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Neutrino Self interactions - motivation

CMB - Cosmic microwave background
LSS - large-scale structures 
BBN - Big Bang nucleosynthesis

Theoretical motivation

★ Neutrino mass generation
★ Production of dark matter in the early Universe
★ CMB and LSS leave a room to the impact of NSI

○ BSM NSI can lead to significantly larger scattering rates amongst neutrinos and different time/temperature 
dependence

○ The presence of NSI  at early times delay the epoch at which neutrinos begin to free-stream. Compared to the standard 
CDM model, neutrino self-interactions thus shift the CMB power spectra peaks towards smaller scales.

★ Light element abundances
○ Abundance of early elements indicates that neutrinos significantly influenced the era of  BBN

★ Disagreement between late- and early-time measurements of today’s Hubble rate H0 and the matter power spectrum σ8, 



Neutrino Self interactions

In the scenario of minimal coupling, neutrinos may couple to a massive scalar, 
pseudoscalar, vector, or axial-vector field 

Framework:  Dirac neutrinos interacting with a massive spin-one boson φμ through a vector coupling .
                  Vector boson coupling to other particles is effectively negligible.

      The mediator mass M and coupling strength g, are free parameters.



How nSI can be measured?



Measurements
★ Cosmological constraints   (eV-MeV)

○ Light elements abundance
○ Big Bang Nucleosynthesis (BBN)
○ Cosmic Microwave Background 

(CMB)
○ Matter distribution in the Universe

★ Laboratory bounds come from searches for 
○ neutrinoless double beta decay
○ rare meson, τ decays 
○ invisible Z decays

■ e+e− → γν¯ ν 
■ Z → ννν¯ ν¯ 

○ invisible Higgs decayNeutrino Self-Interactions: A White Paper - J. M. Berryman et all, 2022

m4 = 4 keV
sin2 (2𝜗) = 10−9



Measurements

★ Astrophysics 
○ Supernovae  signal: duration, 

composition, spectrum
○ Blazars, AGN

Neutrino Self-Interactions: A White Paper - J. M. Berryman et all, 2022



high energy extraterrestrial neutrinos
  Scattering on

 Cosmic Neutrino Background (CNB) 
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❖ Average CNB density

n𝜈= 112 cm-3 per flavour    
n𝜈 ~ 340 cm-3    total

❖ Interactions of the astrophysical neutrinos with the cosmic neutrino background 

 HE𝜈 must travel tremendous distances from the source to the detector on Earth.  And if we assume NSI, instead of 
free-streaming, these HE𝜈 may scatter on the abundant CNB, which consists of relic neutrinos with very low effective 
temperature. Thus such a scattering will ensure a visible energy loss, and will remove the HE neutrino from the initial 
flux. This is the way how the observation of astrophysical neutrinos can be used to constrain NSI.

Blazar:    EB ∈ (T eV − P eV ) Supernova:  ES  ∼ 10 M eV . 

❖ Incoming neutrino energy of  electron antineutrino flux

D =55+15 kpcD = 1, 3 Gpc

Teff
CnB ≃ 1.7 10-4 eV



Sources

TXS 0506+056.

E ∼ 290 TeV 
D > 1,3 Gpc

Detected by IceCube and  Baikal-GVD

The origin of high-energy astrophysical neutrinos: new results and prospects - Sergey Troitsky
Neutrino Echoes from Multimessenger Transient Sources - K. Murase Ian M. Shoemaker

Neutrino events were recorded by IceCube,  
Baikal-GVD , BUST , and KM3NeT .

E = 171 TeV

PKS 0735+178

E ∈ (1-10 ) TeV 

D = 13 Mpc

ES  ∼ 10 M eV . 

D =55+15 kpc

Supernova 1987 NGC 1068:



       Mean free path

The detection of neutrinos from a HE𝜈 source requires 
that the mean free path of neutrinos through the C𝜈B is 
comparable to or greater than the distance to the source. 
So we set this condition to the mean free path  to 
experience at least one interaction

 This results in limits to the coupling of neutrinos 
with themselves and with other particles.

where D is the distance to the source.

