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Searchingfor On2b

- Standard and nevphysics channels:

i (AZ)- (AZ+2) + Ze+t N,

2n Double Beta Decaf2n 2)b

= allowed by the Standard Model

already observed t ~10'° ¢ 10**y

Neutrinoless

-

o

Energy Qpp

[counts/( S+ 1)1 31

/

fondE S
¢ (A2)- (AZ+2) +2e = Double Beta Decaon 2)b L®
never observed > 1G%y 6 J
: . Energy resolutiom
Experimental signatures based on the | Sgnal FWHM
keV
Sumenergy spectrum of the two electrons . ¢ [keV]
Q, 1~ 2-3 MeV g \ Background index b:
- : VBB Counts
for the most promising candidates Background & e




Searchingfor  On2b
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CUPI D6s history and ori

w2018 CUPID
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CUORE ina nutshell
3 people in

CUORIs anarrayof TeQ bolometerssearchindgor 0 n adécay CUPIEFrance

of the isotope 130Teandtakingdatain LNGSltaly)at ~12-15mK | &€ rgafggeés of

=
/ One ofthe mostsensitive\

0 n ZXperimentsof
the currentgeneration

A Exposurdor the currentlimit: 20391 3 i |&
(>2.8tonnei eollected

AW Current limit(130TeT;,0 "3 b>3.5 3 1025y

My < 70G 250meV_oy5mie®™

—

Thelargestbolometric \
experimentever

A 988crystals5x5x5 cmgloselypacked
arrangedin 19towersof 13floorseach

A 742 kg(206kg of 130Tg)

A Start data taking: 2017
Stable data taking: frora019

A Backgroundit Q, (2527 keV)
1.42P102counts/(] S+ 1)1 Ii &

A Energy resolutiomt Q, , I | l
7.3keVFHWM / By ot 8

Nature 604 (20225 3-58

A Continue data taking until final goal:

= i 3 tonneiyr TeQ exposure
k mid 2026 A.Campanj TAUP ZW

CUORH‘S not backgroundree

- ~70counts/yin aROI size FWHM energy resoluticsdiominatedby surfacea background




/T

1.

2.

CUORE

hree importantmessagesrom CUORE

Atonne-scale bolometriaetectoris
technicallyfeasable

Analysisof ~1000individualbolometers
Ishandable

. Aninfrastructure tohostabolometric next-
generation0 n Z2Xperimentexists and willbe
availableat the endof the

\_ CUORIBhysics progranB0/6/2026)

\

_/

/" CUPID(QUOREUpgrade with Particle ID) is a )

\

future 0 n Zbblometric experimentexploiting the
CUOREHNfrastructure and with a background100

timeslower at the ROI

CUPID background goal:

b~1P104counts/(] S+i)1 3 Tﬁ

CUPID

/ CUORE backgroumdodel N

[counts/ (keVAgQ)]

10144,

'\\\{‘ d i' | J
s, .o | |

S |
. 9 |

Data
v/ B component

« component
4 component

CUORE
01

CUORE supplemental material {”.‘ |

1000

2000

Qyp: 2527keV be 3034keV
(t50Te) (*Mo)
A Rejecta background withscintillatingbolometers
A Mitigate gbackground bynovingto 1°90Mo

I > Qup: 2527keV £30Te)- 3034keV (199Mo0)

5000 6000

\A Increase isotopenassby enrichment /

(natural isotopi@bundance: 9.7%)
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CUPID rationale
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K Radiation /
No PID
Q. 72527keV<2615keV
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CUPID rationale
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CUPID rationale

CUORETe
purethermaldetector
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Choice ofthe isotope and compound

A Successful R&D in France oMaQ, scintillating bolometers (LUMINEU, ISOTTA prOJects)

e ~ anr’ N
A Culmination in theCUPIBEMo experiment wﬂ
Conceived and built at IJCLab (CSNSM) / IRFU . _ "
20 crystals(enriched int%Mo) ¢ 2.34 kgl°Mo 233"00? Ry
Energy resolution~5-7 keV FWHM . Rl | Bt
Installed in the EDELWEISS cryostat in LSM E | RHRRIpRstR .
Physics dat#aking: Apri2019¢ June2020 ) N
Bestlimit on 100Mo at the time iy i
T09,>1.8P10%4y _ 10003 o ,uw; 1
b=2.7P103counts/(l| S+ 1 )] 37 & NJ I i
No countsn ROI with 1.47 3 iexpdsiire O
Fu|| 2 rejecuon 00 1000 2000 3000 4000 Enersg(;OEMO (keg(;OO
Radiopurecrystals:U/Th ¢ 0.5nBqg/kg
N ' Essential CUPIR2quirementsmet

