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Outline
• Introduction to scientific goals.

• Studying Astrophysical sources of UHECRs

• Introduction to CREDO: multi-messenger astronomy

• Earthquakes/cosmic rays: precursors

• Dense matter studies through observations of compact 
stars and theoretical inputs

• Other possible applications



Scientific goals
• Search for Cosmic Ray Ensembles, fundamental physics studies.

• CREs produced nearby the Sun and the vicinity of neutron stars and 
black holes

• Study ultra-high-energy particles accelerated by black holes: magnetic 
Penrose-process

• Tests of space-time structure and variation of physical constants

• Understanding the relation of cosmic rays detections with seismological 
data: earthquake precursors

• Dense Matter studies through observations of compact stars and testing 
of theoretical models: Equation of State

















Beta-decay in ergosphere

M
agnetic field

Neutron beta-decay in the ergosphere of rotating 
black hole in the presence of external magnetic 
field. The electron falls into black hole with the 

negative energy.

A. Janiuk et al, Galaxies 5, 15 (2017)Credit: Arman Tursonov



Astron. Nachr. 2019;340:878-884. Eprint: arXiv: 1912.08782

Spin frequency vs gravitational mass of the hybrid star at birth

1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70
M [MO. ]

0

100

200

300

400

500

600

700

800

f [
H

z]

PSR J1903+0327

PSR J2234+0611

ACB5

10 12 14 16
Re[km]

0.5

1

1.5

2

2.5

M
 [M

O. ]

Static
Keplerian
x = 0.1
x = 0.2
x = 0.3
x = 1.0
f/Hz = 100, 200, ...1000
J/J0 = 0.05, 0.10, 0.15, ... , 0.45
delayed collapse
direct collapse

J0=GMO.
2 /c



Simulations of SPS at the vicinity of the Sun
Two approaches to the description of the magnetic field of the Sun:

• Dipole field approximation1 considering the magnetic moment of the Sun as 𝑀! = 6.87×
10"# G + cm".

• Dipole – quadrupole– current sheet2 (DQCS) which is more realistic than the dipole model
even at larger distances from the Sun. It provides a more accurate tracking of electron-
positron pairs on their way towards the Earth, and a better treatment of the magnetic
Bremsstrahlung process.

1W. Bednarek 1999, arXiv:astro-ph/9911266
2Banaszkiewicz et al. 1998, A&A 



Simulations of SPS at the vicinity of the Sun

Shower footprint derived from the CORSIKA simulation program for particles that are tracked through the atmosphere
that eventually react with air nuclei. The inset displays the core of the footprint in a smaller area.

1N. Dhital, P. Homola, D. Alvarez-Castillo et al., arXiv:1811.10334



Photon Splitting around compact objects

Alice K. Harding, Matthew G. Baring, and Peter L. Gonthier - ApJ 476 246 (1997)
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Photon Splitting around compact objects

Alice K. Harding, Matthew G. Baring, and Peter L. Gonthier - ApJ 476 246 (1997)



ADVACAM MiniPix



CREDO-MAZE Detector



Earthquake Precursors

Large scale correlations between cosmic rays and earthquakes presumably
related to earthquakes precursors has been observed. The found periodicity
is rather similar to the sun spots solar cycle.

Cosmic ray data correspond to the measurements at the Pierre Auger
observatory in Malargüe, Argentina, whereas seismic data is taken from
Moscow and Oulu stations located in Russia and Finland, respectively.

A 6σ correlation effect has been observed in a period of about 4.5 years.
Details can be found in a publication being peer reviewed at the moment
and soon to be publicly available.















How to distiguish between
muons from space and 

collisions
(DANIEL WIELANEK)



1. Topology

• Particles produced at collsions
must come from event vertex

• Only small fraction of cosmic
rays will pass near the vertex
position



2. Time of flight



2. Time of flight

𝑡! − 𝑡" ≈ 21 𝑛𝑠

𝑡! − 𝑡" < 3 𝑛𝑠
t1

t2



Critical Endpoint in QCD



Probing Dense Matter



Probing Dense Matter



Sexaquarks in NS

M. Shahrbaf, D. Blaschke, S. Typel, D. A-C, and G. R. Farrar, in preparation, (2022)
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Tidal deformabilities from GW170817

M. Shahrbaf, D. Blaschke, S. Typel, D. A-C, and G. R. Farrar, in preparation, (2022)


