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Detector efficiency
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FEZENLDBDECIE, Portfolio Review,
July 13-16, 2021

CUPID, LEGEND-1000, and nEXO

DoE[s)ZR A foReport of the portfolio review.

In US, the large (and rather contentious) infrastructure bill being
argued in Congress does include over 200MS for ton-scale double
beta decay

163 - EXil workshop

https://agenda.infn.it/event/27143/

SR RBMETI1028 yrsiINLDBDILEL,
Sep 29 - Oct. 1, 2021

CUPID, LEGEND-1000, nEXO and
NEXT

The Majorana nature of neutrino and the possible contribution of
neutrinos to explain the matter-antimatter asymmetry in the
universe are among the most challenging physics goals in the next
decade. The purpose of the North America-Europe workshop on
Double Beta Decay is to stimulate the discussion between the North
American and European double beta decay community and the
corresponding funding agencies to consolidate a strategy and define
a path to the discovery of Majorana neutrinos. The discussion will
focus on the upcoming generation of high sensitivity projects, their
discovery potentials and the underground infrastructures.




ICPC detector assembly:

%¢%&¥y& BE& — 76Ge 90% CL exclusion sensitivity @ 10 ton-yr | 1.6 1028 yr
30 discovery sensitivity @ 10 ton-yr 1.3 10%8yr

2.6 kg average mass
EFCu

PEN

ASIC front end

Flat flex cables

From Stefan Schonert

Detector arrays:

* 4 arrays

100 ICPCs/ array

* 1000 kg total mass

* 0.12% FWHM (0.05% o) at Qg

* Double-barrel LAr
instrumentation

* Underground argon
» Reentrant tubes

B GERDA: >1.8x10%yrs

B LEGEND-1000: > 10%8yrs
e Pre-CDR:2107.11462
e BKG: 0.025 counts/(FWHM ty)

x10%”

16:—!—|—|—|——|—0——T--o—l—[—l—l—.—,—v-q--n-

Ty [yr]

14
12F-

10(

oo
TTTT

. o :
[ Exclusion Sensitivity (90% CL) |
[ Discovery Sensitivity (99.7% CL) -

: i -

h....l...l..:l...l...i
0% 2 4 6 8 10

[ Base“neiﬁiﬂ:: SNOLAB exposure [ton yr]
« FHEAKALE: 0.6%

o [3Brf1: 2022, Module 1588%: 2028
« Module 45ER%: 97-1331NH

B Fimikilk: LNGS

e FHEANESEL: 20-50% > 10% w/ BFERC
° Module1;‘—EEJZ: 2027 12




=118.3 cm

Drift length

FZoPRFINPFIE - 13°Xe (Liquid)

Charge Tiles

SiPMs

SiPM Staves

and Spacers

Cathode

nEX® From Giorgio Gratta

Charge Tiles Support

Field Shaping Rings

Support Rods Noise strips

Reconstructed Light Np [x10°]

80

JPRL 123, 161802 (2019)

Y coordinate (cm)

Collection strips
o Induction-only strips

-60 -40 -20 0 20 40 60
X coordinate (cm)

o 104

68% of NME models

160 peprn

1S

{[F 101 10% 102 10 10% 103 102 10 100
TMmin [GV] Mnin [GV]

120

Z

" M EX0-200: >3.5x10% yrs (90% C.L.)
“ B KamLAND-Zen: > 1.06 x 1026 yrs (90% C.L.)
B nEXO: > 1028 yrs @ 6.5 yrs (90% CL)

. i e
G0 ’1'

#
1(' = Ll T T L]
40 G0 &0 100 120 140

Reconstructed Charge .-{"Q [x10%]

160

B Baselinel&ilk: SNOLAB Cryopit * Pre-CDR: 1805.11142, Sensitivity: 2106.16243

o [B30: 2022

e 1=1T: 2028

e BKG: 0.07 counts/(FWHM ty)
e Resolution: <1% (o) @ Q-value 13



ZHHFHPEZE — 136Xe (Gas)

Energy Plane (PMTs)

dvivivivivdvivivivi
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EL region —7; i

@ne From J.J. Gdmez-Cadenas

JHEP 07(2021) 146

B Baselinei¥cilk: LNGS or SNOLab

Demonstration at LSC (Canfranc
Underground Laboratory )

/__0‘05x10“'3
> [ 136
v | BF "**Xe pp2v
204
2| $ BG-sub. data
20.03| | o
é g3 y2ldot=14.7/21
4
0.02+ _rf" R('**Xe)=348.0+85.4 y"
;5— * T,,=1.93+0.47x 10*'y
0.0 {%
1 3
| -
(0] T ' -
-0.01— + +
i I [N TN (NN KON AR SHN GO NS ST BN MY NN NNTI SN O
0'021 12 14 16 18 2 22 24 26 28