PhysRevLett. 126(2021)181802Eur.Phys.JC 82,1033(2022)



Choice ofthe isotope and compound

A Successful R&D in France oMoO, scmtlllatlng bolometers (LUMINEU, ISOTTA prOJects)

.
- A Culmination in theCUPIEMo experiment
Conceived and built at IJCLab (CSNSM) / IRFU
20 crystals(enriched int%Mo) ¢ 2.34 kg!l99Mo
Energy resolution~5-7 keVFWHM
Installed in the EDELMVEISS crvostat in 1 SM
Physics dattal LL1M0O, is selected for CUPID OVEPT: eQ or Zr?ZSe

&
S

Example Heat/Light separation
(PCA cut applied)
200 days of physics data

Energy LD (keV)

S

FEI T =T 3

Bestlimit on 10 May 2018 i
T 19,>1.8R10%y 1000
b=2.7R103counts/(l] S+7i J] 31 & NJ ? i
No countsn ROI with 1.47 3 iexpdsiire OO
% T 20003000 4000 5000 6000
Full a rejection Energy LMO (keV)
\ Radiopurecrystals:U/Th ¢ 0.5nBqg/kg Y.

Essential CUPIEquirementsmet

PhysRevLett. 126(2021)181802Eur.Phys.JC 82,1033(2022)
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CUPID structure

A CUPIpre-CDRarXiv:1907.09376
A Upgraded structureEur Phys. J. C 82, 810 (2022)ir Phys. J. 85, 737 (2025)
A TDR under finalization

\

/ Crystal LL,19Mo00O,45P45x45 mmg ~280g ¢ enrichment2 95% N
Thermal sensomeutron transmutation doped (NTD) Ge thermistor
Si heaterto stabilize the detector response

57 towersof 14 floorswith 2 crystalseach- 1596 crystals

~240 kg oftoMo

\_ ~1.6P1L027100Mo atoms -

\ >\ >\ >\ >\

Baselinedesign
Gravity stacked
structure

Light detectors
A Ge wafers with NTD sensor and SiO antireflective coa
A Each crystal has top and bottom LD
A No reflective foil

wuon veto for muon induced background suppression

B YR

DSl

17



Test of prototype towers at LNGS

/' GDPT Eut Phys. J. 85, 935 (2025)

(Gravity Detector Prototype Tower) % 15.0- 4 Noisc GDP]
A 28 LiMoQ, crystals = 12.5 } EE — = Median @ 2615 keV
o A 30 Ge light detectors = ® 2615 keV
ik A Tested at LNGS, Italy E 10-01 : . §§
s 1, A French contributions: gluing at IJCLab, ] S 1. 3. SR S .
L T ) O 3T Taatl" ™S
B B participation in on site assembly 52-:' 50/ @& = ® . * . !. »®
p;hi ‘j'" Results: D 25{ = - . . * % I * »
: -‘-,- A Detectors successfully reached baseline E 0.0l * % | o | : |
o temperature~15 mK 0 5 10 15 20 25
e, i A Baseline stable over the time Channel number
E : A LMO performance: median FWHBM: o~ 6.2 keV g Exampleof a / deparationin a
"'ﬁ,. : A Median light ylelq: 0.36 keV/IMeV % low noisechannel
— = A Some excess noise on the XIchanges to the LD 2
..% : . assembly structure for the next test % 3
. ‘, (Current test: VSTT (Vertical Slice Test Tower) A s,
A Un(jer Operatiqn in LNGS now T*“'_"'f"-s’-’?‘-“-‘ =
2KFuQa ysSeK
A Enhanced light detectors (NTL amplification)
A Changes to the LD holding system to mitigate the n¢ . GDPY

@ Full test of the assembly line Y, oo Bo00 o000 4000 000 6000 7o0g " &o00




GDP Tassembly
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Enriched crystal production

4 FWHM~ 5-7 keV- LY~ 0.3 keV/MeV- internal radioactivity (U, Thi 0.5nBqg/kg

) \ —

A Outstandingoerformanceandradiopurity obtained withRussian crystals
~ Enrichment(Rosaton) +Crystallization(NIIC, Novosibirsk-  CUPIEMo, CROSS
A Because of the invasion of Ukraine the procurement of enriched crystals from Russiairimwwible/

