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Energy spectrum of cosmic rays

Ranges:

energy: > 10 orders of magnitude

flux: > 30 orders of magnitude s
— diverse physics (sources) 04 _ 8
—~ diverse detection techniques T polar\ <= LpartidiemEas
_3] influence
4 dominates
Flux rapidly decreases with energy (~107), = 6"
Highest energies — the most demanding S ]
challenges: B 73 Knee
:‘E S5 1 particle/{m? yr')
— technical: g ] Galactic
extremely low flux (at E=10* eV £-15- influence
1 particle / km? millenium), but now: £ . dominates
the Pierre Auger Observatory (~3000 km?) = -
_2'1_
— scientific: —245 Ankle —»
What are Ultra-High Energy Cosmic Rays (UHECR)? = - 1 particle/(km? yr')
Where they come from? 27
How do they propagate? . ——

9 10 11 12 13 14 15 16 17 18 19 20
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Energy spectrum of cosmic rays in CREDO

Ranges:
energy: > 10 orders of magnitude

flux: > 30 orders of magnitude d
— diverse physics (sources)
— diverse detection techniques

Flux rapidly decreases with energy (~107),

Highest energies —~ the most demanding E Ej
challenges: £ =93
E 157

- technical: 8
extremely low flux (at E=10*°eV & =151
1 particle / km? millenium), but now: ﬂg—m:
the Pierre Auger Observatory (~3000 km?) = 1
_;.:1-

— scientific: gl
What are Ultra-High Energy Cosmic Rays (UHECR)? =+
Where they come from? -274

7 influence
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Solar \ —— 1 particle/{m? s%)

Knee
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Energy spectrum of cosmic rays in CREDO

Ranges:
energy: > 10 orders of magnitude

flux: > 30 orders of magnitude d
— diverse physics (sources)
— diverse detection techniques

Flux rapidly decreases with energy (~107),
Highest energies — the most demanding
challenges:

I
o
[

I
=0
L1

|
[ —
M
1

- technical:

extremely low flux (at E=10%%eV

1 particle / km?® millenium), but now:

the Pierre Auger Observatory (~3000 km?)

I
—
N

I

log Particles/(m? sr s GeV)

|
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— scientific: gl
What are Ultra-High Energy Cosmic Rays (UHECR)? =+
Where they come from? -274

7 influence
4 domina

Solar \ —— 1 particle/{m? s%)

Knee
1 particle/(m? yr*)

—3

How do they propagate?

Do photons contribute to the UHECR flux?
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Photons as UHECR: testing 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

999 Exotic scenarios (particle physics) 979

Decay or annihilation the early Universe relics

- hypothetic supermassive particles of energies ~10* eV

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

<

not the case?



UHE photons — big cascades (classical examples)

YuHe
(e.g. 10%%V)

BSUN

[OUT OF SCALE ]

» ATMOSPHERE % ATMOSPHERE

EARTH EARTH

with PRESHOWER with CRPropa 3




Diffuse UHE photon search: hybrid limits

UHECR COMPOSITION PARADIGM
At the highest energies photon fractions < 1%

jL e limits 95% CL GZK proton| -~ Z-burst

- [ GZK proton [l oo TD
- -..-.. SHDM |
o — - SHDM Il
3" 2010 ""*"'-*-.-.-.f,,..:__ IHF’ 20%02002

o = i I.‘ i I

107 E Hy20t1 R Y
- RN TA 2015 P !

O

Integral photon flux E_ > E, [ km™ sryr-T]

\
\

1 018 1 019 1020
E, [eV]

— Severe limitations for exotic scenarios? *
— and for (special) Lorentz Invariance Violation? ~

*)Understand well: limits apply to single photons, assume no screening eg. within exotic models
of interactions, structure of a photon and the spacetime structure that could manifets at UHE...



Experimental evidence about yuyur

YUHE

YUHE no interactions / screening . Earth
NOT OBSERVED
ELECTROMAGNETIC

n interaction
unexpected interactions, - icci prssuper. > Earth

screening, ... PRE-SHOWERS)

NOT TRIED SO FAR...

:

CREDO!

10



State-of-the-art detection of cosmic rays: Ny =1

primary

11



Motivation for cosmic-ray cascades

Next generation cosmic-ray research:

N=1-> N>=1
N: number of cosmic ray particles correlatated in time

— cosmic-rays (N=1): strong paradigm on non-observation of UHE photons;
non-observation often interpreted as non-existence: logically UNFAIR!