Energy (MeV)

102/

Half Life [yr]

Inverted Hierarchy

102]";
|

= NEXT-100 Materials, Pure Xe

—— NEXT-HD Materials, Pure Xe
= NEXT-HD Materials, Low Diffusion
— NEXT-BOLD

0 5 10 15 20 25 30
Exposure [ton yr]

B NEXT-White (5 kg): technology demonstration

e Resolution <1% FWHM

B NEXT-100: ~ 10%°yrs (90% C.L.), operation in 2022

B NEXT-HD (1 ton): ~ 10%7 yrs (90% C.L., 5 ton*yrs), Op. in 2026
e BKG: 0.061 counts/(ROI ty) ~ 0.044 counts/(FWHM t )
B NEXT-BOLD: ~ 1028 yrs (90% C.L., 5 ton*yrs), Op. in 2029

* 1 ton, w/ Ba-tagging

JHEP 08(2021) 164  **
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CUPID 1Mo
7o M CUORE: >3.2x 10%° yrs (90% C.L.) heat + light
B SNO+: Etizg?i' (scintillating bolometer)
e 0.5%loading: >2x10% yrs (90% C.L., 3 yrs) |
e 2.5%loading: >1x 1027 yrs (90% C.L., 4 yrs) Ligt-Dejeato ghefmal
cnsor
§Z y é > Light
/M L Thermal
Mo ® CUPID: >1.1x10% yrs @ 10 yrs (30') g%j\/\/\ * )| Sensor
*  Pre-CDR: 1907.09376 g% ~J
e LNGS scientific approval in 2020.9 % Energy

e BKG: 0.5 counts/(FWHM t ) k AN Release /

* Energy: 5 keV FWHM CUPID: 472 kg Li,*®®Mo00,, >95% in %Mo, 240 kg °°M
. : g Li 00,, >95% in 0, g o)
m ik LNGS

. FEmh: 2022 (CUORE 202445%) From K. Heeger and M. Pavan
-« i&17: 2028
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Number of Models
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e
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0 O

Median Sensitivity
at the 90% C.L.

Median Discovery
Potential at 30

' NEXO |

-II_LELL.\J‘I'_I

nEXO

LEGEND-1000 |

]
]
1
[ Inverted Neutrino
: Mass Ordering -
[
[
[

LEGEND-1CG00

I
I
I
I Inverted Neutrino
: Mass Ordering
I
I
I

| I _ W —
- CUPID | - CUPID
] I
1 I
i I
I
1
|—|?_L| L
1 1

0 5 10 15 20 25
{mgg) [meV]

0 5 10 15 20 25

{mgg) [meV]

Deeper physics reach

mgp [MmeV], (median
NME)
90% excl. 30 discov.
Sens. potential
nEXO 8.2 11.1
LEGEND 10.4 11.5
CUPID 12.9 15.0

T, values used [x10% yr]:
nEXO: 1.35 (90% sens.), 0.74 (30 discov.)
LEGEND: 1.6 (90% sens.), 1.3 (3¢ discov.)
CUPID: 0.15 (90% sens.), 0.11 (3¢ discov.)

From Giorgio Gratta 16



™7 Closed session statement <%

B 1t3€ - BXitl workshop

® Neutrino-less double beta decay search 1s recognised as very
compelling science capable of reshaping current understanding of

nature

® The international stakeholders in neutrino-less double beta decay i
research do agree in principle that the best chance for success isan ~ nEXO ~ 250 M$ (sub-total) +
international campaign with more than one large ton-scale ~ 100 M$ (contingency)
experiment implemented 1n the next decade, with one ton scale LEGEND  Unknown

experiment in Europe and the other in North America.

CUPID ~ 30 M$ (ltaly) +
~ 20 M$ (U.S)

® The ional stakeholders 1 1no-less 1 7
e international stakeholders 1in neutrino-less double beta decay are NEXT-HD 20 — 30 M€

interested 1n exploring whether a more formal structure for
international coordination on this research would be beneficial, not
only for experiments of the next decade but also for future multi- See https://agenda.infn.it/event/27143/
ton and/or multi-site experiments.

