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Neutrinoless Double Beta Decay

Observation of 0νββ
would imply the 

majorana nature of 

neutrino.

NEXT Concept: HPXe EL TPC 

Single Molecule 

Fluorescent Imaging 

(SMFI): Single molecule 

changes its fluorescence 

upon ion capture. 

The NEXT collaboration 

has developed novel 

organic fluorophores to 

detect Ba ions in Xe gas.

A novel fluorescence microscope was developed with wide-field 

scanning and operational in high-pressure (10 bar) xenon gas [8].

Self Assembled Monolayer : Surface Functionalization & Molecular Orientation Study 
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FIG. 5. Image of a slide spin-coated in IPG-1 chemosensor, showing the act ivity with (right ) and without (left ) added Ba2+ .

FIG. 6. Left : Pixel intensity dist ribut ions for images taken using IPG vs IPG+ Ba in 10 bar xenon gas. Right : reconst ructed

single molecule candidate brightnesses and step t imes for IPG vs IPG+ Ba in 10 bar xenon gas. The plot ted points are collected
obtained over seven exposure regions on a single slide, and the t rend is found to be repeatable over mult iple slides.

behaviour associated with single molecule fluorescence imaging is clearly observed in each t ime series.
Studying the photo-bleaching t ime dist ribut ion illuminates a st riking di↵erence in the bleaching dynamics of Ba2+ -

chelated IPG dyes in noble gas vs air environments, with substant ially faster bleaching behaviour observed in air. The
mean photo-bleaching t ime in 10 bar xenon gas is ext racted as 241.5 s, whereas in air it is much faster at 22.3 s, as
shown in Fig. 8. This observat ion supports the hypothesis that has been discussed in associat ion with solut ion-based
studies (for example, Refs. [55, 56]), that react ions with oxygen are likely primarily responsible for the bleaching
process. Nevertheless, even absent ambient oxygen some photo-bleaching mechanism appears to be present , albeit at
a far slower rate. While large datasets of IPG+ Ba2+ images were not collected in vacuum or argon condit ions for this
work, visual inspect ion of the photo-bleaching behaviour while imaging in those condit ions showed a t ime profile far
more similar to the the xenon data than to air, as may be expected under the oxygen-mediated hypothesis.
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xIn-focus molecules appear as simple dots in 

the image.

Defocused (~500 nm) images show unique 

ring patterns that encode the 3D orientation 

of each molecule's dipole [9].

Current gen:

Pitch=160um

PCB on polyimide

RF carpets use alternating radiofrequency electrodes with a DC 

push field to transport ions across a surface.

Applying N-phased RF voltages generates a traveling wave [10].

Ions experience a time-averaged repulsive force from the 

electrodes, keeping them above the surface.

Ba should find molecule anywhere it lands on the surface: need a dense coverage 

of molecules.

The current research frontier is development and characterization of a dense, self-

assembled monolayer.
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SMFI Pad on 
integrated chip

Highest ever pressure 4-

phased RF carpet operation, 

and first use in xenon [11]

Demonstration with matom=mgas.

Barium Tagging for 𝟎𝝂𝜷𝜷 Single Ion Resolution

Ba2+ is only produced in 𝛽𝛽 decays of 136Xe.

Ion Transport & Confinement 5 𝝂BIT Chip 6

Ion Transport at 

500mbar of He
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NEXT 100 in 
operation
See poster by 

Pau Novella

Ba2+

For full-detector coverage, we are developing photonic 

chip-based sensor.

𝜈BIT incorporates integrated optical microscopy and 

microfabricated RF carpets. 

136Xe → 136Ba2+  +  2e−

Orientation imaging is being pursued by NEXT as a key tool for understanding the structure and organization of monolayers.

Fluorescent 

molecules emit light 

in dipole radiation 

pattern.

Radiofrequency carpets continuing to improve toward moving barium ions in high pressure xenon gas.
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