What is behind the cosmo-seismic effect?
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Correlation does not
imply causation




The Pierre Auger Observatory and extensive air showers

source: the Pierre Auger Observatory

location: Argentina

particle counters:
1600 detectors

single detector surface: 10 m?

total surface of the detector
array: 3000 km?



Secondary cosmic radiation

~15 particles /900 ¢m? / 1 second ~150 particles /1 m? / 1 second
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Global cosmic ray studies make sense!

C R E D @ DID YOU KNOW THAT YOU HAVE
THE QUEST FOR THE UNEXPECTED ~ ° | s AN INTERGALACTIC
- PARTICLE DETECTOR

RIGHT IN YOUR'
POCKET?

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

Find CREDO Detector on orscan QR

» (T‘;oc;gle Play

DATABASE/
INTERFACE

CRED@| «ﬂ; z e O &=  CGfisnar >



CRED@ 4 you = smarter

THE QUEST FOR THE UNEXPECTED =] t O g e t h e r
-

CREDO

JOURNEY


https://doi.org/10.3390/sym12111835

Cosmic Ray Extremely

] n '
Distributed Observatory ——
CRE D@ () Cosmic ray ensembles: h
TS GUESFOR R o scenarios and simulations (e.g.
study of cosmic ray correlations on a global scale: search decay:]or ang'h':ft'onﬂo‘c super
cosmic ray ensembles eavy dark matter) )

4.

Global data acquisition and )
analysis - advanced
professional detectors and
simple commercial sensors
(including CMOS cameras in
smartphones) )

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 > 60 discovery:

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

Professional “know-how” + publig
engagement in data acquisition
and analysis (citizen science)
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Observation of large scale precursor correlations between cosmic rays and
earthquakes with a periodicity similar to the solar cycle
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The earthquake in Chile, 27.02.2010, M 8.8, 500 victims, losses: USS 30 billion

Chile earthquake
— e ;
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The Pierre Auger
Observatory,
3000 km?
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The seismic precursor in cosmic rays:
inspiration from the Pierre Auger Observatory

PAO sees earthquakes [by A. Saleh] nhabitants of territor
196 : - nnapitants or territories
— o gegbruary _27, 2010, 6h34:14 UTC, Chile: threatened by earthquakes:
s o> .8 magnitude earthquake rate
> 5=
2 § g 2,7 billion people
g - = =)
E é % s typ;a.l-w Science as a service to
-8 rates the human community?
- o '8.8 magn s 2010 Even the smallest chance to
e Increase of CR before the earthquake sSave ||VeS
e Strong drop during the earthquake =a must CheCk!
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the COSMO-GEO precursor concept

during areversal
Source: Wikipedia / ,Geomagnetic reversal”

'SBIar Energetic Particles
(Solar Particle Events or
Corona I Mass Ejections)

Source: Wikipedia / ,Health threat from cosmic rays”

Earth outer core: Liquid (molten iron)
— geomagnetism

Impulse (tidal forces)
— hydrodynamics: waves

l

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

l

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

l

Variation of the CR rate!

l

Earthquake precursors?

11



CR rate in the last 5 days, scaled
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"Y1 Auger, 5 days

Y1: Moscow, 5 days, x0.8
Y1: Oulu, 5 days, x1.9
Y2: logl0(Magnitude sum, EQmag > 4), 5 days

Sun spots, month mean smoothed 13m, scaled by 0.01
Sun spots, month mean, scaled by 0.01

1960 1970 1980 1990 2000

year

2010

10
6
4
2
> 0
2020

log10(magnitude sum in the last 5 days) | Sun spot number

Public data!

Pierre Auger Observatory scaler data
Neutron Monitor Database
U.S. Geological Survey

Solar Influences Data analysis Center

12


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

5 days 5 days 5 days

- : Example data:
; A | | : The Pierre Auger

(7p] X l' . :
~ .| 5 h ” | P H 4 f. | Observatory,
n 2l L ' | ‘\ ! | ; 1-15.01.2014
~ - aver g?:|18llll.;:> | H / J -
N\ 1 1 =11 [} ‘ 1 A )
= change: 0.39 | 4o QL [ o
S | i LT V] ' la}bera%e\' 8""'3:2 Local change of the
g Ly W . | ‘ ‘ l\) | : ©| secondary cosmic
P o e L ” .| radiation detection
5 10 | § ” V’ | [ i | rate[<particle
o] .} § number>/m?/s]:
\V/ | .

