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Co je to kozmické Ziarenie?

Protons

* Nabité castice (hlavne protdny) Siriace
sa vesmirom takmer rychlostou svetla

* Interakcia s atmosférou (N, O):
sekundarne sprsky

e Radiacia stupa s nadmorskou vyskou

e Skratka: CR (cosmic rays)

Decaying
pions




Vyskum kozmického ziarenia

Moderny atmosféricky baldn

Pierre Auger Observatory

Hess (1912) - objav
kozmického pévodu
atmosférickej radiacie




Energetické spektrum

* Mocninova zavislost toku
primarnych cCastic na energii:
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NajenergetickejSie Castice PSS —
( U H EC R) Greisen—Zatsepin—Kuzmin limit:

teoreticka hranica energie, priblizne 5x10%° eV (protony) v

Rekordeér: dosledku interakcie s fotonmi CMB
tzv. Oh_My_GOd Ccastica - (CMB: kozmické mikrovinné pozadie — vyZiarené v mladom vesmire po tom, ¢o sa
(3 2.|.O 9))(1020 eV stal priehladny pre svetlo, tzv. rekombinacia, vytvorenie neutralnych atémov z

chladnucej plazmy)

(40 miliénov x limit LHC)




Vyskum vysokoenergetickych castic: odkial
vlastne pochadzaju?

* Pierre Auger Observatory : E>1el18 eV

* VViaceré mechanizmy urychlovania v r6znych astrofyzikalnych
situaciach - slnecné erupcie, zvysky po supernovach, pulzary, AGN,
medzigalaktické magnetické polia (filamenty)




Mechanizmy urychlovania

—

| o |  F=gE+qvxB
* sila na casticu v magnetickom poli Electric Magnetic

force force

* Magnetické zrkadlenie - p6sobenie celkovej sily smerom von z oblasti
so zhustujucimi sa silo¢iarami magnetického pola B




Fermiho mechanizmus

e 1.radu - odraz od magnetickych
iregularit pri prechode razovou vinou

e 2. radu - magnetické zrkadlenie na
pohybujucich sa medzihviezdnych
plynovych oblakoch v Galaxii
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Obr.[http://inspirehep.net/record/789082/plots skica od

M.Scholer (Hosino 2001)]


http://inspirehep.net/record/789082/plots

Co je to supernova?

e Stabilna hviezda: mechanicka rovnovaha udrzovana tepelnou

energiou jadrovej fuzie H — He

» Spalovanie Coraz tazsich prvkov az po zelezo (Fe)

e Supernova (typ Il): konecné stadium zivota hviezdy s
hmotnostou viac ako 8 Sink, nahly kolaps po vyéerpani paliva s
vyziarenim enormného mnozsta energie ( radovo 1e44 J)
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...trochu detailnejsi pohlad

"~ Rozsir svoj priestor
' na nekonecny vesmir

® SPACE:LAB




Plan projektu
* Prehlad literatury — astrofyzikalny kontext, mozné vyustenia projektu

e Studium a simuldcia zvysku po supernove (SNR, z angl. supernova
remnant) bez vplyvu urychlovania CR

 Simulacia urychlovania na 1D rdzovej vine: ziskat funkény prototyp
e Simulacia urychlovania v 2D na SNR rieseni

* Pouziteé prostriedky: clanky, notebook, vypoctovy cluster SAYV,
programovaci jazyk Python (+Matplotlib, NumPy)



Numericka simulacia expanzie supernovy

1. faza: volna faza bez vyrazného zbrzdenia

‘U R \/ZE/(MO + m) , razova vina sa Siri a nabaluje hmotu (m)
e u>>c (cjerychlost zvuku v prostredi)

* trvanie asi 100 rokov

* Koniec: m = M,



Sedov-Taylor phase

o 2. faza: nezanedbatelnd hmotnost , vac¢sina hmoty v tenke;
expandujucej vrstve, horuce a riedke vnutro (vacsina energie)

* Adiabatické rozpinanie (zachovanie energie)

e bezzrazkovy” (collisionless) system

e 5-20 % energie ide do CR (zanedbany vplyv na SNR)

* Na konci: 3. faza - chladenie vyzarovanim (t.j. uz nie adiabaticka)
* RieSime a simulujeme v Sedov-Taylor faze



Hydrodynamika

I

+ VWV« pu) =1,
M '

* Rovnica kontinuity (zachovanie hmoty):

* Navier-Stokesova rovnica (pohybova rovnica v mechanike kontinua):



Fyzika razovej viny

e Rankine-Hugoniotove rovnice davaju do suvisu veliCiny z upstreamu
(pred sokom, index 1) a downstreamu (za Sokom, index 2):

1) zachovanie hmoty:  pyu; = pou,

2) zachovanie hybnosti: p;u* + p; = pauy” + py

: : 1 1
3) Zachovanie energie: Eulz + E1 + % — Eu22 + EZ 1+ %
1 1

. ) P2 Uq (y+Dp2+(y—1p1

e 1,2,3 daju vztah: —= = — = .
J 04 U, ()/+1)p1+(]/—1)p2 Jednoatomovy plyn:

u, (y+1) 5 Uy

limit silného Soku: >> takze — = , = — — =4
imit silného Soku: p, P4 azeu2 =1 y=35 - ”




Riesenie rovnic pre Sedov-Taylor phase

—_— = (r u) =0, ) ..

