.045504, Phys. Rev. C 92, 055808 (2015), Phys. Rev.
Lett.90.021802, Phys. Rev. Lett. 117.082503, Phys. Rev. C.84.035804,
KamLAND Ph.D. theses, Eur. Phys. J. C (2020) 80:41, talks at NEUTRINO2020



AP : S{EF#aIBalloon

EEJ - Balloon film backgrounds:

28y ~3x10"12g/g  x10 reduction compared | R=1.9 m
252Th~4 x 107 g/g  to KLZ 400 mini-balloon

KLZ-8004%I/ERYE— Inner balloon (2014-2016)
B, IRBEEHM (2017.5-2018.4) , 2018.5%%&

) Azusa Gando @ Neutrino2018
P Christopher Grant@ Neutrino2020

< ° Outer balloon (R=6.5 m)
- 238 ~ 18 ppt, 23°Th ~ 14 ppt

BB ERERILNIROERNES
|RHEZ— (2015.7228)) .
T BE 12K R,

R=6m 12




REJUNORNESHRES (~700 m) FlillKamioka, SNOLab, {BXJ=F
H&ZFHRETrackingé], AISEIBHANRGSHIEZHEFESRIE

Table A9. The estimated rates for cosmogenic isotopes in JUNO LS by FLUKA
simulation, in which the oxygen isotopes are neglected. The decay modes and @ values
are from TUNL Nuclear Data Group [475].

#FrBmuon vetok B,

[sotopes 0 (MeV) 52 Rate (per day) .
*H 0.0186 (37) 12.31 year 1.14 = 104 %JﬂbarX|v.2006.11760,
®He 3.508 (67) 0.807 s 544 CPCA5 (2021) 023004
:Bc Orc = 0.862 (10.4% ~, E, = 0.478) 53.224d 5438 ( JUNOKXBHH#F)
He 10.66 (3: 84%), 8.63 (5~n: 16%) 0.119s 11
fLi 16.0 (37) 0.839s 938
B 16.6 (87) 0.770 s 225 / norm
Li 13.6 (8 49%), 11.94 (5 n: 51%) 0.178 s 94
’c 15.47 (37p: 61.6%, 51a: 38.4%) 0.126 s 31 ‘
10Be 0.556 (87) 1.51e6 year 1419
¢ 2626 (3+) 19.29 5 482
ML 20.55 (87 n: 83%, A 2n: 4.1%) 0.00875 s 0.06
Be 11.51 (37 96.9%), 2.85 (8 a: 3.1%) 13.76's 24
e 0.960 (3%) 20.36 min 1.62 x 10*
’Be 11.708 (3=, 87n: 0.5%) 0.0215s 0.45
g 13.37 (8—) 0.0202 s 966
12N 16.316 (3+) 001105 17 K assoc Hshower
B 13.437 (87) 0.0174s 12
3N 1.198 (3%) 9.965 min 19
1B 20.644 (8, B7n: 6.1%) 0.0126s 0.021
e 0.156 (37) 5730 year 132
5¢ 9.772 (87) 24495 0.6
15C 8.010 (3—n: 99%) 0.747 s 0.012
16N 1042 (3—) 7.130s 13
N 8.680 (8~ 5%), 4.536 (3 n: 95%) 4.173s 0.42
T8N 13.896 (5~y: 93%), 5.851 (87n: %) 0.620 s 0.009
Neutron 155 000

J. Phys. G43:030401 (2016)
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~—LS: 2.5¢/L PPO, 3mg/L bis-MSB in LAB

—0.5%Te in LS (Syn. 27)

~—0.5%Te-LS (Syn. 26)

Abs

— 0.17
i E *IT . 012 + k
e natTeREHEY: 3% e N— N
J—Ii IJ___l tb "0 0 e sw so o0 ek 7m0 70

- BRAEREHE: ~1077 g/g
L. BRESTERNES
. KiprEEt: > 106 v

. -~ 0.15
o THAHX!:
° 0.13 0.5%Te-LS, 9 months later

o <2025%F: TSRIERERINECITATE 'l | amIr meEsEilE, SIe0.5%Te,

0.09
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RYE — P, ELRE, PHH=E

For a none background-free experiment, use simple counting approach:

