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33 emitters with Qgz >2 Mev

Transition Qss (keV)  Abundance (%) (*2Th = 100)

Wopy 110 ¢y 2013 12
0 Ge —'° Se 2040

124G, 124 To 2288

136 xp 136 By 2479

130T, 130 X, 2533

1164 116 Gy 2802
826, .82 Kp 2005

unitésrarbitrairars

[T, =Gy, (Eo.Z) | Mg, | 2<mgg>2 /m 2

T, ,~a(Mt/AE - B)'/2 a: abundance  M: target mass

t: measuring time AE: energy resolution B: BG rate

Requirement : Low BG, Large target mass, Good E-resolution
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Future Neutrinoless double beta decay
experiments

/ A,

N
] \

Future Neutrinoless
Double-Beta Decay Experiments

e Jason Detwiler, University of Washington
A =i 1N ) ; -

2 | Neutrino 2020 - Virtual Meeting

1 July 2020
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® Present best limits:
e 136Xe (KamLAND-Zen): Ty, > 1026 yrs
e 76Ge (GERDA): T1/2 > 1026 yrs

e 130Te (CUORE): T12 > 3x1025 yrs 102

NME ambiguity

Inverted
® Future goal: é _________________________________________________________
. . t-o ati s0al
~2 OoM improvement in Ty =, 10F nOXEeneion sog i
e Normall=".| Inverted )
® (Covers 1O Normal T — e

atmospheric

N _— — ~delir-iev?
a 50 I el +

Up to 50% of NO

0 x * ]

Factor of ~few in A

® An aggressive experimental goal 10" y 10 102 103

J.Detwiler@nu2020
® To cover IH region, measure T,,=10%" years
® To reach NH region, need T,,~10%8 years measuring
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Technigues for Neuirinoless double beig
ay experiment

e Bolometers (CUPID, AMoRE, CANDLES V)

® Measure £ (0 ~ 0.1-0.3%) from phonons; granularity gives position info

¢ Instrumenting with photon detectors for background rejection

® External trackers (SuperNEMO) MTD

® Trackers + calorimeters, measure £ (o ~ 3-10%) + tracks / positions + PID

e Scintillators (KamLAND2-Zen, SNO+, Theia} ZICOS)

® Measure E (0 ~ 3-10%) + position from scintillation light; some PID

® Semiconductors (LEGEND, SELENA)

® Measure £ (0 ~ 0.05-0.3%) from ionization; some tracking / position sensitivity

® TPCs (nEXO, NEXT, PandaX, AXEL, NvDEx, DARWIN, LZ)

® Collect scintillation + ionization: measure E (o ~0.4-3%) + tracks / position + PID

lod .Detwiler@nu2020
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E X p er | men ts J.Detwiler@nu2020

mass

Collaboration Isotope Technique (0vB isotope) Status
CANDLES-III #Ca 305 kg CaF> crystals in liquid scintillator 03 kg Operating
CANDLES-IV #Ca CaF> scintillating bolometers TBD R&D
GERDA T6Ge Point contact Ge in active LAr 44 kg Complete
MAJORANA DEMONSTRATOR T6Ge Point contact Ge in Lead 30 kg Operating
LEGEND 200 T0Ge Point contact Ge in active LAT 200 kg Consltruction
LEGEND 1000 T0Ge Point contact Ge in active LAr | tonne R&D
SuperNEMO Demonstrator 82Se Foils with tracking Tkg Construction
SELENA 82Se Se CCDs <1 kg R&D
NvDEx 82Se SeFs high pressure gas TPC S0 kg R&D
I ZICOS 97 10% natZr in liquid scintillator 45 kg R&D I
AMoRE-1 100Mo 40CaMo0y scintillating bolometers 6 kg Construction
AMoRE-IT 100Mo LixMoOy scintillating bolometers 100 kg Construction
CUPID 100Mo LixMoOy scintillating bolometers 250 kg R&D
COBRA 16Cd/130Te CdZnTe detectors 10 kg Operating
CUORE 130Te TeO> Bolometer 206 kg Operating
SNO+ 130Te 0.5% naTe in liquid scintillator 1300 kg Construction
SNO+ Phase IT 130Te 2.5% matTe in liquid scintillator 8 tonnes R&D
Theia-Te 130Te 5% natTe in liquid scintillator 31 tonnes R&D /
Kaml[.AND-Zen 400 136X e 2.7% in liquid scintillator 370 kg Complete /
Kaml[.AND-Zen 800 136X e 2.7% in liquid scintillator 750 kg Operating
Kaml.AND2-Zen 136X e 2.7% in liquid scintillator ~tonne R&D
EXO0-200 136X e Xe liquid TPC 160 kg Complete
nEXO 136Xe Xe liquid TPC 5 tonnes R&D
NEXT-WHITE 136Xe High pressure GXe TPC ~5kg Operating
NEXT-100 136Xe High pressure GXe TPC 100 kg Construction
PandaX 136Xe High pressure GXe TPC ~tonne R&D
AXEL 136X e High pressure GXe TPC ~tonne R&D
DARWIN 136X e matXe liquid TPC 3.5 tonnes R&D
LZ 130X e natXe liquid TPC R&D
Theia-Xe 136Xe 3% in liquid scintillator 50 tonnes R&D
R&D Construction Operating Complete
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LICOS experiment for neutrinoless double
peta decay using 7éZr