Dt riav Rovnica kontinuity

D 1

—; = =P+ pc) . :

Dt par Pohybova rovnica

Dpg _ vpg Dp

Dt~ p Dt Zavislost tlaku plynu
Dpl: = r:rcpc DP ’ . 14 Ve .
Dt~ p Dt Zavislost tlaku ziarenia
D 8 8

Dt oot e Operdator materidlovej (Lagrangeovej) derivacie

[Ratkiewicz et al (1994)]



Samopodobnostné riesenie
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PoCiatocné podmienky

Ul) = 2/(w+ 1)

1) = (+ 1)/ (v —1)
Fe(1) = 201 = w) /(s + 1)
P(1) = 2w/(3 + 1)

where -y, and w are given by,

B 5+ 3w
A +w)]

[Ratkiewicz et al (1994)]

s w = F./(F. + F).



Magneticke pole supernovy

B, = Bob,(n)cos 8, By = Boby(n) sin 8,

* magnetické pole unasané spolu s plazmou

D
 Tangencialna zloZka: ﬁfﬂﬂf.ﬁ"r} =0 —

cpiv=0; Ur=—(1—=U)bg.
* Okrajové podmienky: p i1y=—1,
ba(1) = (v + 1)/ (s — 1)

[Ratkiewicz et al (1994)]
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[Ratkiewicz et al (1994)]



Implementacia kddu na supernovu

Doraz na miesto divergencie Uleta)

0.60030
* Riesenie systému -
. .7 ’ 0.60025 -
diferencialnych rovnic z =
— 1E
minulych slideov 060020 111 — 1e10
. Jednc?duchy Eulerov 060015 |||
algoritmus '|
060010 {1
\
a1 R
y[i+1] = y[i] + y'(x[i])*dx 0.60005 - Kk\
. S, 060000 : ! . .
* Numericky nestabilny 0.0 0.1 0.2 N 03 0.4 05
d

blizko stredu supernovy



Vysledky

samopodobna funkcia hustoty
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Magneticke pole

magneticke pole v pg%IDarnych suradniciach
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[Ratkiewicz et al (1994)]



Urychlovanie na 1D soku

* Fokker-Planckova rovnica popisuje konvektivno-difuzny pohyb castic
af 1 0
— = ~V-(uf)+WV-u 3
- Wf) + (Vw35 fr

* Rychlost plynu u a difuzny koeficient K sa v blizkosti razovej viny

(Soku) rychlo a nespojite menia z hodnoty v upstreame do hodnoty v
downstreame




Implementacia 1D urychlovania

* Fokker-Planckova rovnica: v 1D (v - 2)

* Tanh sok (vs Heavyside)
Ux) r+1 r-—1 X
= — tanh (=),
Uq 2T 2T an (L)
* Podobny vztah pre difuzny koeficient K(x)

tanh x
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Vysledky: urychlovanie na 1D soku

Histogram of logaritmic mementum spectrum Best fit line equation: y =-0.865x + 3.171 2D histogram of f{x,p.t) Contour plot of fix,p.t} 0 Contour plot of log(f(x,p.t;*p~3)
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Urychlovanie na 2D soku

* ZlozitejSia geometria, prevod FK rovnice do polarnych suradnic

* K: difuzny tenzor (predtym skalar) Rl AR
| r F K.. | P r
/ o -4 D= K +— D, =—— +K +—
* Po dlhych upravach: ol \‘-K T Ko

2K K cogh 0K, | €
(Ar)=R D At+—=At+— At+—=At+————At+ U At
r r or r 0B

K.  cote B K, 0K, U,
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Implementacia kodu pre 2D urychlovanie

* Pouzitie riesenia pre supernovu: kvoli rychlosti vypoctu fitovanie
funkcii P(n), p(n), U(n) polyndmom a jeho dosadenie do simulacie

* Injekcia €astic: nahodné vlozenie Castice s konstantnou pociatocnou
hybnostou pred Sok




Vysledky

* (jedna z mnohych)
simulacia pre 100,000
castic

e Rozne sklony v spektre

p data from
sim3/240_p_fin_N100000 steps3000_dt0.03

total physical time in simulation t = steps * dt =
90.0

Number of particles N = 100000
num_bins = 632

% of particles used in linear fit: 13.771 %
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Konecné pozicie Castic

BOOg

Histogram of particle final radii
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Porovnanie efektivity urychlovania s dizkou
simulacie (pocet rovnako dlhych krokov)

Spectral gradient vs length of simulation

] ¢ dt=003

gradient "dlog(num_particles)/ dlog(p)"

I I I I ¥ 4 n 1 1
20 25 3.0 3.5 40 45 5.0 5.5 6.0
logl0(steps)



Co som sa naucil a v ¢om bol pre mnia
SPACE::PROJECT prinosny

e Skveli ludia

e Zaujimavy vyskum

* Praca a organizacia
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Pouzita literatura vo vyskume

* Ratkiewicz, Axford, McKenzie (1994), Similarity solutions for synchrotron
emission from a supernova blast wave, A&A, 291:935-942

* Chevalier (1983), Blast Waves with Cosmic Ray Pressure, ApJ, 272:765-772

* Bobik, P., et al. (2016), On the forward-backward-in-time approach for
Monte Carlo solution of Parker’s transport equation: One-dimensional
case, J. Geophys. Res. Space Physics,121, doi:10.1002/2015JA022237.

