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Correlation does not 
imply causation



The Pierre Auger Observatory and extensive air showers

location: Argentina

particle counters: 
1600 detectors

single detector surface: 10 m2

total surface of the detector 
array: 3000 km2

source: the Pierre Auger Observatory 3
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~15 particles / 900 cm2 / 1 second ~150 particles / 1 m2 / 1 second

Secondary cosmic radiation
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Global cosmic ray studies make sense!
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The Cosmic Ray Extremely Distributed 
Observatory

key reference: Symmetry 2020, 12(11), 1835; https://doi.org/10.3390/sym12111835

+ you = 
smarter 
together
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https://doi.org/10.3390/sym12111835


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


J. Atmos. Sol. Terr. Phys. 247 (2023) 106068 
DOI:10.1016/j.jastp.2023.106068

Observation of 
cosmo-seismic 
correlations:

a > 6 σ discovery!

“Astroparticle 
Physics 
Amateur”!
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http://paperpile.com/b/8lOdkA/LGpqC
https://doi.org/10.1016/j.jastp.2023.106068


surce: http://news.bbc.co.uk source: https://www.foxnews.com

source: https://www.brinknews.com

The earthquake in Chile, 27.02.2010, M 8.8, 500 victims, losses: US$ 30 billion 

The Pierre Auger 
Observatory, 
3000 km2
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The seismic precursor in cosmic rays: 
inspiration from the Pierre Auger Observatory 

2010

February 27, 2010, 6h34:14 UTC, Chile: 
8.8 magnitude earthquake

[by A. Saleh]
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Inhabitants of territories 
threatened by earthquakes:
 

2,7 billion people

Science as a service to 
the human community?

Even the smallest chance to 
save lives 

= a must check!



the COSMO-GEO precursor concept 
Earth outer core: Liquid (molten iron)

→ geomagnetism

Impulse (tidal forces)
→ hydrodynamics: waves

→ Mechanical wave upwards (slow, hours?)
→ Electromagnetic wave („instant”, ms)

Local/global geomagnetic field vector changes
AND seismic effect might occur!

Variation of the CR rate!

Earthquake precursors?
11

Source: Wikipedia / „Geomagnetic reversal”

Source: Wikipedia / „Health threat from cosmic rays”
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Public data!
Pierre Auger Observatory scaler data
Neutron Monitor Database 
U.S. Geological Survey
Solar Influences Data analysis Center
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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
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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) 14



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)

15



           bin number:    1      2       3          …                  …                       …                ...                                  …                    …                            …                       …              334  335

Median (M)

values <= M (50% or less cases) values >= M (50% or less cases)

M

Data: half of the values below 
the median, half above

16



comparing the bins 
with a shift of 15 days:

           bin number:    1      2       3          …                  …                       …                ...                                  …                    …                            …                       …            334  335

MCR

MEQ

           -  -  +  +  +   -  -  +  +  +  +                +  +  +  -   -  -   -  -   -  -   -                   
matching: N+

not matching: N-

15 days 
later

analysis starting 
time t0

17



We’ve got it! Even twice more matching 
than not matching! How did you know?

I was shooting :) 
A clear  cosmo-seismic 
correlation!

Small chance probability! 
Like one per billion!

Number of 
matching, N+

Number of not 
matching, N-

: ~200

: ~100

Outcome:
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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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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
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~10.3 yr
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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
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Sensitivity to: t_0, lag, bin size



And how about changing the starting time 
only slightly, say one day?

Why not. It should not 
matter - we look at a wide 
period of time, many 
years, one day is 
nothing…

23



small change of the analysis 
starting time:  t0 -> t0 + Δt

           bin number:    1      2       3          …                  …                       …                ...                                  …                    …                            …                       …            334  335

MCR

MEQ

           -  -  +  +  +   -  -  +  +  +  +                +  +  +  -   -  -   -  -   -  -   -                   
matching: N+

not matching: N-

15 days 
later!

analysis starting 
time: t0 + Δt 

t0  

               Δt 
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…. a bit of re-computing, and…

25



Oh no! The effect is 
gone!

26

Number of 
matching, N+

Number of not 
matching, N-

: ~150

: ~150

Outcome:



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-
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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?