Detector Exposure
-~

s _ In2- N, . € 1—p Isotope

Detector efficiency

2 r (

abundance

1/2
/ M, 1sotope

* For 90% C.L, a=1.64

a-\/B\‘

Background in ROI

TOFR 0" Muom
In2-N4 B

Re-define Background Index (B.l.) and Detector Exposure

B b
= (Men - t/M;sotope) - ROI
Mnov"m — METI !
ROLI - Misotope

15



exposure/ROI/(molyr/keV)
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Chin. Phys. C 41 (2017) 053001
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\ﬂ:bj], i . [1 GERDA (phase-II, coxial)
WPk A V2271 M GERDA (phase-ll, BEGe)
" o b -z - KamLAND-Zen (phase-II, periodl)
,‘: g KamLAND-Zen (phase-II, period2)
. 7 s ® EX0-200
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WE 2vBp 0.2
== 8B solar v 0.7 ~x1.9
ZFTF:G Reactor V,-e 0.1
cosmogenic background
10¢ 0.053
. 5He 0.063
F&E 8Li 0.016
FE 121 38x10-¢ ~ X 3.2
others (Z <6) 0.01
137Xe 0.07
internal LS radio-purity (10~17 g/g)
214Bi (238U chain) 0.003
B8 20571 (232Th chain) _
212 (232 : -
g4 Bi (#32Th chain) 0.03 . x2.2

JUNO-BB

5THEIA

summary of backgrounds in Ovpi ROI
[ROI-(ton 136Xe).yr]—1

external contamination

214Bj (Rn daughter) 0.2
total 1.35
—

ROIENXAFWHM: ###75.8%

~ x 2.0 5SROIEFEX

THEIA{Ri&50%
SBHJiBERR

I °B solar v

[ T2vpp

I *Bi (Rn daugther)
[ 1'%
[ °He
"

[ | Internal LS
I i
[ Other Isotopes (Z2<6)

Chin. Phys. C 41 (2017) 053001

2017£ELA35XeAfl, iHETIJUNO
SHOovBBHIRBE. wEB.1.5
THEIARRERES, E5IEROIE
E. S IFEERIRaIERREED

Background Index (B.l.)
~ 1.35 evts/FWHMY/ (ton 136Xe)/ yr

17
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THEIA
(KERINFAR)

arXiv:1911.03501

Eur. Phys. J. C (2020) 80:416 THEIA25 . S 0vpLRRYIFENIZEELE |
2020.06 X R EE: S " 20m 90% PMTZESE;

BEEDHE3%/VE;
R=8mAYBalloon, B3z
XeglizTei®IN;
LSapEERSIUNO—E]

3% enrXe (49.5M1 136Xe)
5 5% "tTe (31.4M1 13°Te )

20



T H E IA Eur. Phys. J. C (2020) 80:416

Eur. Phys. J. C (2020) 80:416

Page 23 of 31 416

Table 7 Dominant background sources expected for the NLDBD
search in THEIA. The assumed loading is 3% for Xe, for a 1%*Xe mass
of 49.5t, and 5% for Te, for a '3°Te mass of 31.4t. The events in the
ROl/year are given for a fiducial volume of 7m and an asymmetric

energy range around the Q-value of the reaction (see text). A rejection
factor of 92.5% is applied to 1°C, of 99.9% to 2'*Bi. of 50% to the
balloon backgrounds. and of 50% to the ®B solar neutrinos

Source Target level Expected events/year Events/ROI-year
5% "arTe 3% " Xe
P
10C 500 2.5 25
8B neutrinos (flux from [124]) 2050 13.8 13.8
1301 (Te target) 155 (30 from ®B) 8.3 —
136Cg (enrXe target) 478 (68 from ®B) —~ 0.06
2vBB (Te, Ty from [125]) 1.2x10% 8.0 -
2vBp (" Xe, Ty from [126,127]) 7.1x 107 - 3.8
Liquid scintillator 24Bi: 107V g /g 7300 0.4 0.4
20871 107V gy /e 870 - =
Balloon 214Bi: <« 1072 g /g <2x10° 3.0 3.4
2871 < 10712 gpple <3 x 10* 0.03 0.02
[—R\) . ~
%Og.'ﬁfé;o's 0 20): Background Index (B.l.)

~ 24 evts/(49.5 ton 136Xe * 67%)

R=7 mFV cut:

WE67% 0.72 evts/ROI/(ton 136Xe)/yr 21
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