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Neutrinos have 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)

NuSl| processes — rich phenomena in particle physics, cosmology, astrophysics
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Strong constraints on NuSlI from the rich phenomena
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NuSl (flavor universal)

Universal coupling

Lab

Constraints

Isaac Wang, Xun-Jie Xu, BZ, 2501.07624 PRL Blinov, Kelly, Krnjaic, McDermott 1905.02727
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Astrophysical v from cosmological distances probing NuS|

Z D (a(,b)z 2 ¢, +gv¢(yy +v'y T)
. Astrophysical neutrino
2 Without v self-interaction
VA + VC —_ X, X (= {2UA’ ¢’ 2¢, ...} ) With v self-interaction
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Cosmic neutrino background (CnuB)
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Astrophysical

MeV

 Diffuse supernova neutrino
background
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neutrinos from cosmological distances

TeV—PeV (HE) EeV (UHE)

« TeV—PeV astrophysical neutrinos « UHE cosmogenic neutrinos
* First detected by IceCube
Later by other detectors

Single Power Law (This work) . .
Broken Power Law (This work) — Our S(IlIll—i—].-Illll}"tl(: framework
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Cascade 6 year
NS Tracks 9.5 year
HESE 7.5 year
10° 10° 10°
Neutrino Energy [GeV]

2402.18026 IceCube Collaboration 25612.00165 Machado, Wang, Xu, BZ
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Astrophysical v from cosmological distances probing NuSlI

v.—philic Coupling
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2504.10576, optimistic 2504.10576, pessimistic

10 102
my [MeV]
2107.13568 Esteban, Pandey, Brdar, Beacom

2504.10576 Leal, Naredo-Tuero, Funchal
2512.00165 Machado, Wang, Xu, BZ
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Novel regime of NuS|

Normal ordering  Inverted ordering

(Previous studies all assumed > mv = 0.1 eV)

1 1
Conventional: ~ ~ ( Ey )7 my 2
my = 2Emy = Lo keV | 153 v (0.1 eV)
Nonrelativistic nuSl
Our idea:
What if the lowest mass state has E, \Z; Tey 2
m, << Tgue=195K= 1.7e-4eV? My = y4EyTevs =80 eV (10 MeV) (1.7><10—4 eV)
. Relativistic nuS|
1. Allowed by oscillation measurements
2. Highly favored by recent DESI results
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Novel regime of NuS|

Widened xsec resonance — widened absorption Probing very small couplings
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Relativistic and nonrelativistic NuSlI
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Neutrino spectra: without and with relativistic NuS|
MeV DSNB UHE cosmogenic neutrinos

Universal, guniy = 2 X 1073, my =50 MeV, m =3, =25
— g =1x107% m, = 100 eV
— g =2x 1075, my = 100 eV

g =4 % 1075, my, = 100 eV

— g, =1x107% my =10 eV
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Flux ratio

To be measured at Hyper-Kamiokande,
water Cherenkov neutrino detector in Japan
Isaac Wang, Xun-Jie Xu, BZ 2501.07624 PRL Pedro Machado, Isaac Wang, Xun-Jdie Xu, BZ 2512.00165

To be measured at GRAND, earth emergent tau detector
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Results: using MeV diffuse supernova neutrino background

Isaac Wang, Xun-Jdie Xu, BZ, 2501.07624 PRL
Relativistic NuSI + DSNB can probe NuSl with sub-keV mediator mass and couplings down to 1e-8
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Results: using UHE cosmogenic neutrino background
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Pedro Machado, Isaac Wang, Xun-Jdie Xu, BZ 2512.00165
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Bei Zhou (Fermilab & KICP)

Thanks for your attention!
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