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The Ultra-High-Energy Cosmic Ray mystery

Particle physics beyond
the reach of colliders
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> What's their composition?

> Where do they come from?
— anisotropies weakly
correlated to known
possible sources:
active galactic nuclei,
gamma-ray burst, ...

> How do they reach such
tremendous energies?

Spectrum suppression:
in the past: the GZK cut-off

now: rather the efficiency
limit of particle acceleration
by sources



Charged cosmic rays vs. gamma rays

Charged particles




Motivation: looking for Cosmic Ray Ensambles (CRE)

... many air showers and individual particles arriving simultaneously to the Earth (N..> 1)

primary cosmic ray : anything + interaction
(p, Fe, ...)

Ncr=1 - Ncr > 1

I\ Cosmic-Ray
\ Ensamble (CRE)

e

Atmosphere

e

I;;I;:I:M -

GROUND

' | CHANCE FOR A UNIQUE SIGNATURE!
STATISTICS — SIGNATURES | REQUIRES A GLOBAL RESEARCH!

© : a cosmic-ray detector

CREDO strategy: Looking for multiple air
showers correlated in time
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Classes of CRE

Multiple scenarios: are possible based on the distance between the interaction
point and the Earth’s atmosphere, and the nature of the interaction.
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Super massive
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to a very high
energy photon
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obvious
extinction

N., > 1 scenario have been reported in the literature:

G.R. Smith et al., Phys. Rev. Lett. 50 (1983) 2110;177; D.J. Fegan and B. McBreen,
but they have not been observed repeatedly until now.

Phys. Rev. Lett. 51 (1983) 2341
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Cosmic-ray Extremaly Distributed Observatory

CREDO'’s main idea: >
creating a global network of particle s
detectors!

How?lll

1) t,-t;< ~1ps
2) t]_ < sns < tn,
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Cosmic-ray Extremaly Distributed Observatory

CREDO’s main idea:
creating a global network of particle | ;/ (eg.gl?i
detectors! 2 g

HOW?III

DID YOU KNOW THAT YOU HAVE

~ AN INTERGALACTIC
PARTICLE DETECTOR
RIGHT IN YOUR'
POCKET?

1) tn 't1< -'"1 I-I.S

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

2)ty < ... <ty,

Find CREDO Detector on or scan QR

GETITON
» Google Play

Code of application is public on GitHub:

https://github.com/credo-science
-~ Cefner Different version available: .
CREDO-PC-Windows, CREDO-Desktop-Det., Raspberry-Pi,...  Slide 7




Cosmic-ray Extremaly Distributed Observatory

CREDO’'s main idea:

creating a global network of particle | ;" “'(eg. 1@}%
detectors! B

HOW? amn ~ ~ gi- - . ; - . u =

DID YOU KNOW THAT YOU HAVE

~ AN INTERGALACTIC
PARTICLE DETECTOR
RIGHT IN YOUR'
POCKET?

1) tn 't1< -'"1 I-I.S

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

2)ty < ... <ty,

Find CREDO Detector on or scan QR

GETITON
» Google Play

+ small type of scintilator detectors,

+ connecting existing observatories to the netw

Code of application is public on GitHub:

https://github.com/credo-science
- Cufiener Different version available:

CREDO-PC-Windows, CREDO-Desktop-Det., Raspberry-Pi,... Slide 8




Mobile application

> Smartphone application developed by CREDO collaboration,

Motivation: D. Groom, Cosmic rays and other nonsense in astronomical CCD imagers, Experimental Astronomy (2002) 14, 45

Principle:
particles hitting the camera
sensors and triggering pixels by
depositing energy*

> Detections are filtered to remove

artifacts and stored in a central
database (Cyfronet AGH-UST).

> Analysis are run to search for
peculiar signal signatures.

Background events
Signal: muon like - events

> Users can access the data they
collected and see the results from

the analysis run on their data

STIMULATES CITIZEN SCIENCE !

*The DECO/CRAFIS project demonstrate discrimination between GeV cosmic-ray muon tracks and MeV electron, see Journal of
Instrumentation 2016 11, P04019; M. Winter et al., Particle Identification In Camera Image Sensors Using Computer Vision,
Astropart. Phys. (2019), 104, 92. However, large number of smartphones (~10° M. Unger and G. Farrar, [arXiv:1505.04777]

are needed to reach the sensitivity comparable to the largest cosmic-rays observatories.) Slide 9



Mobile application: we already reach the global scale !

