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Correlation does not 
imply causation



Cosmic Ray Extremely 
Distributed Observatory          

(                
study of cosmic ray correlations on a global scale: search for 
cosmic ray ensembles
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Global data acquisition and 
analysis - advanced 

professional detectors and 
simple commercial sensors 

(including CMOS cameras in 
smartphones)

Professional “know-how” + public 
engagement in data acquisition 
and analysis (citizen science)

Cosmic ray ensembles: 
scenarios and simulations (e.g. 
decay or annihilation of super 

heavy dark matter)

● International collaboration: 50 institutions from 20 
countries on 5 continents

● IFJ PAN: founder and leader
● Open observatory: analyses combining data from 

technologically diverse devices →covering the entire 
energy spectrum of cosmic rays

● The biggest achievement to date: observation of the 
cosmo-seismic correlations - a > 6σ discovery:    
J. Atmos. Sol. Terr. Phys. 247 (2023) 106068 
DOI:10.1016/j.jastp.2023.106068.
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Observation of 
cosmo-seismic 
correlations:

a > 6 σ discovery!

“Astroparticle 
Physics 
Amateur”!
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The dychotomic cosmo-seismic correlation

starting time: t0 i-th  bin: 5 days

Number of bins: N = 335 (~4.5 years) or N= 670 (~9 years)

𝚫t=15 days

cosmic rays (CR): 
dCR_i=|NCR_i-NCR_i-1|

NCR_i : local cosmic ray detection rate in the i-th bin 

NEQ_i : global number of earthquakes in the i-th bin 

earthquakes (EQ): NEQ_i

MCR: median of the CR data 
MEQ: median of the EQ data
N+: ((dCR_i > MCR) and (NEQ_i > MEQ)) or ((dCR_i < MCR) and (NEQ_i < MEQ))
N-: ((dCR_i > MCR) and (NEQ_i < MEQ)) or ((dCR_i < MCR) and (NEQ_i > MEQ)) 

…i = 1          2             3 

Chance probability:

local change in 
cosmic radiation

global number of 
earthquakes, 
M >= 4

5-day bins

large number of compared bins

15 days later!

starting time 
matters

medians: half values below, half 
above

comparison of the CR and EQ bins: 
signs matching or not matching? 

the probability of imbalance between matching and not matching 
signs (binomial distribution, balance expected)
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Periodicity of the effect? But not the same as solar activity…

The variability of 
cosmo-seismic correlation for 
the NMDB Moscow data over 
time, for time windows of 
different widths: window ~4.5 
years (1675 days, red) and 
~9 years (3350 days, blue). 
Points on the curves 
correspond to window 
centers.

P. Homola et al., J. Atmos. Sol. Terr. Phys. 247 (2023) 106068, DOI:10.1016/j.jastp.2023.106068
lo

g1
0(

ch
an

ce
 p

ro
b

ab
ili

ty
)

~10.3 yr

6

the “burning” sample not considered in 
the final calculation of the significance

http://paperpile.com/b/8lOdkA/LGpqC
https://doi.org/10.1016/j.jastp.2023.106068


t0 [days after year 2000]

days after year 2000

N+
N+step = 1 h

step = 1 minute

Oulu; CR data bins: 6 hrs, 
335 cosmo-seismic bins: 
f x 5 days each;  f=0.99915
(similar for other sites and f=1.0)

PPDF ~ 10-14
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Sensitivity to small changes of t0 

167 (50% of all the bins)



  ∑Sundays 13:00-17:00 UTC

∑Saturdays 13:00-17:00 UTC

hours of a week (the beginning: Wed 0:00 UTC)

Weekly distribution of 
earthquakes, M>=4  

Variability in 
time (example bins 
compared)

year 2014

year 2024

● periodicity: 7 days
● sliding window (bin): 4 h  
● sliding window step: 60 s 
● range of dates: ~4000 days since 

2014.01.01

24h 24h

24h

MAX

MIN
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Surprising periodicity of earthquakes, M>=4

 7 days exactly 
(+/- 1 minute)!

Credit: Tymur Kozarewski, AGH
(3rd year student., Technical Physics)

MAX/MIN

Periodicity [minutes]

10 minutes!
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The weekly earthquake pattern varies in time

sliding window: 
480 weeks (~9.2 years)

credit: Sławomir Stuglik, IFJ PAN



Dominating, time-dependent, 
non-anthropogenic periodicity 7d 

in seismic data: 

-> large fraction of strong earthquakes induced 
by unknown mechanism?