* Pei, C., J. W. Bieber, R. A. Burger, and J. Clem (2010), A general
time-dependent stochastic method for solving Parker’s transport equation
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Obrazky v prezentacii prevzate z:

* https://www.universetoday.com/30959/messier-1/ titulna fotka

* https://home.cern/science/physics/cosmic-rays-particles-outer-space titulna k c¢asti 1

e https://www.independent.co.uk/topic/Aircraft
* https://www.vox.com/the-highlight/2019/7/16/17690740/cosmic-rays-universe-theory-science

* https://home.cern/news/news/physics/cosmic-rays-discovered-100-years-ago

* https://phys.org/news/2015-09-cosmic-stratosphere-aboard-nasa-high-altitude.html
e http://212.71.251.65/aspera//index.php?option=com content&task=view&id=290&Itemid=205
* https://en.wikipedia.org/wiki/Cosmic ray

* https://www.rdashop.sk/produkt/vzduchovka-731-perun/

* https://www.sciencenews.org/article/cern-large-hadron-collider-shutting-down-2-years

* http://www.ep.ph.bham.ac.uk/DiscoveringParticles/detection/cosmic-rays/

* http://pluto.space.swri.edu/image/glossary/pitch.html

* http://inspirehep.net/record/789082/plots skica od M.Scholer (Hosino 2001)
* https://www.nationthailand.com/news/30352400

* https://commons.wikimedia.org/wiki/File:Pp chain 2nd.jpg

e https://en.wikipedia.org/wiki/Type |l supernova
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https://phys.org/news/2015-09-cosmic-stratosphere-aboard-nasa-high-altitude.html
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https://www.nationthailand.com/news/30352400
https://commons.wikimedia.org/wiki/File:Pp_chain_2nd.jpg
https://en.wikipedia.org/wiki/Type_II_supernova

Intenzita







Vplyv KZ na ludsky organizmus

Neurobehavioral decrements
(anxiety, fatigue, performance)

Cataract formation

e Sedy zakal " L oo
* Srdcovo-cievhe ochorenia

hippocampus

Degenerative damage to

» Zvysené riziko rakoviny T Ve, MR
* Ochorenia nervového systemu AT SE N

such as nausea
5 and vomiting

Problémy s pamatou

(Gonads susceptible
o cancer and genetic
germline mutations

muscle and cartilage
microarchitecture




Fokker - Planckova rovnica
e n1965- Parker

1 EFFWU 1.1 ﬂrEFSH,

= == )

r ar 3 ar

kde O(re|=T +2T0/T +TO
VsSesmerova distribucna funkcia

Pouzitie substitucie F=r2U (podobne aj vSesmerova)
Uprava na sUstavu stochastickych diferencidlnych rovnic
Pouzitie ltovej lémy

Intenzitu KZ potom vieme vypocditat nasledovne
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Metédy VypO(\ftU forward metéda

* Od terminacného soku k registracnej hranici

2K
drF_T:l: it

_ 2K
+F5H’J df""'lf 2 Edﬁr dW d rF—P: {Tﬁ#-lr stjdf-l--yl,l 2 l{dﬁ'r dw

r




Metédy VypO(\ftU backward metdda

* Od registracnej hranice po terminacnu razovu vinu

. 2K, .
+V g, ds+ T2k, JdW d rE_P:{.T”#— Ve ds +42 K g | AW

ary +— l: =




Spektrum KZ Zem

e Spektrum pre
maximum a minimum
slne¢ného cyklu pre
vzdialenost od Sinka
1 AU
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Spektrum KZ -

e S pe ktrum pre gk —n— B-p K3e22 Mars
- —u— B-p K7e22 Mars

maximum a minimum
slne¢ného cyklu pre
vzdialenost od Slnka
1,38 (1,66) AU

10

Tkin [GeV]



Spektrum KZ

e Spektrum pre
maximum a minimum
slne¢ného cyklu pre
vzdialenost od Sinka
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Postup vypoctu

1D model pre backward
metoédu

* VVzdialenost registracnej
hranice sa meni spolu
s trajektoriou

trajektoria

Trajektéria Mars Science Laboratory

2011,8 2012,0 20122 20124
16 ¢as [rok]

15
1,4
313
% 12
1.1
1,0
0,9

20118 2012,0 20122 2012,4

¢as [rok]

2012,6

2012,6




PO StU p VypO(\ftU trajektoria

1D model pre backward
metoédu

* VVzdialenost registracnej
hranice sa meni spolu
s trajektoriou

* Uhol 8 (heliosirka) sa
takmer vobec nemenila-
leti sa v ekliptike




PO StU p VypO(\ftU Burgerovo LIS

1D model pre backward

metoédu

* VVzdialenost registracnej
hranice sa meni spolu
s trajektoriou

* Pouzité Burgerovo LIS

1
Tkin [GeV]




Postup vypoctu

1D model pre backwarad
metoédu

Vzdialenost registracne;
hranice sa meni spolu

s trajektoriou

Pouzité Burgerovo LIS
Niektoré parametre sa
menia s casom

5,90E+018
5,00E+018
4 50E+018
4,00E+018
3,50E+018
3,00E+018
2,50E+018
2,00E+018
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Postup vypoctu

1D model pre backward

metoédu

Vzdialenost registracne;

hranice sa meni spolu

s trajektoriou

Pouzité Burgerovo LIS

* Niektoré parametre sa
menia s casom

20119 2012,0 2012,1 2012,2 2012,3 2012,4 2012,5 2012,6 2012,7
cas [rok]

2011,9 2012,0 2012,1 2012,2 2012,3 2012,4 2012,5 2012,6 2012,7
¢as [rok]
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Vplyv kozmickeho pocasio
na zdravie fudi a dopravnu
nenhodovost

SPACE::PROJECT

Autor: Eduard Boldizdr




Ciele prace

1. Vyhodnotit mieru koreldcie medzi kozmickym
pocasim a hospitalizaciami v Slovenskej
republike v obdobi 2007 az 2014

. Vyhodnotif mieru korelacie medzi kozmickym
pocasim a dopravnou nehodovostou v
Slovenskej republike v obdobi 2010 az 2018




/dravie [udi — prehlad

Vyhodnotfime mieru koreldcie medzi:
» |7 parametrami kozmickéeho pocasio

» 100 roznymi diagndzami (+1 celkovd
hospitalizdcia v SR)

»/4 q 8rocné casové obdobia

Pocet zdznamov celkovej hospitalizdcie v SR v
rokoch 2007 az 2014 je 9090804.