Liquid Scintillator:
(1) 10 wt.% Zr(iprac), loaded in
Liquid Scintillator
(2) 3~4% at 3.35MeV of energy
resolution with 64% photo
coverage and long attenuation
length.

Inner detector with ~64% photo 10m
coverage 20” PMT including 1.7ton  Purpose:
o v

Zirconium loaded 113 tons LS in D Direct measuremeny
fiducial volume. (Total vol. : 180 @ Confirm parametet of nuclear
tons) matrix elementmodel
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Liguid Scintillator solving Zr(iPrac),

> 70g/L of Zirconium could be solved in anisole.
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Measured at several conditions of PPO concentration
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8.0 . 4.0 6.0 8.0 10.0
concentration [wt.%] concentration [wt.%]

48.7+7.1% light yield to 13.0+2.0%

standard cocktail was V(64%/9.2%)X(3.35MeV/1.03MeV)

obtained at 10wt.% = 2.7+0.4% at 3.35MeV
concentration.
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Measurement for energy resolution b

#“Na 1.275MeV
110 deg fixed

compton scat.y
makes 982keV e

observed number of events

0
8000 10000 12000 14000 16000 18000 20000
ADC summed channel

o/E=7.0% @982
keV&20%photo
coverage

Background (accidental
triggerd) events

observed number of events

2.2%@3.35MeV
&60% photo
coverage T D simmed channel.
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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 10*E | (a)Period2  —— pa Y
S — Total UL T+ "Bi
_____ N ——Total +Po+ UK e K
inner balloon 77 ___e==TT 7T JI0E (0vBB U.LY_——- IB/External|
. ., ﬁ - — "Xe 2vBp  —-- Spallation
total volupme : 180ton N i 102 L g_: B OvBp
fiducial v¢l. : 113ton % E (0% C.L. UL
...... 2 10g
. Zr(iprac), 10wt.% = E .
PPO 5wt.% -
1E -
pure water T : E - -
[ e A O T T B PUETERET |  PO O c
107 1 2 3 1

(0 20° PMD with QE~0.4 and TTS <Ins @ Ipe Visible Energy (MeV)

Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction) N E M 03 T10/1f2 > 9 : 1 X 1 02 1 yrS

%7Zr : 45kg (nat.) — 865kg(50% enrich)—1/20 BG

Ty, > 4 x 10%° yrs — 2 X 102°yrs — ~1 x 1027yrs
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208T| (3.053 m)

5(+) 0.0

A f— decay 10000 %

Qp = 4.9940

¥s 718

i

Yz
¥y 3

208Ph(stable)

The vertex position reconstructed
by scintillation might be within
fiducial volume due to gammas.

Za—hJ/ERHEDGVW_ERN—FRRIEETDED

Radiations

v(i)
(Bg-s)”

beta- 5
beta- 8
beta- 10
beta- 11
beta- 12

2.27x10%
3.09<107%
6.30<10%
2.45%10%
2.18x107!

beta- 13

48710

ce-K, gamma 3
gamma 4

ce-K., gamma 4
ce-L, gamma 4
gamma 6

ce-K. gamima 6
ce-L. gamma 6

4.04-107%
6.31x10%
2.84x107%
4.87+10%
2.26%10°!
1.97<10%
3.32<10%

gamma 7

8.45<10°" |

ce-K, gamma 7
ce-L. gamma 7
gamma 13
gamma 15
ce-K, gamma 15
gamma 19

1.28<10™"
3.51<10%
1.81x10™%
1.24%10°
2.80x107%
3.97<10%

gamma 25

/

9.92x107!
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Discrimination of signal and BG

DA s\
-
-
‘s
‘v

-
ss

Reconstructed vertex \
by Cherenkov light
Balloon or

surface of ' ’
detector
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average angle with respect to average direction - .
Average direction
e =20

/2degree

— 1 electron

vertex located within
fiducial volume

A4 Averaged
di 6 ang|e= 2 ei

\ Nhit
Average angle with respect to averaged direcy
for single electron seems to have a peak at 48
degree which is almost same as Cherenkov angle.

