
The concept in the context of Ba-tagging for neutrinoless double beta decay events.

luorescent Bicolor   Indicator

Zoraida Freixaa,b

Iván Rivilla,b,c Borja Aparicio,a Pablo Herrero,c,d Celia Rogero,d Francesc Monrabal,b,c Fernando P. Cossío,a Juan José Gómez-Cadenasb,c

on behalf of 

a University of the Basque Country (UPV/EHU), 20018 Donostia, Spain. b Ikerbasque, Basque Foundation for Science, 48009 Bilbao, Spain. c

Donostia International Physics Center (DIPC), 20018 Donostia, Spain. d Materials Physics Center CFM (CSIC-UPV/EHU).20018, Donostia, Spain.



e-e-νe
_
νe
_

SM-allowed process
Measured in several nuclei

Lepton number violating process
Requires massive, Majorana neutrinos
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How to confirm experimentally if neutrino is a Majorana particle? 
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2vT1/2 ~ 1019 ─ 1021 yr 0vT1/2 > 1026 yr
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ββ0ν in high-pressure 136Xe gas
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How to confirm experimentally if neutrino is a Majorana particle? 



ββ2ν candidate at 2 MeV, showing 2 energy blobs at the extremes.
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How to confirm experimentally if neutrino is a Majorana particle? 

Energy resolution better than 1% FWHM at Qββ.

ββ0ν in high-pressure 136Xe gas
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How to confirm experimentally if neutrino is a Majorana particle? 

ββ0ν in high-pressure 136Xe gas
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Idea: Exploit single molecule fluorescent imaging (SMFI) to visualise
(“tag”) a single Ba++ ion as it arrives at the TPC cathode.

D. Nygren , J.Phys.Conf.Ser. 2015, 650(1), 012002
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Dry single Ba++ ion detection with off-on fluorescence
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Dry single Ba++ ion detection with off-on fluorescence



GodXilla
”CRAB” concept with RF carpet concentrators and 

camera-based topology measurement
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Dry single Ba++ ion detection with off-on fluorescence



BOLD(Barium atOm Light Detector)
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"Fluorescent bicolour sensor for low-background neutrinoless double β decay experiments", Nature 2020, 583, 48-54.
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Excitation: 365 nm
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FBI FBI·Ba++

Emission spectrum of the FBI (green line) and FBI·Ba (blue line) samples on silica, after silica subtraction.
The FBI spectrum is scaled by a factor of 310 with respect to the FBI-Ba++ spectrum. Excitation at 250 nm.
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The FBI mantains its fluorescent properties in solid phase (silica gel) 

Calculated discriminaton factor FBI·Ba++ vs FBI = (2.5±0.6) x 104

FBI FBI
Ba++

Excitation: 365 nm

[FBI] = 7.4 x 10-8 mmol/mg of
silica saturated in Ba(ClO4)2

[FBI] = 2.3 x 10-5 mmol/mg of silica
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FBI deposited
on silica pellet 



BOLD
FBI FBI·Ba++

Ba
++

se
ns

in
g 

in
 h

ig
h-

va
cu

um

"Fluorescent bicolour sensor for low-background neutrinoless double β decay experiments", Nature 2020, 583, 48-54. 12

luorescent Bicolour Indicator

blue filter
λ = 400-425 nm

green filter
λ > 450 nm

2 Photon Absorption Microscopy (excitation at 800 nm)

FBI sensors capture Ba++ in dry phase! 

Excitation: 365 nm Excitation: 365 nm

FBI·Ba2+

λ = 400-425 nm
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FBI + Ba++·8Xe FBI·Ba++ + 8Xe

ΔGrx = -195.9 kcal/mol

FBI + Ba(ClO4)2 FBI·Ba(ClO4)2

ΔGrx = -90 kcal/mol

DFT-computed Gibbs reaction energies



BOLDWhat’s NEXT @ ?
”BOLD” concept with fully active cathode, SiPM-based tracking  and Energy Barrel Detector
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