Nenasli sme ziadnu podobnu studiu, ktord by
oracovala s takymto mnozstvom dat ako je to
prezentované v tejto prdaci.




Dopravnd nehodovost — prehlad

Vyhodnotime mieru koreldcie medzi:
» |7 parametrami kozmického pocasia
»3, 6,7 a9 rocné casoveé obdobia

»/010-2018 (bez AE, AU a AL indexu), 2010-2016
(s AE, AU a AL indexom)|

Tri kategodrie: celkovd dopravnd nehodovost,
Zraneni a usmrteni.




Data hospitalizacii

Data hospitalizacii mame k dispozicii od NCZ|
»fabulky vo formdate ACCDB prevedieme do
CSV formatu

vyfiltrovanie zadznamov podla datumu a typu
diagnoz

»denné hodnoty

Ddata parametrov kozmického pocasia o
hospitalizacii spojime do jednej tabulky vo
formdate CSV.




Data dopravne] nehodovosti

Ddata dopravne] nehodovosti stiahneme zo
stranky Ministerstva vnutra SR.

»vVyfilfrovanie zdznamov podla datumu a typu
diagnoz
»fyzdenné hodnoty

Data parametrov kozmickéeho pocasia o
dopravne] nehodovosti spojime do jednej
tabulky vo formdte CSV.




Parametre kozmického pocasio

Denné (tyzdenné) hodnoty parametrov kozmickeho
poc;:osio stiahneme zo stranky OMNIWeb spravovane]
NASA.

Ziskané parametre kozmického pocasia mézeme rozdelit

» solarne parametre kozmického pocasia — Lyman alpho
solar index, R sunspot number, Solar index F10.7, Proton
flux >10, 30, 60 MeV, Solar wind speed, tfemperature
and density

» geomagnetické parametre kozmického pocasia — AE
index, AL index, Ap index, AU index, Dst index, Kp index
a Polar cap index from Thule and Vostok



Vypocet koreldcie a vizualizacia dat

Kazdd kombindcia diagndzy (typu dopravne;
nehodovosti) a parametra KP ma:

»vyhodnotenu mieru koreldcie
»Ciarovy graf sledujuci priebeh hodnot
»pbodovy graf s regresnou priamkou
»pbodovy graf s korelacnymi intervalmi




Vyhodnotenie miery korelacie

»7iodna alebo nizka miera koreldcia — od 0.0
do 0.29

»strednd miera koreldcie — od 0.3 do 0.49
»\vysokd miera koreldcie — 0.5 do 1




Najsignifi

Virusove a inymi organizmami vyvolané ¢revne infekcie -

Dehydratacia, hypovolémia (zniZzenie objemu telovej tekutiny) -
Gonartréza - artréza kolenného kibu -

Bolest v hrdle a v hrudniku =

Respiracné zlyhanie nezatriedene inde -

Srdcove zlyhanie -

Starecky zakal SoSovky - cataracta senilis =

Paralyticky ileus a crevna obstrukcia (zatvor) bez prietrze -

Iné choroby traviacej stustavy -

Oblickova kolika, blizSie neurcena -

Akutny infarkt myokardu -

Porazka (apoplexia, iktus) bliZzSie neuréené ako krvacanie alebo infarkt -

Chronické choroby mandli a adenoidného tkaniva -

Diseases

Predsienova fibrilacia a flater -
Zastavenie srdca -

Akltna tubulointersticialna nefritida -
Diabetes mellitus nezavisly od inzulinu -
Koxartraza - artréza bedrového kibu -
Plucna embaolia -

Poruchy nervovych korenov a spleti -
Novoradenecka Zltacka z inych a nespecifikovanych pricin -
Iné choroby ZlCowych ciest -

Cyslitida -

Spontanny potrat =

Prechodné mozgove ischemicke ataky a pribuzné syndromy -

A W

[ 4 ]

kantnejSie koreldcie -

hospitalizacie (1

1-25, Lyman alpha solar index, 2007-2014
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Najsignifikantnejsie
diagnozy(2)

Virusové a inymi organizmami vyvolané ¢revne infekcie, 2007-2014

koreldcie —

Lyman alpha solar index -
Solar index_F10.7 -

R sunspot number -

Dst index -

Folar cap south (Vostok) -

Proton flux over 10 MeV -

AL index -

Kp index -

Proton flux over 30 MeV -

Parameter of cosmic weather

Ap index -

Solar wind speed -
Proton flux over 60 MeV -
Polar cap north (Thule) -
Solar wind density -

Solar wind temperature -
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Najsignifikantnejsie koreldacie —
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[ IV ]

NajsignifikantnejSie korelacie —
diagnozy (4

Diseases

Virusove a inymi organizmami vyvolane crevne infekcie -
Chronické choroby mandli a adenoidného tkaniva -
Dehydratacia, hypovalemia (zniZzenie objemu telove] tekutiny) -
Bolest v hrdle a v hrudniku -