// Chinese baselindPCHsubsidiary of CNNC) fenrichment+ SICCAS&hanghai) focrystals \\
GBEILBEIERS R Lisicché IPCEIit has already produced several kg
=5 Product transformation, purification, Of 1OOMO In 2024 for CUPI D/CROSS

Isotope enrichment, transformation and purification of compounds | crystal growth, cutting, polishing . . . .
| Active in medical production

with excellent tracking record in large
scale experiments:

Ve

A ~1000 TeQcrystals in CUORE
A ~4000 PbWQcrystals for CMS,
o e | L e JlabHybridEmCal PANDA=MCal
L ’ i NPS project -/

~

: ; P i Li,MoO . :
BB sccasemely roiabie company

I/:rench aIternativeA Crystallization technique from ANR CLYMENE at SIMaP/INP Grenoble
Ny A Companies LUXIUNB{gres Grenoble) for crystals and ORANO (Tricastiriffvio enrichment/

20



Enriched crystal production

: : ’ % [ CUPIBsize enriched crystal =

IPCE + SICCAS: production and experimental tests \ - m‘_%A LNGS y
' A Preproduction¢ French + Italian contracts . § L[ A Thcalibration y: [ ==
A Severenriched crystalproducedso far Bridgman method ‘20‘/,;}% B ==

FWHM =6.61.5keV: :

. at 2615 keV e fa e

@ 1 | Limited by parasitic

l"” ‘ electronic noise
’JTU b

o

LMO-600 LMO-G8382 LMO-G8383 G e
45x45x21 mm? 45cSeaSmme: | 49ASxI mme 45x45x38 mm? X
Nominal CUPID size o :"?‘J!-?%J

100;:;%/{11 ‘ J:
;

4 . - XA, ) L
A Fourcrystals have beetestedin IJCLab, LNGS and CEA/IRFU . ,"Jffiﬂ'}wygxL,g-,qlﬁ,;,,i_%W{,,U,;ﬁg‘m,,M_M%M, |

A Threeadditional CUPIBize q ‘1 e .o
- . \' | =B CUPIBsizeSICCAS enriched crystal

crystals will be tested at LNC

\ S00m : : ) compared withNIIC cryst7/ -
Nominal CUPID size -~ < o : 425 =
/ A : ; \ T o5 :
A Resultsobtained with the tested crystals show tha: T ;
A Sensitivity complies with CUPID goal energy resolution = ozl 2 /b
A LY is similar or even higher than for Russian crystals (026 =i LA
keV/MeV depending on geometrical configuration) Gk

A a | discrimination power is well within CUPID goals 0=

N A Pulse shape is compatible with that obtained with Russian crystjls 01" § |

1 1 1 1 1 1 L1 1 ([ | [
2000 3000 4000 5000 6000 7000 8000 9000

Heat (keV)

| b et L 1
0 1000
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Enriched crystal production

A Radiopurity was not a priority so far Optimization of crystallization process and test of bolometric performanc

Now the radiopurity phase has started

A IPCE and SICCAS are working together to praatreepure LiMoO, powder ready to be placed in crucible

A Big furnaces for mass production will be fabricated Wdtlv radioactivity materials

A Reduction of dusin the furnace area

A Develop aledicated clean roomor crystal processingcutting, grinding, polishing and packaging)

@ Selection ofyrinding and polishing material -/

Objective

Purchase contract
iIn mid 2026
for CUPIBStagel

22



A Significant pileup probability due to @aandom coincidence o2 n 2¥ents- background in the region of interest

\_

Random coincidences of 2 n 2bents

- N
A Fast2 n 2rénsition in1Mo:4| ;' 72108y - 2 n Zaddivity in a CUPID crystat2.6 mBq

A b, ~dT/ 1ms)3B.3x 10 counts/(] S+ 1)} FT~&.17 msis required to meet the CUPIDNn Dackground goal

o \ Heatlight coincidence
60000+ : 104
g 1 Mo L0 1.001
& . - Heat Risetime ~ 15 ms
= 2v2[3 two coincident 2v2[3 .= 0.8 T 0.75 -
5 i =] . —_
) = = — | : .
O 40000 = 2 o) Risetime ~ 1 ms
| 20.6 = ‘
T =)
—_ T, 0.25
- 2 0.4l : Use light detector
20000- = : 0.001 Ligh .
] = 0.150 0175 0200 0225 0.250 for pile-up
' = 021 | Time [s] discrimination
0 L L e [](]J
0 1000 2000 3000 4000 . . . : . |
Energy (keV) 00 02 04 06 0s 1o ButSNR-10only

