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- 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



Energy: the higher the better?
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Dark Matter Candidates and Searches

Dark Sector Candidates, Anomalies, and Search Technigues
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Cosmic rays (CRs) - high-energy particles coming from space
(protons, nuclei, neutrinos, photons, electrons,...)

direct observations, 10"

ultra-high energy

Sources unknown!
star burst galaxies,

active galactic
nuclei (AGNs) ?2?2?

satellites, <|;°———- cosmic rays
balloon-borne Tl (UHECRSs)
experiments 10? (BE>1018 eV)
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E>1020 eV, very low flux:
1 particle/km2/1000 yr

/" (indirect observations,

extensive air showers,
detector arrays
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1020 eV in LHC technology —> accelerator size of Mercury orbit



State-of-the art detection of cosmic rays: N, =1
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Super massive High energy photon Low energy photons
particle decays to a collision creates lots in a super-preshower
very high energy of low energy are detected on the

photon photons Earth

Super Massive
Particles formed in
the early Universe




N.irv=1 motivated by data! (1)

VorLume 50, NUMBER 26 PHYSICAL REVIEW LETTERS 27 JunE 1983

Possible Observation of a Burst of Cosmic-Ray Events in the Form of Extensive Air Showers
Gary R. Smith, M. Ogmen, E. Buller, and S. Standil

A series or burst of 32 extensive air showers of ¢ N 3% 10" eV was
observed within a 5-min time interval beginp on 20 January 1981 in
Winnipeg, Canada. This observation ws dnd during an experiment
which recorded 150 000 such shg onths between October 1980 and

April 1982,
PACS numbers: 9

Year = 1981
Nobs =32
Nexp = 1
IV s+ E=3x10"eV
Correlated cosmic rays? At ~5 min.
Namv>1? vy

AX >= small



Nirv=1 motivated by data! (2)

Vowusme 51, Nusmper 25 PHYSICAL HREVIEW LETTERS 19 DEcrmser 1983

Observation of a Burst of Cosmic Rays at Energies above 7x10'? eV

D. J. Fegan and B, McBreen
Physics Depariment, Untversidly College Dubliv, Dublin 4, Ive

The authors report on an ‘ease in the coamic=ray shower rate
at two recording statio This event was
the only 3 ears of observation. The duration and struc-
ture of a recently reported single-station coamic-ray burst.
The & reldent event suggests that it was caused by a burst of cosmic
Eam mal i o possibility that this event may be related to the largest ohserved
glitch o rfaar in the Crab Nobula,

PACS numbers: 94.40.Pa, 95.85.Qx, 97.80.Jp

&
At ~20 s
Correlated cosmic rays? *
NATI\I > 17? Year = 1975
E > 7x107eV

AX =>=250 km



Classes of cosmic-ray ensembles

A: YUHE
(e.g. 10%eV)
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B: ¥Yyue
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C: ¥Yyue
(e.g. 10%%V)

D: ¥Yune
(e.g. 10%eV)
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amental physics questions
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A chance for a unique CRE signature
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Example non-exotic scenario: preshowers

Preshower (important for E > 10° eV):
— contains typically 100 particles
(created at around 1000 km a.s.l.)
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ATMOSPHERE

EARTH

>=EeV photons nearby the Sun— big CRE

Primary gamma conversion
probability vs. impact parameter,

polar incidence

The Sun-preshower effect starts at 1 EeV
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Simulations of SPS at the vicinity of the Sun

10.0

6000
o 1-2
4000

2000

—2000

—4000

Photon flux density [km? yr]
Y [km]
o
IIIlllll]lll]ll]]l']llI]lll]llllllll||

Z [km]
(=]
L L I B O L L B I R I

—6000

O s i A S (T ST I S A I
-2000 0 2000 4000 6000
Y [km)]

1 | L 1 1 | 1 1 11 Llid 111 11 I
-6000 —4000 0 2.0 4.0 6.0 8.0 10.0

X [km]

b
o
-
o
o
|
g
oL
|
(2]
(=]
|
-
o
|
N
o

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

Astrophysical scenarios

acceleration of nuclei (e.g. by shock waves)

+ ,conventional interactions”, e.g. with CMBR

e sufficently efficent astrophysical objects difficult to find

» small fractions of photons and neutrinos - mainly nuclei expected

??7? Exotic scenarios (particle physics) ??7?

