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Motivation

• 40K geoneutrinos unable to be 
detected with IBD on hydrogen
• 1.8 MeV threshold for IBD on 

hydrogen, 40K neutrino endpoint 
~1.31 MeV

• For an overview on the missing 
potassium problem, see talk:
https://indico.cern.ch/event/825708
/contributions/3550280/attachment
s/1931708/3199582/Serafini_NGS1
9.pdf

• Charged-current scattering on 
other nuclei can have lower 
thresholds

1H IBD threshold
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Two main processes

https://indico.phy.ornl.gov/event/433/contributions/1908/

https://www.sciencedirect.com/science/article/pii/S0375947403009539

1. Inverse beta decay (IBD):
ഥ 𝜈𝑒 + 𝑍

𝐴X  →  𝑒+ + 𝑍−1
𝐴Y(∗)

• Minimum threshold for stable nuclei is 1.022 MeV
• Pointed out that long-lived metastable states can have lower thresholds 

(see https://indico.phy.ornl.gov/event/433/contributions/1908/), but very 
small natural abundances 
• 180Tam→180Hf has threshold of 0.2534 MeV, but cross section expected to be small 

due to spin-parity of transition
• 180Tam is “nature’s rarest isotope” - 

https://www.sciencedirect.com/science/article/pii/S0375947403009539 
• Cross section lower for heavy targets due to Pauli blocking
• Cross section inversely proportional to the ft-value of the corresponding 

beta decay
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Two main processes

2. Resonant Orbital Electron Capture (ROEC)
ഥ 𝜈𝑒 + 𝑍

𝐴X +  𝑒−  →  𝑍−1
𝐴Y(∗)

• Thresholds depend on the energy to capture an electron, can be 
significantly lower

• Cross section increases with heavier nuclei (more electrons)
• Only depends on neutrino flux within a small window around the required 

capture energies
• Only signature is the end nucleus, but can potentially capture to excited 

states as well
• Not yet measured
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Review of existing work
• Krauss, Glashow, Schramm, Nature 310 (1984)

• Focus on radiochemical approach
• Consider IBD as well and ROEC

Takeaways
• 3He the most promising target, but 

too costly to produce a large-scale 
detector

• 35Cl mentioned as another 
interesting target

• Transitions to metastable states (e.g. 
79Br) can have larger cross sections, 
but does not work well for 
radiochemical approach
• Make some assumptions about 

log(ft) values of these…
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Review of existing work
• Krauss, Glashow, Schramm, Nature 310 (1984)

• Focus on radiochemical approach
• Consider IBD as well and ROEC

Takeaways
• 3He the most promising target, but 

too costly to produce a large-scale 
detector

• 35Cl mentioned as another 
interesting target

• Transitions to metastable states (e.g. 
79Br) can have larger cross sections, 
but does not work well for 
radiochemical approach
• Make some assumptions about 

log(ft) values of these…
• ROEC can have large cross sections 

for heavy nuclei for specific energy 
neutrinos
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Review of existing work
• Kobayashi and Fukao, Geophysical Research Lett. 18 (1991)

• Consider IBD and ROEC

Takeaways
• Two detectors considered:

• Direct detection—with 10-
tonnes of 3He, one event 
detected in ~3 days

• Indirect detection—detect 
product element in rocks by 
isotopic analysis

• Don’t consider transitions to 
metastable states
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Review of existing work
• A. Cabrera, et al. (LiquidO collaboration), arXiv:2308.04154 (2023)

• Focus on IBD
• Real-time detection—can use event topology and de-excitation 

coincidences to tag interactions with opaque scintillator

Takeaways
• Identify 63Cu, 35Cl as most promising candidates, strong emphasis on 63Cu

• Assume log(ft) value of 5 for all metastable states, as done in Krauss, 
Glashow, & Schramm

• Log(ft) of 79Br measured to be 4.7 in Klay & Kappeler, Phys. Rev. C 38 (1988)
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Why 63Cu?