170 1 S T . I N |181.03-181.42|=0.39

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 13

days since 1.01.2014



L - okres2014-2024
e okres 01-05.01.2014

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

Earthquakes
magnitude >=4

example statistics:

e period: 2014-2024
(~160 000 events)

@ period: 1-5.01.2014
(209 events)
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The dychotomic cosmo-seismic correlation

starting time

} i Ncr_i: local cosmic ray detection rate in the i-th bin
. matters 5-day bins - y
cosmic rays (CR): o o
starting time: to i-th bin: 5 days
dCR_i=| Ncr_i-Ncr_i-1] <o > | | | | |
L | | | |
local change in A
cosmic radiation S e
i=1. 2. 3 Nea_i: global number of earthquakes in the i-th bin
earthquakes (EQ): Nea_i S L a1 e ) ! Lol ! ! ! | |
At=15 days
global number of 15 gays later!
N ea rthquakes Number of bins: N = 335 (~4.5 years) or N= 670 (~9 years)
1 ’
M>=4 large number of compared bins

Mcr: median of the CR data medians: half values below, half Chance probability:

Mea: median of the EQ data above o Al sy Bk
N-+: ((dcr_i > Mcr) and (Nea_i > Mea)) or ((dcr_i < Mcr) and (Nea_i < Mea)) Pegp/ iy =b) = <k!(n — k)!) P ( _p”’)
N-: ((dcr_i > Mcr) and (Nea_i < Meq)) or ((dcr_i < Mcr) and (Nea_i > Meq)) the probability of imbalance between matching and not matching

signs (binomial distribution, balance expected)
15



Median (M)

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

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

16

bin number: 1 2 3 334 335



comparing the bins
with a shift of 15 days:

Mcr

'g' ‘ ‘ ‘ ‘
- - ‘ ‘ \

bh1nun1beni 1 2 3 . . . . . . . . 334 335
1

analysis starting

time to \i 15 day

i later
1

Meaq

i

matching: N+ IIIIIIIIIII IIIIIIIIIII

not matching:N- - -+t + + - -+ + + + + 4+ + - - -



/Outcome: \

Number of ~
matching, N+ l l . 200 ) . . o

’ We’ve got it! Even twice more matching
Number of not than not matching! How did you know?
matchlng N- l l "’100

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

Small chance probability! w
Like one per billion! D

18



The clear cosmo-seismic correlation!

T T 200

Low chance probability (101°)

The effect occurs from

| ~2014 until 2019

- (335 bins of 5-day each), i.e.
Valargue (iere Auge Obs ] during the decrease of the

= Sunebets, mahthyg e, Heht Viaxts 1° solar activity

- Sun?pots, molmhly mealm smooﬂ:ed over I13 momhls, right Ylaxis 0

Sunspot number

log10(chance probability)
10g10(PppF)

4.0

——— Malargue (Pierre Auger Observatory), left Y axis

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

starting time to [years]

~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 1, performed by applying 20 small shifts in time between 0 and 5 days. 9



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

—

E AN /\
g . A /
S w .l <\ j\
2 s \WARS
5 ||
5 . iF;
S 15 Aave 1l

15 days |

-30 -20 -10 0 10 20 30
At [days]
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.

20



Periodicity of the effect? But not the same as solar activity...

log10(chance probability)

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

Moscow (NMDB) anomaly indicator, smoothed over ~9 years

S, Ieﬁ‘Y axis
| left Y axis

A2 T X ;
-------- Sunspots, monthly mean, right Y axis
---------------- Sunslpots, monthly mean smoothed over 13 monthsI right Y axis ;
1960 1970 1980 1990 2000 2010
Time [years]

500

4 400

4 300

4 200

4 100

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.

Sunspot number

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

Sensitivity to: t O, 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: to->to+ At

Mcr ¥

334 335

bin number:

-———=-
[N
N
w

analysis starting
time: to+ At '
1

Meaq

— = @}

not matching: N- --+++ - -+ + + + + + + - - -




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

25



/ Outcome: \
Number of -~
matching, N+ I I - ~150

Number of not
matchlng N- - ~150 /

< ) A 7

Oh no! The effect is

gone! ;iz]

26



240

Sensitivity to small changes of to

220 |

200 |

180 F

160 |

140 F

120

100

80

step =1 hour

‘oulu_tstart5.txt' u ($2):($6
‘oulu_tstart5.txt' u ($2):($7

N+

Peor ~ 10714

N-

-4000

-3000

-2000

-1000

0 1000 2000
days after year 2000

3000

4000

5000

6000

220

200 K

180 |

160

140 |

120

100

"oulu_tstart5.txt' u ($2):($6)

‘oulu_tstart5.txt' u ($2):($7) ——

1 ! ! ! !
4900 5000 5100 5200 5300

days after year 2000
Oulu; CR data bins: 6 hrs,
cosmo-seismic bin: f x 5 days;
f=0.99915

!
5400
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N+

Sensitivity to small changes of to

| | N e —
wpstep=1h akeuivgpenesy F | red: t="2014
blue: to="2006
220 |
-> optimum to changes in
210 | | ) time!
. -> the seismic data
K/ | / | ‘ \ “responsible” for the need of
| ! 1 | . °
190 | I}8 ‘ | | ‘ - fine tunlng to?
180 | ;
1 Oulu; CR data bins: 6hrs,

