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Motivation
● Neutrinos interact weakly → travel unhindered through matter.
● Give us information about the regions inaccessible by photon

astronomy.
● Astrophysical neutrinos have high energy → Probe new physics at high 

energy.
● Neutrino travels through large cloud of dark matter before reaching the 

Earth.
● Dark Matter (DM) may scatter neutrinos → Flux suppression + changed 

Flavour Ratio
● IceCube can observe these changes →  probe neutrino-dark matter 

interaction.
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IceCube : High energy neutrino detection 

Neutrinos → interact with the ice → electrically 
charged secondary particles → emit 
Cherenkov light→ The IceCube sensors 
collect thislight→ digitized and time stamped→ 
reveal the direction and energy of neutrinos
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Flavour composition: now and in the       
                            future

PAHEN 2019
[M Bustamante Talk]Best Fit : (1:1:0)

   (6 year IC observation)

Standard (1:1:1) can be probed
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IceCube Observations:

● No cosmogenic event.
● Paucity of events between 500 TeV to 1 PeV 

(dip?). 
● No contained event after 2 PeV (cut-off?)
● No double bang event (Paucity of tau 

neutrinos?).
● No Glashow event in 7.5 years!
● Can neutrino-DM interaction lead to features in 

neutrino spectrum?
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Flux suppression:

DMDMDM

Attenuation term Regeneration term

Neutrino-DM cross-section

DM number density

  Flux at energy E, distance x  
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Flux suppression:
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AGN core model S05

Early cut-off

Dip

Shifting high energy 
neutrinos to lower 
energy

Features for different DM mass:

A. Karle, Talk 
presented at La Palma 
2018
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Cosmogenic Neutrinos:

KoteraFRII

PRL 117, 241101 (2016)

IC limit



  10

Neutrino-DM interactions for flux 
suppression: Effective + Renormalisable

Flux suppression can only happen when:

Keeping  L = 200 Mpc ... Whether extragalactic DM could lead to 1% flux suppression ? 

Thermal cold dark matter, due to relic density and N
eff

 constraints, does not lead to flux suppression

Ultralight BEC DM are very interesting because of large n!

For effective interactions we consider 3 broad topologies:

Topology I Topology II Topology III
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Renormalisable interaction:
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Flavour Ratio and Flavour Conversion

Flavour ratio (FR) is the ratio of electron: muon : tauon   
neutrinos in the flux. 

FR at Earth 

Probability changes due to 
new interactions

FR at source

Probability of jumping from 
one mass state to another

Adiabacity parameter
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In the presence of Dark Matter interacting with only tau neutrino the effective 
Hamiltonian is given by:

Neutrino-dark matter interaction

Halo 
mass

Local DM density is 0.4 GeV/cc.

                            

Density at source 
[arXiv:1908.04790]

For antineutrinos: 

AGN is considered as the neutrino source.

DM density near the center depends on DM 
mass and the mass of SMBH.
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Flavour Ratio at Earth:

Less Glashow 
event!

Tau event paucity!

To be communicated soon.

= (1:2:0)
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Conclusion
● Neutrino-DM interaction can lead to flux suppression which 

can lead to various features at IceCube. With greater 
statistics these can be probed.

● Neutrino-dark matter interaction can lead to flavour changes 
which can be probed at IceCube.

● Even the interactions with lower cross-section, that does not 
lead to flux suppression of astrophysical neutrinos can be 
probed via flavour changes.

● Such interactions can explain various features at IceCube.

                       Thank you!
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Backup slides: Thermal DM

Relic density

Collisional damping

N
eff

Fermion mediated

Scalar mediated Vector mediated
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Topology III

Required cross-section

M
Z’
= 5 GeV, m

DM
=0.5 eV E= 1 PeV
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