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Searching for Majorana neutrinos

NEXT-WHITE (NEW) analysis
Physics plan:

The most sensitive experimental method to establish that neutrinos are
Majorana particles is the detection of neutrinoless double beta decay (0νββ)
- decay mediated by the virtual exchange
of a light Majorana neutrino:
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2016 (2nd half) - Depleted Xe

Calibration, energy resolution,
topological rejection

2017 (1st half) - Depleted Xe

Background rate and energy spectrum

2017 (2nd half) - Enriched Xe

2νββ measurement
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• The NEW detector is currently being commissioned at the LSC (See P4.066).
• Implements in a 1:2 scale the design chosen for the NEXT100 using the same
materials and photosensons.
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e• The NEW data will make
possible the validation of the
NEXT100 background model.
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The NEXT experiment seeks to observe the neutrinoless
double beta decay of 136Xe in a high-pressure xenon gas
TPC with electroluminescence amplification and optical
readouts.

Roadmap:
NEXT-DEMO/DBDM

2017

Construction

2018

Assembly, commissioning

2018-2021

1. very good energy resolution: 0.5-0.7%
FWHM at Qββ

Demonstrated:
NIM A708 (2013) 101

0νββ search

2. 3D track reconstruction for background
rejection (See P. Ferrario P4.064!)

JINST 9 (2014) P10007
JHEP 8 1601 (2016) 104

• Main source of background:
natural radioactivity coming from
high energy gammas emitted after
the β decays of 214Bi and 208Tl
which fall in the region of interest
(ROI).
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NEW detector
description in
M.Nebot P4.066!

• The 214Bi and 208Tl activity levels of
all materials and components in
NEXT100 have been measured by
the Collaboration and the LSC
Radiopurity Service.

NEW-NEW

2015 - 2017
Operation at LSC

counts / (yr keV)

The 0νββ event selection:
1. a single track confined within
the fiducial volume of the
detector → 2cm away from
boundaries

Pressure Vessel:
Steel, up to 15 bar

NEXT-100

10 kg
Commissioning!

2. a track must have a blob at
both ends
3. the energy of the event within
the ROI: 2.448 < E < 2.477
MeV
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17 detector components and a total of 68
background sources are considered.
The 2νββ event selection: similar to the NEXT100
analysis, except for the ROI (0.6 < E < 2.8 MeV).
Three background categories are considered:
1. High energy γ from the U- and Th- series
(208Tl, 214Bi) from impurities in the detector
components
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Inner shield:
12cm of Cu

3. Low energy γ from 60Co and 40K from
detector components → dominant
background for 2νββ

Energy plane:
60 PMTs

2νββ yield significance

Tracking plane:
7,000 SiPMs
1cm pitch

100 kg

2018 - 2021
Search for 0νßß

~7σ significance
for a 100 day run
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2. High energy γ from airborne radon gas and
radon emanation from detector components
→ highly suppressed via filtration systems

NEXT100 TPC:
100Kg active region
130 cm drift length

2010 - 2014
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a high-pressure Xenon TPC

NEXT100 0νββ analysis

Exp. 1.88 yr, Events 29896.8
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• Binned maximum likelihood fit to
the NEW spectra to extract the
2νββ signal and background yields.
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Assuming a signal detection efficiency of 28% and a background rate of 4x10-4
counts/(keV kg yr) the NEXT100 detector will reach a sensitivity to the 0νββdecay half-life of 6 x 1025 years after running for 3 effective years. This
corresponds to an upper limit on the Majorana neutrino mass of 80-160meV,
depending on the nuclear matrix elements calculation.

Total efficiency:
Interacting Shell
model (ISM)

Pressure vessel

Using the initial activities of Tl and Bi
and the rejection factors obtained
from the selection above the overall
background rate is estimated to be:
< 4 x 10-4 counts/(keV kg yr)
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Still ample room for improvement: more sophisticated reconstruction
algorithms to fully exploit the potential of the tracking signature are under
development.

Shaping rings
Electrode rings
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Anode plate
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FC resistor chain

And…the NEW data coming soon! stay tuned!
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