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Grand Unified Neutrino Spectrum 
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๏ Can these large-volume DM DD experiments be sensitive to even lower-energy 
neutrinos?
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Thermal Solar Neutrinos
A guaranteed source of low-energy neutrinos.
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Thermal Solar Neutrino Flux
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Fairly robust (<10% 
uncertainty) against 
variations in the solar model
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Dominant over pp Flux below ~3 keV
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Kinematically Accessible at DM Experiments
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Backgrounds
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Solar pp neutrino NOT the dominant background at the moment.
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XENONnT Data
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Upper Bound on Thermal Solar Flux
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Upper Bound on Thermal Solar Flux
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Complementary Limit from KATRIN 
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Ferrari, Herrera, Russell, 2606.17042
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Why Should One Care?
๏ The first experimental constraint on keV 

astrophysical neutrino flux.
๏ A detection would be an important test of the 

standard stellar physics. 
๏ Extends the “neutrino fog” to lower energies. 
๏ Could someday become relevant to ultra-low-

threshold DM direct detection experiments.  
๏ A new probe of keV-scale new physics. 
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O’Hare, 2109.03116
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keV Scalar Emission
๏ Minimal case: Neutrinophilic scalar: 

 (majoron-like)
๏ But the production of  suppressed 

in the Sun.
๏ Consider coupling to charged 

fermions as well: 

๏ Production via  and decay via  
for .

๏ Existing limits: 

−ℒ ⊃ yνν̄ϕν
ϕ

yf yν
mϕ < me

ye ≲ 10−16, yN ≲ 10−12, yν ≲ 10−10

14

Knapen, Lin, Zurek, 1709.07882; Babu, Chauhan, BD, 1912.13488 
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Can get a flux above thermal solar, 
but not enough for detection!
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Conclusions
๏ Advocating for the direct detection of ~keV thermal solar 

neutrinos — a guaranteed source of low-energy neutrinos. 
๏ Derived an upper bound of  times the SSM flux.
๏ Ultra-low-threshold large-volume dark matter direct detection 

experiments offer a promising path forward. 
๏ Orders of magnitude improvement not uncommon in this 

field. 
๏ Complementary to neutrino capture on atomic tritium. 
๏ Provide the first upper limit on the thermal solar neutrino flux.
๏ May provide new tests of keV-scale new physics. 
๏ Any BSM source of keV neutrinos?

108
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Ahlen et al (PLB ’87)

Baudis, 2512.23039
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keV Sterile Neutrino DM
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Plasmon Decay
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