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Where neutrino self-interaction comes from



Neutrino Oscillation: evidence for non-zero neutrino mass

Super-Kamiokande (1998)
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Minimal Standard Model

Prediction: m, = 0

Oscillation Observations

SNO (2001), KamLand(2002)
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How to explain neutrino masses?

Daya Bay (2012)
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From neutrino mass model to new interactions

extension

The seesaw mechanism ——l New interaction
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Neutrino self-interactions (vSI) |

‘can arise naturally in extended

\neutrino mass models. ;



Why neutrino self-Interaction is important



vS1 opens a new window for physics beyond the standard model

beyond current
capability

Standard Model w— 2>
Z. boson \/; <m, ~91 GeV
. Neutrino |
self-interaction |
BSM v — () = v
scalar mediator \/E ~ my, < GeV
How?
Neutrino Mass generation Cosmology




vS1 can affect energy density and free-streaming history

Neutrino Self-Interaction Rates
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Neutrino self-interactions: A white paper (2023)

Change of Free-streaming history can leave observable signatures on BBN, CMB and LSS




vSI as a Possible Solution to the Hubble Tension

Strong neutrino self-interactions

-

Delayed neutrino free-streaming

-

Modified gravitational potentials

-

CMB acoustic peak changes

\

Shift in CMB-inferred H,,




Preferred couplings for alleviating the Hubble tension

Scenario: vv < @

Universal coupling

1 = CMB preferred regimes
h SIv: strong/ MIv: moderate
1071
. Lab
g 102 : Consti"aints
103 i% Problem
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Blinov et at. (2019)

10



A New Possibility: neutrinos converting into dark radiation

Can we retain the CMB effects while evading current constraints?

\

Our Scenario
v — ¢ — yy

How can we probe

K \ such a feeble 4,
Weak vv coupling Strong yy self-interactions

evade current constraints similar CMB signatures
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How neutrino self-interaction is studied
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Methods of constraining v5/

ASTROPHYSICAL
SN19874 - Stellar cooling - IceCube Statistical errors

Extreme environments and long baselines

LABORATORY
OvBp¢ - Meson decays - t decays Flavor dependent

Controlled and precise measurements

COSMOLOGICAL
BBN - CMB - LSS Model dependent

Thermal history and structure growth

Combining different observations is essential
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Example — Astrophysical constraint: Fiorillo (2023)

Scalar production and decay in SN1987A core

ordinary SN neutrino: £, ~ 10 MeV

v — @

o Scalar production
in the SN core

O — LU

o escapes and decays 1nto

energetic neutrinos

~100 MeV neutrinos from ¢ decay
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No detection of 100MeV neutrino
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Our work: SN neutrinos scattering on the CvB

UsNtUlUog = @2 x+x

X
Dark Radiation

- SN neutrino flux attenuated
\ 7. 2

SN 1987A
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SN neutrinos scattering on the CvB

| 1

V;: mass eigenstate

Production Scattering Detection (IBD)

U |7 U

0/ l €

Scattering rate between voy & V-
I /Iqbyzj(mgb’ m,, Ey)

Y N

Constant coupling m_~proportional coupling

Apy = CONSt Agy & 1L,
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Scattering Rate—two coupling structures

1072 107! 10° 10! 107

[ ek
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Total scattering rate I [eV]
=
I

10—30 i
10—33 i

10—36 i

Constant coupling
/145 = const

mylT, (Agy = 40)
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10°

— m,=107°T,
m,=1T,
—— m, = 100T,
—— m, = 10007,
/ I &
10° 10! 102 10° 10*

m¢ [GV]

Light neutrinos dominate sub-KeV

Heavy neutrinos dominate > KeV
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Scattering Rate—two coupling structures

m, ~proportional coupling
Ay & 1L,

mylT, (Agy = Aom,IT,)
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Heavy neutrinos dominate
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Flux on earth

Attenuated flux (mass basis)

Optical depth
Ti(Ev) = Fi(Ew mv)dSN
SN1987A: dg\ =~ 50 kpce

| Attenuated flux]
D, = e |

Normal mass ordering

Electron flavor m, < m, < n; Heavy flavors
2
IR T R [ /2 1 1 _ Ugel® _
I/e—)'ylm—)'l/l—)I/e I/x—)l/zm’3m—)1/2,3 )I/e
adiabatic adiabatic

Uy

f' Detected v, flux D> (my, 44,) = [ U, \26_71613% + ( U, |"e 2+ | U, \2e_f3> O
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Analysis and Results
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Bayesian framework

24 events for SN1987A
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Results of constant coupling (small dataset)
Parameterized (mainly ) Hydrodynamic (v, & v,)

Agy = const

107 L o o o e o o o e e -7
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107°¢
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107°
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10077
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' P model predicts very few v flux, but oscillation allows U, to
contribute to detected v, flux, So H model needs stronger coupling

to reduce the flux to the same levelas Pmodel. |
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Results of mass proportional coupling (small dataset)

Parameterized (mainly ) Hydrodynamic (v, & D)
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Projected sensitivity (large dataset with Hyper-Kamiokande)

Dataset: ~2000 events

Null hypothesis: no new physics included

Method: likelihood ratio test
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Projected sensitivity of constant coupling (large dataset)
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Projected sensitivity of mass proportional coupling (large dataset)

myT, (Agy = Aom,/T,)
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Summary

Vst o= @2 x+HX
o Investigated neutrino conversion into dark radiation

o Compared two SN flux models and coupling structures

o Constrained neutrino couplings using SN1987A data

o Forecasted the sensitivity of future observations

Key finding: Constraints depend on both the flavor treatment and the coupling structure

Thanks for your attention !!!
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