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Abstrakt

V rédmci prezentdcie predstavime astrofyzikalne témy riesené v spoluprdci
Ustavu experimentdinej fyziky SAV a Technickej univerzity v Kosiciach. Povieme
si 0 spresneni radiouhlikove] metdody datovania historickych artefaktov, o
odkryvani vztahu pocCasia a kozmického ziarenia, o pouziti metdd strojového
ucenia pri opise radiacnej situdcie na orbite Zeme a aj o fom ako mdzete

volnym okom vidief subatomdrnu Casticu. A tiez, v rdmci obcianskej vedy vas
zapojime do riesenia zdhady, ktorl prave riesime. /
VYBRANE PROBLEMY ASTROFYZIKY CASTIC /

A ICH SPOJENIE S INFORMATIKOU
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Abstract

We present a ool for simulations of cosmic ray trajectories in the magnetosphere called COR (Cut-OIl Rigidity). The COR tool pro-
vides a [ramework offering a wide range of functionalities and the possibility (o realize extensive simulations at scalable multicore/multin-
ode systems. COR is available at https://cor.crmodels.org.

Code used by COR for simulations of cosmic ray trajectories was validated by simulations and results published in a series of articles
in the last three decades. In the article, we additionally validated the results of the code by comparison with other available codes. The
code for simulations of trajectories is published at GitHub from https://github.com/COR-Cut-ofl-rigidity/Trajectories IGRF T04 C.
© 2022 COSPAR. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Keywords: Cosmic rays; Magnetosphere; Rigidity
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Cut-off rigidity model

Cut-Off Rigidity model (COR model) is a model for simulation of cosmic rays propagation in the Earth's magnetosphere. The model provides an evaluation of cut-off rigidities for stations
at Earth surface or detectors measuring on orbits inside the magnetosphere.

Cut-off rigidities are evaluated for multiple incoming directions. A registered user could run simulations to evaluate cut-off rigidities for 577 incoming directions including the vertical one.
To use the model, register here.

Complete simulation for one selected point with a 0.01GV step takes several hours. After submitting a request for simulation, your request will be processed and published when it will
be done.

The catalogue of all to date realized simulations is in the part Simulations.

COR model uses a combined internal (IGRF) and external {Tsyganenko 98, Tsyganenko 05) geomagnetic fields. COR with Tsyganenko 95 model is available for years 1968 - 2016.
COR with Tsyganenko 05 model is available for years 1995 - 2016. For more information about the model, results visit the section Publications.

COR model is also available for period 0 - 1968, Used geomagnetic models are described in article [Kudela K., Bobik P., 2004].
For educational purpose COR provides visualization of single cosmic ray trajectory in section New Trajectory.

For a collection of significant results, see this link. For updates, see this link.

COR model code

Code to solve Lorentz force equation by Runge-Kutta scheme of 6th erder in Tsyganenko 04 model for simulating Earth's external magnetic field and IGRF (gen. 9 - 13) for simulating
Earth's internal magnetic field is publicly available at Github repository Trajectories_IGRF_T04_C.

Example of model results

Effective cutoff rigidity sky map for Athens neutron monitor station with latitude 37 97 deg. N and longitude 23.78 deg E. The cutoff rigidity sky map was evaluated for 7. June 1998, with
the Tsyganenko 05 model of the external geomagnetic fizsld.
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COR MODEL

Asymptotic cone - Proton intensities for position 37.97°N 23.78°E
Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
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COR model: Simulations management system and web framework: Patricipation on visualisation module:
Pavol Bobik Daniel Gecasek, Michal Vrabel and Jan Genci Martin Vasko and lvan Bernat

Institute of Experimental Physics, SAS Technical University of Kosice Technical University of Kosice



COR MODEL

Trajectory of the Cosmic Ray particle in the Earth's magnetosphere

Particle's speed: 299054784.0 m/s (0.998 c) Traveled distance: 14.957 R¢
Travel time: 0.318s Particle's energy: 13.093 GeV
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COR MODEL

Trajectory of the Cosmic Ray particle in the Earth's magnetosphere

Particle's speed: 290195296.0 m/s (0.968 c) Traveled distance: 56.557 Rg
Travel time: 1.243s Particle's energy: 2.811 GeV
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COR MODEL

Geological position: 40.21°N 287.79°E
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COR MODEL

Geological position: 40.21°N 287.79°E
2010/01/10 00:00:00
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Model: Tsyganenko 05

