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Grand Unified Neutrino Spectrum
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Quiz Questions

® What is the highest-energy neutrino detected so far?
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- According to Al (and most people), ~220 PeV (KM3-230213A). Nature 638, 376 (2025)
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Quiz Questions

® What is the highest-energy neutrino detected so far?
- Depends on who you ask.
- According to Al (and most people), ~220 PeV (KM3-230213A). Nature 638, 376 (2025)

- According to me (and a few others), 11.4 PeV (IC190331A, see Lu, Yuan, 2509.12628), until the
KM3NeT event is fully understood.

@ What is the lowest-energy neutrino detected so far?

- 165 keV solar pp neutrino by Borexino. Nature 562, 505 (2018)

- Low-threshold DM direct detection experiments (XENONNT 2207.11330, PandaX-4T 2401.07045, LZ
2410.17036) getting sensitive to the solar neutrino “fog”.

@ 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. Vitagliano, Redondo, Raffelt, 1708.02248
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Thermal Solar Neutrino Flux
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Dominant over pp Flux below ~3 keV
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Kinematically Accessible at DM Experiments

Elastic neutrino-electron scattering

Electron ionization signal
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Backgrounds
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TABLE I. The background model By with fit constraints and
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XENONNT Data
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mal Solar Flux

Upper Bound on The
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Upper Bound on Thermal Solar Flux
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Complementary L|m|t from KATRIN
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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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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-scalé new.physics.
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Why Should One Care
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keV Scalar Emission

® Minimal case: Neutrinophilic scalar:
— < D y v¢v (majoron-like)

@ But the production of ¢ suppressed
in the Sun.

@ Consider coupling to charged
fermions as well:

@ Production via y-and decay via y,
for my < m,.

® EXxisting I1ir6nits: " "
ye S/ 1()_ ” yN 5 10_ ° yy S 10_
Knapen, Lin, Zurek, 1709.07882; Babu, Chauhan, BD, 1912.13488
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keV Scalar Emission

® Minimal case: Neutrinophilic scalar:
— < D y v¢v (majoron-like)

m¢ =5 keV

me = 10 keV
m¢ = 20 keV
me = 30 keV

® But the production of ¢ suppressed AU
In the Sun. o]
@ Consider coupling to charged =
fermions as well: = 10T
) 1 = 103F
—L Dy vov +ysfof + imiq'oz . T%
4
@ Production via y-and decay via y, <
for my < m,.

® Existing limits:

— —12 —1
v, S1071% yy 10712y, 10710 Wi
Knapen, Lin, Zurek, 1709.07882; Babu, Chauhan, BD, 1912.13488
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keV Scalar Emission

Can get a flux above thermal solar,

® Minimal case: Neutrinophilic scalar: but not enough for detection!
— < D y v¢v (majoron-like)

: | —— my =5 keV
@ But the production of ¢ suppressed 0 iy = 10 KoV
In the Sun. 1012__ mqb:gglliex
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® Advocating for the direct detection of ~keV thermal solar S F f;‘nggsgL;SG)DOMINANT HALO COMPONENT .

neutrinos — a guaranteed source of low-energy neutrinos. = /

o, )

@ Derived an upper bound of 10° times the SSM flux. s 3 =

_ _ _ Ahlen et al (PLB ’87) =

® Ultra-low-threshold large-volume dark matter direct detection Sl gl L]
10 100 10 10000

experiments offer a promising path forward. MASS (GeV)

® Orders of magnitude improvement not uncommon in this
field.

@ Complementary to neutrino capture on atomic tritium.

10—38

® Provide the first upper limit on the thermal solar neutrino flux.

® May provide new tests of keV-scale new physics.
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@ Any BSM source of keV neutrinos?

Neutrino fog
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keV Sterile Neutrino DM
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Plasmon Decay
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