> Location of users since the launch based on data from:
https://api.credo.science/web/

UNITED
STATES OF
AMERICA

MEXICO CUBA
GUATEMALA

PAMNAMA
COLOMBLA

PERU
- BRAJZIL

BOLIVIA
PARAGUAY

ARGENTINA

FINLAND
MNORWAY

UN_TED
KINC DM

FRAMNECE KAZAKHSTAN

s TTALY KYRGYZSTAN
SPAIN TURKEY © Tt

JIRAG TRAN |
EGYPT

MOROCCO PAKISTAMN

i : INDIA
~—— MALIL CHAD YEMEN
SIERRA it ETH
FTELLL TOFi> SRILANKA

LEONE i
DEMOCRATIC
REPUBLIC'OF
THE CONGO

MADAGASCAR

SOUTH
AFRICA

PAPUA NEW
GUINEA

AUSTRALLIA

MNEW

Count PEALARL
® 1-68133.75

® 58,133.75 - 136,266.5
® 136,266.5 — 204,398.25
204,3998.25 — 272532

Statistics from launch to July 25% 2019: > 7500 users with at least 1

detections ~3 200 000 detections App running time sums
up to 947 years
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Example of analysis on data from individual users

> First achievement (4.10.2018): the signal from the first automatized,
mass participation scientific experiment on the CREDO infrastructure

Mumber of doublets In 5 min time windows - User 8260

8 — Expected value |—3-sigma limit ------------
:._ Observed value E_Sigma Masl i W T - ....................... - .................... ............

.......................................

““““ t‘l‘_ ' .‘L_

Number of doublets
e

Mumber u:ufEr:ih ontime periods
Significance of doublets number in data

Z-score
A

............................................

Mumber of 24h ontime periods

A significance of given doublet is calculated using scrambled technique, as described in
D.G. et al., Universe, 4(11) (2018) 111. Slide 11



IT resources

Mainframe (AGH Univ., Krakow) + Visegrad Fun

ﬁ\ﬁnonﬂ 2140 TFLOPS in CPUs + 256 TFLOPS in GPUs
A 2232 nodes, 53568 CPU cores, 279 TB RAM
10 PB usable disk space @ 180 GB/s

/The CREDO heart )

A

2.4 PFLOPS #59 ON TOP500
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Spreading the word...

> The second goal of CREDO involves a large number of participants (citizen science!)

& X | B bepS//www.eurekalert.org/pub_releases

55 Particle Hunters League and Marathon!
S EurekAlert! ws Not only for schools!

The Global Sourcefor Science News ADVANCED SEARCH

HOME NEWS MULTIMEDIA MEETINGS PORTALS ABOUT LOGIN REGISTER

PUBLIC RELEASE: 4-0CT-2018

CREDO's first light: The global particle O

Dr. Piotr Homola

detector begins its collection of scientific | puomsaeen
data http:/rewww.ifj.edu.pl?lang=en & 8 A\

THE HENRYK NIEWODNICZANSKI INSTITUTE OF NUCLEAR PHYSICS POLISH ACADENY OF
SEIENCES N Wez udziat w wyjatkowym projekcie naukowym!

m ‘—, ‘ D i mih More on this News Release
3 BPRINT @ EMAL
n firet [oht The elahal

Now everyone can become co-creator and

Jak dotaczyé do konkursu?

ierz druzyne i zgtos j Jjana strcnle Cre

co-user of the largest detector of cosmic ray instalujcie na

particles in history - as well as a potential co- S
konkursu musi byc taka sa

discoverer. All you need is a smartphone 3 2 ki Gl lei s
m tapcie czgstki promieniowa osmicznego!

and the CREDO Detector application turned
on overnight. Under development for over
two years, the CREDO project is entering the
era of its maturity. Today, at the Institute of
Nudlear Physics of the Polish Academy of
Sciences in Cracow, the "first light" of the

Konkurs organizowany jest przez Instytut Fizyki Jadrowej PAN
oraz CREDO Collaboration

Biorgc udziat w konkursie wspdott, ycie najwigkszy na swiecie
detektor pro i
Zajrzyj na stron

CREDO @ Science Picnic, Warsaw,
9/06/18

7 zdjeé

CREDOC. SCIENCELOWCYCZASTERS

https://credo.science/lowcyczastek

> Conferences: CREDO week,... July 2019: ~ 1200 participants
https://indico.ifj.edu.pl/event/213/ from ~ 60 schools!
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Conclusion

CREDO: a unifying, global cosmic-ray project: GeV - ZeV-
completing the closest accessible approach to GUT scale.

23 institutions representing 11 countries [Australia (2),Czech
Republic (2), Georgia (1), Hungary (1), Mexico (1), Nepal (1), Poland (8), Russia (1),
Slovakia (1), Ukraine (2), USA (3) ] are institutional members.

Many others ongoing projects:
- Ultra-high energy photon propagation simulations with
CRPropa.
- Simulations of smartphone detectors’ response to air showers.
- Calibration of smartphones for air showers and muons.
- Search for correlations between cosmic-rays and earthquakes
on a global scale.
-“Gamification” for public outreach and development of low-price

detectors - o
oS et F ol &
o ol b . 2 ] a\’%- &
P o S s &SP T A . o
'@)Q? “JLQ \l‘& c;l? 'Qf?“.'fj o .\5‘:;{# e @{E&' o o <+° "‘.Po g ‘?‘Q\
) ¢ - S e s
’ o v & = e ; “
05\@ (O QL -é._‘éﬁ:, o@)@ {::,@}% .c- & g~#¢ |
i’ | . & - [J e
Feb 2016 : : ; Apr 2019 /
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: data in literature ! (1)

