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Astroparticle physics in Slovakia

1. Cosmic rays models selected results

- Models of cosmic rays propagation - modulation in heliosphere

2. Ground measurements selected results

- Measurements at Lomnicky stit observatory

3. Particle space experiments in preparation

4. EUSO missions
Not in any way complete overview of astroparticle physics in Slovakia, only selected results from last years are 
presented.
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Propagation of Cosmic rays in the Heliosphere

Parker transport equation

U is Cosmic Rays number density per unit interval of kinetic energy

Diffusion
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magnetic Field 
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Convection
Solar wind 
moving out 

from the Sun

Propagation in the heliosphere is described 
by Parker (1965) equation:
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Large scale

magnetic field
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Propagation of CR in the heliosphere is described 

by Parker (1965) equation:

A Monte Carlo Approach - Ito’s lemma,  see e.g. Gardiner, 1985

The 2D Heliosphere Modulation Monte Carlo Code: HelMod

Stochastic Differential Equations (SDE)

2-Dimensional set of SDEs

Details of HelMod modulation code, and how to compute the SDE, 

could be found in [Bobik et al. Ap.J. 2012, 745:132]



HelMod – selected results

Table 2 and 4

error-weighted 

root mean square of 

the relative difference 

between experimental data

and those resulting from 

simulated differential 

intensities



HelMod – selected results

Bobik P. et al., Systematic Investigation of Solar Modulation of Galactic Protons for Solar Cycle 23 Using a Monte 

Carlo Approach with Particle Drift Effects and Latitudinal Dependence, The Astrophysical Journal, Volume 745, 

Issue 2, 21 pp. , 2012



Results
AMS 02 vs. HelMod (2013)

- over 2 years average



Some prediction of HelMod model

1

Catalogue of HelMod spectra (2013)



HelMod – open questions

⚫ over ~500 MeV (- 800 MeV) good agreement with
experiments

⚫ Why not on low energies?

− Possible influence
⚫ ? modulation in heliosheat

⚫ ? shape of heliosphere (tail, north-sourg asymetry)

⚫ ?? small anisotropy of GCR entering heliosfere ?

⚫ ? TS acceleration

⚫ ? LIS shape

⚫ ...



Models selected results

Comparison forward in 

time and backward in time 

methods to solve the 

cosmic rays transport 

equation in the 

heliosphere. 



New model of cosmic rays modulation in heliosphere

IF 4,961 Q1P www.crmodels.org
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K = k0βη



K = k0βη



IEP SAS Department of Space Physics: Detached 
Laboratory at Lomnický štít (LS)

Long term measurement of cosmic rays (CR) by neutron
monitor (NM) with high statistics and temporal resolution at LS 
(2636 m. a.s.l.1982-2015) allowed in last years to : 

• describe the quasi-periodic variations of CR intensity in
wide frequency range [2];

• obtain relations between CR decreases (FDs),
parameters of interplanetary medium and
geomagnetic activity at middle latitudes [1] ; to find
that cloudiness at LŠ may have marginal relation to CR
intensity [3]

• find that particles accelerated during GLE 70 caused
the changes in VLF electromagnetic wave transmission
between Europe and America on the night side of
Earth [5]

• estimate possibilities of dosimetric measurements at
LS during changes of primary CR intensity [4]. Data
continuously utilized as one of the features of space
weather state monitoring (e.g. for estimate of
radiation dose at airplane altitudes).

References
1. Parnahaj I., Kudela K., Astrophys. 

Space Sci., 359, 1, 35-35, 2015
2. Kudela K., Langer R., Rad. Protect. 

Dosim., 164, 4, 471-476, 2015
3. Kancírová M., Kudela K., Atmos. 

Res., 149, 166-173, 2014
4. Kubančák J. et al. J. Instrumentation,

9, 7018-7018, 2014
5. Zigman V., Kudela K., Grubor D.

Adv. Space Res., 53, 5, 763-775, 
2014

LS (2634 m above sea) - suitable location for CR

observations. Measurements by NM, in real time

http://neutronmonitor.ta3.sk, in network:

http://nmdb.eu, and by SEVAN, in network:
http://crd.yerphi.am/Lomnicky_stit_SEVAN_Data



Secondary cosmic rays and electric fields at

Lomnický štít

IF 3,318 Q1P











JEM-EUSO                  
Extreme Universe Space Observatory onboard Japanese

Experiment Module on ISS

Slovakia member since 2008 (IEP SAS, TUKE since 2015)

16 countries

93 institutes

more than 300 researchers





JEM-EUSO mission main parameters
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Standard Payload: mass 500 kg, 
envelope:1.85m×1.0m×0.8m



Standard Payload: mass 500 kg, 
envelope:1.85m×1.0m×0.8m



Robotic Arm

Candidate positions 

for JEM-EUSO

Standard Payload: mass 500 kg, 
envelope:1.85m×1.0m×0.8m





Main Objective: Astronomy and 

Astrophysics through the particle 

channel

•Identification of sources by high-statistics 

arrival direction analysis (+multi-wavelength!)