. - : : cosmo-seismic bin: f x 5 days;
5 dni f=0.99915



Sensitivity to small changes of to

N+ ; ' ' ‘oulu_tstarts.txt' u ($2):($6) —
‘ouly titart5.txt' u ($2):($7) —

230 ‘ StEp =1h ) Nz.;i ‘ : ’/Nmaxsllmm.txt'uz's

~ 14 |
220 / | " n Fm‘ﬂ‘ﬁﬂfw Peor ~ 10 -
210 “ (M ' 7 “| ﬂ ‘U\‘ M
1\ =\ step = 1 minute P\Wu .\T

|1 |
]M AW J\I J h A [ o a |
\ "J W % ’l k W \‘ m'f W J"‘V'
all ’k \ . ' K \[ \ i days after year 2000
W‘l} ““U \A\U W 'M | Oulu; CR data bins: 6 hrs,
5105 5110 5115 5120 5125 f x 5 days each; =0.99915

335 cosmo-seismic bins:
(similar for other sites and f=1.0) 2

180 |

167 (50% of all the bins) to [days after year 2000]



lag [hours]

800

600

400

200

-200

-400

-600

-800

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

PPDF heatmap: bin=118h window=1675.0d tOpase=2013-12-20 23:00:00+00:00

1 1 1 1 1 1

-6

-20 0 20 40 60 80 100 120
t0 shift [hours]

log10(PPDF)
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log10(PPDF)

Any bin size goes (with t0/lag optimization)

Optimized PPDF vs. bin size
(global minimum over t0 and lag for each bin size)

—10.0 1

=12:5:9

—15.0 A

-17.5:

—20.0 1

”"JIW' il

—— Case 1999
——— Case 2007

" “ g
Wk '“1’5 w R

—22.5

2 3 4 5
Bin size [days]
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dN= N+ - N- bin: 1 day, no t0/lag optimization, running window 3350
days (~9 years), step 1 day

AN i binomialne PPDF w ruchomym oknie 3350 dni

—— AN=N:—-N_
—— 1dg:q (PPDF) P W W’” =
200 - J f
h
100
| A | M =
= =
3 | €
—100 A
-6
—200 -
-7
-300

T T T T T T T T T T T
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
to (UTC)



lOglo (PPDF)

The extreme PPDF (bin size = 1796 min.): optimized vs. not optimized

Optimized vs. not optimized: binomial PPDF

=25

—-5.0 1

=75

—10.0 4

|
-
L5
n

|

—15.0 A

=17.51

—20.0 1

—— Optimized: lag = 28600 min
—— Not optimized: lag = 0

1965 1970

1975 1980 1985 1990 1995 2000 2005 2010 2015
to (UTC)
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AN=N, —N_

300 A

200 A

100 4

—100 4

—200 A

—300 4

—400

=500 4

The extreme PPDF: some physics scale at 110-120 days?

AN and binomial PPDF vs. tg
bin=1796 min (1.24722 d), Nbins=2685, lag=28600 min (19.86111 d)

—— AN=N, —-N_
— lod
|

=25

-~—5.0

F—7:5

r—10.0

—12:5

r—15.0

[F=11.5,

r—20.0

1965

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
to (UTC)
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AN = N, - N.

-200

-250

-300

-350

-400

-450

The extreme PPDF: some physics scale at 5 days?

1
| AN=N}-N. ——
log10(FPDF) ——

l

Optimized 1999: bin=1796 min, Nbins=2685, lag=28600 min
X axis: days relative to 1999-10-04 21:30:00+00:00

-20

-10 0 10 20 30

to - trer [days], trer = 1999-10-04 21:30:00+00:00

-15

-16

-17

-18

=19

-20

-21

l0g,0(PPDF)
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Optimal EQ lag relative to CR [days]

The 15 days lag: real but local (not universal)

Optimal lag vs. bin size — cases 1999 and 2007
(global minimum over t0 and lag for each bin size)

30 A

20 A

104

il
1 \

[ | ‘
——— Case 1999 — optimum for each bin size

~ Case 2007 — optimum for each bin size
= Case 1999 — 101-point rolling median

= Case 2007 — 101-point rolling median
---- Lag +15 days

1 2 3 4
Bin size [days]
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Sensitivity to: window size / trends



Neq normalized

0.6

0.58 -

0.56 -

0.54

0.52

0.5 -

0.48

0.46

0.44

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

Mean profiles around solar minima (bin=800 d, step=1 d) | profileyeanjastsulljastdc.qallykd.csv
L L L !

L
Neq norm +/- SEM
norm mean ——

Neq
abs(dCRsd) +/- SEM

abs(dCRsd) mean ——
Sunspots/S +/- SEM
Sunspots/S mean ——

T
1000

T
2000

Days

T T
3000 4000

since solar minimum (relgays)

T
5000

T
6000

7000

1.6

- 14

- 1.2

- 0.8

Q.
o

- 0.4

- 0.2

abs(dCRsd) and Sunspots / 150.0

Neq normalized

-> Neq_800d(t) /
(Neqg_800d(t)+Neq
~800d(t-800d))

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

0.8 1
0.6
0.4 4

©
v
Ol 0.2

0.0

—0.2 A1

—0.4

Best harmonic fit: P=92.00 bins (421.3 days)

i

u

—— q_local
~——— best fit

U(]\“JU

i

100

200

300

t [days]