Decay or annihilation the early Universe relics

- hypothetic supermassive particles of energies ~10** eV

— decay to quarks and leptons = hadronization (mainly pions)
e large fraction of photons and neutrinos in UHCER flux

)
not the case?



Studying the Variation of Fundamental Constants at
The Cosmic Ray Extremely Distributed Observatory

D. Alvarez Castillo®?!

¢ Joint Institute for Nuclear Research, Dubna, Russia

b Institute of Nuclear Physics PAN, Cracow 31-342, Poland

The Study of the Variation of Fundamental Constants through time or in lo-
calized regions of space is one of the goals of the The Cosmic Ray Extremely
Distributed Observatory which consists of multiple detectors over the Earth. In
this letter, the various effects which can be potentially identified through cosmic
rays detections by CREDO are presented.

PACS: 06.20.Jr; 96.50.S—; 04.60.—m; 11.30.Cp

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



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

CRE and Lorentz Invariance Violation

Modified dispersion relation of a photon:

[ A limits from gamma-ray astronomy,
Eﬁ.(El — '*1_—”"|E| 98% C.L. (Klinkhamer & Schreck, 2008):
R 6x10%> Kk >-9x 107

k > 0: pair production supressed

— more UHE photons reach Earth /9'

YUHE
e N
/e+'
y - k = 0: ,normal” pair production
UHE e‘
/e+' K < 0: pair production enhanced
y - (photon lifetime ~ 1 sec.!)
UHE - — no UHE photons reach Earth
© Jacobson T., Liberati S.,
Mattingly D. Annals
— critical importance for the UHE photon search! Phys. (2006) V. 321. P.
Observation of photon cascades would point to k < 0! 150 196 arXiv:astro-
P9E95267.




Spacetime structure: probing
with CRE

Image source:
https://writings.stephenwolfram.com/2015/12/w
hat-is-spacetime-really/
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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

’ + H. .
C R E D @ fif DID YOU KNOW THAT YOU HAVE
.

THE QUEST FOR THE UMEXPECTED = AN INTERGALACTIC
PARTICLE DETECTOR
RIGHT IN YOUR'
POCKET?

Install CREDO Detector app for Android
and hunt for the deeply hidden
treasures of the Universe

ind CREDO Detector on

DATABASE/
INTERFACE



scenarios!

CREDO Detector: what do we see?

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

air
showers



CREDO Science Potential
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astro/cosmo/geo/ /eco/hi-tech/...
infrastructure

CRED®:

THE QUEST FOR THE UNEXPECTED




CREDO: already global

48 institutions / 20 countries / 5 continents / ~ 16 700 users / ~ 12 700 teams /> 12 500 000 smartphone
detections / > 1200 smartphone work years 23



27/02/2010 earthquake
in Chile
Magnitude 8.8

Case study
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On the Magnetic Precursor of the Chilean Earthquake
of February 27, 2010

N. V. Romanova®*, V. A, Pilipenko®, and M. V. Stepanova®
“ Schmidt Instituie of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia
e-mail: natalia.romanova @usach.cl, pilipenko _va@mail.ru
B Universidad de Santiago de Chile, Santiago, Chile
Received March 24, 2014; in final form, June 19, 2014

Abstract—Some recent publications reported on an anomalous geomagnetic disturbance that was observed
three days before the strongest Chilean earthquake on February 27, 2010. The present paper analyzes in detail
the data from magnetic station, photometers, and riometers in Canada, Chile, and Antarctica. The analysis
unambiguously shows that the supposedly anomalous geomagnetic disturbance was not related to seismic
activity and was caused by a standard isolated substorm.

DOI: 10.1134/50016793215010107

INTRODUCTION

&0

Recent publications by Shestopalov et al. (2011a,

2011b, 2013) reported on a series of anomalous geo-
physical phenomena prior to the Chilean earthquake
of February 27, 2010. In particular, it was reported that 60
a significant geomagnetic disturbance had been :
observed three days before the event for about an hour
long at different magnetic stations of the INTERMA-
GNET network. The authors thought it was endoge- 40
nous disturbance (Belov, Shestopalov, and Kharin,
2009; Belov et al., 2010), because no magnetic storms
took place that time.