Gonarlraza - artroza kalenného kibu -

Respiraéné zlyhanie nezatriedené inde -

Paralyticky ileus a crevna obstrukcia (zatvor) bez prietrze =
Nadmerna, ¢asta a nepravidelna menstruacia -

Chronicka ischemicka choroba srdca =

Zastavenie srdca -

Spontanny potrat -

Starecky zakal SoSovky - cataracta senilis -

Iné choroby traviace] slstavy -

Ina zdihava obstrukéna pltcna choroba -

Predsiefiova fibrilacia a flater -

Akutny infarkt myokardu -

Roztrisena sklerdza - sclerosis multiplex -

Srdcové zlyhanie -

Porazka (apoplexia, iktus) blizSie neuréend ako krvacanie alebo infarkt -
Alkutny zapal mandli - tonsillitis acuta =
Ineé choroby Zl€ovych ciest -

Koxartraza - artréza bedrového kibu =
Zapal il - phlebitis et thrombophlebitis -
Bolest v oblasti brucha a panwy -

Akitna tubulointersticialna nefritida -

1-25, Solar index_F10.7, 2008-2011
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NajsignifikantnejSie korelacie —
diagnodzy (5

Virusové a inymi organizmami vyvolané ¢revne infekcie, 2008-2011

Solar index_F10.7 -

=

Lyman alpha solar index -

R sunspot number -

-l

Polar cap south (Vostok) =

Proton flux over 10 MeV -

AL index - -0,

Kp index -

Ap index -

Parameter of cosmic weather

Solar wind temperature -

B

Polar cap north (Thule) -

Proton flux over 60 MeV -

.
o

Solar wind density -

.
=

nN

Solar wind speed -

Proton flux over 30 MeV -

o
o

o

0.1 0.2 0.3
Correlation
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Najsignifikantnejsie koreldacie —
diagnozy (6)

Virusoveé a inymi organizmami vyvolaneé Crevne infekcie
Solar index F10.7
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Lyman alpha solar index -
Solar index_F10.7 -

R sunspot number -

Kp index -

AU index -

AE index -

Ap index -

AL index =

Polar cap south (Vostok) -
Solar wind density -

Polar cap north (Thule) -
Solar wind temperature -
Dst index -

Proton flux over 30 MeV -
Proton flux over 10 MeV -
Proton flux over 60 MeV -

Solar wind speed -

"\ \

[ 4 ]

NajsignifikantnejSie korelacie —
dopravnd nehodovost (1)

Celkova dopravna nehodovost, 2010-2016
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NajsignifikantnejSie korelacie —
dopravnd nehodovost (2)

Lyman alpha solar index, 2010-2016
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[ IV ]

Najsignifikantnejsie koreldacie —
dopravnd nehodovost (3)

Celkova dopravna nehodovost
Lyman alpha solar index
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Parameter of cosmic weather

[ 4 ]

dopravna nehodovost (4)

Celkova dopravna nehodovost, 2010-2012

Lyman alpha solar index - -0,

Solar index_F10.7 - -0.

R sunspot number -
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NajsignifikantnejSie korelacie —
dopravnd nehodovost (5)

Solar index_F10.7, 2010-2012

Correlation



Najsignifikantnejsie koreldacie —
dopravnd nehodovost (6)

Celkova dopravna nehodovost
Solar index_F10.7

: & .
E e A
; -, X% e ; ; ﬁ’
: N Y T
| ~ W *
; : *»
= | N
2 . . [ (R (R [ D R B Nl 5011.5013
[<] ! e
5 : -
o . i T e T B 20132015
. F
'o/
5




/hrnutie

Parametre kozmického pocasia Lyman alpha
solar index, R sunspot number a Solar index
F10.7 signifikantneé koreluju s niektorymi typmi
iagnoz. Tiez vsetky tri spoomenuté parametre
ozmického pocasia vyznamne koreluju s
celkovou dopravnou nehodovosfou.

Najvyznamnejsie intervalové koreldcie sa vo
vysse] miere nachdadzaju v rokoch 2010, 2011 @
2012 u oboch skumanych dat (hospitalizacie a
dopravnd nehodovost).
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Samuel Amrich
»1 was originally supposed to become an [Electrical] engineer
but the thought of having to expend my creative energy on
things that make practical everyday life even more refined, with

a loathsome capital gain as the goal, was unbearable to me.”

[Albert Einstein to Heinrich Zangger, ca. August 1918] ma t fVZ




/ Co su ,Elfovia“? \ /Spésob pozorovania \
[ ELVES ] = [ Emission of Light and Very Low Frequency ] )

Doba trvania =~ 100us
perturbations due to Electromagnetic Pulse Sources

Nemoznost zachytit
L Exp.doba ~ 125us | postup viny

‘a::g 15px ~ 3-1kr?1
% .9 E :: oive o hy=53km
‘ ’éw ground hy = 0 km
— Y
Fotografie zachytavajo 0 100 200 300 00 500
‘ integral celého event-u 1 H (pixels)

. Lry—— il RA Marshall (2012) An the lightrin \with the D-regicnioncspers
/2019 ELVES \Qenm y/

ELVES
4

Teodria okolo ELVES

/V\’/skyt burok

G. Anderson and D. Klugmana: Furopean lightaing deasity using ATDact data

SpoOsoby pozorovania

P S——

it

| 1 e
1
L——LH (oo} e
. = .

T g

convolution +
| nonlinearity

max pooling vec

convolution + pooling layers fully connected layers  Nx binary classification
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Vlastné pozorovanie/datova analyza

\qi/am.a ELVES }/ \qifeun

Navrh pozorovacieho st. v Kolonici
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Co su , Elfovia“ ?

