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Barium Tagging for Background Free Neutrinoless Double Beta Decay Searches

Barium Tagging

The discovery of neutrinoless double 
beta decay would show that neutrinos are 
Majorana fermions and that lepton 
number is not conserved. Lepton 
number violation is a natural outcome of 
leptogenesis.
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DC push field RF carpets are being 
investigated for high 
pressure Ba++

transport across the 
cathode.
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The combination of alternating RF electrodes and a DC push 
field levitates and directs the ions over a surface.

A high pressure test stand has been 
designed and built to test single Ba++ 

transport in high pressure at the 
CARIBU ion source at Argonne 
National Lab.

The RF voltage strength was tested 
in high pressure He, Ar, and Xe
across submillimeter gaps.

Ion transport stability depends on the RF voltage and 
electrode spacing. To transport ions in high pressure, high 
voltage and small gap distances are required.

Simulations of RF carpet Ba++ transport in 
high pressure xenon show efficient transport 
given sufficiently high RF voltages.

The required voltages are 
below the breakdown 
thresholds found in our 
voltage breakdown tests.
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A single step 
turn off indicates 
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fluorescence.

SMFI molecules, developed for biological 
system imaging, only fluoresce when bound 
to specific ions.

Custom SMFI 
molecules developed at 
UTA show a strong 
preference for Ba++,

have a large binding 
energy, and fluoresce in 
the visible spectrum.
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A specialty high pressure 
microscope was developed 
to image the SMFI 
molecules in xenon gas up 
to 10 bar.
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In neutrinoless double beta decay, the 
two electrons carry all of the decay 
energy, Q"", making it distinguishable 
from the two neutrino double beta decay 
that is allowed in the standard model.

The NEXT experiment uses a high pressure gaseous xenon 
electroluminescent TPC to detect the two electrons from the 
double beta decay of 136Xe.
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Electroluminescent light 
collected by the PMTs 
provides sub 1% energy 
resolution at Q"". Single-
electron background 
events can be removed 
with topology cuts in the 
SiPM tracking plane.
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This poster presents one line of the R&D towards Ba++ tagging in NEXT. See also the poster (#193) by Pablo Herrero, DIPC
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Images show single ions imaged 
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