400

500

600

700
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ot g= (N - N)/(N )
0
0.3
running window:
02| d width 81 days, step 1 day,
" signs wrt local median:
ol +/-80 days
0.1F ’ full time range
02} -> no clear large scale
Wl (solar?) cycles
04 S S S— -> small scale matching /

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 t t h h ?
¢ [days] not matching changes?,



q_r

Example of positive g, no rotation (g_i_0)

0.4 1
0.3 A
0.2 A

0.1 A

0.0

-0.1 1

Local circular g_r, central i=17690, W=81

Local circular q_r, central i=3990, W=81

g from circular rotations of one data series

(g_i_rot)

e

)

(\AAA/\A/W\A/\A il
T

negative q .
/ :.T;
@ observed r=0
Comparing
observed:

S { /

1

RV Em|

)

1

(]
o

o

/ b o
J\f\”\ﬁ/\/\/\ /\V\/\ﬂ W
v Y

1l

10 20

30

40 50 60 70
local circular shift r

80

>(q_i_0-<q_i_rot>)
VS.
null:

Y (g_i_random - <q_i_rot>)

Is q_i_0 special? =



Delta

Delta = observed - null, 10M realizations
All-starts W81: Delta(obs-null) by realization

1000

800 A

600

400

200

WWWWWWMM

—— signed: c007_Delta_obs_minus_null_signed_delta_q_allstarts |

abs: c010_Delta_obs_minus_null_abs_delta_q_allstarts
logp: c013_Delta_obs_minus_null_logp_abs_rank_allstarts

0

—-200

—400

0 2000

4000

realization

6000 8000 10000
42



400 -

300
250 A
8
200 A
150
100

50 1

All-starts W81: Delta abs = obs-null

T
BN delta: c010_Delta_obs_minus_null_abs_delta_g_allstarts

ean delta

absolute

20 40

Delta abs = obs-null

All-starts W81: Delta signed = obs-null

B delta: c007_Delta_obs_minus_null_signed_delta_q_allstarts

- sigr

-200

Delta signed = obs-null

All-starts W81: Delta logp = obs-null

B delta: c013_Delta_obs_minus_null_logp_abs_rank_allstarts
— 0
—— mean delta
400 A
300 4
=
3
S
200 4
100
0 T ™ T
o 200 400 600

Delta logp = obs-null

z-scores ~ 50-100, similarly for
positive and negative g

-> alternating, statistically real, phases
of order and anti-order?

->~80 days?

-> any periodicity of alternation?
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stacked power (max-norm)

stacked power (max-norm)

1.0 4

o
©
L

g
o
L

I
IS
L

o
N

pos g group: stacked raw spectra

—— EQraw S/R
CRraw LS

0.0 4=

1.0 1

o
©

9
o

I
iS
L

I
N

0.0 4

positive g

neg q group: stacked raw spectra
—— EQraw S/R
CRraw LS \
negative g
WMMMW |

10°

period [days]

10!

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
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CRi_4h raw

Neq_4h rel

111 A

110 A

109 4

107 A

106 A

105 A

0.8 1

0.6

0.4 1

0.2 1

0.0 1

—0.2 A1

—0.4 4

Mean bin values vs parent-window q split by sign(Neq_4h_rel)

108 A

Cosmic Ray 4h rates (raw)

deficit?

S — 60)\/\/

CRi_4h raw, neg (total n=238910)

N

= 1 1

Earthquake number, 4h relative

excesses? ——

/\—

—e— Neq_4h rel, pos (total n=304260)
Neq_4h rel, neg (total n=238910)

-0.3 -0.2 -0.1 0.0 0.1 0.2

0.3 0.4

Data split by the
sign of N_EQ:
positive N_EQ

Looking for the
characteristics of g
- more EQs in
large |q|
phases?

- more intense
CR emission in

large |q|
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Promising (weird) periodicities



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

0.0030 A

0.0025 A

Normalized amplitude

0.0010 A

,J\/\J\_/\‘,\/\.

0.0000 A
0.9900 0.9925 0.9950 0.9975 1.0000 1.0025 1.0050 1.0075 1.0100

0.0005

0.0020 A

0.0015 A

memm [N |, Auger, 15 min. bins

PRELIMINARY

GMT 14.11.2013 00:00
2.09.2018 08:

L

|
\u/Z{\ kﬂvﬁ\}(X/\J¢4J°06xvg/~’“\$%»,

b

Periodicity [days]

/

0.0008 -

0.0006 -

|

0.997269 d

0.0004 -

Normalized amplitude

0.0002 A

000004

PRELI

# € $Q=

0.9964 0.9966 0.9968 0.9970 0.9972 0.9974 0.9976 0.9978 0.9980

Periodicity [days]
zoom rect, x=0.997269 y=0.000279168

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”?
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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
0.002007  _ GMT 14.11.2013 0:00
2.09.2018 7:30
0.00175 -
—— GMT 1.09.1994 15:00
B 0.00150 20.06.1999 22:30
£ 000125 -
&
E 0.00100
£
g 0.00075 A
e 0.997268 d
t
0.00025 A
0.00000 - a

0.996 0.998 1.000 1.002 1.004
Periodicity [days]

