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jolu Searches for Double Beta Decays NuD@ubt ™
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JGlu 203" | EC3*versus 2EC NuDGUbt "

Positron emission requires more
binding energy to be released
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23* | ECP3*versus 2EC
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Positron emission requires more
binding energy to be released
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Abundant |sotopes with dominantly positive double weak decay: '

Transition I_Iﬂﬂh.lmlﬁﬁunﬂnnﬂ [%]
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ECB* <
2EC

>
ECP* )
2EC

>
2EC <
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124)p 3124Tg
78Kr +785e
126Cd »106Pd
#6Ru »%Mo
130Bg »130Xa
136 213683
5ENj »58Fe
112§ 2112Cd
BASr 84K
1445m > 144Nd
120Ta 21205n
22Mo 9271
7450 374Ge
‘II:IEPd &1&1Hu
50Cr »50Ti
847N »84Nj
126X p 3126Tg
132Bg +132Xp
136Ce »1338Bg
54Fa 354Cr
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40Ca »40Ar
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1650.45
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1203.3
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JG\U Why Measuring 23*/ EC[3*? NuDgubt**

Complementary to 2[3-
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JG\U Why Measuring 23*/ EC[3*? NuDgubt**

Complementary to 2[3-

¢ | Branching ratio

5 :j“ = 23+ | ECB*

BLACK BOX
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e Why Measuring 23*/ ECB*? NuDgubt

Complementary to 2[3-

Probe of intermediate state
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Jrol. How Can We Measure 23"/ ECB*? NUDGUbt "

Challenges

- extremely rare
T2, > 102 years

- low natural abundances

Stefan Schoppmann ' NuDoubt*t Report


http://www.uni-mainz.de/
http://orcid.org/0000-0002-7208-0578
http://orcid.org/0000-0002-7208-0578

6l How Can We Measure 23/ EC*? NUDGUbt "

Challenges Experimental Opportunity
- extremely rare - unigque signature via
T%2 > 10% years | annihilation gammas
- low natural abundances v
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I6lu How Can We Measure 23"/ ECB*? NUDGUbt "

NMncbma B X3T® 34 (1981) 148

Challenges Experimental Opportunity Technology Requirements
- extremely rare - unique signature via - strong background
Ti» > 10% years | annihilation gammas | suppression
- low natural abundances v — high signal rates
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/"q 25\7 _, good energy resolution
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Hybrid Scintillator NuDgubt

Water-based:
Hydrophilichead  _, organic micelles
suspended in water
with surfactant interface
- 1 —10% scintillator loading

IJAC 13 (2017) 663-672
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Hybrid Scintillator NuDgubt

Water-based:
Hydrophilichead  _, organic micelles
suspended in water
with surfactant interface

N

4 — 1—10% scintillator loading
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Hybrid Scintillator NUDGUbt "

1<
Water-based: 2
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o Particle ID through C/S Separation NuDgUbt

=
- discrimination via ratio of:  prompt Cherenkov light =
delayed scintillation light >
- hybrid-slow scintillator: 90 wt.% LAB + 10 wt.% DIN + fluorophore(s) 43 \LH"‘. 62’2. f
JINST 19 (2024) P09015 LLH_L. >
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sl Opague Scintillator NuD@ubt ™

NoWaSH: wax-based opaque scintillator

I T T
_, transparent solvent + O(1-10 wt.%) wax + fluorophore(s) - Jg Jg l @ 23°C -
JINST 14 (2019) P11007, Patent applications EP 25 195 873.2 & EP 25 195 874.0 100 | f - - Red: 1cm path : -
- 3 ~ Blue: 2mm path .
- 0opagueness through scattering without absorption & s " ; . : _
(Mie scattering, scattering length of millimetres) Eg I ]
E = 7] g
= - 1~
m: ©
] i ' ¥ & 13
fluid viscous solid e | i ; - f |2
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; —
_ ; 12
0.01 1 | 1 1 m
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wax concentration [%]

JINST 14 P11007 (2019)

8 X wt.% paraffin wax @ 30°C

Stefan Schoppmann ‘ NuDoubt*t Report


http://www.uni-mainz.de/
http://orcid.org/0000-0002-7208-0578
http://orcid.org/0000-0002-7208-0578