ELVES — Emission of Light and Very Low Frequency
| perturbations due to Electromagnetic Pulse Sources

» ¥
- 3

Sprites
Sprites
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16.08.2018 © vk.com/jankowsky | YouTube.com/Starvisor
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Princip ziarenia

the N2 states that emit optically.

Upper Lower o Quench  Quench Threshold

Dissociation .%J. . @ Name State State Lifetime Altitude Particle  Energy
NQ(].PG) NQ(le_.[g) N2 (A‘ZI) 6 HS 53 km N2 7.50 eV

N N2(2PG) | No(C?IL,) No(B®II,) 50 ns 30 km Oz 11.18 eV
F Blectron NI (ING) | NI(B*Z)) NF(X*%}F) 70 ns 48 km  Na, Oz 18.56 eV
fopact NI (M) | NJ(A®IL,) NJ(X*2))  14ps  8590km N 16.54 eV
N2(VK) | No(A®SH) Ng(Xiﬁj) 2s 145 km O 6.31 eV

% O (ING) | Ofb's  ofx?m, 1.2 ps 60 km No 18.2 eV

C-FDistance ——* Tmager Filiers

Channel | Mominal filter Loweer it | Upper limit
number 10%: {nm) 10% {nm)
s | [N IPG 6228 754
______ & 2 760 nm 7578 7688
Oz atmospheric
hand (airglow,
AT
3 630 nm Ol 6263 630.4
Electronic shells . lon 3 {Szu;-??‘;:l[rjgljm} %] 618
{aurora, airglow)
3 427.8 nm NJ 4253 4318
ionized Mo
[ Broad band no | 425 290
filier
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Princip vzniku
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EMP

HIGH-ALTITUDE EMP DETONATION
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Source: Congressional Commission to Assess the Threat of Electromagnetic Pulse to the United States of America Graphic redesign by Geopolitical Futures

Kevin-Druis. (2017), SIMULATED ELVES FOR TUS, MINI-EUSO AND EUSO-
SPR2

[1] https://www.merriam-webster.com/dictionary/electromagnetic%20pulse
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Problém s intenzitou
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Problem s intenzitou

[Re-cale s ] Re-cale, [Re-cat
v %

| Re-cale. ; Re-calc. | | Re-cale.1
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b_up (k] [ - <0
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create_gradient ‘s\mu\ate create_gradient ‘ simulate
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/f:o so ,Elfovia“? \ /Spésob pozorovania \

— Emission of Light and Very Low Frequency Doba trvania ~ 100us = ' L "
[ ELVES J —_— [ perturbations due to Electromagnetic Pulse Sources [ £ J ‘ Nemoznost zachytit

®.0
.‘ [ Exp.doba = 125us J postup viny

airglow layer h, ~ 87 km 15px ~ 34k

.9
" . ground h, = 0 km
>

Fotografie zachytavajo [} 100 200 300 00 500
integral celého event-u H (pixels)

: Tedria okolo ELVES SpoOsoby pozorovania

/Vy’lskyt burok /Anal\,’rza dat pomocou ML \

T Ae P
1 1
— (o}
=
T - (o}
o
°
i EN g=
convolution + max pooling S
| nonlinearity | o
convolution + pooling layers fully connected layers  Mx binary classification

\ql/amﬂ ELVES )/ \qifeun
Navrh pozorovacieho st. v Kolonici

)/

Vlastné pozorovanie/datova analyza

ELVES
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Historia pozorovania

Prvé pozorovania v
90 rokoch

matfyz



Sposob pozorovania

Doba trvania = 100us Nemoznost
) - zachytit postup
Exp.doba =~ 125us viny

Fotografie zachytavaju 0 100 200 300 400 500
integral celého event-u H (pixels)

R. A. Marshall. (2012). An improved model of the lightning electromagnetic field interaction with the D-region ionosphere
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A4

Dalsie sposoby pozorovania

Poukazuju iba na
pritomnost a intenzitu

[Scintilaéné pocitace / PMTJ

[ Rychla fotometria J

[ Fluorescencné teleskopy J
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Moznosti pozorovania
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R. A. Marshall. (2012). An improved model of the lightning
electromagnetic field interaction with the D-region ionosphere
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Moznosti pozorovania
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. Rg = 6378 km
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° (Rey + 1)?=Ra? = (Rgy + h)%+ Ry *-2 (Ray + h)R g cos()
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____,: | R
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* H=891km

a = 9° - 1000km
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Moznosti pozorovania
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Rg +H=7269km .-

h = 85km 2 R 2 ) )
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i (o}
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Obmedzenia pozorovania

r

Xo=X+R —[ hz85km1
H

X0=<H—_h)*(R+r)+R [R +7; h]

= [R+7;h] — [0;H] !
v=[R+r;h—H]

-
v

[Hz10ka

7
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Obmedzenia pozorovania

[X + 7; h]

7
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Prejav Fenomeénu
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/f:o s0 ,Elfovia“? \ / Sp6sob pozorovania \

ELVES = Emission of Light and Very Low Frequency [ Dobacrriania & 100ps
perturbations due to Electromagnetic Pulse Sources \ 4

Nemoznost zachytit
1] Exp.doba =~ 125us | postup viny

airglow layer h, ~ 87 km 15px ~ 34km
"'— \
Fotografie zachytavaju o 100 200 300 00 500
integral celého event-u H (pixels)

N RA Marshall (2012) 4n the lightring ekctromagnetic evwith the D-regicrioncsphere
/2014 ELVES 3 \\%nw ELVES

convolution + max pooling

| nonlinearity
fully connected layers  Nx binary classification

7/2019 ELVES 7/2014

Vlastné pozorovanie/datova analyza

convolution + pooling layers

Navrh pozorovacieho st. v Kolonici
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Pozorovacie moznosti stanovista Kolonica

’ 29
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Urcenie vyskového profilu

Pozorovaci ihly TLE vuci vzdalenosti bouie pii idealnim horizontu.