ﬂﬂﬂ ﬁgg zoom rect, x=0.997268 y=0.000296946

Clear 24h and sidereal day periodicities, both strongly time dependent! 48



Normalized amplitude at SD

Time evolution of the 24h & sidereal day (SD) periodicities

EQ data, Ncq
0.0005
PRELIMINARY
0.0025 |
periodicity normalized amplitudes at: | l"‘ 10004
- 24h " ‘*_

0.002 |

0.0015 |

0.001 F

0.0005 |

- 2 (24h+SD)
- SD

0.0003 }

0.0002 |

0.0001
‘\

Zzoom

30min. bins, m >= 4, time window width: 4.5 yrs, step: 1 week

PRELIMINAI%Y

1 1 1
3000 3500 4000

Window start [days after 2000.0 year]

1
4500

1
6000




Time evolution of the sidereal day (SD) periodicity:

EQ data, N,
PRELIMINARY
9000% I periodicity normalized amplitudes at:
A - SD
w
® 00003 |
)
©
2
S
% 0.0002 |
e,
)
N
©
€ 00001 |
®)
0 ’MM , }Y 1

5000

0
Window start [days after 2000.0 year]

30 min. bins, m >= 4, time window width: 4.5 yrs, step: 1 week

First fits (credit Maria Pycior):
- ~390 d of the right part
- ~11y of the left

398.85d: period of the Earth &
Jupiter synod

What could be the final
experimental confirmation of
the DM stream? Similar
subthreshold “behavior” in
various channels / datasets?
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3800

3600

3400

3200

3000

2800

2600

'eqav_1d_at_oulu_max_s10s_mag.txt' u ($3+($2/360.0)):($4/4.0)

~0:00 UTC

~6:00 UTC

/ (the safest time :)

1 1 1 1

+

5 }0 1? . 2
hours (arbitrary starting time)

0

25

24 hour stacked Nea

average 1 h bins

10 s sliding step
~2000 days since 2014
no or much weaker
lunar day (24h 50 m)
periodicity

24 h periodicity -> role
of the Sun

no lunar day periodicity
-> “third factor”
sensitive to magnetism?
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o | earthquakes changes in time f
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200 | 4 of increasing asymmetry of
the daily distribution of
100 | ! 1 earthquakes
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o L | | different variability in time
. ~2019 (different “dramatic” period)
1.01.2000 | :
-100 1 1 1 1 1 |
-20000 -15000 -10000 -5000 0 5000 10000

days after the year 2000 52



3d time evolution of periodicities in the EQ data: N__, 30 min. bins, m >=4, time

window width: 4.5 yrs, step: 1 week

EQ’
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5000
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Weekly distribution of Sah 5ah
earthquakes, M>=4
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year 2014

periodicity: 7 days

sliding window (bin): 4 h
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range of dates: ~4000 days since

2014.01.01 54



300

250

200
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L]

neq av_7d_bl

'neq_av_7d L

n_sim.txt' u ($2/4+$1/(60%1)):($3)
sIm.txt' u ($2*4+5$1/(60%1)):($3)

s sundays 13-17 UTC — §8§ )

: e

¥ Saturdays 13-17 UTC

+

X

100

110 120 130

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

4h sliding window
(black)

VS.

15 minutes sliding
window (red)

-> plateaus at
maxima and minima,
lasting ~4 hours?
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N_EQ_4h
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differences!?
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MAX/MIN ratio

Surprising periodicity of earthquakes, M>=4
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Credit: Tymur Kozarewski, AGH
(3rd year student., Technical Physics)
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m>=4.5

<N_EQ_rel Sun_13 17 UTC>

-120°

Cumulative weekly phase z-score, spherical-cap heatmap

phase \;lsi.ndaw: Sun 13:00-Sun 17:00 UTC; accumulated dataset N=16

Cumulative weekly phase z-score, spherical-cap heatmap

phase_)nsnnndow: Sun 13:00-Sun 17:00 UTC

; accumulated dataset N=80306

<N _EQ_rel Sun_17 21 UTC>

Cumulative weekly phase z-score, spherical-cap heatmap
phase \_;vsigdow: Sun 17:00-Sun 21:00 UTC; accumulated dataset N=166945
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Example “NOs”:



N_EQ_4h

5000

4500

4000 F

3500 F

3000

2500

“missed” EQs

recorded EQs

1 ] 1 1 ] 1 1

20 40 60 80 100 120 140 160

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

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

“missed” EQs: ~30%,
only % (~¥5%) could
be missed given the
geometry of the
sensor network

-> deficit rejected at
> 50 (preliminary)
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The weekly pattern with declusterd EQ data (analysis and plot by Magdalena Bochnak)

Weekly Earthquake Plot (background, 4h window, step 1 minute)
Mag = 4.5, 2014-01-01 to 2024-12-31

—— Ao =10 (scaled by 1.3)
2400 —— Ao =1 (scaled by 1.8)
—— All events
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QO B httpsi//inducedearthquakes.org

W @ .