JGlu

Particle ID through Morphology

Simulation, 2.8 MeV total energy, 1 cm fibre pitch, 2 mm scattering length,

Eur. Phys. J. C 85 (2025) 121

NuDﬁth**
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ol Combining Hybrid and Opaque NuDGubt"*

Combination allows insights into morphology of scintillation and Cherenkov light

Simulation, 2.8 MeV total energy, 1 cm fibre pitch, 2 mm scattering length,

Eur. Phys. J. C 85 (2025) 121 E g 62’«
very short ionisation trail H,E

of electron / positron : et 2e*

..... U
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jalu Technology Requirements NuD@ubt"*

strong background high signal rate good energy resolution
suppression * 1

|_single positron |
i :.é‘.#._:
®y-

¢ .
l..*h.. "

50

y (cm)
(=]

50 0 50
X (cm)
e

\
& O

Patents Pending
EP 25195 873.2 & EP 25 195 874.0
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sl Choice of Isotope NuDgubt"*

PSF for 2v3- (3~ and 2v3* 3" decays to final g.s.

S
[ |

s wo 130Te  150Nd 0 2

10-18- = - 96Zr ~

- 825e 116Cd 136X B

‘* h a0

|; 10-20- md 110Pd 3000 -

- . c

O 128Te O

E i QUUU l.;

ol L 124X =

- L 1500

% 1026 & gﬁ.RulﬁﬁCd ® =

i Mode 13333 L1000 @

1028 W 57 E

® 33t 136Ce 500 a

. . . . @ 0o =

40 60 80 100 120 140 <

Mass number A

V. PaluSova, NEUTRINO2026

Data from: S. Stoica and M. Mirea, Front. Phys. 7 (2019) 12
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. o i+
6V Choice of Isotope NuDQubt
[ d
2vDBRD* to g.s. OvDRD* to g.s.
10% _
B°FC Predicted Range &  Fxperimental limit B*FC Predicted Range &  Fxperimental |imit Remark:
1032 4 s pf+ Predicted Range % Measuremeanl DU R I B+p* Predicted Range
2EC Predicted Range L0 Combined Ba-130
1079 - [ § > - ; i | modes (*x) measured
E 10%6 —H8 - ok indirectly through
v = geochemical analysis
= 23] x « .
= 't * g N i) of barite samples
) A L4, * N A
T 10294 —Y ! —— c_:; & ik
17 AA ol A, A A
10" 44 i 1 | s O
10114
1:*-1.'}:9 '.'E'Hr 1|Jﬁ',:d gﬁ'll:tu 13!.’:'Ea 13E-',CE wa}EE ?Ekr Iﬂﬁll:d gE'Il:tu 13|:'Ba HE'ICE

- Three 2[3*isotopes have Enax-values well above TI-208 y-ray background (2614 keV)
EIIIEL:{ L~ QE‘_H' + 4'nlri ~ QE(.‘.‘{:?' + Zﬂlﬁ ~AM
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jalu Isotope Loading NuD@ubt"*

Krypton-78
- high AM = 2.8 MeV
— above most backgrounds

— nobel gas _— —
— high enrichment

- pressure loading
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final concentration of krypton: ~17g/I
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jalu Isotope Loading NuD@ubt"*

Krypton-78
- high AM = 2.8 MeV
— above most backgrounds

— nobel gas _— —
— high enrichment D~ —

- pressure loading

Images courtesy of M. Eisenhuth

final concentration of krypton: ~17g/I
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J6lu Technology Requirements

strong background
suppression

NuD’O‘ﬁth

high signal rate good energy resolution

5o Lsingle positron |

Patents Pending
EP 25195 873.2 & EP 25 195 874.0
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jrel Optimised Light Collection NuDgubt "

Traditional Fibre —L
: . Ligh
near centre emission | gudes .
STIR — 8% Scintillator
medium
Capture cone Incident photon CooOooGoooooon
S
/\ § - n2 /
o i ',' n/‘?'ec
~1 T .
Captured ™ | ';
photon Ny il

Lost photon

Images courtesy of B. KeBler
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[ Optimised Light Collection NuDgbt "™

