
LIQUIDating the Gallium Neutrino Anomaly

 Garv Chauhan
Department of Physics, Arizona State University

May 19, 2025

work with Patrick Huber (Virginia Tech)

 Based on arXiv [hep-ph] : 2506.abcde

Pheno 2025

University of Pittsburgh



Gallium Anomaly

• Only Ge atoms can be counted.

• Has been done independently 4 times, each 
time there's a 20% deficit. 
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[Eliott,Gavrin,Haxton, PPNP 2024]



Gallium Anomaly

3
[BEST Collaboration, PRC 2022]

•  After the BEST experiment, the global significance exceeds 5-sigma!



SM Resolutions ?

• Increased Ge half-life ?

4[Brdar,Gehrlein,Kopp, JHEP 2023]

• New Ga excited state ?

• Bias in Ge extraction efficiency ?
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BSM Solutions ?

• Vanilla eV-scale sterile neutrino (      )

• Decaying 

• a    with CPT violation

• Extra Dimensions 

• Decoherence  [Arguelles et al., PRD 2023],[Hardin et al., JHEP 2023] `

• a   coupled to ultralight scalar  [Davoudiasl,Denton, 

PRD 2023] 

9

[Brdar,Gehrlein,Kopp, JHEP 2023]

[BEST Collaboration, PRC 2022]
[Giunti et al., JHEP 2022]

[Giunti,Laveder, PRD 2010]

[Machado et al., PRD 2012] [Carena et al., PRD 2017] 
[Forero et al., PRD 2022] 



BSM – Vanilla Sterile
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Sterile-DM MSW Resonance

• Tuned MSW resonance induced for steriles through interactions 
with ultralight dark matter.
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[Brdar,Gehrlein,Kopp, JHEP 2023]

• Evades the solar constraints, since  resonance even narrower 
for solar case. 

• Sign of the potential ensures resonance only in neutrino sector.

• Chosen to lie around dominant Cr neutrino line.

• The kinematical bounds from KATRIN  like-experiments, evaded 
by choosing a small vacuum mixing angles. 



MSW Resonance
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[Burrows, 1990b]



MSW Resonance
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Solar Neutrinos at BOREXINO

• The electron recoil event rate is given by :

• Therefore, we expect CNO solar neutrino flux to be 
affected.

• BOREXINO has a recent result on CNO flux!

• BUT can only measure the recoil spectra and hence 
not possible to resolve the dip! 

• In fact, actual measurements are 
systematically higher! 
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Solar Neutrinos at BOREXINO

• Even theoretical uncertainities on solar models limit what you can do!
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Into the WonderLand : 
Where do we go now?

• We need a detector being able to observe the energy dip 
clearly.

• Detection should be free of radiochemical extraction bias.

• Due to differences in theoretical and experimental 
measurements of solar neutrinos, we need a calibrated 
source.

• Observing length oscillations will also be a crucial element. 
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Indium Detector

• In 1976, Raghavan put forward a novel proposal to 
detect the low energy pp-solar neutrinos using Indium.

• Through charged-current driven neutrino capture 
process,

• Reaction threshold Q = 114 keV

• Sn undergoes delayed de-excitation by emitting two 
photons of energies 116 keV and 498 keV.
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[Chauhan,Huber,  2506.abcde]



Indium Detector in Scintillator

• Original idea : to dissolve 5-10 wt%  Indium in liquid organic 
scintillator.

• Background from natural In-radioactivity suppressed by using 
delayed coincidences and a segmented detector.

•  Fundamental limitation : at high In concentration,  scintillation yield 
and transparency of the scintillator deteriorate quickly.

• We propose to overcome these issues : an opaque liquid scintillator 
with short scattering length than transmission length. 

• This localizes the light without segmentation and by using 
wavelength-shifting optical fibers the localized light can be 
transported over practically arbitrary distances.
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[see early work by LENS collaboration in 2000s]



Indium in LIQUIDO

• This is known as the LiquidO concept and is a promising technology to use ton-scale indium 
targets. 

• LIQUIDO: LIQUId scintillator Detector for Oscillation physics.
• Consists of a volume filled with opaque scintillator traversed by a dense array of fibres, read out by 

photosensors.

• Opaque scintillator has a long absorption length, but a short scattering length
• Causes scintillation  light to undergo a random walk, resulting in the creation of a so-called “light 

ball” around its creation point.

• Turns out their future‐project roadmap lists “solar neutrinos → indium loaded detector to 
observe pp‐neutrinos”!

• In this work, we will specify the amount of indium instead of the total detector mass.
• At minimum for energy resolution we want the two Cr peaks to be resolved. 
• We assume 10% loading by weight (although they can go even higher!).
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[LIQUIDO collaboration, Commun.Phys. 4 (2021) 273]



Event Rate - LIQUIDO

• The differential neutrino capture event rate is

• where the energy reconstruction function is taken to be Gaussian,

• For our case, we assume  

• We define the chi-square as follows : 

20
[Chauhan,Huber,  2506.abcde]



Event Rate - LIQUIDO

• We define the chi-square as follows : 

• We use a 3.4 MCi Cr Source for an observation time of around 200 days.
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[Chauhan,Huber,  2506.abcde]



MSW Resonance
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[Burrows, 1990b]



Energy Dip and Length Oscillation
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[Burrows, 1990b]

[Chauhan,Huber,  2506.abcde]



Testing GA
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[Chauhan,Huber,  2506.abcde]



Testing GA
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[Chauhan,Huber,  2506.abcde]



Summary

• Gallium anomaly has been an outstanding problem for about two decades. 

• Resolutions involving vanilla eV-scale sterile neutrino run into strong tensions with solar and reactor measurements.

• we have studied tests for a new class of proposed solution based on fine-tuned resonant dips at energies

• we show narrow width resonances cannot be probed in neutrino-electron scattering, e.g. through precision measurement 
of CNO neutrino flux with BOREXINO. 

• Therefore, we propose detecting these low-energy neutrinos through charged-current driven neutrino capture process on 
Indium.

• This can be readily realized by doping the opaque liquid organic scintillator experiment proposed by the LiquidO 
collaboration. 

• We show how under 50-ton of Indium in a LiquidO-like detector can completely test the GA at more than 5-sigma in about 
200 days with a 3.4 MCi Cr source.
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Thank you!

Email : garv.chauhan@asu.edu
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