17

North American and European Workshop on 0vffi - Sep. 29th - Oct. 1st, 2021
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(LREAERRE ('°°Mo)

o
B S (7°Ge)
B RIKNKRIR (130Te)

E|NSCIOLESRT,Y, (90% C.L)

EESIATPC (82Se, 136Xe) (X~ - PandaX-Il 2079, cPQ):

> 2.1 x 1023 yrs
e CDEX (2017 Scichina) :

JUNG > 6.4 x 10%2 yrs

BEEE "THHMFNNEREY R BRI AT
EInEER, 2021.09.29%%

FAZRHABR : 202281 H1H-2025812831H
THHMFNNBE=TYENEICIAR, SAESSERE
RBINAHMEEFEPHRAERAN, FETESHEMRNEE RS
PRSI E R PR F U NSRRI, BEERIERR
ANFAFIFIRIRE, BRINANNRARARIIAR,

EET AL 10meVEEmMeVERPHMFENERE
WERBERIXERA, NEREGERRFOITHH
FRINER B AR LI R BRI SHEN ISR E 4

"KEIZEEROHR EREIUEE

1.3 BHFHFRAEREFRAEFHFERXBEAFLR

ARANE: REEFEREMTERE, TRTELFHTN
T Z A KA P 4500 5250 6 RO R fe oy ket B, R
H MK LR B IR SRR,

AR AR FE T P T WIS R SR ORI R R e A
FHRFME, MR REZERE. T Topmetal A B E A B
B % % & LI HORE %, o8 B B T R I R A U E D
T 10meV R GE IR BT 55 B8 E wb FOK PR 5 7280
&, LA B8 T AR, EE WA T E, SMeV
B XA, AT AT AE S 35 E (68%IWE 15 K ), 18




EHYFMPEL (NLDBD) - EIRFAG

CUPID-CJPL CDEX-300v
W/ BT AR K B BEGeF[ICPCIRNIZE
(2021-2022) =g s
6128 K+ 5 Ak SRpral il N
B E5EGeiRNIZEHAF,
- EH2021/EZcIPL

CUPID-CJPL-Demo#£ #t 52 B
(2022-2024)
10 kg, 363 5 % dh IR

et

CUPID-CJPL-200
(2024+)

>10003k 7 % a4k

Sens: 9 x 10?6 yrs @ 5 yrs
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PandaX-Ill

B SESEIPC, [REURNIZE

SaERTER

B RYPUE DT 2.7 x 102 yrs
(90% CL, 140 kg*5 yrs)

JHEP 06 (2021) 106

\

B PandaX-ATHRSYIERIRNIEEHS
o S#ovpp, FREARBE
1025 yrs7K 32

From See¥ES2AFIIERIEMI&iRE, 2021.05

NvDEx

B KHEROK:
Topmetal-Sith 7

« Hix:

« S

30 e-
~ 50 e-

1 (2022)

Abs

Te-LS

B T Te b EME T A
B AR Te-LSECAFITZ,
73%20255—7@)“
BEnatTeRE GLL
o EHEIE: ~1077 g/g
o RN, EEESIER
WNEE
- KHiRSTEM: >108

0.15 —0.5%Te-LS

0.13 0.5%Te-LS, 9 months later
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- BTt

B North American — European workshop_E <= FEH[E|CIPL.

B nEXO. LEGENDIRBTOIEES BISZFSNOLab, LNGS

B CUPID{sEFCUORERY:

ShiRhE, tRBEPIEE3TELNGS

B A VEAM?
FACKBERON, T IES

79"5 |5]T|:|1"|E VS.

B OvPBEFRE/EIUR
CUPID-preCDR (1907.09376): EH. #&lA. EiFac
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Universe is opaque above ~100 TeV energy
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Primary goals: v mass ordering (NMO) and CP violation

NMO: fundamental v property, imply different flavor structure, a model discriminator
Strategy: Complementary NMO determination in neutrino oscillations

2 2 2 2
.Am31 and A, A.mee and Amy, Matter Effect
interference (¢) difference
Reactor - - Atmospheric

Accelerator

_ 2 - 2
Effective Am?, = cos?0.,Am3, + sin?0,,4m3,

2 = gin? 2 2 2
Parameters Amy, = sin®0;Am3, + c0s*0,,4ms3,

+ cosé sinf3 sin20,,tanf,34m3,

|AmZ,| — |Am}, | = +Am3,(cos261; A

— c0sé sinf3 sin20,,tanf,3)

=\

k-

O cp : Matter-antimatter asymmetry -%f!.:..::i:":lyper-Kamiokande

Strategy: Compare P(v, - v,) and P(v, - V,) at Acc.
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AFK: 1 meV sensitivity of |[mg]
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The project 2

# |Traits |Title Given Work | Given Earliest | Resources Predecessors | 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 [2033
Start 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 |2033
0 ®® NEXT-Project 12/05/2022 ¢ | | | ~
1 NEXT-100 Operation 3 years : : :
2 NEXT-HD R&D 3 years ( | | | \|
3 NEXT-BOLD R&D 4 years ( .
4 NEXT-HD (LSC)/ construction 1 year 1; 2 |
5 NEXT-HD-LSC operation 5 years 4 ( . |
6 BOLD Demeonstrators 2 years &) H
7 BOLD/HD module 2 1 year 4EE; 6 C
construction 4’
8 BOLD/HD (2) operation 5 years 7 . . ‘ . . ]

*Operation of NEXT-100 runs in parallel with R&D for NEXT-HD and NEXT-BOLD from 2021 to
2025

*Preparation of infrastructures (water tank, gas, pressure vessel, inner copper shielding) proceeds
as soon as NEXT-100 is in operation. LSC, which enters as new group in NEXT will lead this
activity.