Time [H]
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Light detectors and NTL

effect

\

 Light detectorsare essential toeject surfacea background- rejection at 99.9%with ordinary light detectors

In June 2023the collaboration decided to enhanéight detector performance exploiting thgeganovTrofimov-Luke
effect (NTLaccording to dechnology fully conceived and developed in France

A Improve pileup rejectionthanks to increase of SNR=10- ~ 100
A Mitigation of background induced wgndom coincidences of ordinar n 2¥ents Y

’/NTL effect applied to light detectors NIMA 940, 320 (2019)

A Electric fieldin the light detector wafer via set of Al electrod

A Electrorhole pairs created by scintillation light absorption d
in the field and producadditional heat

A Anamplification of the thermal signaby a factor 120 is
technically possible

A SNR is increased by a facterl0

Voltage at the
electrodes

(1+Q'%Z'77)
€

Limitation: leakage currents at,, ~ 100 V

Amplified heat |nitial heat

l/

Etot — EO

\

NTD Ge thermistor

Ordinary light detector

ohonons ¢ ¢+ 4t 4!
Ge wafer .
_— Scintillation light
SiO coating

NTD Ge thermistor
NTL light detector

IYVVVVVVVVVVVVYVVYN

phonons ::i:iiiiiiiiiiiiis N
Gewafer .6 — — I
/

SiO coating

Scintillation light
=
i

24



CUPID maturlty

Eur Phys. J. 82, 810 (2022)

[:ll = (LTZY £001H) keV

P, = {0002 £ L3y sy

CUPID is a mature experimentady for construction

¥ = LEAS

FWHNM [keV]
=]

A High energy resolutiorb{7 keV FWHN s

A Excellenta / deparation ¥ 99.9%a rejection)
A High radiopurity achievabl@ 0.5nBg/kg in U/Th)

T1'IT'|ITTF[TFI'I['I'IT1'|TI[T

. demonstrated in tens of large mass scintillating

" bolometers based on enriched,MoQ, crystals X | N T R
™~ _From sum energy spectrum of 8 modulers
J ] 500 1000 1500 2000 2500 3000
CUPIEMo, GDPT, CUPID and CROSS prototypes Energy eVl
A Enhancedsensitivity light detectorsbring the 7 Graviy Ansistd Configuraton
2 n Znduced background down to the desired level 2
- A Anenrichmentpurification-crystallizationline is
under advanced development in China, replacing e
the original Russian option ) i i
e

Encrgy [keV]



CUPID timeline

4

Three key advantages

The collaboratiomlecidedto move to astageddeploymentfor CUPIDmplementation

1. Data taking starting in 203@hile the remaining crystals are still being produeedarly leading role in0 n Zdmarch
2. Preservation of critical expertisen running detectors and cryogenidaring the CUORE-CUPID transition
3. Room for optimization, improvement, and risk mitigation

%

2025

2026

2027

2028 2029 2030 2031 2032

2033

2034

>2035

>)
\é{ En riched crystal production - preparation
o Enriched crystal production - Stage |

3y
'\,\ CUORE science run

Cryostat upgrade before test run

E
8o Cryostat test run with CUORE detector
%]

Cryostat upgrade after test run

Pre-assembly detector element construction

‘Assembly and deployment - Stage |
Data taking - Stage |

Enriched crystal production - Stage I

o \(_,Construction, assembly and deployment - Stage |l

%X®"Data taking full CUPID

¢ )
\
v\

\ No more CUOREonly CUPID collaboration

Running costs and shifts

26



Part Il - Background and Sensitivity of CUPID
Benjamin Schmidt - Senior physics board coordinator

CUPID Physics Board - 2025

Senior Coordinator - Ben Schmidt I I
Analysis Coordinator - Alberto Ressa

Science Coordinator - Pranava Teja Surukuchi
Software Coordinator - Brad Welliver
Simulations Coordinator - Mattia Beretta
Background Model Coordinator - Pia Loaiza
Detector Performance Coordinator - Irene Nutini
Public Data Coordinator - Penny Slocum
Publication Coordinator - Denys Poda I I
Outreach Board - Dounia Helis

Leading contributions from 1IJCLab and CEA/IRFU members

CS Scientific, 6 Oct 2025 CUPID, Part Il Sensitivity & Background, Benjamin Schmidt 27