ഥ 𝜈𝑒 + 63Cu  →  𝑒+ + 63Ni(𝑚)

• Low threshold: 1.089 MeV to ground state in resulting 63Ni
• Large natural abundance: 69.2% natural abundance
• Coincidence tagging: first excited state in 63Ni has lifetime of 

1.67µs, emits 87-keV gamma
• Both transitions to ground state and first excited state are allowed 

transitions
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ft-values

• Charged-current cross section 
inversely proportional to the ft-
value of corresponding beta decay

• ft-value of the first excited state of 
63Ni has never been measured
• Critical first step for advancing 

detectors relying on this interaction

• For now, using ft-values from Chen 
and Wang, Symmetry (2023)
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IBD cross section 
(including 63Ni excited states up to ~1 MeV)

63Cu cross section vs. neutrino energy 63Cu vs. 1H
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Measuring the ft-value

• The ft-value is encoded in the branching ratio (𝑅𝛽) of the first excited 
state of 63Ni—how often it de-excites to ground state vs. direct decays

• Also impact isotopes produced in supernovae
• 63Ni has a long half-life, in supernovae temperatures can be high enough that 

many 63Ni nuclei in first excited state
• If decay from excited state is fast, affects the amount of 63Cu produced

• Can potentially measuring the ft-value via neutron capture on 62Ni 
with a pulsed neutron source
• Requires large flux of neutrons, expected branching ratio is small 

(~10-12 to 10-14) for log(ft) = 4.7-5.8
• Beta decay half-life of 63Nim corresponding to log(ft)=5 is 255 days
• To produce 100 beta decays from excited state with this log(ft), would be left 

with µC-scale 63Ni source
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63Ni Production
• Already enriched for 62Ni production (96%) for safeguard 

applications
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What energy neutrons?

• Peak in capture cross 
section around 1.3 MeV

• Don’t really care how the 
metastable state is 
produced—can be 
produced from higher 
energy states de-exciting

Cross section to 63Nim from TALYS
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Neutron capture on 62Ni
• Need a large array of 62Ni-loaded scintillator (plastic or liquid) cells

• Aim for 5+% loading in 62Ni
• Measure for ~2 weeks at Triangle Universities Nuclear Laboratory (TUNL)
• Detector cell should be small—150 keV beta travels 0.2mm in plastic scintillator

• Neutron pulses are <10ns in width, separate pulses in time by 12.8µs (can change this)
• This pulsing allows essentially all the produced 63Nim to de-excite or decay
• Signature of decay from excited state is a larger energy electron (end point of ~155 keV)
• Focus on energy region from ~80 keV to 155 keV—above gamma de-excitation line
• Signal should also occur outside of neutron beam window (between pulses), coincident only with a single cell, and 

want to maximize exposure while avoiding pile-up

Simulation of 1.25 MeV neutrons incident on 62Ni-loaded LS cell Calculated 63Nim beta spectrum

63Nim gamma decay
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Longer term objectives

• Assuming the log(ft) value is at least as low as predicted, next 
obstacle is loading scintillator with 63Cu
• Some existing formulas in literature, but not sure of properties

• Detector design would then be optimized via simulation—want to 
take advantage of 1.67µs metastable coincidence rejection
• Simulate external backgrounds, backgrounds from IBD on hydrogen, 

ROEC as a signal and/or background

• Look into directionality of emitted positron to reduce backgrounds
• Typically anticorrelated with the direction of the neutrino for other targets 

at low energies, but haven’t seen calculations specifically for 63Cu
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Summary

• Charged-current interactions with nuclei one means to detect low 
energy electron antineutrinos
• Little experimental work studying these interactions at this energy scale

• Copper-63 one of the most promising candidates
• Log(ft) of first excited state in Nickel-63 should be measured to 

better understand the cross section
• Can potentially make this measurement at TUNL

• After measuring log(ft), can better evaluate the sensitivity of this 
technology and optimize a detector design
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