*Procurement of ~200 kg per year of Xe-136 from 2021 to 2026 (LSC).

*NEXT-HD can begin operation at intermediate mass (and lower pressure) and scale up as
more xenon becomes available.



‘ Backups: CUPID-1T experiment

CUPID-1T: HALLMARKS P e e My [eV]

> 1000 kg of 1Mo in a new oo use | I N
cryostat or multiple facilities I 10
world wide ] "

» Sensitivity: mg,<10 meV (NH) |

POTENTIAL EXPANSIONS et
» Large volume cryogenic facilities )
In multiple Underground Labs

worldwide
» ~1900 kg of LMO

Build a large-size CUPID-CJPL detector as a part of CUPID
network detectors to achieve ultimate ton-scale sensitivity

for Mo-100
Towards CUPID-1T. Snowmass 2021 Planning workshop
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. Backups: Sensitivity projection

HAXSH CUPID-CIPL CUPID-CJPL 200
Demonstrator
EY YRS Li;Mo00O4 | Li;MoO;4 Li,MoO;
mEERE (kg) 10 30 200
BEYRNEEEE 85% 85% 95%
BYELERE (kg 5 15 106
REEN¥EE (FWHM, keV) 10 10 5
KEKE (cts/keV/kg/yr) 0.001 0.001 0.0001
FRARYE (Syr, yr) 3.5x10” | 6.0x10% 9x10°°
BEYRERYE (Syr,meV) | 70-130 | 41-75 12-22
mEMET (ARMEAT) 20 50 200

CUPID-CJPLR B #UAR 5 Jor 3 R A e A 20 B #9424 i 2 0 = R T
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Journal of Physics G: Nuclear and Particle Physics

MAJOR REPORT

lceCube-Gen2: the window to the extreme
Universe

To cite this article: M G Aartsen et al 2021 J. Phys. G: Nucl. Part. Phys. 48 060501

Abstract

The observation of electromagnetic radiation from radio to y-ray wavelengths
has provided a wealth of information about the Universe. However, at PeV
(10'5 eV) energies and above, most of the Universe is impenetrable to pho-
tons. New messengers, namely cosmic neutrinos, are needed to explore the
most extreme environments of the Universe where black holes, neutron stars,
and stellar explosions transform gravitational energy into non-thermal cosmic
rays. These energetic particles have millions of times higher energies than those
produced in the most powerful particle accelerators on Earth. As neutrinos can
escape from regions otherwise opaque to radiation, they allow an unique view
deep into exploding stars and the vicinity of the event horizons of black holes.
The discovery of cosmic neutrinos with IceCube has opened this new window
on the Universe. [ceCube has been successful in finding first evidence for cos-
mic particle acceleration in the jet of an active galactic nucleus. Yet, ultimately,
its sensitivity is too limited to detect even the brightest neutrino sources with
high significance. or to detect populations of less luminous sources. In this white
paper, we present an overview of a next-generation instrument, IceCube-Gen2,
which will sharpen our understanding of the processes and environments that
govern the Universe at the highest energies. IceCube-Gen2 is designed to:

(a) Resolve the high-energy neutrino sky from TeV to EeV energies

(b) Investigate cosmic particle acceleration through multi-messenger observa-
tions

(c) Reveal the sources and propagation of the highest energy particles in the
Universe

(d) Probe fundamental physics with high-energy neutrinos

IceCube-Gen2 will enhance the existing [ceCube detector at the South Pole. It
will increase the annual rate of observed cosmic neutrinos by a factor of ten
compared to IceCube, and will be able to detect sources five times fainter than
its predecessor. Furthermore, through the addition of a radio array, IceCube-
Gen2 will extend the energy range by several orders of magnitude compared to
IceCube. Construction will take 8 years and cost about $350M. The goal is to
have IceCube-Gen?2 fully operational by 2033.

IceCube-Gen2 will play an essential role in shaping the new era of multi-
messenger astronomy, fundamentally advancing our knowledge of the high-
energy Universe. This challenging mission can be fully addressed only
through the combination of the information from the neutrino, electro-
magnetic, and gravitational wave emission of high-energy sources, in con-
cert with the new survey instruments across the electromagnetic spectrum
and gravitational wave detectors which will be available in the coming
years.
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® Water properties
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Absorption length: ~ 22-24 m

Scattering length: L_~30-50 m
L. =L, /(1- <cos6>) ~300-500 m

Strongly anisotropic phase
function: <cos6>~0.9

Moderately low background in
fresh water:
15 —40 kHz (R7081HQE)
absence of high lummosity bursts
from biology and K*° background.
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