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Outline

• Introduction to detection of cosmic rays: CREDO.

• Invitation to participate in CREDO

• Introduction to high energy cosmic rays 
ensembles and theoretical scenarios for  
production.

• Cosmic ray ensembles as probes of fundamental 
physics.

• Cosmic rays signatures as possible precursors of 
Earthquakes

• Outlook
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Dark Matter Candidates and Searches

US Cosmic Visions: New Ideas in Dark Matter 2017 - Battaglieri, Marco et al.

arXiv:1707.04591 FERMILAB-CONF-17-282-AE-PPD-T
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State-of-the art detection of cosmic rays: NATM=1





NATM>1 motivated by data! (1)



NATM>1 motivated by data! (2)



Classes of cosmic-ray ensembles



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

NATM = 1 NATM > 1

Standard approach:
cluster in space?

Non-standard approach:
cluster in time?

: a cosmic-ray detector



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

Example non-exotic scenario: preshowers



>=EeV photons nearby the Sun→ big CRE
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Primary gamma conversion 

probability vs. impact parameter,
polar incidence

The Sun-preshower effect starts at 1 EeV



Simulations of SPS at the vicinity of the Sun
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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

B. Poncyljusz, T. Bulik, N. Dhital et al., 

arXiv:2205.14266



Photons as UHECR: astrophysical scenarios



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

https://arxiv.org/abs/2208.09391
https://arxiv.org/abs/2208.09391


Jacobson T., Liberati S., 

Mattingly D. Annals 
Phys. (2006) V. 321. P. 

150 196 arXiv:astro-
ph/0505267.



Spacetime structure: probing
with CRE
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Image source: 

https://writings.stephenwolfram.com/2015/12/w

hat-is-spacetime-really/

https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/
https://writings.stephenwolfram.com/2015/12/what-is-spacetime-really/


Novel global concept: cloud of clouds



CREDO Detector: what do we see?

[work in progress, e.g. at IFJ PAN] 

muons?

air 

showers

?

CRE?
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CREDO Science Potential
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astro/cosmo/geo/bio/eco/hi-tech/... 
infrastructure
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CREDO: already global

48 institutions / 20 countries / 5 continents / ~ 16 700 users / ~ 12 700 teams / > 12 500 000 smartphone 
detections / > 1200 smartphone work years 



27/02/2010 earthquake 
in Chile
Magnitude 8.8

Case study
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Chile 2010 earthquake & DEMETER satellite:

Statistical study of the ionospheric density variation 
related to the 2010 Chile earthquake and measured by 
the DEMETER satellite D. Pısa, O. Santolik Charles 
University, Faculty of Mathematics and Physics, Prague, 
Czech Republic. M. Parrot LPC2E/CNRS, Orl´eans, France.

Statistical Study of the Ionospheric Density Variation 
Related to the 2010 Chile Earthquake and Measured by 
the DEMETER Satellite

-> Unexplained anomaly in particle density in the 
ionosphere 10-20 days before the EQ

https://www.researchgate.net/publication/258456431_Statistical_Study_of_the_Ionospheric_Density_Variation_Related_to_the_2010_Chile_Earthquake_and_Measured_by_the_DEMETER_Satellite
https://www.researchgate.net/publication/258456431_Statistical_Study_of_the_Ionospheric_Density_Variation_Related_to_the_2010_Chile_Earthquake_and_Measured_by_the_DEMETER_Satellite
https://www.researchgate.net/publication/258456431_Statistical_Study_of_the_Ionospheric_Density_Variation_Related_to_the_2010_Chile_Earthquake_and_Measured_by_the_DEMETER_Satellite


Interdisciplinary potential: contribution to earthquake
early warning system?
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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
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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Periodicity
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CREDO detectors today

• CREDO Detector (Android app, ~2M track candidates, origin: IFJ PAN, Kraków)

• cosmicrayapp.com (iOS, ~7M track candidates, origin: Canada)

• CREDO Web Detector (Chrome, in tests, origin: Kraków)

• HEAMS - High Energy Astrophysics Muon System (8 x 1m2 scintillator detectors, 

~300k ~0.1 PeV air showers, location: Adelaide, Australia)

• IFJ PAN Gamma Spectrometer: Appl. Sci. 2021, 11(17), 7916; 

https://doi.org/10.3390/app11177916

Public resources: 

Pierre Auger Observatory scaler data, Neutron Monitor Database

Short term perspective: GELATICA, CZELTA, other public resources

https://credo.science/credo-detector-mobile-app/
https://credo.science/credo-detector-mobile-app/
https://cosmicrayapp.com/
https://cosmicrayapp.com/
https://user.credo.science/user-interface/web-detector/
https://user.credo.science/user-interface/web-detector/
http://www.physics.adelaide.edu.au/astrophysics/muon/
http://www.physics.adelaide.edu.au/astrophysics/muon/
http://www.physics.adelaide.edu.au/astrophysics/muon/
http://www.physics.adelaide.edu.au/astrophysics/muon/
https://doi.org/10.3390/app11177916
https://labdpr.cab.cnea.gov.ar/ED/index.php?scaler=1
http://www01.nmdb.eu/
https://arxiv.org/abs/2006.06509
http://czelta.utef.cvut.cz/publicweb/?language=en




More about CREDO
https://credo.science

Personal contact:

Piotr Homola / CREDO Project Coordinator / 
Piotr.Homola@credo.science / +48 502 294 333
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https://credo.science/
http://Piotr.Homola@credo.science
https://www.facebook.com/credo.science/
https://twitter.com/RayExtremely
https://play.google.com/store/apps/details?id=science.credo.mobiledetector&hl=en
https://www.youtube.com/channel/UCJ0YBweH_slFRQYqGz_XZ_A/videos
https://github.com/credo-science
https://www.instagram.com/credo.science/
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