;oo
/

-1.00 . . — i
-1.00 -0.75 —-0.50 -0.25  0.00

S

The spectrum of allowed and forbidden rigidities (left panel)
The incoming direction is signed by the red point (rigth panel)
IEP SAS

576 /576




COR MODEL

Geological position: 40.21°N 287.79°E
2010/01/10 00:00:00
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COR MODEL

Asymptotic cone - Proton intensities for position 40.21°N 287.79°E
Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
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Asymptotic cone - Proton intensities for position 40.21°N 287.79°E
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COR MODEL

Asymptotic cone - Proton intensities for position 40.21°N 287.79°E
Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
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The Shroud of Turin, also called the Turin Shroud (ltalian: Sindone di Torino, Sacra Sindone ['sa:kra 'sindone] or Santa Sindone),
is a length of linen cloth bearing the negative image of a man. Some claim the image depicts Jesus of Nazareth and the fabric is
the burial shroud in which he was wrapped after crucifixion.

Source: https://en.wikipedia.org/wiki/Shroud_of_Turin

0 4000 12000 18000
Time (years)



https://commons.wikimedia.org/wiki/File:Turin_shroud_positive_and_negative_displaying_original_color_information_708_x_465_pixels_94_KB.jpg
https://creativecommons.org/licenses/by-sa/3.0
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Source: IntCal04 Terrestrial radiocarbon age calibration”. Radiocarbon 46: 1029-58, 2004




Figure 3. Contour maps of vertical cutoff rigidities estimated from the computations using the
approximation n = 2+ in years 0, 400, 800, 1200, 1600 (coefficients from Hongre, Hulot, and
Khokhlov, 1998) and for year 2000 using n =2+ selection from IGRF model.

Kudela, K.; Bobik, P., Long-Term Variations of Geomagnetic Rigidity Cutoffs,
Solar Physics, Volume 224, Issue 1-2, pp. 423-431, 2004
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Intensitie

Gecdsek D., Bobik P., Genci J., Transparency of magnetosphere for cosmic rays in last two millennia, 37th
International Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany - Online, published March 18, 2022.
Online at https://pos.sissa.it/cgi-bin/reader/conf.cgieconfid=395, id.133, 2022 DOI: 10.22323/1.395.01335



Transparency of magnetosphere for cosmic rays in last two millennia Daniel GecdSek

Table 2: Selected regions with significant changes in CR intensities between years 0 and 1800CE for

minimum and maximum limit spectra.

Latitude Longitude I'in0 I'in 1800CE Relative difference Region
[p/(m*.5.5r)] [p/(m*.s.57)] in [Y] name
560 MV /290MV  560MV /290MV  560MV / 290MV

-30° 145¢ 39741 328/ 374 738 /817 Southern Australia
307 270¢° 80 /84 3227367 354 /384 New Orleans area
207 270° 41/43 139/ 151 238 /251 Yucatin
407 355¢ 200 /220 575/ 691 188/214 Spain
302 30° 127 /137 145/ 157 14715 Egypt, Cairo area
40¢ 90° 447 /524 149/ 162 -67/-69 North China
—-50° 2907 589 /710 364 /418 -38 /-41 South Argentina

Table 3: Selected regions with significant changes in CR intensities between years 0 and 1800CE for extreme
minimum intensity spectrum.

Latitude Longitude Iin0 I'in 1800CE  Relative difference Region
[p/(m?.s.57)] [p/(m?>.5.57)] 1360 MV [%] name

-30° 145° 35 231 564 Southern Australia
307 270° 67 228 284 New Orleans area
20° 270° 37 111 204 Yucatin
407 3557 152 357 134 Spain
307 307 102 115 12 Egypt, Cairo area
40¢ 90” 204 118 -60 North China
—-50° 290¢ 364 251 -31 South Argentina
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sfronger that

activity.

Results hints to a possible need for
calibration curve of carbon dating
method modification, that take the
geographic dependence of “C
production info account.
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—— Average cosmic ray intensity
Dst index
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Figure 6: Average global CR intensity at the top of the Earth’s atmosphere, and Dst index for December
2015 storm. The red points signify minimum and maximum values of average global CR intensity.
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Figure 7: Relative CR intensity at the top of the Earth’s atmosphere for each evaluated point between
time-points with minimum and maximum average intensity signified by red dots in the figure 6.
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Cosmic rays spectra, AMS-02 daily fluxes, PRL 2021

Python - Cosmic rays, AMS-02 daily fluxes dataset, PAMELA 08 2013, test version, PAMELA, bin 0.46-0.50GeV 2006-
2013 +2

Notebook Input OQutput Logs Comments (6) Settings

Run
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) Version 16 of 16

Add Tags

Work in progress, published in the current state mainly for students/colleagues. Table of Contents >
| 1. AMS-02 daily proton fluxes, the d...