•Measurement of the energy spectra of 

individual sources (spectral shape, flux, 

power)

Physics and Astrophysics 
at  > 5.×1019 eV

Main Scientific Objectives



Exploratory Scientific Objectives

Exploratory Objectives: new messengers

– Discovery of UHE neutrinos by neutrino
discrimination and identification via X0 and Xmax

– Discovery of UHE Gammas

Exploratory Objectives: magnetic fields

– Constrains on the galactic and local extragalactic
fields

Exploratory Objectives: Atmospheric science

– Nightglow

– Transient luminous events





Simulation assuming that UHECR sources are AGN

3000 events
E > 5 1019eV

1000 events
E > 7 1019eV
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EUSO precursor experiments

Series of precursor

EUSO experiments to 

improve and show TRL 

of  „state of art“ EUSO 

class detectors

Show readiness of 

collaboration to build

main detector

TA-EUSO (2015)

EUSO balloon (2014)

EUSO-SPB (2017)

Mini-EUSO (2018)

EUSO-SPB 2 (2020+)

K-EUSO (2020+)



1m

Lenses

Electronics of detector

Simulations

EUSO 
balloon

august
2014

First JEM-EUSO
precursor experiment

- lenses 1 m2

- 1 PMD
~300 kg
- watterproof gondola
- flight altitude ~38 km





Scientific American article:
Cosmic-RayTelescope Flies High

Timmins Stratospheric Balloon Base
CNES - Canadian Space Agency

24.-25. august 2014

~90 GB of data

Start

Landing in lakegondola in hangar





EUSO-TA

Start of measurements: 2015

Black Rock Mesa, Utah, at place of Telescope
Array experiment

Hardware and software development, 
calibration, UV background observations at 
high zenith angles



EUSO precursor experiments

EUSO-SPB NASA balloon

- start 24. april 2017 from Wanaka base

- expected flight duration 50 days, attempt to have

record 100 days long flight

- first observation of shower from up

- balloon fall down after 12 days, reason not yet

found/known

- detector work till the last moment



EUSO – SPB1

Next start 2020+

Š, Mackovjak, 22. JEM-EUSO general meeting, Tokyo 2017



Mini-EUSO

Start: end of year 2018

Located in one of two UV 

transparent windows in ISS

Weight: ~30 kg

Observations of

- UV background, TLE, 
bioluminiscence



K-EUSO

- KLYPVE projekt

- Start: 2020+

- Mesurements from ISS

- 2020-2024 (2026)

- Concept based on mirror (10 m2)

One year exposition  ~1.2x104 km2 sr yr/yr (~ 1.7x more 
than Auger: A (zenith<60o) = 7,000 km2 sr yr/yr)

N.Sakaki, F. Fenu et al.
(ICRC2015 #647)



2013 : NASA Astrophysics in the Next Three Decades

http://science.nasa.gov/media/medialibrary/2013/12/20/secure-Astrophysics_Roadmap_2013.pdf

Science, Catching cosmic rays where
they live, 7. august 2015, vol. 349, 
6248

„Another ISS detector, the Extreme
Universe Space Observatory at the
Japanese Experiment Module (JEM-
EUSO) - now being considered for launch
in 2021 - would look down on Earth with a 
wide-angle camera, watching for
ultraviolet light produced by
the showers of particles that ultrahigh-
energy cosmic rays spawn when they hit 
the atmosphere.“

Selected  JEM-EUSO 
overview

- 15 papers in special 
issue about JEM-
EUSO experiment in 
journal Experimental
Astronomy, Volume 
40, Issue 1, 2015 (IF 
1,99)



Slovak participation in EUSO

Slovakia member since 2008, main research 
topics

1. UV background studies

- UV background model development

- UV background analysis of EUSO experiments

- UV background measurements by AMON-net network 

2. Pattern recognition of EAS

RECFA meeting, Bratislava, 18.5.2018



UV background model development

• From models of light sources at the Earth´s night 
side and radiation transfer model

AURIC model, D. J. Strickland et al. Journal of Quantitative Spectroscopy and Radiative Transfer 62 (1999) 689-742, doi:10.1016/S0022-4073(98)00098-3