— cosmic-ray cascades (N>1):
unprobed channel, must-check to complete the UHE photon study,
potential to completely change the photon landscape

12



Generalized detection of cosmic rays: N >=1

UHECR (p, Fe) | UHECR (y — cascade)

Natm=1 - Natm > 1

cascade

ATMOSPHERE

R

GROUND @ Q O

AT
LR
‘\

7 CHANCE FOR A UNIQUE SIGNATURE!
STATISTICS - SIGNATURES @

© :acosmic-ray detector 13



Narv >= 1: untouched ground

yUHE yUHE
(e.g. 10%%V) (e.g. 10%%V)

experimentally accessible
but still untouched, scientific

terra incognita

J LLA)(: ~ few km AX > Earth size

M / ATMOSPHERE
EARTH EARTH

obvious obvious
detection extinction

14



Narv >= 1: untouched ground

Y uhe
(e.g. 10%%V)

19

5 le: ~ few km

@
EARTH

obvious
detection

yUHE
(e.g. 10%%V)

O

AX < Earth size

ATMOSPHERE

EARTH

obvious
(unchecked)
., between”

Ax > Earth sze\\

EARTH

yUHE
(e.g. 10%%V)

obvious

extinction
15



Narv > 1: the categories

Ar Y yue B: ¥Yyne C: ¥uue D: ¥ yue
(e.g. 10%%eV) (e.g. 10?%V) (e.g. 10%%V) (e.g. 10%%V)

# @ + @ %%\\\ @ %*\\

@: Fundamental physics questions

D
D

M m » ATMOSPHERE & ATMOSPHERE" "
EARTH EARTH EARTH EARTH \

AX: small AX: small AX: large AX: large
At: small At: large At: small At: large




Narv > 1 motivated by data! (1)

VoLuME 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 ¢ Q\ (\O 2y 3% 101% eV was
] \-

Kind during an experiment

April 1982,
PACS numbers:

L Year = 1981
Nobs = 32
Nexp = 1

E = 3x10"eV

PH: Correlated cosmic rays? At ~5 min.

NATM> 1, type B?

-

AX >= small

17



Narv > 1 motivated by data! (2)

Vorume 51, NuMBER 25 PHYSICAL REVIEW LETTERS 19 DeECEMBER 1983

Observation of a Burst of Cosmic Rays at Energies above 7x10!3 eV

D. J. Fegan and B. McBreen
Physics Depaviment, Universily College Dublin, Dublin 4, Ire

and

glitch ol ~aisar in the Crab Nebula.
PACS numbers: 94.40,Pa, 95.85.Qx, 97.80.Jp

PH: Correlated cosmic rays?

NATM > 1, type D?

-

AX >=250 km

At ~20 s

Year = 1975
E > 7x10"%eV

18



Narv > 1: new subfield of astroparticle physics!

Please

t‘ﬂ!'f“ agiﬁlln ‘Q% v
’/’\\ sﬂ‘lﬁ 'I ‘qh

/

,SUuper , "‘3“ ,,@MMLI.:

47 X




Ensembles of Cosmic Rays (ECR): road map

Theoretical scenarios (ongoing)
non-exotic / exotic

'

ECR standalone simulations — particle distributions
at the top of the atmosphere (ongoing)

'

Air shower simulations (ongoing)

'

Detector response (ongoing)
v

observation / upper limits

20



(Super-)preshowers: a must to study UHE photons

(super-)preshower:
- contains typically (>1000) 100 particles
— created at around (>10000) 1000 km a.s. )

Preshower Effect " ey ~
(Schematic) / - (;\e\ -
[Erber, Rev.Mod.Phys. 38(1966)636] / e T “e“c‘, N
3 / - \Nog g -~ %
7/ ” i 2
," ’ , y
s / e
/ / / P 4 Atmosphere
/ 7 ’ / ~100 km
! f f /
i gt I ! !

photon {

| 1 \ l
Conversion ) : / /

(magnetic pair p}oductlon) \\

\ A
& . \ " Preshbwer entgrs Atmosphere
.. \Start of Air Shower
@ : fundamental uncertainties "+ S No S
. . b ~ e -

- electrodynamics linear? S ~ . i T
- photon structure? SN TV e
- spacetime: extra dimensions? T -

Narv> 1, type A, not observed?