2. All spectra visualisation

1. AMS-02 daily proton fluxes, the data set

3. Time evolution of different energ...
The published AMS-02 cosmic ray daily spectra in PRL 2021 [1] (proton component) and data set [2] give a unique opportunity to see

the time evolution of radiation at 1AU, i.e. at Earth’s orbit around the Sun in the interplanetary space. 4. year time evolution of different e...

The spectra were measured at low Earth's orbit aboard the International Space Station, i.e. inside of Earth’s magnetosphere, but the 5. month/year time evolution of diff...

effect of the magnetosphere is "cleaned out" in those data. From all measured events, those included in the data set [2], were not 6. Total intensity time evolution

affected by the geomagnetic field. The process is called event selection and details could be found in the article by M. Aguilar et al.

Cosmic rays spectra, AMS-02 daily fluxes, PRL 2021,
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www.whdproject.com

» Backend API : Fas
» Machine learning:
» Koreldcia kozmického pocasia s vplyvmi na zemi (Statistika)

» Predikcia dennych AMS-02 spektier (Neuronky, random-forest,
XGBoost...)

NA COM SA DA U NAS PRACOVAT?


http://www.whdproject.com/

» Cielom je zrychlit vypoce ulac
» Napr. pri miliarddch simulovanych castic
» CPU kdd, synchronny, runtime = 2 tyzdne
» CPU kdd, na viacerych jadrach, runtime = 6 dni
» GPU verzia kodu, na milionoch vidkien, runtime = 2 hodiny

» CPU jadrd => Nvidia GPU a ich CUDA jadrd

https://github.com/msolanik/Geliosphere/



3. Stochastic Approach

1
Historically, the FPE was developed during the investigation of Brownian motion in a radiation field (Fokker, q rt (Tkl n * (T kin + T9 + Ta) ) / (Tkll’l + T@) 3
1914; Planck, 1917]. However, the rigorous mathematical basis was developed later by Kolmogorov [1931]. In . - * - 2 0
- ) @ % =

the most general case, the transition density function Q(s. y: r. x) from a phase-space pointy at time s to a new g sqr t(TklI’] (Tk%n + (L -0 TO) ) ) E
time and position (t, x), associated to an advective and a diffusive process described by moderately smooth = Ko E bEtH B3 R 1835
functions, satisfies the following partial differential equations [see Kidden and Platen, 1999, equation (1.7.14); = distributio n(gene r‘ator‘) o

= A= L ]

Zhang, 1999, equation (8); Pei et al, 2010, equation (7); Kopp et al, 2012, equation (13)]: g
= (V + ( ¥ Kdiff / r)) * dt;

— —_—
%:-Eﬁlﬂ;,ttnﬁhgzﬁ[&,u.xtol—L_ctr.¥10+5 5) = dr + (arnum * sqrt(2 * Kdiff * dt)); W ) AL I L R L z T e T T
T 7 = 2.0 %V *p*dt/ (3.0 %r); £ 3 £ 10 * g
where A is the advective term for ith coordinate {e.g., convection due to solar wind and magnetic drift), C; ; is y * . E
the diffusion tensor, Ly describes (catastrophic) “losses” [Strauss et al, 2011] (e.g., used to describe radioactive c.factor I") » E-' : E\
decay by Trotta et al. [2011]), and finally, 5 describes “source” of particles (e.g., Jovian electrons) [see Strauss sumac r * dt ) H E ”]3 E
et al, 2011]. This equation gives the forward-in-time evolution with respect to the final state (1. x). _Eh -!_ E E
4
In term of differential operators, formally the backward-in-time evolution is described by the adjoint opera- Ll 1 :.;:
tor of the time forward [Kopp et al, 2012]. In this approach the Kolmogorov backward equation [Kiéden and : a —
Platen, 1999, equation (1.7.15)] gives the backward evolution of the associated transition density function = 1ﬂ .! -2\' 1
with respect to the initial state (5. y) [see, e.q, Zhang, 1999, equation (13); Strauss et al, 2011, equation (A2); E E E ’
Kopp et al,, 2012, equation {14)]: o 10 5 T o
) - . [ - = = = [= -
E:Eﬁg_,ls,yrﬂf-lz Y y]ﬂ -LQ+5 (8) ! + (q * q * ng — Lis - -=--Ls
ds - dy, 2 ay,d¥; m & F-p m n F-T
where Ag, is the advective term for ith coordinate (e.q., convection due to solar wind and magnetic drift), C ; is E & E
the diffusion tensor, L, describes (catastrophic) losses and finally 5 describes source of particles. We underline E 10 r 0 E-FJ T o EiT
that ds > 0 represents a propagation backward-in-time. E CH o B CH
The Stochastic approach allows to reevaluate the diffusion process by mean of a set of SDEs than can be D T Lasauil s sl PR .....- E T -. T | PRI PRI
generally expressed for the forward-in-time evolution as 1{' 1 1 U 100 1 D '] 'IU 1 DD
(1) = Ar dt + By, WD) @ e Kinelic Enargy [GaV] Kinelic Enargy [GaV]

