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Neutrinoless Double-Beta Decay
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2νββ 0νββνβ
Conserves lepton number
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Things a robust observation of 0νββ would tell us
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1) Lepton number conservation is violated.

2) Massive fermions exist that are neither matter nor antimatter.

3) There are other mass generating mechanisms in nature
beyond the Higgs mechanism.

4) Would give a measurement of mν

3) Could potentially reveal mass ordering.
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0νββ could occur in various ways 

Could be a signature of SUSY and 
give the SUSY mass scale

All methods require beyond the 
standard model physics 

Slide from The Mid and Long Term Future of Neutrinoless Double Beta Decay, Andrea Giuliani, 
Neutrino2018, https://doi.org/10.5281/zenodo.1286915
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3.5% FWHM
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0νββ decay detection

Need to measure the energy with <1%
FWHM resolution to see if it’s 0νββ rather
than 2νββ

J. J. Gomez-Cadenas et al., 
PoS (GSSI2014), 004 (2015)

1% FWHM

10% FWHM

0νββ

2νββ

S. Elliot et al., Ann. Rev. Nucl. Part. Sci. 52 (2002)
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Bolotnikov, & Ramsey NIMA, 396, 360–370.

366 A. Bofofnikov, B. Ramsey / Nucl. Insfr. and Meth. in Phys. Rex A 396 (1997) 360-370 
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Fig. 5. Density dependencies of the intrinsic energy resolution (%FWHM) measured for 662 keV gamma-rays. 

above 2-6 kV/cm depending on the density, it remains 

practically unchanged. At low densities, < 0.55 g/cm3, 

the resolution almost saturates to the same limit, deter- 

mined by the statistics of ion production, while at high 

densities, > 0.55 g/cm3, it continues to slowly decrease 

even at the maximum applied fields, but still remains far 

above the statistical limit. This is seen more clearly in 

Fig, 5 which gives energy resolution versus density meas- 

ured for 662 keV gamma-rays at a field of 7 kV/cm. 

Below 0.55 g/cm3 the resolution stays at a level of 0.6% 

FWHM (statistical limit), then, above this threshold, it 

starts to degrade rapidly, and reaches a value of about 

5% at 1.7 g/cm”. Such degradation of the energy resolu- 

tion above 0.55 g/cm3 was observed previously in 

Ref. [3-53 and explained with the d-electron model, 

originally proposed to explain the poor energy resolution 

measured by others in liquid Xe [13]. According to this 

model, the degradation of the energy resolution is caused 

by the fluctuations of electron-ion recombination in 6- 

electron tracks. For intense recombination, which would 

give large fluctuations, a particular density of ionization 

must be reached. These conditions would appear first in 

the tracks produced by low-energy S-electrons. The 

fluctuations in the number of such tracks, which are 

governed by the statistics of the a-electron production, 

determine the intrinsic resolution. As the density in- 

crease, the ranges of the &electrons become smaller, and 

the conditions for strong recombination occur in tracks 

produced by S-electrons with ever higher energies. In 

other words, the average number of tracks with high 

recombination rate should increase with density even if 

the recombination rate itself saturates at high densities. 

This can be illustrated by comparing the density depend- 

ence of the intrinsic energy resolution and changes in the 

slope of l/Q versus log(E), i.e. coefficient B in function (l), 

which characterizes the recombination processes (see 

Figs. 5 and 6). Below 1.4g/cm3, the energy resolution 

almost follows the dependence of B. At higher densities 

B saturates, or even starts to decrease, while the intrin- 

sic energy resolution continues to degrade. The latter 

fact shows that at high densities the resolution is deter- 

mined by fluctuations in the number of tracks with high 

density ionization, rather than fluctuations in recombi- 

nation. 

Another interesting question is the origin of the step- 

like behavior of the resolution around 0.55 g/cm3 (see 

Fig. 5). The location of the step precisely coincides with 

the threshold of appearance of the first exciton band, 

which is formed inside a cluster of at least 10 atoms due 

to density fluctuations in dense Xe [S]. Delta-electrons 

interact with whole clusters to produce an exciton or free 

electron. This could be an additional channel of energy 

loss that would result in a sharp decrease in size of the 

a-electron tracks and, consequently, in a sharp rise of the 

number of tracks with high density of ionization above 

0.55 g/cm3. 

