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Figure 5

Schematic picture of various high-energy multi-messenger transients.

Table 1 List of multi-messenger transients that can be promising emitters of high-

energy neutrinos and/or gravitational waves.

Source Rate density EM Luminosity Duration Typical Counterpart

[Gpc�3 yr�1] [erg s�1] [s]

Blazar flarea 10� 100 1046 � 1048 106 � 107 broadband

Tidal disruption event 0.01� 0.1 1047 � 1048 106 � 107 jetted (X)

100� 1000 1043.5 � 1044.5 > 106 � 107 tidal disruption event (optical,UV)

Long GRB 0.1� 1 1051 � 1052 10� 100 prompt (X, gamma)

Short GRB 10� 100 1051 � 1052 0.1� 1 prompt (X, gamma)

Low-luminosity GRB 100� 1000 1046 � 1047 1000� 10000 prompt (X, gamma)

GRB afterglow < 1046 � 1051, > 1� 10000 afterglow (broadband)

Supernova (II) 105 1041 � 1042 > 105 supernova (optical)

Supernova (Ibc) 3⇥ 104 1041 � 1042 > 105 supernova (optical)

Hypernova 3000 1042 � 1043 > 106 supernova (optical)

NS merger 300� 3000 1041 � 1042 > 105 kilonova (optical/IR)

1043 > 107 � 108 radio flare (broadband)

BH merger 10� 100 ? ? ?

WD merger 104 � 105 1041 � 1042 > 105 merger nova (optical)

a
Blazar flares such as the 2017 flare of TXS 0506+056 are assumed for the demonstration.

Abbreviations: BH, black hole; EM, electromagnetic; GRB, gamma-ray burst; NS, neutron star; WD,

white dwarf.

4.1. Blazar Flares

In general, blazars are highly variable objects that show broadband spectra from radio, op-

tical, X-ray, and gamma-rays. In the standard leptonic scenario for SEDs, the low-energy

and high-energy humps are explained by synchrotron emission and inverse-Compton radia-

tion from non-thermal electrons, respectively. For BL Lac objects that typically belong to a

low-luminous class of blazars, seed photons for the inverse-Compton scattering are mainly

supplied by the electron synchrotron process. In contrast, flat-spectrum radio quasars (FS-
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• High-energy cosmic neutrinos present a unique 
opportunity to search for physics beyond Standard 
Model (BSM) thanks to their reach to the highest 
energies and longest baseline. 


• BSM induced interactions of high-energy neutrinos 
during their propagation yield distinct signatures in 
their observables in neutrino telescopes: energy, 
arrival direction, flavor, and time [1].


• Transient astrophysical phenomena are among the 
primary candidates for the origin of high-energy 
cosmic neutrinos discovered by IceCube [2].


• Evidence for neutrino emission from flaring blazar, 
TXS 0506+056 [3], demonstrated the feasibility of 
BSM searches with time-domain multi messenger 
astrophysics.

Time-delay induced by secret neutrino 
interactions

Transients offer powerful probes of new 
physics in neutrino sector

• BSM induced neutrino self interaction is predicted 
in “scotogenic models” and are particularly 
interesting as they can explain neutrino mass 
generation.


• Time delay between neutrinos and other cosmic 
messengers, such as gamma rays, is expected in 
the presence of secret neutrino interactions [4].

• High-energy cosmic neutrinos interact with CνB. 

• The time difference can be estimated by evaluating 

the extra distance neutrino has to travel.

• In the optically thin limit for  interaction,  

  , the average scattering angle can 
be approximate as:
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• The probability distribution for the time delay projects 
the differential cross section of the secret interactions.

Examples of transient astrophysical phenomena that serve as 
primary candidates for high-energy cosmic neutrinos. Figure from [2].
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The probability distribution of the time delay for 100 TeV neutrinos scattering 
off CνB for a close by (10 Mpc) and distant (1 Gpc) transient. We assume a 
coupling of 0.1, a scalar mediator of 10 MeV, and neutrino mass of 0.1 eV. 

Light curve for 100 TeV neutrino from transients for a close by (10 Mpc) 
and distant (1 Gpc) transient. Parameters are same as top figure.
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• Absence of time-delay is observed for neutrinos 
from a transient will provide upper limit on the 
strength of neutrino secret interactions: 

• The time-delay can be approximated as [4]

[5] Arguelles, Kheirandish, & Vincent, Phys.Rev.Lett. 119 (2017) 20, 201801

• Neutrino-dark matter interaction is another potential BSM 
scenario that would alter neutrino observables [4,5]. Stay 
tuned for neutrino light curves from neutrino-dark matter.
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