15}
=z
-
&
5
b
(=
.
2
=
=
=
s

0 0 2 2 s =
0 10 20 30 40 B0 60 70 80 90
average angle [degree]
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BG reduction using topological information

*8T] beta-gamma multi events sample
Simulated by EGS5

400
300 3+
200 Sl
100 Fo T IS

100 3
200 -

300 G RSB QHET D
]
-400

200 400 -

Vertex position ™
Double beta decay event sample

Simulated by EGS5

200 400
-400

200
200 400
400

200
200 400
400

Vertex position

PMT hit pattern of 298T| BG an

OvB signal

—a— RO EA— S ZOED

averaged angle with respect to averaged direction

BT T SAAAERAARE RARLE RALRE RAAAS RALE RARRN LRAS LRSS

< - Simulated by EGS5 -

: DBD :

(0] ]

_ . 78%
120 = vertex located within =

- fiducial volume i hi re m a i n

[

[N

-
i

[
<
<
|
l

Number of events/2degr

: Ll i i IHII
0 10 20 30 40 50 60 70 80 90
averaged angle [degree]

7/
Topological information from
PMT position which received
Cherenkov lights could be
used for reduction of 298T| BG.
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Measurement of pulse shape difference
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= (W ) (e

¥
pec |
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| Mod. vi7s1 " "

)
-

Pulse Shape Discrimination (DPP-PSD) E

® ength Encoding (DPP-ZLEplus i §
0.2 or 1 Vpp input dynami
16-bit programmable DC offset adjustment: 0.5
Trigger Time stamps
Memory buffer: up to 14.4 MS/ch (28.8 MS/ch @2 GS/s)
Programmable event size and pre-post trigger adjustment
Analog Sum/Majority and digital over/under threshold flags for
Global Trigger logic
Front panel clock In/Out available for multiboard synchronisation
(direct feed through or PLL based synthesis)
16 programmable LVDS 1/Os
Optical Link interface (CAEN proprietary protocol)
VMEG4X compliant interface
A2818(PCI) / A3818 (PCle) Controller available for han
8/32 modules Daisy chained via Optical Lin
Firmware upgradeable via VME/Optical Link
Libraries, Demos (C and LabView) and Software togls for Windows and
Linux

-
HIfEEEEIE T

to
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http://www.caen.it/products/dpp-psd/
http://www.caen.it/products/dpp-zleplus/

Measurement of pulse shape difference

Spectral response : 400K QE: 25% at peak
Dynode structure : linear focused/8 dinodes
High voltage : 3000V
Gain:2.5x 109 dark current :100nA (H6412°10nA)
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Averaged pulse shape with 0.5ns bins ° PUISe Shape Of QOSr US|ng

H2431-50 measured by

V1751 with DES mode

(2GS/s)

* Decay time of scintillation :
4.57ns and 8.38ns

* Rise time of scintillation :

1.45ns
el * Rise time of Cherenkov/

FADC time [ns] 0.75ns
Use the charge ratio Q;,o/Qi.1- HeEre, Q;meis FADC

arbital scale

-; Scintillation light

~\~ Cehrenkov light

value in each time, and Q,,is sum of FADC value
between 55ns and 80ns.
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Liquid Scintillator
or Anisole

0o ] AN / Light
N e o0 . _ Guide
o My,

- " : . __ H2431-50
L. s P }

h P 0 ] )
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
Qtotal

Pb block

T T T T
6000 3
-|- gamma events _E
backgrounds _E

xR
[
o

Number of events
Number of events
5
(=)

[\S)
o
o

T I 1T I LELEL I LI .
137CS =

-|- gamma events E
backgrounds E

<o =
(=) o
(=] (=}
(=] o

st 50Co (1.17MeV/1.33MeV)
2 Compton edge: 1.04MeV
N T 137Cs (662keV)