CUPID BG projection

Cryostat and Background model

Phys. Rev. Lett. 126, 171801 (2021) : :
Phys. Rev. D 110, 052003 (2024) CUPID BG simulation

CUORE arxiv:2509.05528
. : 1.15-107*
&3 Tower design, and n shields Total |
% Eur. Phys. J. C 85, 737 (2025)
k- . . Eur.Phys.J.C85,935(2025) Neutrons
CUPID JINST 20 P08020 (2025)
Muons
Pileup -107%
I I . Cryostat and Shields
Crystals
Li2MoOs crystals &| rejection, Close Components CUORE
pile-up — |
Eur. Phys. J. C 82, 1033 (2022) 10
Eur. Phys. J. C 83, 675 (2023) Bl [ckky]

Phys. Rev. Lett. 131, 16250 (2023)
arXiv:2507.15732v1 (2025)

AN, CTPID O

R Scintillating bolometer &| rejection " . .
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https://doi.org/10.48550/arXiv.2509.05528
https://doi.org/10.1140/epjc/s10052-022-10942-5
https://doi.org/10.1140/epjc/s10052-023-11830-2
https://doi.org/10.1103/PhysRevLett.131.162501
https://arxiv.org/abs/2507.15732v1
https://doi.org/10.1140/epjc/s10052-025-14352-1
https://doi.org/10.1140/epjc/s10052-025-14613-z
https://doi.org/10.1088/1748-0221/20/08/P08020

Counts/keV

(Data-MC) /Data

(Data-MC)/Data

Counts/keV

CUORE BG model

input for CUPID

CUORE Background model

. .. . Phys. Rev.D 110, 052003 (2024)

] “""\L\, ) , Yy In-situ background assessment of the infrastructure for
o N N I [l CUPID!

Iu‘] ol T Sl - |  F .

Data /At y 7 source locations,
10° < . . .

Data reconstruction 46 bulk sources (partial decay chains, location)

ol =5 5 = = 47 surface sources (partial decay chains, depth, location)
nﬂﬁla .

B ‘3"‘""" e T T e T Yy Uses pre-screening geometric information, time information,
ga r [~} - - -

4 'y event topology (M1, M2, priors where reliably available)

10

" - y  Overall very good agreement with data

10* — A M |

100 i = "“"u-'._.—-—l —r -'...' So— L

10° 4 Data - M2 Coaa— L !

Data reconstruction i . .
Surface| contaminations dominant!
o ﬁ N 3 20 lo Ratio
T e Sl L "»‘T’:;’—':’:‘?—:ﬁ?ﬂ&- = LI A

5 g VI ' .° k.s‘ __:__S_P__ o b
—0.25 1 @ |
*\\ \s\\ i "@\\ § @Q y s\\ 3§ S *‘\ . {\\*\\\ 2 ‘\\\ 4 é‘\\ ¥ 13\\\ ' ;\\‘\\\ i t&\\\ 3 <@Q

Fm gy (keV)
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https://doi.org/10.1103/PhysRevD.110.052003

From CUORE to the CUPID Bg model

arXiv:2509.05528

Eur. Phys. J. C 85, 737 (2025) JINST 20 P08020 (2025)
Eur. Phys. J. C 85, 935 (2025)

CUPID Background model
y' CUORE infrastructure

y  + New detector array:
Scintillating detectors =N,
Full detector response model ~ 20 B el | Sl sice veto Anay

y"  Muon veto system

y' Extra neutron shielding

Bottom Veto
Array

Geant 4 for radiogenic and muons

MCNP for neutrons (n, )
+Prompt gammas in Geant 4
with full custom detector response

Robust data-driven background predictions
Software/Techniques validated in situ on CUORE data
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https://doi.org/10.1140/epjc/s10052-025-14352-1
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Counts

CUPID BG projection

CUPID Background Index - Radioactive Contaminants

Crystals
T BI=0.11+0.03 - 10~* ckky
Close Components
Bl=0.41+0.04 - 10~* ckky
Cryostat and Shields
T BI=0.11+0.01 - 104 ckky
102 - Total
s T BI=0.60+0.05 - 10~* ckky
10! -
100 | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Bl [x 10~* ckky]
For CUPID: After surface| removal:

Surface 51 contaminations remain very important!