and for the backward-in-time evolution as outputQueue.push({pinj, p, r, w, sumac}
@ outputMutex.unlock();

dyj(s) = Ag ds + By dW(s).

where & = BET, di represents the in(reminls of a sran@rd Wiener process that can be depicted as an }
independent random variable of the form /dtN(0. 1) (or /dsN{0. 1)), and finally, (0. 1) denotes a normally }

https://github.com/msolanik/Geliosphere/



2. CUDA HELIOCOMMANDER NASTROJ

» SIUZi na vizualizaciu/export dat, ktoré produkuje simulacny nastroj

» Desktopova aplikacia (C#, WPF)
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Home Weatherinfo Contact Pricing plans

Welcome to Weather History Project

Explore and Analyze Historical Weather Data of World Cities with Populations-over 25000

VIEW PRICING PLANS

https://www.whdproject.com
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3. WEATHER APLIKACIA WHDPROJECT.COM

» 15 tisic najvacsich miest na svete, roky 1950-2023

» 200GB csv suborov, spracovanych z 10TB hdf5 sUborov
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Climate Data Store Datasets Applications User guide Live Background

PROGRAMME OF

THE EUROPEAN UNION (OpemiCUS c ECMWF @ e e R Login - Register

Info 28Sep2024 Welcome to the New Climate Data Store (CDS)! This new system is in its early days of full operations and still undergoing enhancements and fine tuning. Some
disruptions are to be expected. Your feedback is key to improve the user experience on the new CDS for the benefit of everyone. Thank you.

Dive into this wealth of informationrabout the Earth‘s past,

and future climate--
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Search
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API Training earthkit

https://cds.climate.copernicus.eu/training
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» Zdravie ¢loveka

» Elekirické rozvodné siete, elekirické zariadenia a pod.

» Predikcia dennych AMS-02 spektier

» Aplikdcia ML algoritmov na aproximaciu spektier kozmického zZiarenia

7,

» Kol'ko protonov na roznych energetickych Urovniach dosiahne Zem ak nas chrani Sinlgé7?

» Zapdjanie sa do réznych sttazi na Kaggle

» Napr. Explorativha analyza dat pri dostihovych pretekoch



4A. MACHINE LEARNING - KORELACIE

» Ddtovy set hospitalizacii pre roky 2007-2014
» Napr. hospitalizacie za r. 2008 = 1126069
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pacobec_okres_popis pacvek pacpohlavie

Okres Levoca 85 1
Okres Stara lubovna 76 1
Okres Poprad 88 2
Okres Kezmarok 90 1
Okres Poprad 83 2
Okres Kezmarok 90 2
Okres Poprad 72 1
Okres Poprad 56 1
Okres Poprad 73 1
Okres Poprad 91 2
Okres Poprad 59 1
Okres Spisska Nova 53 5
Ves

Okres Kezmarok a1 2
Okres Poprad 77 1
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4B. MACHINE LEARNING - APROXIMACIA

» Velky datovy set spektier kozmického zZiarenia

» Trénovanie ML algoritmov a vyhodnocovanie ich Uspesnosti

R values for Different Models

—s— KGBoost
# Liredar_regréesion
—a— G

x —+— Random_forest
—— SGDR

B —=— Polynomial_regresion
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