Home  The Database  About Induced Seismicity

1315

Projects proposed to have induced earthquakes

Resources v

The Human-Induced Earthquake Database (HiQuake)

The Human-Induced Earthquake Database (HiQuake) is the largest and most
up-to-date database of Industrial projects proposed to have induced or
triggered earthquakes. HiQuake lists all industrial projects claimed, on
scientific grounds, to have induced earthquakes. The database does not filter,
rank or discriminate on the basis of the strength of the claims.

The data are freely avallable to download in Microsoft Excel format for your
own analysis. Depending on your browser, you may need to copy the link
address to a new tab and/or enable pop ups to initiate the download.

We endeavour to keep the database up to date and accurate. If you have
additional cases to add to the database, more information regarding existing
entries, or corrections, please contact us.

HiQuake was last updated on the 16th August 2024.

Contribute

Research Profiles Citation and Disclaimer

Fracking

Funding and Acknowledgement

| 32%

Mining

Water reservoir impoundment

Conventional Oil and Gas

11%

Geothermal

Waste fluid disposal

14%

Nuclear explosions

Unspecified Oil and Gas/Waste fluid disposal

Groundwater extraction
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Weekly earthquake distribution: M>=4 all (blue) vs. M>=4 @ > +/- 5

deg away from the location of “industria

4500 1

4000 A

Number of Earthquakes

2500 4
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1500 4

Number of Earthquakes per 4.0-hour Bin (Degree 5)

—— 4-hour Sum (Hour-based)
—— Dataset 2 (M=4.0-10.0, Degree=5)

earthquakes (green)

3500 A

3000 A

credit: Stawomir Stuglik, IF) PAN

— Al

No locations of
“industria
— earthquakes

(extracted with the
margin of +/- 5 deg)

I”
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Cutting out populated/industrialized countries: the effect stays there

Liczba trzesien ziemi

5000 +

4500 A

8
8

w
wn
o
o

3000 A

2500 A

Poréwnanie liczby trzesien ziemi: Swiat - Kraje vs Caty Swiat

—e— Swiat - Kraje
Caty Swiat

20

80
Godziny

100

120 140 160

Rysunek 4.4: Skumulowany tygodniowy rozktad trzesien ziemi na Swiecie dla magnitudy
> 4.0, uwzgledniajacy zaréwno dane globalne, jak i dane z wylaczeniem USA, Japonii, Chin

i Indii.

credit: Marcelina Janusiak, Cracow University of Technology 66



Cumulative normalized number of earthquakes [arb. units]

Normalized number of earthquakes vs. Moon phase

22 ' ! ' ‘moon-phase-norm-arr.txt' u ($1):($2) —— %
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| the Moon:
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Inspiring literature (examples):



National Science Review

RESEARCH ARTICLE G 1016.1023, 101
doi: 10.1093/nsr/nwy117

Advance access publication 8 October 2018

2018

GEOSCIENCES

Evidence for diurnal periodicity of earthquakes from
midnight to daybreak
Jinlai Hao, Jinhai Zhang™ and Zhenxing Yao

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

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

Bulletin of the Seismological Society of America, Vol. 99, No. 4, pp. 2273-2279, August 2009, doi: 10.1785/0120080217

Apparent Weekly and Daily Earthquake Periodicities
in the Western United States
by Ali H. Atef, Kelly H. Liu, and Stephen S. Gao

7d anthropogenic?
Abstract Analysis of apparent seismicity rate (ASR) using magnitude > 1 earth-
quakes located in the western United States confirmed the existence of prominent We St ern U N it ed St at es. ma gn itu d e
Vi

spectral peaks with periods of 1 and 7 days. The number of recorded earthquakes
on Sundays for the duration of 1963-2008 is about 5% higher than that on weekdays,

and, more significantly, there is a 9% increase of ASR in the early morning compared >= 1, CO n CI u S i O n . C u It u ra I & i n d u St rl a I

with that in the middle of the days. Significant similarities in the spatial distributions . .

of the weekly and daily variations suggest that the two types of variations have the ( h )
same sources and both originate from periodic variations in cultural noise that lead to nolse (a nt ro p Oge nic
periodic variations in the detectability of the seismic networks. Comparisons with

freeway traffic flow data suggest that traffic flow on the freeways is not the only

significant factor in the observed periodicities. Instead, ambient noise from all the

ground traffic, operating machineries, and building shaking is probably the major

cause of the observed apparent periodicities. The observed temporal variations in

ambient noise as reflected by the ASR can be used as objective guidelines for choosing

the best time/day for noise-sensitive scientific experiments.
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Search

Help | Advanced Search

= I‘i<1v > astro-ph > arXiv:2210.07367

Astrophysics > Instrumentation and Methods for Astrophysics
ey S Access Paper:
« Download PDF

[Submitted on 13 Oct 2022 (v1), last revised 5 Dec 2023 (this version, v3)]

Gravitational focusing effects on streaming dark matter as a new detection concept . gor?lsgipt
o Other Formats
Abaz Kryemadhi, Marios Maroudas, Andreas Mastronikolis, Konstantin Zioutas [@er |
Current browse context:
Cosmological simulations for cold dark matter (DM) indicate that a large number of streams might exist in our Galaxy. The present work incorporates gravitational focusing astro-ph.IM
<prev | next>