CS Scientific, 6 Oct 2025

- Radiogenics

Cosmogenic activation

y' 3 month at sea level, 1 yr underground before data
taking

y'  No transport by airplane

y Crystals will be delivered in batches and stored
underground at LNGS significantly increasing the
storage (Acool downo) tin

y" Negligible Background from underground activation

Cosmogenics | F.oz-lu-4 I I

Bulk [ | 0.02-10~*

Surface ‘ 0.09-107%

Total ‘ 0.10-10~4

10-6 l — .‘1‘0'5 . — ‘ZI.‘O'4
BI [ckky]
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CUPID BG projection - Design improvements

Improvements to be evaluated:

y" New simplified mechanical tower design:
less machining & handling

y Lamination + contact-less production
with laser cutting

Baseline-newLYTH - Close Components Bl = 0.41-10~*ckky
68% interval = (0.38,0.45)-10*ckky

Yy No shadowing during etching/cleaning

Yy Improved radiopurity protocols during
construction & storage

New screening campaigns to qualify surface
backgrounds of machined pieces of
CUuPEN/PTFE/Copper ongoing

0.41-107*

Cryostat and Shields

1073 1074
BI [ckky]

Target:
1/2 contamination compared to CUORE

Crystals

Close Components

T U T
Bl [ckky]
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CUPID: Pile -up background challenge

Phys. Rev. Lett. 131, 16250 (2023) “Y; Xptp mUO I I
e e | Simulations in addition to
Ll vee experimental testing:

Counts/keV/kglyr
o

Background prediction for pile-up

Randomly sample coincidences from

10-4 i i i i Y T TT T S
U DU O T I D the CUPID background model
500 1000 1500 2000 2500 3000 3500 4000 3.0 Exam ple: S0V NTL
Energy [keV]
\ 'I 2.5 -
y
2.00 - it — 2.0
1.75 4 ,"'1 | . A g
' o tTtmnm’ O g5
1.50 - ! ! E '
gl.ZS ; E 1.0 1
EIUO |
gms .= 0.5
; Vary time separation o WN
025 1 ! & add measured noise —
0,00 ‘,' 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
. Time [ms]

0.0 2.5 5.0 7.5 100 125 150 17.5 20.0
Time [ms]
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CUPID - Improvements: NTL light detectors

EPJ-C 74,2913 (2014)

EPJ-C 77, 3 (2017) I I AOver 10 yrs of pile-up background

NIM A 940, 320 (2019) characterisation and NTL detector development
EPJC 83, 373 (2023) in France (Subset of publications on the left)

https://arxiv.org/abs/2507.15732v1 (2025)

ATransfer of NTL technology to US for risk

. mitigation and production schedule
Channel ID 2
Channel ID 3 I i 8PV J ARecent progress (2025)
104 Channel 1D 4 f
_ EEH""E‘: :g: A Detailed control and optimisation of ANPS
anne H H
Char 1D 10 IS very important
Channel ID 11 : ; .
8t e A Analysis techniques:

| = Mean

A Gained 28% improvement on Bl with
respect to OF (16% with respect to
arXiv:2507.15732)

AFull electrode coverage to improve gain by

—— ~25% in reach

Background Index [1e-5 ckky]

AFull pre-testing to use higher NTL voltage
ANew results (CROSS & VSTT) imminent

IO.?O 0.?5I - IO.BOI - IO.BSI - IO.BOI - I0.95I - Il.OO
Acceptance

NTL light detectors ->Pile-up can be reduced to less than 5 x 10-° counts/keV/kg/yr
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https://doi.org/10.1016/j.nima.2019.06.044
https://doi.org/10.1140/epjc/s10052-023-11519-6
https://arxiv.org/abs/2507.15732v1

CUPID BG projection

- Summary

Total
Neutrons
Muons
Pileup

Cryostat and Shields

1.15-10-4 Conservative prediction
1, range: [0.86, 1.44] 10 counts/keV/kg/yr

Improvements expected by experiment

construction
0.48-10~*
APile-up (Analysis ML / LD design)

A Surface contamination levels for close

Crystals components
Close Components o404 ADeIa_yed coincidence tags - Extension to NR
, tagging
1076 1073 1074
BI [ckky]
CUPI D6s background pr oj e c tsituchasacterisationrandocansdrvative assugiptioms

104 counts/keV/kg/yr as project target or better are in reach

CS Scientific, 6 Oct 2025
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Counts/keV/kg/yr

CUPID ROI - Background shape

30 keV
)
107 - : ; Analysis
S : 5 - CUPID Background . .
Yy 100Mo: U oot EAG
Radioactivity from materials+2vfp
j y  Excellent energy resolution
2 |
10 y Target: 5 keV FWHM
Yy We expect no influence from the
¢ ' T dndpoint
10° y  Both¢ ' T dile-up and radiogenic
contributions show a flat spectrum in
the ROI
y  Expect a very clean analysis!
10
107
2900 2950 3000 3050 31