21



Super-preshowers from the vicinity of the Sun

C & D: — First calculations: W. Bednarek 1999
YUHE low energies not treated: extent ~ tens of km

(e.g. 10%°%eV)
— N. Dhital, 2017
complete energy spectrum: extent
~ thousands of km (see talk at 11:30)

BSUN

.

- | Distribution of photons at the top of the Atm |
4 1500
S - 19
S - SUN SPS, 10" eV,
1000~
o - top of the atmosphere
6 C
NATM>10 Y ? '5 500
9. _ -
£ -
= o -
> T
~500—
_1000F- 5000 km!
y ATMOSPHERE ~1500 2000 1000 0 1000 2000

X [km]
Distribution of photons (E > 10'® €V) at the top of the atmosphere.
EARTH E., = 10 EeV, Impact parameter = 2.5g.

Narvm > 1, type C — observable (line 10000 km wide), not yet tried

22



Motivation: Understanding the Photon Structure

- e» e a» e o
- X
- -
- -
- = S
- -

) Photon efforts TN
p TN T few R
s ™, + TeV-PeV photons } "\
V4
oo gammarays. S
! S caanaaa- ”'
/ any GeV-TeV photons ‘.. \
' e mmm———
| — I . | ’/' \\\ '
,‘ terrestrrial instruments /,/, ery few N ;.
\ -
Y /¢ hypothetic \ /
\
N +* \ EeV-ZeV photons ; /
\

+~ Singular present: ‘z““;" Pl.ural T \\,
\  Cosmic rays (N =1) \, Cosmic-ray gascades Y,
‘o A “see. (N> 1) this talk __.~

-
\- ——
T amomaemomaemeo=

N: number of cosmic ray particles correlatated in time 23



Motivation: Super Heavy Dark Matter

Time after

Temperature Ener
the Big Bang pe o

of the universe

Sx10s 107K 10" Gev
5x10° s 107K 10" Gev
5x10 s 107K 100 GeV
5x10°s 107K 1GeV
5x10 s 3K 107 ey

(now)

http://quantum-bits.org

SHDM: E ~ 10%eV
Grand Unified Theories!

24



Lorentz Invariance Violation

Modified dispersion relation of a photon:

(1—k)
(1+ k)

E’Y(E) — |E|

Two-sided experimental limits derived from gamma-ray astronomy,
98% C.L. (Klinkhamer & Schreck, 2008):

B6x10%°> k>-9x107®
Trivial note:

K > 0: pair production supressed
- more UHE photons reach Earth

Kk < 0: pair production enhanced (photon lifetime ~ 1 sec.!)
- no UHE photons reach Earth

25



Lorentz Invariance Violation

Modified dispersion relation of a photon:

(1—kK), -
(1—|—I€)‘k|

E’}f(E) —

K > 0: pair production supressed .

- more UHE photons reach Earth ©
¥ une |

e
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

— critical importance for the UHE photon search!
Observation of photon cascades would point to ¥ < 0!

26



Motivation: Experimental Quantum Gravity

T. Jacobson, S. Liberati, and D. Mattingly, Annals Phys. 321 (2006) 150

Lorentz violation at high energy: concepts,

phenomena and astrophysical constraints

Ted Jacobson?, Stefano Liberati?, David Mattingly

aDepartment of Physics, University of Maryland, USA
b International School for Advanced Studies and INFN, Trieste, Italy
¢Department of Physics, University of California at Davis, USA

extensive review). A partial list of such “windows on quantum gra\}it}}” is

e sidereal variation of LV couplings as the lab moves with respect to a pre-
ferred frame or directions

e cosmological variation of couplings

e cumulative effects: long baseline dispersion and vacuum birefringence (e.g. of
signals from gamma ray bursts, active galactic nuclei, pulsars, galaxies)

e new threshold reactions (e.g. photon decay, vacuum Cerenkov effect)

e shifted existing threshold reactions (e.g. photon annihilation from blazars,
GZK reaction)

e LV induced decays not characterized by a threshold (e.g. decay of a particle
from one helicity to the other or photon splitting)

e maximum velocity (e.g. synchrotron peak from supernova remnants)

e dynamical effects of LV background fields (e.g. gravitational coupling and
additional wave modes)



Motivation: Experimental Quantum Gravity

—’

EN’ AL SEARCH FOR QUANTUM GRAVITY

PH: Gamma Ray Bursts & time delays )
(spacetime foam)!