GPS Cely jev — vy3ka 50-90 km Télo — vyska 60-80 km | EIf — vyska 90-95 km
Vzdilenost: | Stied: Jednotlivy - Sii'e S km: | Skupina - $ife 50 km: Jednotlivy - §if'e 5 km: Sii‘e 350 km:

\ 25 km 67° 57-T77° a=20° 43-90° a=47° 60-76° a=16° 24-148° a=124°
Y 50 ki 52° 41-63° o=22° 33-75° o=42° 50-58° o= 8° 22-143° a=121°
b“’\ 100 km 335° 24-43° a=19° 21-51° a=30° 29-38° o=9° 18-128° a=110°

S 150 km 235° 16-31° a=15° 14-35° a=21° 21-28° o=7° 15-104° o= 89°

200 km 17.5° 11-24° a=13° 10-26° o=16° 15-21° 0=6° 13-74° 0=61°

250 km 14° 9-19° a=10° 8-21° a=13° 12-17° o=35° 11-51° o=40°

300 km 12° 8-16° o= 8° 7-18° a=11° 0-14° o=5° 9-36° a=27°

WGS 84 350 km 10° 6-14° o=8° 5-15° a=10° 7-12° o=35° 8-28° o=20°
400 km 8.5° 5-12° a=7"° 4-13° o=9° 6-10° o=4° 7-22° o=15°

450 km 7° 4-10° o=6° 3-11° o=8° 6-9° o=3° 6-18° o=12°

500 km 3.5° 3-8° a=35° 2-9° oa=7° 4-7° o=3° 5-15° o=10°

550 km 4,5° 2-7° o=5"° 2-8° o=6° 3-7° o=4° 4-13° a=9°

SRTM 1 600 km 4° 26° o=4° 2-7° oa=>5° 36° o0=3° 3-11° 0=8°

650 km 3,5° 2-5° o=3° 2-5° o=3° 2-5° o=3° 3-9° a=6°

700 km 2.5° 1-4° a=3° 1-4° o=3° 1-4° o=3° 2-8° a=6°

750 km 2° 1-3° o=2° 1-3° o=2° 1-3° o=2° 2-7° o=5°

800 km 1° 0-2° o=2° 0-2° o=2° 0-2° a=2° 1-6° a=5°

Autor: Daniel Séerba (www.scerba-daniel.cz , daniel.scerba@post.cz). Consultation and support: Martin Popek
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Vyskovy profil
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Vyskyt burok

G. Anderson and D. Klugmann: European lightning density using ATDnet data

70°N Flash Density Plot
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Doporucené vybavenie
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Schopnosti pozorovania

[ Zorné pole } © = 49°24°
14mm/

18,6um

, o/¢ ol Schop. | @ = 0°5'20"

12mm
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Schopnosti pozorovania

[ Zorné pole } ® = 29°15°
7,4mm/

8,6um

l 0/9 [ Rozl. Schop. } ¢ = 0°2'34”

25mm
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Stereo-snimanie

D = 240 (480)m



Aparatura

Dodatocné senzory 1 [ Kr. motor vysky l

Low gain kamera 1 [ Kr. motor azimutu l

Optika / filtre 1

I Os azimutu l

T ——

‘ Dodatoénd elektronika‘ Otocny prstenec l
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Aparatura - schema
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Full schema
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Pozorovacie mody

[ Catliizre ][ Al / ML ][ Live ]E[Snapshot]é[EX:Z';ﬁre]
TLE : ' = =
Meteory .......................
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) nghtSkyObjectsﬁ ......................
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Vyuzitie filtrov

Nutnost hibdieho J
preskimania

G
0.00?I nm 0.01 nm 10 nm 100(1) nm 0.0} cm 1 lcm llm lO(l)m
Gamma rays X-rays Uliro- Infrared Radio waves [
violet
Radar TV FM AM
Visible light
400 nm 500 nm 600 nm 700 nm
the No states that emit optically.
Upper Lower o L Quench  Quench Threshold
Name State State Lifetime Altitude Particle Energy
N2(1PG) | No(B°II,) No(A°X,)) 6 s 53 km No 7.50 eV
N2(2PG) | No(C°I1,) No(B®IL,) 50 ns 30 km O2 11.18 eV
NJ(ING) | NJ(B*’Z)) NJ(X®Z}) 70 ns 48 km  Np, Oz 18.56 eV
N (M) [NF(A®T.) NJ(X*%Tf)  14ps  8590km  Na 16.54 eV
N2 (VK) | No(A?%h) Nz(XIE;”) 2s 145 km O 6.31 eV
O (ING) | Oibv'z  Of X%, 1.2 us 60 km N 18.2 eV
ee \\\“\@\\“~
11312000 @) SPACE::LAB &:esa cuss

Terkdde §. 1SUAL imager filiers. Mete that the band limats are for parecal revs only, The Gler

curves shift towards the blue for any object lying off axia. O 15 abomie oxygen.