00 3150
Energy [keV]
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Counts/keV

CUPID ROI

- Background and Signal after 10 yr

— CUPID Background Budget [
il SRR SR S ~—— CUPID simulated data (10yr) |
- |: CUPID ROI
i
L L 1 L I 1 1 i 1 | 1
2960 2980 3060 3080 3100
Energy [keV]

Counts/keV

CUPID Background Budget
CUPID simulated data (10 yr)
CUPID simulated signal T, = 107 yr

[ ] CUPIDROI (= 15 keV)

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

CUPID is a discovery experiment with a clear peak signature over a flat background
Median 3, discovery sensitivity of 10%"yr

B L I 1 1 L | L 1 \‘H\ | 1 l 1 1 1 1 | 1 1 L 1
2960 2980 3000 3020 3040 3060 _ 3080 3100
Energy [keV]

Bonus: C ' T dataset with O(1019) events: Excellent potential for nuclear physics and precision studies

CS Scientific, 6 Oct 2025
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CUPID Timeline

Early data taking Full detector data taking

Cryostat Upgrade (~80 kg 1%Mo) (~240 kg 1°Mo)

2025 2026 | 2027 2028 2029 20350 2031 2032 2033 2*4 2035

: : ~450 kg of LizMoO, A
) Li;Mo0, Production VU
) Construction stage Data stage |

P X X x5

Construction stage || data full
experiment

CUPID, Part Il Sensitivity & Background, Benjamin Schmidt 38

~1/3 of crystals (150 kg of Li2M0QOa) T
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Counts/keV

CUPID ROl - Stage | after 3 yr

1.4

1.2

0.8

0.6

0.4

0.2

: . : ~ 25 CUPID Background Budgst
— CUPID Background Budget =~ |- < - CUPID simulsted data (Pl 3 yr)
B ﬁ - CUPID simulated signal T = 2107 yr
B CUPID simulated data (Ph-I 3 yr) -E‘ 2— :l CUPID AOI (= 15 keV)
I 00 N SO = e Errrrrerrerreerrrrerdererererrere e e ierrererereenr e rers AAAA : :
- [ ] curipRol ) - 5 ; :
- ; O - :
B T | T ———
I | OO O OO | NUUOUO RO SUURmmsoos | S | O OV | SO O | SO 1 e N NS SN
inlpm 0.5}— LT U SRRt ST |
— quwWM ............. .................... ................... 4 | DU | S .................
: : ---4"--'1:-§-|.r|.r-r--._..rl-..im..._,.-.|-.....| I-. by ! \.I"-'I._! ] r.. r |

ol Tl [ 1 "'I 1 Ll I L1 ﬂ M'  —

l | . prmn—
2960 2980 3000 3020 3040 3060 _ 3080 3100 3040 3060 _ 3080 3100
Energy [keV] Energy [keV]

CUPID Phase-l is quasi background free Bl = ~1.5 x 10 counts/keV/kg/yr:
AWith 5 keV FWHM expect less than 1 background eventin O ,range around 0

AMedian 3, discovery sensitivity (3 yr) of 2 x 1026 yr
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From half
(Light Majorana neutrino exchange)

-life to effective Majorana mass

1 . -
4 2
s ] _— g . . . m
- EOF #4Y | Rev. Mod. Phys. 95, 025002 4 VB8 A (mss)
7F v I R 1/2
QRPA +0X4 @ e
6 nsw IT r E . — ! 76Ge - Qg = 2039.1 keV
FIMSRG T T » v 1 ° !
5F cc T : - 4 ! 82Se - Qpg = 2997.9 keV
Bl i ol® A &Y @ R Y i 100 =
. g " = ] 1028 N ° b Mo - OBB = 3034.4 keV
82 4 T - s L
% 4f S ki [ 3 [ 130Te - Qgg = 2527.5 keV
I " o
3 a3 I - T E - ] 136xe - Qpg = 2457.8 keV
o v * ¥ X he * + . o 1 . 232
- Iy ; r 1 -4 1 End point of ***Th
s | = ‘ o \ £ | | & I y Radioactivity
5 x A A —_ ) 1
| + + ] w q 1
1+ N o = ﬂo 1
L —‘KI ] ald ° 1
x 4 o 9 1
0 1 1 1 1 1 1 1 1 ~ o 1
480, 76Ge 82ge 100\, 16pg 1307 186y, 150\ ~ 1
9 ]
ﬂo l
La Rivista del Nuovo Cimento (2023) 46:6191 692 ° ]
10%7 o] i
Effective Majorana mass: ! !
I 1
(mpg) = | E Uezimz-| T2, for the minimal 10 band |
. ’ [ | mgg =18.5 meV !
%=1’2’3 [ ] 1 1 |: I I
2000 2200 2400 2600 2800 3000
Qpg [keV]