Scientific Organizers:
Astrid Eichhorn, PerimeterInstitute
Sabine Hossenfelder, NORDITA
Lee Smolin, Perimeter Institute

OCT 22_25 2012 PERIMETER HINSTITUTE Foﬁ THEORETICAL PHYSICS
b 28




Motivation: Novel Experimental Quantum Gravity

—’

EN’ AL SEARCH FOR QUANTUM GRAVITY

PH: Gamma Ray Bursts & time delays 8, 2 3

— 1D approach to spacetime foam' g /ﬂ%&:\ &

CREDO: 3D approach e é L ¥ $
with ECR A /

Scientific Organizers:

Astrid Eichhorn, PerimeterInstitute
Sabine Hossenfelder, NORDITA
Lee Smolin, Perimeter Institute

OCT 22_25 2012 PERIMETER HINSTITUTE Foﬁ THEORETICAL PHYSICS
' 29



Ensembles of Cosmic Rays (ECR): shortcut road map

Theoretical review (ongoing) v

v

ERC standalone simulations — particle distributions
at the top of the atmosphere (ongoing)

v

Air shower simulations (ongoing) v
v
Detector response (ongoing) v
# unique signature
a fishing (ongoing)

observation / upper limits

30



A chance for a unique super-preshower signature

® O ® O
‘ Natm=1 ‘
O ® S
o © © -
~\
e e (©®

Standard approach:

cluster in space?
O o o

© :a cosmic-ray detector

@

@h @ @ o
S ‘ N > 1
’?p ATM

o @

e @. o o
©t4 ) ©t5 o

Non-standard approach:
cluster in time?
O O @ O
ts

@)t6 ® @t7 @

1)tn't1<~1 MS
2)t <... <t

31



mT: NEW & EASY trigger for ERC

68%3 mT (multiTrigger)
O O @ t O
Chance for a statistical
O @. e ® coincidence for n=30,

assuming trigger rate 100 Hz:
® O
©. © Paco=~10/30! * 0.16%= ..........

sensitivity to nLow< N < 30

@tG @ @ t @ NLow =?

1)tn't1<~1 MS
2)ti<...<t,

32



Narv >= 1 mission (briefly)

Scenarios AND Fishing

Time after Temperature Energy
the Big Bang of the universe
Sx10"s 107K 10" Gev
Sx10 s 107K 10" Gew
5x10 s 107K 100 Ge
5x10°s 107K 1 GeV/
g.’.
5 ;
5x10°s 3K 107 ev

(now)
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CREDO: the first N,y >= 1 observatory

Cosmic-Ray Extremely
Distributed Observatory

Status March 2016:
,an idea”

&® DATABASE/
™ | INTERFACE

Central database/interface: access to everything for everybody 35



Status August 2016:
»the collaboration”

AAAAAAAAA

YuHe
(e.g. 10%%V)

Citiz Citizens

" nerr‘wf browse the
tSr'e gr en data looking
lgger A for ,improbable”
capabilities - | | Y time-space
of the . AN\ W\ LA S | | [ o coincidences
arrays with -
smartphone = — 1) th - ti< ~1 us
networks ' 2) ti < ... <ty

— indirect search for New Physics manifestations!
— verification of ,,classic” QED predictions (preshower @ Sun)



CREDO Inauguration Meeting, 30.08.2016, INP PAS

ammbs-Ray Exiramealy Distibuisd Obssrvaiony: Inauguraion kssting

TIVIP| 3
KRAKOW
OGLADAJ NA 2YW0 ~

iaica | eduicacja = Sm artionowe ohserwaionum

programy aktualnosci galerie

<
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e
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e IR =
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T n : -
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promieniowanie kosmiczne

Ada Chojowska 0
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Data Acquisition
Interfaces

Sensor
Networks

CREDO

SCHEMATIC
30.08.2017

Data Access
and
RT Alert Interface

Data Export Interface
(experiment specific,
common protocol)

- - aggregated A

Data Analysis
— Science
\ (or Nature ) )

by Piotr Poznanski 38



CRED@

THE QUEST FOR UNEXPECTED

AAAAAAAAA

outline

Mission (why?)

Strategy (what?)

Tactics (how?)
- tools
- users
- training

39



, 2140 TFLOPS in CPUs + 256 TFLOPS in GPUs
@m 2232 nodes, 53568 CPU cores, 279 TB RAM
10 PB usable disk space @ 180 GB/s
R 4

7

2.4 PFLOPS, #59 ON TOPS00

40



Coming this afternoon... CREDO mobile detector app

Mobile cosmic-ray detector application made in Poland!
Open source project!

