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I. Neutrino sources Investigated sources

investigated by KM3Net[S. Aiello et al., (2019)]
detected by IceCube[IceCube Collaboration, (2018)][IceCube Collaboration, (2022)]

position of the sources on the celestial sphere (top)and their characteristics: declination and rightascension in the table (right)
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I. Neutrino sources Hadronic neutrino emission
We assume that the selected sources produceneutrino with a hadronic mechanism:
§ Something makes protons (or ions) accelerate

§ Pions decay with emission of neutrinos

§ Hadrons interact with medium or radiationin photon-reach environments
in proton-reach environments
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I. Neutrino sources Flux parametrization
model predictions

model predictions IceCube measurements



II. Passing the Earth
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PREM Earth model

ocean & crusttransition zone
mantle

outercore

innercore

Baikal-GVD

Earth’s mean density vs. radius in PREM dependence

𝜃zenith angle

[A. Dziewonski, D. Anderson (1981)]



II. Passing the Earth
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Neutrino flux attenuation
While neutrinos pass the Earth, they interact withmatter there. Hence, total flux changes. To solve these equations, we use[A. Vincent, C. Argüelles and A. Kheirandish (2019)]

Charged-current (CC) and neutral current (NC)neutrino-nucleus interaction

Transmission coefficient vs. zenith angle and energy



II. Passing the Earth
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Transmission matrix
To accelerate the calculations, a transmissionmatrix was precomputed with the use ofνFATEWe assume the flux to behave this way:

final fluxspectral density initial fluxspectral density

𝜃 = 90.5∘ 𝜃 = 120∘

𝜃 = 150∘ 𝜃 = 180∘

Thus, especially at high energies transfer tolow-energy neutrinos is expected
elements for fixed zenith angles

lg T

lg T



II. Passing the Earth
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Celestial movement

Sources’ zenith angle 𝜃 vs. time withoutconsidering their right ascensionsSources trackson the celestial sphere

The object’s track for apolar viewer is defined bythe following equation

For Baikal-GVD latitudethe “polar”track is rotated ataround the X-axis



III. Baikal-GVD
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General description
Baikal-GVD(Baikal Gigatone Volume Detector)
§ a neutrino observatory in Lake Baikal
§ consists of 13* clusters8 strings per cluster, 36 modules per string
§ neutrino energy rangefrom 100 GeV to 10 PeV
§ operating volume ≈ 0.5 km3 *
* configuration 2023
[https://baikalgvd.jinr.ru][R. Dvornický et al., ICRC-2023]



III. Baikal-GVD
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Tracks and cascades
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Effective area at trigger level
The integral neutrino flux throughi-th energy bin and j-th zenith anglebin is expressed as follows

The effective area is a ratio between theregistration rate in the ij-bin zenith anglebin and integral flux in this bin

muon neutrino effective area at trigger level as function ofneutrino energy and zenith angle for one GVD cluster (MC)

III. Baikal-GVD

Downward-going neutrinos are excludedfrom consideration due to highbackground of atmospheric muons
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Three-step-processing
Trigger

Reconstruction

Quality cuts

Activation of the two neighboringchannels within the same section(12 OMs) within a 100 ns time window andwith amplitudes above certain threshold

Atmospheric background suppressionand track position reconstruction byminimization of the quality function

Selection of the reconstructed events byquality parameters values

III. Baikal-GVD

[V. A. Allakhverdyan et al., 2021]



IV. Comparison
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KM3Net-ARCA

Trigger-level ARCA effective areas for twoblocks, averaged for 𝜈 and 𝜈 and includes bothNC and CC interactions (top)Scheme of the KM3Net-ARCA detector (right)
[https://www.km3net.org]
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Trigger effective area

20 clusters of Baikal-GVD and 2 blocks KM3Net detectoreffective area at the trigger level (above)and effective areas ratio (Baikal-GVD to KM3NeT)

The designed volume for both detectors isabout 1 km3.
At Baikal-GVD such volume will be covered by20 clusters. Two blocks of KM3NeT will alsocover 1 km3.
Baikal-GVD trigger effective area is higher thanKM3Net trigger effective area at low energies(< 500 GeV) and almost equals it at highenergies (106 GeV).Caveat: this calculation treats Baikal-GVD clusters as independent, whichcan lead to a sizable overestimation ofthe effective area at high energies

IV. Comparison
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Trigger-level comparison

The developed method gives 10% lower estimation thanprovided in literature. In this work we take into considerationonly muon neutrinos, and KM3NeT researchers includetau- neutrinos into their calculations [S. Aiello, 2019]

IV. Comparison
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NGC 1068

NB: events with E < 100 GeV can be ignoreddue to low reconstruction efficiency and highbackground

IV. Comparison



V. Reconstruction
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Reconstruction includes a hit selectionprocedure and a χ2-like track fitter. As a result,contribution of noise hits to neutrino events isreduced to ~1%.
Reconstruction effective area is much lowerthan the trigger one, thus it leads to decreasein registration rate.

preliminary



V. Reconstruction
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The reconstruction efficiency is on averagebetter for harder spectrum sources(or for higher energy events)

preliminary

preliminary



VI. Conclusion
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In this research we estimated neutrino registration rate from several point-like neutrinosources assuming hadronic emission mechanism.
§ Neutrino transmissionthrough the Earth § Sources visibility § Detector effective area
were taken into consideration
A trigger-level comparison with KM3NeT detector was performed and
§ Registration rate in Baikal is expected to be approximately 40% lower than in KM3Net
A reconstruction registration rate was estimated and
§ number of expected events with current reconstruction mechanism is in order of oneevent in every couple of years for the brightest sources
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Thank you for attention!
Questions?

We estimate the total neutrino detection rate from several possibleparticle sources, including TXS 0506+056, NGC 1068, and the GalacticCenter, assuming a hadronic emission scenario.
The neutrino rate is calculated using a precomputed detector effectivearea for reconstructed track-like events. The daily source movementacross the sky and the detector’s registration efficiency as a functionof energy and zenith angle are taken into account.
The attenuation of the neutrino flux in the Earth is modeled usingthe νFATE package and is also incorporated into the neutrinodetection rate calculations.
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Atmospheric background

At energies <10 TeVatmospheric neutrinoflux is predominant, thusdecreasing low-energyevents significance



Additional slides

The XXVII International Scientific Conference of Young Scientists and Specialists (AYSS-2023) 24
Hermitian interpolation down to low energiesfor

νFATE analysis energies Baikal-GVD energies
A rough estimation to extrapolate:
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Registration rate

TheEarth

TheTelescope

TheSource
• neutrino flux estimation based on gamma radiation properties

1• fixed source’s position on the celestial sphere

• neutrino transmission based on theEarth’s inner structure and neutrinocross-sections for charged- andneutral-current interactions
• source visibility(celestial movement)

• registration rate dependent on itsdirection and energy with the useof Baikal-GVD single clustereffective area
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Attenuation in the Earth (1)

Registration rate in assumptions• without attenuation (left column, red plot)• with attenuation (middle column, blue plot)

For RX J1713.7-3946, a supernova remnantregistration rate peak is at 5 TeV, whichresults in an insignificant (6% only) decreasein total registration rate due to attenuationin the Earth 5 TeV
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Attenuation in the Earth (2)

For TXS 0505+06, a blazar with a high energyspectrum (RR peak at 50 TeV), one can see asignificant (>15%) decrease in the flux 50 TeV