ITmager Filters
Channel | MNominal filter Lawver limat | Upper limit
number 105 {nm) 107 (nm)
I Mo PG 6228 754
2 760 nm T57.8 TEEE
Oz atmospheric
hand (airglow,
AUToTa)
3 630 nm Ol f26.3 (36,4
(daurord, airglow)
4 5577 nm O 5547 HH2E
{aurora. airglow )
3 427.8 nm NJ 4253 431.8
ionized Ny
[ Broad band no 425 Ul
filter
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/f:o sU ,Elfovia“? \

— Emission of Light and Very Low Frequency
== | perturbations due to Electromagnetic Pulse Sources

L ELVES

\\j\/eﬂlﬂ ELVES //

/ Sposob pozorovania \

"Doba trvania = 100us
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airglow layer h, ~ 87 km 15px ~ 34km
.9 PR R L ﬂ? hy= 53km
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Fotografie zachytavaju o 100 200 300 00 500
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/ Vyskyt burok

. Andersan and . Klagmana: Furopean ightaing density using ATDnct data
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Navrh pozorovacieho st. v Kolonici
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Vlastné pozorovanie/datova analyza
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Formosat-2

ISUAL = Imager of Sprites and Upper Atmospheric Lightning
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Year Ees Sprites Halos Blue Jets Gigantic Jets Total
2004 688 65 67 aT 0 760
2004 1420 27 165 124 7 1933
2006 2212 2m 258 239 ] 2914
2007 2653 2585 277 3498 B 3584
2008 2643 188 163 a07 16 i
20049 3046 261 218 510 16 4051
200 31495 240 234 69y 16 4392
201 3344 3no 268 718 14 4684
202 3016 217 190 3 15 077
2013 837 91 a3 370 0 1451
Total (%) | 23104 (73.658) | 2048{653) | 1,883{6.00 | 42391351 84 (0,307 31,369 {1007

Table 5: Humber of TLEs ohserved by ISUAL from 4 July 2004 to 31 May 2013
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V buducnosti

MCP[! set of 2 cameras et de 3 phatometers, 30 frames/s, 512x512 pixels and measuring the luminance in several spectral bands at high resolution;

e Taranis

Transient lumincus ewvents (TLES)

and terrestrial gamma-ray

flashes (TGFs)

Cameras and photometers, X-ray

2020
and gamma-ray detactors, high-

LPC2E, IRAP APC, LATMOS and
CEADAM, with contributions from
internaticnal laboratories

energy electron detectors,
electromagnetic sensors, Low-
and high-frequency antennas to
measure electric fields

5un-synchronous polar orbit

From 2 to & years
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Analyza dat pomocou ML
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Analyza dat pomocou ML

Hag[un Extraction Eeaizing
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Data input

airglow layer hy ~ 87 km _ 15px ~ 3dkm

TN hy = 53km
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Sumarizacia

Full schéma
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Sevenna koruna
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. RA/Dec (12000,0) kriza:

11h49m47.70s/+54°07'32.8" s ; R 0.0°

0o e E
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0 = 31°40°

Input Layer Output Values

-
H y1
X2 |-
H Y2
X3 [
0 = 16°30° T
P x4 |-
C
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Output Layer
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Kevin-Druis. (2017), SIMULATED ELVES FOR TUS, MINI-EUSO AND EUSO-
SPB2
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ELVES — Emission of Light and Very Low Frequency
== | perturbations due to Electromagnetic Pulse Sources
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/ Vyskyt burok

G. Anderson and D. Klugmana: Furopean lightaing deasity using ATDact data
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Navrh pozorovacieho st. v Kolonici

/ Sposob pozorovania \
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Full schema
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Senzory

https://arduino-shop.cz/arduino/1261-rtc-hodiny-realneho- https://cdn-

casu-ds3231-at24c32-iic-pametovy-modul-pro-arduino.html shop.adafruit.com/dat
asheets/GlobalTop-

FGPMMOPAGH-
Datasheet-VOA.pdf

https://arduino-shop.cz/arduino/1361-bme280-modul-mereni-
teploty-vlhkosti-a-barometrickeho-tlaku-precizni.html

https://arduino-shop.cz/arduino/1330-9dof-gyroskop-
akcelerometr-magnetometr-mpu-9250-spi-iic-modul-pro-
arduino.html

3
]
) |
a
) |
a
D |
) |
P
) |

http://www.watec-
shop.com/en/products/m
onochrome-cameras/wat-
910hx-rc-remote-9.html

https://arduino-shop.cz/arduino/1194-arduino-kompas-
hmc5883|.html

https://thepihut.com/products/rasclock-raspberry-pi-real-time-
clock-module-v3-0
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https://arduino-shop.cz/arduino/1261-rtc-hodiny-realneho-casu-ds3231-at24c32-iic-pametovy-modul-pro-arduino.html
https://arduino-shop.cz/arduino/1361-bme280-modul-mereni-teploty-vlhkosti-a-barometrickeho-tlaku-precizni.html
https://arduino-shop.cz/arduino/1330-9dof-gyroskop-akcelerometr-magnetometr-mpu-9250-spi-iic-modul-pro-arduino.html
https://arduino-shop.cz/arduino/1194-arduino-kompas-hmc5883l.html
https://thepihut.com/products/rasclock-raspberry-pi-real-time-clock-module-v3-0
https://cdn-shop.adafruit.com/datasheets/GlobalTop-FGPMMOPA6H-Datasheet-V0A.pdf
http://www.watec-shop.com/en/products/monochrome-cameras/wat-910hx-rc-remote-9.html
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Full schéma Analyza dat pomocou ML
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