Introducing...

Ceeresresrrssreseennees [P. Poznanski, 15:45]

41



Cosmic ray detection: now

(-;c:smic

Scintillator

42



Cosmic ray detection: tomorrow

43



Cosmic ray detection: tomorrow

\J

\

44



Educational toys: now

45



Educational toys: tomorrow

CRED@:

THE QUEST FOR UNEXPECTED <

46



How an Ensemble of Cosmic Rays can look like?

Mean Recorded Time

0 (L4) At

(1/2) At (314) At At

. A mMSec, Pygue =

0 (1/2) At
|

At

-90 -
detections (1/2) At At
w .
= R
=] o R
S c . - (1/2) At
@ -
el
Pyaiye = 014 « x\
= I E + = + — x - iy I I o = E 5 E \ \
| x E Xy m= xr 5 E s I = ‘
E 2 x x
| 1 | 1 |
180 120 60 0 &0 120 180
longitude

Simulation by Pawet Jagoda & tukasz Bratek

(assumed CREDO stations: locations of the airports)

latitude
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v Il:ll:ll"li".fEr'EE.l:irg projects/Credo/dars-universe-welcome.

O DARK UNIVERSE WELCOME ABOUT CLASSIFY TALK COLLECT CREDO

Ysteres

THE QUEST FOR UNEXPECTED

Help scientists solve one of the

X\ greatest mysteries of the Universe.

"Nobody has any idea
what Dark Matter or
Energy are, so working on
this is really exciting! Dark
Matter is responsible for

the gravitational effects
seen in galaxies, while
Dark Energy may be the
cause of the accelerating
expansion of the
Universe."

What is Dark Matter?

We've got a very big mystery on our hands! Everything we can see in the Universe; you, me, planets, stars and
galaxies, only make up 5% of the mass of the Universe. We have very clear evidence that there is a lot more
mass, more stuff, out there but we have no idea what it is.

This mysterious stuff is known by scientists as Dark Matter but even the smartest theorists and most advanced
technology can't work out what it physically is. We many have a way of solving this mystery by looking for and
grouping Dark Messengers - very high energy particle showers which exist because of Dark Matter. However, it's very
difficult for us to predict what these groups will look like and how well hidden they are amongst other contaminants.
We need your help to identify patterns in the world wide detections of high energy particles shared with the CREDO
(Cosmic-Ray Extremely Distributed Observatory) collaboration so we can teach computers to better identify them.

Dark Universe Welcome was developed with the help of the ASTERICS Horizon2020 project.
ASTERICS is a project supported by the European Commission Framework Programme Horizon 2020 Research and

Innovation action under grant agreement n. 653477

48
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Digging a well of knowledge or why young is good

IgrErant — doesn't care, no digging, no equilibrium of mind ~&~
S

>

Young science enthusiast P - several probe holes, minimum equilibrium,

-
T

W easy way out

Mature scientist — one favorite hole, good equilibrium, still a chance for way out

W

Too mature scientist — the only possible hole, perfect equilibrium, no way out

Depth of studies

overbalanced mind:
no way out = no chance
to find the real dwell
of knowledge

Real dwell
v of knowledge

| Physics scenarios .




Incubator of Scientific Discoveries: vision

> - gy
- ® -~
- - o
,— b
-

& S

r 4 4 \\\
_-27--=--.(Inkubator Odkryc Naukowych) ">~
0” s N
,’$’ Garage A \\ —————tm e hadl W \\\
4 I, \\ --" s \
,/ + (local resources) | o Garage B S “
7 | \ 4 \ \
4 ' | / \ \
’, ‘\ "_~ r"__J‘c-- ---------- ------~ : \\
N\ _ o ~§~~
" \\ ,’ ',’<>, \\ \,I\ \‘
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- o - - . - A
! | ’ ’ > '
\ L S ———— .~ Parther i
\ \ o'—‘.—‘s " Seeo 4 o’ . . \(
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. .~ P PR J’
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Resources: money, space, tools, skills, competencies, advise, ...
Projects!: team, goal, road map, budget, action, reports, continuity — discoveries!