Traditional Fibre , enonesamnanmn: I MO Coated Fibre
.. Light ..
near centre emission gll?ides near surface emission
ETR = 8% Scintillator ETIR :38%
medium |
Capture cone Incident photon et
S
N { S n2 [ Loss cone Incident photon

—w<\—~ S ==
Captured

\
\
|
|
e o —
| N | !
S~ AN |
~o I O AEN | |
~\\ \ ] // \ \\ \ | n1
photon S Vs NNy
o 4 N\ W
VA ~

Lost photon Capture\c\j\‘*\

photon

Images courtesy of B. KeBler
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[ Optimised Light Collection NuDgbt "™

Traditional Fibre et SIS Coated Fibre
. . Light . .
near centre emission glugides . near surface emission
ETIR = 8% Scintillator err =38%
medium |
Capture cone Incident photon
S
N S w7
e i :’ T[/“?'ec
~cp e
Captured ™ N
photon Y il
\/ \
\ R—
Lost photon Capture(\j\“\\
photon

~800 PE/MeV
energy resolution of 2% @ 2.8 MeV (region

— EE— o of interest for neutrinoless decay modes)
Wavelength-shifting paint coated on PMMA fibres

Images courtesy of B. KeBler
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JGlu

Technology Requirements
strong background ‘

NuDgubt**
high signal rate
suppression §

good energy resolution

50l | smglq positron |

A
®y--.

L] L Y .
L
-50¢ i

y (cm)
(=]

750 0

50
X (cm)

.

& 0o

+

Patents Pending
EP 25195 873.2 & EP 25 195 874.0

; Patent
DE 10 2023 135 496.5
Stefan Schoppmann '
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ol The NuDoubt™* Detector Concept NuDgubt

;‘
Ll

PMTs
SiPMs

Coated Fibres

Krypton-loaded hybrid-opaque scintillator

~150 cm

Unloaded hybrid-opague scintillator

“Transparent scintillator

“
(I
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O 4+
JGlu Underground Deployment NuDQubt
Most critical background: Mitigation strategy:
-~ muon-induced B+ emitters — overburden
- C-10 and C-11 - triple coincidence / after muon veto
el C10 — B3 _
i = _ — 10°% 1 C11 Gamn
E 10" = ;};;_QW o m Existin g 1* Cl4 - == TKr EQ¢ \
°] E \i::‘} ﬂ\&iﬁ"’\ » In Cf_:IlSIgIUC[iE)Il 5 107- i_ Po210 «se.-. Total \|\_
E F O o : —— Bi210 ROI for Ov mede ./
é 107~ = ‘:S}- &\\? ™ §‘ 5 i ‘
E ! B 2 &
% el - = i N
107 = " i — 10%] | 2
= ;_"IHTKT;F;S: n =
- % ¥ m + =
7 S S . m
10_D§ _03?:2’ i. 101 E
& S = g
S 101 =
1{)—10 i S Lt = 1 [ 1’ R R | _]- 1 1 5 L é T T o« ! Dc?
- ) ;nrrec ed equivalent de cm w.e = AL - ol E . . - "L >
SR RIS D A e~ Bs - 0 B "ED 55 )

Visible energy [MeV]

Stefan Schoppmann '

NuDoubt** Report


http://www.uni-mainz.de/
http://orcid.org/0000-0002-7208-0578
http://orcid.org/0000-0002-7208-0578

JGlu

Expected Sensitivity

I\JuD;fLu:rc++

- background index 10° counts/(keV kg year) in region of interest for neutrinoless decays
- background-free

Two-neutrino decay
first measurement

Discovery Sensitivity (50 C.L.)
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Neutrinoless decay
1000-fold improved limit

Exclusion Sensitivity (90% C.L.)

Eur. Phys. J. C 85 (2025) 121
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Proof of First Measurement of
concept Double Beta Plus Decay
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Conclusion
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search for double beta plus decays

coated light guides (OWLS)
- ~ 800 PE / MeV
- energy resolution of 2% in ROI

hybrid-opaque scintillator
- background discrimination

pressure loading of krypton-78
sensitivity
- first measurement of standard model mode

- 103-fold improved limits on neutrinoless mode

more details: Eur. Phys. J. C 85 (2025) 121
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