UV background model development

RECFA meeting, Bratislava, 18.5.2018



~ 21-22 %

Duty cycle estimation
UV light sources
If background 1500 ph/(m2 ns sr) is allowed [in % of total time on orbit]

- sun

- moon

- airglow/nightglow

- zodiacal light

- integrated faint star light

- Boreal/austral auroras

- South Atlantic anomaly

- Lightning and TLEs

- artificial sources (Anthropogenic / city light)

~ 20-21%

}

~ 1%

small

~ 2%

~ 9%
Adams J. H. et al., Astroparticle Physics, Volume: 44, Pages: 76-90, DOI: 10.1016/j.astropartphys.2013.01.008, 2013, IF 4,45



Results examples

Main results

●EUSO-Balloon is the first mission that imaged the UV 
background in different atmospheric conditions, well 
monitored by dedicated Infrared Camera

●An anti-correlation between UV and IR up-going radiation 
was found and an evident dependence of the UV 
background on atmospheric conditions was revealed

●The tool for masking the regions affected by clouds and 
manmade light in the FoV is prepared to fulfill the 
requirements for a high quality detection of UHECR

34th International Cosmic Ray Conference (ICRC), July 30 to August 6, 2015, Hague, Netherlands



- The displayed values are relative to the mean value of I BG over reference area “A” (white box)
- Pixels with the lowest IBG and the highest IR radiance correspond to clear atmosphere
- The clouds have higher albedo than ground and increased IBG values
- The pixels affected by man-made lights (the city Timmins with neighborhoods, mines, and

airport) do not follow the general IR-UV anti-correlation



Results examples

34th International Cosmic Ray Conference (ICRC), July 30 to August 6, 2015, Hague, Netherlands





Results examples

M. Vrábel, The 18th International JEM-EUSO collaboration meeting @Stockholm, Sweden



Results examples

M. Vrábel, The 18th International JEM-EUSO collaboration meeting @Stockholm, Sweden



AMON, Airglow MONitor

• One pixe UV background detector

• DAQ  50 bits/second, 1 second integration

• Small & cheap, appropriate to measure BG

• Optical sensor: actually Hamamatsu microPMT, could be another one, for

example M1

• BG3 filter, easy to change another filters

• Collimator: FoV, in order of 1 degree

• No optics

• Power consumption: < 0.5W (< 0.05W stand by)

• Dimmensions: 110x75x60mm

• Weight:  0.58 kg



First test measurements 17.-18. june 2015

VENUS

JUPITER

Archeological site Nizna Mysla (excavations/exposition) from bronze age
near by AMON measurement place.



AMON : Aktuálna fotografia

Current version of AMON detector



AMON-net

- Airglow MONitor network :

- four stations
- Lomnický štít, Slovakia (soon Kolonica)
- Observatorio del Roque de Los Muchachos, 

La Palma, Spain
- Observatorio Astronomico Nacional de San  

Pedro Martir, Mexico
- Stockholm, Sweden

ORM, La Palma, Spain



AMON-net

The example of AMON measurements at Lomnicky stit in 2017. The blue line represents data
(a measured intensities) with one minute step. The black and red diamonds represent a one
hour data. The lines over and under hours points show standard deviation. Red are those
with non Poissonian distribution, black are those with Poissonian distribution. The red points
were excluded from the analysis.

Lomnický štít

- main observational tasks
- dynamics of airglow 
- response of airglow production to 
geomagnetic disturbances
- night variations
- seasonal variation
- geographical variation
- atmospheric gravity waves

San Pedro Martir, Mexico



Thank you



ESA PECS: SK1_05

AO/1-8224/15/NL/NDe - 1st Call under PECS 
in Slovakia

From 1.june 2016 to 30.4.2018

The objective of the proposed project is a study of
night-time UV background models and data for the
estimation of ionospheric disturbances visibility,
especially during active years of the solar cycle,
in night-time UV airglow light that is produced by
upper atmosphere of the Earth. We will analyze if
the available UV background models and data could
be compared with the measurements of relatively
simple and inexpensive ground-based one pixel UV
detector. Feasibility study of ionospheric disturbances
observation by one pixel detector is the main objective
of this proposal.

Budget: 50 kEUR

BACK-UP SLIDE



Time series of airglow production (top) and Dst

index time evolution (bottom) for Lomnicky stit

position.

B1 parameter as a function of preceding period length m for 
seven selected geographical positions.

Project summary / Work package 3
from 01/12/2016 to 31/05/2017

59

BACK-UP SLIDE



BACK-UP SLIDE



Duty cycle estimation
Auroras effect on JEM-EUSO operational efficiency

Advances in Space Research article

BACK-UP SLIDE