Number of events
L1
Number of events
()
[
o
(«]

2000 4000 6000 8000 10000

- Compton edge: 478keV
g - 133Ba (356keV)
backgrounds 3 Compton edge: 207keV
, § 57Co (122keV)
e Under Cherenkov threshold

L
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

L - (169Kkev)

L B S L B i L ]
57C0' 57CO:
backgrounds 7]

T | Pulse shape with charge

backgrounds _-

e M ratio in each FADC time.

h
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Qtotal Qtotal

Za—h/EEDBD B2 BT ORED Feb 12th, 2021 20

o~
o
(=]
o

13358 -
-l- gamma events E
backgrounds E

Do
o
(o]
(e}
Number of events

Number of events

o
(=]
o

o
o
(=]
o

ot

o

[ )
o
(=]
(=]
Number of events

Number of events

(=]




t=58.5ns

t=59.0ns

0 0.1

Qime! Qotaa

0.1

I7
imel Vet

0.1

Qtime/Qtotal

time Vtotal

Ql:inle/Qtotal

time! Ctotal

0.1

Quimel Qorar

Qtime/thal

0.1

0
Qtime'/ Qtotal

* There is difference of
shape between t=57ns
and 58ns

« Charge ratio looks
depend on the energy

 For t>58.9ns, all shapes
were almost same.

Cherenkov looks dominant
between 57ns and 58ns.

. o oa
Qe Vot

q

time " Vtotal

and 58.0ns for®’Co.

Quine/ Quoral
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GOCO

ulsie il © Most of backgrounds
have lower y?than 1.0

* Most of backgrounds

1Cs have lower energy than

-|— gamma events

backgrounds

i ko Cherenkov threshold,
then only scintillation
was seen.

33
-|— gamma events
backgrounds
+ +
LTI L A e Thb L by gt
AN, oloet s NSTNAN TSl Y el
6 7 8

It seems to events with

-|_ gamma events

backgrounds

Cherenkov lights should
have large y? value.
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backscattering gamma coincidence measuremnt H2431- 5 0 Light Liquid

2 ok i Gul

60Co _E
Pb block~” - - La o
I

15
total 31events ] 3 3
60C0

Scintillator

+ w01

Number of events

_I_I ITAITTRARTITARRITIRRATA TN INIT1NITT -

LAl 1L

0
0 2000 4000 6000 8000 10000

Qtotal

v2>0.1:22events/28events |ELEERENEARCE] Y
—78 6% ADC ch~3400cn

o If the events with X2>

should have Cher :
| ek lights, is this ineffiCigncy

R R 01 4+ 9 6% cofrect?
BG events 3evets
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Liquid Scintillator

L L B T

:—-—L 60(30 ]
- ‘|‘ o cvents Pb block or Anisole
P 3870events nght

’ N, — ’f+i _ o / Cuid
',Hipl ) y :403events§ M| 1 Co \ . uide
f Iﬂflﬁ i’fﬂq 3 N\W . __ H2431-50

GOCO
-+- gamma events

Number of events
Number of events

12 <0.1(schtillation like) { *
TR R = VRS R oIl 1/ (2/3606=49.11.4% IOor

TrTrrrrrerrprrrpr T
._H

Compton edge event BG sample

BG

—
<
o

Inefficiency value between
\.W Compton edge and BG

ﬂ"mﬂ.aw] r sample differs with 2.8€
- Topology of Cherenkov

i
0 2000 4000 6000 8000 10000

o< llights for O(1)MeV e-
was confirmed.
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HUNI-ZICOS

Pb shield

-
-
-

-
_____
-

-
~u

La-GPS
Pb block 1.836MeV scintillator

average angle with respect to average direction

o RARE LARRY LARRN LARES RARL oA numal kN LLESE ool
0 898 VI e \/ £ Mean 48.06
° A;igmx 3853 ]

100 - f

— 1 electron

Vel ed within
86 [ fidueda mine

Total PMT: 32

Number of events/Zdegre

Photo coverage : 60% Hamamatsu ol

on the hemisphere 3/8” PMT H3164-12

G IS FPETl P | Iw.-!...lﬂ..‘u.w!...z

0 10 20 30 40 50 60 0 80 90
average angle [degree)