-> “technical” explanation of the 
cosmo-seismic phenomenon?

-> what are the physics process(es) behind??? 11



Readiness for the unexpected? Important for science!
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Weekly earthquake distribution: M>=4 all (blue) vs. M>=4 @ > +/- 5 
deg away from the location of “industrial” earthquakes (green)
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All

No locations of 
“industrial” 
earthquakes 
(extracted with the 
margin of +/- 5 deg)credit: Sławomir Stuglik, IFJ PAN



14

Normalized number of earthquakes vs. Moon phase

Moon phase [deg]
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All the USGS earthquake events 
(~4,000,000, since 1900)

tidal forces caused by 
the Moon:
excluded!



BACKUP



Visit credo.science...

… and help, please.
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credit: Sławomir Stuglik, IFJ PAN



credit: Marcelina Janusiak, Cracow University of Technology



source:  https://www.isas.jaxa.jp/en/topics/001746.html

Bgeomagn.

Bgeomagn.

~8h
neutral 
region

Geomagntetoshere

Bgeomagn. : the geomagnetic field vector

Full 
rotation 
of Bgeomagn.:  
24h

turbulences

turbulences
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GEOTAIL orbit

https://www.isas.jaxa.jp/en/topics/001746.html
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A physical difference between Saturday and Sunday?

Position on the GEOTAIL orbit: φSAT [deg] 

Earth

Out of 
scale

Sun

GEOTAIL 
satellite

Z

X

Y

φSAT

Saturdays

Sundays GEOTAIL  orbit

Earth’s orbit

Magnetosphere

B @ GEOTAIL

ΣB
Z 

@
 G

EO
TA

IL

☾☀
night side     day side

2014-19, stacked
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Interpretation: role of the Sun, or … Dark Matter stream?
K. Zioutas et al., 2021
Phys. Sci. Forum 2021, 2(1), 10; https://doi.org/10.3390/ECU2021-09313
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KZ: 
-> sidereal day periodicities (Earth 
rotation with respect to the stars, 
24h-236s)
-> sidereal month (Moon orbit with 
respect to the stars: 27.32d)

PH: (SH)DM overdensities:
-> periodic (yearly?) CR variations? 
-> delayed gravitational shocks?

https://doi.org/10.3390/ECU2021-09313


“Our work suggests that the earthquakes
have a dominant diurnal period, at least from mid-
night to daybreak, which could be helpful to opening
a new window to explore the physical mechanism of
earthquakes.”

https://doi.org/10.1093/nsr/nwy117

2018
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https://doi.org/10.1093/nsr/nwy117
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7d anthropogenic? 
Western United States, magnitude 
>=1, conclusion: cultural & industrial 
noise (anthropogenic)
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The clear cosmo-seismic correlation!

~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.  
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starting time  t0  [years]

Low chance probability (10-10)

~4.5 years

The effect occurs from
 ~2014 until 2019
(335 bins of 5-day each), i.e. 
during the decrease of the 
solar activity
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Fig. 3: The dependence of the significance of the cosmo-seismic correlations on the time shift t of the EQ data 
with respect to the Auger CR data, for the optimum free parameter set defined in Eq. 1. The positive or 
negative values of t correspond to the situations in which one compares the secondary cosmic ray data in a given 
time interval to the seismic data recorded in time intervals in the future or in the past, respectively. 

The effect only appears if we look at the seismic data 
15 days later. Could cosmic rays warn of earthquakes?

15 days
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average: 181.42

average: 181.03

Example data:
The Pierre Auger 
Observatory, 
1-15.01.2014

Local change of the 
secondary cosmic 
radiation detection 
rate [<particle 
number>/m2/s]:

|181.03-181.42|= 0.39

change: 0.39
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Earthquakes
magnitude >=4

example statistics:

period: 2014-2024
   (~160 000 events)

 period: 1-5.01.2014
   (209 events)

credit: Krzysztof Torba, Politechnika Krakowska 
(4th year student., Technical Physics) 29



Sensitivity to small changes of t0 

days after year 2000

days after year 2000

N+
step = 1 hour

Oulu; CR data bins: 6 hrs, 
cosmo-seismic bin: f x 5 days;  
f=0.99915

PPDF ~ 10-14

N-

N+

N-

30



N+
step = 1 h

Oulu; CR data bins: 6hrs, 
cosmo-seismic bin: f x 5 days;  
f=0.999155 dni

red: t0=~2014
blue: t0=~2006

-> optimum t0 changes in 
time!

