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MULTIMESSENGERS: SUPERNOVA, BLAZAR
- HIGH ENERGY EXTRATERRESTRIAL NEUTRINOS

Supernova emite an enormous flux of electron
antineutrino

N = 10°% with enerqy arovnd
(E )~ 10MeV.
D =55+15 kpe

The great distance to the cupernova, affords a
unique opportunity to place limits that in
cannst be matched by terrectrial experiments.

Meanwhile we ascume that cupernovae produce
neutrinos only in. MeV range, blazars produce
also astrophycical neutrinog in
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A nearby
supernova
could be
powerful
enough to
wipe out life
on Earth

A star about to go
supernova sends out a
warning signal in the form
of neutrino's, as
discovered in 1987 when a
supernova was preceeded
by a surge of neutrino's 3
hours im advance. This
means we can have a
supernova warning.
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COSMIC NEUTRINO BACKGROUND (CNB)

One the most abundant particles in the Univerce

n,= 112 cm™ per flavour

CNB decoupled from other particles earlier than CMB

Nucleosynthesis

Cocmic Microwave Backgrovnd
(arge-Seale Structure
Neutrino properties




NEUTRINO SELF INTERACTIONS

®  [nteractionc of the astrophysical nevtrinos with the coemic neutrino background
O Extraterrectrial neutrinos need fo traverse large dictances on their way fo Earth. Within the
SM thic ic not an issve cince the probability of an interaction between neutrinos and mafter i
very emall. However, in the presence of new, beyond the SM interactions, thic can change. This
can Turn the universe opaque to astrophycical nevtrines. Thus the observation of astrophycical
neutrinos can be used to constrain cecret interactiong.
®  Cunergy Trancport in Dence Media
O MSI influence the energy trancport and heating mechanicms within the SN core, affecting the
dynamics of the explosion, the production of heavy elements, the dynamics of dence medivm in NS
®  MNeutrino Flavor Occillatione
O neutrinos can experience matter-enhanced flavor transitions due to NST
®  (ocmology
O MNSTI can inflvence the evolution of neutrinos in the early vniverse, impacting cosmological

observatione and constraints on nevtrino propertie.
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The detection of neutrinos from a HEV cource, like
SN1987A, requirec that the mean free path of
neutrinos throvgh the Cv B ic comparable to or
greater than the dictance to the supernova. Thic
results in limite to the crocs cectione of neutrinoe

with themeelvesc and with other particles.
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PROCESSES CONTRIBUTING TO THE HEa SCATTERING ON (aB
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ASYMPTOTIC LIMITS

Heavy maccive mediator limit

Macslecs mediator limit
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NON -RELATIVISTIC CONSTRAINTS ON COUPLING CONSTANT FROM SN & B i (M)V“
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ULTRA-RELATIVISTIC CONSTRAINTS ON COUPLING CONSTANT FROM SN & B
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NR + UR COUPLING CONSTANT FOR SN
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NR + UR COUPLING CONSTANT FOR BLAZAR
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RESULTS

In thic, work we

% invectigated a particular model for cecret neutrino interactions with Dirac neutrinoe and mascive vector bocon as NST
mediator

®  precented the relevant crocs cections and interaction rates

% presented a recipe of conctraining NST coupling constant by HE neutrinos propagating through the CuB

J

®  presented constraints from hypothetical SN and Blozar neutrinoc scattering on CnB

Obtained recults are in consistency with the literature, and offer more precice analycis on the angle cut-off parameter, and

include infermediate mase region of the NST mediator to the conctraints on coupling constant.

Distinctive featuree worth further investigatization by implying NO/IO neutrino hierarchy.
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Let’s denote ' as

F4,, = d() + dQCEiQ + d;;CE?:g
FQ,, = Cg + CICE'Z:I + CQCEiQ - Cg(?E?:;;
Fy,, = b() + bz(’E?Q + bf;(’E’l'g

I3, = a0+ aeki

where a, b, ¢, d - are polynomials of M?2.

eFi(z) = e *Ei(x)

where Fi(z) is the exponential integral.

(41)
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(43)
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ASSUMPTIONS

a) Crosc-cections contain the following approximations:
i) equal neutrino masses
ii) equal coupling constants for each neutrino flavor.

b) Decag rate and Coup/iug conctant:
i) zero neutrino masses
i) averaged angle between incident neutrino and background neutrino

iii) CruB distribution is redvced to an exponential function
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Differential cross-section
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— Analytical

~—— Light&Heavy, splitted

—— Kolb & Turner
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