Za—h)/EFDBVZER—2EELEZOED Feb 12th, 2021




smmmomooooooo ESMH
if T T e e rR T

‘_lzflﬁ}fm[ﬂﬂﬂmﬂmmﬂ!Bmllliﬂ e
P ey v e S R SO A

Sensitivity: 400K
Dynode type : Line focus/8dynode
Applied voltage: 1250V

Gain:1.0 X 10° Dark current: 50nA
Time characteristics:0.5ns(TTS) 0.8n

Za—h)/ERDEVW_ER—FHIREZTDOREA
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ulse shape measurement by H3164-12

t=57.5ns

Cherenkov dominant

t=58.5ns

400
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Scintillation dominant

t=59.0ns
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template waveform using hackground events
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It's possible but need tuning.
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t1E20M #2532l step

| 20mm 20mm

{\ AUTODESK VIEWER {\ AUTODESK.

—a—R/EEDRENZBER—SEELZOED Feb 12th, 2021 29



Extension sharpening for hemisphere flask
and PMT
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Flash ADC V1742 and PMT HV system

- - e P —

I

—| |
o '«QL@:AEN..A BRI € |5

R, S A A

|

et
"/,ﬂ—"
: x
-

S\ Both CAEN HV AG7030

7 §’ and FADC V1742 32c

7 s %"\ (5Gs/s!) were check nd
=4 | ready for the meagtrement.
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 To establish backg
— topological information using
D Pulse shape discrimination for selection of PM
receives Cherenkov lights : almost done
@ Confirmation of topological information : HUNI-ZICOS will
be ready to measure soon.
@ Verification of By events reduction using topological /
information : UNI-ZICOS will start in next fiscal year.
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» Direct measurement using By events by UNI-ZICOS

UNI-ZICOS

“°Co B source

/ /Al plate (t=0.03cm)

Chimney

S1 APD

2 Co _
5072y, 0.31Mev B~ 99.88% -
s NI
7 1.1732Mev
60* .
2 N

T
1.48Mev 7 0.12%
Total PMT: 48 %

¥ 1.3325Mev
. 0
Photo coverage : 60% Hamamatsu

ani
on the spherical detector 3/8” PMT H2164-12
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* To establish background re
— topological information using Cherenkov
(M Pulse shape discrimination for selection of PMT which

receives Cherenkov lights : almost done
@ Confirmation of topological information : HUNI-ZICOS will

be ready to measure soon.
@ Verification of By events reduction using topological /
information : UNI-ZICOS will start in next fiscal year.
« Physics program (measurement of %Zr 2vpp T,,,) wit
ZICOS-| will start soon and get results within 5 year#:
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 First physics program to measure T2, for %Zr

Z1ICOS-1T -20cm diameter flask
using Ultra-pure quartz
and 30 low BG 2” PMT
R3378-50 (R2083)

- Synthesis Zr(iPrac),

Chimney

PMT fixed jig

to %Zr isotope1g

- According to NEM
\ result, expect 200
Photo coverage : 50% | events/year

Hamamatsu

e - Location: Ka

on the spherical detector

loka mine

P — Stay tuned!
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— need to confirm wi

« To establish background reduction te

— topological information using Cherenkov lights is useful.

(M Pulse shape discrimination for selection of PMT which
receives Cherenkov lights : almost done

@ Confirmation of topological information : HUNI-ZICOS will

be ready to measure soon.
@ Verification of By events reduction using topological /
information : UNI-ZICOS will start in next fiscal year.
« Physics program (measurement of %Zr 2vpp T,,,) wit
ZICOS-| will start soon and get results within 5 year#:
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® Refractive index of anisole : n=1.518

® Cherenkov angle is determined by
cos6= 1/nf3

® Assuming 1.65MeV electron, then
3=0.972 and Cherenkov angel 6=47.3
degree are expected.

® Cherenkov light should be measured.
(400nm — 600nm : 100 photon/MeV )

9

- =. ‘ 47527 sin® 6.photon /cm
c.f. Light yield of Scintillation : ~12000photon/M

Cherenkov light = 1~2% of scintillation light
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emission of anisole
absorption of ppo
semmenn gission of ppo

-.- absorption of popop
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PPO absorbed most

of emission lights from

anisole.

Effectively the energy

was transferred to the
secondary scintillator.
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... absorption of
Zr(ipcac)s

400 450
wavelength [nm]
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Absorption peaks of
Zr(iprac), was found
around at 278nm.
However, overlapped
region with emission
of anisole was existed.

Zr(iprac), works as a

guencher for the liquid
scintillator system.
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