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Outline
• Introduction to ultra high energy cosmic rays physics.

• Astrophysical sources of UHECRs

• Introduction to CREDO: multi-messenger astronomy

• Tests of space-time structure, LIV, Fundamental 
Constants Variation

• Compact Stars, Quark matter and the Axion

• Other possible applications of CREDO







Dark Matter Candidates and Searches

US Cosmic Visions: New Ideas in Dark Matter 2017: Community Report - Battaglieri, Marco et al.
 arXiv:1707.04591FERMILAB-CONF-17-282-AE-PPD-T
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Constraint on electromagnetic 
acceleration of UHECR 



Neutron star mergers 



Magnetic Penrose Process

Naresh Dadhich, Arman Tursunov, Bobomurat Ahmedov, Zdeněk Stuchlík, The 
distinguishing signature of magnetic Penrose process, Monthly Notices of the Royal 
Astronomical Society: Letters, Volume 478, Issue 1, July 2018, Pages L89–L94



Can UHECRs be produced by black holes?

Kerr black hole hypothesis (M & a) Ergosphere: 

Inside the ergosphere         changes its sign

Entropy of black hole ~ to the event horizon area:

Black hole mechanics and  Thermodynamics have uncanny correspondence! 
Black hole area non-decrease states that 29% of BH’s energy is available for extraction.

For extremely rotating SMBH of 10!solar mass the available energy is 10"#eV

Credit: Arman Tursonov



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





>=EeV photons nearby the Sun→ big CRE
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The Sun-preshower effect starts at 1 EeV



Left: The cumulative spatial distribution of secondary photons at the top of the atmosphere, for the 
primary photons energy 100 EeV. Right: 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.

N. Dhital, P. Homola, D. Alvarez-Castillo et al., 
arXiv:1811.10334, JCAP03(2022)038

B. Poncyljusz, T. Bulik, N. Dhital  et al., 
arXiv:2205.14266, Universe 8 (2022) 498

Simulations of SPS at the vicinity of the Sun







A chance for a unique CRE signature   
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1) tn - t1 < ~1 μs
2) t1 < … < tn,

CRENATM = 1 NATM > 1

Standard approach:
cluster in space?

Non-standard approach:
cluster in time?

: a cosmic-ray detector













23

CREDO: already global

42 institutions / 19 countries / 5 continents / ~ 11 900 users / ~ 4400 teams / > 10 000 000 smartphone detections 
/ > 1100 smartphone work years













Phys.Part.Nucl. 53 (2022) 4, 825-828, arXiv:2208.09391



Preshower (important for E > 1019 eV):
→ contains typically 100 particles
(created at around 1000 km a.s.l.)

Example non-exotic scenario: preshowers





Classes of cosmic-ray ensembles







Photon Splitting around compact objects

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



Bosonic Dark Matter in NS

D. R. Karkevandi, S. Shakeri, V. Sagun, O. Ivanytskyi, arXiv:2112.14231



Credit: C. Hanna and B. Owen

● Non-radial QNMs raised from time varying quadrupole 
deformations are source of GWs.

●  fundamental  (f) mode, 
○  no node,  probe for mean density,(1 kHz < f < 3kHz)

●  pressure  (p) mode,  
○ Sound speed, (5 kHz < f < 10kHz)

● gravity (g) mode,
○ (50 Hz < f < 500 Hz)

● R-mode, for rotating stars only.
○ Viscosity, (0.5 kHz < f < 2kHz)

● Space-time (w) mode.     
○ 5 kHz< f           

Credit: CERN/Indico

PC: cosmicexplorer.org/sensitivity

Gravitational Waves from NS



Einstein Telescope
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The data

public resources of:
Pierre Auger Observatory scaler data
Neutron Monitor Database
U.S. Geological Survey
Solar Influences Data analysis Center

Checking for a correlation |dNCR|vs. 𝝨magnitudeEQ using 5-day bins over ~4.5 yr windows

https://labdpr.cab.cnea.gov.ar/ED/index.php?scaler=1
http://www01.nmdb.eu/
https://earthquake.usgs.gov/earthquakes/search/
http://www.sidc.be/silso/datafiles


Local cosmic dynamics vs. global seismicity: 
dependence on geographical location?

~6 𝜎 significance of the effect in three technically independent CR data sets collected by the Moscow and
Oulu NMDB stations, and by the Pierre Auger Observatory, compared to sunspot numbers. Each point
illustrates the correlation effect during the last ~4.5 years (335 five-day intervals). All the significance
curves were obtained after fine tuning of the parameter t0 performed by applying 20 small shifts in time
between 0 and 5 days.

different cosmic ray sites see 
the correlation effect 
differently? Need for more 
detectors? 
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Seismic data and QGravity
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ADVACAM MiniPix



COSMIC WATCH



CREDO-MAZE Detector



Time of flight in colliders

𝑡" − 𝑡# ≈ 21 𝑛𝑠

𝑡" − 𝑡# < 3 𝑛𝑠 t1

t2











TOTAL SOLAR ECLIPSE 2024







TOTAL SOLAR ECLIPSE 2024





More about CREDO
https://credo.science

Personal contact:

Piotr Homola / CREDO Project Coordinator / 
Piotr.Homola@credo.science / +48 502 294 
333 57

https://credo.science/
http://Piotr.Homola@credo.science


Conclusions

Gracias

• Cosmic Rays are potentially capable of bring insight into the solution of 
fundamental problems like the nature of dark matter

• Studying the nature of space-time structure and associated variation of
constants is pursued by CREDO. 

 
• Many astrophysical sources include compact objects.

• CREDO is a scientific project open to citizens as well which relies on support 
of many educational and scientific institutions.

• Many other possible applications of CREDO data are being studied as well: 
earthquakes.