- inverse  interaction rate

In order to establish limits on the νSI coupling constant, it’s enough to observe a single neutrino from the flux. 
Our next step is to calculate the mean free path, which is the inverse of the interaction rate:



MAss regimes

Heavy massive mediator limit                   Massless mediator limit                   

Two background regimes
Non-relativistic: Ultra relativistic:

Full mass dependence



Non-relativistic constraints on coupling constant from SN & B & AGN

No angle cut-off for 
scattering to 0 and π

m -> 10-3



Thank you for attention!

Non-relativistic constraints on coupling constant from SN & B:
Neutrino mass dependence

eV

No angle cut-off for 
scattering to 0 and π



t-channel cut parameter region, Blazar
In t channel, there is a logarithmic 
divergence at t =—s. This corresponds to 
the t-channel exchange of a massless v.
In the opposite limit, t ~0, the neutrino 
retains all of its incident energy, and is 
not removed from the "detectable"
flux.



Ultra-relativistic constraints on coupling constant from SN & B & AGN

● Physical cut-off
ε-> 10-10 

● m → 0

● Averaged angle 
between incident 
neutrino and 
background neutrino

● CnuB distribution is 
reduced to 
Maxwell-Botzmann



UR+NR constraints on coupling constant

UR and NR regimes 
coinside with the proper 
choice of parameters



Blazar with uncertain distance

 
Neutrino events were recorded by IceCube,  
Baikal-GVD , BUST , and KM3NeT .

E = 171 TeV

PKS 0735+178



Constraints on NSI coupling constant from  SN and B, AGN
, L

og

, Log



flavor Non universal interactions: UR coupling constant for Supernova



Results
In this, work we investigated a particular model of NSI with Dirac neutrinos and massive vector boson as NSI mediator

We obtained
★ Analytical formula for UR (and NR) CnB with full mass dependence 
★ Constraints on NSI coupling constant by HE neutrinos propagating through the CnB, from SN, Blazars and AGN 

neutrinos scattering on NR and UR  CnB
★ Constraints on flavour-non universal  NSI

The results are in consistency with the literature, and offer 
❖ more precise analysis on the angle cut-off parameter for the given model, 
and include 
❖ intermediate mass region of the NSI mediator to the constraints on coupling constant. 
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Thank you for attention!



Assumptions 

❖ Mediator mass: Full dependence over the relevant interval without splitting into the limits
❖ Background regime:  both NR and UR
❖ We average over angle between incident neutrino and background neutrino
❖ We adopt CνB-spectrum with temperature 10−4 eV, however for calculations, we reduce it to the 

Maxwell-Boltzmann distribution. 
❖ Angle cut-off : s (l—e) < t < - es
❖ We assume e − µ − τ universality in the non-standard ν − ν interaction



Backup Slides



NR + UR coupling constant for Blazar

In the region of the small mediator 
mass, the topic of angle cut-off in 
the literature is ignored and usually 
excluded, though the parameter is 
arbitrary. More accurate approach 
excludes this region.



Cross-section    vs.   mediator mass,   Log



Angle cut-off
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Angle cut-off for scattering to 0 and π. This corresponds to the t-channel exchange of a massless v. It 
occurs whenever the final X carries off all of the initial neutrino energy. In the opposite limit, t ~0, the 
neutrino retains all of its incident energy, and is not removed from the "detectable" flux. The relevant 
factor is not the total cross section, but the cross section which describes the transport of energy of the 
incident neutrino by scattering with low-energy particles. This requires a significant energy loss by the 
initial neutrino, some substantial fraction of s. We can calculate the relevant fraction of the total cross 
section by taking the limits of integration to be —s(l—e)<t< - es



Processes contributing to the HE𝜈 scattering on C𝜈B



Asymptotic limits

Heavy massive mediator limit                   Massless mediator limit                   




