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Interstellar Magnetic
Field Lines

Solar Wind Streamlines

Cosmic rays - important _ G vcrote ——
part of multi-messenger
astrophysics

Interstellar
Neutral
Atoms
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HelMod:
Heliosphere Modulation
Monte Carlo Code

propagation of Galactic Cosmic Rays

through the Heliosphere from the
Termination shock down to Earth

based on Parker transport equation
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Selected papers: Bobik et al. (2012),
Bobik et al. (2016), Kolesnvyk, Bobik
et al. (2017, 2019)
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HelMod:

The Heliospheric Modulation Model

Online Calculator
(version 4.1.1)
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Home HelMod Calculators Local Interstellar Spectra Bibliography Results News History and Citation

You are here: Home Results

Website Search HelMod Results

From Bobik et al. (2011): Comparison of Antiproton over proton ratio at 1AU

HelMod Long Write Up

* The HelMod Model

« HelMod Heliosphere

« Heliospheric boundaries in
Helvlod

= Heliospheric Magnetic Field

« Diffusion Parameter

« Diffusion tensor

« Monte Carlo Integration

« Current and Historical Values
of default parameters

« Interpolation Functions for
Local Interstellar Spectra

+ HelMod Results

« HelMod Forecasting

‘omparison of simula
tal dta: PAMELA (2007-2008)
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« Mission Integrated
Differential Intensity and
Forecast

« Stand-Alone Module (offline)
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Who in HelMod

From Bobik et al (2012): Modulated Galactic Cosmic rays differential intensity at 1 AU during solar cycle 23
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www.helmod.org
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https://iopscience.iop.org/article/10.1088/0004-637X/745/2/132/pdf
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2015JA022237
https://doi.org/10.1093/mnras/stz3343
https://doi.org/10.1093/mnras/stz3343
http://www.helmod.org/

NIVIDB:
\leutron Monitor
Database

- operational infrastructure at
Lomnicky Stit Observatory
- proxy for detection primary
cosmic rays (0.5 - 100 GeV)
- continuous data since 1957
- network of 27 stations

30000 m

20000 m

10000 m

Selected papers: Kudela et al.

(2000), Kudela & Langer (2009),
Kudela et al. (2017)

Image by: S. Mackovjak

www.nmdb.eu
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https://link.springer.com/article/10.1023%2FA%3A1026540327564
https://link.springer.com/article/10.1023%2FA%3A1026540327564
https://www.sciencedirect.com/science/article/pii/S0273117709004475
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2016JD026439
http://www01.nmdb.eu/

Space missions o yH—

Deflected solar wind particles

- since 1977

Incoming solar wind particles

- mainly in-situ energetic
particles detection

Plasma sheet

Van Allen radiation belt )
- more than 20 instruments

- design, development, testing,
integration, operation

) Neutral sheet
- HW - detectors, electronics,

connectors, mechanics

Earth's atmosphere
0=100km

Polar cusp

- SW - embedded, :
. . B hock -
communication, data storage Sl — Magnetosheath

- Experts: Jan Balaz, Igor Strharsky
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SK-1 DOK-T DOK-1 SPE-1
Interkozmos-17 (1977) Prognoz-10 (1981) Intershock (1985)

DOK-S SONG-E DOK-2 SLED-2
Active (1989)...1996 (4x)  Coronas-l (1994), -F.(2001)  Interball (1995, 1996) MARS-96 (1996)

5 N -
J - 4
SIS V=

NUADU MEP-2 PICAM
Double Star (2004) ESA-Rosetta (2004) Radioastron (2011) BepiColombo (2018)
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JUICE: JUpiter ICy moons Explorer = CSa

- Complete development of ACM detector for Particle Y YT
Environmental Package

- Flight spare model delivered for integration in July 2020

“SJUICE/ESA

Bezovec 2020/ 2 Oct 2020 / Space science and engineering activities at Department of Space Physics, IEP, SAS / S. Mackovjak et al.



Energy [J]
10 104

=
0
»n
[}
=
~
>
¥}
<
X
=]
|
>
o0
~
v
c
M

%
T v IRGB

UHECR

HAWC HESS
AUGER
ICETOP
CALET KASCADE-Grande
CREAM I+II
DAMPE Tibet-1IT

Evoli, 2018
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UHECR: JEM-EUSD
Ultra High Energy e
Cosmic Rays

- detection is possible but

very rare -> what is the
source? EUSO-SPB1 (2017)

EUSO-TA (2013-)

EUSO-Balloon (2014) =\ % EUSO-KLYPVE
. ! .." "._. 400km TUS

TUS (2016-17)

- members of JEM-EUSO Mini-EUSO (2019)

collaboration since 2008 EUSO-SPB2 (2022) FluBPS¥ence

M Cherenkov
|

Atmosphere

K-EUSO (2023 +)

Selected papers: Experimental
Astronomy (2015), Mackovjak POEMMA (2029+)

JEM-EUSO

& Shinozaki (2019) D-=1..01 0 E3 {—jp‘—'a-!—ﬂ-j:[l | B
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https://link.springer.com/journal/10686/volumes-and-issues/40-1
https://link.springer.com/journal/10686/volumes-and-issues/40-1
https://doi.org/10.1016/j.astropartphys.2018.10.008
https://doi.org/10.1016/j.astropartphys.2018.10.008
http://jem-euso.roma2.infn.it/
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AMON: e e
Airglow Monitor TR
- estimation of UV e
background for JEM-EUSO : e e e

- study of disturbances in
thermosphere-ionosphere

- cooperation with \\\&;esa

Selected papers: Putis, Bobik &
Mackovijak (2018), Mackovjak
et al. (2019)
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https://doi.org/10.1029/2017EA000358
https://doi.org/10.1029/2017EA000358
https://doi.org/10.1016/j.nima.2018.12.073
https://doi.org/10.1016/j.nima.2018.12.073

< LAB {zesa

ATTRACT young generation with passion for SPACE
EDUCATE the attracted community directly in our lab
INVOLVE the best students to our actual space science & engineering projects

-
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Students projects:
TLE Airglow Solar Corona

Samuel Amrich, Matej Varga, Martin Harman,
2 yr, MFF UK, Prague 4 yr, KKUI, FEI, TUKE, Kosice 5 yr, KKUI, FEI, TUKE, Kosice
- Design and integration of HW - Machine Learning approach to - Deep Learning approach for
model airglow intensities iImage segmentation

- SW for operation and automatic
data reduction - Data processing from 30 years

Original training dataset of

. R
- Cooperation with DSP, IAP, ASCR - Useful for airglow studies coronal holes and ARS

- Wide usage
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Our space science and engineering activities:

o Ground-based stations: Lomnicky stit observatory, AO Kolonica
e Space-based instruments: ... Rosetta, BepiColombo, JUICE, ...

e Theoretical models: HelMod, ML models

e International collaborations: JEM-EUSO, POEMMA

o Infrastructure: complete HW & SW development
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Next challenges:

e closer collaboration with ESA
e engagement of [T community
e participation on world-class missions

e keep focus on cosmic rays and space weather
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