Distributed = access to more resources = synergy = better chance for discoveries. o



Incubator of Scientific Discoveries

cyfronet.pl

I©N INKUBATOR ODKRYC NAUKOWYCH MEETINGS ION PROJECTS  ABOUT

o~ 4

| ’ “The important thing
is not to stop questioning”.
Albert Einstein

READ MORE

WHAT is ION?

ION (ang. Incubator of Scientific Discoveries) is an environment for the cooperation between qualified scientific specialists and ambitious,
young students from different Cracov Institutions, who are enthusiastic and willing to discover science.

The main advantage of such an environment is an unusual approach to solving science problems. Thanks to that, members of the environment

can learn from each other. Young students bring fresh thinking and new ideas, and specialists help reduce errors and streamline the
implementation and progress of the projects.

Begin your journey to the Nobel Prize early...
PH: Hey, ION, go global!
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Incubator: Discovery training

Incubator role:
discoveries! (scientific think tank)

i

Training required
... but no ,discovery education”

:

Consequtive approximation method...

L] - L]
- == - - - == - - - oy

’ ~ ’ ~ o’

< FIRST GUESS / BETTER /" PROPER

. TRAINING / ‘. TRAINING / . TRAINING

~» - - - ~»

X R p J N X P L

— doing science (real discovery-oriented projects)
— remove obstacles for independent thinking
— practice the art of asking questions
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More than a training... discipline?

DISCOVEROLOGY
1/ \\\
! CHOICOLOGY )
\ PR
/' \\\ ’/’ \\\
! ERROLOGY ) -« » '\QUESTIOLOGY)
\ ’ AN ’

< - <
-------------



what do I do?

CHOICOLOGY

UNIVERSE B

UNIVERSE A
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ERROLOGY: do1Ido well?

N . T
Lk T T Erfyer '66:

- - Tasre VI. The magnetic pair production function T (x).
02t ]

' T(x) from equations x T
| CORRECT! '_ 2 P
s ] Y INCORRECT!
a4t - i 010

: ] 5 01085
02k -
o B - .- T(x) from equations significantly
0ge . -» T(x) from larger than in Table VI of

| Table VI - the standard reference Erber '66.
006 | INCORRECT!
m'_ Taking T(x) values from Table VI
e T =5 K, ) leads to an underestimation
ozt | of pair production probability [!].

T Mistake mentioned in:
0 | 10 100 1000 o  — Homola et al. 2005
Erber '66: — Klein 2006
F1c. 9. The magnetic pair production function T (x); compare

(3.4a-d). . 57
S AR 21/48



QUESTIOLOGY: what are my questions?

Example:

Does

CRED@

THE QUEST FOR UNEXPECTED

IYYVYVVVVY

really

makes sense”?
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CRED@

THE QUEST FOR UNEXPECTED

AAAAAAAAA

in one slide (summary v.1)

Mission
Natv>= 1 — scenarios + fishing

Strategy
Spread globally & grow giant — ,1 million colleagues”

Tactics
- tools: variety of detectors
- users: young + old
- tfraining: discoverology
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Summary v. 2

Ensembles of Cosmic Rays (Cosmic-Ray Cascades, Super Pre-Showers):
- Unprobed and easily accessible information channel about Universe!
[terra incognita but... might be a desert]

Cosmic-Ray Etremely Distributed Observatory:
- the pioneer receiver, already operating, stay tuned!

CREDO ,, more than 1 million” potential:

- top science motivation with super easy method
- data everywhere and for free

- massive data requires massive participation

- cheap massive detectors (toys?) possible

- mulitdisciplinary (astro, geo, bio)

.... to engage even the youngest science enthusiasts
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£,

cre:

do.s

cien

Visit credo.science...

-
D
-+

D
T

rted realm of science.” Mikhail V. Medvedev

ce z Szukaj
C R E D : : .I'do think CREDO has a unique capability of entering in and exploring
{E QUE : 3 a completely uncha

Cosmic-Ray Extremely Distributed
Observatory (CREDO)

Enables a strategy for a global analysis of cosmic-ray data to reach the sensitivity to extremely extended cosmic-ray :
phenomena, we call them super-preshowers, invisible for individual detectors or observatories. So far, the cosmic-ray = e
research has been oriented on detecting single air showers only, while the search for ensembles of cosmic-ray events

induced by super-preshowers is a scientific terra incognita.

/ . S . Read More B 4 s , e

... and contribute to CREDO science.




