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Foundations of the Universe: knowns and unknows

Knowns Unknowns

Standard Model of Particle Physics Standard Model of Cosmology 1. Nature of dark matter
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Big Bang Expansion

13.77 billion years
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Neutrinos guarantee new physics

Neutrino oscillation indicates Nonzero neutrino masses guarantee
neutrinos have masses new physics
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Neutrino masses motivate neutrino self-interactions (NuSl)
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NuSlI (flavor universal)

NuSI| processes — rich phenomena in cosmology, astrophysics, particle physics
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Strong constraints on NuSI from the rich phenomena
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Universal coupling
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Astrophysical v from cosmological distances probing NuSlI

Astrophysical v TeV—PeV neutrinos (IceCube)
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Esteban, Pandey, Brdar, Beacom 2107.13568
Creque-Sarbinowski, Hyde, Kamionkowski, 2005.05332

Spectrum @,

MeV neutrinos (Diffuse Supernova
Neutrino Background)
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Diffuse Supernova Neutrino Background (DSNB)

DSNB spectrum

Galactic Supernova DSNB (cosmic distance) 10!
Detected v per burst: N >> 1 N <<1
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Burst rate: ~0.01/yr ~ 108/yr

Guaranteed steady neutrino flux
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Our idea

Normal ordering  Inverted ordering

(Previous studies all assumed ) mv = 0.1 eV)

1 1
Conventional: 5 5 ( E, )7 m, \z
mg = y2Eymy = Lo keV {T0 ey (0.1 eV)
Nonrelativistic nuSI
Our idea:
What if the lowest mass state has 2 z
~ ~ Ev 2 TCVB 2
m,<<Te,g=195K= 1.7e-4eV? My = 4EvTcvp =80 eV (10 MeV) (1.7><10—4 eV)
. Relativistic nuSl
1. Allowed by oscillation measurements
2. Highly favored by recent DESI results
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Our idea

Widened xsec resonance — widened absorption

Probing very small couplings

Lmean ~ 0.8 (10_8 Ey 0.1 keV) 2
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Probing uncharted parameter space
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Solving Boltzmann Equations for Neutrino Propagation

_qu; + (1 T fu) (Fz_/l_ =+ Su)
—foTy + (14 fo)T5
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Our relativistic NuSI + DSNB + Hyper-Kamiokande detection

DSNB spectra w/ & w/o NuSl|

Event spectra in Hyper-Kamiokande (10 yrs)
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(Hyper-Kamiokande is a water Cherenkov

Lmesn _ o ¢ (10_8 E, 01 kev)z neutrino detector in Japan.)

gy 20 MeV Mg

1 Gpe
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1 2,2 rot
TR LA N S| (flavor universal)
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Takeaway: Isaac Wang, Xun-Jie Xu, BZ, 2501.07624

Relativistic NuSI| + DSNB can probe NuSI with sub-keV mediator mass and couplings down to 1e-8!
Bei Zhou (Fermilab & KICP) Lepton-Photon 2025 (08/27/2025) 14



Bei Zhou (Fermilab & KICP)

Thanks for your attention!
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Particle number proliferation Energy conservation

Combined o | Combined
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Universal coupling Ve coupling

10—1 1 10 102 103
my [MeV]
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source
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detector

23



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Thanks for your attention!
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

