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WHAT 16 S0 INTERESTING ABOUT NSL/



NEUTRINO SHF INTH{A(HONS MOTIVAHON

X3 CMB and (SS leave a room to the impact of NST

% Abundance of early elements indicates that neutrinos cignificantly
influenced the era of Big Bang nucleosynthesic

X NST could alter the typical free-ctreaming behavior of neutrinoe during the

rodiation-dominated period after their weak decoupling

M/Ay we are interested in NSI?

Kk NSI potentially can resolve modern coemology tensione in meacurements of
today'c Hubble rate /7’0 and the matter power spectrum O 5
K potentially can explain anomalies between different nevtrino oscillation

experiments

CMB - Coemic microwave background
(SS - large-ccale ctructurec



UKAY, SO HOW DO YOU INTRODUCE NSTI



NEUTRINO SELF INTERACTIONS
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Framework: Dirac neutrinoc inferacting with a magsive cpin-one boson QY through a vector coupling .
Vector boson coupling o other particles ic effectively negligible.

The mediator mase M and covpling strength g, are free parameterc.

In the ccenario of minimal coupling, neutrinos may couple to a magsive scalar, pseudoscalar,

vector, or axial-vector particle.



BUT HOW DO WE MEASURE SUCH INTERACTIONS!



/Mea:’uremeh tec

10
L
oy = e PF
------------ Dark Matter Target
1073 P

.
\#"~~TceCube Gen—2

1072

1

Mediator—Neutrino Coupling
=

1079

1073 1072 10! 1 10 10? 103 104
Mediator Mass [MeV]

Neutrino Self-Interactionc: A White Paper - ]. M. Berryman et al] 2022
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%k  Cocmofogical constraints
O  Big Bang
Nucleosynthesic (BBN)
and Cosmic Microwave
Backgrovnd (CMB)
* (aboratory bounds come
from cearches for
O  neutrinolese double
beta decay
O  rare mecon, T and

Z—VVV V-~ decayg;



HLGH ENERGY EXTRATERRESTRIAL NEUTRINOS
SCATTERING ON
COSMICNEUTRINO BACKGROUND (CNB)

% Interactiong of the astrophysical nevtrinos with the cocmic neutrino background

HEV must travel tremendous distances from the cource to the detector on Earth. And if we ascume NSL instead of
Free-ctreaming, these HEV may scatter on the abundant CNB, which conciste 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

Fux. This is the way how the obcervation of astrophycical nevtrinos can be used to constrain NSI.

% Average CVB density % Incoming neutrino enerqy of electron antineutrino flux
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The origin of high-enerqy astrophysical neutrinos: new recultc and prospecte - Sergey Troitsky
Neutrino Echoes from Multimessenger Transient Sources - K. Murase Tan M. Shoemaker

E~ 290 TeV
D>13 G,bc

Detected by IceCube and Baikal-GVD

PKS 0235+1728

MNeutrino evente were rf;’corded by IceCube,
Baikal-GVD , BUST , and KM3MNeT .

E=1721TeV
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The detection of neutrinos from a HEV cource requires
that the mean free path of nevtrinos through the (VB is
comparable to or greater than the dictance to the source.

So we set this condition to the mean free path to

This reculte in limits to the coupling of meutrinos

with themeelves and with other particles.

experience at least one inferaction
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where [ ic the dictance 1o the cource.




TWO BACKGROUND REGIMES
Non-relativictic: ‘/—/ \ Ultra relativistic: Yk
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MASS REGIMES
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Constrainte on NSI coupling conctant from SN and B, AGNV
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NON -RELATIVISTIC CONSTRAINTS ON COUPLING CONSTANT FROM SN & B & AGN
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ULTRA-RELATIVISTIC CONSTRAINTS ON COUPLING CONSTANT FROM SN & B & AGN
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UR+NR CONSTRAINTS ON COUPLING CONSTANT
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NON -RELATIVISTIC CONSTRAINTS ON COUPLING CONSTANT FROM SN & B: i (,\M_FP)IM
NEUTRINO MASS DEPENDENCE
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NR + UR COUPLING CONSTANT FOR BLAZAR
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In the region of the emall mediator
mass, the topic of angle cut-off in
the literature ic ignored and vsually

s excluded, though the parameter ic
arbitrary. More accurate approach
excludes this region.
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RESULTS

In thic, work we invectigated a particular model of NSI with Dirac neutrinoe and magsive vector boson as NSI mediator

We obtained

* Aralytical formula for UR (and NR) CnB with bull mase dependence

Y  Conctrainte on NST coupling conctant by HE wneutrinos propagating through the CnB, from SN, Blazars and Abn
neutrinos scattering on MR and UR CnB

The results are in consistency with the literature, and offer

®  more precise analycis on the angle cut-off parameter for the given model,
and inclvde
DS

% intermediate mass region of the NST mediator to the constraints on coupling constant.
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New neutrino interactions in laboratory

(neutrino self-interactions, model building, coherent scattering, short-baseline anomalies, reactor anomalies)

New neutrino interactions in Cosmology

(cosmological tensions, leptogenesis, CNB detectability)

New neutrino interactions in Astrophysics

(supernovae, diffuse supernovae fluxes, (U)HE cosmic rays, refractive effects from NSI, DM self-interactions via neutrino exchange)
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ASSUMPTIONS

Mediator mass: Full dependence over the relevant interval without splitting into the limits
Backgrovnd regime: both NR and UR

We average over angle between incident neutrino and background neutrino

We adopt (N B-spectrum with temperature 1 0 7 el however for calcuvlatione, we redvce it o the
Maoxwell-Boltzmanw. distribution.

Angle cut-off : ¢ (I—e) < t < - ec

We acsume e — u = T univercality in the non-ctandardV -V interaction
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ANGLE CUT-0FF

Angle cut-off for ccattering to 0 and TT. This corresponds to the t-channel exchange of a magslecs v. It
occurs whenever the final X carvies off all of the initial neutrino enerqy. In the opposite limit, t ~0, the
neutrino retfains all of itc incident enerqy, and is not removed from the "detectable” flux. The refevant
factor is not the total eross cection, but the croce cection which describec the trancport of energy of the
incident neutrino by scattering with low-enerqy particlec. This requires a cignificant enerqy loss by the
initial nevtrine, come cubstantial fraction of ¢. We can calculate the relevant fraction of the total crocs
section by taking the limitc of integration fo be —c(l—e)<t< - ec



PROCESSES CONTRIBUTING TO THE HEar SCATTERING ON (B
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ASYMPTOTIC LIMITS

Heavy maccive mediator limit

Macslecs mediator limit
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BLAZAR WITH UNCERTAIN DISTANCE

PKS 0735+178

Neutrino evente were recorded by IceCube,
Baikal-GVD , BUST , and KM3MeT .
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