Visegrad Grants 2017/06
Cosmic Ray Extremely Distributed Observatory (CREDO) — science & education
24,941 EUR / 12 months

* APPLICATIONS
* Visegrad Fund

PRINT | CONTRACT DETAILS

s IVF_approved_grants 2017 _06.xlsx (tylko do odczytu)- LibreOffice Calc - + X
Plik Edycja Widok Wstaw Format Marzedzia Dane Okno Pomoc
ot 2 =@

J-B-"-odld@a| &) 0 |- -
EEH fix) I = HThe\ﬂl:arsawInstitute Foundation “i]

A 8 [S———]." £ £ & W[ o |7
5 21720017 ) . - . . .
The impact of Industry 4.0 on the SME sector Hungarian Association of Craftsmen's Corporations HU CZ,5K,PL 18 000,00
6 21720024 . _—
Young Visegrad's ImagiMation PERFORMALITA cZ SK HU.CZPL 26 070,00
7 21720026 . .
Artistic autumn MNowohrad Cultural Inskitut SK CZ,PLHU 18 000,00
8 21720028 .
AMPLIFIER Festival -- Mew Cabaret & Street Art / 2nd annual KREMMICA THEATRE UNDERGROUND NPO 5K CZ PLHU 11 800,00
9 21720031 )
(GLOBSEC Tatra Summit 2017 (GLOBSEC SK HUCZ PL 10 000,00, b
10 21720033 . ; .
V4 Jazz Fest Jazzart Public Benefit Foundation HU SK.CZPLHU £ 000,00
1 21720035
MO STY-HIDAK-GESHARIM-PHURTA-BRIDGES 2017 MNon-Investment Fund Masty 5K HUPLCZ 15 700,00
12 21720039 PL.SK,CZ GEUA MDBYAZ A
V4 Meets Eastern Partnership Countries Youth Forum MeOut Association HU M 15 892,00
13 21720040 The Henryk Miewodniczanski Institute of Nuclear Physics
[Cosmic Ray Extremely Distributed Observatory (CREDO) Polish Academy of Sciences PL CZ SK PLHU 24 941,00
14 21720046 . )
Digital Single Market in V4 APEL SK CZ SK,PLHU 18 223,00
15 21720051 'Workshops on long-term agricultural effects on soils, as the natural
resources of sustinability University of Debrecen HU CZ PLSK 15 484,00
16 21720055  |[Algal cell biophysical properties as markers for environmental stress in
e e —— [ TP PRGN . - R R L un 7 ow ma £onnn
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Yure travelling through the Universe: paradigm

5 T T T
_ pair production
4 | ]
_____________ redshitt N
3 |
) s photo-pion
o o | production
= IR
~ |
©
Q 1
O I
0 Universe
[ transparent
-1 | to E<=TeV \ CMB X
_2 /. I . L 1 1 . I

12 14 16 18 20 22 24
lg(E/eV)

63



Yune travelling through the Universe: exotic example

5 T T T
_ pair production
4 t
_____________ redshift N
3 A A A
—_— I dhoto-pion |
8 o | groduction
=
H—l—'
B ..
Q 17 URB | .
01 Universe 'Y Fe |
[ transparent “
-1 F to E<=TeV | GMB YUHE — YTeV .
[ / on the way to Earth? |
_2 . I . L . 1 . 1 . I .

12 14 16 18 20 22 24
lg(E/eV)



Scientific diversity:
GEO

AAAAAAAAL

THE QUEST FOR UNEXPECTED

Wikipedia: ,Geomagnetic reversal”

Earth outer core: Liquid (molten iron)
— geomagnetism

v

Impulse (tidal forces)
- hydrodynamics: waves

e —— e p—— Mechanical wave upwards.(slow, hours?)
— Electromagnetic wave (,instant”, ms)
Wikipedia: ,Health threat from cosmic rays” #

Local geomagnetic field vector changes
AND seismic effect might occur!

v

Variation of the CR rate!

ic Parti cles

T — Earthquake precursors?
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AAAAAAAAL

THE QUEST FOR UNEXPECTED

Scientific diversity: GEO

PAQ sees earthquakes [by A. Saleh]

196

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

o

rate
26-28 Feb

— 194

typical
rates

Pierre Auger Observatory
scaler rate [Hz]

Feb 18 2010

T8.8 magn.

s Increase of CR before the earthquake
» Strong drop during the earthquake

- CREDO-earthquakes task [already existing]
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