VoruME 50, NUMBER 26 PHYSICAL REVIEW LETTERS 27 JunE 1983

Possible Observation of a Burst of Cosmic-Ray Events in the Fnrm nf Extenswe Air Showers
Gary R. Smith, M. Ogmen, E, Buller, and &°° :
Physies Department, University of Mrm.ffnha Iumry / \I.«?, Canada
(Received 747
A series or burst of 32 extensir ! \)‘e mated mmn energy 3x 10" eV was
observed within a 5-min7 ‘ e@- g ab 9155 A M. (CST) on 20 January 1981 in

Winnipeg, Canad 6 1-tie unlv one of its kind during an experiment
which rec7 \(\\ wers in a period of 18 months between October 1980 and
A -

mbeist 9 -4U-Pa. 94.40.Re, 95.30,-k
Cosmic ray group? Eeir - :1))281
ops —
Natm> 1? ' o =
V' E = 3x10%eV
AXx >= small ﬁ
|
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Data in literature (2)

VoLuME 51, NUMBER 25 PHYSICAL REVIEW LETTERS 19 DecemBer 1983

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

D. J. Fegan and B, McBreen
Physics Department, University College Dublin, Dublin 4, Ireland

and

C. O’Sullwan
Physics Depariment, Univ e"rsih' Lol

{Iiocéiwd 14 5o (\( ’L

The authors report on an unpet & Ol the cosmic-ray shower rate
at two recording ﬁtai/:/i/gpv// \)(e . event lasted for 20 s. This event was
the only one of e a L sof observation. The duration and struc-
tum ol thJP o \‘e //(,Gintly reported single-station cosmic-ray burst.

666 et event suggests that it was caused by a burst of cosmic

8 & péésibility that this event may be related to the largest observed
“ ulsar “in the Crah Nebula.
//Aaf'ﬂbers. 94.40,Pa, 95.85,Qx, 97.80.Jp
Cosmic ray group?
At ~20 s

NATM> 1?

AXx >=250 km
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Big atmospheric showers:

primary
parfici?_é_ A v

Pierre Auger Observatory
109 eV <E < 10?7 eV

~ Fluorescence
telescope
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Example of CRE : Preshower near the Earth

Monte Carlo simulation chain

(1) Simulation of eletromagnetic

(2) Simulation of shower (3) Simulation of CTA

particle by interaction in air response
with geomagnetic at high zenith angles
field (Preshower effect)
PRESHOWER = CORSIKA = Sim_telarray
(":'gmg'j‘t :rt Fa,L-’ysiCS Commun D. Heck, et al., K. Bernlshr,
. FZKA Report, 6019 (1998 Ast rt. Phys. 30 (2008), 149
184 (2005), 1468 i (1998) stropart. Phys. 30 (2008)
P iovies E¥teict o o ¥ ™A Primary particle T
(Schematic) na s% ?'\e\ s
[Erber, Rev.Mod.Phys. 38(1966)636] ~ w? g“e'ﬁ‘(' P - - Cherenkov
d // We s i emitte
// // ,’ ’ ~500 km Ibg}:1itr¢'.~n r:tu:",’leus
/ / ’
2 #F 47 Particle §
} / / / shower. S e
t et i !

photon t

e e B

= gy
i

|
Conversion /: \

Synchrotyon Radjation
(magnetic pair p}{)duction) \\y (\ é\\ /

i E . Presh&wer en\grs Atmosphere

\ Start of Air Shower
N A N\

-
______

-
_________

Air shower
Cherenkowv
light

Miror optics/camera electronics
simulations,
with public Production-1 settings

Compiled: with CURVED-EARTH,
CHERENKOV/IACT, THIN option
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For more information visit CREDO.science

@ @E m @; "l .think CREDO has a unique capability of entering in and

THE GUEST FOR THE UNEXPECTED exploring a completely uncharted realm of science.”
= O Mikhail V. Medvedev

Cosmic-Ray Extremely Distributed
Observatory

L]
( The Cosmic Ray Extremely Distributed Observatory (CREDO) collaboration is an ongoing research ’Vf
project involving scientists and the public from around the world. Our objective is to answer one of *""a"
the most fundamental questions in the Universe - What is dark matter? géf
- 5, | gl . i@ "-‘ . : A r‘:' i -

Read More

iy
B:
©

This website uses cookies to improve your experience, We'll assume you're ok with this, but you can opt-out if you wish. Accept

CREDO PROJECT



CREDO for Geo, cosmic rays vs earthquakes

THE QUEST FOR UNEXPECTED
Scientific diversity: GEO

PAQ sees earthquakes [by A. Saleh]

February 27, 2010, 6h34:14 UTC, Chile:

ws - 8.8 magnitude earthquake -

! X |
[ ,M‘-’\j.
typicM g

rates

Pierre Auger Observatory
scaler rate [Hz]

Feb 26 Feb 27 A Feb 18 2010

8.8 magn.

e Increase of CR before the earthquake
= Strong drop during the earthquake

— CREDO-earthquakes task [already existing]

IYYYYVYVV!

Inhabitants of territories
threatened by earthquakes
[= potential CREDO

public egagement target]:

2,7 billion people

Science as a service to
the human community?

Even the smallest chance to
save lives

= a must check!

62
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