A similar behavior of the intrinsic resolution was ob- 

tained for all other energies used in these measurements 

(0.3-1.4 MeV). Below 0.55 g/cm’, the intrinsic energy res- 

olution saturates to its statistical limit, determined by 

(FW/E,)“‘, if a sufficiently high electric field is applied, 

and starts to degrade above 0.55 g/cm” even at high 

fields. Fig. 7 shows the dependence of the intrinsic resolu- 

tion (%FWHM) on the energy of gamma-rays plotted as 

Liquid

HPGXe

Measuring ionization only (@662 keV)

Advantages of HPGXe136

Using gaseous Xenon versus liquid so can:
• get a clear topological reconstruction (left)
• Energy resolution is preserved with 

electroluminescence gain (below)

e- +Xe à e-+Xe* à e-+2Xe+γ

γ

e- +Xe à 2e-+ Xe+ 

e- +Xe à e-+Xe* à e-+2Xe+γ

γ
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Backgrounds for current 0νββ experiments
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Step 1: Apply an electric field (300 V/cm) to 

drift ionized electrons over

electrons

Basic Principles of the NEXT Detector

time

NEXT-100 Field Cage
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Step 2: Make photons from electrons using an 
Electroluminescent Region of 2 kV/cm/bar

Plot by C.M.B. Monteiro et al

electrons
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Step 3: Use PMTs and SiPMs for capturing 175nm
photons which we use TPB to wavelength shift to
420nm
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Sequence of NEXT Detectors

• NEXT-DBDM -first detector made to check energy resolution

• NEXT-DEMO - already tested and now repurposed to test
for NEXT-100

• NEXT-NEW - currently collecting data

• NEXT-100 - currently being designed and built

• NEXT-ton - final goal, 1 ton of xenon

1800 SiPMs, 
1cm pitch 10 kg active 

region (10bar) 
50cm drift 

length

12 PMTs operating 
in vacuum (30% 

coverage)
“Spaceship” SiPM
feedthroughs

HV Connections
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See if we have a ββ decay

Background Event

Signal-like Event – double escape Tl peak
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1.23% FWHM at 662 keV 0.8% FWHM at 2615 keV
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Measure energy to see if we have 0νββ decay

0νββ

2νββ

S. Elliot et al., Ann.Rev.Nucl.Part.Sci. 52 (2002)

0.96% FWHM at 1592 keV
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Cuts used to distinguish background in NEXT

Blob Cut Energy Cut

Fiducial Cut

0νββ

2νββ
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NEXT-100 field cage structures and components

• NEXT-100 design is being finalized
• Testing of components has begun
• Under construction in 2019
• NEXT is set up to test full scale parts for NEXT-Ton

Custom feedthrough rated for 100kV NEXT-100 Cathode being installed for testing
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NEXT-ton (~2025)

Phased approach
• ~1 ton of 136Xe introduced per phase. 
• Ultra pure materials. SiPMs as the only sensor.

Phase 1:
• Improves topological signature, improves energy resolution
• Reduces radioactive budget (no PMTs)
• Energy plane made of large area SiPMs (design similar to Dark Side)
• Potential to reduce SiPM dark count by cooling detector

Phase 2:
• Tracking and energy measured in anode.
• Cathode implements Barium Tagging System.

Total Background rate:
Phase 1: 2.59 x 10-6 cts / keV kg year

Phase 2: virtually background free

Two approaches developed in parallel:
• Phase 1, High Definition: incremental approach, using/improving existing technology.
• Phase 2, Barium Tagging: based on disruptive new concept (SMFI Ba++ tagging). 

0νββ
Detection Strategies

NEXT-Detectors
NEXT-NEW
NEXT-100

NEXT-ton
Barium Tagging



18

Looking for Barium Daughter

Single step photo-bleaching response

One second exposure before
and after bleaching

Xe136 ➝ Ba136 + e- + e-
Tagging every time a Barium Ion is produced would
get rid of all gamma ray induced backgrounds
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Chemicals designed for dry Barium tagging
• While fluorescent tagging has been explored for

many cations, biochemists historically have not
needed to do so for barium, making available
commercial dyes ill-suited for barium tagging in
a dry environment.

• In collaboration with chemists at UTA, we have
engineered chemical dyes to solve this problem

NEXT-1 Pyrene NEXT-3 PyreneNEXT-2 Pyrene

Submitted to Nature Scientific Reports 
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Titration study showing increase in fluorescence 
intensity with added barium to 18c6-an
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Summary Comments

• Discovery of 0vbb would give insight to new physics

• The NEXT collaboration is building a series of prototypes leading to a
very low background ton scale experiment

• Has demonstrated energy resolution < 1% FWHM

• NEXT is developing a new capability for a background free experiment

• We are preparing a design for ton-scale system to operate in ~2025
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Backup Slides



RF carpets for ion transport
RF carpets can be used to transport ions across surfaces

• Alternating ±180 degs. phase-shifted RF signals are applied to a parallel 
series of electrodes

• This creates a minimum in the effective potential at a given distance 
above the electrode plane

• Ions will levitate in this minimum and can be swept across with an 
additional electric field

• The parallel electrodes can be in a circular pattern and collect ions in the 
center

• RF carpets have previously only been used in low pressure (< 1bar)
• We are currently working to adapt them to work up to 10 bar

RF carpet simulation using SIMION

ion trajectories 
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