(GF) effects on streaming DM constituents by the Sun and the Earth preceding their encounter with Earth bound detectors. For streaming DM, the GF 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 new | recent | 2210

transient signals lasting about 10 seconds repeating daily for days or weeks. This work presents a novel opportunity for DM signal detection and identification, and the Change to browse by:
astro-ph

resent simulation can be applied to any kind of invisible matter entering the solar system.
P i Y 9 4 astro-ph.CO

https://arxiv.org/abs/2210.07367

“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.”

credit to Brian McBreen for pointing to the article
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https://arxiv.org/abs/2210.07367

Al fields Search

aTl <1V > hep-ex > arXiv:2305.06882

Help | Advanced Search

High Energy Physics - Experiment Access P aper:

[Submitted on 14 Mar 2023 (v1), last revised 12 May 2023 (this version, v2)] « Download PDF

Evidence of Space weather in Radon Decay (ewhcense)
Current browse context:
Carol Scarlett, Ephraim Fischbach, Belvin Freeman, Jennifer Coy, Patrice Edwards, Reed Burkhart, Oksana Piatibratova, Theresa Monsue, Daniel hep-ex
Osborne, Lameck Mwibanda, Abdullah Alsayegh <prev | next>
new | recent | 2305
The Electron, Proton and Alpha Monitor, EPAM, located at the L1 Position approximately 1-million miles from the earth in the direction of the sun, was designed to detect Change to browse by:
fluctuations in solar output through counting the numbers of various particles hitting the detector. The EPAM detector is part of an early warning system that can alert the as“:s-[prl:)—ph GA
earth to coronal mass ejection events that can damage our electronic grids and satellite equipment. EPAM gives a real-time estimate of changes in the local solar magnetic nuclex
field directed towards the earth, recorded in the fluctuations of solar particles being ejected. This paper presents an analysis of fluctuations in data taken by the Geological phy;:f;sics ——
Survey of Israel, GSI, compared to the changes in detected numbers of protons as seen by EPAM. Surprisingly, the GSI and EPAM detectors show an unexpected
correlation between the variation in count rate detected by the GSI detectors and an increased numbers of protons seen at EPAM; well above statistical significance of 5- References & Citations
sigma, indicating a non-random connection between the data sets. The statistically significant overlap between data taken by these two detectors, subject to very different « INSPIRE HEP
conditions, may hint at a Primakoff mechanism whereby exotic particles, e.g. galactic Dark Matter, couple through magnetic fields to both photons and even nuclei. This * NASAADS

* Google Scholar

work builds on an earlier paper on the observations of Radon decay and their implications for particle physics. + Semantic Scholar

spaceweather (solar cycle) 1 million km above Earth

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.

radon (earthquake precursor) @ Earth
credit to Brian McBreen for pointing to the article 72



PHYSICAL REVIEW D 100, 035001 (2019)

[Planck mass charged gravitino dark matter}

Krzysztof A. Meissner' and Hermann Nicolai’

facult\ of Physics, University of Warsaw Pasteura 5, 02-093 Warsaw, Poland
Max-Planck-Institut fiir Grav mmomph\ sik (Albert-Einstein-Institut) Miihlenberg 1,
D-14476 Potsdam, Germany

/® (Received 19 April 2019; published 2 August 2019)

Following up on our earlier work predicting fractionally charged supermassive gravitinos, we explain
their potential relevance as novel candidates for dark matter and discuss possible signatures and ways to
detect them.

DOI: 10.1103/PhysRevD.100.035001

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

- deep on sunset?
- shifted by ~3 months?
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The tension in the UHECR energy spectrum

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

The tension: energy dependent reconciliation

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.
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distortions of anisotropies. Bottom: analysis in the whole fields of view of each observatory.


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

ldeas: technology, mistakes, or physics?

80

[ _____sa— T I ] nT

22000 32000 42000 52000 62000

Image by Christopher C. Finlay, Clemens Kloss, Nils Olsen, Magnus D. Hammer, Lars Tgffner-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, ‘ ikil I

If physics:

Tgl)escope Array:
|B]~ 55uT

Pierre Auger Observatory:
[B]~25uT

Factor ~2 difference
in the strength of
the geomagnetic field



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

Candidate speculations:



Heliospheric Current
Sheet (- like?)
behavior?

~10000 km thickness

~heavier particles
required?

~periodicities close to
27 days, %2 x 27 days.

~opposite directions
possible if both
positive and negative
charges involved?

82




Geomagntetoshere
QTAIL orbit

4 '

neutral
region

Bgeomagn- : the geomagnetic field vector < source: https://www.isas.jaxa.jp/en/topics/001746.html



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

2014-19, stacked

7e+06 T : T T
Saturdays / Y
| ;oo

6e+06 |-

5.5e+06 |-

Out of

5e+06 |- scale

4.5e+06 |-

4e+06 |-
GEOTAIL Jorbit

3.5e+06 |-

1;5 1
%
X 1
1
1
3e+06 |- |
C
1
2.5e+06 |- i
-

————————i >

night side | day side

‘* B @ GEOTAIL

GEOTAIL
satellite

2e+06 ! ! ! L
0 50 100 150 200 250 300 350

Position on the GEOTAIL orbit: @sar [deg]

\\
A\
~



Interpretation: role of the Sun, or ... Dark Matter stream?