28

Sensitivity to small changes of t0 



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)



The 15 days lag: real island on t0/lag/bin_size phase space

30
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Any bin size goes (with t0/lag optimization)



bin: 1 day, no t0/lag optimization, running window 3350 
days (~9 years), step 1 day

dN= N+ - N-

32
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The extreme PPDF (bin size = 1796 min.): optimized vs. not optimized
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The extreme PPDF: some physics scale at 110-120 days?
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The extreme PPDF: some physics scale at 5 days?
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The 15 days lag: real but local (not universal)
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Sensitivity to: window size / trends



Neq normalized
-> Neq_800d(t) / 
(Neq_800d(t)+Neq
_800d(t-800d))

|dCR_5d|_800d
->scaled to match 
min & max of the 
solar cycle

The last 4 full solar cycles: average profiles: Neq (m>=4), abs(dCR), sunspots

38



q = (N+ - N-)/(N+ + N-): the local (in time) measure of bin 
signs matching, t0= 2007, bin size = 6595 m (~4 days) days, 
running window 20 bins, global medians (for the big window)

t [days] 39



q= (N+ - N-)/(N+ + N-) 

running window:
width 81 days, step 1 day, 

signs wrt local median: 
+/-80 days

full time range

t [days]

-> no clear large scale 
(solar?) cycles

-> small scale matching / 
not matching changes?

40



Example of positive q, no rotation (q_i_0)

q from circular rotations of one data series 
(q_i_rot)

Example of 
negative q

Comparing

observed:
∑(q_i_0 - <q_i_rot>)

vs.

null:
∑(q_i_random - <q_i_rot>)

Is q_i_0 special? 41



Delta = observed - null, 10M realizations

42



z-scores ~ 50-100, similarly for 
positive and negative q
-> alternating, statistically real, phases 
of order and anti-order?
-> ~80 days?
-> any periodicity of alternation?

absolute

signed

log(p)

43



positive q

negative q

possibilities for alternating
order & anti-order phases?

- beating (slightly 
different frequencies 
in the two data sets)

- same frequencies + 
phase drift of one 
series

- anti-order due to 
taking absolute CR rate

- unrepeatable pattern
- ….?

44



Looking for the 
characteristics of q

- more EQs in 
large |q| 
phases?

- more intense 
CR emission in 
large |q|

excesses?

Cosmic Ray 4h rates (raw)

Earthquake number, 4h relative

Data split by the 
sign of N_EQ:
positive N_EQ
negative N_EQdeficit?

???

45
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Promising (weird) periodicities



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

48



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

50

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

periodicity normalized amplitudes at:

SD



● average 1 h bins 
● 10 s sliding step
● ~2000 days since 2014
● no or much weaker 

lunar day (24h 50 m) 
periodicity

hours (arbitrary starting time)

~6:00 UTC
(the safest time :)

~0:00 UTC
24 hour stacked NEQ

24 h periodicity ->  role 
of the Sun

no lunar day periodicity 
-> “third factor” 
sensitive to magnetism?

51



days after the year 2000

𝜮NEQ(18:45-19:00 UTC) - 𝜮NEQ(6:45-7:00 UTC)

~2014
~2019

1.01.2000

-> “dramatic” 5 years
of increasing asymmetry of 
the daily distribution of 
earthquakes
-> different times of day: 
different variability in time 
(different “dramatic” period)

Daily distribution of 
earthquakes changes in time
(example bins compared)!
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53year 2000

24h

24h - 236 s
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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



  ∑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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∑ Sundays 13-17 UTC

∑ Saturdays 13-17 UTC

4h sliding window 
(black)

vs.

15 minutes sliding 
window (red)

55hours of a week (the beginning: Wed 0:00 UTC)

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



Major 
<weekday> to 
<weekday> 
differences!?

<Wednesday>
<Thursday>
<Friday>
<Saturday>
<Sunday>
<Monday>
<Tuesday>

<Sun_13-17_UTC>

<Mon_13-17_UTC>

<Tue_13-17_UTC>

<Fri_13-17_UTC>

<Sat_13-17_UTC>

weekday hours [UTC]

N
_E

Q
_4

h

56



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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m>=4

m>=4.5

<N_EQ_rel_Sun_13_17_UTC> <N_EQ_rel_Sun_17_21_UTC>
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The weekly earthquake pattern varies in time

sliding window: 
480 weeks (~9.2 years)

credit: Sławomir Stuglik, IFJ PAN



60

Example “NOs”:



hours of a week (the beginning: Wed 0:00 UTC) 61

100%

N
_E

Q
_4

h

“missed” EQs

recorded EQs

Civilisation noise 
(earthquakes not 
detected due to 
noise induced human 
activity - only deficit 
possible)?