However, an absence of magnetic storms in the ana-
lyzed period does not exclude effects from such natural
geomagnetic disturbances as substorms, which are con-
stantly observed in auroral zones in the absence of mag- 0
netic storms. The natural problem is whether the phe-
nomenon analyzed in (Shestopalov et al., 2013) an
anomalous disturbance or a common substorm. To
solve this problem, we will consider a broader set of —20
geophysical data.

20

. Epicenter

ANALYSIS OF GEOMAGNETIC ACTIVITY —40)
PRIOR TO THE EARTHQUAKE

The strongest M 8.8 Chilean earthquake occurred
on February 27, 2010 in 0634 UT at a depth of H = : : :
35 km (the geographic coordinates of the epicenter are =60 [y
35.93° S, 72.78° W). According to (Shestopalov et al., . y
2013), the magnetic precursor of this event was
revealed on February 24, 2010, at different magnetic
stations. 1 i i

—B0 A WSD

Let us consider the magnetograms of February 24, —120 —100 —80 —60 —40

2010, obtained at stations of the SAMBA (Chile) and
CARISMA (Canada) networks (Mann et al., 2008), Fig. 1. Map of positions of the chosen stations and the

which form a latitudinal profile along the zero mag- earthquake epicenter.

25



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. Pisa, O. Santolik Charles
University, Faculty of Mathematics and Physics, Prague,
Czech Republic. M. Parrot LPC2E/CNRS, Orl’eans, France.

Statistical Study of the lonospheric 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?

~ ¢ " Journal of Atmospheric and Solar-Terrestrial
Physics

Volume 247, June 2023, 106068

Research Paper

Observation of large scale precursor
correlations between cosmic rays and
earthquakes with a periodicity similar to
the solar cycle

P. Homola® 2 =, V. Marchenko ¥, A. Napolitano 9, R. DamianJ, R. Guzik/J,

D. Alvarez-Castillo ?, S. Stuglik ?, O. Ruimi b 0. Skorenok |, ). Zamora-Saa © d

J.M. Vaquero 8, T. Wibig P, M. Knap 3, K. DziadkowiecJ, M. Karpiel f 0. Sushchov 2,

J.W. Mietelski ?, K. Gorzkiewicz ?, N. Zabari ¢, K. Almeida Cheminant ?...A.A. Tursunov ™




CR rate in the last 5 days, scaled
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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

%0

Yi: Auger, {m”
Y1 Moscow, 5 days, x0.8
Y1: Ouly, 5 days, x1.9
Y2: iog10{Magnitude sum, EQmag > 41, S days
1

T

x,,

20 Sun spots, month mean smoothed 13m, scaled by O
Sun spots, month mean. scaled by 0.01
200 l\ /‘ﬁ
\J ;

He

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

log 10{magnitiade sum in the last S days) | Sun spot number


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?

, 200

150

different cosmic ray sites
see the correlation effect

/ differently? Need for more
detectors?

100

spot number

logyglPppr)
[t

log10(chance probability)
I

Malargue (Pierre Aufgter Observatory), left Y axis
Moscow (NMDE), left Y axis
4z Culu (NMDB], left ¥ axis )
Sunspots, monthly mean, right Y axis
. Eunlspcﬂs. mc\ln:hh.r maan smnmll'ued aver 113 ."nmthls. right % axis

2010 201 2012 2Ma 2014 2018 E2Me 20V 2Ee 2019 2020
Time [y=ars]

~6 o 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 ¢, performed by applying 20 small shifts in time

between 0 and 5 days.



Periodicity

Autocorrelation (self-similarity) Earthquakes m>=4, since 1968.09.01
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CREDO detectors today

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

* cosmicrayapp.com (10S, ~7M track candidates, origin: Canada)

« CREDO Web Detector (Chrome, in tests, origin: Krakow)

« HEAMS - High Energy Astrophysics Muon System (8 x 1m? 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/appl 1177916

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

Citizen science motivation
Citizen science

From Wikipedia, the free encyclopedia

Citizen science (CS) (also known as crowd science, crowd-sourced science, civic science, volunteer
monitoring or networked science) is scientific research conducted, in whole or in part, by amateur or
nonprofessional scientists. Citizen science is sometimes described as "public participation in scientific research”,
participatory monitoring and participatory action research.[1]

Mutual benefit resulting from synergy!

/ N\

Participants get opportunities: CREDO gets:

* To educate themselves
» To do real science

* To feed their curiosity * Geographical expansion
+ To become co-authors of a scientific paper

* Manpower

* Popularization of its ideas and PR



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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