K. Zioutas et al., 2021
Phys. Sci. Forum 2021, 2(1), 10; https://doi.ora/10.3390/ECU2021-09313

Gravitational
Focusing

S
©
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=
(=]

Gravitational
Self-focusing

DM Stream

Credit: Spyros Maroudas

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

idea by Sebastian Kubis
Non anthropogenic 7.0 days imaginable in physics

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 ?7?

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

Saturn
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Rossby waves - basics for more details, see a
review:

Space Sci Rev 217,15 (2021)

in rotating frame, Coriolis force

v \
0 E+(V.V)v—|—2ﬂxv =—Vp+pVO,
linearization:

dv 1 ;P

— 4+ (v-V)U+28xv=——Vp'+ = Vp,,
dt £0 Po

thin layer approximation: no gravity, no pressure gradients

1 oy d X only tangential components of v
sinf ¢’ “o =g expressed by stream function X(H’ ¢)
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https://doi.org/10.1007/s11214-021-00790-2

o1 9 ) 1o :
Zl— 2 (sing 22 )+ —— 2 42025
ot | sin® 90 96 sin“ 6 d¢? R10)

x =cos(—ot +m@)x1(6),  spherical harmonics Y, (0,®), —n<m<n
2mS2
Rossby wave frequencies: O — .
nn+1)

submultiples of ()
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the Sun
Mode Frequencies Linewidth SNR Dates
m observed (nHz)
Theory (nHz)  Observed (nHz)

2 —302 missing - - 1996-2017
3 =227 —253+2 (ik 9.2 1996-2017
4 —181 —19413 gt 10.8  2010-2016
5 151 ~157+4 i 143 2010-2016
6  —129 ~129+8 4 2.7 2010-2016
7 113 ~112+4 pge’ 6.6  2010-2016
8§ 101 ~90+3 12t 7.5 2010-2016
9 —91 ~86+6 e 2.3 2010-2016

10 ~82 ~75+£5 28 e 2.7 2010-2016

11 ~176 ~75+7 437 1.7 2010-2016

12 ~70 ~59+6 gy 1.4 20102016

m=n , sectorial (equatorial) modes

2()
m+ 1
(/27 = 453 nHz

0O —
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earthquakes occurrences:
exact 7-day periodicity !

1
_ 0
T

(n,m) = (6,3); (7,4); ...

Issues [PH]:
- Teath = 24 h - 236 s (sidereal day),
solar (day-like) forcing factor needed
- how about the other r-modes?

nl mo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1
12
3 3
1 1 1
3 = =2 =
6 3 2
1 1 3 2
4 i — — —
10 5 10 5
1 2 1 4 1
5 — — = —_— =4
15 15 5 15 3
1 2 1 4 5 2
6 — — = —_— — =
21 21 7 21 21 7
g L 1 3 @ 5 3 1
28 14 28 iz 28 14 4
g A A A 1 85 T T 3@
36 18 12 9 36 6 36 9
g L 2 1 4 1 2 1 &8 1
45 45 15 45 9 15 45 45 5
1, 2 3 4 £8 6 7 8 9 2
10 - £ =2 £ X =2 1 2 2 2
55 55 55 55 11 55 55 55 55 11
L 1 1 2 5 1 7 4 3 5 1
11 = = =2 2 =2 2 1 2 2 =2 2
66 33 22 33 66 11 66 33 22 33 6
12 L 1 1 2 5 1 71 & 3 5 1 2
78 39 26 39 78 13 78 39 26 39 78 13
13 L 2 3 4 5 & 1 8 3 10 1 12 1
91 91 91 91 91 91 13 91 91 91 91 91 7
14 L 2 1 4 1 2 1 & 3 2 11 4 13 2
105 105 35 105 21 35 15 105 35 21 105 35 105 15
4§ L 1 1 1 1 1 7 1 3 1 11 1 13 7 1
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?

-> dark wake(s)

id

=
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hysics

htt s://én.Wiki edia.org/wiki/Wake



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??? .



Readiness for the unexpected? Important for science!
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2mS2

exact 7-day periodicity: O =— .
nn—+1)
1
o=2Q (n,m)=(6,3); (7,4)
BUT when gravity included :
. 2 p2
Lamb parameter € = % € = o R
P Egrcw gH

- Cm—1)Q2m+ 1))]1

€
o=—-2mS [n(n—i—l)"‘— (1 2n — 1)(2n + 3)

2
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BUT when magnetic field included:

Va=B//p A

2€2 V-

oy

m  nn+1) 2QR2

o 2
2§2Rz[n(n-l—l)—Z]

lfven waves velocity

[n(n+1) — 2], prograde modes

retrograde modes
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