“missed” EQs: ~30%,
only ⅙ (~5%) could 
be missed given the 
geometry of the 
sensor network
-> deficit rejected at 
> 5σ (preliminary)
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The weekly pattern with declusterd EQ data (analysis and plot by Magdalena Bochnak)
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Weekly earthquake distribution: M>=4 all (blue) vs. M>=4 @ > +/- 5 
deg away from the location of “industrial” earthquakes (green)

65

All

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



credit: Marcelina Janusiak, Cracow University of Technology

Cutting out populated/industrialized countries: the effect stays there
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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!
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Inspiring literature (examples):



“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

69

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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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
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.035001 / https://arxiv.org/abs/1809.01441

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.035001
https://arxiv.org/abs/1809.01441
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Openness to the unexplained CR/EQ 
phenomena (examples):



days after the year 2000.0
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9 October 2014 
10:03:27 GMT:
sunrise at 
Malergue, 
Argentina

time bin size: 15 minutes

The Pierre Auger Observatory 
surface detector “scaler” data

24h
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days after the year 2000.0

Auger data vs. sunspots 
100 day running average:

        <dCR> = 
<CR(bin2)-CR(bin1)>,
bin size: 15 min,
bins numbering starts
at sunrise (left Y axis) 
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sunspot number 
(right Y axis)

short cosmic ray “sunrise 
flashes” correspond to 
sunspots?
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Sunrise vs Sunset 
@ Auger

- peak on sunrise?
- deep on sunset?
- shifted by ~3 months?

sunrise

sunset



The tension in the UHECR energy spectrum

78

From: Deligny, O.; for the Pierre Auger and Telescope Array Collaborations. The energy spectrum of ultra-high energy 
cosmic rays measured at the Pierre Auger Observatory and at the Telescope Array. PoS 2020, ICRC2019, 234.

7
8

https://pos.sissa.it/358/234/pdf


The tension: energy dependent reconciliation

79

“On top of a global rescaling of energies,
a non-linearity is needed to bring spectra 
in agreement in the range of common 
declinations
…
The sources of the non-linearity have not 
been identified, yet.”

From: Deligny, O.; for the Pierre Auger and Telescope Array Collaborations. The energy spectrum of ultra-high energy 
cosmic rays measured at the Pierre Auger Observatory and at the Telescope Array. PoS 2020, ICRC2019, 234.

Common declination bands

Whole fields of view

https://pos.sissa.it/358/234/pdf


Ideas: technology, mistakes, or physics?

If physics:80

Image by Christopher C. Finlay, Clemens Kloss, Nils Olsen, Magnus D. Hammer, Lars Tøffner-Clausen, Alexander Grayver; Alexey Kuvshinov - The CHAOS-7 geomagnetic field 
model and observed changes in the South Atlantic Anomaly, Earth, Planets and Space, Volume 72, Article number 156 (2020), 
https://earth-planets-space.springeropen.com/articles/10.1186/s40623-020-01252-9, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=99760567

Telescope Array: 
|B|~ 55 𝜇T→

Pierre Auger Observatory: 
|B|~ 25 𝜇T→

Factor ~2 difference 
in the strength of 
the geomagnetic field

80

https://commons.wikimedia.org/w/index.php?curid=99760567
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Candidate speculations:



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?

82



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


Rossby waves = rotational modes = r-modes

observed in:
 - Earth atmosphere
 - Earth oceans
 - planets: Mars, Jupiter, Saturn
 - the Sun 
 - stars 

expectations:
 - neutron star (GW emission by 
   CFS-instability)

speculations:
- Earth core ??
- exotic near-ideal medium, e.g. DM co-rotating 
with the Earth (idea by PH)
 

idea by Sebastian Kubis
Non anthropogenic 7.0 days imaginable in physics
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Jupiter 

Saturn

slide by Sebastian Kubis
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for more details,  see a 
review:
Space Sci Rev 217,15 (2021)

thin layer approximation: no gravity, no pressure gradients  

in rotating frame, Coriolis force 

only tangential components of v
expressed by stream function

linearization:

Rossby waves - basics

slide by Sebastian Kubis
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https://doi.org/10.1007/s11214-021-00790-2


spherical harmonics

Rossby wave frequencies:

submultiples of 

slide by Sebastian Kubis
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the Sun m=n , sectorial (equatorial) modes

slide by Sebastian Kubis
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earthquakes occurrences:
exact 7-day periodicity !

slide by Sebastian Kubis

Issues [PH]:
- TEarth = 24 h - 236 s (sidereal day), 

solar (day-like) forcing factor needed 
- how about the other r-modes?
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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)


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??? 93



Readiness for the unexpected? Important for science!
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Lamb parameter 

BUT when gravity included :

exact 7-day periodicity:

slide by Sebastian Kubis



BUT when magnetic field included: 

prograde modes

retrograde modes

Alfven waves velocity

slide by Sebastian Kubis