-> the seismic data 
“responsible” for the need of 
fine tuning t0?
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Sensitivity to small changes of t0 



∑ Sundays 13-17 UTC

∑ Saturdays 13-17 UTC

4h sliding window 
(black)

vs.

15 minutes sliding 
window (red)

32hours of a week (the beginning: Wed 0:00 UTC)

-> plateaus at 
maxima and minima, 
lasting ~4 hours?



24h and sidereal day (SD) periodicities in |dNCR| and ΣmEQ 
1 sidereal day = 23.9344696 hours -> 0.997269567 day; Lomb-Scargle periodograms

Clear ~24h and sidereal day periodicities both in CR and EQ data, appearing only during the cosmo-seismic 
correlation maximum? Responsible for the periodicity of the effect? Does the exact 0.99727 d periodicity in 
(part of) EQ data confirm the “external impact”? 

0.997269 d

EQ, Σm, m>=4, 30 min. bins 
GMT 14.11.2013 00:00
           2.09.2018 08:30

|dNCR|, Auger, 15 min. bins

PRELIMINARYPRELIMINARY
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24h and sidereal day evolution in the EQ data (m>=4), 30min. 
bins 1 sidereal day = 23.9344696 hours -> 0.997269567 day

Clear 24h and sidereal day periodicities, both strongly time dependent!

0.997268 d

GMT 14.11.2013 0:00
           2.09.2018 7:30
GMT 25.01.2009 15:30
         14.11.2013 0:00
GMT 1.09.1994 15:00
       20.06.1999 22:30



Time evolution of the 24h & sidereal day (SD) periodicities: 
EQ data, NEQ, 30min. bins, m >= 4, time window width: 4.5 yrs, step: 1 week 

Window start [days after 2000.0 year]
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zoom

PRELIMINARYPRELIMINARY

periodicity normalized amplitudes at:

24h

½ (24h+SD)

SD
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Time evolution of the sidereal day (SD) periodicity: 
EQ data, NEQ, 30 min. bins, m >= 4, time window width: 4.5 yrs, step: 1 week 

Window start [days after 2000.0 year]
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First fits (credit Maria Pycior):
- ~390 d of the right part
- ~11 y of the left

398.85d: period of the Earth & 
Jupiter synod 

PRELIMINARY
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What could be the final 
experimental confirmation of 
the DM stream? Similar 
subthreshold “behavior” in 
various channels / datasets?

periodicity normalized amplitudes at:

SD
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PRELIMINARY

3d time evolution of periodicities in the EQ data: NEQ, 30 min. bins, m >= 4, time 
window width: 4.5 yrs, step: 1 week 

Time [arb. units] year 2014

PRELIMINARY

PRELIMINARY
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https://en.wikipedia.org/wiki/Wake_(physics)

… or Dark Fluid ->  dark wake(s)?

S
E
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https://en.wikipedia.org/wiki/Wake_(physics)
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2023

“For streaming dark matter, the gravitational focusing gives 
rise to spatiotemporal flux enhancements of orders of 
magnitude above the nominal DM density. Remarkably, due to 
Earth's rotation the derived flux enhancements appear as 
transient signals lasting about 10 seconds repeating daily for 
days or weeks.”

https://arxiv.org/abs/2210.07367

credit to Brian McBreen for pointing to the article

https://arxiv.org/abs/2210.07367
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What is most fascinating and unexpected in this analysis,                           
the EPAM proton count rate data shows a strong correlation with
the count rate for gammas emitted from a chain decay process of 222 Rn, 
as seen by the GSI instruments.

spaceweather (solar cycle) 1 million km above Earth

radon (earthquake precursor) @ Earth
credit to Brian McBreen for pointing to the article

2023



Heliospheric Current 
Sheet (- like?) 
behavior?

~10000 km thickness

~heavier particles 
required?

~periodicities close to 
27 days, ½ x 27 days.   

~opposite directions 
possible if both 
positive and negative 
charges involved?
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3D time evolution of the promising periodicities 
(example: no. of earthquakes)

24h

year 2000

24h - 236 s

24h

24h - 236 s

Time [arb. units]

year 2020

Time [arb. units]
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