100Mo is very advantageous thanks to its

combination of NME and phase space factor

480y 76Ge Bige 967y 1006, 1l0pg 1l6¢cq 124gy 130Te 136ye 150N
Tsotope
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CUPID and current exclusion results

<
@ &
Parameters from NuFIT 6.0 e G C, &
" 10: Best fit NO: Best fit OOO %«7%{? 53?0 @/I/O +Q Q&
10: 30 band NO: 30 band % ‘/90 é}\/\ % “Y\/} \300 900 6300

N g

Byl

102+ y : | I
y 4 éCUPID Stage I

|mgg| (meV)

101 i | / / | CUPID
100- — |
CUORE: arXiv:2404.04453 (2024) | —-@— ’%Ge
CUPID-Mo: EPJC 82,1033 (2022) 82g
AMORE-I: PRL 134,082501 (2025) v e
NER MJD: PRL 130,062501 (2022) g 100
Upper Limits GERDA-II: PRL 125,252502 (2020) Mg
10-1 Katrin LEGEND: arXiv:2505.10440 (2025)| —¢— 130Te
-1 _ 1 4 | EX0-200: PRL 123,161802 (2019)
Science 388, 180-185 (2025) KLZ-800: arXiv:2406.11438 (2024) —0— 136Xe
N | T L T T T | T L | T | T A | T N | T T - : : . : ;
107! 100 10! 102 107! 100 101 102
Miightest (MeV) Miightest (MeV)
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mgg exclusion limit/sensitivity [meV]

Exclusion sensitivity in the field

| CUPID-Mo —— Completed
- == Taking Data
I CUORE + Proposed
T = = NextToNext
i AMORE-I "
1]
I KLZ-800
1
102 r (.
[ L1 KL2Z
LEGEND-200 (2025) J'_
CUPID Stage | NEXT-HD
10 band ] LEGEN
- nEXO
AMORE : :
- ®
101 r - .
[ CUPID LEGEND-1000
- @ 7°Ge '
" I 100\ E]
| € POTe CUPID 1 ton
’ 136xe
10! 102 103 104 10° 106
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Isotopic exposure [mol-yr]

CUPID, Part Il Sensitivity & Background, Benjamin Schmidt

CUPID Stage | (3 yr) arxiv:2504.14369

Is on a similar sensitivity/timeline/trajectory as
LEGEND-200 (5 yr), arxiv:2107.11462

KL2Z (10 yr), Rev. Mod. Phys., Vol. 95, No. 025002
NEXT-HD (10 yr), arxiv:2005.06467
AMORE-II (5.2 yrs) 2nd phase,

EPJC 85,9

CUPI
A Cost-effective
AMore sensitive than LEGEND-200 (5 yr)

AMore advanced/mature compared to AMORE -
Existing infrastructure, background model,
operational & analysis experience

D6s and CUPI D AFranc

A A discovery type experiment with a clear peak
signature

AFrench leadership in the technology
development for CUPID and crucial role in
simulation and sensitivity estimates
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https://arxiv.org/abs/2504.14369
https://arxiv.org/pdf/2107.11462
https://doi.org/10.1103/RevModPhys.95.025002
https://doi.org/10.48550/arXiv.2005.06467
https://doi.org/10.1140/epjc/s10052-024-13516-9

Discovery sensitivity - Stage ||

CUPID Stage Il (10 yr) Eur. Phys. J. C 85, 737 (2025)

Is on a similar sensitivity/timeline as
LEGEND-1000 (10 yr), arxiv:2107.11462
NEXO (10 yr), J. Phys. G: Nucl. Part. Phys. 49 015104

CUPI D6s and CUPI D AFranceo
A Cost-effective

AMature: Existing infrastructure & experience,
Robust predictions for background improvements
of x 30 compared to CUPID-Mo

A Significant remaining potential for technological
improvement

A Discovery type experiment based on technology
developed in France
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